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1. The Art Of Assembly Series

7KLV�VHFWLRQ�FRQWDLQV�WKH�$UW�2I�$VVHPEO\�VHULHV�WKDW�DSSHDUHG�LQ�0,&52SHQGLXP��7KDQNV�WR�%UXFH
+DUULVRQ�IRU�VXSSO\LQJ�WKLV�PDWHULDO�

1.1. The Art Of Assembly — Part 1

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

)UXVWUDWHG�ZLWK�([WHQGHG�%DVLF"�7LUHG�RI�ZDLWLQJ�IRU�&"�)HG�XS�ZLWK�)RUWK"�3��2�
G�DW�3DVFDO"�7KH�DQVZHU
WR�\RXU�SUREOHPV�LV�WKH��1DWLYH�/DQJXDJH��RI�\RXU�FRPSXWHU
V�KHDUW��$VVHPEO\�/DQJXDJH�

0DQ\�SURJUDPPHUV�WRGD\�VKXQ�WKLV�ODQJXDJH�DV�EHLQJ�XQQHFHVVDU\��DQWLTXDWHG��DQG�REVROHWH��:H�ZKR�GR
RXU�SURJUDPPLQJ�LQ�$VVHPEO\�EHOLHYH�WKDW�LW
V�WKH�PRVW�YDOXDEOH�RI�DOO�FRPSXWHU�ODQJXDJHV��7KHUH�DUH
WKUHH�WKLQJV�WKDW�PDNH�$VVHPEO\�ZRUWK�ZKLOH������,W�PD[LPL]HV�WKH�VSHHG�RI�H[HFXWLRQ�RI�DQ\�RSHUDWLRQ
ZH
UH�WU\LQJ�WR�SHUIRUP������,W�FDQ�PLQLPL]H�WKH�PHPRU\�UHTXLUHG�WR�SHUIRUP�DQ\�JLYHQ�WDVNV��DQG�����
7KURXJK�$VVHPEO\�ZH�JDLQ�DFFHVV�WR�DOO�WKH�IDFLOLWLHV�DQG�FDSDELOLWLHV�WKH�FRPSXWHU�KDV�WR�RIIHU��1R�RWKHU
ODQJXDJH�FDQ�PDNH�WKRVH�WKUHH�WKLQJV�WUXH�DW�WKH�VDPH�WLPH�

)URP� WKH� SURJUDPPHU
V� YLHZSRLQW�� WKHUH� DUH� WZR� PDMRU� GUDZEDFNV� WR� $VVHPEO\�� ���� ,W� LV� YHU\
ODERU�LQWHQVLYH��$�VLPSOH��$FFHSW�$W��IXQFWLRQ�PD\�UHTXLUH�WZR�SDJHV�RI�VRXUFH�FRGH�WR�LPSOHPHQW������,W
UHTXLUHV�D�PXFK�PRUH�LQWLPDWH�NQRZOHGJH�RI�ZKDW�UHDOO\�JRHV�RQ�LQ�WKH�FRPSXWHU��6XFK�NQRZOHGJH�WDNHV
ORWV�RI�VWXG\��DQG�PXFK�WULDO�DQG�HUURU�SORGGLQJ�WR�DFTXLUH�

7KLV�VHULHV�RI�DUWLFOHV�LV�EDVHG�XSRQ�\HDUV�RI�H[SHULHQFH��PXFK�RI�LW�SDLQIXO��LQ�H[SORULQJ�WKH�FDSDELOLWLHV
DQG�OLPLWDWLRQV�RI�WKH�7,�����$�WKURXJK�$VVHPEO\�SURJUDPPLQJ��,W�LV�QRW�GHVLJQHG�DV�D�EHJLQQHU
V�FRXUVH�
)RU� WKDW�� ZH� UHFRPPHQG� 5DOSK� 0ROHVZRUWK
V� H[FHOOHQW� ERRN� ,QWURGXFWLRQ� WR� $VVHPEO\� /DQJXDJH

3URJUDPPLQJ�RQ�WKH�7,�����$�IURP�6WHYH�'DYLV�SXEOLVKLQJ�

,Q�WKLV�ILUVW�LQVWDOOPHQW��ZH
OO�FRYHU�VRPH�JHQHUDO�WRSLFV�DV�EDFNJURXQG�IRU�WKH�SURJUDPPHU�ZKR
V�UHDG\
WR�PRYH�EH\RQG� WKH�EHJLQQHU� VWDJH��EXW� LV� QRW� TXLWH� VXUH�KRZ� WR�SURFHHG��:H
OO� FRYHU� WKH� WRSLFV� RI
6WUXFWXUH�DQG�0HPRU\�PDSSLQJ��7KLV�ZLOO�EH�YHU\�JHQHUDO�FRYHUDJH��MXVW�WR�JLYH�\RX�WKH��IHHO��RI�WKLQNLQJ
WKURXJK�\RXU�SURJUDPPLQJ�HIIRUWV��,Q�ODWHU�LQVWDOOPHQWV��ZH
OO�JHW�LQWR�WKH�PRUH�GHWDLOHG�DVSHFWV�VR�\RX
FDQ�EHFRPH�FRPIRUWDEOH�LQ�SURJUDPPLQJ�ZLWK�$VVHPEO\�

6WUXFWXUH�LV�\RXU�VHUYDQW��:H�VD\�WKDW�GHOLEHUDWHO\��)RU�PDQ\�SURJUDPPHUV�WKH�UHODWLRQVKLS�EHFRPHV�WKH
ZURQJ�ZD\�DURXQG��DV�WKH\�VODYLVKO\��VWUXFWXUH��IDU�EH\RQG�DQ\�ORJLFDO�UHDVRQ�RU�QHFHVVLW\��6WUXFWXUH�LQ
\RXU�SURJUDPPLQJ�HIIRUW�VKRXOG�KHOS�\RX�WR�NHHS�\RXU�HIIRUWV�RUJDQL]HG�DQG�IRFXVHG��DQG�LQ�VRPH�FDVHV
ZLOO�KHOS�PLQLPL]H�WKH�PHPRU\�UHTXLUHG�WR�KROG�\RXU�SURJUDPV�DQG�GDWD��,W�PXVW�QRW�EH�DOORZHG�WR
EHFRPH�DQ�HQG�XQWR�LWVHOI�
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3HUKDSV�D�VPDOO�H[DPSOH�ZLOO�KHOS�LOOXVWUDWH�P\�SRLQW��,Q�D�ERRN�RQ�3&�$VVHPEO\�ODQJXDJH��WKH�DXWKRU
SXW�WRJHWKHU�D�ZKROH�ERRN�RI�VXEURXWLQHV�ZKLFK��IRU�WKH�PRVW�SDUW��FRXOG�EH�OLIWHG�GLUHFWO\�DQG�XVHG�LQ�3&
SURJUDPV��,Q�VRPH�LQVWDQFHV��KRZHYHU��KH�ZHQW�RYHUERDUG�ZLWK�VWUXFWXUH��+H�JDYH�D�VXEURXWLQH�WR�SODFH
D�VLQJOH�FKDUDFWHU�RQ�WKH�VFUHHQ��7R�XVH�WKH�VXEURXWLQH��RQH�ZRXOG�SODFH�WKH�GHVLUHG�FKDUDFWHU
V�$6&,,
YDOXH�LQ�D�UHJLVWHU��WKHQ�FDOO�WKH�VXEURXWLQH�WR�GLVSOD\�WKDW�FKDUDFWHU��+H�SUHVHQWHG�DQRWKHU�VXEURXWLQH
WR�SODFH�D�VSDFH�RQ�WKH�VFUHHQ��7KDW�VXEURXWLQH�VLPSO\�SODFHG�$6&,,����LQ�WKH�UHJLVWHU��WKHQ�FDOOHG�WKH
�GLVSOD\�D�FKDUDFWHU��VXEURXWLQH�

:KDW
V�ZURQJ�ZLWK�WKDW�SURFHVV�LV�PDLQO\�WKDW�WKHUH
V�WZLFH�DV�PXFK��RYHUKHDG��LQ�ERWK�WLPH�DQG�PHPRU\
XVDJH�WR�SULQW�D�VSDFH�WKDW�ZD\��7KH�PDLQ�SURJUDP�FRXOG�SXW�DQ\�FKDUDFWHU��LQFOXGLQJ�D�VSDFH��LQ�WKH
UHJLVWHU��WKHQ�FDOO�WKH��GLVSOD\�FKDUDFWHU��VXEURXWLQH��UDWKHU�WKDQ�LQYROYH�WZR�OHYHOV�RI�VXEURXWLQH�WR
SHUIRUP�WKH�VDPH�IXQFWLRQ�

7KDW�NLQG�RI�WKLQNLQJ�LV�UDPSDQW�LQ�WKH�3&�&RPPXQLW\��DQG�LV�RQH�RI�WKH�UHDVRQV�3&�RZQHUV�QHHG
0HJDE\WHV�RI�PHPRU\�WR�UXQ�FRPPHUFLDO�VRIWZDUH�SDFNDJHV��2Q�WKH�7,��ZLWK�LWV�OLPLWHG�PHPRU\�FDSDFLW\�
ZH�FDQ
W�DIIRUG�WKDW�NLQG�RI�WKLQNLQJ��$JDLQ��VWUXFWXUH�LV�XVHIXO�RQO\�VR�ORQJ�DV�LW�VHUYHV�WKH�SURJUDPPHU�

,
OO�FLWH�MXVW�RQH�RWKHU�H[DPSOH�RI�VWUXFWXUH�JRQH�DPRN��IURP�D�7,�%DVLF�SURJUDP�,�RQFH�H[DPLQHG���,�ZRQ
W
QDPH�WKH�SURJUDP�RU�WKH�DXWKRU���7KLV�SURJUDP�XVHG�D�PHQX�VHOHFWLRQ�WR�H[HFXWH�LWV�IXQFWLRQV��(DFK
IXQFWLRQ�ZDV�RUJDQL]HG�DV�D�VXEURXWLQH��1RW�RQH�RI�WKRVH�VXEURXWLQHV�ZDV�FDOOHG�IURP�PRUH�WKDQ�RQH�SODFH
LQ�WKH�PDLQ�SURJUDP��$�VLPSOH�21�*272�WR�EUDQFK�GLUHFWO\�WR�WKH�GHVLUHG�VHFWLRQ�RI�WKH�FRGH�ZRXOG�KDYH
GRQH�QLFHO\��ZLWK�D�*272�DW�WKH�HQG�RI�HDFK�IXQFWLRQ�WR�UHWXUQ�WR�WKH�PHQX��,Q�ODWHU�LQVWDOOPHQWV�RI�WKLV
VHULHV�ZH
OO�VKRZ�DQ�HIILFLHQW�DQG�HIIHFWLYH�ZD\�WR�SHUIRUP�EUDQFKLQJ�IURP�D�PHQX�VHOHFW�VLWXDWLRQ��XVLQJ
DQ�$VVHPEO\�YHUVLRQ�RI�WKH�21�*272�IXQFWLRQ�

6R�KRZ�GRHV�RQH�VHQVLEO\�DSSO\�VWUXFWXUH�ZLWKRXW�JRLQJ�RYHUERDUG"�7KHUH�DUH�WZR�DSSURDFKHV�ZKLFK�ZH
XVH�KHUH�DW�+DUULVRQ�LQ�FRPELQDWLRQ��7KH\
UH�FDOOHG�7RS�'RZQ�DQG�%RWWRP�8S��)URP�WKH�7RS�'RZQ��ZH
UHFRPPHQG�WKDW�VRPH�NLQG�RI�RYHUDOO� IORZ�FKDUW�EH� FRQVWUXFWHG�HDUO\� LQ�WKH��WKLQNLQJ��VWDJH�RI�WKH
SURJUDP��)RU�PDQ\�SURJUDPPHUV��LW�ZLOO�KHOS�WR�DFWXDOO\�GUDZ�D�FKDUW�RI�WKH�IORZ�WKURXJK�WKH�SURJUDP
V
PDMRU�IXQFWLRQV��,Q�VRPH�FDVHV��D�SK\VLFDO�FKDUW�ZRQ
W�EH�UHTXLUHG��EXW�WKHUH�VKRXOG�EH�DW�OHDVW�D�PHQWDO
LPDJH�RI�ZKDW�WKH�PDMRU�IXQFWLRQV�DUH�DQG�KRZ�WKH\�VKRXOG�UHODWH�WR�RQH�DQRWKHU��2Q�RFFDVLRQ�LQ�P\
SURJUDPPLQJ�H[SHULHQFH��,
YH�LJQRUHG�P\�RZQ�DGYLFH�RQ�WKLV�PDWWHU��DQG�LQ�DOO�VXFK�FDVHV�KDYH�JRQH
WKURXJK�HQGOHVV�DJRQL]LQJ�UHYLVLRQV�DQG�UH�ZULWLQJV�RI�FRGH�EHFDXVH�,�RPLWWHG�WKDW�ILUVW�VWHS��2QFH�WKH
PDMRU�IXQFWLRQV�DUH�LGHQWLILHG��WKH�7RS�'RZQ�DSSURDFK�SURFHHGV�WR�EUHDN�WKRVH�LQWR�VPDOOHU�DQG�VPDOOHU
VXEGLYLVLRQV�RI�ZKDW�QHHGV�WR�EH�GRQH��)URP�WKLV�D�SDWWHUQ�ZLOO�HPHUJH��VKRZLQJ�WKDW�PDQ\�SODFHV�LQ�WKH
PDLQ�VWUHDP�SURJUDP�ZLOO�QHHG�WKH�VDPH�SULPLWLYH�RSHUDWLRQV�SHUIRUPHG��7KLV� LV�ZKHUH�WKH� LGHD�RI
VXEURXWLQHV�EHFRPHV�D�SRZHUIXO�WRRO��DQG�LW
V�DOVR�ZKHUH�WKH�%RWWRP�8S�LGHD�FDQ�EH�XVHIXO�

,Q� %RWWRP�8S� SURJUDPPLQJ�� ZH� VWDUW� ZLWK� VLPSOH� IXQFWLRQV�� VXFK� DV� JHWWLQJ� NH\VWURNHV� IURP� WKH
NH\ERDUG��RU�SODFLQJ�FKDUDFWHUV�RQ�WKH�VFUHHQ��WKHQ�EXLOG�D�SURJUDP�VWUXFWXUH�WR�RSWLPL]H�WKH�XVH�RI�WKHVH
�SULPLWLYH��WRROV�
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*RRG�SURJUDPV�QHHG�WKH�LQIOXHQFH�RI�ERWK�WKHVH�DSSURDFKHV�DW�WKH�VDPH�WLPH�

2QFH�WKH�RYHUDOO�VWUXFWXUH�LV�EURNHQ�GRZQ�D�FRXSOH�RI�OHYHOV��ZH�VKRXOG�KDYH�D�FOHDU�YLHZ�RI�ZKDW�NLQGV
RI�VXEURXWLQHV�ZH
OO�QHHG��DQG�KRZ�WR�XVH�WKHP�LQ�EXLOGLQJ�XSZDUG�WR�ELJJHU�VWUXFWXUHV�OLNH�PHQX�GULYHUV�
LQSXW� VFUHHQV�� DQG� VR� RQ�� ([SHULHQFHG� $VVHPEO\� SURJUDPPHUV� XVXDOO\� KDYH� D� VWDEOH� RI� H[LVWLQJ
VXEURXWLQHV�GHYHORSHG�DV�SDUW�RI�RWKHU�HIIRUWV��VR�WKH\�FDQ�XVH�WKRVH��XVXDOO\�ZLWK�PLQRU�PRGLILFDWLRQV�
LQ�WKH�QHZ�SURJUDP��,Q�IXWXUH�DUWLFOHV��ZH
OO�SUHVHQW�DFWXDO�VRXUFH�FRGH�IRU�VXEURXWLQHV�ZH
YH�IRXQG�XVHIXO�

0HPRU\�LV�\RXU�0DVWHU��1RZ�OHW
V�PRYH�RQ�WR�WKH�VXEMHFW�RI�0HPRU\��7KHUH�LVQ
W�PXFK��VR�ZH�PXVW�EH
FDUHIXO�KRZ�ZH�XVH�LW��7KDW�VWDUWV�ZLWK�D�NQRZOHGJH�RI�ZKDW�ZH�FDQ�XVH��7KHUH�DUH�WZR�PDMRU�EORFNV�RI
PHPRU\�DYDLODEOH�WR�WKH�$VVHPEO\�SURJUDPPHU��,Q�/RZ�0HPRU\��IURP�!�����WKUX�!�)))��WKHUH�DUH
DERXW��.�E\WHV�WKDW�ZH�FDQ�VDIHO\�XVH��UHVHUYLQJ�WKH�VSDFH�DW�WKH�EHJLQQLQJ�IRU�WKH�(�$�XWLOLWLHV��DQG�VSDFH
DW�WKH�HQG�IRU�WKH�5()�'()�WDEOH�

,Q�+LJK�0HPRU\��WKHUH�LV�ORWV�RI�VSDFH��DERXW���.�E\WHV�IURP�!$����WKURXJK�!))(���,Q�D�QRUPDO�(�$
2SWLRQ���SURJUDP��RQO\�WKLV���.�E\WH�VHFWLRQ�ZLOO�EH�RSHQ�IRU�\RXU�XVH�DV�SURJUDP�VWRUDJH��7KHUH�DUH
ZD\V�WR�PDNH�HIIHFWLYH�XVH�RI�WKH�ORZ�PHPRU\�SDUW�DV�ZHOO�DV�WKH�KLJK�PHPRU\�SDUW��EXW�WKHVH�UHTXLUH
WHFKQLTXHV�VXFK�DV�$25*��ZKLFK�ZH
UH�QRW�UHDG\�WR�FRYHU�MXVW�\HW��-XVW�WR�JLYH�\RX�D�KLQW��YLUWXDOO\�HYHU\
SURJUDP�ZH�ZULWH�KHUH�DW�+DUULVRQ� LQYROYHV�XVH�RI�$25*�WR�JLYH�XV�PD[LPXP�XVH�RI�WKH�DYDLODEOH
PHPRU\�

2QH�IUHTXHQWO\�RYHUORRNHG�PHPRU\�UHVRXUFH�LV�WKH�PHPRU\�DVVRFLDWHG�ZLWK�WKH�9LGHR�'LVSOD\�3URFHVVRU�
DOVR�NQRZQ�DV�9'3�5$0��7KLV�FDQ
W�EH�XVHG�GLUHFWO\�IRU�H[HFXWDEOH�FRGH��EXW�FDQ�EH�XVHG�IRU�D�NLQG�RI
�DX[LOLDU\��GDWD�VWRUDJH��,Q�PRVW�PRGHV�RI�9'3�RSHUDWLRQ��WKHUH�DUH�DERXW���.�E\WHV�RI�9'3�5$0�WKDW
FDQ�EH�VDIHO\�XVHG�WR�VWDVK�GDWD�

,Q�WKLV�VHULHV�RI�DUWLFOHV��ZH
OO�VKRZ�PDQ\�WHFKQLTXHV�IRU�VDYLQJ�PHPRU\�LQ�SHUIRUPLQJ�YDULRXV�IXQFWLRQV�

$V�\RX�DOUHDG\�NQRZ��RXU�JRRG�IULHQG�%DUU\�7UDYHU�LV�ZULWLQJ�D�VHULHV�RI�DUWLFOHV�RQ�XVLQJ�$VVHPEO\
URXWLQHV�DORQJ�ZLWK�([WHQGHG�%DVLF��2XU�VHULHV�RI�DUWLFOHV�LV�LQWHQGHG�IRU�WKH�SURJUDPPHU�ZKR
V�WU\LQJ
WR�PDNH�ZKROH�SURJUDPV�LQ�$VVHPEO\��:H
OO�PDNH�HYHU\�HIIRUW�QRW�WR�RYHUODS�%DUU\
V�HIIRUWV��EXW�WKHUH�ZLOO
EH�LQVWDQFHV�ZKHUH�ZH�PD\�JLYH�VOLJKWO\�GLIIHUHQW�YHUVLRQV�RI�URXWLQHV�WKDW�KH
V�DOUHDG\�FRYHUHG��$W�VRPH
SRLQW� LQ� WKH� VHULHV��ZH�SODQ� WR� FRYHU�PHWKRGV� IRU�PDNLQJ�$OO�$VVHPEO\�SURJUDPV�RSHUDWH�ZLWK� WKH
([WHQGHG�%DVLF�PRGXOH��RU�SHUKDSV�ZH�VKRXOG�VD\�LQ�VSLWH�RI�WKH�;%�PRGXOH�

,Q�RXU�QH[W�DUWLFOH��ZH
OO�VWDUW�IURP�WKH�ERWWRP�XS�ZLWK�VRPH�SULPLWLYH�VXEURXWLQHV�WKDW�ZH
YH�XVHG��$ORQJ
ZLWK�WKDW��ZH
OO�VKRZ�WKH�WHFKQLTXHV�IRU�PLQLPL]LQJ�XVH�RI�PHPRU\�DQG�PD[LPL]LQJ�VSHHG�RI�H[HFXWLRQ�
:KHQ�WKH�VHULHV�LV�GRQH��ZH
OO�RIIHU�WKH�ZKROH�VHULHV�RQ�GLVN�DV�'�9����ILOHV�WR�PDNH�WKHP�HDVLHU�WR�DFFHVV�
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LOW MEMORY

>2008 thru >24F2 = XB Utilities

>24F4
MENUCODE - ENTRY AND MENU

>2A66
PRINTCODE - PRINTING PART & CONFIGURATION

>39FE = END OF CONFIGURE PART

HIGH MEMORY

>A000
WORDCODE1 - 9898 BYTES

WORDCODE2 - 9898 BYTES

WORDCODE3 - 1132 BYTES

>F1C0 = END OF MAIN CODE

>F690 = START OF LOADER CODE

>FFE6 = END OF DSRLNK UTILITY

Figure 1 - Memory Mapping of Word Pro cessor
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1.2. The Art Of Assembly — Part 2. Starting At The Bottom

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

,Q�3DUW�RQH��ZH�GLVFXVVHG�WKH�WZR�DSSURDFKHV�WR�SURJUDP�VWUXFWXUH��7RS�'RZQ�DQG�%RWWRP�8S��,Q�WKLV
DUWLFOH�ZH
OO� SURYLGH� VRPH� �SULPLWLYH�� VRXUFH� FRGH� VHFWLRQV� WR� SURYLGH� VHUYLFHV�� 3OHDVH� QRWH� WKDW�� LQ
$VVHPEO\��WKHUH�DUH�DERXW�DV�PDQ\�ZD\V�WR�GR�DQ\�JLYHQ�WKLQJ�DV�WKHUH�DUH�SURJUDPPHUV�WU\LQJ�WR�GR�LW�
:H
OO�WU\�WR�SURYLGH�WKH�UDWLRQDOH�IRU�WKH�ZD\�ZH�DSSURDFK�WKLQJV�DV�ZH�JR�DORQJ��,Q�JHQHUDO��RXU�DSSURDFK
LV� WR�PLQLPL]H�PHPRU\� FRQVXPSWLRQ� DQG�PD[LPL]H� VSHHG� RI� H[HFXWLRQ�� 7KRVH� WZR� GRQ
W� DOZD\V� JR
WRJHWKHU��EXW�LQ�PDQ\�FDVHV�WKH�PRVW�PHPRU\�HIILFLHQW�FRGH�DOVR�H[HFXWHV�IDVWHVW�

%HDU�LQ�PLQG�WKDW��IRU�WKH�WLPH�EHLQJ��ZH
UH�ZRUNLQJ�LQ�WKH�HQYLURQPHQW�RI�DQ�(�$�2SWLRQ����/RDG�DQG
5XQ��SURJUDP��/HW
V�VWDUW�ZLWK�WKH�PDWWHU�RI�SURYLGLQJ�:RUNVSDFH�5HJLVWHUV��0DQ\�SURJUDPV�FRQWDLQ�D
VRXUFH�VWDWHPHQW�OLNH�

WS BSS 32

7KDW
V�ILQH��EXW�GRLQJ�WKLV�XVHV����E\WHV�RI�WKH�DYDLODEOH�SURJUDP�PHPRU\�IRU�\RXU�UHJLVWHUV��7KHUH�LV�DQ
DUHD�LQ�ORZ�PHPRU\�GHVLJQDWHG�IRU�8VHU�:RUNVSDFH��DW�DGGUHVV�!��%$��7R�XVH�WKDW��\RX�FDQ�PDNH�DQ
HTXDWH�LQ�WKH�EHJLQQLQJ�RI�\RXU�VRXUFH�FRGH�OLNH�WKLV�

WS EQU >20BA

1RZ�DW�\RXU�SURJUDP
V�VWDUW�SRLQW��\RX�FDQ�VLPSO\�/:3,�:6��DQG�\RXU�UHJLVWHUV�ZLOO�EH�DW�!��%$��QRW
WDNLQJ�XS����E\WHV�RI�SURJUDP�VSDFH���3OHDVH�QRWH�WKLV�VKRXOG�QRW�EH�GRQH�ZKHQ�OLQNLQJ�IURP�([WHQGHG
%DVLF��XQOHVV�\RXU�SURJUDP�QHYHU�UHWXUQV�WR�;%�XQWLO�LW
V�ILQLVKHG��

/HW
V�TXLFNO\�PRYH�RQ�WR�DQRWKHU�VXEMHFW��WKDW�RI�D�VXEURXWLQH�WR�FOHDU�WKH�VFUHHQ�IRU�\RX��:H
YH�XVHG�PDQ\
GLIIHUHQW�WHFKQLTXHV�IRU�WKLV��VR�OHW
V�H[SORUH�D�FRXSOH�RI�DOWHUQDWLYHV��2QH�FDQ�GR�LW�OLNH�WKLV�

CLS  CLR R0 Point R0 at screen origin
LI   R2,SCRWID*24 Load R2 with total
LI   R1,>2000 make left byte of R1 the space

LOOP BLWP @VSBW Write one space
INC  R0 Increment screen location
DEC  R2 Decrement counter
JNE  LOOP If not zero, repeat operation
RT Return to calling program
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+HUH�\RX
OO�VHH�RQH�RI�RXU�OLWWOH�WULFNV��6RPHWLPHV�ZKHQ�VWDUWLQJ�D�SURJUDP��ZH�GRQ
W�NQRZ�IRU�VXUH
ZKHWKHU�ZH�ZDQW�WR�RSHUDWH�LQ�*UDSKLFV�PRGH�RU�LQ�7H[W�PRGH��7KXV�LQ�PDQ\�SODFHV�LQ�WKH�SURJUDP�ZH
OO
XVH�WKH�PQHPRQLF�6&5:,'��WKHQ�DW�WKH�EHJLQQLQJ�RI�WKH�SURJUDP�ZH
OO�SXW�D�YDOXH�LQ�IRU�6&5:,'
WKURXJK�DQ�HTXDWH�OLNH�6&5:,'�(48����RU�6&5:,'�(48�����7KLV�ZDV�UHDOO\�D�WZR�EDUUHOHG�WULFN�
EHFDXVH�LW�DOVR�OHWV�WKH�DVVHPEOHU�GR�VRPH�PDWK�IRU�XV��,Q�WKLV�FDVH��WKH�DVVHPEOHU�ZLOO�PXOWLSO\�����WKH
QXPEHU�RI�URZV�RQ�WKH�VFUHHQ��E\�WKH�QXPEHU�RI�FKDUDFWHUV�SHU�URZ��6&5:,'��DQG�WKXV�ZLOO�ORDG�5��ZLWK
WKH�FRUUHFW�QXPEHU�RI�VSDFHV�WR�ILOO�WKH�VFUHHQ��7KH�DERYH�PHWKRG�ZLOO�ZRUN��EXW�ZRQ
W�EH�DV�IDVW�DV�D
PHWKRG�XVLQJ�90%:�WR�ZULWH�ZKROH�VFUHHQ�OLQHV�WR�WKH�VFUHHQ��:H�FDQ�JDLQ�VRPH�VSHHG�E\�VHWWLQJ�DVLGH
D�EORFN�RI����RU����FKDUDFWHUV
�VSDFH��ZULWLQJ�D�VSDFH�LQWR�HDFK�RI�WKRVH��WKHQ�ZULWLQJ����VXFK�OLQHV�WR�WKH
VFUHHQ��7KHUH�ZRXOG�QHHG�WR�EH�D�EORFN�RI�E\WHV�UHVHUYHG��OLNH�WKLV�

SCRLI BSS  SCRWID

7KHUH
V�RXU�IULHQG�6&5:,'�DJDLQ��WKLV�WLPH�WHOOLQJ�WKH�DVVHPEOHU�KRZ�PDQ\�E\WHV�WR�UHVHUYH�IRU�D�VFUHHQ
OLQH�IXOO�RI�FKDUDFWHUV��1RZ�WKH�FRGH�WR�FOHDU�WKH�VFUHHQ�JHWV�PRUH�FRPSOLFDWHG�DQG�WDNHV�PRUH�PHPRU\�
EXW�H[HFXWHV�IDVWHU�

CLS  LI R2,SCRWID Sets R2 to characters in screen line
LI   R5,>2000 Sets left byte R5 to space
LI   R3,SCRLI Point R3 at SCRLI
MOV  R3,R1 Point R1 at SCRLI also

LOOP1 MOVB R5,*R3+ Move one byte and increment R3
DEC  R2 Decrement R2
JNE  LOOP1 If not zero, repeat
CLR  R0 Point R0 to screen origin
LI   R2,SCRWID Set R2 again
LI   R4,24 24 rows to clear

LOOP2 BLWP @VMBW Write SCRWID bytes to screen
A    R2,R0 add that many bytes to R0
DEC  R4 Decrement R4
JNE  LOOP2 If not zero, repeat
RT Return to calling program

7KDW�EORFN�RI�PHPRU\�ZKLFK�ZH�VHW�DVLGH�DV�6&5/,�FDQ�EH�XVHG�IRU�RWKHU�SXUSRVHV��DV�\RX
OO�VHH�ZKHQ�ZH
JHW�WR�VRPH�RWKHU�VXEURXWLQHV��:H�FDQ��IRU�H[DPSOH��XVH�LW�WR�VWDVK�VWULQJV�

%HIRUH�ZH�JR�IXUWKHU�ZLWK�VXEURXWLQHV��ZH�RXJKW�WR�GLVFXVV�KRZ�WR�SURSHUO\��QHVW��WKHP�LQ�$VVHPEO\��,I
\RX
UH�XVHG�WR�SURJUDPPLQJ�LQ�%DVLF�RU�;%��\RX�NQRZ�WKDW�VXEURXWLQHV�PD\�LQFOXGH�*268%V�WR�RWKHU
VXEURXWLQHV��DQG�WKDW�VR�ORQJ�DV�HDFK�HQGV�ZLWK�5(7851��DOO�ZLOO�EH�ZHOO�

,Q�$VVHPEO\��WKH�FDOOLQJ�RI�D�VXEURXWLQH�E\�%/�#68%1$0�ZLOO�ZRUN�SURSHUO\�RQO\�LI�WKH�VXEURXWLQH�GRHV
QRW�FDOO�RWKHUV��7R�JHW�DURXQG�WKLV�SUREOHP��ZH�HVWDEOLVK�D��VWDFN��WR�NHHS�WUDFN�RI�RXU�VXEURXWLQH�UHWXUQ
DGGUHVVHV��7R�GR�WKLV��VHW�XS�D�GDWD�DUHD�VRPHZKHUH��SHUKDSV�DW�WKH�YHU\�HQG�RI�\RXU�SURJUDP��ZKLFK�ZLOO
FRQWDLQ�WKH�UHWXUQ�DGGUHVVHV�IRU�QHVWHG�VXEURXWLQHV��$�VLPSOH�HQWU\�VXFK�DV�

SUBSTK BSS  24
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7KLV����E\WHV�ZLOO�VXIILFH�WR�KROG����OHYHOV�RI�QHVWLQJ��7KH�RWKHU�UHTXLUHPHQW�LV�WR�KDYH�D�SRLQWHU�WR�NHHS
WUDFN�RI�SRVLWLRQ�LQ�WKDW�VWDFN��:H�VLPSO\�GHGLFDWH�5���WR�WKDW�SXUSRVH��6RPHZKHUH�LQ�WKH�EHJLQQLQJ�RI
WKH�SURJUDP��ZH� LQVHUW�/,�5���68%67.�� VR� WKDW�EHIRUH�ZH� FDOO� DQ\� VXEURXWLQHV��5���SRLQWV� WR� WKH
EHJLQQLQJ�RI�WKDW�VWDFN�

1RZ�LQ�DQ\�VXEURXWLQH�WKDW�FDOOV�RWKHUV�EHIRUH�LW�UHWXUQV��ZKLFK�ZH�GHILQH�DV�D�+LJK�OHYHO�VXEURXWLQH��ZH
SODFH�WKLV�LQVWUXFWLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�VXEURXWLQH�

MOV  R11,*R15+

7KDW�SXWV�WKH�5���UHWXUQ�DGGUHVV�LQ�WKH�ORFDWLRQ�SRLQWHG�WR�E\�5����DQG�PDNHV�5���SRLQW�WR�WKH�QH[W�ZRUG
LQ�WKH�VWDFN�DUHD��$W�WKH�HQG�RI�RQH�+LJK�OHYHO�VXEURXWLQH��ZH�SODFH�WKH�IROORZLQJ�FRGH�

SUBRET DECT R15 Point back to previous stack word
MOV  *R15,R11 Move that word to R11
RT Return.

2WKHU�KLJK�OHYHO�VXEURXWLQHV�FDQ�UHWXUQ�E\�D�VLPSOH�%�#68%5(7��1RWH�WKDW�VLPSOH�VXEURXWLQHV�WKDW�GR
QRW�LQ�WXUQ�FDOO�RWKHUV��ZKLFK�ZH
OO�FDOO�/RZ�OHYHO�VXEURXWLQHV��QHHG�RQO\�WKH�57�DW�WKHLU�HQGV�WR�UHWXUQ
SURSHUO\��7KH�VWDFN�DUHD�FDQ�EH�SODFHG�DQ\ZKHUH��:H�UHFRPPHQGHG�SXWWLQJ� LW�DW�WKH�YHU\�HQG�RI�D
SURJUDP�VR�LW
V�RSHQ�HQGHG��DV�ORQJ�DV�WKH�SURJUDP�GRHVQ
W�ILOO�DOO�RI�WKH�FRPSXWHU
V�PHPRU\��3ODFLQJ�LW
HOVHZKHUH� LV� RND\� VR� ORQJ� DV� \RX
UH� VXUH� DERXW� KRZ� PDQ\� OHYHOV� RI� QHVWLQJ� DUH� UHTXLUHG�� ,I� \RX
XQGHUHVWLPDWH��VRPHWKLQJ�LPSRUWDQW�FRXOG�JHW�RYHUZULWWHQ�E\�\RXU�VWDFNLQJ�

/HW
V�VD\�WKDW�\RX�DUH�ZULWLQJ�D�+LJK�OHYHO�VXEURXWLQH�ZKLFK�QHHGV�WR�KDYH�WKH�VFUHHQ�FOHDUHG�EHIRUH�LW�FDQ
SURFHHG��7KH�VXEURXWLQH�ZRXOG�ORRN�VRPHWKLQJ�OLNH�WKLV�

BIGSUB MOV  R11,*R15+ Stash R11 on SUBSTK
BL   @CLS Clear the screen
(rest of subroutine)
B    @SUBRET Go to the high level return

7KLV�DVVXPHV�WKHUH�LV�DOUHDG\�DQRWKHU�+LJK�OHYHO�VXEURXWLQH�ZKLFK�HQGV�ZLWK�WKH�FRGH�VKRZQ�DERYH�DW
ODEHO�68%5(7��%\�WKLV�PHWKRG��VXEURXWLQHV�PD\�EH�VWDFNHG�WR�DQ\�QXPEHU�RI�OHYHOV�ZLWKRXW�ORVLQJ�WUDFN
RI�WKH�UHWXUQ�DGGUHVV�RI�DQ\�VXEURXWLQH�

1RZ�ZH
OO�PRYH�RQ�WR�D�IHZ�PRUH�KDQG\�VXEURXWLQHV��DQG�LQWURGXFH�WKH�LGHD�RI�PXOWLSOH�HQWU\�SRLQWV��/HW
V
VD\�\RX
OO�QHHG�DQ�DELOLW\�WR�PRYH�VWULQJV�DURXQG�LQ�PHPRU\��DQG�\RX
OO�DOVR�QHHG�WKH�DELOLW\�WR�PRYH
JURXSV�RI�E\WHV�WKDW�DUH�QRW�RUJDQL]HG�LQWR�VWULQJV���)RU�RXU�SXUSRVHV��D�VWULQJ�LV�PHUHO\�D�JURXS�RI�E\WHV
ZKHUH�WKH�ILUVW�E\WH�LV�WKH�OHQJWK��DQG�WKH�UHVW�RI�WKDW�PDQ\�E\WHV�LV�WKH�VWULQJ��)RU�H[DPSOH��ZH�PLJKW
KDYH�D�VWULQJ�LQLWLDOL]HG�LQ�RXU�GDWD�VHFWLRQ�OLNH�WKLV�

CPYWRT BYTE 14 Length of text
TEXT 'Copyright 1991'

7KH�ILUVW�E\WH�LV�����ZKLFK�LV�WKH�OHQJWK�RI�WKH�VWULQJ�WKDW�IROORZV�
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1RZ�OHW
V�VXSSRVH�WKDW�ZH�ZDQW�WR�PRYH�WKDW�VWULQJ�WR�DQRWKHU�ORFDWLRQ�ZKLFK�ZH
OO�FDOO�7(0675�IRU
7HPSRUDU\�6WULQJ��$VVXPH�WKDW�DW�OHDVW�ILIWHHQ�E\WHV�RI�PHPRU\�KDYH�EHHQ�UHVHUYHG�DW�WKDW�SODFH��:H
OO
EH�XVLQJ�5��WR�SRLQW�WR�WKH�RULJLQ�RI�WKH�VWULQJ�DQG�5���WR�SRLQW�WR�WKH�GHVWLQDWLRQ�DGGUHVV��:H�FDQ�SUHORDG
UHJLVWHUV�ZLWK�WKH�DGGUHVVHV�WR�PRYH�IURP�DQG�WR��OLNH�WKLV�

LI   R9,CPYWRT Put address of CPYWRT in R9
LI   R10,TEMSTR Put address of TEMSTR in R10

1RZ�WKDW�SRLQWHUV�KDYH�EHHQ�VHW��ZH�FDQ�SURFHHG�ZLWK�D�%/�#029675��ZKHUH�WKH�VXEURXWLQH�ORRNV�OLNH
WKLV�

MOVSTR MOVB *R9+,R4 Get length byte in R4
MOVB R4,*R10+ Place that byte at R10 location
SRL  R4,8 Right-justify length in R4

MOVBTS MOVB *R9+,*R10+ Move one byte, inc pointers
DEC  R4 Decrement length count
JNE  MOVBTS If not zero, repeat
RT Else return

7KLV�VXEURXWLQH�XVHV�5��DV�D�FRXQWHU�IRU�WKH�ORRS�DW�029%76��:H�KHUH�DW�+DUULVRQ�FRQYHQWLRQDOO\�XVH
5��DQG�5��IRU�ORRS�FRXQWHUV�RU�RWKHU�WHPSRUDU\�QXPEHUV��%XW�MXVW�IRU�D�PRPHQW�OHW
V�DVVXPH�\RX�KDYH
D�QHHG�WR�PRYH�D�JURXS�RI�E\WHV�IURP�RQH�SODFH�WR�DQRWKHU�EXW�WKH\
UH�QRW�RUJDQL]HG�DV�D�VWULQJ��LQ�WKDW
WKHUH
V�QR�OHQJWK�E\WH�DW�WKH�EHJLQQLQJ��/HW
V�VD\�\RX�KDYH����E\WHV�WR�PRYH�IURP�ORFDWLRQ�;<=�WR�ORFDWLRQ
=;<��+HUH�\RX�FDQ�XVH�WKH�ODEHO�029%76�DV�D�VHFRQG�HQWU\�SRLQW�WR�WKH�VXEURXWLQH��<RX
G�GR�LW�OLNH�WKLV�

LI   R9,XYZ Place source address in R9
LI   R10,ZXY Place destination in R10
LI   R4,75 Number of bytes in R4
BL   @MOVBTS Call subroutine MOVBTS

7KLV�WHFKQLTXH�KDV�EHHQ�XVHG�PDQ\�WLPHV�LQ�RXU�SURJUDPV��DQG�ZH
YH�IRXQG�LW�YHU\�XVHIXO��LQ�WKDW�LW
V�PRUH
HIILFLHQW�LQ�XVH�RI�PHPRU\�WKDQ�KDYLQJ�WZR�VHSDUDWH�VXEURXWLQHV�ZLWK�VXFK�VLPLODU�IXQFWLRQV�

1H[W��OHW
V�ORRN�DW�D�YHU\�VPDOO�VXEURXWLQH�ZKLFK�KDV�DQ�LPSRUWDQW�OHVVRQ�WR�WHDFK�XV��$VVXPH�WKDW�\RX
YH
JRW�PDQ\�SODFHV� LQ�WKH�SURJUDP�WKDW�UHTXLUH�D�VLQJOH�NH\VWURNH�HQWU\��VXFK�DV�WKH�DQVZHU�WR�D�<�1
TXHVWLRQ�� 7R� SUHSDUH� IRU� VXFK� D� VXEURXWLQH�� ZH
OO� SXW� WKH� HTXDWHV� 67$786� (48� !���&�
.(<$'5�(48�!�����DQG�.(<9$/�(48�!������7KHQ�QHDU�WKH�VWDUW�RI�RXU�SURJUDP�ZH
OO�LQVXUH�WKDW
RXU�NH\�XQLW�LV�]HUR�E\�ZULWLQJ�WKLV�RQH�OLQH�RI�VRXUFH�FRGH�&/5�#.(<$'5��:H
OO�DOVR�QHHG�VRPHZKHUH
D�E\WH�LQLWLDOL]HG�WR�WKH�YDOXH�!����VXFK�DV�$1<.(<�%<7(�!����:H�FDQ�WKHQ�XVH�WKH�VKRUW�VXEURXWLQH
OLNH�WKLV�

KEYLOO CLR  @STATUS Clear the GPL Status byte
BLWP @KSCAN Use utility to scan keyboard
CB   @ANYKEY,@STATUS Has a key been struck?
JNE  KEYLOO If not, try again
MOV  @KEYADR,R8 Else put key struck in R8
RT Then Return
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<RX
OO�QRWLFH�WKDW�WKHUH
V�DQ�H[WUD�LQVWUXFWLRQ�LQ�WKHUH�ZKLFK�PRYHV�WKH�ZRUG�DW�!�����LQWR�5���7KH�OHIW
E\WH�RI�WKDW�ZRUG�ZLOO�EH�]HUR��DQG�WKH�ULJKW�E\WH�ZLOO�EH�WKH�YDOXH�RI�WKH�NH\�VWUXFN��7KXV�WKH�UHJLVWHU
V
YDOXH�ZLOO�HTXDO�WKH�$6&,,�FRGH�IRU�WKH�NH\VWURNH��:H�GR�WKLV�RQ�SXUSRVH�EHFDXVH��LQ�PRVW�FDVHV�DIWHU�ZH
UHWXUQ�IURP�WKLV�VXEURXWLQH��ZH�KDYH�WR�GR�D�VHULHV�RI�FRPSDULVRQV�WR�WKH�NH\�VWUXFN��+DYLQJ�WKH�NH\
V
YDOXH�DOUHDG\�LQ�D�UHJLVWHU�PDNHV�WKDW�SURFHVV�HDVLHU��DQG�PRYLQJ�WKH�NH\�YDOXH�LQWR�D�UHJLVWHU�EHIRUH
H[LWLQJ�WKH�VXEURXWLQH�XVHV�OHVV�PHPRU\�WKDQ�GRLQJ�LW�DIWHU�UHWXUQ��6XSSRVH�ZH�KDG�DVNHG�D�<HV�1R
TXHVWLRQ��DQG�ZDQW�WKH�GHIDXOW�DQVZHU�WR�EH�1R��8SRQ�UHWXUQ�IURP�WKH�DERYH�VXEURXWLQH��ZH�FRXOG�KDYH�

CI   R8,89 Is answer upper case Y?
JEQ  YES If so, Jump
CI   R8,121 Is answer lower case y?
JNE  NO If not, answer is No

YES (perform action for Yes)
NO (perform action for No)

7KH�DFWLYLW\�DW�ODEHO�<(6�PD\�EH�D�VLPSOH�EUDQFKLQJ�WR�VRPH�RWKHU�SDUW�RI�WKH�SURJUDP��DQG�ODEHO�12�PD\
EH�D�VLPSOH�FRQWLQXDWLRQ�RI�VRPH�SURFHVV��EXW�WKDW
V�QRW�LPSRUWDQW�WR�RXU�SRLQW��%\�PRYLQJ�.(<$'5�LQWR
5��LQ�WKH�VXEURXWLQH��ZH
OO�VDYH�PDQ\�E\WHV�RI�PHPRU\�LI�WKLV�NLQG�RI�FRPSDULVRQ�QHHGV�WR�EH�GRQH�HDFK
WLPH�ZH
YH�XVHG�WKH�VXEURXWLQH��7KH�SRLQW�LV�WKDW�WKH�FRQWHQW�RI�D�VXEURXWLQH�VKRXOG�EH�FRQVLGHUHG�YHU\
FDUHIXOO\��$�VPDOO�DGGHG�IXQFWLRQ�OLNH�ZH
YH�VKRZQ�LQ�WKH�DERYH�H[DPSOH�FDQ�DGG�XS�WR�VLJQLILFDQW�VDYLQJV
RI�E\WHV�E\�LQFRUSRUDWLQJ�LW�LQWR�WKH�VXEURXWLQH�LQVWHDG�RI�KDYLQJ�WR�UHSHDWHGO\�SHUIRUP�WKH�RSHUDWLRQ
RXWVLGH�WKH�VXEURXWLQH�

,Q�WKLV�DUWLFOH��ZH
YH�MXVW�VFUDWFKHG�WKH�VXUIDFH�RI�WKH�VXEMHFW�RI�VXEURXWLQHV��,Q�WKH�QH[W�DUWLFOH��ZH
OO�JR
EDFN�WR�WKH�VXEMHFW�RI�VWUXFWXUH�IRU�D�ELW��DQG�GLVFXVV�VRPH�RI�WKH�PLQLPXP�UHTXLUHG�WKLQJV�WR�JHW�D
SURJUDP�VWDUWHG�DQG�HQGHG�JUDFHIXOO\��,Q� ODWHU�DUWLFOHV�RI�WKLV�VHULHV�ZH
OO�PRYH� LQWR�PRUH�DGYDQFHG
VXEURXWLQHV��VRPH�RI�ZKLFK�ZLOO�GHSHQG�RQ�WKLQJV�ZH�SUHVHQWHG�KHUH�
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1.3. The Art Of Assembly — Part 3. Starting At The Top

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

,Q�3DUW���RI�WKLV�VHULHV��ZH�GLVFXVVHG�DQG�VKRZHG�VRPH�VPDOO��SULPLWLYH��VXEURXWLQHV�DQG�WKH�PHWKRGV�IRU
QHVWLQJ�WKHP��,Q�WKLV�DUWLFOH��ZH�DUH�JRLQJ�EDFN�WR�WKH��7RS�'RZQ��SDUW�RI�ZULWLQJ�$VVHPEO\�SURJUDPV�
:H�ZLOO�XVH�IRU�RXU�H[DPSOH�WKH�+DUULVRQ�*ROI�6FRUH�$QDO\]HU��VLQFH�LWV�GHYHORSPHQW�ZHQW�SUHWW\�PXFK
DORQJ�WKH�OLQHV�ZH
UH�WU\LQJ�WR�HQFRXUDJH�

2QH�RI�WKH�ILUVW�GHFLVLRQV�\RX�VKRXOG�PDNH�LV�KRZ�WKH�XVHU�ZLOO�LQWHUDFW�ZLWK�\RXU�SURJUDP��,Q�PDQ\
JDPHV��IRU�H[DPSOH��WKH�SULQFLSDO�PHDQV�RI�LQWHUDFWLRQ�LV�WKH�MR\VWLFN��,Q�D�SURJUDP�OLNH�D�*ROI�6FRUH
$QDO\]HU��KRZHYHU��WKDW�ZRXOG�EH�D�YHU\�SRRU�LQWHUIDFH�IRU�XVHU�LQSXW��2XU�SUHIHUHQFH�LV�IRU�VLPSOH�PHQX
LQWHUDFWLRQ�DW�WKH�WRS�OHYHO��VR�HDFK�PDLQ�IXQFWLRQ�RI�WKH�SURJUDP�LV�UHDGLO\�DSSDUHQW�WR�WKH�XVHU��DQG
VHOHFWLRQ�RI�D�IXQFWLRQ�LV�MXVW�RQH�NH\VWURNH�DZD\��,Q�WRGD\
V�ZRUOG�RI��*UDSKLFDO�8VHU�,QWHUIDFH���*8,��
ZKHUH�IXQFWLRQV�DUH�UHSUHVHQWHG�E\�SLFWXUHV��QRW�ZRUGV��WKLV�PDNHV�XV�YHU\�ROG�IDVKLRQHG��EXW�ZH�GR�KDYH
D�UHDVRQ�IRU�EHLQJ�WKDW�ZD\��*8,V�QRUPDOO\�UHTXLUH�D�PRXVH�WR�VHOHFW�RSWLRQV��DQG�RQH�FDQ
W�FRXQW�RQ
HYHU\�FXVWRPHU�KDYLQJ�D�PRXVH��)XUWKHU��D�PRXVH�FDQ
W�EH�XVHG�WR�LQSXW�QDPHV��QXPEHUV��DQG�RWKHU�GDWD�
VR�ZLWK�RU�ZLWKRXW�D�PRXVH�RQH�VWLOO�QHHGV�WKH�NH\ERDUG��2XU�FKRLFH�KDV�EHHQ�WR�UHTXLUH�RQO\�WKH�NH\ERDUG�
DQG�WKDW�PDNHV��SODLQ�(QJOLVK��PHQXV�WKH�QDWXUDO�FKRLFH�IRU�VHOHFWLQJ�IXQFWLRQV�

*LYHQ�WKDW��ZH�PXVW�PDNH�D�GHFLVLRQ�DV�WR�ZKDW�IXQFWLRQV�EHORQJ�RQ�WKH�PDLQ�PHQX��,Q�WKH�*ROI�6FRUH
$QDO\]HU��ZH�VHWWOHG�RQ�HLJKW�IXQFWLRQV�IRU�WKH�0DLQ�0HQX��DQG�PDGH�HDFK�UHTXLUH�RQO\�D�VLQJOH�NH\VWURNH
WR�VHOHFW��7KH�HLJKW�ORRN�OLNH�WKLV�

1 ADD ROUNDS
2 LOAD FILE
3 DELETE DATA
4 ANALYZE DATA
5 SAVE FILE
6 ADD/EDIT COURSES
7 REVIEW COURSES
8 EXIT PROGRAM

,W
V�LPSRUWDQW�WR�DOZD\V�LQFOXGH�DQ�H[LW�VHOHFWLRQ��VR�WKH�XVHU�FDQ�HDVLO\�JHW�RXW�RI�\RXU�SURJUDP�ZKHQ�KH
ZDQWV�WR��,W
V�HTXDOO\�LPSRUWDQW�WR�PDNH�LW�GLIILFXOW�RU�LPSRVVLEOH�WR�JHW�RXW�RI�WKH�SURJUDP�E\�DFFLGHQW�
,Q�WKLV�SURJUDP��VHOHFWLQJ�LWHP���IURP�WKH�0DLQ�0HQX�LV�WKH�RQO\�ZD\�WR�JHW�RXW��:H�PDGH�FCTN = (QUIT)
LQDFWLYH�LQ�WKLV�SURJUDP��$V�DQ�DVLGH��ZKHQ�XVHUV�DUH�ORRNLQJ�DW�VXEVLGLDU\�PHQXV��FCTN 9 (BACK) �ZLOO
JHW�EDFN�WR�WKH�SUHYLRXV�PHQX��EXW�WKDW�ZLOO�QRW�JHW�WKHP�RXW�RI�WKH�SURJUDP�
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,Q�WKLV�SDUWLFXODU�SURJUDP��ZH�KDG�D�VSHFLDO�UHDVRQ�IRU�PDNLQJ�RQH�DQG�RQO\�RQH�H[LW�SRLQW��:KHQ�WKH�XVHU
VHOHFWV�LWHP����ZH�SHUIRUP�D�FKHFN�WR�VHH�ZKHWKHU�WKH�XVHU�KDV�PRGLILHG�WKH�ILOH�FXUUHQWO\�LQ�PHPRU\��,I
KH
V�QRW�PDGH�DQ\�FKDQJHV�WR�WKH�ILOH��RU�LI�KH
V�VDYHG�LW�VLQFH�PDNLQJ�FKDQJHV��ZH�VLPSO\�UHWXUQ�KLP�WR
HLWKHU�;%�RU�(�$��GHSHQGLQJ�RQ�KRZ�KH�HQWHUHG�WKH�SURJUDP��,I�FKDQJHV�KDYH�EHHQ�PDGH��ZH�SURGXFH�D
SURPSW�DVNLQJ�ZKHWKHU�KH
G�OLNH�WR�VDYH�WKH�FKDQJHG�ILOH�EHIRUH�H[LWLQJ��$Q\�DQVZHU�RWKHU�WKDQ�1�RU�Q�LV
WDNHQ�DV�<HV��DQG�KH
V�SODFHG�LQ�WKH�6$9(�),/(�IXQFWLRQ��:H�WDNH�WKHVH�SUHFDXWLRQV�DV�SDUW�RI�RXU�FRQFHSW
RI��8VHU�)ULHQGOLQHVV��

3HUKDSV�ZH�FRXOG�LOOXVWUDWH�WKH�FRQFHSW�RI�8VHU�)ULHQGOLQHVV�E\�DQ�H[DPSOH�GUDZQ�IURP�H[SHULHQFH��,Q
PDQ\�LQVWDQFHV�RQ�WKH�7,��RQH�ZLOO�HQFRXQWHU�DQ�HUURU�LQ�H[HFXWLRQ�RI�VRPH�SURJUDP��/HW
V�VD\�ZH
UH
ZRUNLQJ�LQ�;%�RU�(�$��DQG�WU\�WR�JHW�D�QRQH[LVWHQW�ILOH�WR�RSHQ�IRU�,1387��:KDW�WKH�7,�IRONV�ZLOO�JLYH�\RX
LV�D�QXPEHUHG��(5525�&2'(���ZKLFK�\RX
OO�KDYH�WR�ORRN�XS�LQ�D�ERRN��:KHQ�ZH�ZULWH�RXU�RZQ�SURJUDPV�
ZH�OLNH�WR�SURYLGH�D�PRUH�GHILQLWLYH�HUURU�LQGLFDWLRQ��OLNH��7+$7�),/(�'2(6�127�(;,67�21�'5,9(
[��RU��7+(5(�,6�12�',6.�,1�'5,9(�[���7KLV�ZD\�WKH�XVHU�KDV�D�YHU\�GHILQLWH�LGHD�RI�ZKDW
V�ZURQJ�
'RLQJ� WKLV� RI� FRXUVH� HDWV�PHPRU\�� VLQFH� WKRVH� HUURU�PHVVDJHV�KDYH� WR�EH� VWRUHG� VRPHZKHUH� LQ� WKH
FRPSXWHU�DQG�SULQWHG�WR�WKH�VFUHHQ��EXW�ZH�WKLQN�WKDW
V�D�ZRUWKZKLOH�XVH�RI�PHPRU\�

%XW�ZH�GLJUHVV��2QFH�RQH�KDV�GHFLGHG�XSRQ�D�PHQX��WKH�WRS�SDUW�RI�WKH�IORZ�FKDUW�LV�UHDGLO\�DSSDUHQW�
7KHUH�ZLOO�QHHG�WR�EH�DQ�RSHQLQJ�VHFWLRQ�RI�FRGH�WKDW�VHWV�XS�VXFK�WKLQJV�DV�VFUHHQ�PRGH��FRORU�VFKHPH�
DQG�VXFK��WKHQ�GLVSOD\V�RXU�FRS\ULJKW�QRWLFH��1H[W�LV�D�GHOD\�ORRS�VR�WKH�XVHU�FDQ�UHDG�WKH�FRS\ULJKW�QRWLFH�
DQG�WKHQ�ZH�FOHDU�WKH�VFUHHQ�DQG�SURGXFH�WKH�PDLQ�PHQX��+HUH�ZH�KDG�WR�PDNH�D�GHFLVLRQ��6LQFH�ZH�NQHZ
WKHUH�ZRXOG�EH�PRUH�WKDQ�RQH�PHQX��ZH�FRXOG�KDYH�HDFK�PHQX�SURGXFHG�E\�D�VHSDUDWH�VHFWLRQ�RI�FRGH��RU
ZH�FRXOG�SURYLGH�D��0HQX�'ULYHU��VHFWLRQ�RI�FRGH�WKDW�ZRXOG�SURGXFH�DOO�WKH�UHTXLUHG�PHQXV�VLPSO\�E\
XVLQJ�GLIIHUHQW�GDWD�ZLWK�WKH�VDPH�FRGH��:H�FKRVH�WKH�ODWWHU��DQG�EHOLHYH�WKDW�ZDV�D�ZLVH�GHFLVLRQ��EHFDXVH
ZH�XVHG�OHVV�PHPRU\�WR�GR�LW�WKLV�ZD\��2XU�:RUG�3URFHVVRU��ZKLFK�ZH�XVH�WR�SUHSDUH�WKHVH�DUWLFOHV��DOVR
KDV�D�FHQWUDO�PHQX�GULYHU��EXW�WKH�RQH�LQ�WKH�*ROI�6FRUH�$QDO\]HU�LV�EHWWHU��WDNLQJ�OHVVRQV�OHDUQHG�IURP
WKH�:3�SURJUDP�LQWR�DFFRXQW�

(DFK�PHQX�ZH�XVH�KDV�D�VHFWLRQ�RI�GDWD�DVVRFLDWHG�ZLWK�LW��ZKLFK�LQFOXGHV�WKH�WLWOH�IRU�WKH�WRS�RI�WKDW
PHQX��WKH�VHOHFWLRQV��DQG�D��EUDQFKLQJ��ORRNXS�WDEOH��ZKLFK�LQGLFDWHV�ZKHUH�WKH�SURJUDP�ZLOO�JR�WR�ZKHQ
LW�H[LWV�WKDW�PHQX��7KH�OHJHQG��6(/(&7�%<�180%(5��JRHV�DW�WKH�ERWWRP�RI�HDFK�PHQX��VR�WKH�PHQX
GULYHU�LWVHOI�SODFHV�WKDW�OHJHQG�RQ�HDFK�PHQX�LW�GLVSOD\V��,Q�RXU�*ROI�6FRUH�$QDO\]HU��E\�WKH�ZD\��ZH
VHSDUDWHG�WKH�FRGH�IURP�WKH�GDWD�LQWR�VHFWLRQV�RI�PHPRU\��7KDW�LV��DOO�WKH�H[HFXWDEOH�LQVWUXFWLRQV�DUH
WRJHWKHU�LQ�D�EORFN�RI�PHPRU\��WKHQ�DOO�WKH�GDWD��LQFOXGLQJ�WH[W�IRU�PHVVDJHV�DQG�PHQXV��LV�LQ�LWV�RZQ
EORFN�RI�PHPRU\��7KLV�PDNHV�D�VRPHZKDW�QHDWHU�DUUDQJHPHQW�IRU�WKH�SURJUDPPHU��LQ�WKDW�VHSDUDWH
VRXUFH� ILOHV� FRQWDLQ� WKH�GDWD�� DQG� LW� EHFRPHV� D� ELW� HDVLHU� WR�NHHS� WUDFN�RI�ZKDW� RQH� LV� GRLQJ�ZKLOH
GHYHORSLQJ� WKH� SURJUDP�� ,W� DOVR�PDNHV� LW� HDVLHU� ZKHQ� RQH� FRPHV� EDFN� VL[�PRQWKV� ODWHU� WR� FKDQJH
VRPHWKLQJ�LQ�WKH�SURJUDP�

$FWXDOO\��WKHUH
V�QR�UHDVRQ�\RX�FDQ
W�VFDWWHU�GDWD�DOO�RYHU�WKH�SODFH��EHWZHHQ�VHFWLRQV�RI�WKH�H[HFXWDEOH
FRGH��EXW�RXU�WKLQNLQJ�RQ�WKH�VXEMHFW�KDV�EHHQ�FRORUHG�E\�WKH�IDFW�WKDW�ZH�DOVR�SURJUDP�LQ�3&�$VVHPEO\
ODQJXDJH��ZKHUH�GLIIHUHQW�PHPRU\�VHJPHQWV�DUH��DQG�PXVW�EH��DOORFDWHG�IRU�FRGH�DQG�GDWD��7KLV�EHFRPHV
D�KDELW�WKDW�FDUULHV�RYHU�WR�WKH�7,�
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7KHUH�ZH�DUH�GLJUHVVLQJ�DJDLQ��-XVW�IRU�WKH�KHFN�RI�LW��OHW
V�ORRN�DW�VRPH�RI�WKH�VRXUFH�FRGH��,Q�WKH�6LGHEDU
LV�WKH�DQQRWDWHG�VRXUFH�FRGH�DVVRFLDWHG�ZLWK�WKH�PHQX�GULYHU�IRU�WKH�*ROI�6FRUH�$QDO\]HU��7KH�ILUVW�WZR
H[HFXWDEOH�OLQHV�DUH�WKH�UHTXLUHG�VHWXS�EHIRUH�EUDQFKLQJ�WR�WKH�GULYHU��7KHVH�OLQHV�VHW�5��WR�SRLQW�WR�WKH
GDWD�IRU�WKH�PHQX�LWVHOI��DQG�5���WR�SRLQW�WR�WKH�ORRNXS�WDEOH�IRU�EUDQFKLQJ�RXW�RI�WKH�0DLQ�0HQX�

,Q�WKH�'ULYHU�LWVHOI��0(1'59���WKH�ILUVW�RUGHU�RI�EXVLQHVV�LV�WR�FOHDU�WKH�VFUHHQ��7KH�&/6�VXEURXWLQH�LV
VLPLODU�WR�WKH�RQH�VKRZQ�LQ�RXU�ODVW�DUWLFOH��H[FHSW�WKDW��VLQFH�*6$�ZDV�ZULWWHQ�WR�RSHUDWH�IURP�([WHQGHG
%DVLF��LW�DGGV�DQ�RIIVHW�RI�!���WR�WKH�VSDFHV�LW�ZULWHV�LQWR�6&5/,��$V�DQ�LURQLF�VLGHOLJKW��ZH�ODWHU�DGGHG�D
ORDGHU�VR�WKDW�*6$�FRXOG�EH�UXQ�IURP�(�$��DQG�LQ�WKDW�ORDGHU�ZH�KDG�WR��DPRQJ�RWKHU�WKLQJV��UH�DUUDQJH
WKH�WDEOHV�LQ�9'3�VR�LW�ZRXOG�QHHG�WKH�FKDUDFWHU�RIIVHW�

%HIRUH�GHOYLQJ�IXUWKHU�LQWR�WKH�FRGH��OHW
V�ORRN�DW�WKH�VWUXFWXUH�RI�WKH�GDWD�IRU�WKH�PHQX��DW�ODEHO�0(1'$7�
,W�VWDUWV�ZLWK�D�E\WH�JLYLQJ�WKH�OHQJWK�RI�WKH�WLWOH�IRU�WKH�PHQX��1H[W�LV�WKH�WH[W�RI�WKH�WLWOH��WKHQ�WZR�E\WHV�
7KH�ILUVW�RI�WKHVH�LV�WKH�QXPEHU�RI�LWHPV�LQ�WKLV�PHQX������DQG�WKH�VHFRQG�LV�WKH�OHQJWK�RI�WKH�ILUVW�LWHP
GHVFULSWLRQ�������$IWHU�WKLV�LV�WKH�WH[W�IRU�WKH�ILUVW�LWHP��IROORZHG�E\�WKH�VWULQJV�IRU�WKH�UHVW�RI�WKH�LWHPV��D
OHQJWK�E\WH��WKHQ�WH[W�FRQWHQW���%\�RUJDQL]LQJ�WKH�GDWD�WKLV�ZD\��ZH�FDQ�PDNH�D�ORRS�LQ�WKH�PHQX�GULYHU
WKDW�PLQLPL]HV�WKH�PHPRU\�XVHG�IRU�WKH�GULYHU
V�FRGH�

7KH�EXVLQHVV�RI�JHWWLQJ�WKH�PHQX�RQ�VFUHHQ�QRZ�SURFHHGV�E\�WDNLQJ�WKH� OHQJWK�RI�WKH�WLWOH� OLQH�DQG
PDQLSXODWLQJ�WKDW�WR�SRVLWLRQ�5��VR�WKH�WLWOH�DSSHDUV�FHQWHUHG�RQ�5RZ���RI�WKH�VFUHHQ��7KH�VXEURXWLQH
',6/,�FRXOG�DOVR�EH�FDOOHG�',6675��VLQFH�ZKDW�LW�GRHV�LV�WDNH�D�VWULQJ�SRLQWHG�WR�E\�5��DQG�GLVSOD\�LW�DW
WKH�VFUHHQ�ORFDWLRQ�SRLQWHG�WR�E\�5���$QRWKHU�LURQ\�KHUH�LV�WKDW��KDG�ZH�GRQH�WKLV�LQ�(�$�RQO\��ZH�FRXOG
KDYH�XVHG�5��DV�WKH�SRLQWHU�WR�WKH�VWULQJ��WKHQ�',6/,�ZRXOG�UHGXFH�WR�

DISLI MOVB *R1+,R2 Get length byte into R2
SRL  R2,8 Right justify R2
BLWP @VMBW Write characters to screen
A    R2,R1 Advance R1 beyond text
RT Return

%XW�ZH�GLGQ
W�GR�WKDW��EHFDXVH�ZH�ZDQWHG�*6$�WR�EH�DYDLODEOH�WR�WKRVH�ZKR�GRQ
W�KDYH�WKH�(�$�PRGXOH��EXW
RQO\�WKH�;%�PRGXOH��7KXV�ZH
UH�VWXFN�ZLWK�WKDW�RIIVHW��HYHQ�ZKHQ�WKH�XVHU�HQWHUV�WKH�SURJUDP�IURP�(�$�
/LYH�DQG�/HDUQ�

$QRWKHU�VPDOO�QRWH�EHIRUH�ZH�H[DPLQH�WKH�UHVW�RI�WKH�VRXUFH�FRGH��7KHUH�LV�QR�VXFK�WKLQJ�DV�D�SHUIHFW
SURJUDP��$V�\RXU�DXWKRU�ORRNV�DW�KLV�RZQ�6LGHEDU��KH�FDQ�VHH�VHYHUDO�SODFHV�ZKHUH�LW�FRXOG�EH�LPSURYHG�
)RU�H[DPSOH��WKH�OLQH�MXVW�EHIRUH�ODEHO�/23��LQ�WKH�&/6�VXEURXWLQH�FRXOG�EH�HOLPLQDWHG�LI�WKH�OLQH�DW�/23�
VDLG�029%�#63$&(�5����2XU�JRRG�IULHQG�-LP�3HWHUVRQ��7,*(5&8%���FDOOV�WKLV�NLQG�RI�WKLQNLQJ
(OHJDQW�3URJUDPPLQJ��ZKHUH� WKH� SURJUDPPHU� QRW� RQO\�ZDQWV� LW� WR�ZRUN�� EXW�ZDQWV� LW� WR� EH� IXOO\
RSWLPL]HG�LQ�DOO�UHVSHFWV��0D\EH�RXU�QH[W�SURJUDP�ZLOO�EH�EHWWHU��EXW�ZH
UH�QRW�JRLQJ�WR�UH�DVVHPEOH�*6$
MXVW�IRU�WKDW�RQH�VPDOO�SRVVLEOH�FKDQJH�
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2ND\��VR�DIWHU�WKH�WLWOH�LV�RQ�WKH�VFUHHQ��ZH�KDYH�D�VHFWLRQ�RI�FRGH�WKDW�SLFNV�XS�WKH�E\WH�MXVW�DIWHU�WKH�WLWOH
WH[W��WUDQVIHUV�WKDW�WR�5���ULJKW�MXVWLILHV�LW��WKHQ�VWDVKHV�LW�DW�12,7(0��$V�LW�KDSSHQV��WKH�PDLQ�PHQX�KDV
HLJKW�LWHPV��ZKLFK�LV�WKH�PRVW�RI�DQ\�PHQX�XVHG�LQ�WKH�SURJUDP��7KH�QH[W�VHFWLRQ�RI�FRGH�GRHV�VRPH�PDWK
ZLWK�5��DQG�5��WR�SRVLWLRQ�WKH�EXON�RI�WKH�PHQX�YHUWLFDOO\�FHQWHUHG�EHWZHHQ�WKH�WRS�DQG�ERWWRP�RI�WKH
VFUHHQ��$W�ODEHO�0(1���ZH�HQWHU�D�ORRS�ZKLFK�SULQWV�DOO�WKH�VHOHFWLRQV�RQ�WKH�PHQX��(DFK�FDOO�WR�',6/,
OHDYHV�5��SRLQWHG�DW�WKH�OHQJWK�E\WH�IRU�WKH�QH[W�LWHP��VR�WKH�ORRS�FDQ�SURFHHG�YHU\�TXLFNO\�DQG�HIILFLHQWO\�

2QFH�DOO�WKH�LWHPV�KDYH�EHHQ�GLVSOD\HG��DIWHU�-1(�0(1���WKHUH
V�DQRWKHU�RI�RXU�OLWWOH�WULFNV��:H�ZDQW�WKH
OHJHQG�WR�DSSHDU�DW�URZ�����FROXPQ����7R�GR�WKDW��ZH�OHW�WKH�DVVHPEOHU�GR�WKH�PDWK�IRU�XV��7KH�DVVHPEOHU
PXOWLSOLHV����E\�WKH�ZLGWK�RI�WKH�VFUHHQ��WKLV�ZRXOG�SODFH�XV�DW�URZ�����FROXPQ�����WKHQ�DGGV�HLJKW�WR�WKDW
QXPEHU��7KH�UHVXOW�LV�DQ�LPPHGLDWH�YDOXH�SODFHG�LQ�5��ZKLFK�SXWV�5��MXVW�ZKHUH�ZH�ZDQWHG�LW��7KLV�WULFN
FDQ�EH�XVHG�LQ�PDQ\�ZD\V��EXW�KHUH�ZH
YH�XVHG�LW�IRU�SRVLWLRQLQJ�RQ�WKH�VFUHHQ��2QH�WDNHV�WKH�QXPEHU�RI
WKH�GHVLUHG�URZ��VXEWUDFWV�RQH��WKHQ�WHOOV�WKH�DVVHPEOHU�WR�PXOWLSO\�E\�6&5:,'��DQG�WKHQ�WR�DGG�RQH�OHVV
WKDQ�WKH�GHVLUHG�FROXPQ��,Q�DGGLWLRQ�WR�VDYLQJ�XV�VRPH�PDWK��WKLV�DOVR�VDYHV�VRPH�WLPH�LQ�SURJUDP
H[HFXWLRQ��EHFDXVH�WKH�PDWK�LV�SHUIRUPHG�GXULQJ�WKH�DVVHPEO\��DQG�DOO�WKH�FRPSXWHU�KDV�WR�GR�DW�UXQQLQJ
WLPH�LV�ORDG�WKDW�RQH�YDOXH�LQWR�5��

1RZ��RQFH�WKH�OHJHQG�LV�RQ�WKH�VFUHHQ��DOO�ZH�QHHG�GR�LV�ZDLW�IRU�WKH�XVHU�WR�SUHVV�D�NH\��.(</22�LV�WKH
VXEURXWLQH�WKDW�GRHV�WKLV�IRU�XV���VHH�3DUW���IRU�WKDW�VXEURXWLQH��DQG�LQ�DGGLWLRQ�SODFHV�WKH�$6&,,�YDOXH
RI�WKH�VWUXFN�NH\�LQ�5���*LYHQ�D�NH\VWURNH��WKH�PHQX�GULYHU�FKHFNV�LW�DJDLQVW�WKH�YDOXH�����)LIWHHQ�KDSSHQV
WR�EH�WKH�$6&,,�YDOXH�IRU�FCTN 9�� ,Q�DQ\�RI�WKH�PHQXV� LQ�WKLV�SURJUDP�� VWULNLQJ�FCTN 9�PDNHV�D
EUDQFKLQJ�WR�WKH�ODVW�ODEHO�LQ�WKH�ORRNXS�WDEOH�IRU�WKDW�PHQX��,Q�WKH�FDVH�RI�WKLV�PDLQ�PHQX��WKDW�VLPSO\
WDNHV�XV�EDFN�WR�.<,1�IRU�DQRWKHU�NH\VWURNH��,Q�RWKHU�PHQXV��WKDW�ODVW�ODEHO�LQ�WKH�ORRNXS�WDEOH�WDNHV�XV
EDFN�WR�D�SUHYLRXV�PHQX�

+DYLQJ�IRXQG�VRPH�NH\�YDOXH�RWKHU�WKDQ�����WKH�SURJUDP�PXVW�QRZ�PDNH�VXUH�WKDW�WKH�NH\�VWUXFN�LQ
ZLWKLQ�WKH�FRUUHFW�UDQJH�IRU�WKLV�PHQX��,Q�WKLV�FDVH�WKDW
V���WKURXJK����:H�PRYH�WKH�NH\VWURNH�WR�5��
VXEWUDFW�!���VR�WKH�QXPEHU�LQ�5��ZLOO�EH���WKURXJK����QRW�!���WKURXJK�!����1RZ�ZH�FKHFN�IRU�D�UHVXOW
]HUR�RU�OHVV�WKDQ�]HUR��,I�HLWKHU�KDSSHQV��WKH�NH\�VWUXFN�ZDV�RXW�RI�UDQJH��VR�ZH�LJQRUH�LW�DQG�MXPS�EDFN
WR�ODEHO�.<,1��)LQDOO\��ZH�FRPSDUH�5��WR�WKH�GDWD�DW�12,7(0��ZKLFK�LQ�WKLV�FDVH�FRQWDLQV����,I�LW
V�JUHDWHU
WKDQ�WKDW��ZH�DJDLQ�LJQRUH�WKH�NH\VWURNH��:KLOH�WKLV�PHQX�LV�RQ�VFUHHQ��KLWWLQJ�DQ\�NH\�RWKHU�WKDQ�WKH
QXPEHUV���WKURXJK���ZLOO�KDYH�QR�HIIHFW�ZKDWVRHYHU�

,PPHGLDWHO\�DIWHU�WKH�RSHUDWLRQ�-*7�.<,1��ZH�NQRZ�WKDW�WKH�QXPEHU�LQ�5��LV�D�QXPEHU�LQ�WKH�UDQJH��
WKURXJK����VR�ZH�FDQ�SURFHHG�WR�EUDQFK�RXW�IURP�WKH�PHQX��)LUVW�ZH�PXVW�'(&�5���VR�WKDW�WKH�UDQJH�LV
DFWXDOO\���WKURXJK�����,I�FCTN 9�KDG�EHHQ�VWUXFN��ZH
G�MXPS�WR�ODEHO�$&&��ZLWK���LQ�5����1RZ��VLQFH�ZH
UH
JRLQJ�WR�LQGH[�D�WDEOH�RI�ZRUGV��QRW�E\WHV��ZH�PXVW�GRXEOH�WKH�QXPEHU�LQ�5���7KH�HDVLHVW�ZD\�WR�GRXEOH
D�VLPSOH�LQWHJHU�OLNH�WKLV�LV�WR�6KLIW�LW�OHIW�E\�RQH�ELW��DQG�WKDW
V�ZKDW�ZH�GR�DW�ODEHO�$&&���1RZ�WKH
QXPEHU�LQ�5��KDV�D�UDQJH�RI���WKURXJK�����E\�WZRV���RU����LI�FCTN 9�KDV�EHHQ�SUHVVHG�
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5��QRZ�KDV�WKH�LQGH[�YDOXH�IRU�WKH�PHPEHU�RI�WKH�ORRNXS�WDEOH�ZH�ZDQW��:H�DGG�5����ZKLFK�FRQWDLQV�WKH
DGGUHVV�RI�WKH�VWDUW�RI�WKH�ORRNXS�WDEOH��7KH�QH[W�RSHUDWLRQ��029�5��5���WDNHV�WKH�QXPEHU�DW�WKDW
DGGUHVV�LQ�WKH�ORRNXS�WDEOH�DQG�SODFHV�LW�LQ�5���)LQDOO\��ZH�EUDQFK�WR�WKH�DGGUHVV�FRQWDLQHG�LQ�5���DQG�WKDW
WDNHV�XV�LQWR�WKH�VHOHFWHG�IXQFWLRQ��,Q�HIIHFW��ZH�KDYH�SHUIRUPHG�DQ�21�*272�IXQFWLRQ�EDVHG�RQ�WKH�NH\
VWUXFN�

,Q�WKLV�DUWLFOH�ZH�ORRNHG�DW�VRPH�RYHUDOO�SULQFLSOHV�IRU�7RS�'RZQ�SURJUDP�GHVLJQ��WKHQ�ZH�SUHVHQWHG�RQH
DOWHUQDWLYH�IRU�XVHU�LQWHUDFWLRQ�WKURXJK�D�0HQX�6HOHFWLRQ��DQG�VKRZHG�WKH�VRXUFH�FRGH�IRU�D�UHDVRQDEO\
HIIHFWLYH�PHQX�GULYHU��7KHUH�DUH�PDQ\�RWKHU�ZD\V�WR�LPSOHPHQW�D�PHQX�V\VWHP��DQG�ZH�FDQ�EH�VXUH�WKDW
VRPH�RI�RXU�UHDGHUV�ZLOO�FRPH�XS�ZLWK�EHWWHU�RQHV�WKDQ�RXUV��2XU�SXUSRVH�LQ�WKHVH�DUWLFOHV�LV�PDLQO\�WR
WHDFK�SULQFLSOHV�RI�XVLQJ�$VVHPEO\��VR�WKH�UHDGHU�FDQ�XVH�KLV�RZQ�FUHDWLYLW\�LQ�WKLV�ODQJXDJH�

,Q�WKH�QH[W�LQVWDOOPHQW��ZH
OO�WU\�WR�FRQFHQWUDWH�RQ�ZD\V�WR�PDNH�FRGH�DV�HIILFLHQW�LQ�PHPRU\�XVH�DV
SRVVLEOH��ZLWK�VRPH��ZURQJ�ZD\��DQG��ULJKW�ZD\��H[DPSOHV�

* PORTIONS OF SOURCE CODE FROM GOLF SCORE ANALYZER
*
* EQUATE FOR 32 CHARACTER SCREEN
SCRWID EQU  32
*
* SETUP FOR ENTERING MENU DRIVER TO MAKE MAIN MENU
       LI   R9,MENDAT
       LI   R13,MAINBR
       B    @MENDRV
*
*
* MENU DRIVER SOURCE CODE STARTS
MENDRV
       BL   @CLS         CLEAR THE SCREEN
       LI   R0,SCRWID    SET R0 TO SCREEN WIDTH
       MOVB *R9,R1       GET LENGTH OF TITLE IN R1
       SRL  R1,8         RIGHT JUSTIFY LENGTH
       S    R1,R0        SUBTRACT LENGTH FROM SCREEN WIDTH
       SRL  R0,1         CUT THAT NUMBER IN HALF
       AI   R0,SCRWID    ADD ONE SCREEN WIDTH
* THE ABOVE SECTION SETS R0 AT A VALUE WHICH WILL AUTO-CENTER THE TITLE
* IN ROW 2 OF THE SCREEN
       BL   @DISLI       DISPLAY THAT LINE OF TEXT
* DISLI ADVANCES R9, SO IT NOW POINTS TO BYTE BEYOND END OF TITLE'S TEXT
       MOVB *R9+,R8      GET NUMBER OF ITEMS FOR MENU
       SRL  R8,8         RIGHT JUSTIFY IN R8
       MOV  R8,@NOITEM   STASH THE NUMBER OF ITEMS AS DATA
       LI   R0,8         LOAD R0 WITH MAXIMUM NUMBER OF ITEMS IN ANY MENU
       S    R8,R0        SUBTRACT THE NUMBER OF ITEMS
       AI   R0,4         ADD FOUR
       LI   R3,SCRWID    GET R3 TO EQUAL NUMBER OF CHARACTERS IN SCREEN WIDTH
       MPY  R3,R0        MULTIPLY BY WIDTH OF SCREEN
       AI   R1,8         ADD 8 FOR COLUMN POSITIONING
       MOV  R1,R0        PLACE THIS NUMBER IN R0
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* THE CODE ABOVE SETS R0 TO VERTICALLY CENTER THE NUMBER OF ITEMS IN THE MENU
* FOR A MORE CONSISTENT SCREEN APPEARANCE.
MEN1   BL   @DISLI       DISPLAY A LINE OF THE MENU
       AI   R0,SCRWID*2  MOVE DOWN-SCREEN BY TWO LINES
       DEC  R8           DECREMENT COUNTER FOR NUMBER OF ITEMS
       JNE  MEN1         IF NOT ZERO, JUMP BACK TO DISPLAY NEXT ITEM
       LI   R0,22*SCRWID+8  SET R0 FOR ROW 23, COLUMN 9
       LI   R9,SELEC     POINT TO STRING FOR "SELECT BY NUMBER"
       BL   @DISLI       DISPLAY THAT LEGEND
KYIN   BL   @KEYLOO      GET A KEYSTROKE
       CI   R8,15        WAS FCTN-9 STRUCK?
       JNE  ACC1         IF NOT, JUMP AHEAD
       MOV  @NOITEM,R5   ELSE PUT NUMBER OF ITEMS IN R5
       JMP  ACC2         THEN JUMP
ACC1   MOV  R8,R5        PLACE KEYSTROKE IN R5
       S    @NUMASK,R5   SUBTRACT >30 SO R5=NUMBER
       JEQ  KYIN         IF R5 ZERO, GO GET ANOTHER KEYSTROKE, IGNORE THIS ONE
       JLT  KYIN         IF R5 < ZERO, IGNORE
       C    R5,@NOITEM   ELSE COMPARE TO NUMBER OF ITEMS
       JGT  KYIN         IF GREATER, IGNORE
* AT THIS POINT, WE KNOW A NUMBER KEY WITHIN THE CORRECT RANGE HAS BEEN STRUCK
       DEC  R5           ZERO-BASE THE VALUE IN R5
ACC2   SLA  R5,1         DOUBLE THAT NUMBER, SINCE WE'RE INDEXING BY WORDS
       A    R13,R5       ADD TO R5 THE START OF THE BRANCHING TABLE
       MOV  *R5,R5       GET THE ADDRESS OF THE SELECTED CODE SECTION INTO R5
       B    *R5          AND BRANCH TO THAT ADDRESS
* END OF MENU DRIVER SOURCE CODE
* SUBROUTINE TO CLEAR SCREEN WITH OFFSET FOR XB
CLS
       LI   R4,SCRWID    SET R4 TO WIDTH OF SCREEN
       MOV  R4,R2        MAKE R2 ALSO = WIDTH OF SCREEN
       LI   R6,SCRLI     POINT R6 AT SCREEN LINE STORAGE
       MOV  R6,R1        PLACE THAT ADDRESS IN R1 ALSO
       MOVB @SPACE,R5    PUT A SPACE WITH OFFSET INTO R5
* THE BYTE AT LABEL SPACE IS >20 + >60 FOR XB'S OFFSET
LOP1   MOVB R5,*R6+      MOVE ONE SPACE WITH OFFSET, INC R6
       DEC  R4           DECREMENT COUNTER
       JNE  LOP1         IF NOT ZERO, REPEAT
       CLR  R0           SET R0 TO SCREEN ORIGIN
       LI   R4,24        24 ROWS TO CLEAR
LOP2   BLWP @VMBW        WRITE ONE LINE OF SCRWID SPACES
       A    R2,R0        ADD SCRWID TO R0
       DEC  R4           DECREMENT ROW COUNT
       JNE  LOP2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
* SUBROUTINE TO DISPLAY ONE STRING ON THE SCREEN
DISLI  LI   R10,SCRLI    POINT AT OUR BUFFER SCRLI
       MOV  R10,R1       MAKE R1 POINT AT THAT ADDRESS ALSO
       MOVB *R9+,R4      MOVE THE LENGTH BYTE INTO R4
       SRL  R4,8         RIGHT JUSTIFY
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       MOV  R4,R2        PLACE THAT NUMBER IN R2 FOR VMBW
       JEQ  DISLIX       IF THAT LENGTH WAS ZERO, GET OUT OF SUBROUTINE
DIS1   MOVB *R9+,*R10    MOVE ONE BYTE OF CONTENT, INCREMENTING R9
       AB   @OFFSET,*R10+ ADD THE >60 OFFSET, AND INCREMENT R10
       DEC  R4           DECREMENT LENGTH COUNT
       JNE  DIS1         IF NOT ZERO, REPEAT
       BLWP @VMBW        WRITE THE STRING WITH OFFSET TO SCREEN
DISLIX RT                RETURN

*  FOLLOWING LINES ARE FROM THE DATA SECTION OF SOURCE CODE
*  DATA FOR PRODUCING THE MAIN MENU
MENDAT BYTE 19           LENGTH OF TITLE
       TEXT 'GOLF SCORE ANALYZER' TITLE TEXT
       BYTE 8,13         NUMBER OF ITEMS, LENGTH OF FOLLOWING TEXT
       TEXT '1  ADD ROUNDS' TEXT LINE
       BYTE 12           LENGTH OF TEXT FOLLOWING
       TEXT '2  LOAD FILE' SECOND TEXT LINE
       BYTE 14
       TEXT '3  DELETE DATA'
       BYTE 17
       TEXT '4  ANALYZE SCORES'
       BYTE 12
       TEXT '5  SAVE FILE'
       BYTE 19
       TEXT '6  ADD/EDIT COURSES'
       BYTE 17
       TEXT '7  REVIEW COURSES'
       BYTE 15           LENGTH OF LAST TEXT LINE
       TEXT '8  EXIT PROGRAM' LAST TEXT LINE
* DATA FOR PRODUCING THE LEGEND AT BOTTOM OF ANY MENU
SELEC  BYTE 16           LENGTH OF LEGEND
       TEXT 'SELECT BY NUMBER' TEXT OF LEGEND
* LOOKUP TABLE FOR BRANCHING OUT FROM MAIN MENU
* EACH DATA ITEM AT MAINBR GIVES AN ADDRESS OF A LABEL TO WHICH CODE
* BRANCHES WHEN A SELECTION IS MADE FROM THE MAIN MENU
* THE LAST ENTRY IN THE TABLE IS WHERE THE CODE BRANCHES WHEN
* FCTN-9 WAS STRUCK.  IN THIS CASE, WE EFFECTIVELY IGNORE THAT
* KEYSTROKE BY BRANCHING TO LABEL KYIN, WHICH SIMPLY WAITS FOR ANOTHER
* KEY TO BE STRUCK
MAINBR DATA NRIN,FILGET,SELCRD,SELCRS
       DATA FILSAV,NCIN,CRSLST,BYE,KYIN
* MISCELLANEOUS DATA ITEMS
NUMASK DATA >30
NOITEM DATA 0
SCRLI  BSS  SCRWID
OFFSET BYTE >60
SPACE  BYTE >20+>60
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1.4. The Art Of Assembly — Part 4. Memory Saving Tips

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

%DFN�LQ�WKH�ILUVW�LQVWDOOPHQW�RI�WKLV�VHULHV��ZH�PDGH�WKH�EROG�DVVHUWLRQ�WKDW�0HPRU\�LV�\RXU�0DVWHU��2Q
WKH�7,��WKDW�EHFRPHV�DSSDUHQW�ZKHQHYHU�RQH�WULHV�WR�GR�D�UHDOO\�ELJ�MRE�RQ�WKLV�FRPSXWHU��2XU�:RUG
3URFHVVRU��ZKLFK�ZH�XVH�WR�SUHSDUH�WKHVH�DUWLFOHV��ILOOV�QHDUO\�DOO�RI�WKH�7,
V�PHPRU\�FDSDFLW\��2Q�PDQ\
RFFDVLRQV�LQ�ZULWLQJ�DQG�UHILQLQJ�WKDW�SURJUDP��ZH�GLG��VFUXEGRZQV��RQ�WKH�VRXUFH�FRGH��WU\LQJ�WR�ILQG
SODFHV�ZKHUH�ZH�FRXOG�DFFRPSOLVK�WKH�VDPH�IXQFWLRQ�ZLWK�IHZHU�E\WHV��7KDW�ZDV�QHFHVVDU\�WR�DGG�QHZ
IHDWXUHV�WR�WKH�SURJUDP��,W
V�QRW�XQXVXDO�LQ�D�SURJUDP�WKDW�VL]H��DERXW�����SDJHV�RI�VRXUFH�FRGH��WKDW�RQH
FDQ�ILQG�SODFHV�WR�VDYH�VHYHUDO�KXQGUHG�E\WHV��$IWHU�D�FRXSOH�RI�VFUXEGRZQV��WKLV�JHWV�WRXJKHU�

,Q�WKLV�DUWLFOH�ZH
OO�SDVV�DORQJ�VRPH�RI�WKH�OHVVRQV�OHDUQHG�LQ�WKDW�H[SHULHQFH��DQG�KRSH�\RXU�$VVHPEO\
SURJUDPV�ZLOO�EHQHILW��:H
OO�VWDUW�ZLWK�RQH�VPDOO�FRQFUHWH�H[DPSOH�

/HW
V�DVVXPH�\RX�KDYH�D�YDULDEOH�FDOOHG�&856&5��ZKLFK�LV�JRLQJ�WR�NHHS�WUDFN�RI�ZKDW�VFUHHQ�LQ�9'3
5$0�\RX
UH�FXUUHQWO\�ORRNLQJ�DW��6LQFH�WKHUH�DUH�OHVV�WKDQ�WHQ�VFUHHQV�SRVVLEOH��\RX�GHFLGH�WR�PDNH�WKDW
YDULDEOH�D�VLQJOH�E\WH�

CURSCR BYTE 0

7KDW
V�ILQH�XQWLO�\RX�GLVFRYHU�WKDW�IRU�PDQ\�RI�LWV�XVHV��\RX�QHHG�WR�WUDQVIHU�WKDW�YDULDEOH�LQWR�D�UHJLVWHU
WR�SHUIRUP�VRPH�DFWLRQ��DQG�WKHQ�QHHG�WR�WUDQVIHU�LW�EDFN�WR�WKH�YDULDEOH�ORFDWLRQ��/RRN�ZKDW�WKDW�UHTXLUHV
ZKHQ�ZH�ZDQW�WKH�YDULDEOH�YDOXH�LQ�5��

CLR  R4 Clear the register
MOVB @CURSCR,R4 Move the byte in
SWPB R4 Right justify the byte
(do some operation)
SWPB R4 Move value to left byte R4
MOVB R4,@CURSCR Put byte back at CURSCR

7KDW
V�RND\�LI�\RX�RQO\�GR�LW�DW�RQH�SODFH�LQ�WKH�SURJUDP��EXW�LI�LW
V�UHTXLUHG�DW�PDQ\�SODFHV��WKH�RQH�E\WH
\RX�VDYHG�E\�PDNLQJ�WKH�YDULDEOH�D�E\WH�ZLOO�FRVW�\RX�GHDUO\��,I�LW�ZHUH�D�ZRUG�LQ�PHPRU\�DV�&856&5
'$7$����WKHQ�WKH�DERYH�FRGH�ZRXOG�UHDG�

MOV  @CURSCR,R4
(do some operation)
MOV  R4,@CURSCR

7KLV�WDNHV�VL[�IHZHU�E\WHV�WR�SHUIRUP�WKDQ�WKH�SUHYLRXVO\�VKRZQ�FRGH��EHFDXVH�\RX�VNLS�WKH�FOHDU�RSHUDWLRQ
DQG�\RX�DOVR�VNLS�WKH�WZR�6:3%�RSHUDWLRQV��<HV��\RX�FRXOG�GR�WKH�VDPH�WKLQJ�DV�WKH�ILUVW�RSHUDWLRQ�E\�
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MOVB @CURSCR,R4
SRL  R4,8
(do some operation)
SWPB R4
MOVB R4,@CURSCR

%XW�WKDW�VWLOO�WDNHV�IRXU�PRUH�E\WHV�WKDQ�WKH�RSHUDWLRQ�ZRXOG�WDNH�E\�WKH�VHFRQG�H[DPSOH�DERYH�

/HW
V�ORRN�DW�DQRWKHU�VPDOO�H[DPSOH��IURP�WKH�0HQX�'ULYHU�ZH�VKRZHG�LQ�3DUW���RI�WKLV�VHULHV��$IWHU�WKH
NH\VWURNH�KDV�EHHQ�DFFHSWHG��ZH�GLG�WKH�IROORZLQJ�

ACC1 MOV  R8,R5
S    @NUMASK,R5

$QG�VR�RQ�XQWLO�ZH�EUDQFK�WR�WKH�DGGUHVV�FRQWDLQHG�LQ�5���$FWXDOO\��ZH�QHHGQ
W�KDYH�PRYHG�WKH�NH\VWURNH
IURP�5��WR�5���VLQFH�ZH�UHDOO\�PDGH�QR�RWKHU�XVH�RI�5��LQ�WKDW�VHFWLRQ�RI�FRGH��7KHUHIRUH�ZH�FRXOG
HOLPLQDWH�WKH�LQVWUXFWLRQ�029�5��5��HQWLUHO\��DQG�MXVW�VXEVWLWXWH�5��IRU�5��LQ�WKH�UHVW�RI�WKDW�VHFWLRQ�RI
WKH�VRXUFH�FRGH�

7KDW�SDUWLFXODU�FKDQJH�ZLOO�RQO\�VDYH�XV�WZR�E\WHV�RI�PHPRU\��EXW�LW�ZRXOG�EH�SDUW�RI�D�ZLGHU��VFUXEGRZQ�
HIIRUW��LQ�ZKLFK�PDQ\�E\WHV�PLJKW�EH�VDYHG�RYHU�WKH�ZKROH�SURJUDP�

-XVW�IRU�D�PRPHQW��ZH
OO�GLJUHVV�LQWR�WKH�VXEMHFW�RI�0DFURV��7KH�7,�$VVHPEOHU�GRHVQ
W�PDNH�DQ\�SURYLVLRQ
IRU�WKHP��EXW�ZH�GRQ
W�XVH�WKDW�$VVHPEOHU��:H�SUHIHU�XVLQJ�$UW�*UHHQ
V�5$*�$VVHPEOHU��ZKLFK�GRHV
SURYLGH�D�FDSDELOLW\�WR�XVH�0DFURV��$�0DFUR�LV�D�VRUW�RI�VHFRQG�FRXVLQ�WR�D�VXEURXWLQH��EXW�LQVWHDG�RI�EHLQJ
ORFDWHG�DW�RQH�SODFH�LQ�PHPRU\�DQG�FDOOHG�IURP�PDQ\�RWKHU�SODFHV��D�0DFUR�VLPSO\�UHSOLFDWHV�D�VHFWLRQ
RI�FRGH�ZKHUHYHU�LW
V�LQYRNHG��2XU�VPDOO�VXEURXWLQH�029%76��IRU�H[DPSOH��FRXOG�EH�LPSOHPHQWHG�DV�D
0DFUR��:H�ZRXOG�VDYH�VRPH�RYHUKHDG�WKDW�ZD\��VLQFH�WKH�PDLQ�SURJUDP�ZRXOGQ
W�QHHG�WKH�%/�#029%76
LQVWUXFWLRQ��ZKLFK�LQ�LWVHOI�XVHV�IRXU�E\WHV�

1HYHUWKHOHVV��ZH�GRQ
W�UHFRPPHQG�XVLQJ�0DFURV�RQ�WKH�7,��EHFDXVH�WKDW�ZLOO�EHFRPH�D�EDG�KDELW��DQG
ODUJHU�VHFWLRQV�RI�FRGH�ZLOO�EH�UHSOLFDWHG�RYHU�DQG�RYHU�DJDLQ� LQ�\RXU�SURJUDPV�� HDWLQJ�XS�YDOXDEOH
PHPRU\�VSDFH��2Q�WKH�3&�FRPSXWHU��ZH�KDYH�UHVRUWHG�WR�XVLQJ�VRPH�YHU\�VPDOO�0DFURV��WR�SHUIRUP�VXFK
IXQFWLRQV�DV�VHWWLQJ�VHJPHQW�UHJLVWHUV��([FHVVLYH�XVH�RI�0DFURV�LQVWHDG�RI�VXEURXWLQHV�LV�DQRWKHU�UHDVRQ
WKDW�3&�SURJUDPV�EHFRPH�RYHUO\�ODUJH�

<RX�PD\�ZHOO�DVN�ZK\��WKHQ��GR�ZH�XVH��DQG�UHFRPPHQG��$UW�*UHHQ
V�5$*�$VVHPEOHU��7KDW
V�VLPSOH��7KH
5$*�$VVHPEOHU�SURYLGHV�WKH�EHVW�HUURU�UHSRUWLQJ�VFKHPH�RI�DQ\�$VVHPEOHU�ZH
YH�VHHQ��,I��IRU�H[DPSOH�
\RX�KDYH�DQ�XQGHILQHG�V\PERO�LQ�\RXU�FRGH��LW�WHOOV�\RX�RQ�VFUHHQ�DW�ZKLFK�OLQH�RI�ZKLFK�ILOH�WKH�HUURQHRXV
ODEHO�RFFXUV��DQG�VKRZV�\RX�WKDW�OLQH�RI�VRXUFH�FRGH��7KLV�PDNHV�LW�PXFK�HDVLHU�WR�WUDFN�GRZQ�DQG�FRUUHFW
VRXUFH�FRGH�HUURUV�
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/HW
V�JHW�RII�RXU�VRDSER[�QRZ�DQG�JHW�EDFN�WR�VRPH�VHULRXV�EXVLQHVV��7KHUH�DUH�PDQ\�ZD\V�WR�VDYH�E\WHV
LQ� SURJUDPV��:H� RIWHQ� ILQG� WKDW� VDYLQJV� FDQ� EH�PDGH� VLPSO\� E\� FKDQJLQJ� WKH�ZD\�ZH� SHUIRUP� DQ
RSHUDWLRQ��+HUH
V�DQ�H[DPSOH�IURP�RQH�RI�WKH�VXEURXWLQHV�LQ�3DUW���RI�WKLV�VHULHV��/HW
V�ORRN�DW�RXU�VFUHHQ
FOHDULQJ�VXEURXWLQH�

CLS LI   R2,SCRWID Sets R2 to characters in screen line
LI   R5,>2000 Sets left byte R5 to space
LI   R3,SCRLI Point R3 at SCRLI
MOV  R3,R1 Point R1 at SCRLI also

LOOP1 MOVB R5,*R3+ Move one byte and increment R3
DEC  R2 Decrement R2
JNE  LOOP1 If not zero, repeat
CLR  R0 Point R0 to screen origin
LI   R2,SCRWID Set R2 again
LI   R4,24 24 rows to clear

LOOP2 BLWP @VMBW Write SCRWID bytes to screen
A    R2,R0 add that many bytes to R0
DEC  R4 Decrement R4
JNE  LOOP2 If not zero, repeat
RT Return to calling program

7KH�SDUW�DW�/223��ZLOO�VHUYH�DV�DQ�H[DPSOH��:H�FRXOG�KDYH�ZULWWHQ�WKDW�DV�

LOOP2 BLWP @VMBW Write SCRWID bytes to screen
AI   R0,SCRWID add SCRWID bytes to R0
DEC  R4 Decrement R4
JNE  LOOP2 If not zero, repeat
RT Return to calling program

7KDW�ZRXOG�ZRUN�HYHU\�ELW�DV�ZHOO��EXW�VLQFH�5��DOUHDG\�FRQWDLQV�6&5:,'�ZKLOH�ZH
UH�H[HFXWLQJ�WKLV�ORRS�
XVLQJ�WKH�LQVWUXFWLRQ�$�5��5��VDYHV�XV�WZR�E\WHV��6LPLODUO\��LQ�WKH�VHFWLRQ�EHIRUH�/223���ZH�DQWLFLSDWHG
QHHGLQJ�5��SRLQWHG�WR�6&5/,��VR�ZH�PRYHG�5��WR�5���UDWKHU�WKDQ�KDYLQJ�WR�/,�5��6&5/,��7KDW�DOVR�VDYHV
WZR�E\WHV�

0RYLQJ�RU�DGGLQJ�YDOXHV�IURP�UHJLVWHU�WR�UHJLVWHU�UDWKHU�WKDQ�IURP�LPPHGLDWH�YDOXHV�VKRXOG�EH�WKH
SUDFWLFH�ZKHQHYHU�SRVVLEOH��6XFK�PRYHV�QRW�RQO\�VDYH�PHPRU\��EXW�DOVR�H[HFXWH�IDVWHU�

$QRWKHU�SUDFWLFH�ZH�HQFRXUDJH�LV�PD[LPL]LQJ�XVH�RI�WKH�LQWHJHU�PDWK�RSHUDWLRQV��,Q�RXU�0HQX�'ULYHU�
IRU�H[DPSOH��ZH�ZDQWHG�WR�GRXEOH�D�QXPEHU�LQ�WKH�UDQJH�RI���WKURXJK����:H�FRXOG�KDYH�DFFRPSOLVKHG�WKDW
WKLV�ZD\�

LI   R3,2 Place 2 in R3
MPY  R3,R5 Multiply by the value in R3
MOV  R6,R5 Put result back into R5
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:KDW�ZH�DFWXDOO\�GLG�ZDV�VLPSO\�WR�6/$�5�����7KLV�VDYHV�E\WHV�DQG�H[HFXWLRQ�WLPH��:KHQHYHU�WKH�UDQJH
RI�SRVVLEOH�RXWFRPHV�LV���WKURXJK�������RU�OHVV��GRXEOLQJ�FDQ�EH�GRQH�LQ�WKLV�PDQQHU���1HJDWLYH�QXPEHUV
FDQ�DOVR�EH�GRXEOHG�WKLV�ZD\���7KHUH�ZLOO�RI�FRXUVH�EH�LQVWDQFHV�ZKHQ�WKH�03<�LQVWUXFWLRQ�PXVW�EH�XVHG�
EHFDXVH�WKH�UHVXOW�ZLOO�EH�WRR�ODUJH�WR�ILW�LQ�RQH�UHJLVWHU��EXW�HYHU\�WLPH�RQH�FDQ�XVH�WKH�VKRUWFXW�6/$
LQVWUXFWLRQ��PHPRU\�DQG�WLPH�ZLOO�ERWK�EH�VDYHG�

6LPLODUO\��RQH�FDQ�GLYLGH�E\�WZR�ZLWK�D�VLPSOH�65/�RU�65$�LQVWUXFWLRQ��,Q�JHQHUDO��DQ\�WLPH�RQH�QHHGV
WR�PXOWLSO\�RU�GLYLGH�E\�DQ�LQWHJUDO�SRZHU�RI�WZR�����������HWF����RQH�VKRXOG�ORRN�DQG�VHH�ZKHWKHU�WKH
H[SHFWHG�UDQJH�RI�WKH�RXWFRPH�ZLOO�SHUPLW�VKLIWLQJ�WKH�QXPEHU�UDWKHU�WKDQ�XVLQJ�03<�RU�',9�WR�SHUIRUP
WKH�RSHUDWLRQ�

7KHUH�DUH�RI�FRXUVH�H[FHSWLRQV�WR�DQ\�UXOH��,Q�RXU�PXVLF�SURJUDPV��ZH�SHUIRUP�WLPLQJ�RI�QRWH�GXUDWLRQV
XVLQJ�D�ORRS��2QH�RI�RXU�FXVWRPHUV�GLVDVVHPEOHG�RXU�FRGH��DQG�WROG�XV�WKDW�RQH�RSHUDWLRQ�LQ�WKDW�ORRS
FRXOG�KDYH�EHHQ�SHUIRUPHG�E\�D�VLPSOH�FRPSDUH�RSHUDWLRQ�LQVWHDG�RI�WKH�',9�WKDW�ZH�XVHG��+H�ZDV
FRUUHFW��H[FHSW�WKDW�ZH�XVHG�',9�RQ�SXUSRVH�WR�NLOO�WLPH�LQ�WKDW�ORRS��$�FRPSDUH�RSHUDWLRQ�ZRXOG�WDNH�IDU
OHVV�WLPH�WR�H[HFXWH��EXW�WKHQ�ZH
G�KDYH�KDG�WR�ILQG�VRPH�RWKHU�ZD\�WR�ZDVWH�WLPH�LQ�WKH�ORRS��RWKHUZLVH
RXU�ZKROH�VFKHPH�IRU�WLPLQJ�GXUDWLRQV�ZRXOG�QHHG�UHYLVLRQ�

:H�VDLG�LQ�RXU�ODVW�LQVWDOOPHQW�WKDW�WKLV�RQH�ZRXOG�LQFOXGH�VRPH�ULJKW�DQG�ZURQJ�H[DPSOHV��+HUH
V�RQH�
/HW
V�VXSSRVH�WKDW�\RX�KDYH�D�PHQX�RQ�WKH�VFUHHQ�� DQG�\RX�ZLVK�WR�EUDQFK�RXW�WR�RQH�RI�VL[� ODEHOV
�)81&7��WKURXJK�)81&7���IURP�WKDW�PHQX��$VVXPH�IRU�WKH�PRPHQW�WKDW�WKH�NH\�YDOXH�LQ�TXHVWLRQ�LV
LQ�5���+HUH
V�WKH�ZURQJ�ZD\�WR�GR�WKDW�EUDQFKLQJ�

AI   R8,->31 Remove number mask plus 1
JLT  OUTRNG If lower than 0, key is out of range
JGT  CMP1 If greater than 0, jump ahead
B    @FUNCT1 Else function 1 chosen

CMP1 CI   R8,1 Has #2 been chosen?
JGT  CMP2 If greater, jump ahead
B    @FUNCT2 Else GOTO function 2

CMP2 CI   R8,2 Has #3 been chosen?
JGT  CMP3 If greater, jump ahead
B    @FUNCT3 Else GOTO function 3

CMP3 CI   R8,3 Has #4 been chosen?
JGT  CMP4 If greater, jump ahead
B    @FUNCT4 Else GOTO function 4

CMP4 CI   R8,4 Has #5 been chosen?
JGT  CMP5 If greater, jump ahead
B    @FUNCT5 Else GOTO function 5

CMP5 CI   R8,5 Function 6?
JGT  OUTRNG If greater, key is out of range
B    @FUNCT6 Else perform function 6

OUTRNG (IGNORE THE KEYSTROKE)

1RZ�KHUH
V�WKH�ULJKW�ZD\�WR�GR�LW��6WDUW�E\�SXWWLQJ�D�ORRNXS�WDEOH�LQ�WKH�GDWD�VHFWLRQ�OLNH�WKLV�
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LUT DATA FUNCT1,FUNCT2,FUNCT3 ... ,FUNCT6

1RZ�WKH�EUDQFKLQJ�FDQ�EH�GRQH�OLNH�WKLV�

AI   R8,->31 Remove number mask plus 1
JLT  OUTRNG If result less than zero, jump
CI   R8,5 Is number greater than 5?
JGT  OUTRNG If so, jump
SLA  R8,1 Else double the number
MOV  @LUT(R8),R5 Put selected address in R5
B    *R5 Branch to the address in R5

OUTRNG (IGNORE THE KEYSTROKE)

7KLV�WDNHV�PDQ\�IHZHU�E\WHV�WKDQ�WKH�FRGH�VKRZQ�DERYH�DV�WKH�ZURQJ�ZD\��:H
OO�OHDYH�FDOFXODWLRQ�RI�KRZ
PDQ\�E\WHV�IHZHU�DV�DQ�H[HUFLVH�IRU�WKH�VWXGHQW��2Q�D�FDVXDO�ILUVW�ORRN��WKH�WZHOYH�E\WHV�XVHG�E\�WKH�ORRNXS
WDEOH�PLJKW�VHHP�ZDVWHIXO��EXW�RYHUDOO�ZH�KDYH�D�VLJQLILFDQW�VDYLQJ�E\��VSHQGLQJ��WKRVH�WZHOYH�E\WHV��7KLV
LV�VLPLODU�WR�DQ�([WHQGHG�%DVLF�VLWXDWLRQ�LQ�ZKLFK�D�FKDLQ�RI�,)�7+(1�VWDWHPHQWV�LV�UHSODFHG�E\�DQ�21
*272��7KDW�VDYHV�ERWK�E\WHV�DQG�H[HFXWLRQ�WLPH�LQ�;%��MXVW�DV�WKLV��ULJKW��ZD\�GRHV�LQ�$VVHPEO\�

7KLV�PHWKRG�ZLOO�ZRUN�YHU\�QLFHO\�ZKHQ�WKHUH
V�RQO\�RQH�PHQX�LQ�\RXU�SURJUDP��6HH�WKH�VRXUFH�FRGH�JLYHQ
LQ�3DUW���IRU�DQ�HIILFLHQW�ZD\�WR�KDQGOH�PRUH�WKDQ�RQH�PHQX�

2QH�PRUH�PHWKRG�RI�PHPRU\�VDYLQJ�ZH�VKRXOG�PHQWLRQ��DQG�WKDW
V�ZKDW�ZH
OO�FDOO�UHF\FOLQJ���5HF\FOLQJ
LV�D�IDVKLRQDEOH�WHUP�QRZDGD\V���$�VPDOO�H[DPSOH�RU�WZR�VKRXOG�JLYH�\RX�WKH�LGHD��,Q�RXU�*ROI�6FRUH
$QDO\]HU��ZH�KDYH�D�SDUW�RI�WKH�GDWD�VHFWLRQ�RI�RXU�FRGH�GHYRWHG�WR�WKH�FRS\ULJKW�QRWLFH��,W�ORRNV�OLNH�WKLV�

CPYRT BYTE 14 length of first line
TEXT 'Copyright 1991'
BYTE 17 length of second line
TEXT 'Harrison Software'

$OWRJHWKHU�WKDW�WDNHV�XS����E\WHV��,W
V�XVHG�RQO\�RQFH��DW�WKH�YHU\�EHJLQQLQJ�RI�WKH�SURJUDP��WKHQ�EHFRPHV
ZDVWHG�PHPRU\�VSDFH��$W�ODWHU�VWDJHV�RI�WKH�SURJUDP��ZH�QHHGHG�DQ�DUHD�RI����E\WHV�OHQJWK�WR�VWRUH�D
WHPSRUDU\�UHFRUG�RI�D�URXQG�RI�JROI��2UGLQDULO\�RQH�ZRXOG�JLYH�WKDW�D�ODEHO�DQG�D�%66�OLNH�

TEMREC BSS  56

%XW�E\�SODFLQJ�WKDW�ODEHO�MXVW�EHIRUH�WKH�FRS\ULJKW�QRWLFH��ZH�FRXOG�PDNH�LW�

TEMREC BSS  23

7KXV�WKH�UHVW�RI�WKH����E\WHV�LQ�7(05(&�RYHUZULWHV�WKH�FRS\ULJKW�QRWLFH��ZKLFK�ZH�GRQ
W�QHHG�DQ\PRUH�
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,Q�D�SLQFK��ZH�FRXOG�DOVR�XVH�VRPH�RI�WKH�DUHD�ILOOHG�E\�WKH�FRGH�WKDW�SODFHV�WKDW�FRS\ULJKW�QRWLFH�RQ�WKH
VFUHHQ�DV�GDWD�VWRUDJH��:H�GLGQ
W�GR�WKDW�LQ�WKLV�LQVWDQFH��EXW�ZH�GLG�UHF\FOH�WKH�DUHD�LQ�PHPRU\�ZKHUH
WKH�([WHQGHG�%DVLF�/2$'�SURJUDP�LV�ORDGHG�WR�VWRUH�XVHU�GDWD�DERXW�FRXUVHV�SOD\HG��7KXV�ZKHQ�RXU
SURJUDP�HQGV��WKH�RULJLQDO�([WHQGHG�%DVLF�SURJUDP�ZKLFK�JRW�RXU�$VVHPEO\�SURJUDP�JRLQJ�KDV�EHHQ
GHVWUR\HG���:KHQ�H[LWLQJ�RXU�SURJUDP��ZH�WDNH�VWHSV�WR�LQVXUH�WKDW�([WHQGHG�%DVLF�ZLOO��NQRZ��WKDW�LW�KDV
QR�SURJUDP�LQ�PHPRU\��

2QH�ILQDO�RSWLRQ�IRU�GHDOLQJ�ZLWK�WKH�VKRUWDJH�RI�PHPRU\�LV�WKH�XVH�RI�SURJUDP�RYHUOD\V��ZKHUH�D�QHZ
VHFWLRQ�RI�SURJUDP�LV�EURXJKW�LQ�IURP�GLVN�DQG�ZULWWHQ�RYHU�DQ�H[LVWLQJ�VHFWLRQ�RI�FRGH�RU�GDWD��:H
UHVRUWHG�WR�WKDW�PHWKRG�IRU�VRPH�XWLOLW\�IHDWXUHV�LQ�RXU�:RUG�3URFHVVRU��EXW�ZH
OO�VDYH�WKDW�UDWKHU�FRPSOH[
WRSLF�IRU�D�ODWHU�DUWLFOH�LQ�WKLV�VHULHV�

:H�KRSH�WKHVH�IHZ�H[DPSOHV�ZLOO�VHUYH�WR� LQVSLUH�\RX� LQ�ILQGLQJ�ZD\V�WR�VDYH�PHPRU\� LQ�\RXU�RZQ
SURJUDPV��,Q�RXU�QH[W�DUWLFOH��ZH�SODQ�WR�LQFOXGH�PRUH�VXEURXWLQHV�WKDW�ZLOO�EH�GLUHFWO\�XVDEOH�LQ�\RXU
SURJUDPV�
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1.5. The Art Of Assembly — Part 5. Useful Subroutines

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7KLV�PRQWK
V�DUWLFOH�ZLOO�EH�UHODWLYHO\�VKRUW��EXW�LW
V�DFFRPSDQLHG�E\�D�ODUJH�GRVH�RI�VRXUFH�FRGH��VHH
6LGHEDU���7KH�VRXUFH�FRGH�IRU�WRGD\�LV�DOO�VXEURXWLQHV��RQH�RI�WKH�+LJK�OHYHO�YDULHW\��D�VXEURXWLQH�WKDW�FDOOV
RWKHU�VXEURXWLQHV��DQG�VHYHUDO�VPDOOHU�RQHV�

7KH�PDMRU�SXUSRVH�LQ�WKLV�VRXUFH�FRGH�LV�WR�JHW�XVHU�LQSXW�IURP�WKH�NH\ERDUG��GLVSOD\�LW�VWURNH�E\�VWURNH
RQ�WKH�VFUHHQ��WKHQ�ZKHQ�WKH�ENTER�NH\�LV�SUHVVHG��WR�UHSRUW�RXW�ZKDW
V�RQ�WKH�VFUHHQ�LQWR�D�VWULQJ�DW�RQH
VSHFLILF�ORFDWLRQ�LQ�PHPRU\��,Q�HIIHFW��WKLV�LV�OLNH�WKH�([WHQGHG�%DVLF�$&&(37�$7�IXQFWLRQ�IRU�D�VWULQJ
YDULDEOH��7KH�YHUVLRQ�VKRZQ�ZDV�GHYHORSHG�IRU�XVH�LQ�RXU�*ROI�6FRUH�$QDO\]HU�SURJUDP��,Q�WKLV�OLVWLQJ�
KRZHYHU��ZH
YH� OHIW� RXW� WKH� OLQHV� WKDW� GHDO�ZLWK� WKH� FKDUDFWHU� RIIVHW� IRU�([WHQGHG�%DVLF�� 7KXV� WKLV
VXEURXWLQH�FDQ�EH�HDVLO\�LQWHJUDWHG�LQWR�DQ\�(�$�2SWLRQ���W\SH�SURJUDP��7KH�ODEHO�QDPHV�XVHG�UHIOHFW�LWV
�*ROI��RULJLQV�WR�VRPH�H[WHQW��DV�WKH�QDPH�RI�WKH�ELJ�VXEURXWLQH�&56,1��VKRUW�IRU�&RXUVH�1DPH�,QSXW��,Q
WKDW�SURJUDP��WKLV�ZDV�DFWXDOO\�XVHG�IRU�DQ\�RFFDVLRQ�ZKHQ�ZH�ZDQWHG�WR�DFFHSW�D�VWULQJ�RI�FKDUDFWHUV
IURP�WKH�NH\ERDUG�

7KHUH�LV�DQ�DX[LOLDU\�VXEURXWLQH�ZKLFK�ZH�FDOO�&/5)/'��FOHDU�ILHOG��DOVR�LQFOXGHG�LQ�WKH�6LGHEDU��7KDW
LV�XVHG�EHIRUH�&56,1��WR�FOHDU�WKH�VFUHHQ�DUHD�LQWR�ZKLFK�ZH�ZDQW�XVHU�LQSXW��2QH�FDQ�DOVR�XVH�&56,1
ZLWKRXW�WKH�&/5)/'��VR�WKDW�VRPHWKLQJ�DOUHDG\�LQ�WKDW�VFUHHQ�ORFDWLRQ�FDQ�EH�HGLWHG�RU�DFFHSWHG�DV�D
GHIDXOW�HQWU\�

/HW
V�VD\�WKDW�ZH�ZDQW�WR�DFFHSW�D����FKDUDFWHU�VWULQJ�ZLWK�D�FOHDUHG�ILHOG�DW�5RZ�����FROXPQ���RI�WKH
GLVSOD\�VFUHHQ��+HUH
V�ZKDW�WKH�PDLQ�SURJUDP�ZRXOG�QHHG�WR�GR�WR�LQYRNH�WKH�VXEURXWLQHV�

LI   R0,SCRWID*11+4 Set R0 to Row 12, col 5
LI   R4,20 Number of characters in R4
BL   @CLRFLD Clear 20 characters at row 12 col 5
BL   @CRSIN Accept the input string

1RWH�WKDW�WKH�VXEURXWLQH�&/5)/'�UHVWRUHV�WKH�RULJLQDO�YDOXH�LQ�5��DQG�UHWDLQV�WKH�YDOXH�LQ�5��XSRQ�H[LW�
VR�WKH�PDLQ�SURJUDP�QHHG�QRW�UHORDG�WKRVH�WZR�UHJLVWHUV�EHIRUH�FDOOLQJ�&56,1�

$OVR�SOHDVH�QRWH�WKDW�WKLV�VXEURXWLQH�ZLOO�QRW�ZRUN�LI�5��LV�]HUR��,I�LW
V�VHW�WR�D�YDOXH�RI����WKH�DFFHSW�ZLOO
KDSSHQ�DW�5RZ����&ROXPQ���RI�WKH�VFUHHQ��7KH�DGHSW�VWXGHQW�PD\�PRGLI\�LW�VR�LW�ZRXOG�ZRUN�DW�WKH�VFUHHQ
RULJLQ��EXW�ZH
YH�QHYHU�IRXQG�LW�QHFHVVDU\��RU�GHVLUDEOH��WR�DFFHSW�D�VWULQJ�DW�WKDW�VFUHHQ�SRVLWLRQ�

%HIRUH�ZH�JHW�IXUWKHU�LQWR�KRZ�WKLV�VXEURXWLQH�&56,1�ZRUNV��ZH
G�EHWWHU�GHDO�DJDLQ�ZLWK�WKDW�EXVLQHVV
RI�VWDFNLQJ�WKH�UHWXUQ�DGGUHVV�IRU�WKLV�+LJK�OHYHO�FDVH��:KDW
V�VKRZQ�KHUH�DVVXPHV�WKDW�\RXU�SURJUDP
FRQWDLQV�RWKHU�+LJK�OHYHO�VXEURXWLQHV�DQG�WKDW�VRPHZKHUH�HDUO\�LQ�WKH�SURJUDP�\RX
G�SRLQWHG�5���DW�D
VWDFN�ORFDWLRQ�LQ�PHPRU\��,I�WKLV�ZHUH�WKH�RQO\�KLJK�OHYHO�VXEURXWLQH�LQ�\RXU�SURJUDP��\RX�FRXOG�VLPSO\
VWDVK�5���LQ�5���LWVHOI��VR�WKH�RSHQLQJ�OLQH�LQ�&56,1�ZRXOG�UHDG�
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CRSIN MOV  R11,R15

$QG�WKH�H[LW�SRLQW�ZRXOG�EH�

CRIX B    *R15 Branch to the address in R15

7KH�RWKHU�SRVVLEOH�FDVH�LV�WKDW�\RX
G�KDYH�&56,1�DV�WKH�ILUVW�+LJK�OHYHO�VXEURXWLQH�LQ�\RXU�SURJUDP��LQ
ZKLFK�FDVH�&5,;�ZRXOG�EH�D�ODEHO�RQO\��DQG�ZRXOG�EH�IROORZHG�E\�WKH�VKRUW�SLHFH�RI�FRGH�VKRZQ�DW�ODEHO
68%5(7�

7KH�VXEURXWLQH�&56,1�XVHV�WKUHH�RWKHUV�WR�GR�LWV�ZRUN��)RU�QRUPDO�NH\VWURNH�LQSXWV��LW�XVHV�&85)5&
WR�SXW�WKH�FXUVRU�RQ�VFUHHQ��WKHQ�XVHV�.,��WR�DFFHSW�\RXU�NH\VWURNH�LQWR�5���:KHQ�WKH�LQSXW�NH\VWURNH
LV�RQH�RI�WKH�WZR��DUURZ��NH\V�FCTN S�RU�FCTN D��WKH�VSHFLDO�UHSHDW�NH\�VXEURXWLQH�.,�$�LV�XVHG��8VLQJ
WKDW�VXEURXWLQH�DOORZV�WKH�FXUVRU�WR�EH�PRYHG�WKURXJK�WKH�LQSXW�ILHOG�E\�KROGLQJ�GRZQ�WKH�DUURZ�NH\�
7KHUH�LV�D�EXLOW�LQ�GHOD\�LQ�WKLV�VXEURXWLQH��VR�WKH�FXUVRU�ZLOO�QRW�IO\�WR�WKH�HQG�RI�WKH�ILHOG��EXW�PRYH�LQ
KXPDQ�VSHHG� VWHSV��7KH� VXEURXWLQH� H[LWV� LPPHGLDWHO\� LI� \RX� UHOHDVH� WKH� NH\��7KH� GHOD\� LPSRVHG� LV
PRGLILHG�E\�WKH�VXEURXWLQH��VR�WKH�GHOD\�DIWHU�WKH�ILUVW�FXUVRU�PRYH�LV�FRQVLGHUDEO\�OHVV�WKDQ�WKH�ILUVW
PRYH��0RYLQJ�WKH�E\WH�DW�ORFDWLRQ�21(�WR�ORFDWLRQ�.,�$���FOHDUV�WKH�OHIW�E\WH�RI�WKH�LPPHGLDWH�YDOXH
WKDW�IROORZV�WKH�ODEHO�.,�$��:KHQ�\RX�H[LW�E\�UHOHDVLQJ�WKH�DUURZ�NH\��WKH�PDLQ�VXEURXWLQH�UHVHWV�WKH
GHOD\�IDFWRU�IRU�D�ILUVW�DUURZ�PRYH�

7KLV�LGHD�RI�KDYLQJ�WKH�FRGH�PRGLI\�LWVHOI�ZKLOH�\RX
UH�XVLQJ�LW�LV�WULFN\��DQG�PDQ\�SURJUDPPHUV�VKXQ�LWV
XVH��:H�FRQVLGHUHG�LW�D�ZRUWKZKLOH�WKLQJ�WR�GR�LQ�WKLV�LQVWDQFH��WR�PDNH�WKH�PRYHPHQW�RI�WKH�FXUVRU�PRUH
OLNH�ZKDW�WKH�7,�XVHU�LV�DFFXVWRPHG�WR�VHHLQJ�

1RZ�OHW
V�VWDUW�DW�WKH�EHJLQQLQJ�RI�WKH�VXEURXWLQH��6RPH�LPSRUWDQW�WKLQJV�KDSSHQ�WKHUH��2Q�HQWU\��DIWHU
VWDVKLQJ�WKH�UHWXUQ�DGGUHVV��ZH�FOHDU�RXU�LQVHUW�IODJ��VR�WKDW�ZH
UH�VXUH�LQVHUW�PRGH�ZRQ
W�EH�RQ�ZKHQ�ZH
GLGQ
W�DVN�IRU�LW�

1H[W��ZH�VWDVK�WKH�VWDUWLQJ�YDOXH�RI�5���WKHQ�PRYH�EDFN�RQH�ORFDWLRQ�DQG�SODFH�DQ�HGJH�FKDUDFWHU�RQ�WKH
VFUHHQ��:H�WKHQ�LQFUHPHQW�5���DGG�WKH�OHQJWK�RI�WKH�DOORZHG�VWULQJ�WR�LW��DQG�ZULWH�DQRWKHU�HGJH�FKDUDFWHU�
7KH\�DUH�SXW�WKHUH�VR�RXU�VXEURXWLQH�ZLOO�HDVLO\�EH�DEOH�WR�GLVWLQJXLVK�WKH�WZR�HQGV�RI�WKH�DOORZHG�LQSXW
ILHOG��:H�DOVR�VDYH�WKLV�SRVLWLRQ�RI�5���RQH�EH\RQG�WKH�ODVW�FKDUDFWHU�WR�EH�DFFHSWHG��IRU�XVH�ODWHU�RQ��:KHQ
RSHUDWLQJ�LQ�PRVW�PRGHV��WKH�HGJH�FKDUDFWHU�ORRNV�MXVW�OLNH�D�VSDFH��7KLV�LV�QRW�WUXH�ZKHQ�HQWHULQJ�IURP
(�$�2SWLRQ����LQ�ZKLFK�FDVH�WKH�HGJH�FKDUDFWHU�LV�D�VPDOO�VTXDUH��<RX�FDQ�UHGHILQH�LW�WR�ORRN�OLNH�D�VSDFH
E\�

LI   R0,32*8+>800 Point at space character
LI   R1,TEMSTR Use our temporary string buffer
LI   R2,8 Eight bytes to read
BLWP @VMBR Read eight bytes from space
S    R2,R0 Back up to edge character
BLWP @VMBW Write eight bytes
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)LQDOO\�LQ�WKLV�RSHQLQJ�VHFWLRQ��ZH�VXEWUDFW�5��IURP�5��VR�ZH
UH�DW�WKH�ILUVW�FKDUDFWHU�VSRW�LQ�WKH�ILHOG�
WKHQ�VWDVK�DZD\�WKH�YDOXH�LQ�5��IRU�XVH�ODWHU�

7KH�VHFWLRQ�RI�FRGH�VWDUWLQJ�DW�&56,�$�LV�WKH�PDLQ�RSHUDWLQJ�ORRS�RI�WKLV�VXEURXWLQH��7KH�ILUVW�RUGHU�RI
EXVLQHVV�LV�WR�JUDE�WKH�FKDUDFWHU�SUHVHQW�DW�WKLV�VSRW�RQ�WKH�VFUHHQ�DQG�VWDVK�WKDW�DW�ORFDWLRQ�$/7.(<�
7KLV�ZLOO�EHFRPH�WKH�FKDUDFWHU�WKDW�DOWHUQDWHV�ZLWK�WKH�FXUVRU�ZKLOH�WKH�FXUVRU�LV�DW�WKLV�SRVLWLRQ�

7KH�YHU\�QH[W�WKLQJ�LV�WR�FDOO�WKH�OLWWOH�VXEURXWLQH�&85)5&��&85)5&�LV�WKHUH�VR�WKDW�HYHU\�WLPH�WKH
FXUVRU�PRYHV�WR�D�QHZ�LQSXW�ORFDWLRQ��WKH�FXUVRU�ZLOO�DSSHDU�RQ�VFUHHQ��DQG�VWDUW�D�QHZ�F\FOH�RI�EOLQNLQJ�
:HUH�WKLV�QRW�GRQH��WKH�FXUVRU�FRXOG�EHFRPH�LQYLVLEOH�DIWHU�VRPH�RI�\RXU�NH\VWURNHV��DQG�ZH�ILQG�WKDW
GLVFRQFHUWLQJ��1RZ�ZH�FDOO�WKH�VXEURXWLQH�.,��ZKLFK�VLPSO\�NHHSV�EOLQNLQJ�WKH�FXUVRU��DOWHUQDWLQJ�ZLWK
ZKDWHYHU�FKDUDFWHU�ZDV�WKHUH�EHIRUH��XQWLO�\RX�VWULNH�D�NH\�RQ�WKH�NH\ERDUG�

7KHUH�DUH�VRPH�FKHFNV�QRZ�SHUIRUPHG�RQ�WKH�YDOXH�RI�WKH�NH\VWURNH�UHSRUWHG�LQWR�5��E\�.,���7KH�RQO\
RQH�RI�WKHVH�WKDW
V�QRW�LPPHGLDWHO\�REYLRXV� LV�WKH�FKHFN�IRU�WKH�YDOXH�����7KDW
V�WKH�$6&,,�FRGH�IRU
FCTN 9��DQG�EHKDYHV�WKH�VDPH�DV�LI�ENTER�ZHUH�VWUXFN��,Q�LWV�DSSOLFDWLRQ�ZLWKLQ�WKH�*ROI�6FRUH�$QDO\]HU�
WKH�NH\�FRPELQDWLRQ�FCTN 9�JHWV�\RX�EDFN�WR�WKH�SDUW�RI�WKH�SURJUDP�ZKLFK�FDOOHG�&56,1��ZKLFK�WKHQ
XVHV�WKH�IDFW�WKDW�\RX�H[LWHG�&56,1�E\�FCTN 9�WR�HVFDSH�JUDFHIXOO\�IURP�ZKDWHYHU�IXQFWLRQ�\RX�ZHUH�LQWR�
,I�\RX�GRQ
W�QHHG�WKDW�IHDWXUH��\RX�FDQ�RPLW�WKH�WZR�OLQHV�&,�5�����DQG�-(4�&56'0<�

:H�VKRXOG�DW�WKLV�SRLQW�DGPLW�WKDW�WKLV�VRXUFH�FRGH�KDV�QRW�EHHQ�VXEMHFWHG�WR�D�WKRURXJK��VFUXEGRZQ�
HIIRUW��7KH�WZR�OLQHV�IROORZLQJ�WKDW�FRPSDUH�WR����DQG�LWV�MXPS�LQVWUXFWLRQ�PD\�EH�XQQHFHVVDU\��:H
UH�QRW
JRLQJ�WR�VWRS�DQG�PDNH�WKDW�FKDQJH�LQ�WKH�SURJUDP��EXW�ZLOO�OHDYH�DV�DQ�H[HUFLVH�IRU�WKH�VWXGHQW�WKH
GHWHUPLQDWLRQ��$V�LW�LV��WKH�VXEURXWLQH�GRHV�ZRUN��HYHQ�LI�LW�GRHV�FRQWDLQ�D�SLHFH�RI�VORSS\�FRGLQJ��<RXU
DXWKRU�LV�KXPDQ��OLNH�\RX�

7KHUH
V�DQRWKHU�SLHFH�RI�LQHOHJDQW�FRGH�LQ�KHUH��FRQFHUQLQJ�ODEHO�&56'0<��7KDW�VWDQGV�IRU�'800<�
'XULQJ�WKH�GHYHORSPHQW�RI�WKLV�VXEURXWLQH��ZH�JRW�LQWR�WKH�VLWXDWLRQ�ZKHUH�VRPH�RI�RXU�MXPSV�WR�ODEHO
&56,;�ZHUH�RXW�RI�UDQJH��:H�FRXOG�KDYH�FRUUHFWHG�WKDW�VLWXDWLRQ�E\�DGGLQJ�ODEHOV��UHYHUVLQJ�ORJLF��DQG
LQFOXGLQJ�VRPH�%�#&56,;�LQVWUXFWLRQV��,QVWHDG��ZH�ZHGJHG�LQ�WKDW�SKRQ\�ODEHO�&56'0<��ZKLFK�VLPSO\
PDNHV�D�VHFRQG�MXPS�WR�&56,;��7KLV�LV�UHDOO\�QRW�WKH�VRXQGHVW�SUDFWLFH��EXW�LW
V�D�TXLFN��FKHDS��DQG�XJO\
ZD\�RXW�RI�D�SUREOHP��:H
UH�QRW�SURXG�RI�LW��EXW�LW�GRHV�DVVHPEOH�DQG�ZRUN�FRUUHFWO\��VR�ZH
UH�OHDYLQJ�LW
DORQH��:KHQHYHU�\RXU�DXWKRU�VWDUWV�WR�JHW�WRR�HOHJDQW�ZLWK�KLV�SURJUDPPLQJ��KH�UHPHPEHUV�D�OHVVRQ
WDXJKW�E\�KLV�ILUVW�PHQWRU�LQ�SURJUDPPLQJ�WKH�7,��D�PDQ�QDPHG�*HRUJH�5��+HQGHUVKRW��7KH�OHVVRQ�ZDV
�)LUVW��JHW�LW�WR�ZRUN���2QH�PLJKW�DGG�D�FRUROODU\�WR�WKDW��VXFK�DV��,I�LW�DLQ
W�EURNH��GRQ
W�IL[�LW��

$W�ODEHO�&56&���ZH�VHH�ZKHWKHU�WKH�LQVHUW�NH\�FCTN 2�KDV�EHHQ�VWUXFN��,I�LW�KDVQ
W��ZH�PRYH�RQ��DQG�LI
LW�KDV��ZH�VHW�WKH�LQVHUW�IODJ��,16)/*��DQG�JR�EDFN�WR�&56,���2QFH�WKH� LQVHUW�NH\�KDV�EHHQ�VWUXFN�
FKDUDFWHUV�HQWHUHG�IURP�WKH�NH\ERDUG�ZLOO�EH� LQVHUWHG�DW�WKH�FXUUHQW� FXUVRU�SRVLWLRQ�XQWLO� LQVHUW� LV
FDQFHOHG�E\�KLWWLQJ�WKH�DUURZ�NH\V��FCTN 9��RU�ENTER�
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7KH� QH[W� LPSRUWDQW� NH\VWURNH� WKH� SURJUDP� ORRNV� IRU� LV�ENTER�� ,I� WKDW
V� EHHQ� VWUXFN�� ZH� H[LW� WKH
VXEURXWLQH��*LYHQ�LW
V�QRW�WKH�ENTER�NH\��ZH�FKHFN�IRU�FCTN 1��,I�WKDW
V�EHHQ�VWUXFN��ZH�GHOHWH�WKH
FKDUDFWHU�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ�DQG�PRYH�DOO�WKH�FKDUDFWHUV�ULJKW�RI�WKDW�SRVLWLRQ�LQ�WKH�ILHOG�RQH
VSRW�OHIW��1H[W�WKHUH
V�RQH�ILQDO�FKHFN�WR�VHH�LI�VRPH�RWKHU�NH\�ZLWK�DQ�$6&,,�FRGH�OHVV�WKDQ�WKH�VSDFHEDU
V
���KDV�EHHQ�VWUXFN��,I�VR��ZH�LJQRUH�WKDW�NH\VWURNH�

1H[W�WKHUH
V�D�VKRUW�VHFWLRQ�WKDW�FRQYHUWV�ORZHU�FDVH�FKDUDFWHUV�WR�XSSHU�FDVH��7KLV�PD\�EH�RPLWWHG�LI�\RX
GRQ
W�QHHG�LW�

$W�ODEHO�&56,���ZH�FKHFN�WR�VHH�ZKHWKHU�WKH�LQVHUW�IODJ�LV�VHW�E\�PRYLQJ�WKDW�ZRUG�LQWR�5��DQG�MXPSLQJ
DKHDG�LI�WKH�ZRUG�ZDV�]HUR��,I�LQVHUW�ZDV�LQ�HIIHFW��ZH�SHUIRUP�WKH�VWHSV�EHWZHHQ�-(4�&56,�$�DQG�WKH
ODEHO�&56,�$��)LUVW��ZH�ZULWH�WKH�FKDUDFWHU�WKDW�ZDV�DW�WKH�FXUVRU�SRVLWLRQ�WR�WKH�VFUHHQ��WKHQ�PRYH�RXU
YDULDEOH�ZRUG�(1'2&�LQWR�5��DQG�VXEWUDFW�5��IURP�LW��7KLV�PDNHV�5��HTXDO�WKH�QXPEHU�RI�FKDUDFWHUV
EHWZHHQ�WKH�FXUUHQW�FXUVRU�SRVLWLRQ�DQG�WKH�HGJH�PDUNHU�DW�WKH�HQG�RI�WKH�ILHOG��1RZ�ZH�XVH�7(0675�
ZKLFK�ZLOO�EH�WKH�ORFDWLRQ�IRU�WKH�VWULQJ�LQSXW�ZKHQ�ZH
UH�ILQLVKHG��DV�D�WHPSRUDU\�EXIIHU�WR�KROG�DOO�WKH
FKDUDFWHUV�IURP�WKH�FXUVRU
V�SRVLWLRQ�WR�WKH�HQG�RI�WKH�ILHOG��:H�WKHQ�'(&�5���VR�WKDW�WKH�ZULWLQJ�EDFN�RI
WKHVH�FKDUDFWHUV�ZLOO�QRW�H[WHQG�WR�WKH�HGJH�FKDUDFWHU��,I�5��KDV�EHFRPH�]HUR��WKDW�PHDQV�ZH
UH�DW�WKH�ODVW
SRVLWLRQ�LQ�WKH�ILHOG��VR�ZH�VNLS�DKHDG��1RZ��ZH�LQFUHPHQW�5��VR�ZH
UH�ZULWLQJ�WR�WKH�QH[W�VFUHHQ�VSRW��DQG
SHUIRUP�D�%/:3�#90%:�WR�ZULWH�WKH�FKDUDFWHUV�EDFN�WR�WKH�VFUHHQ�RQH�VSDFH�WR�WKH�ULJKW��)LQDOO\�ZH
GHFUHPHQW�5��VR�LW�SRLQWV�WR�ZKHUH�LW�ZDV�ZKHQ�ZH�VWDUWHG�WKLV�VHFWLRQ�RI�FRGH��DQG�WKHQ�SURFHHG�DW�ODEHO
&56,�$�WR�ZULWH�WKH�VWUXFN�NH\
V�FKDUDFWHU�WR�WKH�VFUHHQ�

+DG�ZH�QRW�EHHQ�LQ�LQVHUW��ZH�ZRXOG�KDYH�MXPSHG�WR�KHUH�DQG�SXW�WKH�FKDUDFWHU�RQ�WKH�VFUHHQ��$IWHU
ZULWLQJ�RQH�FKDUDFWHU��ZH�LQFUHPHQW�5��VR�LW�SRLQWV�DW�WKH�QH[W�VSRW��FKHFN�WR�VHH�LI�WKH�FKDUDFWHU�ZH
YH
UHDFKHG�LV�DQ�HGJH�FKDUDFWHU��DQG�MXPS�EDFN�LI�LW�LV��VR�ZH�GRQ
W�H[FHHG�WKH�ILHOG�OLPLW�

7KH�UHVW�LV�SUHWW\�PXQGDQH�VWXII��VLPSO\�KDQGOLQJ�WKH�PRYHPHQW�RI�WKH�FXUVRU�LQ�UHVSRQVH�WR�WKH�DUURZ
NH\V�� VR�ZH
OO� VNLS�DKHDG� WR�&56,;��ZKHUH� WKLV� VWULQJ�RI� FKDUDFWHUV�JHWV� �UHSRUWHG�RXW�� WR� WKH� ODEHO
7(0675�

7KH�ILUVW�RUGHU�RI�EXVLQHVV�LV�WR�ZULWH�EDFN�WKH�$/7.(<�FKDUDFWHU�WR�WKH�VFUHHQ��WKHQ�VHW�5��WR�SRLQW�DW
WKH� ODVW� VSRW� LQ� WKH� ILHOG��1H[W��ZH� JHW� WKH� ILHOG� OHQJWK� IURP� ORFDWLRQ� 6$9�� LQWR�5���:H� QRZ� VWDUW
H[DPLQLQJ� WKH� FKDUDFWHUV� LQ� WKH� ILHOG� LQ� UHYHUVH� RUGHU�� ORRNLQJ� IRU� D� QRQ�VSDFH� FKDUDFWHU�� DQG
GHFUHPHQWLQJ�WKH�FRXQW�LQ�5��HDFK�WLPH�ZH�ILQG�D�VSDFH��7KLV�HOLPLQDWHV�WUDLOLQJ�VSDFHV�IURP�WKH�OHQJWK
RI�WKH�UHSRUWHG�VWULQJ��2QFH�ZH
YH�IRXQG�D�QRQ�VSDFH��ZH�KDYH�WKH�OHQJWK�RI�WKH�VWULQJ�LQ�5���VR�ZH�VZDS
WKH�E\WHV�LQ�5���SODFH�WKH�OHQJWK�E\WH�DW�ORFDWLRQ�7(0675��UH�VZDS�VR�5��KDV�WKH�OHQJWK�DV�D�ZRUG�YDOXH�
$W�WKLV�SRLQW�ZH�FKHFN�WR�VHH�LI�D�QXOO�VWULQJ��DOO�VSDFHV��LV�LQ�WKH�ILHOG�DQG�JHW�RXW�RI�KHUH�LI�WKDW
V�VR�
2WKHUZLVH�ZH� VHW�5�� WR� SRLQW� WR�7(0675���� DQG� UHDG� WKH� VWULQJ
V� FRQWHQW� IURP� WKH� VFUHHQ� YLD� D
%/:3�#90%5�

:KHQ�ZH�ILQLVK��7(0675�FRQWDLQV�RQH�E\WH�DW�WKH�EHJLQQLQJ�WR�LQGLFDWH�OHQJWK�RI�WKH�VWULQJ��SOXV�WKH
VWULQJ
V�FRQWHQW��)URP�KHUH��WKH�PDLQ�SURJUDP�FDQ�WDNH�WKH�VWULQJ�DW�7(0675�DQG�PRYH�LW�WR�WKH�GHVLUHG
PHPRU\�ORFDWLRQ�YLD�WKH�VPDOO�VXEURXWLQH�029675��ZKLFK�ZDV�LQFOXGHG�LQ�3DUW���RI�WKLV�VHULHV�



7(;$6�,167580(176
+20(�&20387(5

$V�WKH�VD\LQJ�JRHV��XVH�LW�LQ�JRRG�KHDOWK��7KLV�VXEURXWLQH�FDQ�PDNH�\RXU�OLIH�D�ELW�HDVLHU�ZKHQ�\RX�DUH
ZULWLQJ�D�SURJUDP��,I�LW�GRHV�WKDW��LQ�DGGLWLRQ�WR�DGGLQJ�WR�\RXU�NQRZOHGJH�RI�$VVHPEO\�SURJUDPPLQJ�
WKHQ�LW
V�EHHQ�ZRUWK�WKH�HIIRUW�

,Q�RXU�QH[W�DUWLFOH��ZH
OO�GLVFXVV��DPRQJ�RWKHU�WRSLFV��WKH�EXVLQHVV�RI�HQWHULQJ�DQG�UHWXUQLQJ�JUDFHIXOO\
IURP�SURJUDPV��:H
OO�DOVR�GLVFXVV�VRPH�RI�WKH�UDPLILFDWLRQV�RI�ZRUNLQJ�ZLWK�$VVHPEO\�SURJUDPV�VWDUWHG
IURP�([WHQGHG�%DVLF�

* SUBROUTINES WHICH MAY PROVE USEFUL
* DESIGNED FOR USE IN E/A OPTION 3 PROGRAMS
* CODE BY BRUCE HARRISON - PUBLIC DOMAIN
* 22 JUNE 1991
*
* REQUIRED REFERENCES
       REF  KSCAN,VMBW,VMBR,VSBW,VSBR
*
* REQUIRED EQUATES
STATUS EQU  >837C
KEYADR EQU  >8374
KEYVAL EQU  >8375
*
* THE FOLLOWING SUBROUTINE ACCEPTS A STRING OF CHARACTERS STARTING AT LOCATION
* POINTED TO BY R0, NUMBER OF CHARACTERS TO ACCEPT MUST BE IN R4
* INPUT STRING IS PLACED AT LOCATION TEMSTR
*
CRSIN
       MOV  R11,*R15+    STACK RETURN ADDRESS
       CLR  @INSFLG      CLEAR OUR INSERT FLAG
       MOV  R0,@PGNUM    STASH R0 IN MEMORY LOCATION
       DEC  R0           DECREMENT R0
       MOVB @EDGE,R1     PLACE EDGE CHARACTER IN LEFT BYTE R1
       BLWP @VSBW        WRITE EDGE CHARACTER TO SCREEN
       INC  R0           RESET R0 TO ORIGINAL VALUE
       A    R4,R0        ADD NUMBER OF CHARACTERS TO ACCEPT
       BLWP @VSBW        WRITE AN EDGE CHARACTER TO SPOT BEYOND FIELD
       MOV  R0,@ENDOC    SAVE THIS LOCATION IN MEMORY
       S    R4,R0        RESET R0 TO ORIGINAL VALUE
       MOV  R4,@SAV4     STASH R4 IN MEMORY
CRSI0A BLWP @VSBR        READ THE CHARACTER POINTED TO BY R0
       MOVB R1,@ALTKEY   STASH THAT CHARACTER AT LOCATION ALTKEY
CRSI0  BL   @CURFRC      FORCE THE CURSOR ONTO THE SCREEN
       BL   @KI2         USE THE SCANNING SUBROUTINE WITH FLASHING CURSOR
       CI   R8,9         HAS RIGHT ARROW BEEN STRUCK?
       JEQ  CRSRT        IF SO, JUMP
       CI   R8,8         HAS LEFT ARROW BEEN STRUCK?
       JEQ  CRSBK        IF SO, JUMP
       CI   R8,10        DOWN ARROW?
       JLT  CRSC4        IF LESS, JUMP
       CI   R8,15        HAS FCTN-9 BEEN STRUCK?
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       JEQ  CRSDMY       IF SO, JUMP
       CI   R8,13        HAS ENTER KEY BEEN STRUCK?
       JLT  CRSDMY       IF LESS, JUMP
CRSC4  CI   R8,4         HAS FCTN-2 (INSERT) BEEN STRUCK?
       JNE  CRSENT       IF NOT, JUMP
       INC  @INSFLG      ELSE SET INSERT FLAG
       JMP  CRSI0        THEN JUMP BACK
CRSENT CB   @KEYVAL,@ENTERV HAS ENTER BEEN STRUCK?
       JEQ  CRSDMY       IF SO, JUMP
       CI   R8,3         HAS FCTN-1 (DELETE) BEEN STRUCK?
       JEQ  CRSDEL       IF SO, JUMP
       CI   R8,32        SPACE BAR
       JLT  CRSI0        IF LESS, JUMP
* THE FOLLOWING FIVE LINES ARE NEEDED ONLY IF ONE WANTS LOWER CASE
* CHARACTERS CONVERTED TO UPPER CASE.  IF NOT, OMIT THESE FIVE LINES
       CI   R8,122       COMPARE TO LOWER CASE Z
       JGT  CRSI0        IF GREATER, JUMP
       CI   R8,97        COMPARE TO LOWER CASE A
       JLT  CRSI1        IF LOWER, JUMP
       SB   @ANYKEY,@KEYVAL ELSE SUBTRACT >20 FROM KEYSTROKE
CRSI1
       MOV  @INSFLG,R1   TEST IF INSERT FLAG ON
       JEQ  CRSI1A       IF NOT, JUMP
       MOVB @ALTKEY,R1   ELSE WRITE CURRENT CHARACTER
       BLWP @VSBW        TO CURRENT SCREEN POSITION
       MOV  @ENDOC,R2    MOVE LIMIT ADDRESS INTO R2
       S    R0,R2        SUBTRACT CURRENT R0 POSITION
       LI   R1,TEMSTR    POINT TO TEMSTR LOCATION
       BLWP @VMBR        READ CHARACTERS FROM SCREEN
       DEC  R2           DECREMENT CHARACTER COUNT
       JEQ  CRSI1A       IF R2 IS ZERO, NO INSERT - WE'RE AT LAST POSITION
       INC  R0           INCREMENT SCREEN POSITION
       BLWP @VMBW        WRITE CHARACTERS BACK
       DEC  R0           POINT BACK ONE SPOT
CRSI1A MOVB @KEYVAL,R1   MOVE THE KEY STRUCK INTO LEFT BYTE R1
       BLWP @VSBW        WRITE KEY VALUE TO SCREEN
       INC  R0           POINT AT NEXT CHARACTER POSITION
       BLWP @VSBR        READ CHARACTER THAT'S THERE
       CB   R1,@EDGE     IS THIS AN EDGE CHARACTER?
       JNE  CRSI0A       IF NOT, JUMP
       DEC  R0           ELSE BACK UP ONE CHARACTER
       JMP  CRSI0A       THEN BACK FOR ANOTHER KEY INPUT
CRSRT  MOVB @ALTKEY,R1   TAKE CURRENT SCREEN CHARACTER INTO LEFT BYTE R1
       BLWP @VSBW        WRITE CHARACTER TO SCREEN
       CLR  @INSFLG      CLEAR THE INSERT FLAG
       INC  R0           MOVE TO NEXT SPOT
       BLWP @VSBR        READ THE CHARACTER THERE
       CB   R1,@EDGE     IS THAT EDGE CHARACTER?
       JEQ  CRSRT1       IF SO, JUMP
       MOVB R1,@ALTKEY   ELSE STASH CURRENT SCREEN CHARACTER
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       BL   @CURFRC      FORCE CURSOR ONTO SCREEN
       BL   @KI2A        GO SCAN KEYBOARD
       CB   @KEYVAL,@RITEV IS RIGHT ARROW STILL HELD DOWN?
       JEQ  CRSRT        IF SO, KEEP GOING RIGHT
       CB   @KEYVAL,@NOKEY HAS NO KEY BEEN STRUCK?
       JEQ  CRSRT2       IF SO, JUMP
CRSRT1 DEC  R0           BACK TO PREVIOUS SPOT
CRSRT2 MOVB @ONOFF,@KI2A+2 RESTORE DELAY CONSTANT
       MOVB @ALTKEY,R1   GET CHARACTER INTO LEFT BYTE R1
       BLWP @VSBW        WRITE TO SCREEN
       JMP  CRSI0        THEN JUMP BACK FOR ANOTHER KEY
CRSBK  MOVB @ALTKEY,R1   GET CURRENT CHARACTER IN R1
       BLWP @VSBW        WRITE TO SCREEN
       CLR  @INSFLG      CLEAR INSERT FLAG
       DEC  R0           BACK ONE SPOT
       BLWP @VSBR        READ CHARACTER FROM SCREEN
       CB   R1,@EDGE     IS THAT EDGE CHARACTER?
       JEQ  CRSBK1       IF SO, JUMP
       MOVB R1,@ALTKEY   ELSE STASH CHARACTER AT ALTKEY
       BL   @CURFRC      FORCE CURSOR ONTO SCREEN
       BL   @KI2A        GO GET KEYSTROKE
       CB   @KEYVAL,@LEFTV  IS LEFT ARROW STILL HELD DOWN?
       JEQ  CRSBK        IF SO, GO BACK AGAIN
       CB   @KEYVAL,@NOKEY HAS NO KEY BEEN STRUCK
       JEQ  CRSRT2       IF SO, JUMP
CRSBK1 INC  R0           MOVE TO NEXT SPOT
       JMP  CRSRT2       THEN JUMP
CRSDMY JMP  CRSIX        THIS IS A DUMMY JUMP TO KEEP JUMPS IN RANGE
CRSDEL MOV  R0,R7        STASH R0 IN R7
       CLR  @INSFLG      CLEAR INSERT FLAG, SINCE WE'RE DELETING
       MOV  @ENDOC,R2    END OF FIELD ADDRESS IN R2
       S    R0,R2        SUBTRACT CURRENT CHARACTER ADDRESS
       INC  R0           POINT TO NEXT CHARACTER
       DEC  R2           DECREMENT R2 COUNT
       JEQ  CRSD1        IF R2 ZERO, PRINT SPACE - WERE AT LAST POSITION
       LI   R1,TEMSTR    POINT R1 AT TEMSTR FOR TEMPORARY STORAGE
       BLWP @VMBR        READ CHARACTERS INTO LOCATION TEMSTR
       MOV  R7,R0        PUT BACK R0
       BLWP @VMBW        WRITE CHARACTERS FROM TEMSTR TO SCREEN
CRSD1  MOVB @ANYKEY,R1   PUT A SPACE IN LEFT BYTE R1
       MOV  @ENDOC,R0    GET LIMIT SPOT INTO R0
       DEC  R0           DECREMENT BY ONE
       BLWP @VSBW        WRITE A SPACE TO SPOT JUST BEFORE LIMIT
       MOV  R7,R0        GET R0 BACK AGAIN
CRSD0  B    @CRSI0A      BRANCH BACK TO BEGINNING
CRSIX  MOVB @ALTKEY,R1   WRITE CURRENT CHARACTER TO SCREEN
       BLWP @VSBW
       MOV  @ENDOC,R0    SET LIMIT POSITION IN R0
       DEC  R0           DECREMENT BY ONE
       MOV  @SAV4,R2     MOVE MAX NUMBER OF CHARACTERS INTO R2
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CRSIX1 BLWP @VSBR        READ THE CHARACTER AT CURRENT R0 POSITION
       CB   R1,@ANYKEY   IS THAT A SPACE?
       JNE  CRSIXX       IF NOT, WE'VE REACHED CONTENT OF STRING
       DEC  R0           ELSE MOVE BACK ONE SPOT
       DEC  R2           DECREASE CHARACTER COUNT BY ONE
       JGT  CRSIX1       IF GREATER THAN ZERO, JUMP BACK
CRSIXX MOV  @PGNUM,R0    GET ORIGINAL R0 POSITION BACK
       SWPB R2           PUT CHARACTER COUNT IN LEFT BYTE R2
       MOVB R2,@TEMSTR   PLACE THAT AT TEMSTR
       SWPB R2           REVERSE R2 AGAIN
       JEQ  CRIX         IF R2=0, JUMP
       LI   R1,TEMSTR+1  ELSE SET R1 TO POINT TO STRING CONTENT STORAGE
CRSIX2 BLWP @VMBR        READ THE STRING FROM THE SCREEN
CRIX   B    @SUBRET      RETURN FROM THIS SUBROUTINE
*
* SUBRET IS SHOWN HERE FOR REFERENCE.  NORMALLY IT'S MADE A PART OF THE FIRST
* HIGH-LEVEL SUBROUTINE USED IN THE PROGRAM
*
SUBRET DECT R15
       MOV  *R15,R11
       RT
*
* THE FOLLOWING SUBROUTINE GETS KEYSTROKES FROM THE KEYBOARD WHILE ALTERNATING
* THE CURSOR WITH A CHARACTER STASHED AT ALTKEY
* THE LINES LIMI 2 AND LIMI 0 ALLOW THE SENSING OF FCTN-QUIT AND ALSO ALLOW
* A BEEP VIA GPLLNK TO OPERATE PROPERLY
*
KI2    CLR  @STATUS      KEY-IN WITH ALTERNATING
       BLWP @KSCAN       CHARACTER AND CURSOR
       LIMI 2            ACTIVATE INTERRUPTS
       LIMI 0            SHUT OFF INTERRUPTS
       DEC  R4           ENTER AFTER R4 SET TO >0200
       JEQ  CHNG         AND R1 TO >1E00 AND VSBW
       CB   @ANYKEY,@STATUS HAS A KEY BEEN STRUCK?
       JNE  KI2          IF NOT, RE-SCAN KEYBOARD
       MOV  @KEYADR,R8   ELSE PUT KEY'S VALUE IN R8
       RT                THEN RETURN
CHNG   CI   R1,>1E00     IS R1 SET TO CURSOR CHARACTER?
       JEQ  L1           IF SO, JUMP
       LI   R1,>1E00     ELSE SET LEFT BYTE R1 TO CURSOR
       BLWP @VSBW        WRITE CURSOR TO SCREEN
       MOVB @ONOFF,R4    PLACE TIMING IN LEFT BYTE R4
       JMP  KI2          GO BACK TO SCANNING KEYBOARD
L1     MOVB @ALTKEY,R1   PLACE ALTERNATING CHARACTER IN LEFT BYTE R1
       MOVB @ONOFF+1,R4  PLACE ALTERNATE DELAY IN LEFT BYTE R4
       BLWP @VSBW        WRITE CHARACTER TO SCREEN
       JMP  KI2          GO BACK TO SCANNING KEYBOARD
*
* THE FOLLOWING IS A SPECIAL KEY INPUT FOR REPEATING OPERATION OF
* THE RIGHT AND LEFT ARROW KEYS
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* THIS SUBROUTINE INCLUDES SELF-MODIFYING CODE
*
KI2A   LI   R5,>0280     LOAD R5 WITH DELAY FACTOR
KI2B   CLR  @STATUS      CLEAR GPL STATUS
       BLWP @KSCAN       SCAN KEYBOARD
       CB   @KEYVAL,@NOKEY  HAS NO KEY BEEN STRUCK?
       JEQ  KI2C         IF SO, JUMP
       LIMI 2            SET INTERRUPTS ON
       LIMI 0            SET INTERRUPTS OFF
       DEC  R5           DECREMENT DELAY COUNTER
       JNE  KI2B         IF NOT ZERO, SCAN AGAIN
       MOVB @ONE,@KI2A+2 ELSE MODIFY DELAY COUNT
KI2C   RT                THEN RETURN
*
* THE FOLLOWING SUBROUTINE FORCES THE CURSOR CHARACTER ONTO THE SCREEN
*
CURFRC LI   R1,>1E00     PUT CURSOR CHARACTER IN LEFT BYTE R1
       LI   R4,>0100     SET DELAY FACTOR IN R4
       BLWP @VSBW        WRITE CURSOR TO SCREEN
       RT                RETURN
*
* FOLLOWING SUBROUTINE CLEARS AN INPUT FIELD
* BEGINNING AT R0 POSITION, EXTENDING NUMBER OF CHARACTERS IN R4
*
CLRFLD
       MOV  R4,R2        PLACE VALUE OF R4 IN R2
       MOV  R0,R3        SAVE R0
       MOVB @ANYKEY,R1   PUT SPACE CHARACTER IN LEFT BYTE OF R1
CLRFL1 BLWP @VSBW        WRITE ONE SPACE IN FIELD
       INC  R0           POINT TO NEXT CHARACTER SPOT
       DEC  R2           DECREMENT COUNT OF SPACES
       JNE  CLRFL1       IF NOT ZERO, REPEAT WRITING OPERATION
       MOV  R3,R0        REPLACE ORIGINAL VALUE OF R0
       RT                RETURN
*
* REQUIRED DATA SECTION
* THE FOLLOWING DATA SOURCE LINES ARE REQUIRED BY THESE SUBROUTINES
*
ONE    DATA 1
ENDOC  DATA 0
INSFLG DATA 0
PGNUM  DATA 0
SAV4   DATA 0
ONOFF  DATA >0201
EDGE   BYTE >1F
ANYKEY BYTE >20
NOKEY  BYTE >FF
ALTKEY BYTE 0
ENTERV BYTE 13
RITEV  BYTE 9
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LEFTV  BYTE 8
TEMSTR BSS  41
* THE NUMBER IN THIS BSS MUST BE ONE MORE THAN THE LARGEST STRING LENGTH
* EXPECTED IN THE PROGRAM'S EXECUTION
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1.6. The Art Of Assembly — Part 6. The Ins And Outs

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

$V�ZH�SURPLVHG��WKLV�SDUW�RI�RXU�VHULHV�ZLOO�GHDO�SULPDULO\�ZLWK�JHWWLQJ�LQWR�DQG�RXW�RI�\RXU�$VVHPEO\
SURJUDP�JUDFHIXOO\��:H�FRQVLGHU�WKLV�DQ�LPSRUWDQW�WRSLF��VLQFH�LW�FDQ�PDNH�DOO�WKH�GLIIHUHQFH�ZKHQ�\RX
UH
ZULWLQJ�HQWLUH�SURJUDPV�LQ�$VVHPEO\�ODQJXDJH��,Q�RQH�ERRN�WKDW�ZH�XVHG�ZKLOH�WU\LQJ�WR�OHDUQ�$VVHPEO\�
D�VPDOO�SURJUDP�H[DPSOH�ZDV�VKRZQ��EXW�WKHUH�ZDV�QR�ZD\�RXW�RI�WKH�SURJUDP�RQFH�LW�VWDUWHG�H[FHSW�WKH
2Q�2II�VZLWFK��7KDW�VKRXOGQ
W�EH�

7,
V�(�$�ERRN�JLYHV�VHYHUDO�ZD\V�RI�UHWXUQLQJ�IURP�SURJUDPV��EXW�ZH�GRQ
W�XVH�DQ\�RI�WKHP��,QVWHDG��WKHUH
DUH�WZR�PHWKRGV�WKDW�ZH
YH�XVHG��HDFK�RI�ZKLFK�JHWV�\RX�EDFN�ZKHUH�\RX�FDPH�LQWR�WKH�SURJUDP�IURP��,I
\RX� HQWHUHG� IURP� (�$� 2SWLRQ� ��� ZH
OO� UHWXUQ� \RX� WR� WKDW� VFUHHQ� WKDW� VD\V� �35(66� (17(5� 72
&217,18(��DW�WKH�ERWWRP��,I�\RX�HQWHUHG�IURP�;%��ZH
OO�VHQG�\RX�EDFN�WR�;%�ZLWK�WKH��5($'<��DQG
SURPSW�RQ�WKH�VFUHHQ�

7KH�PHDQV�RI�HQWHULQJ�D�SURJUDP�PD\�YDU\�DOO�RYHU�WKH�SODFH��IURP�WKH�YHU\�VLPSOH�/:3,�:6�WR�D�VHFWLRQ
RI�FRGH�WKDW�UH�DUUDQJHV�WKH�ORFDWLRQV�RI�WDEOHV�LQ�WKH�9'3�5$0��DQG�WR�HYHQ�PRUH�H[RWLF�RSHQLQJV��$OO
WKH�RSHQLQJV�KDYH�WKDW�RQH�WKLQJ�LQ�FRPPRQ��VHWWLQJ�WKH�ZRUNVSDFH�UHJLVWHUV�WR�D�ZRUNVSDFH�RI�RXU
FKRRVLQJ��$V�ZH�H[SODLQHG�HDUOLHU�RXU�XVXDO�FKRLFH�LV�WR�VHW�WKH�ZRUNVSDFH�DW�!��%$��ZKLFK�7,�VHW�DVLGH
IRU�XV�WR�XVH��7KLV�FDQ�EH�XVHG�HYHQ�ZKHQ�SURJUDPV�VWDUW�IURP�;%��VR�ORQJ�DV�WKH�SURJUDP�RQO\�UHWXUQV
WR�;%�XSRQ�H[LW��8WLOLW\�VXEURXWLQHV�IRU�XVH�LQ�;%�SURJUDPV�YLD�&$//�/,1.�VKRXOG�DOZD\V�KDYH�D�VHOI
FRQWDLQHG�ZRUNVSDFH��:H�KDYH�IRXQG��IRU�H[DPSOH��WKDW�WKH�180$6*�XWLOLW\�ZLOO�FRUUXSW�WKH�ZRUNVSDFH
DW�!��%$�� $IWHU� UHWXUQLQJ� WR� ;%� IURP� DQ� $VVHPEO\� URXWLQH� WKDW� XVHV�180$6*� DQG� WKH�!��%$
ZRUNVSDFH��WKH�;%�SURJUDP�ZLOO�EUHDN�ZLWK�DQ�HUURU�

,Q�WRGD\
V�6RXUFH�&RGH��VHH�6LGHEDU��WKHUH�DUH�WZR�VHSDUDWH�SURJUDPV��ZLWK�GLIIHUHQW�HQWU\�DQG�H[LW
PHWKRGV�XVHG��3URJUDP�RQH� LV�RI�FRXUVH�QRW�FRPSOHWH��VLQFH� LW�QHHGV�WKH�VXEURXWLQH�&56,1�DQG�LWV
VXSSRUWLQJ�VPDOOHU�VXEURXWLQHV�JLYHQ�LQ�RXU�ODVW�DUWLFOH��<RX�FDQ�FRPELQH�WKDW�FRGH�ZLWK�WKLV��VKHOO��DQG
DVVHPEOH�LW��:KHQ�\RX�GR�WKDW�FRPELQDWLRQ��\RX
OO�KDYH�WR�GHOHWH�WKH�OLQH�RI�5()V�DQG�WKH�HTXDWH�IRU
67$786��IURP�WKH�VXEURXWLQH
V�FRGH��DQG�WKH�OLQH�DW�ODEHO�7(0675�IURP�WKH�VXEURXWLQH
V�'DWD�6HFWLRQ�
7KH�UHVXOWLQJ�SURJUDP�ZLOO� VHUYH�WR�GHPRQVWUDWH�WKH�VXEURXWLQH��,W�ZLOO�DOVR� LOOXVWUDWH�WKH�VLPSOHVW
SRVVLEOH�HQWU\�DQG�H[LW�IRU�\RXU�RZQ�SURJUDPV��7KH�HQWU\�VLPSO\�VHWV�WKH�ZRUNVSDFH�SRLQWHU��WKHQ�JRHV
DERXW�LWV�EXVLQHVV��7KH�H[LW�XVHV�D�WULFN�SDVVHG�DORQJ�WR�XV�E\�+DUU\�:LOKHOP��:H�VHW�WKH�ZRUNVSDFH
SRLQWHU�EDFN�WR�*3/:6��FOHDU�WKH�VWDWXV�E\WH��WKHQ�%�#!���$�

7KDW�H[LW�PHWKRG�ZLOO�ZRUN�ZKHWKHU�\RX�HQWHUHG�IURP�(�$�RU�([WHQGHG�%DVLF��,W�PD\�QRW�EH�QHFHVVDU\�WR
FOHDU�WKH�67$786��EXW�WKH�RQO\�ZD\�WR�ILQG�RXW�LQ�DQ\�SDUWLFXODU�SURJUDP�LV�WR�UXQ�LW�DQG�VHH�ZKHWKHU
DQ�HUURU�LV�UHSRUWHG�ZKHQ�\RX�H[LW��,I�QR�HUURU�LV�UHSRUWHG��WKHQ�\RX�FDQ�RPLW�&/5�#67$786�IURP�WKLV
H[LW�
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2XU�QRUPDO�SUDFWLFH�LV�WR�OHDYH�WKDW�OLQH�LQ��MXVW�WR�EH�RQ�WKH�VDIH�VLGH��:H�GRQ
W�OLNH�VHHLQJ�HUURU�UHSRUWV
RQ�WKH�VFUHHQ��DQG�ZH
UH�WRR�OD]\�WR�JR�ORRN�XS�WKHLU�PHDQLQJV�LQ�WKH�DSSURSULDWH�ERRN�

7KH�VHFRQG�SURJUDP�XVHV�D�VOLJKWO\�PRUH�H[RWLF�ZD\�RI�HQWHULQJ�DQG�OHDYLQJ��$W�WKH�RSHQLQJ��LW�VWDVKHV
DZD\�WKH�YDOXH�IURP�5���RI�ZKDWHYHU�ZRUNVSDFH�WKH�FRPSXWHU�ZDV�XVLQJ��WKHQ�UHVWRUHV�WKDW�WR�5���RI�WKH
*3/�ZRUNVSDFH� EHIRUH� GRLQJ� DQ�57��(DUO\� LQ� RXU� H[SHULHQFHV�ZLWK� WKH�7,�$VVHPEO\� ODQJXDJH��ZH
GLVFRYHUHG�WKDW�ZKHQ�\RX�HQWHU�\RXU�SURJUDP��WKH�FRPSXWHU�KDV�HVVHQWLDOO\�SHUIRUPHG�D�%/�RSHUDWLRQ�WR
JHW�LQWR�\RXU�SURJUDP��VR�UHJLVWHU����FRQWDLQV�WKH�UHWXUQ�DGGUHVV�\RX�FDQ�XVH�WR�H[LW��7KHUH�DUH�H[FHSWLRQV
WR�WKLV�ZKHQ�\RX�HQWHUHG�IURP�([WHQGHG�%DVLF��DQG�WKLV�PHWKRG�IURP�3URJUDP���ZLOO�QRW�DOZD\V�ZRUN�IRU
;%�HQWU\��7KH�ILUVW�PHWKRG��%�#!���$��ZLOO�DOZD\V�ZRUN��SURYLGHG�RQO\�WKDW�\RX�ILUVW�ORDG�WKH�ZRUNVSDFH
SRLQWHU�ZLWK�WKH�*3/�ZRUNVSDFH��!��(���

7KDW�EULQJV�XV�WR�D�YHU\�PLQRU�SRLQW��EXW�RQH�WKDW�PLJKW�EH�LPSRUWDQW�LQ�VRPH�RI�\RXU�SURJUDPPLQJ
HIIRUWV��,Q�RXU�PXVLF�SURJUDPV��ZH�GLVFRYHUHG�WKDW��IRU�VRPH�UHDVRQ�ZH
YH�QRW�GLVFRYHUHG��LI�RQH�GRHV�127
PRYH�5���WR�VRPHSODFH�RQ�HQWU\��DV�LQ�3URJUDP����WKH�VHQGLQJ�RI�E\WHV�GLUHFWO\�WR�WKH�VRXQG�JHQHUDWRU
DW�!�����ZLOO�QRW�ZRUN�SURSHUO\��:H�KDYH�QR�LGHD�ZK\�WKDW
V�VR��RU�ZKHWKHU�RWKHU�IXQFWLRQV�PLJKW�EH
DIIHFWHG��EXW� LQ�RXU�PXVLF�SURJUDPV�ZH�XVH�WKH�HQWU\�PHWKRG�RI�3URJUDP���DQG�WKH�H[LW�PHWKRG�RI
3URJUDP����7KDW�NHHSV�HYHU\WKLQJ�ZRUNLQJ�

%RWK�3URJUDPV�DUH�VHW�XS�WR�EH�HQWHUHG�IURP�(�$�2SWLRQ����,Q�WKH�ILUVW�RQH��ZH�LQFOXGHG�WKH�FRGH�WR�GHILQH
WKH�HGJH�FKDUDFWHU�WR�ORRN�OLNH�D�VSDFH��WKHQ�SURFHHGHG�WR�VHW�XS�IRU�DQG�FDOO�RXU�VXEURXWLQH��1RWH�WKDW
WKHUH�LV�QR�VFUHHQ�FOHDULQJ�RSHUDWLRQ�KHUH��6LQFH�WKLV�SURJUDP�GRHV�QRW�DXWR�VWDUW��EXW�UHTXLUHV�\RX�WR�W\SH
LQ�WKH�SURJUDP�QDPH�67$57�DW�WKH�352*5$0�1$0(�SURPSW��WKH�VFUHHQ�ZLOO�EH�FOHDUHG�DQG�VHW�WR�OLJKW
JUHHQ�IRU�\RX�

$IWHU�WKH�VXEURXWLQH�KDV�ILQLVKHG��WKH�SURJUDP�WDNHV�WKH�VWULQJ�MXVW�SODFHG�LQ�7(0675�DQG�GLVSOD\V�LW
D�IHZ�OLQHV�GRZQ�WKH�VFUHHQ��,W�WKHQ�FDOOV�WKH�VXEURXWLQH�DJDLQ��7KLV�LV�GRQH�VLPSO\�WR�JLYH�\RX�D�FKDQFH
WR�VHH�WKDW�WKH�VXEURXWLQH�GLG�ZKDW�ZDV�LQWHQGHG��3UHVVLQJ�ENTER�ZLOO�JHW�\RX�RXW�RI�WKH�SURJUDP�DQG
EDFN�WR�WKH�(�$�SURPSW�35(66�(17(5�72�&217,18(�

7KH�VHFRQG�SURJUDP�LV�LQWHQGHG�IRU�\RX�WR�XVH�DV�D�VPDOO�XWLOLW\��:H�ZURWH�WKLV�RULJLQDOO\�IRU�RXU�RZQ�XVH�
EHFDXVH�PDQ\�WLPHV�ZKHQ�ZH�ZHUH�RSHUDWLQJ�ZLWK�WKH�(�$�PRGXOH�LQ�SODFH��ZH�ZDQWHG�WR�SULQW�D�VRXUFH
FRGH�ILOH��EXW�ZDQWHG�D�ZD\�WR�VHW�WKH�SULQWHU�WR�VNLS�RYHU�WKH�SHUIRUDWLRQV�ZKLOH�SULQWLQJ��%HIRUH�ZH�KDG
D�5DPGLVN��ZH�NHSW�WKLV�SURJUDP�RQ�D�GLVN�ZLWK�(',7��DQG�WKH�$660���$660��ILOHV��1RZ��ZH�NHHS�LW
DYDLODEOH�DOO�WKH�WLPH�RQ�D�5DPGLVN�

7KLV�SURJUDP�GRHV�QRWKLQJ�IDQF\��:KHQ�LW�ORDGV�IURP�2SWLRQ����LW�DXWR�VWDUWV�DQG�UXQV�WKH�SDUW�VWDUWLQJ
DW�ODEHO�6.,3,7��7KLV�VHWV�RXU�SULQWHU�WR�VNLS�RYHU�VRPH�OLQHV�DW�WKH�ERWWRP�RI�HDFK�VKHHW��7KDW�KDSSHQV
YHU\�TXLFNO\��VR�\RX�PD\�QRW�HYHQ�VHH�WKH�OLJKW�EOLQN�RQ�WKH�56�����FDUG��<RX
OO�DOVR�QRW�VHH�DQ\WKLQJ
KDSSHQ�DW�WKH�SULQWHU��VLQFH�ZH
YH�RSHQHG�WKH�ILOH�WR�WKH�SULQWHU�ZLWK�WKH��&5�RSWLRQ��VR�QR�OLQH�IHHG�RU
FDUULDJH�UHWXUQ�ZLOO�JR�WR�WKH�SULQWHU�XQOHVV�ZH�LQWHQG�WR�VHQG�RQH�
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7KH�SURJUDP�ZLOO�GR�LWV�MRE�DQG�VLPSO\�UHWXUQ�WR�(�$��ZKLFK�ZLOO�SODFH�\RX�EDFN�DW�WKH�),/(�1$0(
SURPSW��,I�DOO�\RX�ZDQWHG�WR�GR�ZDV�VHW�XS�IRU�VNLS�RYHU��SUHVV�FCTN 9�WR�JHW�RXW�WR�WKH�PDLQ�(�$�PHQX�
7KLV�VPDOO�SURJUDP��KRZHYHU��KDV�DQRWKHU�HQWU\�SRLQW�FDOOHG�'28%/(��,I�\RX�DOVR�ZDQW�GRXEOH�VWULNH
SULQWLQJ��SUHVV�ENTER�DW�WKH�),/(�1$0(�SURPSW��WKHQ�W\SH�LQ�'28%/(�ENTER�DW�WKH�352*5$0
1$0(�SURPSW��7KLV�ZLOO�VHQG�DQRWKHU�WKUHH�FKDUDFWHUV�WR�\RXU�SULQWHU��SXWWLQJ�LW�LQ�GRXEOH�VWULNH�DQG
VHQGLQJ�D�KDUPOHVV�FDUULDJH�UHWXUQ��7KDW�FDUULDJH�UHWXUQ�LV�VHQW�RQO\�VR�WKDW�HDFK�WKLQJ�VHQW�WR�WKH�SULQWHU
E\�WKLV�SURJUDP�ZLOO�FRQWDLQ�WKUHH�FKDUDFWHUV��,I�WKH�FDUULDJH�UHWXUQ�ZHUH�QRW�WKHUH��WKH����IURP�WKH
SUHYLRXV�WKUHH�FKDUDFWHU�VWULQJ�ZRXOG�VWLOO�EH�SUHVHQW�LQ�WKH�9'3�5$0�EXIIHU��ZRXOG�EH�VHQW�WR�WKH
SULQWHU��DQG�ZRXOG�FDXVH�DQ�XQZDQWHG�OLQH�IHHG�WR�RFFXU�

7KH�HVFDSH�VHTXHQFHV�ZH
YH�SXW�LQWR�WKLV�SURJUDP�ZLOO�ZRUN�IRU�DOO�PRGHOV�RI�(SVRQ��6WDU�0LFURQLFV��DQG
3DQDVRQLF�SULQWHUV��7KH�QXPEHU�RI�OLQHV�WR�VNLS��WKLUG�E\WH�DW�ODEHO�351%<7��LV�WHQ�IRU�XV��EHFDXVH�RI�WKH
ZD\�ZH�XVXDOO\�KDYH�RXU�SULQWHU
V�SDSHU�ORDGHG��<RX�PD\�ZDQW�WR�FKDQJH�WKDW�QXPEHU�WR�VRPHWKLQJ�OHVV�
VD\���RU����EHIRUH�DVVHPEOLQJ�WKH�SURJUDP��,I�\RXU�SULQWHU�LV�VRPH�RWKHU�PDNH��VXFK�DV�DQ�2NLGDWD��\RX
PD\�QHHG�WR�FKDQJH�WKH�HVFDSH�VHTXHQFHV�LQ�RWKHU�ZD\V��,
YH�UXQ�LQWR�RQH�SULQWHU��FDOOHG�WKH�2OLYHWWL�LQN
MHW��LQ�ZKLFK�VHQGLQJ�D�OLQH�IHHG�RU�D�FDUULDJH�UHWXUQ��RU�ERWK�LQ�HLWKHU�RUGHU��ZLOO�DOZD\V�UHVXOW�LQ�ERWK�D
FDUULDJH�UHWXUQ�DQG�OLQH�IHHG�EHLQJ�SHUIRUPHG��0RVW�SULQWHUV�KDYH�D�',3�VZLWFK�VHWWLQJ�WR�SUHYHQW�DGGHG
OLQH�IHHGV��EXW�QRW�WKH�2OLYHWWL�

7KLV�SURJUDP�LQFLGHQWDOO\�LQWURGXFHV�WKH�QHZ��IRU�WKHVH�DUWLFOHV��WRSLF�RI�ILOH�PDQDJHPHQW��,W�2SHQV�
:ULWHV�WR��WKHQ�&ORVHV�D�ILOH��$V�ZH
YH�QRWHG�LQ�WKH�VRXUFH�FRGH
V�DQQRWDWLRQ��WKHUH�DUH�VRPH�VKRUWFXWV�ZH
YH
WDNHQ�KHUH�ZKLFK�ZRXOG�QRW�JHQHUDOO\�EH�XVHG�LQ�ILOH�RSHUDWLRQV��7KLV�SURJUDP�GRHV��KRZHYHU��ZRUN�QLFHO\
IRU�LWV�LQWHQGHG�SXUSRVH��,Q�D�ODWHU�DUWLFOH��ZH
OO�JHW�GHHSHU�LQWR�ILOH�DFFHVVHV��DQG�DYRLG�WKH�VKRUWFXWV�WKDW
ZHUH�XVHG�LQ�WKLV�SURJUDP�

:H�SURPLVHG�VRPH�GLVFXVVLRQ�RQ�WKH�UDPLILFDWLRQV�RI�XVLQJ�$VVHPEO\�SURJUDPV�WKDW�UXQ�IURP�([WHQGHG
%DVLF��2QH�FRXOG�QHDUO\�ZULWH�D�ERRN�RQ�WKLV�WRSLF�DORQH��2QH�RI�WKH�ELJ�SUREOHPV�LV�WKLV�EXVLQHVV�RI�WKH
FKDUDFWHU�RIIVHW��!����WKDW�RQH�PXVW�XVH�ZKHQ�RSHUDWLQJ�IURP�;%�

6WUDQJHO\�HQRXJK��LW�LV�SRVVLEOH�WR�DYRLG�WKDW�RIIVHW�LQ�;%��,Q�RXU�:RUG�3URFHVVRU��ZKLFK�ZDV�RULJLQDOO\
GHVLJQHG�WR�UXQ�RQO\�XQGHU�(�$�2SWLRQ����ZH�DYRLGHG�QHHGLQJ�WKH�RIIVHW�E\�VZLWFKLQJ�WR�WKH�WH[W�PRGH�DQG
ORDGLQJ�RXU�FKDUDFWHU�GHILQLWLRQV�VWDUWLQJ�DW�!�����ZKHUH�WKH\�DUH�ORFDWHG�QRUPDOO\�ZKHQ�XVLQJ�WKH�(�$
PRGXOH��7R�GR�WKDW��ZH�KDG�WR�SHUIRUP�VRPH�9:75�RSHUDWLRQV��VR�WKDW�9'3�ZRXOG�NQRZ�ZKHUH�LWV�WDEOHV
ZHUH�ORFDWHG��7KLV�RSHUDWLRQ�LV�SHUIRUPHG�QRW�E\�WKH�:RUG�3URFHVVRU�LWVHOI��EXW�E\�WKH�ORDGHU�SURJUDP
V
$VVHPEO\�SRUWLRQ��HPEHGGHG�LQ�WKH�([WHQGHG�%DVLF�/2$'�SURJUDP�

/HW
V�GLJUHVV�LQWR�WKDW�VXEMHFW�MXVW�D�ELW��7KH�DFWXDO�:RUG�3URFHVVLQJ�SURJUDP�LV�VWRUHG�RQ�WKH�GLVN�DV�D
VHULHV�RI�PHPRU\�LPDJH�ILOHV��7KHUH�DUH�WZR�ORDGHUV�LQFOXGHG�LQ�WKH�SURJUDP�GLVN��RQH�QDPHG�/2$'�
ZKLFK�UXQV�IURP�([WHQGHG�%DVLF��DQG�RQH�FDOOHG�87,/���ZKLFK�LV�DQ�(�$�2SWLRQ���SURJUDP�ILOH�

%RWK�WKHVH�ORDGHUV�FRQWDLQ�FRGH�WR�SXW�WKH�9'3�LQWR�WKH�UHTXLUHG�VHWXS�IRU�WKH�7(;7�PRGH��SODFH�D
3/($6(�67$1'�%<�PHVVDJH�RQ�WKH�VFUHHQ��WKHQ�ORDG�LQ�WKH�ILYH�PHPRU\�LPDJH�ILOHV�WKDW�FRPSULVH�WKH
DFWXDO�:RUG�3URFHVVRU�



The Cyc: MICROpendium

,Q�WKH�$VVHPEO\�SDUW�RI�WKH�;%�/2$'�SURJUDP��ZH�VHW�XS�WR�DYRLG�WKH�QHHG�IRU�RIIVHW�E\�SHUIRUPLQJ�WKH
IROORZLQJ�

LI   R4,32*8+>800 Location of space character
MOV  R4,@>834A Move that value to FAC location
BLWP @GPLLNK Use GPL Linkage
DATA >0018 Load "Small Capitals" characters

TEXMO LI   R0,>01F0 Setup for text mode
BLWP @VWTR Place VDP in text mode
LI   R0,>074E Setup for screen colors
BLWP @VWTR Write screen colors for text mode
LI   R0,>0401 Relocate character table to >800
BLWP @VWTR By writing to VDP register 4
MOVB @TEXMO+3,@>83D4 Stash the text mode byte

7KLV� ODVW� RSHUDWLRQ�� SXWWLQJ� WKH� E\WH� DW� 7(;02��� DW�!��'��� LV� QHFHVVDU\� EHFDXVH� RWKHUZLVH� WKH
FRPSXWHU�ZLOO�JR�EDFN�WR�JUDSKLFV�PRGH�DV�VRRQ�DV�DQ\�NH\VWURNH�LV�DFFHSWHG�

2I�FRXUVH�WKH�/2$'�SURJUDP�GRHV�D�KRVW�RI�RWKHU�RSHUDWLRQV��EXW�WKHVH�DUH�WKH�NH\�RQHV��7KH�QH[W�WR�ODVW
WZR�OLQHV�WHOO�9'3�WR�ORRN�IRU�LWV�FKDUDFWHU�GHILQLWLRQV�DW�!�����DQG�WKLV�DOORZV�XV�WR�SHUIRUP�UHDGLQJ�DQG
ZULWLQJ�RI�VFUHHQ�FKDUDFWHUV�ZLWKRXW�WKDW�QDJJLQJ�RIIVHW��7KRVH�ZKR
YH�GRQH�ZRUN�LQYROYLQJ�$VVHPEO\�DQG
;%�ZLOO�QRWLFH�WKDW�ZH
YH�GRQH�D�%/:3�#*3//1.��;%�GRHV�QRW�VXSSO\�VXFK�D�OLQN�YHFWRU��2XU�/2$'
SURJUDP�VXSSOLHV�RQH�RI�WKRVH��DV�ZHOO�DV�D�'65/1.��7KH�XWLOLW\�YHFWRUV��*3//1.�	�'65/1.��ZH�XVH
DUH�WKRVH�ZULWWHQ�DQG�SXEOLVKHG�VRPH�WLPH�DJR�E\�&UDLJ�0LOOHU�

7KDW�OHDGV�LQWR�DQRWKHU�WRSLF��WKH�XVH�RI�XWLOLW\�YHFWRUV�DQG�URXWLQHV��,I�D�VLQJOH�SURJUDP�LV�WR�RSHUDWH�LQ
ERWK�WKH�(�$�DQG�;%�HQYLURQPHQWV��RQH�PXVW�DOVR�RYHUFRPH�WKH�IDFW�WKDW�WKH�QLFH�HDV\�5()V�SURYLGHG�E\
(�$
V�2SWLRQ���DUH�QRW�DYDLODEOH��,I�WKH�SURJUDP�ZDV�GHVLJQHG�IRU�;%��RQH�FDQ�DUUDQJH�WR�SURYLGH�WKH�;%
XWLOLWLHV�ZKHQ�RSHUDWLQJ�XQGHU�(�$��&RQYHUVHO\��RQH�FDQ�GHVLJQ�VR�WKDW�WKH�;%�YHUVLRQ�XVHV�WKH�(�$
XWLOLWLHV�

,Q�GLIIHUHQW�SURJUDPV��ZH
YH�XVHG�ERWK�WKHVH�DSSURDFKHV�WR�FORVLQJ�WKH�XWLOLW\�JDS�EHWZHHQ�;%�DQG�(�$�
7KDW
V�D�WRSLF�ZH�SODQ�WR�H[SORUH�DW�VRPH�OHQJWK�ODWHU�LQ�WKLV�VHULHV��)RU�QRZ��ZH
OO�MXVW�VD\�WKDW�RQ�D�GLVN
KHUH�DW�+DUULVRQ��ZH�KDYH�D�ILOH�FDOOHG�($87�DQG�D�ILOH�FDOOHG�;%87��VR�ZH�FDQ�JHW�WKH�ZKROH�VHW�RI�HLWKHU
LQWR�RQH�RI�RXU�SURJUDPV�

:KHQ�H[LWLQJ�IURP�RXU�:3�SURJUDP��ZH�XQGR�WKH�WKLQJV�GRQH�RQ�HQWU\��:H�UHVHW�WKH�9'3�WR�JUDSKLFV
PRGH�E\�SXWWLQJ�D�E\WH�RI�!(��DW�ORFDWLRQ�!��'���WKHQ�/,�5��!��(���DQG�SHUIRUP�D�%/:3�#9:75�

7KDW
V�LPSRUWDQW��EHFDXVH�(�$�H[SHFWV�WKH�VFUHHQ�WR�EH�LQ�JUDSKLFV�PRGH�ZKHQ�LW�UHVXPHV�FRQWURO��,I�\RX
RPLW�GRLQJ�WKLV�� WKHQ�UHWXUQ�WR�(�$��WKH�PHVVDJH�35(66�(17(5�72�&217,18(��LQVWHDG�RI�EHLQJ
FHQWHUHG�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��ZLOO�EH�PRYHG�ULJKW�VR�PXFK�WKDW�WKH�8(�RI�&217,18(�ZLOO�EH�RQ
D�VHSDUDWH�OLQH��1R�UHDO�KDUP�LV�GRQH�E\�WKLV��EXW�LW
V�DQQR\LQJ�WR�WKH�XVHU��DQG�VR�ZH�IHHO�LW�VKRXOG�EH
DYRLGHG�
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7KDW
V�DERXW�DOO�ZH
OO�FRYHU�WRGD\��,W
V�D�ORW�WR�GLJHVW�IRU�RQH�VLWWLQJ��DQ\ZD\��)RU�WKRVH�ZKR�DUH�VHULRXV
VWXGHQWV�RI�$VVHPEO\��ZH�UHFRPPHQG�WU\LQJ�WKH�WZR�SURJUDPV�LQ�WRGD\
V�6LGHEDU��6KRXOG�\RX�HQFRXQWHU
GLIILFXOW\��RU�QHHG�KHOS�ZLWK�XQGHUVWDQGLQJ�ZKDW�ZH
UH�GRLQJ��SOHDVH�IHHO�IUHH�WR�FDOO�XV�DQ\WLPH�EHWZHHQ
��$0�DQG�0LGQLJKW�(DVWHUQ�WLPH�DW�����������������:H
OO�GR�RXU�EHVW�WR�KHOS�\RX�RYHU�WKH�KXUGOHV�

,Q�RXU�QH[W�DUWLFOH��ZH
OO�JHW�LQWR�WKH�VXEMHFW�RI�/RDGHUV��RI�WKH�VRUW�ZH�PHQWLRQHG�LQ�SDVVLQJ�KHUH��)RU�RXU
RZQ�SURJUDPV��ZH�PDNH�FXVWRPL]HG�ORDGHUV�LQ�HDFK�FDVH��DQG�WDNH�VRPH�OLEHUWLHV�ZLWK�WKH�VWUXFWXUH�RI�RXU
PHPRU\�LPDJH�ILOHV��QR�ILOH�KHDGHUV���VR�RXU�PHWKRGV�PD\�EH�FRQWURYHUVLDO��EXW�WKH\�GR�ZRUN�

* TWO PROGRAMS
* PROGRAM #1
*
* A DEMO PROGRAM FOR THE SUBROUTINE CRSIN
* (INCLUDED IN PREVIOUS ARTICLE)
* THIS IS IN EFFECT A SHELL THAT ONE CAN USE TO TEST THE CRSIN SUBROUTINE
*
* REQUIRED REFERENCES
       REF  KSCAN,VMBW,VMBR,VSBW,VSBR
* DEFINE PROGRAM ENTRY POINT
       DEF  START
*
* REQUIRED EQUATES
STATUS EQU  >837C
WS     EQU  >20BA
GPLWS  EQU  >83E0
*
*
START  LWPI WS           LOAD WORKSPACE
       LI   R0,32*8+>800 SET R0 TO POINT TO SPACE CHARACTER DEFINITION
       LI   R1,TEMSTR    POINT R1 AT OUR TEMPORARY STORAGE
       LI   R2,8         EIGHT BYTES TO GET
       BLWP @VMBR        GET EIGHT BYTES
       S    R2,R0        STEP BACK ONE CHARACTER, TO THE EDGE CHARACTER
       BLWP @VMBW        WRITE EIGHT BYTES
       LI   R0,32*9+2    SET R0 FOR ROW 10, COLUMN 3
       LI   R4,20        TWENTY CHARACTERS TO ACCEPT
       LI   R15,RTNSTK   SET OUR RETURN STACK IN R15
       BL   @CRSIN       ACCEPT 20 CHARACTERS STRING
       LI   R0,32*14+2   SET FOR ANOTHER SCREEN LOCATION
       MOV  R2,R2        CHECK VALUE IN R2
       JEQ  SKIP         IF ZERO, JUMP AHEAD
       BLWP @VMBW        ELSE WRITE THE ACCEPTED STRING HERE
SKIP   LI   R4,20        RESET FOR 20 CHARACTERS
       BL   @CRSIN       RE-ENTER SUBROUTINE
       LWPI GPLWS        LOAD GPL WORKSPACE
       CLR  @STATUS      CLEAR THE STATUS
       B    @>006A       RETURN TO GPL INTERPRETER
*
* DATA SECTION FOR PROGRAM 1
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*
TEMSTR BSS  21
* THE NUMBER IN THIS BSS MUST BE ONE MORE THAN THE LARGEST STRING LENGTH
* EXPECTED IN THE PROGRAM'S EXECUTION
* FOR THIS TEST, IT WAS SET AT 21 FOR A TWENTY CHARACTER INPUT STRING
       EVEN              SET PROGRAM COUNTER TO EVEN LOCATION
RTNSTK BSS  2            RETURN STACK ADDRESS AT AN EVEN LOCATION
       END
* END OF PROGRAM #1

* PROGRAM #2
* SETS PRINTER CONNECTED TO PIO PORT
* WILL AUTO-START AND RUN LABEL SKIPIT
* ENTRY AT LABEL DOUBLE WILL SET PRINTER TO DOUBLE STRIKE.
* REQUIRED REFERENCES
       REF  VMBW,DSRLNK,VSBW
* DEFINE ENTRY POINTS
       DEF  SKIPIT,DOUBLE
* REQUIRED EQUATES
*
PABPNT EQU  >8356        POINTER LOCATION FOR DSRLNK
STATUS EQU  >837C        GPL STATUS BYTE LOCATION
PAB    EQU  >1000        LOCATION FOR PAB IN VDP RAM
PABBUF EQU  >1050        BUFFER FOR BYTES TO BE SENT (VDP RAM ADDRESS)
GPLWS  EQU  >83E0        GPL WORKSPACE
*
* MAIN CODE SECTION FOR PROGRAM 2
*
DOUBLE MOV  R11,@SAV11   STASH CURRENT R11 VALUE INTO MEMORY AT LOCATION SAV11
       LWPI >20BA        LOAD USER WORKSPACE
       LI   R1,DSBYTE    SET R1 TO POINT TO DOUBLE STRIKE CHARACTERS
       JMP  PRN0         THEN JUMP
SKIPIT MOV  R11,@SAV11   STASH CURRENT R11 VALUE INTO MEMORY
       LWPI >20BA        LOAD USER WORKSPACE
       LI   R1,PRNBYT    SET R1 TO POINT TO SKIP-OVER PERFS CHARACTERS
PRN0   LI   R0,PABBUF    SET R0 TO CHARACTER BUFFER LOCATION
       LI   R2,3         THREE BYTES TO WRITE TO VDP RAM
       BLWP @VMBW        WRITE BYTES
       LI   R0,PAB       SET R0 FOR PERIPHERAL ACCESS BLOCK (PAB)
       LI   R1,PAB2DT    POINT R1 AT DATA FOR PAB
       LI   R2,16        SIXTEEN BYTES TO WRITE
       BLWP @VMBW        WRITE PAB TO VDP RAM
       AI   R0,9         ADD NINE TO POINT TO DESCRIPTOR LENGTH BYTE
       MOV  R0,@PABPNT   PLACE THAT VALUE AT >8356
* THE FOLLOWING LINE OPENS THE FILE
       BLWP @DSRLNK      PERFORM LINKAGE TO DEVICE SERVICE ROUTINE
       DATA 8            DATA FOR DSR LINKAGE
       LI   R1,>0300     PLACE WRITE OPCODE IN R1
       LI   R0,PAB       SET R0 FOR PAB LOCATION
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       BLWP @VSBW        WRITE THE "WRITE" OPCODE INTO FIRST BYTE OF PAB IN VDP
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   PLACE AT >8356
       BLWP @DSRLNK      WRITE THE BYTES FROM PABBUF TO PERIPHERAL (PIO PORT)
       DATA 8            REQUIRED DATA FOR DSRLNK
       LI   R1,>0100     PLACE CLOSE FILE OPCODE IN R1
       LI   R0,PAB       RESET R0 TO PAB
       BLWP @VSBW        WRITE THE CLOSE FILE OPCODE TO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   MOVE TO >8356
       BLWP @DSRLNK      PERFORM CLOSE FILE OPERATION
       DATA 8            REQUIRED DATA
       LWPI GPLWS        LOAD GPL WORKSPACE
       MOV  @SAV11,R11   PUT RETURN ADDRESS BACK AT R11 OF GPL WORKSPACE
       CLR  @>STATUS     CLEAR STATUS
       RT                RETURN (BRANCH TO ADDRESS IN R11)
*
* DATA SECTION FOR PROGRAM 2
*
SAV11  DATA 0            PLACE TO SAVE R11 AT ENTRY
* FOLLOWING TWO LINES ARE THE REQUIRED DATA FOR A PERIPHERAL ACCESS BLOCK
* TO OPEN A D/V 80 FILE TO THE PIO PORT WITH THE .CR OPTION
* THE NUMBER >5003 IS PRELOADED SO AS TO PRINT ONLY THREE BYTES - THIS IS A
* SHORTCUT METHOD, NOT FOR GENERAL USE
*
PAB2DT DATA >0012,>1050,>5003,>0000,>0006
       TEXT 'PIO.CR'
DSBYTE BYTE 27,71,13     BYTES FOR DOUBLE STRIKE, PLUS A CARRIAGE RETURN
PRNBYT BYTE 27,78,10     BYTES TO SKIP OVER PERFS ON PRINTER
* NOTE - THE LAST BYTE ABOVE, WHICH WE SET AT 10, GIVES THE NUMBER OF
* LINES TO SKIP - THAT NORMALLY RANGES FROM ABOUT 4 TO 10
* WE USE 10 BECAUSE WE NORMALLY START OUR PRINTER WITH THE TOP EDGE OF
* THE SHEET JUST ABOVE THE PAPER BAIL TO PUT A BUILT-IN TOP MARGIN ON
* EACH SHEET, THUS MUST MAKE THE NUMBER HERE LARGER
*
       END SKIPIT
* END OF PROGRAM #2 - PLACING THE LABEL SKIPIT AFTER THE END DIRECTIVE
* MAKES THE PROGRAM RUN IMMEDIATELY AFTER LOADING FROM E/A OPTION 3
*
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1.7. The Art Of Assembly — Part 7. Why A Duck?

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7KLV�PRQWK
V�LQVWDOOPHQW�LV�QRW�IRU�WKH�IDLQW�RI�KHDUW��,W�ZLOO�EH�KHDY\�VHDV��KLJK�ZLQGV��URXJK�ZDWHUV��7KH
VXEMHFW�LV�ORDGHUV��$�ORDGHU�LV�D�SURJUDP�ZKRVH�SULPDU\�MRE�LV�WR�ORDG�DQRWKHU�SURJUDP��0XFK�RI�WKLV
DUWLFOH�ZLOO� EH� GLIILFXOW� WR� XQGHUVWDQG�� DQG� \RX�PD\� IHHO� D� OLWWOH� OLNH�&KLFR�0DU[� LQ� WKH�PRYLH�7KH
&RFRDQXWV��ZKHQ�KH�NHHSV�DVNLQJ�*URXFKR��:K\�D�GXFN"���*URXFKR�ZDV�RI�FRXUVH�VSHDNLQJ�RI�D�9LDGXFW�

3XWWLQJ�ILUVW�WKLQJV�ILUVW��ZH�VKRXOG�DQVZHU�WKH�TXHVWLRQ��:K\�D�/RDGHU"��7KHUH�DUH�WZR�DQVZHUV�WR�WKDW
TXHVWLRQ��2QH�LV�VSHHG��WKH�RWKHU�LV�PHPRU\�DOORFDWLRQ��2QH�FDQ��IRU�H[DPSOH��ZULWH�D�ORDGHU�WKDW�SHUIRUPV
FHUWDLQ��RQFH�RQO\��FKRUHV��WKHQ�LV�PRVWO\�UHSODFHG�E\�WKH�SURJUDP�LW�ORDGV��WKXV�IUHHLQJ�XS�PHPRU\�VSDFH
IRU�WKDW�SURJUDP�WR�XVH��7KH�H[DPSOH�ZH
OO�XVH�WRGD\�LV�WDNHQ�IURP�RXU�:RUG�3URFHVVRU��,Q�WKH�6LGHEDU
LV�WKH�VRXUFH�FRGH�IRU�D�ORDGHU�ZH�XVH�VR�WKDW�WKH�SURJUDP�PD\�EH�XVHG�ZLWK�WKH�(�$�PRGXOH�RU�WKH�7,
:ULWHU�PRGXOH��7KH�ILOH�LW�FUHDWHV�LV�DQ�2SWLRQ���W\SH�SURJUDP�ILOH�FDOOHG�87,/���7KDW�LV�WKH�GHIDXOW
ILOHQDPH�WKDW�ERWK�(�$�2SWLRQ���DQG�7,:�2SWLRQ���ZLOO�ORRN�IRU�RQ�'6.��

:H�VDLG�WKH�JRLQJ�ZRXOG�JHW�URXJK��DQG�KHUH
V�WKH�RSHQLQJ�EODVW�RI�WKH�KXUULFDQH��7KLV�VRXUFH�FRGH�DFWXDOO\
PDNHV�WZR�SURJUDPV�LQ�RQH��7KH�REMHFW�ILOH�FRQWDLQLQJ�ERWK�SURJUDPV�LV�ORDGHG�LQWR�PHPRU\�XQGHU�(�$
2SWLRQ����DORQJ�ZLWK�7,
V�6$9(�XWLOLW\��:H�HQWHU�WKH�SURJUDP�E\�W\SLQJ�*(787�DV�D�3URJUDP�1DPH��WKXV
HQWHULQJ� WKH� ILUVW� RI� WKH� WZR� SURJUDPV� DW� WKDW� ODEHO�� 7KLV� OLWWOH� SURJUDP� JHWV� D�PHPRU\� LPDJH� ILOH
FRQWDLQLQJ�WKH�([WHQGHG�%DVLF�XWLOLWLHV�DQG�VWDVKHV�WKDW�FRGH�ZLWKLQ�WKH�PHPRU\�VSDFH�RFFXSLHG�E\�WKH
VHFRQG�SURJUDP��WKHQ�H[LWV�WR�7,
V�6$9(�XWLOLW\��VR�ZH�FDQ�VDYH�WKH�VHFRQG�SURJUDP�WR�GLVN�DV�87,/��
�:K\�D�'XFN"���\RX�DVN��:HOO��RYHU�KHUH�LV�WKH�9LDGXFW��-XVW�NLGGLQJ��7KH�UHDVRQ�LV�VLPSOH��7KH�:RUG
3URFHVVRU�ZDV�ILUVW�GHYHORSHG�DV�DQ�(�$�2SWLRQ���SURJUDP��PDLQO\�IRU�RXU�RZQ�XVH��:KHQ�ZH�GHFLGHG�WR
PDUNHW�LW�DV�D�FRPPHUFLDO�SURGXFW��ZH�DGDSWHG�LW�WR�UXQ�XQGHU�([WHQGHG�%DVLF�ZLWK�D�FXVWRP�ORDGHU
VXEPHUJHG�XQGHU�DQ�;%�/2$'�SURJUDP��7KLV�PHDQW�WKDW�DOO�WKH�XWLOLWLHV�VXFK�DV�90%:��.6&$1��DQG
VR�RQ�ZHUH�KDQGOHG�DV�(TXDWHV�WR�WKH�ORFDWLRQV�RI�WKHVH�YHFWRUV�ZKHQ�;%�LV�LQ�SODFH��0XFK�ODWHU��ZH
GHFLGHG��DV�SDUW�RI�D�JHQHUDO�XSJUDGH��WR�DGG�WKH�DELOLW\�WR�ORDG�IURP�HLWKHU�(�$�RU�7,:��6WLOO��DOO�WKH�EXON
RI�WKH�SURJUDP�UHOLHG�RQ�ILQGLQJ�XWLOLWLHV�ZKHUH�;%�SODFHV�WKHP��7KXV�ZH�KDG�WR�JLYH�RXU�87,/��ORDGHU
WKH�FDSDELOLW\�RI�SXWWLQJ�DOO�WKRVH�XWLOLWLHV�LQ�WKH�ULJKW�SODFH�EHIRUH�WXUQLQJ�WKH�FRPSXWHU�RYHU�WR�WKH�:RUG
3URFHVVLQJ�SURJUDP�

:H�WKHQ�ZURWH�D�VPDOO�$VVHPEO\�SURJUDP�ZKLFK�ZRXOG�UXQ�XQGHU�;%�DQG�FDSWXUH�WKH�;%�XWLOLWLHV�IRU�XV
LQ�D�PHPRU\�LPDJH�ILOH�FDOOHG�;%87��+DYLQJ�WKDW�JDYH�XV�WKH�PHDQV�WR�XVH�WKH�VRXUFH�FRGH�VKRZQ�LQ�WKH
6LGHEDU�DORQJ�ZLWK�7,
V�6$9(�XWLOLW\�WR�FUHDWH�RXU�RZQ�FXVWRP�2SWLRQ���ORDGHU�
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$QG�WKDW�LV�SDUW�RI�WKH�UHDVRQ�IRU�D�FXVWRP�ORDGHU��%DFN�ZKHQ�ZH�GHFLGHG�WR�PDNH�WKH�SURJUDP�RSHUDWH
IURP�([WHQGHG�%DVLF��ZH�QHHGHG�D�ORDGHU�VR�WKDW�ZH�ZRXOG�QRW�KDYH�WR�ORDG�WKH�REMHFW�ILOH�ZLWK�;%
V�&$//
/2$'��7KH�:RUG�3URFHVVRU�SURSHU�ILOOV�QHDUO\�DOO�RI�ERWK�WKH�/RZ�DQG�+LJK�SRUWLRQV�RI�WKH���.�PHPRU\�
7KH�REMHFW�ILOH��XQFRPSUHVVHG��ILOOV�����VHFWRUV�RI�GLVN�VSDFH��DQG�FDQQRW�EH�ORDGHG�E\�WKH�(�$�2SWLRQ��
ORDGHU�EHFDXVH�LW�$25*V�LQWR�VSDFH�XVHG�E\�WKDW�ORDGHU�LWVHOI��/RDGLQJ�WKDW�REMHFW�FRGH�XQGHU�([WHQGHG
%DVLF�WDNHV�DOO�RI�VHYHQ�PLQXWHV��7KDW
V�D�ORQJ�WLPH�WR�ORRN�DW�D�VFUHHQ�ZKLFK�VD\V��/2$',1*�0$,1
352*5$0��DQG��3/($6(�67$1'�%<���7KXV�ZH�LQFOXGHG�LQ�WKH�:3�FRGH�D�FXVWRP��VDYH��XWLOLW\��VR�WKDW
WKH�:3�SURJUDP�FRXOG�VDYH�LWVHOI�DV�ILYH�VHSDUDWH�PHPRU\�LPDJH�ILOHV��7KHQ�ZH�ZURWH�D�ORDGHU�ZKLFK
ZRXOG�EH�HPEHGGHG�XQGHU�DQ�;%�/2$'�SURJUDP��DQG�ZRXOG�ORDG�LQ�WKHVH�ILYH�PHPRU\�LPDJH�ILOHV�IURP
WKH�GLVN��7KDW�ZD\��IURP�VHOHFWLQJ�;%�WR�WKH�0DLQ�0HQX�RI�:3�RQ�VFUHHQ�WDNHV�DERXW����VHFRQGV�IURP�D
IORSS\�GULYH��RU�DERXW�IRXU�VHFRQGV�IURP�5DPGLVN�

0XFK�RI�WKH�FRGH�LQ�WRGD\
V�6LGHEDU�LV�GHULYHG�IURP�WKDW�RULJLQDO�$VVHPEO\�ORDGHU�ZH�ZURWH�IRU�VXEPHUJLQJ
XQGHU�WKH�;%�/2$'�SURJUDP��,W
V�QRW�WKH�SUHWWLHVW�FRGH�ZH
YH�VKRZQ��,Q�IDFW�LW
V�SUREDEO\�WKH�XJOLHVW�ZH
OO
HYHU�VKRZ�\RX��:H�KDYH�YLRODWHG�PDQ\�RI�RXU�RZQ�UXOHV�LQ�WKURZLQJ�WKLV�WRJHWKHU��)RU�H[DPSOH��WKHUH�DUH
GDWD�VHFWLRQV�PL[HG�LQ�DPRQJ�WKH�FRGH�VHFWLRQV��$OVR��WKHUH�DUH�SODFHV�ZKHUH�ZH�FRXOG�KDYH�XVHG�RXU�RZQ
PHWKRGV�WR�VDYH�PHPRU\�VSDFH��EXW�KDYHQ
W�GRQH�VR��,QVWHDG��ZH�IROORZHG�WKH�PD[LP��)LUVW��JHW�LW�WR�ZRUN��

:KHQ�ZH�ORRNHG�DW�WKH�VRXUFH�FRGH�WR�SUHSDUH�LW�IRU�WKLV�DUWLFOH��ZH�IRXQG��GHDG�FRGH��VHFWLRQV��VXEURXWLQHV
WKDW�ZHUH�QHYHU�FDOOHG��DQG�XQXVHG�GDWD�OLQHV�LQ�LW��2XU�RQO\�H[FXVH�LV�WKDW�WKLV�ZDV�PRVWO\�ERUURZHG�IURP
WKH�ORDGHU�ZULWWHQ�IRU�WKH�;%�YHUVLRQ��KDVWLO\�WKURZQ�WRJHWKHU�IRU�D�VKRZ�GHDGOLQH��DQG�ZH�TXLW�ORRNLQJ
DW�LW�RQFH�ZH�JRW�LW�WR�ZRUN��7KH�YHUVLRQ�VKRZQ�KHUH�ZLOO�VWLOO�ZRUN��EXW�KDV�EHHQ�FOHDQHG�XS�FRQVLGHUDEO\�
DQG�RI�FRXUVH�KDV�EHHQ�DQQRWDWHG�VR�\RX�FDQ�IROORZ�ZKDW�LW
V�GRLQJ�OLQH�E\�OLQH�

%HIRUH�ZH�ORRN�DW�WKH�VRXUFH�FRGH�LQ�GHWDLO��OHW
V�ORRN�DW�WKH�0HPRU\�PDSSLQJ�IRU�WKH�:3�SURJUDP���6HH
)LJXUH����,Q�/RZ�PHPRU\�ZH�KDYH�WKH�;%�XWLOLWLHV��WKHQ�WKH�VHFWLRQ�RI�FRGH�ZKLFK�VWDUWV�XS�WKH�SURJUDP
DQG�SXWV�WKH�PHQX�RQ�WKH�VFUHHQ��6WDUWLQJ�DW�!�$���ZH�KDYH�WKH�FRGH�XVHG�IRU�SULQWLQJ�GRFXPHQWV��SOXV
WKH�SDUW�WKDW�ILQGV�DQG�UHDGV�D�XVHU
V�FRQILJXUDWLRQ�ILOH�LI�KH
V�FRQILJXUHG�KLV�FRS\��7KDW�DOO�HQGV�DW�!��)(�

,Q�+LJK�PHPRU\�ZH�KDYH�WKUHH�DUELWUDULO\�GLYLGHG�VHFWLRQV�RI�WKH�FRGH��ZKLFK�HQGV�DW�!)�&��

7KHVH�ILYH�VHFWLRQV�RI�FRGH�DUH�VWRUHG�RQ�WKH�GLVN�LQ�ILYH�0HPRU\�,PDJH�ILOHV��QDPHG�DV�VKRZQ�LQ�)LJXUH
���7KH�SDUW�FDOOHG�35,17&2'(�FRXOG�KDYH�EHHQ�FRPELQHG�ZLWK�WKH�0(18&2'(�LQ�RQH�ILOH��H[FHSW�WKDW
WKH�VHFWLRQ�35,17&2'(�LV�RQ�RFFDVLRQ�RYHUZULWWHQ�E\�HLWKHU�XWLOLW\�SURJUDPV�ORDGHG�DV�RYHUOD\V��RU�E\
WH[W�IURP�D�0RYH�RU�&RS\�WH[W�RSHUDWLRQ��7KXV�WKHUH�DUH�WLPHV�GXULQJ�WKH�SURJUDP
V�RSHUDWLRQ�WKDW�LW�PXVW
UH�ORDG�35,17&2'(�WR�SULQW�D�GRFXPHQW�

$V�\RX�FDQ�VHH��WKH�/RDGHU�VLWV�DW�WKH�KLJKHU�DGGUHVVHV�LQ�+LJK�PHPRU\��$W�SUHVHQW��WKHUH
V�D�JDS�EHWZHHQ
WKH�HQG�RI�WKH�PDLQ�SURJUDP
V�FRGH�DQG�WKH�ORDGHU
V�EHJLQQLQJ��,I�ZH�ZDQWHG�WR��ZH�FRXOG�KDYH�WKH�ODVW
VHFWLRQ�RI�FRGH�LQ�WKH�PDLQ�SURJUDP�RYHUODS�DOO�EXW�D�VPDOO�SRUWLRQ�RI�WKH�ORDGHU�ZLWKRXW�DQ\�KDUP��$V
LW�LV��ZH�KDYH�QR�SODQV�SUHVHQWO\�IRU�XVLQJ�XS�WKDW�UHPDLQLQJ�VSDFH�



The Cyc: MICROpendium

1RZ�LQWR�WKH�VRXUFH�FRGH��7KH�5()V�DW�WKH�EHJLQQLQJ�UHIHU�WR�WKH�(�$�XWLOLWLHV�ZKLFK�DUH�DYDLODEOH�WR�XV
ZKHQ�WKH�REMHFW�FRGH�LV�ORDGHG�XQGHU�2SWLRQ����7KH�FRGH�EHWZHHQ�ODEHO�*(787�DQG�WKH�OLQH�UHDGLQJ
%�#6$9(�LV�DOO�WKDW�JHWV�H[HFXWHG�DIWHU�WKH�2SWLRQ���ORDGLQJ��7KLV�FRGH�HVWDEOLVKHV�D�3HULSKHUDO�$FFHVV
%ORFN�XVLQJ�WKH�GDWD�DW�ODEHO�6$9'7��WKHQ�XVHV�'65/1.�WR�EULQJ�WKH�PHPRU\�LPDJH�ILOH�;%87�LQWR�D
9'3�5$0�EXIIHU�DUHD��,W�WKHQ�SHUIRUPV�D�90%5�RSHUDWLRQ�WR�SODFH�WKDW�ILOH
V�FRQWHQWV�DW�ODEHO�'$7$/'�
ZLWKLQ�WKH�SDUW�RI�WKH�FRGH�WKDW�ZLOO�EH�VDYHG�DV�87,/��

7KH�7,�6$9(�XWLOLW\�WDNHV�HYHU\WKLQJ�EHWZHHQ�ODEHO�6),567�DQG�6/$67�DQG�VWRUHV�WKDW�DV�DQ�2SWLRQ��
SURJUDP�ILOH��ZKLFK�ZH�QDPH�87,/���7KXV�WKH�VHFWLRQ�DW�*(787�DOORZV�XV�WR�HPEHG�WKH�([WHQGHG�%DVLF
XWLOLWLHV�ZLWKLQ�WKDW�2SWLRQ���SURJUDP�ILOH�EHIRUH�LW
V�VDYHG�WR�GLVN�

:H�KRSH�WKDW
V�DOO�FOHDU��EHFDXVH�LI�LW�LVQ
W��WKHQ�ZKDW�IROORZV�ZLOO�EH�YHU\�PXGG\�LQGHHG�

:H�QRZ�SOXQJH�LQWR�WKH�PXUN\�ZDWHUV�RI�KRZ�WKH�DFWXDO�ORDGHU��VDYHG�DV�87,/���ZRUNV��7KH�YHU\�ILUVW
WKLQJ�LW�GRHV�LV�VWDVK�5����ZKLFK�SUREDEO\�FRXOG�EH�GLVSHQVHG�ZLWK��EXW�LW
V�WKHUH��1H[W�LW�ORDGV�D�WHPSRUDU\
ZRUNVSDFH��UDWKHU�WKDQ�RXU�XVXDO�!��%$��7KH�UHDVRQ�IRU�WKLV�LV�VLPSOH��:H�ZLOO�EH�ZULWLQJ�WR�WKH�DUHD�LQ
ORZ�PHPRU\�WKDW�LQFOXGHV�!��%$��XVLQJ�UHJLVWHUV�DV�SRLQWHUV��DQG�ZH�FDQ
W�RYHUZULWH�WKH�ZRUNVSDFH�ZH
UH
XVLQJ��7KXV�ZH�KDYH�D�WHPSRUDU\�ZRUNVSDFH�DW�ODEHO�:6���ZLWKLQ�WKH�87,/��SURJUDP
V�VSDFH�

7KH�SURJUDP�QRZ�PRYHV�WKH������E\WHV�FRQWDLQLQJ�WKH�;%�XWLOLWLHV�IURP�ODEHO�'$7$/'�WR�WKHLU�SURSHU
SODFH�LQ�ORZ�PHPRU\��XVLQJ�WKH�ORRS�DW�ODEHO�38787��)URP�WKLV�SRLQW�RQ��WKH�SURJUDP�ZLOO�XVH�WKH�;%
HTXDWHV�IRU�LWV�XWLOLW\�YHFWRUV�VXFK�DV�90%:��:H
YH�JLYHQ�WKHVH�HTXDWHV�GLIIHUHQW�QDPHV�VR�WKH\�ZRQ
W
FRQIOLFW�ZLWK�WKH�5()V�XVHG�LQ�WKH�*(787�VHFWLRQ�

$W�ODEHO�23(1��ZH�SHUIRUP�ZKDW
V�FDOOHG��%RRW�7UDFNLQJ���7KLV�VHFWLRQ�RI�FRGH�ILQGV�RXW�ZKDW�GLVN�GULYH
WKH�87,/��SURJUDP�ZDV�ORDGHG�IURP��DQG�SDVVHV�WKDW�LQIRUPDWLRQ�LQWR�WKH�3$%�GDWD�WKDW�LW�ZLOO�XVH�WR
ORDG�WKH�PDLQ�SURJUDP
V�ILYH�PHPRU\�LPDJH�ILOHV��7KXV�LI�RQH�KDV�WKH�:RUG�3URFHVVRU�GLVN�LQ�GULYH����RU
DQ\�RWKHU�GULYH�LQFOXGLQJ�5DPGLVN��WKH�87,/��SURJUDP�ZLOO�JR�WR�WKDW�VDPH�GULYH�WR�ILQG�LWV�ILOHV�DQG�ORDG
WKHP��7KLV�SURJUDP��LQFLGHQWDOO\��KDV�QRW�EHHQ�PDGH�FRPSDWLEOH�ZLWK�KDUG�GLVN�V\VWHPV��EXW�ZLOO�ORDG�DQG
UXQ�IURP�DQ\�IORSS\�RU�5DPGLVN��UHJDUGOHVV�RI�ZKDW�LWV�GULYH�QXPEHU�RU�OHWWHU�LV�

$IWHU�WKDW��ZH�EUDQFK�WR�ODEHO�0(18��ZKHUH�ZH�ORDG�WKH�ILQDO�ZRUNVSDFH�DW�!��%$��1H[W�ZH�SHUIRUP�D
OLWWOH�RSHUDWLRQ�WKDW
V�RQO\�QHHGHG�ZKHQ�ZH
YH�HQWHUHG�ZLWK�WKH�7,�:ULWHU�PRGXOH��:H�VLPSO\�FDSWXUH�WKH
FKDUDFWHU�GHILQLWLRQ�IRU�WKH�VSDFH�FKDUDFWHU��WKHQ�XVH�WKDW�WR�GHILQH�WKH�]HUR�FKDUDFWHU�>&+5����@�WR�ORRN
OLNH�D�VSDFH��7KH�PDLQ�:3�SURJUDP�ZLOO�ORDG�LWV�RZQ�FKDUDFWHU�VHW�EHJLQQLQJ�DW�FKDUDFWHU�RQH�>&+5����@�
DQG�H[WHQGLQJ�WKURXJK�FKDUDFWHU������EXW�WKH�7,:�PRGXOH�ZRXOG�OHDYH�WKH�]HUR�FKDUDFWHU�GHILQHG��DQG
ZH�ZDQW�LW�WR�ORRN�OLNH�D�VSDFH�

1RZ�ZH�GR�VRPH�9:75�RSHUDWLRQV�WR�VHW�WKH�VFUHHQ�WR�WH[W�PRGH��VHW�XS�WKH�FRORUV�IRU�WH[W�PRGH��DQG�WR
LQVXUH�WKDW�9'3�ZLOO�ORRN�IRU�FKDUDFWHU�GHILQLWLRQV�DW�!�����WKHQ�FOHDU�WKH�VFUHHQ��1RZ�ZH�JLYH�WKH�XVHU
WZR�PHVVDJHV�RQ�WKH�VFUHHQ��DQG�JHW�RQ�ZLWK�WKH�UHDO�ZRUN�RI�ORDGLQJ�WKH�ILYH�PHPRU\�LPDJH�ILOHV�
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7KLV�ZRXOG�JHW� UHSHWLWLRXV�� VR�ZH
OO� MXVW� JR� WKURXJK� WKH�SURFHVV�RI� ORDGLQJ� WKH� ILUVW� VXFK� ILOH�� FDOOHG
0(18&2'(��)LUVW��ZH�VHW�5��WR�SRLQW�WR�WKH�3$%�DUHD�LQ�9'3��5��WR�SRLQW�WR�WKH�GDWD��5��WR�WKH�OHQJWK
RI�WKDW�GDWD��WKHQ�ZULWH�WKH�3$%�LQWR�9'3�5$0��7KH�3$%�FRQWDLQV�WKH�RSFRGH�����ZKLFK�LV�XVHG�WR�ORDG
D�PHPRU\�LPDJH�ILOH��1H[W�LQ�WKH�3$%�LV�WKH�9'3�EXIIHU�DGGUHVV�LQWR�ZKLFK�WKH�E\WHV�IURP�WKDW�ILOH�ZLOO
EH�GXPSHG�E\�WKH�'65��7KH�WKLUG�ZRUG�LQ�WKH�3$%�LV�DOZD\V���IRU�WKLV�NLQG�RI�ILOH��DQG�WKH�IRXUWK�LQGLFDWHV
WKH�PD[LPXP�QXPEHU�RI�E\WHV�WR�EH�WDNHQ�IURP�WKH�ILOH��7KLV�QXPEHU�PXVW�EH�HTXDO�WR�RU�JUHDWHU�WKDQ
WKH� DFWXDO� ILOH� FRQWHQW�� ,Q� RXU� FDVH�� ZH
YH�PDGH� LW� H[DFWO\� HTXDO� WR� WKH� QXPEHU� RI� E\WHV� IRXQG� LQ
0(18&2'(��)LQDOO\��WKHUH
V�D�E\WH�VHW�WR�]HUR��WKHQ�WKH�OHQJWK�RI�WKH�ILOH�GHVFULSWRU��IROORZHG�E\�WKH�ILOH
GHVFULSWRU�WH[W�
'6.[�0(18&2'(
��7KH�[�LV�WKHUH�WR�LQGLFDWH�WKDW�WKH���RI�'6.��ZLOO�KDYH�EHHQ�UHSODFHG
E\�WKH�ERRW�WUDFNLQJ�SURFHVV�

2QFH�ZH
YH�PRYHG�WKH�3$%�DGGUHVV�SOXV�QLQH�LQWR�!�����DQG�FOHDUHG�WKH�67$786��ZH�SURFHHG�WR�JHW�WKH
ILOH�LQWR�WKH�9'3�5$0�EXIIHU�E\�D�%/:3�#'65/1-��'65/1-"�:K\�QRW�'65/1.��\RX�DVN"�7KH�XWLOLW\
YHFWRU�'65/1.�KDV�EHHQ�RYHUZULWWHQ�ZKHQ�ZH�PRYHG�WKH�;%�XWLOLWLHV�LQWR�/RZ�PHPRU\��VR�ZH�FDQ
W�XVH
LW��,QVWHDG��ZH
YH�LQFOXGHG�D�'65�/LQNDJH��WKDQNV�WR�'RXJ�:DUUHQ�&UDLJ�0LOOHU��ZKLFK�KDV�EHHQ�UHQDPHG
'65/1-�VR�LW�ZRQ
W�XSVHW�WKH�$VVHPEOHU��7KLV�LV�WKH�VDPH�'65/1.�WKDW�ZDV�LQFOXGHG�LQ�%DUU\�7UDYHU
V
FROXPQ�VRPH�WLPH�DJR��7KDW�OLQN�YHFWRU�DQG�LWV�DVVRFLDWHG�FRGH�LV�SDUW�RI�RXU�SURJUDP�87,/���ZKLFK�LV
NHSW�LQ�WKH�KLJKHVW�DYDLODEOH�DGGUHVVHV�LQ�+LJK�PHPRU\�

:KHQ�RXU�PDLQ�SURJUDP�LV�UXQQLQJ��LW�WRR�XVHV�WKLV�OLQNDJH�YHFWRU�WR�SHUIRUP�ILOH�DFFHVVHV��,W�DOVR�XVHV
WKH�*3//1.�LQFOXGHG�LQ�RXU�87,/��SURJUDP��MXVW�EHIRUH�'65/1-�

2ND\��VR�QRZ�ZH
YH�JRW�WKH�VHFWLRQ�FDOOHG�0(18&2'(�LQ�9'3�5$0��7KH�QH[W�VWHS�LV�WR�SXW�WKDW�LQWR
/RZ�PHPRU\�DW�WKH�FRUUHFW�DGGUHVV��7KDW�DGGUHVV�LV�!��)�������RU�!������7KH�����E\WHV�EHWZHHQ
!��)��DQG�!�����DUH�XVHG�ZKHQ�ZH�HQWHU�IURP�;%�WR�VWDVK�VRPH�V\VWHP�GDWD�ZKLFK�;%�ZLOO�QHHG�ZKHQ
ZH�H[LW�WKH�SURJUDP��KHQFH�WKH�DFWXDO�FRQWHQW�RI�RXU�:3�SURJUDP�VWDUWV�DW�!������0RYLQJ�RI�WKH�FRGH�LQWR
LWV�SURSHU�SODFH�LV�GRQH�E\�D�%/:3�#90%5$��ZKLFK�LV�RI�FRXUVH�RQH�RI�WKRVH�;%�XWLOLWLHV�ZH�SXW�LQ�SODFH
HDUOLHU�

7KLV�SURFHVV�FRQWLQXHV�XQWLO�ZH
YH�ORDGHG�DOO�ILYH�PHPRU\�LPDJH�ILOHV��7KHVH�ILOHV�DUH�WUXH�PHPRU\�LPDJH�
ZLWK�QR�ILOH�KHDGHUV�DWWDFKHG�WR�WKHP��0DQ\�DXWKRUV�ZLOO�JR�WR�VRPH�WURXEOH�DERXW�PDNLQJ�ILOH�KHDGHUV�
EXW�RXU�UHDVRQLQJ�ZDV�WKDW��VLQFH�WKH�RQO\�SRVVLEOH�XVH�WKHVH�ILOHV�KDYH�LV�WR�EH�ORDGHG�E\�RXU�RZQ�ORDGHU�
WKHUH�ZDV� QR� SRLQW� LQ� SURYLGLQJ� WKHP�ZLWK� KHDGHUV��7KHUH� DUH� GD\V�ZKHQ�ZH� UHJUHW� WKDW� GHFLVLRQ�
HVSHFLDOO\�ZKHQ�ZH�PDNH�FKDQJHV�LQ�WKH�PDLQ�SURJUDP�ZKLFK�UHTXLUH�FKDQJLQJ�WKH�DGGUHVVHV�HTXDWHG�LQ
RXU�ORDGHU��ZKLFK�WKHQ�PXVW�EH�UH�DVVHPEOHG�MXVW�EHFDXVH�RQH�RI�WKRVH�DGGUHVVHV�FKDQJHG�E\�WZR�E\WHV�
7KH�YHU\�QH[W�WLPH�ZH�ZULWH�D�:3�SURJUDP��ZH
OO�SXW�D�ILOH�KHDGHU�RI�VRPH�NLQG�LQ��JLYLQJ�XV�VRPH
LQIRUPDWLRQ�DERXW�WKH�OHQJWK�RI�WKH�ILOH
V�FRQWHQW��DQG�WKHQ�ZH�ZRQ
W�QHHG�WR�FKDQJH�DQG�DVVHPEOH�WKH
ORDGHU�HDFK�WLPH�ZH�FKDQJH�WKH�PDLQ�SURJUDP�

7KH�ODVW�FRXSOH�RI�WKLQJV�WKLV�SURJUDP�GRHV�LV�WR�SODFH�WKH�ODVW�VHFWLRQ�RI�FRGH��:25'&2'(���LQWR�KLJK
PHPRU\��VHQG�WKH�GULYH�GHVLJQDWRU�E\WH�WR�ORFDWLRQ�!)'�(�����WKHQ�EUDQFK�WR�DGGUHVV�!������WKH�HQWU\
SRLQW�RI�WKH�PDLQ�SURJUDP��/RFDWLRQ�!)'�(����LV�PHDQLQJOHVV�LQ�WKLV�SURJUDP�SHU�VH��EXW�LW�KDSSHQV
WR�EH�WKH�ORFDWLRQ�ZKHUH�WKH�;%�ORDGHU�KDV�WKH�GULYH�GHVLJQDWRU�E\WH��VR�ZH�SDUN�WKDW�E\WH�DW�WKDW�ORFDWLRQ�
ZKHUH�WKH�PDLQ�SURJUDP�FDQ�JHW�WKH�LQIRUPDWLRQ�DERXW�ZKDW�GULYH�WKH�SURJUDP�GLVN�UHVLGHV�LQ�
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7KLV�ORDGHU�LV�IDLUO\�PHVV\��DQG�ZH�UHDOO\�VKRXOG�JHW�DURXQG�WR�FOHDQLQJ�LW�XS��EXW�WKH�LGHD�LQ�WRGD\
V�DUWLFOH
ZDV� WR� JLYH� \RX� VRPH� LGHDV� WR� SOD\�ZLWK�� DQG� WR� VKRZ� VRPH� HVVHQWLDO� WKLQJV� D� ORDGHU�PXVW� GR��:H
XQGHUVWDQG� WKDW� WKHUH�DUH� VRPH� �*HQHUDO�3XUSRVH�� ORDGHUV�DYDLODEOH� LQ� WKH�7,� FRPPXQLW\��EXW�RXU
H[SHULHQFH�KDV�EHHQ�WKDW��VLQFH�RXU�RZQ�VW\OH�RI�GRLQJ�WKLQJV�LV�XQLTXH��ZH
UH�VWXFN�ZLWK�ZULWLQJ�RXU�RZQ
ORDGHUV��$IWHU�GRLQJ�D�FRXSOH�RI�WKHP��RQH�FDQ�DOZD\V�WDNH�DQ�ROG�RQH��PDNH�VRPH�FKDQJHV�WR�WKH�VRXUFH
FRGH��DQG�JHQHUDWH�D�QHZ�FXVWRP�ORDGHU�ZLWK�YHU\�OLWWOH�HIIRUW��:H�KRSH�\RX�QRZ�NQRZ��:K\�D�'XFN��

2XU�QH[W�DUWLFOH�ZLOO�JR�LQWR�WKH�WRSLF�RI�ILOH�DFFHVVHV�LQ�PRUH�GHSWK��ZLWK�HPSKDVLV�RQ�WUDSSLQJ�HUURUV�LQ
ILOH�RSHUDWLRQV�

* SOURCE CODE FOR UTIL1 LOADER
* TO LOAD HARRISON'S WP UNDER EDITOR/ASSEMBLER OPTION 5
* THIS IS ACTUALLY TWO PROGRAMS IN ONE
* THE FIRST GETS AND STOWS THE XB UTILITIES WITHIN THE SECOND,
* THEN BRANCHES TO TI'S SAVE UTILITY
*
       AORG >F690        SET MEMORY LOCATION FOR THIS CODE
       DEF  GETUT        DEFINE ENTRY POINT FOR FIRST PROGRAM
       REF  SAVE         REFERENCE THE LABEL SAVE IN THE TI SAVE UTILITY
       REF  VMBW,VMBR,VSBW,VSBR,DSRLNK
GETUT  MOV  R11,@>8300   STASH REGISTER 11 AT >8300
       LWPI WS16         LOAD A WORKSPACE WITHIN OUR OWN CODE
       LI   R0,PAB1      SET POINTER FOR PERIPHERAL ACCESS BLOCK
       LI   R1,SAVDT     POINT TO THE DATA FOR THAT PAB
       LI   R2,19        NINETEEN BYTES IN THE PAB DATA
       BLWP @VMBW        WRITE 19 BYTES TO VDP RAM
       AI   R0,9         ADD 9 TO R0
       MOV  R0,@PABPNT   PLACE THAT NUMBER AT >8356
       CLR  @STATUS      CLEAR THE GPL STATUS BYTE
       BLWP @DSRLNK      GET THE XB UTILITIES INTO VDP BUFFER FROM DISK FILE
       DATA 8            DATA FOR DSR LINKAGE
       LI   R0,>1020     POINT TO BUFFER SPACE IN VDP RAM
       LI   R1,DATALD    POINT R1 TO LOCATION WITHIN PROGRAM TO BE SAVED
       MOV  @SAVDT+6,R2  GET LENGTH OF FILE INTO R2
       BLWP @VMBR        READ THE XB UTILITIES INTO MEMORY
       B    @SAVE        BRANCH TO THE TI SAVE UTILITY
SAVDT  DATA >0500,>1020,0,>24F6->2008,>0009
       TEXT 'DSK4.XBUT'
*
* END OF FIRST PROGRAM
*
* START OF SECOND PROGRAM
* THE PART FROM HERE TO THE END IS SAVED BY THE TI SAVE UTILITY AS FILE UTIL1
* THIS PART IS WHAT LOADS THE FIVE MEMORY IMAGE FILES COMPRISING THE WP PROGRAM
*
       DEF  SFIRST,SLAST,SLOAD   DEFINED LABELS REQUIRED BY TI'S SAVE UTILITY
SFIRST
SLOAD
       MOV  R11,@>8300   STASH R11
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       LWPI WS16         LOAD TEMPORARY WORKSPACE
       LI   R9,DATALD    POINT AT DATA FROM SAVED XB UTILITIES
       LI   R10,>2008    POINT AT START OF XB UTILITY VECTOR AREA
       LI   R4,>24F6->2008  SET R4 FOR NUMBER OF BYTES IN XBUT
PUTUT  MOV  *R9+,*R10+   MOVE A WORD INTO LOW MEMORY AREA, INCREMENT POINTERS
       DECT R4           DECREMENT COUNT BY TWO, SINCE WE'RE MOVING A WORD
       JNE  PUTUT        IF NOT ZERO, REPEAT
       B    @OPEN        BRANCH TO NEXT SECTION OF CODE
WS16   BSS  32           TEMPORARY WORKSPACE
DATALD BSS  >24F6->2008  STORAGE AREA FOR XB UTILITIES
FSTEND EQU  >2A66        END OF FIRST SECTION OF MAIN PROGRAM
ENDCNF EQU  >39FE        END OF CONFIGURATION SETTING CODE
DEFPRN EQU  >F0F8+200    END OF HIGH MEMORY PART OF WP
FAC    EQU  >834A        FLOATING POINT ACCUMULATOR
WS     EQU  >20BA        REAL WORKSPACE
VSBRA  EQU  >2028        THE XB VSBR VECTOR'S ADDRESS
OPEN
* THE SECTION HERE AT LABEL OPEN PERFORMS "BOOT TRACKING"
* THAT IS, IT TELLS OUR PROGRAM WHICH DRIVE IT WAS LOADED FROM
       MOV  @>83D0,R12   GET THE CRU BASE IN R12
       MOV  @>83D2,R9    GET THE ROM ADDRESS FOR DEVICE
       LDCR @ONES,0      ENABLE THE ROM
       AI   R9,4         ADDING FOUR PUTS US AT THE LENGTH BYTE
       MOVB *R9+,R4      PLACE THAT IN R4 AND INCREMENT R9
       SRL  R4,8         RIGHT JUSTIFY LENGTH IN R4
       LI   R10,SAVDT3+10 POINT TO TEXT BUFFER
MOVIT  MOVB *R9+,*R10+   MOV ONE BYTE FROM ROM TO TEXT BUFFER
       DEC  R4           FINISHED?
       JNE  MOVIT        NO, DO ANOTHER BYTE
       LDCR R4,0         DISABLE THE ROM (R4 IS ZERO AT THIS POINT)
       MOVB @SAVDT3+13,R1 MOVE DRIVE NUMBER (OR LETTER) INTO R1
       MOVB R1,@MENUDT+13 THEN MOVE INTO THE PAB DATA LINES
       MOVB R1,@WRD1DT+13
       MOVB R1,@WRD2DT+13
       MOVB R1,@WRD3DT+13
       B    @MENU        BRANCH TO NEXT SECTION OF CODE
ONES   DATA >0101        WORD TO TURN ON ROM IN CRU
*
VMBWA  EQU  >2024        XB'S VMBW VECTOR LOCATION
VMBRA  EQU  >202C        XB'S VMBR LOCATION
VSBWA  EQU  >2020        XB'S VSBWA
VWTR   EQU  >2030        XB'S VWTR LOCATION
KEYADR EQU  >8374        KEY-UNIT ADDRESS
STATUS EQU  >837C        GPL STATUS BYTE
SCRMO  EQU  >83D4        STORAGE LOCATION FOR SCREEN MODE BYTE
PABPNT EQU  >8356        POINTER LOCATION FOR DSR LINKAGE
PAB1   EQU  >400         FIRST PAB ADDRESS
TEXMO  BYTE >F0          TEXT MODE BYTE
BLNKLN TEXT '                                        '
OPMSG  TEXT 'LOADING IN MAIN PROGRAM' TEXT MESSAGE



The Cyc: MICROpendium

PSBMSG TEXT 'PLEASE STAND BY'
CRITE  BSS  8
* FOLLOWING DATA SECTION CONTAINS THE PAB DATA FOR THE SECTIONS OF MAIN PROGRAM
MENUDT DATA >0500,>1000,0,FSTEND->2574,>000D
       TEXT 'DSK1.MENUCODE'
SAVDT3 DATA >0500,>1000,0,ENDCNF-FSTEND,>000E
       TEXT 'DSK1.PRINTCODE'
WRD1DT DATA >0500,>0D00,0,9983,>000E
       TEXT 'DSK1.WORDCODE1'
WRD2DT DATA >0500,>0D00,0,9983,>000E
       TEXT 'DSK1.WORDCODE2'
WRD3DT DATA >0500,>0D00,0,DEFPRN+2->A000-9983-9983,>000E
       TEXT 'DSK1.WORDCODE3'
* MAIN PART OF LOADER BEGINS HERE
MENU   LWPI WS           SETS UP WORKSPACE
       MOVB @TEXMO,@SCRMO MOVE BYTE >F0 INTO >83D4
       CLR  @KEYADR      CLEAR WORD AT >8374
* THE NEXT SIX LINES ARE HERE TO CLEAR OUT THE DEFINITION OF CHARACTER ZERO.
* THAT CHARACTER IS DEFINED WHEN WE ENTER FROM TI-WRITER MODULE, SO WE SET IT
* UP TO LOOK LIKE A SPACE CHARACTER.
* THIS IS NECESSARY SINCE OUR WP MAKES USE OF CHARACTER ZERO, AND WE WANT IT TO
* LOOK LIKE A SPACE ON THE SCREEN
       LI   R0,32*8+>800 SET R0 TO SPACE CHARACTER DEFINITION
       LI   R1,CRITE     USE A STORAGE SPACE
       LI   R2,8         EIGHT BYTES TO GET
       BLWP @VMBRA       READ EIGHT BYTES
       LI   R0,>800      POINT TO CHARACTER ZERO DEFINITION
       BLWP @VMBWA       WRITE EIGHT BYTES
TEXT   LI   R0,>01F0     PREPARES FOR TEXT MODE
       BLWP @VWTR        SETS SCREEN IN TEXT MODE
       LI   R0,>074E     SETS COLORS
       BLWP @VWTR        FOR TEXT MODE
       LI   R0,>0401     PREP TO SET CHARACTER TABLE AT >800
       BLWP @VWTR        SET IT THERE
CLS    CLR  R0           POINT R0 TO SCREEN ORIGIN
       LI   R4,24        24 ROWS TO CLEAR
       LI   R1,BLNKLN    POINT TO 40 SPACES TEXT
       LI   R2,40        40 CHARACTERS PER ROW TO WRITE
LOOP   BLWP @VMBWA        WRITE 40 SPACES
       A    R2,R0        MOVE WRITE ADDRESS 1 LINE (ADD 40 TO R0)
       DEC  R4           DECREASE COUNT OF ROWS
       JNE  LOOP         IF NOT ZERO,LOOP BACK AND DO ANOTHER
       LI   R0,9*40+9    SET R0 FOR ROW 10, COLUMN 10
       LI   R2,23        23 CHARACTERS IN MESSAGE
       LI   R1,OPMSG     POINT R1 AT MESSAGE
       BLWP @VMBWA       WRITE MESSAGE "LOADING IN MAIN PROGRAM" TO SCREEN
       LI   R0,11*40+12  SET R0 FOR ROW 12, COLUMN 13
       LI   R2,15        15 BYTES IN MESSAGE
       LI   R1,PSBMSG    WRITE "PLEASE STAND BY"
       BLWP @VMBWA       TO THE SCREEN
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       LI   R0,PAB1      POINT R0 TO PERIPHERAL ACCESS BLOCK VDP ADDRESS
       LI   R1,MENUDT    POINT TO FIRST PAB DATA BLOCK
       LI   R2,23        23 CHARACTERS IN BLOCK
       BLWP @VMBWA       WRITE PAB TO VDP RAM
       AI   R0,9         ADD NINE TO ADDRESS
       MOV  R0,@PABPNT   MOVE THAT VALUE TO >8356
       CLR  @STATUS      CLEAR STATUS BYTE
       BLWP @DSRLNJ      USE DSR LINKAGE VECTOR
       DATA 8            DATA FOR DSR LINK
       LI   R0,>1000     POINT TO BUFFER AREA
       MOV  @MENUDT+6,R2 GET FILE LENGTH INTO R2
       LI   R1,>24F4+128 POINT AT LOW MEMORY LOCATION FOR FIRST CODE SECTION
       BLWP @VMBRA       READ THE SECTION MENUCODE INTO LOW MEMORY
       LI   R0,PAB1      POINT TO PAB LOCATION
       LI   R1,SAVDT3    SAVDT3 IS SECOND PAB DATA PORTION
       LI   R2,24        24 BYTES TO WRITE
       BLWP @VMBWA       WRITE PAB INTO VDP
       AI   R0,9         ADD NINE TO ADDRESS
       MOV  R0,@PABPNT   MOVE THAT TO >8356
       CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @DSRLNJ      USE DSR LINKAGE VECTOR
       DATA 8            REQUIRED DATA
       LI   R0,>1000     POINT TO BUFFER
       LI   R1,FSTEND    POINT TO END OF FIRST CODE SECTION
       MOV  @SAVDT3+6,R2 LENGTH OF CODE SECTION IN R2
       BLWP @VMBRA       MOVE THE FILE PRINTCODE INTO LOW MEMORY
       LI   R1,WRD1DT    POINT TO NEXT PAB DATA
       LI   R0,PAB1      SET R0 TO PAB
       LI   R2,24        24 BYTES TO WRITE
       BLWP @VMBWA       WRITE DATA TO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   MOVE TO >8356
       CLR  @STATUS      CLR STATUS
       BLWP @DSRLNJ      DSR LINK
       DATA 8            REQ'D DATA
       LI   R0,>0D00     SET TO BUFFER LOCATION
       LI   R1,>A000     POINT R1 TO START OF HIGH MEMORY
       LI   R2,9983      9983 BYTES IN FILE
       BLWP @VMBRA       READ THIS SECTION INTO HIGH MEMORY
       LI   R0,PAB1      RESET TO PAB
       LI   R1,WRD2DT    SECOND HIGH MEMORY PART
       LI   R2,24        24 BYTES
       BLWP @VMBWA       WRITE PAB
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   TO >8356
       CLR  @STATUS      CLR STATUS
       BLWP @DSRLNJ      DSR LINK
       DATA 8            DATA
       LI   R0,>0D00     POINT TO BUFFER
       LI   R1,>A000+9983 ADDRESS FOR SECOND SECTION OF HIGH MEMORY CODE
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       LI   R2,9983      9983 BYTES TO READ
       BLWP @VMBRA       READ INTO HIGH MEMORY
       LI   R0,PAB1      SET TO PAB
       LI   R1,WRD3DT    THIRD HIGH MEMORY PART
       LI   R2,24        24 BYTES PAB DATA
       BLWP @VMBWA       WRITE TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   TO >8356
       CLR  @STATUS      CLR STATUS
       BLWP @DSRLNJ      DSR LINK
       DATA 8            DATA
       LI   R0,>0D00     SET TO BUFFER
       LI   R1,>A000+9983+9983 ADDRESS FOR LAST SECTION OF CODE
       MOV  @WRD3DT+6,R2 LENGTH OF CODE SECTION
       BLWP @VMBRA       READ CODE INTO HIGH MEMORY
       MOVB @SAVDT3+13,@>FD0E+13 "MAILBOX" THE DRIVE DESIGNATOR FOR MAIN PGM
       B    @>2840       BRANCH TO MAIN PROGRAM ENTRY POINT
*  GENERAL PURPOSE GPL AND DSR LINKS
*  FOR USE UNDER EXTENDED BASIC
*  THIS CODE BY DOUG WARREN/CRAIG MILLER OF MILLER'S GRAPHICS
GPLWS  EQU  >83E0
GR4    EQU  GPLWS+8
GR6    EQU  GPLWS+12
STKPNT EQU  >8373
LDGADD EQU  >60
XTAB27 EQU  >200E
GETSTK EQU  >166C

       AORG >FF2C        SET MEMORY LOCATION FOR LINKAGE ROUTINES
* THIS AORG IS SET SO THAT UTILITIES WIND UP AT THE SAME LOCATION AS WITH THE
* EXTENDED BASIC LOADER
GPLLNK DATA GLNKWS
       DATA GLINK1
RTNAD  DATA XMLRTN
GXMLAD DATA >176C
       DATA >50
GLNKWS EQU  $->18
       BSS  >08
GLINK1 MOV  *R11,@GR4
       MOV  *R14+,@GR6
       MOV  @XTAB27,R12
       MOV  R9,@XTAB27
       LWPI GPLWS
       BL   *R4
       MOV  @GXMLAD,@>8302(R4)
       INCT @STKPNT
       B    @LDGADD
XMLRTN MOV  @GETSTK,R4
       BL   *R4
       LWPI GLNKWS
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       MOV  R12,@XTAB27
       RTWP
*
*
PUTSTK EQU  >50
TYPE   EQU  >836D
NAMLEN EQU  >8356
VWA    EQU  >8C02
VRD    EQU  >8800
GR4LB  EQU  >83E9
GSTAT  EQU  >837C

DSRLNJ DATA DSRWS,DLINK1
DSRWS  EQU  $
DR3LB  EQU  $+7
DLINK1 MOV  R12,R12
       JNE  DLINK3
       LWPI GPLWS
       MOV  @PUTSTK,R4
       BL   *R4
       LI   R4,>11
       MOV  R4,@>402(R13)
       JMP  DLINK2
       DATA 0
       DATA 0,0,0
DLINK2 MOVB @GR4LB,@>402(R13)
       MOV  @GETSTK,R5
       MOVB *R13,@DSRAD1
       INCT @DSRADD
       BL   *R5
       LWPI DSRWS
       LI   R12,>2000
DLINK3 INC  R14
       MOVB *R14,@TYPE
       MOV  @NAMLEN,R3
       AI   R3,-8
       BLWP @GPLLNK
DSRADD BYTE >03
DSRAD1 BYTE 00
       MOVB @DR3LB,@VWA
       MOVB R3,@VWA
       SZCB R12,R15
       MOVB @VRD,R3
       SRL  R3,5
       MOVB R3,*R13
       JNE  SETEQ
       COC  @GSTAT,R12
       JNE  DSREND
SETEQ  SOCB R12,R15
DSREND RTWP
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SLAST  END
* SLAST MARKS THE END OF WHAT'S SAVED IN THE FILE UTIL1
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1.8. The Art Of Assembly — Part 8. File Handling Tips

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7KLV�PRQWK
V�FROXPQ�ZLOO�RIIHU�D�IHZ�XVHIXO�WLSV�DQG�KLQWV�GUDZQ�IURP�RXU�H[SHULHQFH�ZLWK�ILOH�KDQGOLQJ
LQ�$VVHPEO\�ODQJXDJH�

7KHUH�DUH�VRPH�IXQGDPHQWDO�GHFLVLRQV�WKDW�PXVW�EH�PDGH�LQ�DQ\�ILOH�VWUXFWXUH�\RX
UH�JRLQJ�WR�XVH�LQ�D
SURJUDP��3HUKDSV�WKH�PRVW�IXQGDPHQWDO�LV�ZKHWKHU�WR�XVH�D�)L[HG�RU�9DULDEOH�UHFRUG�VL]H��7KLV�RI�FRXUVH
EULQJV�LPSOLFDWLRQV�DORQJ�IRU�WKH�ULGH��:LWK�)L[HG�UHFRUG�OHQJWK��\RX�JHW�WKH�DELOLW\�WR�DFFHVV�DQ\�UHFRUG
LQ�WKH�ILOH�ZLWKRXW�UHDGLQJ�WKRVH�WKDW�FDPH�EHIRUH�LW��,Q�D�JDPH�SURJUDP�WKDW�ZH�ZURWH�VRPH�WLPH�DJR��ZH
XVHG�D�IL[HG�UHFRUG�OHQJWK�VR�WKDW�ZH�FRXOG�WDNH�D�UDQGRP�QXPEHU�DQG�XVH�WKDW�WR�UHDG�D�UHFRUG�LQ�WKH�ILOH
VHOHFWHG�DW�UDQGRP��,Q�DQRWKHU�FDVH��IRU�RXU�*ROI�6FRUH�$QDO\]HU��ZH�XVHG�D�IL[HG�UHFRUG�OHQJWK�RI����E\WHV�
ZKLFK�FRUUHVSRQGHG�WR�WKH�UHFRUGV�LQ�PHPRU\�UHODWLQJ�WR�HDFK�URXQG�RI�JROI�HQWHUHG��7KLV�PDGH�RXU�ZKROH
ILOH�DFFHVV�SUREOHP�PXFK�HDVLHU�WR�GHDO�ZLWK�WKDQ�LW�FRXOG�KDYH�EHHQ�

9DULDEOH�UHFRUG�OHQJWK�LV��LQ�JHQHUDO��PRUH�HIILFLHQW�LQ�XVH�RI�GLVN�VSDFH��EHFDXVH�WKH�GLVN�FRQWUROOHU�ZLOO
VTXHH]H�DV�PDQ\�UHFRUGV�DV�SRVVLEOH�LQWR�HDFK�VHFWRU�RI�WKH�GLVN��7KXV�LI�\RXU�ILOH�RUJDQL]DWLRQ�LV�9DULDEOH
����WKHUH�FRXOG�EH�WZHQW\�VXFK�UHFRUGV�LQ�D�VLQJOH�����E\WH�VHFWRU�RQ�WKH�GLVN��SURYLGHG�WKH�DFWXDO�OHQJWK
RI�WKH�UHFRUGV�ZDV�TXLWH�VKRUW��<RX�FDQ
W��RI�FRXUVH��SXW�PRUH�WKDQ�HLJKW\�FKDUDFWHUV�LQ�DQ\�UHFRUG�

,Q�HLWKHU�FDVH��WKLV�FKRLFH�RI�IL[HG�RU�YDULDEOH�LV�QRW�WR�EH�WDNHQ�OLJKWO\��DV�WKH�FKRLFH�PDGH�ZLOO�KDYH
LPSOLFDWLRQV�ODWHU�RQ��:H
YH�KDG�RFFDVLRQ�WR�UHJUHW�VRPH�GHFLVLRQV�ZH
YH�PDGH�DORQJ�WKLV�OLQH��DQG�VR
DGYLVH�D�ORW�RI��WKLQNLQJ�WKURXJK��IRU�WKLV�GHFLVLRQ�

%\�IDU�WKH�ZRUVW��NLOOHU��LQ�ILOH�KDQGOLQJ�RSHUDWLRQV�LV�HUURU�KDQGOLQJ��(UURUV�JHQHUDOO\�IDOO�LQWR�WZR�PDMRU
FDWHJRULHV��7KH�ILUVW�LV�WKH�FDVH�LQ�ZKLFK�WKH�ILOH�IDLOHG�WR�RSHQ��2QH�FRPPRQ�FDXVH�IRU�WKLV�NLQG�RI�HUURU
LV�D�PLVWDNH�RI�RQH�NLQG�RU�DQRWKHU�LQ�WKH�GHYLFH�QDPH��,I�WKH�XVHU�W\SHV�LQ��'.6���LQVWHDG�RI��'6.����WKH
ILOH�ZLOO�QRW�RSHQ��:H�KDYH�IRXQG�RQH�UHOLDEOH�ZD\�RI�GHWHFWLQJ�WKDW�WKLV�NLQG�RI�HUURU�KDV�RFFXUUHG��,I�DQ
LQYDOLG�GHYLFH�QDPH�LV�XVHG��WKH�VWDWXV�UHJLVWHU�ZLOO�KDYH�LWV�ELW�WZR�VHW��:H�KDYH�IRXQG�WKDW��DW�OHDVW�ZLWK
7,
V�EXLOW�LQ�'65/1.�URXWLQH��WKH�VWDWXV�E\WH�DW�!���&�GRHV�QRW�JHW�ELW�WZR�VHW���3DJH�����RI�WKH�(�$
PDQXDO�VD\V�WKDW�WKH�E\WH�DW�!���&�GRHV�JHW�ELW���VHW���7KXV�RQH�PXVW�H[DPLQH�WKH�VWDWXV�UHJLVWHU�XSRQ
UHWXUQ�IURP�DQ�2SHQ�)LOH�RSHUDWLRQ�WR�GLVFRYHU�ZKHWKHU�RU�QRW�VXFK�DQ�HUURU�KDV�KDSSHQHG��,Q�VRXUFH
FRGH�

BLWP @DSRLNK Use DSR link to open file
DATA 8 Required data for DSRLNK
STST R14 Store the status register in R14
ANDI R14,>2000 Mask all but bit 2 in R14
JEQ  NEXTOP If zero, file has opened - proceed
B   @OPNERR Else file has not opened, report error

NEXTOP (program continues)
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:H�KDYH�UXQ�H[WHQVLYH�WHVWV�XVLQJ�WKLV�PHWKRG��DQG�KDYH�QRW�IRXQG�LW�WR�IDLO�WR�GHWHFW�D��EDG�GHYLFH�QDPH��
,W�ZLOO��ZKHQ�XVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�HUURU�UHSRUWLQJ�VFKHPH�VKRZQ�EHORZ��DOVR�GHWHFW�HUURUV�RI�RWKHU
NLQGV�ZKHQ�RSHQLQJ�D�ILOH��VXFK�DV��EDG�DWWULEXWH��HUURUV��8VLQJ�D�VSHFLDO�SURJUDP�ZH�SUHSDUHG�MXVW�IRU
WHVWLQJ��ZH�IRXQG�ZH�FRXOG�W\SH�LQ�VXFK�HUURUV�DV�'.6���65�����32,��DQG�VR�IRUWK��DQG�WKH�23(1�ZRXOG
DOZD\V�LQGLFDWH�D�EDG�GHYLFH�QDPH�XVLQJ�WKH�DERYH�FRGH��7KLV�ZLOO�DOVR�UHSRUW�WKH�VDPH�HUURU�LI��IRU
H[DPSOH��\RX�W\SH�'6.��ZKHQ�\RX�RQO\�KDYH�'6.��WKUX�'6.��RQ�\RXU�V\VWHP��LQFOXGLQJ�5DPGLVNV��

:KHQ�DQ�RSHQ�HUURU�KDV�EHHQ�GHWHFWHG��\RX�FDQ�EUDQFK�WR�WKH�HUURU�UHSRUWLQJ�FRGH�DW�231(55�DQG
SURGXFH�D�VFUHHQ�PHVVDJH�VXFK�DV��%$'�'(9,&(�1$0(��RU��%$'�$775,%87(���WR�DOHUW�WKH�XVHU�

7KHUH�DUH�RWKHU�HUURUV�WKDW�ZLOO�EH�UHSRUWHG�ZKHQ�RSHQLQJ�D�ILOH��VXFK�DV�WKH�FDVH�ZKHUH�\RXU�H[WHUQDO
'ULYH���LV�WXUQHG�RII��RU�WKH�GULYH�GRRU�LV�RSHQ��7KHVH�ZLOO�UHSRUW��'(9,&(�(5525��XVLQJ�WKH�VRXUFH�FRGH
LQFOXGHG�KHUH�

2QFH�D�ILOH�KDV�EHHQ�RSHQHG��WKHUH�DUH�RWKHU�SRVVLEOH�HUURUV�WKDW�FDQ�EH�IRXQG�E\�DWWHPSWLQJ�WR�UHDG�RU
ZULWH�UHFRUGV�LQ�WKH�ILOH��7KH�RQO\�ZD\�ZH
YH�IRXQG�WR�SURSHUO\�UHSRUW�VXFK�HUURUV�LV�DV�IROORZV�

BLWP @DSRLNK Attempt to read or write
DATA 8 Required data for DSR
LI   R0,PAB+1 Point to second byte in PAB
BLWP @VSBR Read that into left byte R1
SRL  R1,13 Shift R1 right by 13 bits
JEQ  CONTOP If zero, operation OK
B   @FILERR Else branch to error report

CONTOP (program continues)

7KH�(GLWRU�$VVHPEOHU�ERRN�JLYHV�GHILQLWLRQV�IRU�WKH�HUURUV�\RX�FDQ�ILQG�E\�WKLV�PHWKRG��RQ�SDJH������1RWH
WKDW�WKH�ILUVW�JLYHQ�DSSOLHV�RQO\�LQ�WKH�FDVH�RI�D�EDG�GHYLFH�QDPH��DQG�WKDW�PXVW�DFWXDOO\�EH�IRXQG�LQ�WKH
23(1�RSHUDWLRQ��7KLV�VQLSSHW�RI�VRXUFH�FRGH�DVVXPHV�\RX�KDYH�D�3HULSKHUDO�$FFHVV�%ORFN��3$%��LQ�WKH
9'3�5$0�DW�DGGUHVV�3$%��:KHQ�D�ZULWH�RU�UHDG�HUURU�KDV�EHHQ� IRXQG�RQ�DQ�RSHQHG�ILOH��\RX�FDQ
FRQVWUXFW�D�ORRNXS�WDEOH�LQ�\RXU�HUURU�UHSRUWLQJ�VFKHPH��DQG�UHSRUW�HUURUV�LQ�SODLQ�(QJOLVK�RQ�VFUHHQ�
7KLV�LV�SUHIHUDEOH�WR�VLPSO\�UHSRUWLQJ�HUURUV�E\�FRGH�QXPEHUV��VLQFH�LW�JLYHV�WKH�XVHU�D�FOXH�WR�ZKDW�PD\
EH�ZURQJ��7KHUH�ZLOO�EH�FDVHV��RI�FRXUVH��WKDW�IDOO�LQWR�WKH�FDWFKDOO��27+(5�),/(�(5525��FDWHJRU\��DQG
WKDW�PHVVDJH�ZRQ
W�KHOS�PXFK�

+HUH
V�WKH�VRXUFH�FRGH�IRU�D�ORRNXS�WDEOH�PHWKRG�WR�UHSRUW�ILOH�HUURUV�LQ�D�UHDVRQDEO\�XVHU�IULHQGO\�IDVKLRQ�
DVVXPLQJ�WKH�HUURUV�KDYH�EHHQ�GHWHFWHG�DV�ZH
YH�VKRZQ�DERYH�
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OPNERR LI   R0,22*32+2 row 23, column 3 of screen
LI   R1,FNOMSG Point to message string
BL   @DISSTR Use subroutine to display
LI   R0,PAB+1 Point to PAB+1
BLWP @VSBR Read into left byte R1
SRL  R1,13 Shift R1 right 13 bits

FILERR SLA  R1,1 Double number in R1
AI   R1,LUT Add lookup table address
MOV  *R1,R1 Get address of text string
LI   R0,23*32+2 Row 24, column 3
BL   @DISSTR Use subroutine to display
BL   @KEYLOO Stop at key loop for reading
B    (somewhere else in program)

7KH�OLQH�%/�#.(</22�LV�VLPSO\�D�PHDQV�RI�VWRSSLQJ�DQ\WKLQJ�IURP�KDSSHQLQJ�VR�WKH�XVHU�FDQ�UHDG�WKH
PHVVDJH�RQ�WKH�VFUHHQ��7KH�VXEURXWLQH�.(</22�ZDV�LQFOXGHG�LQ�3DUW���RI�WKLV�VHULHV��DQG�PD\�EH�XVHG
DV�VKRZQ�WKHUH�

,Q�WKH�GDWD�VHFWLRQ��LQFOXGH�WKH�IROORZLQJ�

BADDEV BYTE 15
TEXT 'BAD DEVICE NAME'

WRPROT BYTE 15
TEXT 'WRITE PROTECTED'

BADATT BYTE 13
TEXT 'BAD ATTRIBUTE'

ILLOP BYTE 17
TEXT 'ILLEGAL OPERATION'

OUTSP BYTE 19
TEXT 'OUT OF BUFFER SPACE'

ENDFIL BYTE 11
TEXT 'END OF FILE'

DEVERR BYTE 12
TEXT 'DEVICE ERROR'

FILBAD BYTE 16
TEXT 'OTHER FILE ERROR'

LUT DATA BADDEV,WRPROT,BADATT
DATA ILLOP,OUTSP,ENDFIL
DATA DEVERR,FILBAD

FNOMSG BYTE 17
TEXT 'FILE DID NOT OPEN'

<RX
OO�DOVR�QHHG�WKH�VPDOO�VXEURXWLQH�ZKLFK�ZH
YH�FDOOHG�',6675�WR�GLVSOD\�WKH�DSSURSULDWH�VWULQJ�RQ�WKH
VFUHHQ��)RU�H[DPSOH�
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DISSTR MOVB *R1+,R2 Get length into left byte R2
SRL  R2,8 Right justify byte in R2
JEQ  DISX If R2 zero, get out
BLWP @VMBW Write text to screen

DISX RT Return

:H
OO�GLJUHVV�IRU�MXVW�D�PRPHQW�KHUH�WR�GLVFXVV�WKDW�OLQH�-(4�',6;�LQ�WKLV�VXEURXWLQH��7KH�XWLOLW\�90%:
GRHV�QRW�FKHFN�WR�VHH�ZKHWKHU�5��LV�]HUR�EHIRUH�SHUIRUPLQJ�LWV�MRE��VR�ZH�PXVW�GR�WKDW�EHIRUH�FDOOLQJ�WKH
XWLOLW\��,Q�WKH�FRGH�ZH
YH�VKRZQ�KHUH��5��ZRXOG�QHYHU�EH�]HUR�DW�WKLV�SRLQW��EXW�WKLV�VXEURXWLQH�FDQ�EH�XVHG
IRU�RWKHU�SXUSRVHV��DQG�PLJKW�HQFRXQWHU�D�QXOO�VWULQJ�WR�GLVSOD\��,I�RQH�FDOOV�90%:�ZLWK�5��]HUR��WKH
XWLOLW\�ZLOO�DWWHPSW�WR�ZULWH��������E\WHV�LQWR�9'3�5$0��ZLWK�GLVDVWURXV�UHVXOWV�

7KHUH�ZLOO�EH�VLWXDWLRQV�ZKHUH�\RX
OO�ZDQW�WR�GR�VRPHWKLQJ�GLIIHUHQW�DERXW�DQ�HQG�RI�ILOH�HUURU��UDWKHU�WKDQ
UHSRUWLQJ�WKDW�WR�WKH�VFUHHQ��,I�\RX�DUH�UHDGLQJ�WKH�HQWLUH�ILOH�LQWR�PHPRU\��\RX�PD\�ZDQW�DQ�HUURU�ZKHUH
5��LV�ILYH�WR�VLPSO\�UHWXUQ�WR�D�PHQX�RU�JR�RQ�WR�VRPH�RWKHU�SODFH�LQ�WKH�SURJUDP��<RX�FRXOG��DIWHU�HDFK
UHDG�RSHUDWLRQ��LQVHUW�D�&,�5����DIWHU�WKH�OLQH�-(4�&21723��WKHQ�MXPS�RU�EUDQFK�WR�VRPHZKHUH�HOVH�LI
5� ��

7KHUH� DUH� VRPH� WKLQJV� VDLG� LQ� WKH�7,�(�$�PDQXDO� WKDW�� WR� ERUURZ� D� SKUDVH� IURP�*HUVKZLQ�� �$LQ
W
QHFHVVDULO\�VR���:H�PHQWLRQHG�RQH�RI�WKRVH�HDUOLHU��FRQFHUQLQJ�WKH�VWDWXV�E\WH�DW�!���&��+HUH
V�DQRWKHU�
7KH�ERRN�VD\V�WKDW�WKH�6WDWXV�WHVW�RQO\�DSSOLHV�LI�WKH�WKUHH�OHIWPRVW�ELWV�RI�WKH�E\WH�DW�3$%���DUH�DOO�]HUR�
1RW�WUXH��)RU�2SHQ�RSHUDWLRQV��ZH�UHFRPPHQG�WKDW�\RX�ILUVW�WHVW�IRU�WKH�6WDWXV�UHJLVWHU��WKHQ�FKHFN�WKH
3$%���E\WH��DV�ZH�GLG�DW�231(55��7KHUH�ZLOO�EH�LQVWDQFHV��IRU�H[DPSOH��ZKHQ�WKLV�VHFRQG�WHVW�ZLOO
LQGLFDWH��%$'�$775,%87(��ZKHQ�D�ILOH�GLG�QRW�RSHQ�

2XU�WHVWV�KDYH�EHHQ�DV�H[KDXVWLYH��DQG�H[KDXVWLQJ��DV�ZH�FRXOG�PDQDJH�LQ�SUHSDULQJ�IRU�WKLV�DUWLFOH��2XU
V\VWHP�KDV�D�+RUL]RQ�5DPGLVN�ZLWK�'ULYHV�������DQG���WKHUHRQ��SOXV�IORSS\�GULYHV���DQG����FRQQHFWHG�WR
D�7,�&RQWUROOHU��:H�KDYH�HYHQ�WULHG�ZULWLQJ�WR�D�IXOO�GLVN��DQG�VXUH�HQRXJK�ZKHQ�ZH�RSHQHG�D�ILOH�IRU
2XWSXW�WR�WKDW�GLVN��ZH�JRW�D��),/(�','�127�23(1��PHVVDJH�SOXV�WKH��287�2)�%8))(5�63$&(�
PHVVDJH��:H�GLG�ILQG�LQVWDQFHV�ZKHUH�WKH�5DPGLVN�UHSRUWV�D�GLIIHUHQW�HUURU�WKDQ�WKH�7,�FRQWUROOHU�GRHV
IRU�WKH�VDPH�VLWXDWLRQ�

7KHUH�ZDV�RQH�SHFXOLDU�WKLQJ�WKDW�ZH�IRXQG�RQ�5DPGLVN��2XU�WHVW�SURJUDP�ZDV�VHW�XS�IRU�'�9����ILOHV��7KH
GLVN�FDWDORJ�ILOH��H�J��'6.����LV�QRW�WKDW�NLQG�RI�ILOH��DQG�WKH�7,�&RQWUROOHU�ZLOO�GXWLIXOO\�JLYH�\RX�D�%$'
$775,%87(�LQGLFDWLRQ�DQG�ZLOO�QRW�RSHQ�WKH�ILOH�ZKHQ�\RX�WU\�LW�DV�D�'�9����ILOH��7KH�5DPGLVN��KRZHYHU�
ZLOO�RSHQ�WKH�ILOH�'6.���DQG�DOORZ�\RX�WR�UHDG�IURP�LW��HYHQ�WKRXJK�WKH�DWWULEXWHV�LQ�RXU�3$%�FOHDUO\�GR
QRW�PDWFK�WKDW�ILOH��,Q�RWKHU�FDVHV��VXFK�DV�WU\LQJ�WR�RSHQ�D�'�)����ILOH�ZLWK�D�3$%�VHW�XS�IRU�'�9�����WKH
5DPGLVN�GRHV�UHSRUW�HUURUV�FRUUHFWO\�

7KLV�LV�RI�FRXUVH�QRW�VRPHWKLQJ�\RX
G�QRUPDOO\�GR�RQ�SXUSRVH��EXW�LW�GLG�FRQIXVH�XV�WR�VHH�WKH�5DPGLVN
FDWDORJ�EHLQJ�DFFHVVHG�DV�D�'�9����ILOH��0D\EH�*DU\�%RZVHU�SODQQHG�LW�WKDW�ZD\��EXW�LQ�DQ\�FDVH�LW�ZRQ
W
ERWKHU�WKH�DYHUDJH�XVHU�
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,QFLGHQWDOO\��WKHUH
V�QRWKLQJ�UHDOO\�PDJLF�DERXW�WKH�PHVVDJHV�ZH
YH�XVHG�LQ�WRGD\
V�VRXUFH�FRGH��<RX�FRXOG
PDNH�\RXU�PHVVDJHV�VKRUWHU�RU�PRUH�HODERUDWH���287�2)�%8))(5�63$&(��FRXOG�MXVW�DV�ZHOO�UHDG��287
2)�',6.�63$&(���VLQFH�WKDW
V�WKH�PRUH�OLNHO\�FDXVH�IRU�WKLV�NLQG�RI�HUURU��)RU�RXU�RZQ�FRQYHQLHQFH��ZH
PDGH�HDFK�PHVVDJH�LQ�WKH�IRUP�RI�D�VWULQJ��ZLWK�LWV�OHQJWK�E\WH�ILUVW��WKHQ�FRQWHQW�LQ�D�7(;7�OLQH��7KDW
DOORZHG�XV�WR�XVH�D�UDWKHU�VLPSOH�VXEURXWLQH��',6675��WR�GLVSOD\�DQ\�PHVVDJH�FKRVHQ�IURP�WKH�ORRNXS
WDEOH��7KLV�VLPSOH�VXEURXWLQH�ZLOO�QRW�ZRUN�ZLWK�;%��EXW�GRHV�MXVW�ILQH�LQ�(�$�2SWLRQ���SURJUDPV�OLNH�WKH
RQH�ZH�XVHG�WR�GR�WHVWLQJ�IRU�WKLV�DUWLFOH��:H�DOVR�WHVWHG�WKLV�HUURU�UHSRUWLQJ�VFKHPH�XVLQJ�WKH�*3//1.
DQG�'65/1.�VKRZQ�LQ�ODVW�PRQWK
V�6LGHEDU��ZLWK�UHVXOWV�LGHQWLFDO�WR�WKRVH�XVLQJ�7,
V�'65/1.�XQGHU
WKH�(�$�2SWLRQ���

<HV��ZH
YH�JRQH�RQ�IRUHYHU�DERXW�WKH�EXVLQHVV�RI�HUURU�FKHFNLQJ�ZLWKRXW�HYHQ�VKRZLQJ�DOO� WKH�VWHSV
UHTXLUHG�WR�RSHQ�D�ILOH��OHW�DORQH�UHDG�RU�ZULWH�WR�RQH�

:H�EHOLHYH��KRZHYHU��WKDW�ZLWK�D�OLWWOH�SDWLHQFH�VWXG\LQJ�WKH�(�$�PDQXDO��RQH�FDQ�OHDUQ�IDLUO\�TXLFNO\�KRZ
WR�PDQDJH�WKRVH�VWHSV��EXW�WKH�EXVLQHVV�RI�HUURU�WUDSSLQJ�DQG�UHSRUWLQJ�KDV�FDXVHG�XV�PXFK�DQJXLVK��VR
ZH�WKRXJKW�LW�GHVHUYHG�ORWV�RI��LQN��

,Q�RXU�QH[W�LQVWDOOPHQW��ZH
OO�FRQWLQXH�ZLWK�PRUH�SRLQWHUV�RQ�ILOH�KDQGOLQJ��LQFOXGLQJ�VRPH�RI�WKH�FRPPRQ
W\SHV�RI�ILOHV�VXFK�DV�'�9�����'�)�����DQG�0HPRU\�,PDJH�ILOHV��D�N�D��3URJUDP�ILOHV���:H
OO�RSHQ��UHDG�
ZULWH��DQG�FORVH�VRPH�ILOHV��WRR�
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1.9. The Art Of Assembly — Part 9. More File Handling Tips

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

/DVW�PRQWK�ZH�VSHQW�PRVW�RI�RXU�VSDFH�GHDOLQJ�ZLWK�ILOH�HUURUV��7KLV�PRQWK�ZH
OO�JHW�LQWR�ZD\V�WR�GHDO�ZLWK
WKH�QRUPDO�VLWXDWLRQ�RI�ILOHV�WKDW�GR�RSHQ�DQG�JHW�UHDG�RU�ZULWWHQ�

6LQFH� VSDFH� LV� OLPLWHG�� ZH
OO� FRQFHQWUDWH� RQ� FRPPRQO\� XVHG� ILOH� W\SHV�� OLNH� 'LVSOD\�9DULDEOH� ���
'LVSOD\�)L[HG�����DQG�VR�FDOOHG�3URJUDP�ILOHV��DOVR�NQRZQ�DV�0HPRU\�,PDJH�ILOHV��$IWHU�\RX
YH�UHDG�WKLV
DUWLFOH��\RX�VKRXOG�NQRZ�KRZ�WR�FKDQJH�WKH�VRXUFH�FRGH�WR�KDQGOH�RWKHU�ILOH�W\SHV�

2QH�RI�WKH�SULPDU\�UHTXLUHPHQWV�IRU�GRLQJ�DQ\WKLQJ�ZLWK�ILOHV�RQ�WKH�7,�LV�WR�VHW�DVLGH�VRPH�VSDFH�LQ�WKH
9'3�5$0�IRU�\RXU�3HULSKHUDO�$FFHVV�%ORFNV��3$%V��DQG�WKH�%XIIHUV�\RX
OO�QHHG�WR�VHQG�RU�UHFHLYH�GDWD
IURP�\RXU�ILOHV��7R�VRPH�H[WHQW��\RX�DUH�IUHH�WR�XVH�PDQ\�GLIIHUHQW�ORFDWLRQV�LQ�9'3��EXW�PXVW�WDNH�FDUH
QRW�WR�RYHUODS�DUHDV�LPSRUWDQW�WR�\RXU�SURJUDP
V�H[HFXWLRQ��,I�\RX
UH�RSHUDWLQJ�LQ�*UDSKLFV�0RGH�RQ�WKH
9'3��WKLV�LV�WKH�QRUPDO�PRGH�ZKHQ�\RX�ENTER�IURP�(�$�2SWLRQ����\RX
OO�ILQG�WKDW�DQ\�DGGUHVV�DERYH
!�����DQG�EHORZ�!��'��FDQ�EH�XVHG��,Q�PDQ\�FDVHV�ZH
YH�SXW�RXU�3$%�DW�!�����DQG�RXU�EXIIHU�DW
!������,W
V�LPSRUWDQW�WR�LQVXUH�WKDW�WKH�EXIIHU�ZRQ
W�RYHUODS�HLWKHU�WKH�3$%�RU�!��'���)RU�PRVW�GHYLFHV�
WKH�HQWLUH�3$%��LQFOXGLQJ�WKH�ILOH�GHVFULSWRU��ZLOO�QRW�H[FHHG����E\WHV�LQ�OHQJWK��,I��KRZHYHU��\RX
UH�GHDOLQJ
ZLWK�+DUG�'ULYH�ILOHV��WKH�GHVFULSWRU�PD\�RFFXS\�PDQ\�PRUH�E\WHV��LQFOXGLQJ�GLUHFWRU\�DQG�VXE�GLUHFWRU\
QDPHV�

,I�\RX�DUH�RSHUDWLQJ�LQ�7(;7�PRGH�RQ�WKH�9'3��DQRWKHU�DUHD�LQ�9'3�5$0�LV�RSHQ�IRU�\RXU�XVH��EHWZHHQ
!����DQG�!�����,Q�RXU�:RUG�3URFHVVRU��ZKLFK�RSHUDWHV�LQ�7(;7�PRGH��ZH�XVH�WKDW�DUHD�IRU�IRXU�VHSDUDWH
3$%V�DQG�WKHLU�DVVRFLDWHG�EXIIHUV�

,I�RQO\�RQH�ILOH�DW�D�WLPH�LV�RSHQHG��\RX�FDQ��UHF\FOH��DQG�XVH�WKH�VDPH�3$%�DQG�%XIIHU�DUHD�IRU�DQ\�DQG
DOO�ILOHV�\RX�XVH��2WKHUZLVH��\RX
OO�QHHG�D�VHSDUDWH�3$%�DQG�%XIIHU�IRU�HDFK�RI�WKH�ILOHV�WKDW�DUH�RSHQ
VLPXOWDQHRXVO\�

7KH�SUDFWLFH�ZH�XVH�IRU�HVWDEOLVKLQJ�3$%V�LV�IDLUO\�VLPSOH��7KH�IL[HG�GDWD�IRU�WKH�ILUVW�WHQ�E\WHV�LV�SODFHG
LQ�WKH�GDWD�DUHD�RI�RXU�VRXUFH�FRGH��ZLWK�D�VPDOO�DUHD��XVXDOO\����E\WHV��UHVHUYHG�EH\RQG�WKDW�IRU�WKH�ILOH
GHVFULSWRU��ZKLFK�FRPHV�IURP�XVHU�HQWHUHG�GDWD��$Q�H[DPSOH�LV�VKRZQ�LQ�WKH�6LGHEDU�DW�ODEHO�3$%�'7�
7KLV�3$%�GDWD�LV�SUHVHW�IRU�RSHQLQJ�D�'�9����ILOH�W\SH��7KH�FRGH�DW�ODEHO�67$57�VKRZV�KRZ�RQH�PLJKW�XVH
RXU�VXEURXWLQHV�&56,1�DQG�029675��JLYHQ�LQ�SUHYLRXV�DUWLFOHV�RI�WKLV�VHULHV��WR�JHW�WKH�QDPH�RI�WKH�ILOH
LQ�SODFH�DV�D�XVHU�LQSXW��,Q�WKLV�FDVH��WKH�IXOO�YHUVLRQ�RI�&56,1�VKRXOG�EH�XVHG��LQFOXGLQJ�WKH�ORZHU�FDVH
WR�XSSHU�FDVH�FRQYHUVLRQ�OLQHV��VR�WKH�XVHU�ZRQ
W�KDYH�WR�ZRUU\�DERXW�KDYLQJ�ALPHA LOCK �HQJDJHG�WR
HQWHU�D�ILOH�QDPH�ZLWK�DOO�XSSHU�FDVH�OHWWHUV��2QH�QRWH�RI�FDXWLRQ�³�DIWHU�WKH�FDOO�WR�&56,1��LW
V�ZLVH�WR
VHH�ZKHWKHU�WKH�XVHU�KDV�OHIW�WKH�LQSXW�EODQN��DQG�LVVXH�KLP�DQ�HUURU�PHVVDJH�LI�KH�KDV��&56,1�OHDYHV�WKH
OHQJWK�RI�WKH�LQSXW�VWULQJ�LQ�5���VR�D�VLPSOH�029�5��5��IROORZHG�E\�D�-(4�WR�MXPS�VRPHZKHUH�DQG�UHSRUW
DQ�HUURU�ZLOO�GR�WKH�WULFN�
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7KH�FRGH�DW�ODEHO�231)��VKRZV�KRZ�WR�ORDG�WKDW�GDWD�LQWR�WKH�3$%�DUHD�LQ�9'3��DQG�WKHQ�RSHQ�WKH�ILOH�
)LUVW��WKH�ILOH�PRGH�PXVW�EH�SODFHG�LQ�WKH�3$%�'7�DUHD��:H
YH�VKRZQ�LQ�WKH�H[DPSOH�D�ILOH�WR�EH�RSHQHG
IRU�,1387�E\�PRYLQJ�D�E\WH�FDOOHG�,10'�WR�3$%�'7����,QFLGHQWDOO\��ZH�GRQ
W�UHFRPPHQG�XVLQJ
83'$7(�PRGH�IRU�9DULDEOH�UHFRUG�OHQJWK�ILOHV��,W�LV�WRR�HDV\�WR�FUHDWH�DQ�XQXVDEOH�ILOH�E\�WU\LQJ�WR�ZULWH
WR�VXFK�D�ILOH�LQ�83'$7(�PRGH��)RU�)L[HG�UHFRUG�OHQJWK�ILOHV��83'$7(�ZLOO�DOORZ�\RX�WR�PRGLI\�UHFRUGV
LQ�WKH�ILOH�DW�UDQGRP�ZLWKRXW�PHVVLQJ�XS�WKH�UHVW�RI�WKH�ILOH�

,W
V�LPSRUWDQW�DW�WKLV�VWDJH�WKDW�WKH�ILUVW�E\WH�LQ�WKLV�3$%�EH�����VR�WKDW�WKH�ILOH�ZLOO�23(1��7KH�QH[W�VWHS
LV�WR�ZULWH�WKLV�GDWD�LQWR�9'3�DW�WKH�FRUUHFW�SODFH��DQG�WR�LQVXUH�WKDW�WKH�ULJKW�QXPEHU�RI�E\WHV�DUH�ZULWWHQ
WR�LQFOXGH�WKH�FRPSOHWH�ILOH�GHVFULSWRU��7KH�ILUVW�H[DPSOH�LQ�WKH�6LGHEDU�VKRZV�WKH�ULJKW�ZD\�WR�GR�WKLV�
VR�WKDW�WKH�DFWXDO�GHVFULSWRU�OHQJWK�LV�XVHG�WR�ZULWH�DOO�WKH�QHFHVVDU\�E\WHV�LQWR�WKH�9'3��,I�\RX
UH�QRW
GHDOLQJ�ZLWK�WKH�ORQJHU�GHVFULSWRUV�QHHGHG�IRU�+DUG�'ULYHV�RU�56�����\RX�FDQ�XVH�WKH�VHFRQG��RU�VKRUWFXW�
PHWKRG��ZKLFK�ZULWHV����E\WHV�UHJDUGOHVV�RI�GHVFULSWRU�OHQJWK������E\WHV�ZLOO�LQFOXGH�WKH����RI�WKH�3$%�
SOXV���IRU�WKH�GHYLFH�QDPH�DQG�SHULRG��SOXV����IRU�WKH�PD[LPXP�DFFHSWDEOH�ILOH�QDPH�OHQJWK��

2QFH�WKH�3$%�KDV�EHHQ�ZULWWHQ�WR�WKH�9'3��RQH�QHHGV�WR�SODFH�WKH�DGGUHVV�3$%����DW�ORFDWLRQ�!�����
ZKLFK�ZH�FDOO�3$%317��7KH�'65/1.�PXVW�KDYH�WKLV�DGGUHVV�LQ�WKDW�ORFDWLRQ�VR�LW�FDQ�ILQG�WKH�ILOH
GHVFULSWRU�LQ�9'3�5$0��:H�QRUPDOO\�LQFOXGH�D�&/5�#67$786�EHIRUH�FDOOLQJ�'65/1.��EXW�ZH
UH�QRW
VXUH�LW
V�QHFHVVDU\��,Q�VRPH�FDVHV��ZH
YH�IRUJRWWHQ�WR�GR�LW�ZLWK�QR�LOO�HIIHFWV��%H�EUDYH��DQG�OHDYH�WKDW�OLQH
RXW�

,Q�DOO�FDVHV��WKH�%/:3�#'65/1.�OLQH�PXVW�EH�IROORZHG�E\�D�OLQH�UHDGLQJ�'$7$����0D\EH�WKHUH�ZDV
VXSSRVHG�WR�EH�DQRWKHU�XVH�IRU�'65/1.�LQ�ZKLFK�VRPH�QXPEHU�RWKHU�WKDQ���ZRXOG�EH�XVHG��EXW�ZH�GRQ
W
NQRZ�DERXW�WKDW��,Q�DQ\�FDVH��IRUJHWWLQJ�WKH�'$7$���ZLOO�FDXVH�'65/1.�WR�IDLO��:H
YH�VKRZQ�KHUH�WKH
VWHSV�QHFHVVDU\�WR�GHWHFW�DQ�HUURU�RQ�RSHQLQJ�WKH�ILOH��DQG�WKDW�EUDQFKHV�WR�WKH�FRGH�ZH�LQFOXGHG�LQ�ODVW
PRQWK
V�DUWLFOH�

*LYHQ�WKDW�WKH�ILOH�RSHQV��ZH�FDQ�UHDG�UHFRUGV�IURP�WKH�ILOH�XVLQJ�WKH�FRGH�DW�ODEHO�5')���7KH�E\WHV
5($')��:5,7()��DQG�&/26()�ZLOO�ZRUN�IRU�DQ\�NLQG�RI�ILOH�H[FHSW�0HPRU\�,PDJH�W\SH��LQ�ZKLFK�WKH\
UH
QRW�QHHGHG�

)RU�LOOXVWUDWLYH�SXUSRVHV�RQO\��ZH
YH�SDUNHG�WKH�FRQWHQWV�RI�HDFK�UHFRUG�ZH�UHDG�DW�ORFDWLRQ�7(0675�
ZKLFK�LQ�WKLV�FDVH�KDV�EHHQ�VHW�WR�D�EORFN�RI����E\WHV����IRU�WKH�OHQJWK�RI�WKH�UHFRUG��SOXV����IRU�WKH
PD[LPXP�SRVVLEOH�UHFRUG�OHQJWK��,Q�D�UHDO�DSSOLFDWLRQ��\RX
G�ZDQW�WR�PRYH�WKDW�VWULQJ�WR�VRPHZKHUH�HOVH
EHIRUH�UHDGLQJ�WKH�QH[W�RQH�IURP�WKH�ILOH�

+HUH�ZH
YH�DOVR�LQFOXGHG�WKH�HUURU�GHWHFWLRQ�QHHGHG�IRU�UHDG�RSHUDWLRQV��EXW�PDGH�WKH�H[FHSWLRQ�IRU�HUURU
FRGH����(QG�2I�)LOH��,I�ZH
YH�UHDFKHG�WKH�HQG�RI�ILOH��ZH�VLPSO\�MXPS�DKHDG�WR�WKH�FORVH�ILOH�RSHUDWLRQ�DW
&/6)���:H�VKRXOG�PHQWLRQ�IRU�WKRVH�VNLOOHG�LQ�([WHQGHG�%DVLF�SURJUDPPLQJ�WKDW�WKLV�(QG�RI�)LOH�HUURU
GRHV�QRW�ZRUN�H[DFWO\�OLNH�WKH�(2)�IXQFWLRQ�LQ�;%��;%�UHSRUWV�(2)�ZKHQ�WKH�ODVW�UHFRUG�LQ�WKH�ILOH�LV
UHDG��ZKLOH�WKLV�HUURU�GRHV�QRW�UHSRUW�XQWLO�\RX�WU\�WR�UHDG�D�UHFRUG�EH\RQG�WKH�ODVW�UHFRUG��/HW
V�VD\�IRU
H[DPSOH�WKHUH�ZHUH�IRUW\�UHFRUGV�LQ�WKH�ILOH�RSHQHG�DV�����DQG�ZH
UH�UHDGLQJ�ZLWK�;%��$V�VRRQ�DV�ZH
YH
UHDG�WKH�IRUWLHWK��;%�ZLOO�UHSRUW�(2)�����,Q�RXU�$VVHPEO\�FDVH��(UURU���ZLOO�QRW�EH�UHSRUWHG�XQWLO�ZH�WU\
UHDGLQJ�WKH�IRUW\�ILUVW�UHFRUG�
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,QFLGHQWDOO\��WKH�;%�0DQXDO�VWDWHV�WKDW�WKH�(2)�IXQFWLRQ�ZLOO�QRW�ZRUN�IRU�)L[HG�5HFRUG�OHQJWK�ILOHV�
7KDW
V�ZURQJ��(2)�ZRUNV�MXVW�WKH�VDPH�IRU�)L[HG�RU�9DULDEOH�LQ�;%��(UURU���LQ�$VVHPEO\�DOVR�ZRUNV�IRU
ERWK�)L[HG�DQG�9DULDEOH�UHFRUG�OHQJWKV�

:KLOH�ZH
UH�DW�FRPSDULVRQV�WR�;%��ZH�VKRXOG�VD\�WKDW�WKH�PHWKRG�ZH
YH�VKRZQ�IRU�UHDGLQJ�LQWR�D�VWULQJ
�7(0675��LV�HVVHQWLDOO\�HTXDO�WR�D�/,1387�IXQFWLRQ�LQ�;%��LQ�WKDW�LW�SODFHV�WKH�HQWLUH�FRQWHQWV�RI�WKH
UHFRUG�DW�ORFDWLRQ�7(0675��7KLV�PD\�EH�LPSRUWDQW�LI�\RX
YH�FUHDWHG�WKH�ILOH�ZLWK�PRUH�WKDQ�RQH�YDULDEOH
VWRUHG�LQ�WKH�VDPH�UHFRUG��DV�\RX
OO�KDYH�WR�VRUW�RXW�WKH�FRQWHQWV�RI�WKH�UHFRUG�IRU�\RXUVHOI�DIWHU�WKH\
UH
GXPSHG�LQWR�7(0675��,Q�D�ODWHU�DUWLFOH��ZH
OO�WU\�WR�JLYH�VRPH�SRLQWHUV�RQ�KRZ�WR�VHSDUDWH�GLIIHUHQW
YDULDEOHV�LQ�VXFK�D�FDVH��:H
YH�GRQH�WKDW�ZKHQ�UHDGLQJ�WKH�&DWDORJ�ILOH�RI�D�GLVN�IRU�RXU�:RUG�3URFHVVRU�
DQG�LW
V�QRW�UHDOO\�GLIILFXOW�

7KH�ILQDO�VWHS�LQ�ILOH�RSHUDWLRQV�LV�WR�FORVH�WKH�ILOH��7KH�FRGH�WR�DFFRPSOLVK�WKDW�LV�VKRZQ�DW�&/6)���:H
QRUPDOO\�UHFRPPHQG�WKDW�ILOHV�EH�FORVHG�DV�VRRQ�DV�\RX
YH�ILQLVKHG�UHDGLQJ�RU�ZULWLQJ�WKHP��7KHUH�DUH
SRVVLEOH�H[FHSWLRQV��VXFK�DV�WKH�FDVH�RI�D�)L[HG�UHFRUG�OHQJWK�ILOH�LQ�ZKLFK�\RX�ZDQW�WR�VNLS�DURXQG�DQG
UHDG�UDQGRP�UHFRUGV��,Q�WKDW�FDVH��\RX�FDQ�ZLWK�UHDVRQDEOH�VDIHW\�OHDYH�WKH�ILOH�RSHQ�ZKLOH�RWKHU�IXQFWLRQV
DUH�SHUIRUPHG��WKHQ�FORVH�LW�ZKHQ�H[LWLQJ�\RXU�SURJUDP�

7U\LQJ�WR�FORVH�D�ILOH�WKDW�KDVQ
W�RSHQHG�ZLOO�LQ�JHQHUDO�GR�QR�KDUP��EXW�ZLOO�UHVXOW�LQ�DQ�HUURU��:H�KDYHQ
W
ERWKHUHG�WR�VKRZ�GHWHFWLRQ�RU�KDQGOLQJ�RI�WKDW�HUURU��:KDW�ZH�UHFRPPHQG�LV�WKDW�WKH�HUURU�WUDSSLQJ�WKDW
VKRZV�D�ILOH�KDV�QRW�RSHQHG�VKRXOG�DOVR�FDXVH�WKH�SURJUDP�QRW�WR�WU\�FORVLQJ�LW��7KH�DGHSW�VWXGHQW�ZLOO�QR
GRXEW�LQYHQW�D�VLPSOH�ZD\�WR�GR�WKLV�

1RZ�WKDW�\RX�NQRZ�KRZ�WR�RSHQ�D�ILOH�DQG�UHDG�LW��\RX
OO�HDVLO\�GHWHUPLQH�KRZ�WR�RSHQ�RQH�IRU�RXWSXW�DQG
ZULWH�WR�LW��7KH�VDPSOH�FRGH�VKRZQ�DW�231)��ZLOO�VHUYH�ZHOO��6WXG\LQJ�WKDW�DQQRWDWHG�FRGH�VKRXOG�JLYH
\RX�DOO�\RX�QHHG��VR�ZH�ZRQ
W�GZHOO�RQ�LW�KHUH��$OVR�LQ�WRGD\
V�6LGHEDU�DUH�3$%�VHWXSV�DQG�PRGH�E\WHV�IRU
'�)����W\SH�ILOHV�

2XU�ILQDO�WRSLF�IRU�WRGD\�LV�WKDW�RI�WKH�VSHFLDO�NLQG�RI�ILOHV�FDOOHG�0HPRU\�,PDJH�ILOHV��RU��DV�WKH\�OLVW�LQ�D
GLVN�FDWDORJ��3URJUDP�ILOHV��7KH�ILUVW�WKLQJ�\RX�VKRXOG�NQRZ�DERXW�WKHP�LV�WKDW�WKH�QDPH�352*5$0�LV
RIWHQ�D�PLVQRPHU��,Q�RXU�:RUG�3URFHVVRU��ZH�XVH�D�ILOH�FDOOHG�:3&+$5$&7��ZKLFK�ZLOO�OLVW�RQ�D�GLVN
FDWDORJ�DV�352*5$0��EXW�LV�LQ�UHDOLW\�D�FKDUDFWHU�VHW�ZKLFK�ZH�UHDG�LQWR�9'3�GLUHFWO\�DW�!����WR�VHW�XS
FKDUDFWHU�GHILQLWLRQV�IRU�FKDUDFWHUV�IURP���WKURXJK�����

7UXH�352*5$0�ILOHV��VXFK�DV�WKRVH�PDGH�E\�WKH�;%�6$9(�RSHUDWLRQ�RU�E\�WKH�7,�6$9(�XWLOLW\��KDYH�ILOH
KHDGHUV�VR�WKH�FRPSXWHU�FDQ�GHWHFW�ZKDW�NLQG�RI�ILOHV�WKH\�DUH��DQG�ZKHUH�WKH\�EHORQJ�LQ�PHPRU\��7KXV
LI�\RX�WU\�WR�ORDG�LQ�DQG�UXQ�DQ�;%�SURJUDP�XQGHU�(�$�2SWLRQ����\RX
OO�JHW�DQ�HUURU�RQFH�WKH�(�$�ORDGHU
UHDGV�WKH�ILOH�KHDGHU�LQIRUPDWLRQ�IURP�WKH�ILOH�

:H�YHU\�RIWHQ�XVH�WKH�GDQJHURXV�SUDFWLFH�RI�FUHDWLQJ�PHPRU\�LPDJH�ILOHV�ZLWKRXW�ERWKHULQJ�WR�SODFH
KHDGHUV�RQ�WKHP��VLQFH�WKH\
UH�XVHG�LQ�ZD\V�WKDW�GRQ
W�QHHG�KHDGHUV��,W�LVQ
W�UHDOO\�GDQJHURXV�XQOHVV�VRPH
WKRXJKWOHVV�XVHU�WULHV�WR�ORDG�WKHP�DV�;%�RU�2SWLRQ����'LVDVWHU�PD\�WKHQ�HQVXH�
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:H�MXVW�PDGH�D�OLWWOH�H[SHULPHQW�DORQJ�WKDW�OLQH��DQG�LW�WXUQV�RXW�WKDW��ZKLOH�;%�LV�IRUJLYLQJ��DQG�UHSRUWV
,�2�(5525����IRU�RXU��KHDGHUOHVV��ILOHV��(�$�2SWLRQ���VLPSO\�JRHV�ERQNHUV�JLYHQ�D��SURJUDP��ILOH�WKDW�LVQ
W
RQH��0D\EH�QRW�DOZD\V��EXW�LW�MXVW�GLG�WKDW�LQ�WZR�RXW�RI�WZR�WULHV�ZLWK�PHPRU\�LPDJH�EXW�QRQ�W\SH���ILOHV�
:H�PXVW�LQFOXGH�WKDW�VXEMHFW�DW�PRUH�OHQJWK�LQ�D�IXWXUH�DUWLFOH��ZKLFK�ZH�SODQ�WR�VXEWLWOH��2II�WKH�(QG�RI
WKH�:RUOG��

,Q�3DUW����ZH�VKRZHG�VRPH�VRXUFH�FRGH�XVHG�LQ�RXU�:RUG�3URFHVVRU
V�(�$�2SWLRQ���ORDGHU��ZKLFK�VKRXOG
VHUYH�DV�D�JRRG�H[DPSOH�RI�KRZ�ZH�FDQ�EULQJ�RXU�KHDGHUOHVV�PHPRU\�LPDJH�ILOHV�LQWR�PHPRU\��WKHQ�EUDQFK
LQWR�WKH�SURJUDP�SODFHG�LQ�PHPRU\�WKDW�ZD\�

,Q�WRGD\
V�6LGHEDU��WKHUH
V�WKH�LQYHUVH�FDVH��VKRZLQJ�KRZ�WKH��VDYHU��SDUW�RI�RXU�*ROI�6FRUH�$QDO\]HU�ZRUNV
WR�VDYH�WKDW�SURJUDP�LQWR�WZR�PHPRU\�LPDJH�ILOHV��/LNH�WKH�:RUG�3URFHVVRU��WKH�*6$
V�REMHFW�ILOH�FDQ�RQO\
EH�ORDGHG�LQLWLDOO\�E\�WKH�&$//�/2$'�SURFHVV�XQGHU�([WHQGHG�%DVLF���:H�VXIIHU�WKH�WLUHVRPH�GHOD\��VR
RXU�XVHUV�ZRQ
W�KDYH�WR���2QFH�ZH
YH�GRQH�WKDW��ZH�FDQ�&$//�/,1.���6$9,7����DQG�WKXV�H[HUFLVH�WKH�FRGH
VKRZQ�DW�WKDW�ODEHO�LQ�WKH�6LGHEDU��6$9,7�ILUVW�VDYHV�RXU�,167$//�SURJUDP�IRU�WKH�*6$��ZKLFK�LV�SDUW
RI�WKH�FRGH�ZKHQ�ORDGHG�IURP�WKH�REMHFW�ILOH�E\�;%��7KDW�SDUW�JHWV�XVHG�DV�DQ�RYHUOD\�LQWR�WKH�PHPRU\
QRUPDOO\�UHVHUYHG�IRU�XVHU�GDWD��DQG�SHUIRUPV�VWHSV�QHFHVVDU\�WR�LQVWDOO�*6$�RQ�D�5DPGLVN��1H[W��6$9,7
WDNHV�WKH�SDUW�RI�*6$�WKDW�UHVLGHV�LQ�/RZ�PHPRU\�DQG�VDYHV�WKDW�LQ�D�ILOH�FDOOHG�'6.��*2/)&2'(��DQG
WKHQ� WDNHV� WKH�SDUW� UHVLGLQJ� LQ�+LJK�PHPRU\� LQWR�D� ILOH� FDOOHG�'6.��*2/)&2'(��� ,W� DOVR� WHOOV�XV
RQ�VFUHHQ�WKH�OHQJWK�RI�HDFK�SDUW�DV�LW
V�EHLQJ�VDYHG��:H�XVH�WKDW�LQIRUPDWLRQ�WR�XSGDWH�WKH�WZR�ORDGHUV
WKDW�ZH�VXSSO\�ZLWK�*6$��RQH�IRU�;%��WKH�RWKHU�IRU�(�$�RU�7,:��,Q�*6$
V�QRUPDO�XVH��DOO�+LJK�PHPRU\
IURP�!%����WKURXJK�!))(��LV�VHW�DVLGH�IRU�XVHU�GDWD�

7KH�VHWXS�LQ�WKH�3$%�IRU�WKHVH�PHPRU\�LPDJH�RSHUDWLRQV�LV�YHU\�VLPSOH��7KHUH
V�QR�QHHG�IRU�UHFRUG�VL]H
RU�ILOH�W\SH�GDWD��7KH�RQO\�E\WHV�WKDW�FRXQW�LQ�WKH�3$%�GDWD�DUH�WKH�ILUVW�RQH��ZKLFK�LV����IRU�D�VDYH�DQG
���IRU�D�ORDG��WKH�WKLUG�DQG�IRXUWK��ZKLFK�SRLQW�WR�WKH�EXIIHU�LQ�9'3�5$0��DQG�E\WHV�VL[�DQG�VHYHQ��ZKLFK
PXVW�FRQWDLQ�WKH�QXPEHU�RI�E\WHV�WR�EH�VDYHG�LQ�WKH�ILOH��)URP�E\WH���RQZDUG��WKLQJV�DUH�WKH�VDPH�DV�IRU
DQ\�RWKHU�ILOH�W\SH��ZLWK�WKH�OHQJWK�RI�WKH�GHVFULSWRU�LQ�E\WH����IROORZHG�E\�WKH�GHVFULSWRU�LWVHOI�

,W�LV�LPSRUWDQW�WR�WUDQVIHU�WKH�VWXII�\RX
UH�VDYLQJ�IURP�LWV�PHPRU\�ORFDWLRQ�LQWR�WKH�EXIIHU�LQ�9'3�5$0�
DQG�WR�PDNH�VXUH�WKHUH
V�QRW�PRUH�WKDQ�WKH�EXIIHU�DUHD�FDQ�KDQGOH��,I�RXU�EXIIHU�ZHUH�DW�!������IRU
H[DPSOH��ZH�FRXOG�VDYH�QR�PRUH�WKDQ��������E\WHV�LQ�D�ILOH��VLQFH�DQ\�PRUH�ZRXOG�RYHUZULWH�GDWD�DW�9'3
5$0�DGGUHVV�!��'���ZKLFK�LV�QHHGHG�E\�WKH�FRPSXWHU�

2QFH�WKDW
V�EHHQ�GRQH��DQG�WKH�3$%�GDWD�ZULWWHQ�WR�9'3�DW�VRPH�ORZHU�ORFDWLRQ�WKDQ�!������DQG�WKH
3$%���DGGUHVV�SDVVHG�WR�!������MXVW�D�'65/1.�FDOO�PDNHV�WKH�ILOH�RQ�WKH�GLVN��1R�23(1�RSHUDWLRQ�RU
&/26(�RSHUDWLRQ�LV�QHFHVVDU\�
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7KH�FRGH�VHFWLRQ�ZH
YH�VKRZQ�IRU�WKH�*ROI�6FRUH�$QDO\]HU
V�6$9,7�LV�VRPHZKDW�FRQYROXWHG��,W�DOVR�FDOOV
D�VXEURXWLQH�FDOOHG�,17',���ZKLFK�KDV�QRW�EHHQ�LQ�DQ\�RI�RXU�DUWLFOHV�VR�IDU��:H
OO�SDVV�WKDW�DORQJ�YHU\
VRRQ��7KH�VDYLQJ�FRGH�LV�QRW�VDYHG�DV�SDUW�RI�WKH�PDLQ�SURJUDP��EXW�DV�SDUW�RI�WKH�,167$//�SURJUDP�
7KLV�LV�GRQH�VR�WKDW�,167$//�FDQ�PDNH�FKDQJHV�LQ�WKH�PDLQ�SURJUDP�LWVHOI��WKHQ�VDYH�WKH�WZR�PDLQ�ILOHV
WR�D�5DPGLVN�GULYH�ZLWK�WKH�PRGLILFDWLRQV�LQ�SODFH��7KH�SDUW�FDOOHG�*(7,16�LV�VDYHG�DV�SDUW�RI�WKH�PDLQ
SURJUDP��EXW�LV�RQO\�XVHG�ZKHQ�WKH�XVHU�SHUIRUPV�DQ�LQVWDOODWLRQ�SURFHVV��2WKHUZLVH��WKH�SDUW�DW�*(7,16
LV�RYHUZULWWHQ�E\�XVHU�GDWD��2ND\��VR�WKDW�ZDV�FOHDU�DV�PXG��EXW�LW�DOO�ZRUNV�WKH�ZD\�LW�ZDV�LQWHQGHG�WR�
DQG�WKDW
V�ZKDW�UHDOO\�FRXQWV�

,QIRUPDWLRQ�IRU�GHDOLQJ�ZLWK�RWKHU�ILOH�W\SHV��VXFK�DV�,QWHUQDO��LV�DYDLODEOH�LQ�WKH�(�$�0DQXDO�LQ�SDJHV����
WKURXJK������7KH�VHWXS�LQIRUPDWLRQ�IRU�E\WH���RI�WKH�3$%��RQ�SDJH������LV�JLYHQ�ELW�E\�ELW��VR�RQH�PXVW
GR�VRPH�WHGLRXV�ZRUN�WR�ILJXUH�RXW�ZKDW�WKH�FRUUHFW�KH[�FRGH�IRU�WKDW�E\WH�VKRXOG�EH��:H�XVH�D�KDQG�KHOG
FDOFXODWRU�IURP�5DGLR�6KDFN�WKDW�FRQYHUWV�ELQDU\�WR�RFWDO�RU�KH[�RU�GHFLPDO�DW�WKH�SUHVV�RI�D�NH\��DQG�WKDW
FRPHV�LQ�KDQG\���2XUV�LV�PRGHO�(&�������ZKLFK�LV�SUREDEO\�RXW�RI�SURGXFWLRQ�E\�QRZ��

1RQH�RI�WKH�FRGH�LQ�WRGD\
V�6LGHEDU�LV�FRPSOHWH��QRU�ZLOO�WKH�ZKROH�WKLQJ�HYHQ�DVVHPEOH�FRUUHFWO\��EXW�LW
V
D�VHULHV�RI�SLHFHV�WKDW�\RX�FDQ�XVH�LQ�\RXU�RZQ�SURJUDPV��$OO�RI�ZKDW
V�VKRZQ�LV�WDNHQ�IURP�UHDO�SURJUDPV
ZH
YH�ZULWWHQ��DQG�LW�ZRUNHG�ZKHQ�LQWHJUDWHG�LQWR�WKRVH�SURJUDPV�

:H
UH�QRW�VXUH�MXVW�\HW�ZKDW�RXU�QH[W�DUWLFOH�ZLOO�FRYHU��:H�DUH�ZULWLQJ�WKHVH�WKLQJV�PDQ\�PRQWKV�DKHDG
RI�SXEOLFDWLRQ��VR�PD\EH�ZH
OO�WDNH�D�YDFDWLRQ�IURP�ZULWLQJ�XQWLO�PRUH�RI�WKHP�KDYH�DSSHDUHG�LQ�SULQW���$V
ZH�ZULWH�WKLV��3DUW���KDV�QRW�\HW�DSSHDUHG���3HUKDSV�ZH
OO�KDYH�VRPH�UHDGHU�IHHGEDFN�TXHVWLRQV�WR�FRYHU
LQ�3DUW�����7KHQ�DJDLQ��PD\EH�ZH
OO�JHW�LQWR�WKDW�UDWKHU�DPXVLQJ�WRSLF�RI��2II�WKH�(QG�RI�WKH�:RUOG���LQ
ZKLFK�ZH
OO�UHODWH�VRPH�RI�WKH�IXQQ\�WKLQJV�WKDW�FDQ�KDSSHQ�ZKHQ�SURJUDPPLQJ�LQ�$VVHPEO\�

* SOME CODE FRAGMENTS FOR FILE HANDLING OPERATIONS
* THESE ARE BITS AND PIECES TO BE INTEGRATED INTO PROGRAMS
* TO PERFORM FILE OPENINGS, READING, WRITING, AND CLOSINGS
* ALL PUBLIC DOMAIN SOURCE CODE
*
* REQUIRED REFERENCES
       REF  VMBW,VMBR,VSBW,VSBR
       REF  DSRLNK
*
* REQUIRED EQUATES
STATUS EQU  >837C
WS     EQU  >20BA
GPLWS  EQU  >83E0
PAB1   EQU  >1000
BUF    EQU  >1050
PABPNT EQU  >8356
*
*
* CODE AT LABEL START COULD BE USED TO GET A FILE NAME INPUT FROM THE
* USER.  IT USES SUBROUTINES WE'VE SUPPLIED PREVIOUSLY
*
START  LI   R15,RTNSTK   SET STACK FOR HIGH LEVEL SUBROUTINE
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       LI   R0,3         ROW 1, COLUMN 4
       LI   R4,15        15 CHARACTERS WILL BE ACCEPTED
       BL   @CRSIN       USE CRSIN SUBROUTINE
       LI   R9,TEMSTR    POINT AT TEMPORARY STRING
       LI   R10,PAB1DT+9 POINT R10 AT FILE DESCRIPTOR LENGTH BYTE
       BL   @MOVSTR      MOVE STRING FROM TEMSTR TO PAB DATA
*  TWO WAYS TO OPEN ARE SHOWN
*  USE ONLY ONE OF THESE, DEPENDING ON YOUR NEED
*  FIRST IS THE LONG AND ACCURATE METHOD
*  SECOND IS A SHORTCUT
OPNF1  MOVB @INMD,@PAB1DT+1 OPEN WILL BE INPUT MODE
       LI   R0,PAB1      SET WRITE ADDRESS IN R0
       MOVB @PAB1DT+9,R2 GET DESCRIPTOR LENGTH BYTE INTO LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY SO R2 IS A WORD OF LENGTH
       AI   R2,10        ADD 10 TO INCLUDE THE PAB1DT LINE PLUS DESCRIPTOR
       LI   R1,PAB1DT    POINT R1 AT PAB DATA
       BLWP @VMBW        WRITE BYTES TO PAB LOCATION IN VDP RAM
       AI   R0,9         ADD NINE TO ADDRESS IN R0
       MOV  R0,@PABPNT   PLACE THAT ADDRESS AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK UTILITY
       DATA 8            REQUIRED DATA
       STST R14          STORE STATUS REGISTER IN R14
       ANDI R14,>2000    MASK ALL BUT BIT #2 IN R14
       JEQ  RDF1         IF ZERO, GO AHEAD TO READ FILE
       B    @OPNERR      ELSE TO OPNERR (SHOWN IN LAST ARTICLE)
* SHORTCUT METHOD FOR FILES OTHER THAN HARD DISK OR RS232 TYPE
OPNF1  MOVB @INMD,@PAB1DT+1 OPEN WILL BE INPUT MODE
       LI   R0,PAB1      SET WRITE LOCATION
       LI   R1,PAB1DT    SET SOURCE FOR PAB DATA
       LI   R2,25        25 BYTES - MAX FOR MOST PURPOSES
       BLWP @VMBW        WRITE DATA TO VDP
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   MOVE TO >8356
       CLR  @STATUS      CLEAR STATUS
       BLWP @DSRLNK      USE LINKAGE VECTOR
       DATA 8            REQUIRED DATA
       STST R14          STORE STATUS REGISTER IN R14
       ANDI R14,>2000    MASK ALL EXCEPT BIT 2
       JEQ  READF1       IF ZERO, PROCEED TO READ
       B    @OPNERR      OPNERR SHOWN LAST ARTICLE
RDF1   MOVB @READF,R1    MOVE READ OPCODE INTO LEFT BYTE R1
       LI   R0,PAB1      PAB ADDRESS IN VDP
       BLWP @VSBW        WRITE ONE BYTE INTO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   MOVE TO >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK
       DATA 8            REQUIRED DATA
       LI   R0,PAB1+1    SET TO SECOND BYTE OF PAB IN VDP



The Cyc: MICROpendium

       BLWP @VSBR        READ INTO LEFT BYTE R1
       SRL  R1,13        SHIFT R1 RIGHT BY 13 BITS
       JEQ  READON       IF ZERO, NO ERROR IN DSR OPERATION
       CI   R1,5         IF ERROR = 5, END OF FILE HAS BEEN REACHED
       JEQ  CLSF1        IF SO, CLOSE THE FILE
       B    @FILERR      ELSE SOME OTHER ERROR, REPORT THAT TO USER
READON LI   R0,PAB1+5    POINT AT PAB+5 IN VDP RAM
       BLWP @VSBR        READ THAT BYTE INTO LEFT BYTE R1
* FOR D/V FILES, THE BYTE AT PAB+5 IS THE LENGTH OF THE RECORD JUST READ
       MOVB R1,R2        MOVE BYTE INTO R2
       SRL  R2,8         RIGHT JUSTIFY LENGTH IN R2
       MOVB R1,@TEMSTR   MOVE BYTE TO TEMSTR
       LI   R0,BUF       POINT TO BUFFER LOCATION IN VDP
       LI   R1,TEMSTR+1  CONTENT GOES TO TEMSTR+1
       BLWP @VMBR        READ CONTENT OF RECORD FROM VDP BUFFER
* CODE WOULD BE INSERTED HERE TO MOVE THE RECORD FROM TEMSTR, OR DISPLAY
* THE RECORD ON THE SCREEN, OR ANY OTHER OPERATION YOU DESIRE
       JMP  RDF1         JUMP BACK TO READ NEXT RECORD
CLSF1  LI   R0,PAB1      POINT TO PAB ADDRESS
       MOVB @CLOSEF,R1   GET CLOSE OPCODE IN LEFT BYTE R1
       BLWP @VSBW        WRITE OPCODE TO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   PLACE AT >8356
       CLR  @STATUS      CLEAR STATUS
       BLWP @DSRLNK      CALL DSRLNK
       DATA 8            REQUIRED DATA
* FROM HERE, GO ON TO NEXT PROGRAM OPERATION
*
* CODE BELOW OPENS A D/V 80 FILE FOR WRITING, THEN WRITES THE RECORD STASHED
* AT TEMSTR TO THE FILE
*
OPNF2  MOVB @OUTMD,@PAB1DT+1 OPEN WILL BE OUTPUT MODE
       LI   R0,PAB1      SET WRITE ADDRESS IN R0
       MOVB @PAB1DT+9,R2 GET DESCRIPTOR LENGTH BYTE INTO LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY SO R2 IS A WORD OF LENGTH
       AI   R2,10        ADD 10 TO INCLUDE THE PAB1DT LINE PLUS DESCRIPTOR
       LI   R1,PAB1DT    POINT R1 AT PAB DATA
       BLWP @VMBW        WRITE BYTES TO PAB LOCATION IN VDP RAM
       AI   R0,9         ADD NINE TO ADDRESS IN R0
       MOV  R0,@PABPNT   PLACE THAT ADDRESS AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK UTILITY
       DATA 8            REQUIRED DATA
       STST R14          STORE STATUS REGISTER IN R14
       ANDI R14,>2000    MASK ALL BUT BIT #2 IN R14
       JEQ  WRTF2        IF ZERO, GO AHEAD TO WRITE FILE
       B    @OPNERR      ELSE TO OPNERR (SHOWN IN LAST ARTICLE)
WRTF2  MOVB @TEMSTR,R1   GET LENGTH OF RECORD IN LEFT BYTE R1
       LI   R0,PAB1+5    POINT TO RECORD LENGTH BYTE OF PAB
       BLWP @VSBW        WRITE LENGTH TO PAB
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       MOVB R1,R2        PLACE LENGTH IN LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY LENGTH IN R2
       LI   R1,TEMSTR+1  POINT TO STRING CONTENT
       LI   R0,BUF       POINT AT BUFFER IN VDP
       BLWP @VMBW        WRITE RECORD CONTENTS TO VDP
       MOVB @WRITEF,R1   GET WRITE OPCODE IN R1
       LI   R0,PAB1      POINT TO START OF PAB
       BLWP @VSBW        WRITE THE OPCODE BYTE TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   MOVE TO >8356
       CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @DSRLNK      CALL DSR LINKAGE
       DATA 8            REQUIRED DATA
       LI   R0,PAB1+1    POINT TO SECOND BYTE OF PAB
       BLWP @VSBR        READ THAT BYTE INTO R1
       SRL  R1,13        SHIFT R1 RIGHT 13 BITS
       JEQ  WRTON        IF ZERO, NO ERROR, SO GO ON
       B    @FILERR      ELSE BRANCH TO ERROR HANDLING
WRTON
* THIS LABEL WOULD GET ANOTHER RECORD READY AT TEMSTR, THEN BRANCH BACK TO
* WRTF2, OR ELSE IF FINISHED WOULD BRANCH BACK TO CLSF1 TO CLOSE THE FILE
* THIS FILE, SINCE IT'S USING THE SAME PAB AND BUFFER, CAN'T BE OPEN WHILE
* FILE 1 IS ALSO OPEN
*
* REQUIRED DATA SECTION
* THE FOLLOWING DATA SOURCE LINES ARE REQUIRED
*
* THIS PAB DATA AND MODE BYTES APPLY TO D/V 80 FILES
PAB1DT DATA >0014,BUF,>5000,>0000,>000F
       BSS  15
INMD   BYTE >14          BYTE FOR INPUT OF DISPLAY/VARIABLE FILE
OUTMD  BYTE >12          BYTE FOR OUTPUT OF DISPLAY/VARIABLE FILE
APPMD  BYTE >16          BYTE FOR APPEND OF DISPLAY/VARIABLE FILE
UPDAMD BYTE >10          BYTE FOR UPDATE MODE OF D/V FILE -NOT RECOMMENDED
WRITEF BYTE 3            OPCODE FOR WRITE OPERATION
READF  BYTE 2            OPCODE FOR READ OPERATION
CLOSEF BYTE 1            OPCODE FOR CLOSE OPERATION
*
* THE DATA BELOW IS A PAB SETUP PLUS THE MODE BYTES
* FOR A D/F 80 FILE
*
PAB2DT DATA >0001,BUF,>5050,>0000,>000F
       BSS  15
FINMD  BYTE >05          INPUT MODE BYTE FOR DISPLAY/FIXED FILE TYPE
FOUTMD BYTE >03          OUTPUT MODE BYTE FOR D/F FILES
FAPPMD BYTE >07          APPEND MODE BYTE FOR D/F FILES
FUPDMD BYTE >01          UPDATE MODE BYTE FOR D/F FILES
*
* BELOW IS CODE AND DATA SAMPLE FOR MAKING MEMORY IMAGE FILES
* DERIVED FROM OUR GSA PROGRAM
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*
       AORG >B000        THIS CODE STARTS AT >B000
INSTDT DATA >0500,>1020,0,ENINST-SAVDT,>000C
       TEXT 'DSK1.INSTALL'
SAVBYT BYTE 6
LDBYTE BYTE 5
* THIS SECTION IS USED TO LOAD THE INSTALL CODE WHEN NECESSARY
GETINS
       MOVB @LDBYTE,@INSTDT PUT LOAD OPCODE IN FIRST BYTE OF PAB DATA BLOCK
       LI   R0,PAB1      POINT TO PAB LOCATION
       LI   R1,INSTDT    POINT R1 AT DATA BLOCK
       LI   R2,22        22 BYTES IN PAB
       BLWP @VMBW        WRITE TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   TO >8356
       CLR  @STATUS      CLEAR STATUS
       BLWP @DSRLNK      LOAD FILE INTO VDP BUFFER
       DATA 8            REQD DATA
       LI   R0,>1020     POINT AT BUFFER
       MOV  @INSTDT+6,R2 LENGTH OF FILE INTO R2
       LI   R1,SAVDT     FILE STARTS AT LOCATION SAVDT
       BLWP @VMBR        GET CODE INTO MEMORY
       B    @INSTAL      THEN BRANCH TO NOW-INSTALLED INSTALL CODE
ENDAUX EQU  $
*  SAVER - STASHES PROGRAM
*  AS MEMORY IMAGE FILE
*  15 JUN 89
       DEF  SAVIT        DEFINED ENTRY POINT
SAVDT  DATA >0600,>1020,0,ENMAIN-GPLLNK,>000D
       TEXT 'DSK1.GOLFCODE'
SAVDT1 DATA >0600,>1020,0,ENDAUX->A000,>000E
       TEXT 'DSK1.GOLFCODE1'
SAVIT
       MOV  R11,@>8300   STASH REGISTER 11
       LWPI WS           LOAD OUR WS
       LI   R15,RTNSTK   SET R15 TO RETURN ADDRESS
       BL   @CLS         CLEAR SCREEN
       LI   R9,INSTDT+9  DISPLAY FILE DESCRIPTOR
       LI   R0,SCRWID*5+4 AT ROW 6, COLUMN 5
       BL   @DISLI       USING SUBROUTINE
       MOV  @INSTDT+6,R5 BRING LENGTH OF INSTALL SECTION INTO R5
       LI   R0,SCRWID*7+15 SCREEN LOCATION ROW 8, COLUMN 16
       BL   @INTDI1      DISPLAY INTEGER NUMBER ON SCREEN
       MOVB @SAVDT,@INSTDT SET FOR SAVING INSTALL PART
       MOV  @INSTDT+6,R2 GET LENGTH IN R2
       LI   R1,SAVDT     POINT TO START OF CODE TO BE SAVED
       LI   R0,>1020     BUFFER ADDRESS
       BLWP @VMBW        WRITE TO BUFFER
       LI   R0,PAB1      SET TO WRITE PAB
       LI   R2,22        22 BYTES
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       LI   R1,INSTDT    PAB DATA FOR INSTALL SECTION
       BLWP @VMBW        WRITE TO PAB IN VDP RAM
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   AT >8356
       CLR  @STATUS      CLEAR
       BLWP @DSRLNK      PERFORM WRITING OF FILE INSTALL TO DSK1
       DATA 8            DATA
SAVPT2
       LI   R9,SAVDT+9   GET DESCRIPTOR FOR GOLFCODE FILE
       LI   R0,SCRWID*9+4 ROW 10, COLUMN 5
       BL   @DISLI       DISPLAY FILE DESCRIPTOR
       MOV  @SAVDT+6,R5  GET LENGTH OF LOW-MEMORY CODE SECTION IN R5
       LI   R0,SCRWID*11+15  ROW 12, COLUMN 16
       BL   @INTDI1      DISPLAY INTEGER
       LI   R0,>1020     POINT TO BUFFER
       LI   R1,GPLLNK    GPLLNK IS AT START OF PROGRAM'S LOW MEM PORTION
       LI   R2,ENMAIN-GPLLNK ENMAIN IS END OF LOW MEM PART OF CODE
       BLWP @VMBW        WRITE TO BUFFER
       LI   R0,PAB1      SET FOR PAB
       LI   R1,SAVDT     POINT TO DATA
       LI   R2,23        23 BYTES
       BLWP @VMBW        WRITE PAB TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   TO >8356
       CLR  @STATUS
       BLWP @DSRLNK      WRITE FIRST SECTION OF CODE TO FILE
       DATA 8
       LI   R9,SAVDT1+9  GET DESCRIPTOR FOR SECOND FILE
       LI   R0,SCRWID*15+4 SCREEN ROW 16, COLUMN 5
       BL   @DISLI       DISPLAY THE DESCRIPTOR
       MOV  @SAVDT1+6,R5 GET LENGTH OF HIGH MEMORY SECTION IN R5
       LI   R0,SCRWID*17+15   ROW 18, COLUMN 16
       BL   @INTDI1      DISPLAY LENGTH (AS DECIMAL NUMBER)
       LI   R0,>1020     POINT TO BUFFER
       LI   R1,>A000     START OF HIGH MEMORY
       LI   R2,ENDAUX->A000 LENGTH OF HIGH MEM PORTION
       BLWP @VMBW        WRITE INTO BUFFER
       LI   R0,PAB1      SET FOR PAB
       LI   R1,SAVDT1    POINT TO PAB DATA
       LI   R2,24        24 BYTES TO WRITE
       BLWP @VMBW        WRITE PAB TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT
       CLR  @STATUS
       BLWP @DSRLNK      WRITE FILE GOLFCODE1 TO DISK
       DATA 8
GEXIT  LWPI GPLWS        LOAD GPL WORKSPACE
       MOV  @>8300,R11   REPLACE R11
       RT                RETURN
INSTAL
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* THE CODE FOR THE INSTALLATION PROCESS FOLLOWS HERE (NOT SHOWN)
* IT ENDS AT A LABEL CALLED ENINST
TEMSTR BSS  81           TEMPORARY STORAGE LOCATION FOR RECORD
* THE NUMBER IN THIS BSS MUST BE ONE MORE THAN THE LARGEST STRING LENGTH
* EXPECTED IN THE PROGRAM'S EXECUTION
RTNSTK DATA 0            RETURN ADDRESS STACK NEEDED BY CRSIN
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1.10. The Art Of Assembly — Part 10. Off The End Of The World

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

:KHQ�ZH�VWDUWHG�RXW�ZLWK�RXU�7,�+RPH�FRPSXWHU��ZH�KDG�RQO\�WKH�FRQVROH��ZLWK�([WHQGHG�%DVLF�PRGXOH�
6WRUDJH�ZDV�E\�FDVVHWWH�WDSH��DQG�SDLQIXOO\�VORZ��7KHUH�DUH�WLPHV�ZKHQ�ZH�FRQVLGHU�WKRVH�GD\V�WR�EH
JROGHQ�

3URJUDPPLQJ�LQ�([WHQGHG�%DVLF�UHPDLQHG�RXU�PRGH�RI�RSHUDWLRQ�IRU�VHYHUDO�\HDUV��HYHQ�DIWHU�DGGLQJ�WKH
3(�%R[����.�PHPRU\��DQG�RI�FRXUVH�D�GLVN�GULYH��)UXVWUDWLRQ�VHW�LQ�ZKHQ�ZH�NHSW�UXQQLQJ�LQWR�WKH
OLPLWDWLRQV�LPSRVHG�E\�WKH�KLJK�OHYHO�ODQJXDJH��6SHHG�RI�H[HFXWLRQ�EHFDPH�RXU�JUHDWHVW�GHVLUH��DQG�WKH
KDUGHVW�WKLQJ�WR�DFKLHYH�

)RU�DOO�LWV�GUDZEDFNV��KRZHYHU��([WHQGHG�%DVLF�KDG�RQH�ELJ�DGYDQWDJH��7KH�,QWHUSUHWHU�ZDV�DOZD\V�LQ
FRQWURO�RI�WKH�PDFKLQH��2QH�FRXOG�PDNH�DOO�NLQGV�RI�PLVWDNHV�LQ�WKH��SURJUDP��IHG�WR�WKDW�LQWHUSUHWHU��EXW
LW�ZRXOG�DOZD\V�EH�DEOH�WR�VWRS�WKH�SURJUDP�DQG�PDNH�WKDW�DZIXO��%223��VRXQG��:H�ZHUH�SURWHFWHG�DQG
VDIH��OLNH�&KULVWRSKHU�&ROXPEXV�VDLOLQJ�DURXQG�LQ�WKH�0HGLWHUUDQHDQ��WKHUH�ZDV�QR�FKDQFH�RI�VDLOLQJ�RII
WKH�HQG�RI�WKH�ZRUOG�

2I�FRXUVH�IUXVWUDWLRQ�JRW�WR�XV��DQG�ZH�FKRVH�WR� VHHN� WKH� VKRUWHU�URXWH�WR�,QGLD��WKURXJK�$VVHPEO\
ODQJXDJH��7DON�DERXW�XQFKDUWHG�VHDV��1R�PRUH�%223��2QFH�VRPHWKLQJ�DVVHPEOHG�FRUUHFWO\��QR�PRUH
�6<17$;�(5525���-XVW�SODLQ�FUDVKHV��ORFNXSV��DQG�VFUHHQ�GLVSOD\V�IURP�RXWHU�VSDFH�

,Q�WKLV�QHZ�YHQWXUH�ZH�IRXQG�PDQ\�ZD\V�WR�VHQG�WKH�FRPSXWHU�VDLOLQJ��2II�WKH�(QG�RI�WKH�:RUOG���:H
OO
UHFRXQW�D�FRXSOH�RI�WKRVH�WRGD\�

2QH�RI�WKH�HDVLHVW�ZD\V�WR�SXW�WKH�FRPSXWHU�LQWR�D�ERWWRPOHVV�DE\VV�LV�WR�WU\�D�90%:�RSHUDWLRQ�ZKHQ�5�
LV�]HUR��1RERG\�HYHU�PDGH�VSHFWDFXODU�JUDSKLFV�OLNH�WKDW�FDQ�GR��7KH�VFUHHQ�ILOOV�ZLWK�DOO�NLQGV�RI�SDWWHUQV�
PXOWLSOH�FRORUV��FKDQJLQJ�DSSDUHQWO\�DW�UDQGRP��,W�XVXDOO\�HQGV�ZLWK�WKH�VFUHHQ�ORRNLQJ�DV�LI�V\QF�KDV
EHHQ�ORVW��DQG�UHWUDFH�OLQHV�DUH�IDLQWO\�YLVLEOH��EXW�IODVKLQJ�RQ�DQG�RII�DW�UDQGRP�SRVLWLRQV��,I�ZH
UH�OXFN\�
LW�HYHQWXDOO\�JHWV�EDFN�WR�VRPHZKHUH�VWDEOH��DQG�WKHQ�FCTN = (QUIT)�EHFRPHV�DFWLYH�VR�ZH�FDQ�HVFDSH
IURP�WKH�DE\VV�ZLWKRXW�UHVRUWLQJ�WR�WKH�21�2))�VZLWFK�

$QRWKHU�VXFK�H[SHULHQFH�KDSSHQHG�ZKHQ�ZH�ZHUH�WU\LQJ�WR�JHW�VRPH�RI�RXU�PXVLF�SURJUDPV�WR�UXQ�RQ
*HQHYH�� ,Q� WKHVH�SURJUDPV��ZH�KDG� WR� VXSSO\�D�'65/1.�WR�RSHUDWH�RXU�$VVHPEO\� SURJUDP�XQGHU
([WHQGHG�%DVLF��(DUO\�WHVWLQJ�VKRZHG�WKDW�WKH�'65/1.�ZH�XVH�IRU�WKH�7,�ZRXOG�FDXVH�D�ORFNXS�RQ�WKH
*HQHYH��2QH�RI�RXU�FXVWRPHUV�WKHQ�VXSSOLHG�XV�WKH�VRXUFH�FRGH�IRU�D�'65/1.�WKDW�KH�NQHZ�ZRXOG�ZRUN
RQ�KLV�*HQHYH�
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(DJHUO\�ZH�DFFHSWHG��DQG�SODFHG�WKLV�GLIIHUHQW�'65/1.�LQ�RXU�VRXUFH�FRGH��,W�DVVHPEOHG�ZLWKRXW�HUURU�
VR�ZH� ORDGHG�WKH�2EMHFW� ILOH� IRU�WHVWLQJ�RQ�RXU�IDLWKIXO�7,��(YHU\WKLQJ�ZRUNHG�ILQH�XQWLO�ZH�PDGH�D
VHOHFWLRQ�IURP�WKH�PHQX��7KH�'65/1.�ZRUNHG��LQ�WKDW�LW�GLG�EULQJ�LQ�D�ILOH��DQG�PXVLF�SOD\HG��7KHUH�ZDV
MXVW�RQH�VPDOO�SUREOHP��7KH�'65/1.�KDG�WXUQHG�RXU�VFUHHQ�WRWDOO\�EODQN��,W�VHHPV�YLGHR�RXWSXW�KDG�EHHQ
FRPSOHWHO\�GLVDEOHG��VR�WKH�PRQLWRU�ZDV�MXVW�D�EODFN�VFUHHQ�IUHH�UXQQLQJ�

1HYHUWKHOHVV��WKH�PXVLF�FRQWLQXHG�WR�SOD\�XQWLO�WKH�QXPEHU�ZDV�RYHU��:H�ZRQGHUHG�LI�WKH�0HQX�ZDV�RQ
RXU� LQYLVLEOH�VFUHHQ��7KH�RQO\�ZD\�WR�WHOO�ZDV�WR�SUHWHQG�LW�ZDV�WKHUH�DQG�PDNH�D�VHOHFWLRQ��7R�RXU
FRPSOHWH�VXUSULVH��WKH�QXPEHU�VHOHFWHG�ORDGHG�LQ�DQG�SOD\HG��MXVW�DV�LI�WKH�PHQX�ZHUH�YLVLEOH�

2I�FRXUVH�ZH�GLGQ
W�WKLQN�LW�ZRXOG�EH�ZLVH�WR�DVN�RXU�7,�FXVWRPHUV�WR�SXW�XS�ZLWK�WKH�EODQN�PHQX�MXVW�VR
RXU�*HQHYH�FXVWRPHUV�ZRXOG�EH�KDSS\��:H�DEDQGRQHG�WKDW�'65/1.��$FWXDOO\��ZH�ILUVW�VWXGLHG�LWV�VRXUFH
FRGH�IRU�PDQ\�KRXUV��WU\LQJ�WR�GHFLSKHU�KRZ�LW�PDQDJHG�WR�EODQN�WKH�VFUHHQ��1R�GLFH�

0XFK�ODWHU��ZH�GLVFRYHUHG�WKDW�WKH�RULJLQDO�'65/1.�ZH�XVHG�RQ�WKH�7,�ZRXOG�ZRUN�RQ�WKH�*HQHYH�LI�ZH
HQWHUHG�RXU�PHQX�YLD�DQ�2SWLRQ���ORDGHU��LQVWHDG�RI�WKURXJK�([WHQGHG�%DVLF��:H�VWLOO�GRQ
W�NQRZ�ZK\�WKDW
ZRUNV��,W�KDV�DOVR�EHHQ�RXU�H[SHULHQFH�WKDW�ZKDW�ZRUNV�RQ�RQH�*HQHYH�PD\�QRW�ZRUN�RQ�DOO�RI�WKHP�

$QRWKHU�ILQH�PHVV�ZH
YH�FUHDWHG�IRU�RXUVHOYHV�ZDV�LQ�WKH�EXVLQHVV�RI�GRLQJ�D�90%5�RSHUDWLRQ�ZLWKRXW
KDYLQJ�VHW�5��WR�WKH�FRUUHFW�YDOXH��7KLV�FDQ�KDYH�GLVDVWURXV�UHVXOWV��HVSHFLDOO\�LI�\RX
UH�UHDGLQJ�LQWR�D�GDWD
DUHD�WKDW
V�DKHDG�RI�PRVW�RI�\RXU�FRGH��=DS��\RX
YH�RYHUZULWWHQ�SDUW�RI�\RXU�SURJUDP��DQG�WKH�FRPSXWHU
UDSLGO\�JHWV��ORVW�LQ�VSDFH���:H
YH�GRQH�WKLV�SDUWLFXODU�WULFN�RQ�D�QXPEHU�RI�RFFDVLRQV��DQG�ZKLOH�LW�GRHVQ
W
PDNH�DQ\�VSHFWDFXODU�VFUHHQ�GLVSOD\V��LW�GRHV�YHU\�HIIHFWLYHO\�ORFN�XS�WKH�FRPSXWHU�VR�WKDW�RQO\�WKH
21�2))�VZLWFK�KDV�DQ\�HIIHFW�ZKDWVRHYHU�

2Q�RQH�QRWDEOH�RFFDVLRQ��ZH�ZHUH�WU\LQJ�WR�EULQJ�LQ�HLJKW\�FKDUDFWHUV�IURP�D�9'3�)LOH�EXIIHU��$V�LW
KDSSHQHG��ZH�KDG�WKH�QXPEHU�HLJKW\�KDQG\�DW�D�GDWD�ORFDWLRQ�VRPHZKHUH�LQ�ORZ�PHPRU\��L�H��(,*+7<
'$7$������:H�FRXOG�KDYH�ZULWWHQ�029�#(,*+7<�5���RU�/,�5������1R��ZH�PDGH�D�VOLJKW�PLVWDNH�

:H�KDG�SODFHG�LQ�RXU�VRXUFH�FRGH�D�VRUW�RI�PL[HG�PHWDSKRU��VR�LW�UHDG�/,�5��(,*+7<��7KDW�SXW�WKH
DGGUHVV�RI�WKH�GDWD�LWHP�(,*+7<�LQWR�5���QRW�WKH�YDOXH�����7KH�DGGUHVV��EHLQJ�D�QXPEHU�VRPHWKLQJ�OLNH
!��(���PDGH�RXU�UHDG�RSHUDWLRQ�IURP�9'3�EULQJ��������E\WHV�IURP�9'3�LQWR�PHPRU\��ZLSLQJ�RXW�RXU
HQWLUH�PHQX�GULYHU��DQG�RI�FRXUVH�ORFNLQJ�WKH�FRPSXWHU�XS�VROLG�

:H�VWDUHG�DW�WKH�SULQWRXW�RI�WKDW�VRXUFH�FRGH�IRU�GD\V�RQ�HQG�ZLWKRXW�QRWLFLQJ�WKDW�HUURU��:H�HYHQ�WRRN
WKH�SULQWRXW�ZLWK�XV�WR�3KLODGHOSKLD�ZKLOH�YLVLWLQJ�D�IULHQG�WKHUH��1HDU�WKH�HQG�RI�RXU�VWD\�LQ�3KLODGHOSKLD�
DZD\�IURP�RXU�EHORYHG�FRPSXWHU��ZH�QRWLFHG�WKH�HUURU��DQG�RI�FRXUVH�WKHQ�HYHU\WKLQJ�PDGH�VHQVH�

7KH�WKUHH�KRXU�GULYH�EDFN�IURP�3KLOO\�ZDV�ILOOHG�ZLWK�WHQVLRQ��:DV�WKDW�WKH�RQO\�HUURU"�:RXOG�LW�ZRUN
RND\"�:DV�WKHUH�\HW�DQRWKHU�HUURU�VRPHZKHUH�WKDW�ZH�KDGQ
W�IRXQG"�:H�FRXOGQ
W�EHDU�WKH�ZDLWLQJ�WR�JHW
KRPH�DQG�WU\�WKLV�IL[��:H�GLG�WU\�LW��DQG�RI�FRXUVH�WKDW�FXUHG�WKH�SUREOHP��:H�ZHUH�DEOH�WR�VOHHS�WKDW�QLJKW
DIWHU�DOO�
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6OHHSOHVV�QLJKWV�DUH�MXVW�DQRWKHU�KD]DUG�LQ�WKLV�SURIHVVLRQ�RI�FRPSXWHU�SURJUDPPHU��7KHUH�LV�D�NLQG�RI
WHQVLRQ�WKDW�EXLOGV�XS�ZKHQ�VRPHWKLQJ�LVQ
W�ZRUNLQJ�ULJKW�ZKLFK�LV�PRUH�GHDGO\�WR�VOHHS�WKDQ������FXSV
RI�FRIIHH���7KHUH�PXVW�EH�D�ZD\�WR�PDNH�WKLV�ZRUN��,�NQRZ�WKHUH
V�D�ZD\��:KDW�LI�,�GLG�DQRWKHU�VPDOO
RSHUDWLRQ�EHIRUH�SURFHHGLQJ�ZLWK������

6OHHS�ZRQ
W�FRPH��EXW�WLUHGQHVV�GRHV��DQG�HYHQ�ZKLOH�\RX
UH�VWUXJJOLQJ�ZLWK�WKDW�RQH�SRVVLEOH�HUURU��\RXU
ODFN�RI�VOHHS�LV�LQGXFLQJ�RWKHUV��1RZ�\RX�VWDUW�JHWWLQJ�V\QWD[�HUURUV�GXULQJ�WKH�DVVHPEO\�UXQ��<RX�W\SHG
/,�5�����LQVWHDG�RI�/,�5������1RZ�\RX�JR�EDFN�DQG�IL[�WKDW��EXW�\RX
UH�VWLOO�QRW�FORVLQJ�LQ�RQ�WKH�RULJLQDO
SUREOHP��DQG�HYHU\�ORDG��VDYH��DQG�DVVHPEOH�LV�HDWLQJ�XS�WKH�ZHH�KRXUV�ZLWKRXW�DQ\�SD\RII�

6RPHWLPHV�WKH�H[KDXVWLRQ�JHWV�WKH�EHWWHU�RI�XV��DQG�ZH��VOHHS�RQ��WKH�SUREOHP��7KLV�XVXDOO\�KHOSV��DQG�D
IUHVK�ORRN�DW�WKH�VRXUFH�FRGH�LQ�WKH�PRUQLQJ�EULQJV�D�VROXWLRQ��,W
V�DOZD\V�D�JRRG�LGHD�WR�WDNH�D�VOHHS�EUHDN�
KDUG�WKRXJK�WKDW�PD\�EH�WR�GR�

7KH�KDUGHVW�SUREOHPV�RI�DOO�WR�ILQG�DUH�WKH�RQHV�ZKHUH�VRPH�NH\�VWHS�KDV�EHHQ�RPLWWHG��,I�VRPHWKLQJ�WKDW
V
WKHUH�LV�ZURQJ��WKDW
V�PXFK�HDVLHU�WR�VSRW�WKDQ�VRPHWKLQJ�WKDW
V�QRW�WKHUH��2I�FRXUVH�WKHUH�LV�D�GHEXJJHU
VXSSOLHG�ZLWK�WKH�(�$�SDFNDJH��:K\�QRW�XVH�WKDW�WR�LVRODWH�WKH�SUREOHP"�:H�VHOGRP�UHVRUW�WR�WU\LQJ�7,
V
GHEXJJHU��+HUH
V�ZK\�

)LUVW��RQH�PXVW�NQRZ�WKH�DFWXDO�DGGUHVVHV�WR�XVH�ZKHQ�WKH�SURJUDP�LV�UHVLGHQW�LQ�PHPRU\��7R�EH�SHUIHFWO\
DFFXUDWH�LQ�WUDFLQJ�D�SUREOHP��WKLV�PHDQV�UXQQLQJ�D�IXOO\�OLVWHG�DVVHPEO\��JHQHUDWLQJ�D�PRXQWDLQ�RI
IDQ�IROG�SDSHU�ZKLFK�ZLOO� EH�XVHIXO� RQO\�XQWLO� WKH�SUREOHP� LV� FRUUHFWHG��6HFRQG�� RQH�PXVW�PDNH�DQ
HGXFDWHG�JXHVV�DV�WR�ZKHUH�WKH�SUREOHP�RFFXUV��DQG�VHW�D�EUHDNSRLQW�EHIRUH�WKH�VXVSHFW�RSHUDWLRQ��,I�RQH
FRXOG�WKHQ�VLQJOH�VWHS�XS�XQWLO�WKH�GLVDVWHU��WKH�GHEXJJHU�ZRXOG�KDYH�HDUQHG�LWV�NHHS��2QH�FDQ
W�GR�WKDW
ZLWK�7,
V�GHEXJJHU��VR�WKH�ZKROH�SURFHVV�EHFRPHV�D�WLUHVRPH�VHULHV�RI�VWRSSLQJ��UHORDGLQJ��WDNLQJ�DQRWKHU
JXHVV��WKHQ�WU\LQJ�DJDLQ�

)LQDOO\��PDQ\�RI�WKH�WKLQJV�ZH�GR�LQYROYH�VLWXDWLRQV�ZKHUH�WKH�GHEXJJHU�FDQ
W�HYHQ�EH�ORDGHG�LQWR�PHPRU\�
EHFDXVH�WKHUH
V�QRW�HQRXJK�URRP�DIWHU�RXU�SURJUDP�ORDGV��RU�HOVH�LW�ZLOO�RYHUZULWH�VRPHWKLQJ�ZH�$25*
G
ZKHQ�LW�ORDGV�

1RZ�DQG�WKHQ�RXU�DELOLW\�WR�FUHDWH�KDYRF�RQ�WKH�FRPSXWHU�LV�HQKDQFHG�E\�WKH�SUHVHQFH�LQ�RXU�KRXVH�RI
VPDOO�DQLPDOV��:H�KDYH�FDWV��DQG�VRPH�RI�WKHP�KDYH�GLVFRYHUHG�RXU�7,�&RPSXWHU�FRQVROH��2QH�OLNHV�WR�FXUO
XS�LQ�D�WLJKW�EDOO�RQ�WRS�RI�WKH�FRQVROH�ZKLOH�ZH
UH�XVLQJ�LW��6KH�OLNHV�WKH�ZDUPWK�IURP�LWV�HOHFWURQLF
LQQDUGV��6RPHWLPHV�KHU�ERG\�VRUW�RI�RYHUODSV�WKH�NH\V��PDNLQJ�LW�LPSRVVLEOH�WR�SUHVV�WKH�NH\V�1��2�RU�3�
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2QFH�\RXU�DXWKRU�FRPPLWWHG�WKH�HUURU�RI�OHDYLQJ�WKH�URRP�ZKLOH�WKLV�GDUOLQJ�OLWWOH�FDW�ZDV�DWRS�WKH
FRQVROH��'XULQJ�KLV�DEVHQFH��WKH�FDW�GHFLGHG�WR�ZDON�DFURVV�WKH�NH\ERDUG��DQG�ZKHQ�KH�UHWXUQHG��QRWKLQJ
IURP�WKH�5DPGLVN�PHQX�ZRXOG�ZRUN��,W�WRRN�VRPH�WLPH��EXW�HYHQWXDOO\�D�VFHQDULR�HPHUJHG��7KH�FRPSXWHU
KDG�EHHQ�OHIW�ZLWK�WKH�5DPGLVN�PHQX�RQ�VFUHHQ��7KH�FDW�PXVW�KDYH�KLW�NH\����ZKLFK�DFWLYDWHV�WKH�+RUL]RQ
&RQILJXUH�SURJUDP��6KH
G�WKHQ�SUHVVHG�DQ\�NH\��DQG�SXW�XV�LQWR�FRQILJXUH��7KH�QH[W�NH\�VKH�PXVW�KDYH
VWHSSHG�RQ�ZDV�'�IRU�GULYHV��WKHQ�4��7KLV�UHQDPHG�GULYH����DV�GULYH�4��%\�WKH�WLPH�ZH�UHWXUQHG�WR�WKH
URRP��WKH� VFUHHQ�KDG�EODQNHG��:H�KLW�FCTN = (QUIT)� WR�UHVHW��DQG�WKH�PHQX�FDPH�EDFN��EXW�WKRVH
SURJUDPV�OLVWHG�RQ�WKH�PHQX�DV�EHLQJ�RQ�GULYH���FRXOG�QRW�EH�DFFHVVHG��VLQFH�ZH�QR�ORQJHU�KDG�D�GULYH��
RQ�WKH�V\VWHP�

3UHWW\�FOHYHU�FDW��WKDW��,W�WRRN�TXLWH�D�ZKLOH�WR�ILJXUH�RXW�ZKDW�KDG�KDSSHQHG��EXW�RQO\�D�PLQXWH�WR
VWUDLJKWHQ�RXW�

$QRWKHU�RI�RXU�FDWV�OHDUQHG�KRZ�WR�SOD\�D�JDPH�ZLWK�RXU�ROG�6WDU�'HOWD����SULQWHU��6KH�ORYHG�ZDWFKLQJ
WKH�SULQWKHDG�]RRP�EDFN�DQG�IRUWK��DQG�VHHLQJ�WKH�SDSHU�DGYDQFH��$IWHU�D�ZKLOH��VKH�ILJXUHG�RXW�KRZ�WR
VWHS�RQ�WKH�2Q�/LQH�EXWWRQ��WKHQ�VKH
G�MXVW�NHHS�RQH�OLWWOH�SDZ�RQ�WKH�/LQH�)HHG�EXWWRQ�DQG�ZDWFK�DV�KDOI
D�UHDP�RI�SDSHU�KHDGHG�GRZQ�WKH�EDFN�RI�WKH�SULQWHU��:H�VWRSSHG�XVLQJ�WKH�'HOWD����VRPH�WLPH�DJR��DQG
VKH�KDVQ
W�OHDUQHG�\HW�KRZ�WR�GR�WKLV�WULFN�RQ�WKH�6WDU�1;������

$V�ZH�ZULWH�WKLV��LW
V�ODWH�RQ�D�VXPPHU�HYHQLQJ��DQG�WKH�DLU�FRQGLWLRQHU�LV�PDNLQJ�WKH�URRP�D�OLWWOH�FKLOO\�
VR�WKHUH
V�D�FDW�FXUOHG�XS�EHVLGH�WKH�FRQVROH��XQGHU�WKH�GHVN�ODPS��7KH�ODPS�NHHSV�KHU�ZDUP��EXW�QRZ�DQG
WKHQ�VKH�VKLIWV�SRVLWLRQV��DQG�NQRFNV�SDSHUV�RII�WKH�GHVN�DQG�RQWR�WKH�IORRU�

%XW�VKH�LV�FXWH��FXGGO\��DQG�SXUUV�VR�VZHHWO\�ZKHQ�SHWWHG���:H�DUH�VXFNHUV�IRU�SXUULQJ�FDWV���%HVLGHV�
KXPDQV�H[LVW�MXVW�WR�SLFN�XS�SDSHUV��VWUDLJKWHQ�RXW�5DPGLVNV��DQG�RI�FRXUVH�WR�IHHG�FDWV��'RQ
W�EHOLHYH
WKLV"�$VN�DQ\�FDW�

(QRXJK�RI�WKLV�UDPEOLQJ��7RGD\
V�6LGHEDU�KDV�D�FRXSOH�RI�OLWWOH�VXEURXWLQHV�\RX�PD\�ILQG�XVHIXO��$V�ZH
SURPLVHG��WKH�VXEURXWLQH�,17',6�ZH�PHQWLRQHG�ODVW�WLPH�LV�KHUH��DQG�LQ�WZR�YHUVLRQV��2QH�YHUVLRQ
GLVSOD\V�D�RQH�ZRUG�LQWHJHU�UHJDUGOHVV�RI�VLJQ��VR�LWV�VFUHHQ�RXWSXW�UDQJHV�IURP�]HUR�WKURXJK��������7KH
RWKHU�WDNHV�WKH�VLJQ�ELW�LQWR�DFFRXQW��DQG�GLVSOD\V�SRVLWLYH�QXPEHUV�IURP���WKURXJK�������DQG�QHJDWLYH
QXPEHUV�IURP����WKURXJK��������

7KHVH�RI�FRXUVH�FDQ
W�EH�XVHG�WRJHWKHU�LQ�D�SURJUDP�DV�WKH\
UH�VKRZQ�KHUH��EHFDXVH�ODEHOV�ZRXOG�EH
GXSOLFDWHG��:LWK�FKDQJHV�WR�WKH�ODEHOV��RQH�FRXOG�XVH�ERWK�LQ�D�SURJUDP�
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7KH�PHWKRG�XVHG�LQ�WKHVH�VXEURXWLQHV�ZDV�VXJJHVWHG�E\�RQH�IRU�WKH�3&��LQ�RQH�RI�3HWHU�1RUWRQ
V�ERRNV�
)LUVW��ZH�SODFH�WKH�QXPEHU�ULJKW�MXVWLILHG�LQ�WKH�UHJLVWHU�SDLU�5��5���E\�PRYLQJ�5��WR�5��DQG�WKHQ�FOHDULQJ
5���:H�VXFFHVVLYHO\�GLYLGH�WKH�QXPEHU�E\�WHQ��$IWHU�HDFK�GLYLVLRQ��5��FRQWDLQV�WKH�LQWHJHU�TXRWLHQW�DQG
5��FRQWDLQV�WKH�UHPDLQGHU��7KH�ILUVW�VXFK�GLYLGH�PDNHV�5���UHPDLQGHU��HTXDO�WKH�OHDVW�VLJQLILFDQW�GLJLW�
'LYLGLQJ�WKH�TXRWLHQW�IURP�WKLV�RSHUDWLRQ�E\�WHQ�PDNHV�WKH�UHPDLQGHU�HTXDO�WKH�QH[W�VLJQLILFDQW�GLJLW��DQG
VR�RQ��7KLV�FRQWLQXHV�XQWLO�ZH�ILQG�WKH�TXRWLHQW�LQ�5��LV�]HUR��ZKLFK�PHDQV�WKH�UHPDLQGHU�WKHQ�LQ�5��LV
WKH�PRVW�VLJQLILFDQW�GLJLW�LQ�WKH�QXPEHU��2I�FRXUVH�3HWHU�1RUWRQ�KDG�WKH�OX[XU\�RI�GRLQJ�WKLV�RQ�D�3&��VR
DOO�KH�KDG�WR�GR�WR�VDYH�HDFK�GLJLW�ZDV�WR��386+�';��RQWR�WKH�HVWDEOLVKHG�VWDFN��WKHQ��323��WKH�GLJLWV�EDFN
LQWR�D�UHJLVWHU�IRU�GLVSOD\��+HUH��ZH�KDG�WR�FUHDWH�RXU�RZQ�VWDFN�LQ�PHPRU\�DQG�XVHG�5���DV�D�SRLQWHU�WR
WKDW�VWDFN��7KH�FRGH�VKRZQ�LQ�WKH�6LGHEDU�LV�ZHOO�DQQRWDWHG��VR�\RX�VKRXOG�EH�DEOH�WR�IROORZ�LWV�RSHUDWLRQ�
2Q�HQWU\��5��VKRXOG�SRLQW�WR�D�VFUHHQ�ORFDWLRQ�ZKHUH�WKH�GHFLPDO�SRLQW�ZRXOG�EH�LI�WKHUH�ZHUH�RQH��7KDW
LV��WKH�VSRW�MXVW�EH\RQG�ZKHUH�WKH�OHDVW�VLJQLILFDQW�GLJLW�ZLOO�DSSHDU��7KH�YDOXH�LQ�5��ZLOO�EH�GHVWUR\HG�E\
WKH�VXEURXWLQH��7KH�VFUHHQ�DGGUHVV�SODFHG�LQ�5��EHIRUH�HQWU\�ZLOO�EH�UHVWRUHG�XSRQ�H[LW�

7KH�RWKHU�VXEURXWLQH�LV�IRU�WKRVH�FDVHV�ZKHUH�\RX�ZDQW�WR�VHH�WKH�KH[�FRQWHQW�RI�VRPH�ZRUG��7KH�PHWKRG
XVHG�KHUH�ZDV�ERUURZHG�IURP�DQRWKHU�ERRN�RI�VXEURXWLQHV�IRU�WKH�3&��%\�LVRODWLQJ�WKH�ULJKW�PRVW�Q\EEOH
HDFK�WLPH��DQG�VXFFHVVLYHO\�VKLIWLQJ�D�UHJLVWHU�WR�WKH�ULJKW��ZH�SODFH�WKH�IRXU��GLJLWV��RQ�D�VWDFN��WKHQ�VWULS
WKHP�RII�DQG�GLVSOD\�WKHP�LQ�FRUUHFW�RUGHU�

:H�KRSH�WKHVH�VXEURXWLQHV�ZLOO�EH�XVHIXO�LQ�\RXU�SURJUDPV��:H�DOVR�KRSH�WKDW�ZH
YH�JRWWHQ�D�IHZ�FKXFNOHV
IURP�RXU�UHDGHUV��7KRVH�ZKR
YH�GRQH�VRPH�SURJUDPPLQJ�LQ�$VVHPEO\�ZLOO�QR�GRXEW�KDYH�VWRULHV�RI�D
VLPLODU�QDWXUH�WR�UHFRXQW�

,Q�RXU�QH[W�DUWLFOH�ZH�SURPLVH�WR�UHPDLQ�RQ�D�VHULRXV�QRWH�WKURXJKRXW��DQG�WR�SDVV�DORQJ�VRPH�XVHIXO�WLSV�

* THREE USEFUL SUBROUTINES - TWO THAT DISPLAY INTEGERS IN DECIMAL,
* ONE THAT DISPLAYS A WORD VALUE IN HEX NOTATION
*
* THIS FIRST VERSION OF INTDIS SHOWS INTEGER AS POSITIVE OR NEGATIVE NUMBER
* WILL DISPLAY NUMBERS FROM 0 THRU 32767 POSITIVE, OR THROUGH -32768 NEGATIVE
* NUMBER DISPLAYED IS RIGHT JUSTIFIED FROM POSITION POINTED TO BY R0 ON ENTRY
* TWO ENTRY POINTS ARE PROVIDED:
* USE INTDIS IF R5 POINTS TO INTEGER (WORD) IN MEMORY
* USE INTDI1 IF R5 CONTAINS INTEGER TO DISPLAY
* ON ENTRY, R0 POINTS TO LOCATION ONE SPOT BEYOND LEAST SIGNIFICANT DIGIT
* ON EXIT, R0 POINTS TO SAME LOCATION
* LEADING ZEROS ARE SUPPRESSED
* R1, R5, R6, AND R14 ARE USED AND MODIFIED BY SUBROUTINE
*
INTDIS MOV  *R5,R5       ENTRY WHEN R5 POINTS TO NUMBER - MOVE VALUE TO R5
INTDI1 LI   R14,INTSTK   ENTRY WHEN R5 CONTAINS NUMBER - POINT R14 TO STACK
       MOV  R5,R6        MOVE R5 VALUE TO R6
       ANDI R6,>8000     MASK OFF ALL BUT SIGN BIT
       MOVB R6,@NEGFLG   MOVE LEFT BYTE R6 TO FLAG BYTE
       JEQ  INTLOP       IF ZERO, JUMP
       NEG  R5           ELSE MAKE R5 POSITIVE VALUE
INTLOP MOV  R5,R6        MOVE R5 VALUE TO R6
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       DEC  R0           DECREMENT SCREEN LOCATION
       CLR  R5           CLEAR R5
       DIV  @TEN,R5      DIVIDE R5-R6 REGISTER PAIR BY 10
       SWPB R6           GET REMAINDER IN LEFT BYTE R6
       AB   @NUMBER,R6   ADD NUMBER MASK BYTE (>30)
       MOVB R6,*R14+     PLACE BYTE IN STACK AND INCREMENT POINTER
       MOV  R5,R5        SEE IF QUOTIENT WAS ZERO
       JNE  INTLOP       IF NOT, GO BACK FOR NEXT DIGIT
       MOVB @NEGFLG,R1   MOVE FLAG BYTE INTO LEFT BYTE R1
       JEQ  DISLOP       IF ZERO, JUMP AHEAD
       DEC  R0           ELSE DECREMENT SCREEN LOCATION
       MOVB @MINUS,R1    GET MINUS SIGN IN LEFT BYTE R1
*      AB   @OFFSET,R1   COMMENTED OUT - NEEDED IF RUN FROM XB
       BLWP @VSBW        DISPLAY MINUS SIGN
       INC  R0           POINT TO NEXT SPOT ON SCREEN
DISLOP DEC  R14          DECREMENT STACK POINTER
       MOVB *R14,R1      MOVE BYTE FROM STACK INTO LEFT BYTE R1
*      AB   @OFFSET,R1   COMMENTED OUT - USE ONLY IF RUN FROM EXTENDED BASIC
       BLWP @VSBW        WRITE DIGIT TO SCREEN
       INC  R0           INCREMENT SCREEN LOCATION
       CI   R14,INTSTK   COMPARE R14 TO BEGINNING OF STACK
       JGT  DISLOP       IF STILL GREATER, DISPLAY ANOTHER DIGIT
       RT                ELSE RETURN TO CALLING PROGRAM
*
*
* SECOND VERSION OF INTDIS - IGNORES SIGN
* NUMBER MAY RANGE FROM 0 THROUGH 65,535 (ONE WORD)
* TWO ENTRY POINTS ARE PROVIDED
* USE INTDIS WHEN R5 POINTS TO A WORD IN MEMORY TO DISPLAY
* USE INTDI1 WHEN NUMBER TO BE DISPLAYED IS ALREADY IN R5
* ON ENTRY AND EXIT, R0 POINTS TO LOCATION ONE SPOT BEYOND LAST DIGIT
* DISPLAY RIGHT JUSTIFIES NUMBER FROM THERE
* SUPPRESSES LEADING ZEROS  (I.E. NUMBER 00045 WILL DISPLAY AS 45)
* R1, R5, R6, AND R14 ARE USED AND MODIFIED BY SUBROUTINE
*
INTDIS MOV  *R5,R5       MOVE INTEGER FROM MEMORY TO R5
INTDI1 LI   R14,INTSTK   POINT R14 AT STACK
INTLOP MOV  R5,R6        MOVE R5 VALUE INTO R6
       DEC  R0           DECREMENT SCREEN POINTER
       CLR  R5           CLEAR REGISTER 5
       DIV  @TEN,R5      DIVIDE R5-R6 REGISTER PAIR BY TEN
       SWPB R6           PLACE REMAINDER IN LEFT BYTE R6
       AB   @NUMBER,R6   ADD NUMERIC MASK (>30)
       MOVB R6,*R14+     STASH NUMBER ON STACK AND INCREMENT POINTER
       MOV  R5,R5        IS QUOTIENT ZERO
       JNE  INTLOP       IF NOT, THERE ARE MORE SIGNIFICANT DIGITS
DISLOP DEC  R14          DECREMENT STACK POINTER
       MOVB *R14,R1      MOVE BYTE FROM STACK TO LEFT BYTE R1
*      AB   @OFFSET,R1   COMMENTED OUT - USED ONLY WHEN RUN FROM EXTENDED BASIC
       BLWP @VSBW        WRITE TO SCREEN
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       INC  R0           POINT AT NEXT SCREEN LOCATION
       CI   R14,INTSTK   COMPARE POINTER TO BEGINNING OF STACK
       JGT  DISLOP       IF GREATER, GO BACK FOR ANOTHER DIGIT
       RT                ELSE RETURN
*
* SUBROUTINE HEXDIS DISPLAYS A HEX NUMBER ON SCREEN
* ON ENTRY, NUMBER TO BE DISPLAYED IS IN R5
* SCREEN LOCATION FOR FIRST "DIGIT" IS IN R0
* ON EXIT, R5 CONTAINS ORIGINAL NUMBER, R0 POINTS TO SPOT BEYOND LAST "DIGIT"
* R4, R6, R0, R1, R14 ARE USED AND CHANGED BY THE SUBROUTINE
*
HEXDIS
       LI   R4,4         FOUR "DIGITS" TO DISPLAY
       LI   R14,INTSTK   POINT AT STACK LOCATION
STKLP  MOV  R5,R6        MOVE R5 VALUE TO R6
       ANDI R6,>000F     MASK ALL BUT LAST NYBBLE
       SWPB R6           PLACE IN LEFT BYTE R6
       CB   R6,@TEN+1    COMPARE TO 10
       JLT  NUM          IF LESS, USE NUMBER MASK
       AB   @ALP,R6      ELSE ADD "A"-10 TO BYTE
       JMP  STCKIT       THEN JUMP
NUM    AB   @NUMBER,R6   ADD >30 TO BYTE
STCKIT MOVB R6,*R14+     PLACE BYTE IN STACK, INCREMENT POINTER
       SRC  R5,4         SHIFT R5 FOR NEXT NYBBLE
       DEC  R4           DECREMENT NYBBLE COUNT
       JNE  STKLP        IF NOT ZERO, GO BACK
       LI   R4,4         ELSE RESET R4 TO FOUR
HEXLOP DEC  R14          DECREMENT STACK POINTER
       MOVB *R14,R1      MOVE BYTE FROM STACK INTO R1
*      AB   @OFFSET,R1   COMMENTED OUT - FOR XB USE
       BLWP @VSBW        WRITE TO SCREEN
       INC  R0           INCREMENT SCREEN LOCATION
       DEC  R4           DECREMENT CHARACTER COUNT
       JNE  HEXLOP       IF NOT ZERO, WRITE ANOTHER CHARACTER
       RT                RETURN TO CALLING PROGRAM
*
*
* REQUIRED DATA SECTION - GOOD FOR ALL THREE SUBROUTINES
*
TEN    DATA 10           JUST THE NUMBER 10 AS A WORD
ALP    BYTE 55           ASCII VALUE FOR "A" WITH TEN SUBTRACTED (65-10=55)
INTSTK BSS 5             RESERVED SPACE FOR DIGITS (FIVE)
MINUS  TEXT '-'          MINUS SIGN READY FOR USE
NUMBER BYTE >30          NUMERIC VALUE MASK = ASCII FOR ZERO
NEGFLG BYTE 0            FLAG BYTE FOR NEGATIVE NUMBERS
OFFSET BYTE >60          USED ONLY IF SUBROUTINE RUN UNDER XB
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1.11. The Art Of Assembly — Part 11. Structuring Data

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

%DFN�LQ�1XPEHU���RI�WKLV�VHULHV��ZH�VKRZHG�D�0HQX�'ULYHU��GHULYHG�IURP�RXU�*ROI�6FRUH�$QDO\]HU��7R
PDNH�WKDW�RQH�GULYHU�ZRUN�IRU�D�QXPEHU�RI�GLIIHUHQW�PHQXV��ZH�KDG�WR�RUJDQL]H�WKH�GDWD�IRU�WKH�PHQXV
LQ�D�SDUWLFXODU�IDVKLRQ��VR�WKDW�WKH�GULYHU�FRXOG��DPRQJ�RWKHU�WKLQJV��DXWR�FHQWHU�WKH�PHQX�LWHPV�EHWZHHQ
WKH�WRS�DQG�WKH�ERWWRP�RI�WKH�VFUHHQ��DQG�XVH�D�ORRS�WR�GLVSOD\�WKH�LWHPV�LQ�WKH�ERG\�RI�WKH�PHQX��,I�\RX
OO
UHFDOO��WKH�GDWD�DOVR�ZDV�RUJDQL]HG�DV�VWULQJV��VR�WKDW�WKH�GLVSOD\�VXEURXWLQH�ZRXOG�NQRZ�KRZ�PDQ\
FKDUDFWHUV�ZHUH�WR�EH�GLVSOD\HG�RQ�HDFK�PHQX�OLQH�

7KDW�ZDV�MXVW�RQH�H[DPSOH�RI�KRZ�PDNLQJ�D�VSHFLILF�VWUXFWXUH�IRU�WKH�GDWD�FRXOG�PDNH�WKH�FRGH�PXFK�PRUH
HIILFLHQW�LQ�ERWK�PHPRU\�DQG�VSHHG��,Q�WKLV�DUWLFOH��ZH
OO�H[WHQG�WKDW�FRQFHSW�D�ELW��VKRZLQJ�KRZ�ZH
VWUXFWXUHG�WKH�GDWD�IRU�WKRVH��)LOO�LQ��VFUHHQV�LQ�WKH�*ROI�6FRUH�$QDO\]HU��%\�HQWHULQJ�WKLV�GDWD�LQ�D
FDUHIXOO\�VWUXFWXUHG�PDQQHU��ZH�ZHUH�DEOH�WR�SURYLGH�RQH�VPDOO�VXEURXWLQH�WKDW�FRXOG�SURGXFH�DQ\�RI�D
QXPEHU�RI�VFUHHQV�IXOO�RI�SURPSWV��7KLV�VDYHG�PHPRU\��DQG�DOVR�PDGH�WKH�GLVSOD\�RI�ZKROH�VFUHHQV�IXOO
RI�GDWD�KDSSHQ�YHU\�TXLFNO\�

7KH�6LGHEDU�VKRZV�WKH�FRGH�IRU�LQYRNLQJ�WKH�',66&5��'LVSOD\�6FUHHQ��VXEURXWLQH��WKH�VXEURXWLQH�LWVHOI�
DQG�WKH�GDWD�IRU�RQH�RI�WKRVH�VFUHHQV��7KHUH�DUH�WZR�SRLQWHUV�UHTXLUHG���5��DQG�5���DQG�WZR�VHSDUDWH�GDWD
VHFWLRQV�IRU�HDFK�VFUHHQ��7KH��/RFDWLRQ��EORFN��/2&7%���LV�D�VHW�RI�ZRUGV�RI�GDWD��HDFK�JLYLQJ�WKH�VWDUWLQJ
VFUHHQ�ORFDWLRQ�IRU�D�FRUUHVSRQGLQJ�WH[W�VWULQJ��7KH�JURXS�RI�WH[W�VWULQJV��7;77%���LV�MXVW�WKDW��HDFK
VWULQJ�KDYLQJ�D�OHQJWK�E\WH��IROORZHG�E\�WKH�WH[W�WR�EH�GLVSOD\HG�

7KH� VXEURXWLQH� LV� QRWKLQJ� EXW� D� VLPSOH� ORRS�ZKLFK� FRQWLQXHV� GLVSOD\LQJ� WKH� VWULQJV� DW� WKH� GHVLUHG
ORFDWLRQV�XQWLO�LW�ILQGV�WKH��VWRS��VFUHHQ�ORFDWLRQ��:H�XVHG�!))))�DV�RXU�VWRS�FRGH�EHFDXVH�WKDW
V�DQ
LPSRVVLEOH�QXPEHU�IRU�VFUHHQ�ORFDWLRQ��7KLV�VXEURXWLQH�XVHV�',6/,�WR�GLVSOD\�HDFK�VWULQJ�RQ�WKH�VFUHHQ�
DQG�WDNHV�DGYDQWDJH�RI�WKH�IDFW�WKDW�',6/,�OHDYHV�WKH�SRLQWHU�DW�WKH�OHQJWK�E\WH�RI�WKH�QH[W�VWULQJ�HDFK
WLPH�LW�GLVSOD\V�RQH��7KH�YHUVLRQ�RI�',6/,�VKRZQ�KHUH�LV�D�YHU\�VLPSOLILHG�RQH�IRU�XVH�ZLWK�SURJUDPV�WR
UXQ�XQGHU�WKH�(�$�PRGXOH��:KHQ�XVHG�ZLWK�([WHQGHG�%DVLF��D�PRUH�FRPSOH[�YHUVLRQ�RI�',6/,�ZDV�XVHG�
�VHH���� LQ� WKLV� VHULHV�� VR� WKDW� WKH�;%�2IIVHW� FRXOG�EH�DGGHG� WR� HDFK� FKDUDFWHU� LQ� WKH� VWULQJ� EHIRUH
GLVSOD\LQJ�LW�

+DUNLQJ�EDFN�IRU�D�PRPHQW��\RX
OO�VHH�KHUH�DJDLQ�RXU�ROG�IULHQG�6&5:,'�XVHG�WR�GHVLJQDWH�D�VFUHHQ�URZ
RI�FKDUDFWHUV��,Q�WKH�*ROI�6FRUH�$QDO\]HU��HYHU\WKLQJ�LV�GRQH�RQ�WKH�QRUPDO�*UDSKLFV�VFUHHQ��VR�6&5:,'
(48����ZDV�LQFOXGHG�HDUO\�LQ�WKH�VRXUFH�FRGH�

$JDLQ�ZH
YH�XVHG�WKH�$VVHPEOHU�WR�GR�PDWK�IRU�XV��VR�DQ�HQWU\�OLNH�6&5:,'����ZLOO�EH�FRPSXWHG�E\�WKH
$VVHPEOHU�WR�WKH�FRUUHFW�YDOXH�IRU�5RZ����&ROXPQ���RI�WKH�VFUHHQ��7KLV�PDGH�LW�PXFK�HDVLHU�IRU�XV��GXULQJ
GHYHORSPHQW� RI� WKH� SURJUDP�� WR� DGMXVW� RXU� VFUHHQ� SRVLWLRQV� ZKHQ� QHFHVVDU\�� VLQFH� WKHUH
V� DQ� HDV\
PQHPRQLF�IRU�WUDQVODWLQJ�RXU�VRXUFH�FRGH�WR�5RZ��&ROXPQ�IRUP�
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,Q�WKLV�SDUWLFXODU�FDVH��ZH�GLGQ
W�GLVSOD\�DQ\WKLQJ�RQ�WKH�WRS�URZ�RI�WKH�VFUHHQ��VR�WKH�ILUVW�WKUHH�HQWULHV
LQ�/2&7%��KDYH�6&5:,'�SOXV�RQH�OHVV�WKDQ�WKH�GHVLUHG�FROXPQ��,I�ZH�ZHUH�WR�KDYH�WKHVH�GLVSOD\HG�RQ
5RZ���WKH�HQWULHV�ZRXOG�UHDG�'$7$���������

,Q�LWV�DSSOLFDWLRQ��WKLV�SDUWLFXODU��ILOO�LQ��VFUHHQ�LV�XVHG�LQ�VHYHUDO�SODFHV��ERWK�IRU�XVHU�HQWU\�DQG�IRU
GLVSOD\LQJ�GDWD�IURP�D�JROIHU
V�ROG�UHFRUGV��7KH�VXEURXWLQH�',66&5�LV�RI�FRXUVH�XVHG�LQ�RWKHU�SODFHV��ZLWK
RWKHU�GDWD��WR�SURGXFH�VFUHHQV�IRU�DGGLQJ�DQG�HGLWLQJ�FRXUVH�GDWD��IRU�H[DPSOH�

7KHUH
V�DQRWKHU�KLGGHQ�DVVHW�LQ�WKLV�GDWD�VWUXFWXUH��LQ�WKDW�VRPH�VWULQJV�ZKLFK�ZHUH�QHHGHG�LQ�RWKHU�SODFHV
WKDQ�ZLWKLQ�WKH�ILOO�LQ�VFUHHQ�ZHUH�JLYHQ�ODEHOV��7KLV�PDGH�LW�HDV\�WR�XVH�VPDOO�SDUWV�RI�WKLV�ELJ�JURXS�RI
VWULQJV�ZKHUHYHU�ZH�QHHGHG�WKHP��)RU�H[DPSOH��LI�ZH�ZDQWHG�WKH�ZRUG��38776��WR�DSSHDU�DW�5RZ���
FROXPQ����ZH�FRXOG�DFFRPSOLVK�WKDW�E\�

LI   R0,SCRWID*5+4
LI   R1,PUTSTR
BL   @DISLI

7KDW�LGHD�ZDV�RI�FRXUVH�XVHG�LQ�WKH�SURJUDP��WR��UHF\FOH��SDUWV�RI�WKDW�ORQJ�DUUD\�RI�VWULQJV�

$V�\RX
UH�SUREDEO\�DOO�WRR�DZDUH�E\�QRZ��ZH�DUH�YHU\�IRQG�RI�GRLQJ�WKLQJV�ZLWK�ORRS�VWUXFWXUHV�LQ�RXU�FRGH�
:H�ZHUH�QRW�DOZD\V�VR�VNLOOIXO�LQ�XVLQJ�WKHP��DQG�VRPH�RI�RXU�HDUOLHVW�DWWHPSWV�DW�SURJUDPPLQJ�LQ
$VVHPEO\�XVHG�YHU\�ORQJ�VHTXHQFHV�RI�RSHUDWLRQV�ZKHUH�VLPSOH�ORRSV�ZRXOG�KDYH�GRQH�WKH�MRE�

/HW
V�MXVW�IRU�WKH�PRPHQW�DVVXPH�WKDW�WKH�ILOO�LQ�VFUHHQ�GDWD�ZH
YH�VKRZQ�LQ�WRGD\
V�6LGHEDU�ZHUH�QRW
RUJDQL]HG�LQ�WKLV�IDVKLRQ��/HW
V�VXSSRVH�LW�ZDV�MXVW�WH[W�OLQHV��QRW�VWULQJV�

/HW
V�DOVR�DVVXPH�ZH�GLGQ
W�PDNH�WKDW�WDEOH�RI�VFUHHQ�ORFDWLRQV�IRU�WKH�YDULRXV�VWULQJV��2XU�WH[W�SDUW�ZRXOG
WDNH�XS�IHZHU�E\WHV�LQ�PHPRU\�ZLWKRXW�WKH�OHQJWK�E\WH�EHIRUH�HDFK�WH[W�OLQH�

TXTTB1 TEXT 'COURSE:'
TEXT 'PAR:'
TEXT 'DATE:'
(and so on)

1RZ�RXU�FRGH�ZRXOG�QRW�EH�DEOH�WR�RSHUDWH�RQ�D�VLPSOH�ORRS�EDVLV��EXW�ZRXOG�QHHG�VHSDUDWH�VWHSV�WR�GLVSOD\
HDFK�SDUW��)RU�H[DPSOH�

DISSCR LI   R0,SCRWID+2
LI   R2,7
LI   R1,TXTTB1
BLWP @VMBW
A    R2,R1
LI   R0,SCRWID+14
LI   R2,4
BLWP @VMBW
(and so on)
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$OVR��RI�FRXUVH��HDFK�ILOO�LQ�VFUHHQ�ZH�XVHG�ZRXOG�QHHG�LWV�RZQ�WDLORU�PDGH�FRGH�VHFWLRQ�OLNH�WKDW�VKRZQ
DERYH��$�',6/,�VXEURXWLQH�ZRXOG�EH�XQQHFHVVDU\��EXW�DW�D�YHU\�KLJK�FRVW�

:H�WKLQN�WKLV�VPDOO�H[DPSOH�ZLOO�RQFH�DQG�IRU�DOO�PDNH�RXU�SRLQW��WKDW�E\WHV�VSHQW�LQ�D�ZHOO�RUJDQL]HG�GDWD
VWUXFWXUH�FDQ�EH�VDYHG�PDQ\�WLPHV�RYHU�ZKHQ�WKH\�SHUPLW�D�VLPSOH�ORRS�LQ�WKH�FRGH�VHFWLRQ�WR�GLVSOD\�D
EXQFK�RI�GDWD�

:H
YH� DSSOLHG� WKLV� FRQFHSW� RI� ORRSLQJ� DQG� GDWD� VWUXFWXULQJ� LQ� RXU� PXVLF� SURJUDPV�� DQG� WKLV� KDV
FRQWULEXWHG�PDWHULDOO\�WR�RXU�DELOLW\�WR�FUDP�WRQV�RI�PXVLF�RQWR�RXU�GLVNV��,Q�WKH�PXVLF��WKH�GDWD�LV
RUJDQL]HG�LQWR�PHDVXUHV��DQG�ODEHOV�DUH�SODFHG�DW�WKH�EHJLQQLQJV�DQG�HQGV�RI�PHDVXUHV��7KHQ�RXU��DFWLRQ�
SDUW�RI�WKH�FRGH�FDQ�XVH�ORRSV�WR�UHSHDW�SOD\LQJ�RI�VHFWLRQV�RI�WKH�PXVLF��DQG�HYHQ�WR�SHUIRUP�ZKDW
PXVLFLDQV�FDOO�D��'D�&DSR���7KDW
V�,WDOLDQ�IRU��OLWHUDOO\��)URP�WKH�+HDG���RU�PRUH�FROORTXLDOO\���)URP�WKH
7RS����ZKLFK�UHSHDWV�WKH�HQWLUH�SLHFH�

/LNH�DQ\WKLQJ�GRQH�LQ�$VVHPEO\��RXU�PHWKRG�ZRQ
W�IHHO�FRPIRUWDEOH�WR�VRPH�SURJUDPPHUV��QRU�LV�LW
QHFHVVDULO\�WKH��EHVW��ZD\�WR�DFFRPSOLVK�WKH�WDVN��:H�XVH�RXU�RZQ�PHWKRGV�DV�H[DPSOHV�RI�KRZ�VWUXFWXUH
LQ�ERWK�GDWD�DQG�FRGH�FDQ�EHFRPH�\RXU�VHUYDQW��DQG�LQYLWH�RXU�UHDGHUV�WR�PRGLI\�DQG�LPSURYH�RQ�RXU
PHWKRGV�WR�WKHLU�KHDUW
V�FRQWHQW�

7KHUH�DUH�WKLQJV�UHIHUHQFHG�LQ�WRGD\
V�6LGHEDU�WKDW�DUH�QRW�LQFOXGHG�WKHUH��VXFK�DV�WKH�&/6�VXEURXWLQH�
IRU�ZKLFK�ZH�JDYH�WZR�H[DPSOHV�HDUOLHU��DQG� WKH�+LJK�OHYHO�VXEURXWLQH�UHWXUQ�68%5(7��DOVR�JLYHQ
SUHYLRXVO\���6HH����RI�WKLV�VHULHV�LQ�WKH�-XO\������LVVXH��

7KLV�ZRXOG�EH�NLQG�RI�D�VKRUW�DUWLFOH�LI�ZH�VWRSSHG�KHUH��\HW�ZH�GRQ
W�ZDQW�WR�RSHQ�D�QHZ�DQG�PDMRU�WRSLF
HLWKHU��,QVWHDG��OHW
V�JR�LQWR�D�GLVFXVVLRQ�RQ�RXU�GHVLJQ�SKLORVRSK\�IRU�GHYHORSLQJ�SURJUDPV��7KLV�PD\
FDXVH�JQDVKLQJ�RI�WHHWK�LQ�VRPH�FLUFOHV��EXW�WKH�IROORZLQJ�DUH�RXU�RSLQLRQV��QRW�WKRVH�RI�0,&52SHQGLXP

RU�DQ\RQH�HOVH���7U\�WR�LPDJLQH�WKH�ZRUG��&200(17$5<��IODVKLQJ�LQ�\RXU�PLQG�ZKLOH�UHDGLQJ�WKLV��

:H�EHOLHYH�WKDW�SURJUDPPHUV�VHUYLQJ�WKH�7,�FRPPXQLW\�VKRXOG��ILUVW�DQG�IRUHPRVW��VHUYH�WKH�SHUVRQ�ZLWK
WKH�PLQLPDO�V\VWHP��)RU�$VVHPEO\�SURJUDPV��WKLV�PHDQV�WKH�SHUVRQ�ZLWK���.��;%�RU�(�$�RU�7,:�PRGXOH�
DQG�RQH�66�6'�GLVN�GULYH��'RHV�WKDW�PHDQ�ZH�SUHFOXGH�VHUYLQJ�WKRVH�ZLWK�WKUHH�RU�IRXU�GULYHV"�1R��LW�MXVW
PHDQV�WKDW�ZH�WKLQN�WKH�JX\�ZLWK�WKH�PLQLPDO�V\VWHP�VKRXOG�EH�DEOH�WR�XVH�DQ\�RI�RXU�SURGXFWV�

:KDW�ZH�ZRQ
W�GR�LV�JHW�FDXJKW�XS�LQ�ZKDW�ZH�PLJKW�FDOO�WKH��+DUGZDUH�0DQLD��WKDW�FXUUHQWO\�LQIHFWV�WKH
7,�&RPPXQLW\��:KDW�GR�ZH�PHDQ�E\��+DUGZDUH�0DQLD"��7KLV��:H�GRQ
W�RZQ�D�+DUG�'ULYH�IRU�HLWKHU�RI
RXU�7,�PDFKLQHV��7KDW�PHDQV��DPRQJ�RWKHU�WKLQJV��WKDW�ZH�FDQ
W�HIIHFWLYHO\�SURJUDP�IRU�WKLQJV�LQYROYLQJ
KDUG�GULYH��,Q�RXU�RSLQLRQ��QRERG\�ZKR�RZQV�D�7,�VKRXOG�LQYHVW�LQ�SXWWLQJ�+DUG�'ULYH�RQ�LW��7KH�FRVW�LV
KLJK��DQG�WKH�SD\RII�YHU\�TXHVWLRQDEOH��PDLQO\�EHFDXVH�WKH�7,�V\VWHP�ZDV�QRW�GHVLJQHG�IRU�LW��:H�GR�KDYH
D�KDUG�GULYH�RQ�RQH�RI�RXU�WKUHH�3&�FRPSXWHUV��DQG�ILQG�LW�YHU\�XVHIXO�LQ�WKH�HQYLURQPHQW�RI�06�'26�
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:KHQ�ZH�SURJUDP�WKLQJV�RQ�WKH�3&��ZH�WDNH�DGYDQWDJH�RI�VHUYLFH�URXWLQHV�SURYLGHG�E\�WKH�%,26�DQG�'26
WKDW�DUH�RPQLSUHVHQW�RQ�WKRVH�PDFKLQHV��7KXV�RXU�SURJUDPV�KDYH�QR�SUREOHP�ZLWK�ILQGLQJ�RXW�ZKDW�WKH
FXUUHQW�GULYH�DQG�GLUHFWRU\�DUH��EHFDXVH�ZH� FDQ� VLPSO\� LQYRNH� D�'26� LQWHUUXSW� VHUYLFH� WR�JHW� WKDW
LQIRUPDWLRQ��:H�XVHG�WKDW�VHUYLFH�LQ�WKH�3&�YHUVLRQ�RI�RXU�*ROI�6FRUH�$QDO\]HU�VR�WKDW�DOO�WKH�ILOHV�LW
FUHDWHV�DXWRPDWLFDOO\�UHVLGH�RQ�WKH�VDPH�GULYH�DQG�LQ�WKH�VDPH�GLUHFWRU\�DV�WKH�SURJUDP�

2Q�WKH�7,��WKHUH�LV�QR�HTXLYDOHQW�RI�WKH�'26�VHUYLFHV��:H�FDQ�DQG�GR�ILQG�RXW�WKH�GHYLFH�QDPH�IURP�ZKLFK
D� SURJUDP�ZDV� ORDGHG�� EXW� LI� WKDW� WXUQV� RXW� WR� EH�:'6��� ZH
UH� VWXPSHG� DERXW� ZKDW� GLUHFWRU\� RU
VXE�GLUHFWRU\�ZH�ORDGHG�IURP��,QFLGHQWDOO\��LI�DQ\�RI�RXU�UHDGHUV�GRHV�KDYH�D�ZD\�RI�GRLQJ�WKLV��ZH
G�EH
KDSS\�LI�KH�RU�VKH�ZRXOG�VKDUH�WKDW�LQIRUPDWLRQ�ZLWK�RWKHUV�WKURXJK�8VHU�1RWHV�RU�DQ\�RWKHU�KDQG\
IRUXP�

6KRXOG�ZH�GHFLGH�WKDW�ZH�PXVW�VHUYH�WKDW�VXEVHW�RI�WKH�7,�FRPPXQLW\�WKDW�KDV�KDUG�GULYHV��ZH�ZRXOG�KDYH
WR�LQYHVW�D�ORW�RI�PRQH\�DQG�YDOXDEOH�WLPH�OHDUQLQJ�KRZ�WR�SURJUDP�IRU�LW��,Q�D�JRRG�\HDU��WKDW�PLJKW
LQFUHDVH�RXU�VDOHV�E\�WHQ�GLVNV�RU�VR��ZKLFK�ZRXOG�PHDQ�WKDW�LQ�RQO\����RU����\HDUV�RXU�KDUG�GULYH�ZRXOG
SD\�IRU�LWVHOI�

:H�IHHO�WKH�VDPH�ZD\�DERXW�VXFK�ZRQGHUIXO�JLPPLFNV�DV����FROXPQ�FDUGV��:H�GRQ
W�KDYH�WKRVH��HLWKHU�
DQG� FDQ
W� VHH� HQRXJK� H[WUD� VDOHV� SRWHQWLDO� RXW� WKHUH� WR� HYHU�PDNH� DFTXLULQJ� RQH� D� YLDEOH� ILQDQFLDO
LQYHVWPHQW�

:H�GR�KDYH�+RUL]RQ�5DPGLVN� RQ� RQH� RI� RXU� WZR�7,V��EXW� WKDW
V�PDLQO\� WR� VSHHG�XS� WKH�SURFHVV�RI
$VVHPEOLQJ�VRXUFH�FRGH��7KH�+RUL]RQ�LV�VRPHWKLQJ�ZH�XVH�HYHU\�GD\��DQG�WKDQNV�WR�VRPH�YHU\�H[FHOOHQW
ZRUN�E\�LWV�GHYHORSHUV��LW�GRHV�YHU\�IDLWKIXOO\�HPXODWH�WKH�QRUPDO�IORSS\�GULYH��H[FHSW�RI�FRXUVH�WKDW�LW
SHUIRUPV�PDQ\�WLPHV�IDVWHU�WKDQ�WKH�IORSS\�GULYH��2XU�:RUG�3URFHVVRU��ZKLFK�WDNHV�VRPHWKLQJ�OLNH���
VHFRQGV�WR�ORDG�LQWR�PHPRU\�IURP�IORSS\�GLVN��ORDGV�IURP�5DPGLVN�LQ�DERXW�������VHFRQGV�

:H�DOVR�KDYH�+RUL]RQ
V�3�*UDP�FDUGV�LQ�ERWK�RI�RXU�7,V��EHFDXVH�WKRVH�JRW�XV�RXW�RI�WKH�XQUHOLDEOH
FDUWULGJH�FRQQHFWLRQ��7KLV�ZD\��ZH�KDYH�(GLWRU�$VVHPEOHU�DQG�([WHQGHG�%DVLF�MXVW�D�NH\VWURNH�DZD\�

7KDW��KRZHYHU�LV�DOO�ZH�GR�ZLWK�WKH�5DPGLVN�DQG�3�*UDP��:H�GRQ
W�KDYH�DQ\��5DPER��RU��3OXV��PHPRU\
RQ�HLWKHU�RI�WKHVH�GHYLFHV��$JDLQ��WKDW
V�D�PDWWHU�RI�HFRQRPLFV�IRU�XV��:ULWLQJ�SURJUDPV�WKDW�UHTXLUH
5DPER�RU�3�*UDP��ZRXOG�EH�IRROLVK��VLQFH�LW�ZRXOG�VHYHUHO\�OLPLW�RXU�PDUNHW��3HUKDSV�ZH�FRXOG�SURJUDP
FOHYHUO\�HQRXJK�VR�WKDW�RXU�SURJUDPV�ZRXOG�ZRUN�ZLWKRXW�WKRVH�GHYLFHV��EXW�ZRUN�EHWWHU�LI�WKH\�ZHUH
SUHVHQW��1HYHUWKHOHVV��EX\LQJ�WKHP�MXVW�WR�UHDFK�WKDW�PDUJLQDO�H[WUD�PDUNHW�ZRXOG�QHYHU��LQ�RXU�RSLQLRQ�
SD\�RII�

2ND\��ZH
UH�EDFN�RII�RXU�VRDSER[��:H�KRSH�SHRSOH�ZLOO�XQGHUVWDQG�ZK\�WKLV�FROXPQ�ZLOO�QRW�JHW�KHDYLO\
LQWR�KRZ�WR�SURJUDP�IRU�5$0%2�RU����FROXPQ�FDUGV��RU�DQ\�RWKHU�H[RWLF�QHZ�JDGJHWV�WKDW�FRPH�DORQJ�
:H
YH� JRW� HQRXJK� SUREOHPV� MXVW� PDNLQJ� VRXQG� SURJUDPV� IRU� WKH� �%DVHOLQH�� 7,� V\VWHP�� DQG� ZH
OO
FRQFHQWUDWH�RQ�KHOSLQJ�RXU�UHDGHUV�ZLWK�WKRVH�SUREOHPV�
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2XU�QH[W�DUWLFOH�ZLOO�JLYH�VRPH�LGHDV�RQ�KRZ�WR�PDNH�HIIHFWLYH�XVH�RI�WKH��������E\WHV�RI�9'3�5$0��!����
WKUX�!��'���WKDW
V�QRUPDOO\�QRW�XVHG�E\�WKH�(�$�PRGXOH��:H�PD\�WRXFK�RWKHU�WRSLFV��EXW�WKDW�ZLOO�EH�WKH
PDLQ�RQH�

* EXAMPLE OF DATA STRUCTURING FOR A SCREENFUL OF STUFF
* FIRST, THE CODE TO INVOKE THE SUBROUTINE
*
FILSCR BL   @CLS         CLEAR THE SCREEN
       LI   R6,LOCTB1    SET R6 TO LOCATION TABLE
       LI   R1,TXTTB1    SET R1 TO TEXT ADDRESS
       BL   @DISSCR      CALL SUBROUTINE
       (GO ON TO NEXT OPERATION)
*
* THE SUBROUTINE DISSCR DISPLAYS A WHOLE SCREENFUL
*
DISSCR MOV  R11,*R15+    STASH RETURN ADDRESS ON STACK
DISCR1 MOV  *R6+,R0      GET SCREEN LOCATION INTO R0, INCREMENT R6 BY TWO
       CI   R0,>FFFF     IS THAT "END OF SCREEN" CODE?
       JEQ  DISCRX       IF SO, GET OUT OF SUBROUTINE
       BL   @DISLI       ELSE DISPLAY STRING POINTED TO BY R1
       JMP  DISCR1       THEN JUMP BACK FOR NEXT ITEM
DISCRX B    @SUBRET      USE HIGH-LEVEL SUBROUTINE RETURN
*
*  DISLI IS SHOWN FOR REFERENCE
*  IN THE ORIGINAL PROGRAM, A MORE COMPLEX VERSION
*  OF DISLI WAS USED, FOR COMPATIBILITY WITH EXTENDED BASIC
*
DISLI
       MOVB *R1+,R2      GET LENGTH BYTE INTO R2
       SRL  R2,8         RIGHT JUSTIFY IN R2
       JEQ  DISLIX       IF R2 = 0, GET OUT OF SUBROUTINE
       BLWP @VMBW        ELSE DISPLAY STRING CONTENT
       A    R2,R1        THEN ADD R2 TO ADDRESS IN R1
DISLIX RT                RETURN TO CALLING PROGRAM
*
* DATA SECTION
*
* LABEL LOCTB1 IS FOR ENTIRE FILL-IN SCREEN
* EACH ENTRY GIVES SCREEN LOCATION FOR ONE STRING
*
LOCTB1 DATA SCRWID+2,SCRWID+14,SCRWID+21
       DATA SCRWID*4+2,SCRWID*4+10,SCRWID*4+20
       DATA SCRWID*6+1,SCRWID*7+1
       DATA SCRWID*8+1,SCRWID*9+1
       DATA SCRWID*11+2,SCRWID*11+10,SCRWID*11+20
       DATA SCRWID*13+1,SCRWID*14+1,SCRWID*15+1
       DATA SCRWID*16+1,SCRWID*18+1,SCRWID*18+9
       DATA SCRWID*18+23,SCRWID*19+2,SCRWID*19+11
       DATA SCRWID*19+21,SCRWID*20+2,SCRWID*20+11
       DATA SCRWID*21+2,SCRWID*22+2
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       DATA >FFFF        END OF SCREEN INDICATOR
*
* TXTTB1 IS COLLECTION OF STRINGS FOR FILL-IN SCREEN
*
TXTTB1 BYTE 7
       TEXT 'COURSE:'
       BYTE 4
       TEXT 'PAR:'
       BYTE 5
       TEXT 'DATE:'
OUTSTR BYTE 3
       TEXT 'OUT'
       BYTE 5
       TEXT 'PUTTS'
       BYTE 3
       TEXT 'PAR'
       BYTE 2
       TEXT 'HL'
       BYTE 2
       TEXT 'PA'
       BYTE 2
       TEXT 'SC'
       BYTE 2
       TEXT 'PU'
INSTR  BYTE 2
       TEXT 'IN'
PUTSTR BYTE 5
       TEXT 'PUTTS'
PARSTR BYTE 3
       TEXT 'PAR'
       BYTE 2
       TEXT 'HL'
       BYTE 2
       TEXT 'PA'
       BYTE 2
       TEXT 'SC'
       BYTE 2
       TEXT 'PU'
GRSSTR BYTE 3
       TEXT 'GRS'
HCSTR  BYTE 10
       TEXT 'HI      HC'
NETSTR BYTE 3
       TEXT 'NET'
       BYTE 5
       TEXT 'BIRDS'
       BYTE 6
       TEXT 'EAGLES'
       BYTE 5
       TEXT 'PUTTS'
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       BYTE 4
       TEXT 'PARS'
       BYTE 6
       TEXT 'BOGIES'
       BYTE 13
       TEXT 'DOUBLE BOGIES'
       BYTE 4
       TEXT 'CMNT'
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1.12. The Art Of Assembly — Part 12. Getting The Most From VDP RAM

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

$V�ZH�PHQWLRQHG�DW�WKH�FORVH�RI�����LQ�WKLV�VHULHV��WKHUH�LV�D�JUHDW�DQG�ODUJHO\�XQWDSSHG�UHVRXUFH�RI
PHPRU\�LQ�WKH��������E\WHV�RI�9'3�5$0��!�����WKUX�!��'���WKDW�DUH�QRW�QRUPDOO\�XVHG�E\�WKH�(�$
PRGXOH��:H�KDYH�GHYLVHG�D�QXPEHU�RI�ZD\V�WR�XVH�WKLV�UHVRXUFH�WKDW�ZHUH�QHYHU�PHQWLRQHG�E\�7,��7RGD\
ZH
OO�VKDUH�VRPH�RI�WKRVH�LGHDV�ZLWK�RXU�UHDGHUV��LQ�KRSHV�WKH\
OO�EHFRPH�PRUH�LQQRYDWLYH�LQ�WKLV�UHJDUG�

6HYHUDO�\HDUV�DJR��ZKHQ�ZH�VWDUWHG�WR�ZULWH�RXU�RZQ�:RUG�3URFHVVRU�RQ�WKH�7,��LW�YHU\�TXLFNO\�EHFDPH
REYLRXV�WKDW�ZH�ZRXOG�UXQ�RXW�RI�PHPRU\�LI�ZH�WULHG�NHHSLQJ�WKH�ZRUNLQJ�WH[W�LQ�D�PDLQ�PHPRU\�EXIIHU
VSDFH��7KDW�ZDV�RI�FRXUVH�ZKDW�ERWK�WKH�(�$�HGLWRU�DQG�7,�:ULWHU�GLG��DQG�GRLQJ�VR�SODFHG�OLPLWV�RQ�ZKDW
IHDWXUHV�WKH�HGLWRU�FRXOG�FRQWDLQ��,W�DOVR�FRQWULEXWHG�WR�WKH�QHHG�IRU�D�VHSDUDWH��IRUPDWWHU��SURJUDP�WR�GR
SULQWLQJ�ZLWK�7,�:ULWHU�

$OVR�HDUO\�LQ�WKH�GHYHORSPHQW�RI�WKH�:3�ZH�GHFLGHG�WKDW�D�VLQJOH�GRFXPHQW�VKRXOG�EH�DEOH�WR�EH�PDQ\
SDJHV�LQ�OHQJWK�ZKLOH�VWLOO�EHLQJ�SDUW�RI�RQH�GRFXPHQW��7KH�DQVZHU�WR�RXU�GLOHPPD�OD\�LQ�WKH�9'3�5$0
PHPRU\��:H�GHVLJQHG�WKH�:3�VR�WKDW�RQO\�RQH�SDJH�ZRXOG�EH�NHSW�LQ�WKH�FRPSXWHU�DW�RQH�WLPH��DQG�VR
WKDW�WKH�WH[W�RI�WKDW�SDJH�ZRXOG�DFWXDOO\�H[LVW�RQO\�LQ�9'3�5$0��DV�D�VHULHV�RI�VFUHHQV��7KXV�WKH�ILUVW
VFUHHQIXO�RI�D�GRFXPHQW�SDJH�UHVLGHV�DW�!�����LQ�9'3�5$0��WKH�QH[W�VFUHHQIXO�DW�!������WKHQ�!�����
DQG�VR�RQ��$V�WKH�XVHU�VFDQV�WKURXJK�D�SDJH��ZH��IOLS��WKH�VFUHHQV�E\�D�VLPSOH�9:75�RSHUDWLRQ��VHWWLQJ
9'3�5HJLVWHU���WR�GLIIHUHQW�YDOXHV�VR�WKDW�WKH�RXWSXW�WR�WKH�PRQLWRU�LV�GLIIHUHQW�VHFWLRQV�RI�WKH�9'3�5$0
PHPRU\�

7KLV�VDPH�FRQFHSW�ZDV�XVHG�LQ�RXU�JDPH�SURJUDP��6&8'�%867(56��IRU�JHWWLQJ�DQG�GLVSOD\LQJ�WKH
RQ�VFUHHQ�LQVWUXFWLRQV�IRU�WKH�XVHU��$V�WKH�ILOH�RI�LQVWUXFWLRQV�ZDV�EHLQJ�UHDG�IURP�WKH�GLVN��WKH�OLQHV�RI
WH[W�ZHUH��GLVSOD\HG��LQWR����FKDUDFWHU�VFUHHQV�VWDUWLQJ�DW�!�����DQG�PRYLQJ�XS�E\�!����IRU�HDFK�QHZ
VFUHHQIXO��2QFH�DOO�WKH�WH[W�ZDV�SUHVHQW�LQ�WKH�KLJKHU�9'3�5$0�ORFDWLRQV��ZH�VZLWFKHG�9'3�5HJLVWHU��
VR�WKDW�WKH�VFUHHQ�DW�!�����ZRXOG�EH�YLVLEOH��WKHQ�VZLWFKHG�XSZDUG�E\�!����IRU�HDFK�VXFFHVVLYH�VFUHHQ�

$QRWKHU� SRWHQWLDO� XVH� IRU�9'3�5$0� WKDW�ZH� KDYHQ
W� WDSSHG� \HW� LV� WKH� FRQFHSW� RI� KDYLQJ�PXOWLSOH
FKDUDFWHU�VHWV�ORDGHG�WKHUH��DQG�WKXV�EHLQJ�DEOH�WR��LQVWDQWO\��VZLWFK�LQ�D�ZKROH�QHZ�FKDUDFWHU�VHW�E\
ZULWLQJ� WR�9'3�5HJLVWHU����7KH�3DWWHUQ�7DEOH� DGGUHVV�DGYDQFHV� LQ�!���� LQFUHPHQWV�� VR�RQH� FRXOG
FRQFHLYDEO\� ORDG�RQH�FKDUDFWHU�VHW�RI�����GHILQLWLRQV�DW�!�����WKH�GHIDXOW� ORFDWLRQ�XQGHU�(�$��� ORDG
DQRWKHU�VHW�DW�!������DQRWKHU�DW�!������DQG�VR�RQ��7KHQ�RQH�FRXOG�VZLWFK�ZKROH�FKDUDFWHU�VHWV�E\�D
9:75�RSHUDWLRQ��/HW
V�MXVW�VD\�ZH�KDG�DQ�DOWHUQDWH�FKDUDFWHU�VHW�DW�!������DQG�ZDQWHG�WR�LQVWDQWO\
VZLWFK�RYHU�WR�WKDW�VHW��7KH�FRGH�WR�GR�VR�ZRXOG�ORRN�OLNH�WKLV�

LI   R0,>0402
BLWP @VWTR

7KHQ�WR�VZLWFK�EDFN�WR�WKH�QRUPDO�FKDUDFWHU�VHW��RQH�FRXOG�
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LI   R0,>0401
BLWP @VWTR

6LPSOH��HK"�:H�PHQWLRQHG�WKDW�ZH�KDYHQ
W�WULHG�WKLV��DQG�ZH�KDYHQ
W��:H�KDYH�GRQH�VXFK�D�VZLWFK�RQ�D
RQH�WLPH�EDVLV�ZKHQ�HQWHULQJ�DQ�$VVHPEO\�SURJUDP�WKURXJK�DQ�([WHQGHG�%DVLF� ORDGHU�� VR� WKDW� WKH
GUHDGHG��RIIVHW��ZRXOG�QRW�EH�LQ�HIIHFW�RQ�RXU�FKDUDFWHUV�JRLQJ�WR�WKH�VFUHHQ��7KH��/2$'��SURJUDP�IRU�RXU
:RUG�3URFHVVRU�GRHV�MXVW�WKDW��,W�XVHV�D�*3//1.�VHUYLFH�WR�ORDG�WKH�VWDQGDUG�FKDUDFWHUV�LQ�WKH�!���
DUHD��WKHQ�VZLWFKHV�WR�WH[W�PRGH�DQG�FKDQJHV�9'3�5HJLVWHU���WR�XVH�WKH�FKDUDFWHU�VHW�DW�!����EHIRUH
SXWWLQJ�WKH��/2$',1*�0$,1�352*5$0��PHVVDJH�RQ�VFUHHQ�

%HIRUH�ZH�JR�IXUWKHU�ZLWK�WKLV�WUHDWPHQW�RI�9'3�5$0��OHW
V�LVVXH�D��ZDUQLQJ��WR�;%�3URJUDPPHUV��;%
KDV�LWV�RZQ�XVHV�IRU�9'3�5$0�VSDFH��DQG�DQ\�SURJUDP�VXEURXWLQH�WKDW�PXVW�UHWXUQ�WR�;%�VKRXOG�QRW
WDPSHU�ZLWK�WKH�VSDFH�DERYH�!������,Q�RQH�RI�RXU�ILUVW�DWWHPSWV�WR�PL[�$VVHPEO\�VXEURXWLQHV�ZLWK�DQ�;%
SURJUDP��ZH�UDQ�DIRXO�RI�WKLV�SUREOHP��:H�ZHUH�XVLQJ�DQ�$VVHPEO\�VXEURXWLQH�WR�GR�D�VRXQG�HIIHFW�E\�WKH
�6RXQG�/LVW��PHWKRG��SODFLQJ�RXU�VRXQG�OLVW�GDWD�DW�ZKDW�ZH�WKRXJKW�ZDV�D�VDIH�ORFDWLRQ�LQ�9'3�5$0�
%HIRUH�ORQJ��VWUDQJH�HIIHFWV�ZHUH�KDSSHQLQJ�LQ�WKH�([WHQGHG�%DVLF�SDUW�RI�WKH�SURJUDP��:HLUG�FKDUDFWHUV
ZHUH�DSSHDULQJ�RQ�WKH�VFUHHQ��DQG�VWULQJ�YDULDEOHV�ZHUH�JHWWLQJ�ORVW��$IWHU�WU\LQJ�D�QXPEHU�RI�GLIIHUHQW
ORFDWLRQV�IRU�RXU�VRXQG�OLVW��ZH�FRQFOXGHG�WKDW��ZKLOH�;%�ZDV�LQ�FRPPDQG��WKHUH�ZDV�QR�VDIH�SODFH�WR
WDPSHU�ZLWK�9'3�5$0�

:H�ILQDOO\�UHVRUWHG�WR�FKDQJLQJ�WKH�VXEURXWLQH�VR�WKDW��MXVW�EHIRUH�SXWWLQJ�WKH�VRXQG�OLVW������E\WHV��LQWR
9'3�5$0��LW�ZRXOG�GR�D�90%5�LQWR�RXU�RZQ�ORZ�PHPRU\�VSDFH��WKXV�VWDVKLQJ�WKH�FRQWHQWV�RI�WKDW�DUHD�
$IWHU�WKH�VRXQG�HIIHFW�HQGHG��ZH�GLG�D�90%:�WR�SXW�EDFN�ZKDW�ZDV�LQ�WKDW�SODFH�LQ�9'3�5$0�EHIRUH�RXU
VRXQG�HIIHFW��7KLV�ZRUNHG�

6RXQG�OLVWV�DUH�DQRWKHU�SRWHQWLDO�XVH�IRU�WKH�XQXVHG�9'3�5$0�VSDFH��1RUPDOO\��ZH�GRQ
W�XVH�WKH��VRXQG
OLVW��SURFHVV�DW�DOO��EHFDXVH�WKH�OLPLWDWLRQ�RI�ZRUNLQJ�ZLWK�QRWH�GXUDWLRQV�LQ���WKV�RI�D�VHFRQG�LV�D�NLOOHU
IRU�WKH�FODVVLFDO�PXVLF�ZH
YH�SURJUDPPHG��,Q�WKH�JDPH�6&8'�%867(56��ZH�PDGH�DQ�H[FHSWLRQ�WR�RXU
QRUPDO�UXOH�VR�WKDW�VRXQG�HIIHFWV�OLNH�WKH�3DWULRW
V�ODXQFKLQJ�VRXQG�FRXOG�SURFHHG�LQ�WKH��EDFNJURXQG�
ZKLOH�WKH�&38�ZDV�EXV\�FKHFNLQJ�IRU�FRLQFLGHQFH�EHWZHHQ�WKH�VSULWH�UHSUHVHQWLQJ�WKH�3DWULRW�DQG�WKDW
UHSUHVHQWLQJ� WKH�6FXG��:H�XVHG� VRXQG� OLVWV� IRU�DOO� WKH� �QRLVHV�� LQ� WKDW�JDPH��EXW� WKH�7KHPH� DW� WKH
EHJLQQLQJ�ZDV�GRQH�E\�RXU��QRUPDO��PHWKRG�RI�VHQGLQJ�E\WHV�GLUHFWO\�WR�WKH�VRXQG�JHQHUDWRU��7KH�7KHPH
ZRXOG�KDYH�EHHQ�LPSRVVLEOH�LQ�VRXQG�OLVW�IRUPDW��EHFDXVH�RI�LWV�UDSLG�SDFH��TXLFN�GHFD\LQJ�GUXPEHDWV��DQG
VR�RQ�

2I�FRXUVH�9'3�5$0�LV�DOVR�FRPPRQO\�XVHG�IRU��3$%V�DQG�%XIIHUV��DV�PHQWLRQHG�LQ�WKH�(�$�PDQXDO��6RPH
FDUH�PXVW�EH�WDNHQ�ZLWK�WKH�FKRLFH�RI�ORFDWLRQV�IRU�3$%�DQG�%XIIHU��SDUWLFXODUO\�LI�0HPRU\�,PDJH�ILOHV
DUH�EHLQJ�ORDGHG��VLQFH�WKHVH�ZLOO�ILOO�ODUJH�EORFNV�DW�WKH�EXIIHU�ORFDWLRQ�

,Q�D�FRXSOH�RI�RXU�VPDOOHU�XWLOLW\�SURJUDPV��VXFK�DV�WKH�RQHV�ZH�XVH�WR�WUDQVIHU�WH[W�ILOHV�IURP�DQG�WR�RXU
3&�FRPSXWHUV��ZH�DFWXDOO\�XVHG�WKH�ORZHU�SDUW�RI�WKH�YLHZDEOH�VFUHHQ�DV�WKH�EXIIHU��7KLV�LV�VRPHZKDW
XQRUWKRGR[��EXW�LW�KDG�WKH�VLQJXODU�DGYDQWDJH�WKDW�RQH�FRXOG�DFWXDOO\�VHH�WKH�WH[W�OLQHV�EHLQJ�WUDQVIHUUHG
ULJKW�RQ�WKH�VFUHHQ��,Q�WKDW�FDVH�WKH�3$%�ZDV�ORFDWHG�DW�DQ��RII�VFUHHQ��ORFDWLRQ��VLQFH�PXFK�RI�WKH�3$%
FRQWHQW�LV��XQGHILQHG��FKDUDFWHUV�
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,I�SXVK�UHDOO\�FDPH�WR�VKRYH��RQH�FRXOG�HYHQ�SXW�VHFWLRQV�RI�GDWD�LQWR�9'3�5$0�LQVWHDG�RI�LQ�WKH�PDLQ
PHPRU\��7KH�RQO\�GUDZEDFN�WR�WKLV�XVH�LV�WKDW�DFFHVV�WR�WKHVH�GDWD�LWHPV�ZRXOG�WDNH�FRQVLGHUDEO\�PRUH
WLPH�WKDQ�JHWWLQJ�WKHP�IURP�PDLQ�PHPRU\�WDNHV��2QH�FRXOG�HYHQ�GR�D�NLQG�RI��G\QDPLF�DOORFDWLRQ��LQ�WKLV
ZD\��ZKHUH�GLIIHUHQW�VHFWLRQV�RI�GDWD�FRXOG�EH�EURXJKW�LQWR�PDLQ�PHPRU\�ZKLOH�WKH\
UH�QHHGHG��WKHQ
ZULWWHQ�EDFN�WR�9'3�IRU�VWRUDJH�ZKLOH�DQRWKHU�VHFWLRQ�RI�GDWD�LV�EURXJKW�LQ�IRU�DQRWKHU�SDUW�RI�SURJUDP
RSHUDWLRQ�

7KH�VDPH�FRQFHSW�FRXOG�EH�XVHG�IRU�SURJUDP��RYHUOD\V���LQ�WKDW�VHYHUDO�VPDOO�VHFWLRQV�RI�FRGH�FRXOG�EH
EURXJKW�LQWR�9'3�5$0�DV�D�PHPRU\�LPDJH�ILOH��WKHQ�WUDQVIHUUHG�WR�PDLQ�PHPRU\�IRU�H[HFXWLRQ�ZKHQ
QHHGHG��$JDLQ�WKLV�LV�D�FRQFHSW�WKDW�ZH�KDYHQ
W�DFWXDOO\�WULHG��EXW�LW�VKRXOG�EH�DEOH�WR�ZRUN�

2ND\��GHDU�UHDGHUV��SXW�\RXU�WKLQNLQJ�FDSV�RQ��DQG�VHH�LI�\RX�FDQ�DFWXDOO\�DSSO\�VRPH�RI�WKHVH�LGHDV�LQ
\RXU�SURJUDPV��RU�SHUKDSV�FRPH�XS�ZLWK�PRUH�ZD\V�WR�XVH�9'3�5$0�DQG�VKDUH�WKHP�ZLWK�RWKHUV�

7RGD\
V�LV�D�UHODWLYHO\�VKRUW�DUWLFOH��ZLWK�QR�6LGHEDU�IXOO�RI�VRXUFH�FRGH��EXW�ZH�KRSH�WKLV��IRRG�IRU�WKRXJKW�
ZLOO�WDNH�KROG��1H[W�WLPH�ZH
UH�JRLQJ�WR�GHOYH�LQWR�WKH�P\VWHULHV�RI�5DQGRP�1XPEHU�JHQHUDWLRQ��DQG�ZLOO
SURYLGH�VRPH�GLUHFWO\�XVHIXO�VRXUFH�FRGH�IRU�WKDW�SXUSRVH�
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1.13. The Art Of Assembly — Part 13. Randomly Speaking

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7KHUH
V�QRWKLQJ�VR�UDUH�DV�D�JRRG�VHTXHQFH�RI�5DQGRP�1XPEHUV��7RGD\�ZH
OO�H[SORUH�UDQGRP�QXPEHU
VHTXHQFHV�RQ�WKH�FRPSXWHU�DQG�GLVFXVV�VRPH�RI�WKH�SLWIDOOV�ZDLWLQJ�IRU�\RX�ZKHQ�\RX�GR�UDQGRP�QXPEHU
VHTXHQFHV�RQ�\RXU�IULHQGO\�OLWWOH�7,�

)LUVW��D�ZRUG�DERXW�WHUPLQRORJ\��,Q�WKH�SXUH�VHQVH��QRWKLQJ�ZH�GR�LQ�WRGD\
V�DUWLFOH�ZLOO�SURGXFH�WUXH
UDQGRP�QXPEHUV��,I�\RX
UH�JRLQJ�WR�WKURZ�GLFH��WKHUH
V�QR�VXEVWLWXWH�IRU�UHDO�RQHV��:KDW�ZH�FDQ�GR�RQ�WKH
FRPSXWHU� LV� JHQHUDWH� VHTXHQFHV�RI�QXPEHUV� WKDW�DSSHDU� WR�EH� UDQGRPO\� VHOHFWHG�� LQ� WKH� VHQVH� WKDW
NQRZLQJ�ZKDW�WKH�PRVW�UHFHQW�QXPEHU�ZDV�JLYHV�QR�KLQW�DW�ZKDW�WKH�QH[W�RQH�ZLOO�EH��XQOHVV�RQH�NQRZV
ERWK�WKH�DOJRULWKP�XVHG�DQG�WKH�VHHG�QXPEHU�LQ�XVH��:KDW�ZH
OO�FUHDWH��IURP�D�PDWKHPDWLFDO�SRLQW�RI�YLHZ�
LV�D�VHTXHQFH�RI�3VHXGR�5DQGRP�QXPEHUV��(DFK�VXFK�VHTXHQFH�LV�UHDOO\�PDWKHPDWLFDOO\�GHWHUPLQLVWLF�
JLYHQ�D�SDUWLFXODU�VWDUWLQJ�QXPEHU�RU��VHHG���7KH�PHWKRG�ZH
OO�VKRZ�FDQ�FUHDWH��������GLIIHUHQW�VHTXHQFHV�
DQG�XQOHVV�RQH�ZHUH�ZLOOLQJ�WR�GR�D� ORW� RI� DULWKPHWLF�E\�SHQFLO�DQG�SDSHU��RQH�ZLOO�KDYH�QR�ZD\�RI
SUHGLFWLQJ�ZKDW�QXPEHU�ZLOO�DULVH�QH[W�IURP�WKH�VHTXHQFH��,Q�WKLV�DUWLFOH��ZH
OO�XVH�WKH�WHUP��5DQGRP
1XPEHU��WR�PHDQ�D�PHPEHU�RI�VXFK�D�SVHXGR�UDQGRP�VHTXHQFH�

7KH�NH\V�WR�PDNLQJ�JRRG�UDQGRP�QXPEHUV�DUH�WZR��)LUVW��RQH�PXVW�KDYH�DQ�DOJRULWKP�IRU�GHWHUPLQLQJ
ZKDW�WKH�QH[W�QXPEHU�LQ�VHTXHQFH�ZLOO�EH��6HFRQG��RQH�PXVW�KDYH�D�KLJK�TXDOLW\�PHDQV�RI�JHWWLQJ�WKH�VHHG�
RU�VWDUWLQJ�QXPEHU�IRU�WKH�VHTXHQFH��/HW
V�SXW�WKLV�VHFRQG�WKLQJ�ILUVW��VLQFH�WKLV�PXVW�EH�GRQH�ILUVW�LQ�DQ\
SUDFWLFDO�DSSOLFDWLRQ�

$V�\RX�SUREDEO\�NQRZ��WKHUH�LV�D�PHPRU\�ORFDWLRQ�LQ�WKH�7,�FDOOHG�5DQGRP�1XPEHU�6HHG��!��&����8QGHU
WKH�VLPSOHVW�FRQGLWLRQV�RQ�WKH�7,��WKLV�ORFDWLRQ�LQ�PHPRU\�ZLOO�EH�ORDGHG�ZLWK�D�ZRUG�WKDW
V�XQSUHGLFWDEOH�
7KHUH�DUH��KRZHYHU��H[FHSWLRQV�WR�WKLV�UXOH��,I��IRU�H[DPSOH��RQH�VHOHFWV�([WHQGHG�%DVLF�DQG�WKDW�ILQGV�D
/2$'�SURJUDP�RQ�'6.���WKH�VHHG�ZLOO�DOZD\V�EH�OHIW�ZLWK�WKH�VDPH�QXPEHU��DQG�WKXV�5$1'20,=(�ZLOO
EH�LQHIIHFWLYH��,I�RQH�KDV�D�+RUL]RQ�5DPGLVN��DQG�WKH�FRPSXWHU�ERRWV�XS�WR�WKH�PHQX�SURYLGHG�E\�WKDW
GHYLFH��WKHQ�WKH�5DQGRP�1XPEHU�VHHG�ZLOO�DOZD\V�FRQWDLQ�WKH�QXPEHU�!��%���7KLV�WRR�ZLOO�UHQGHU�WKH
VHHG�XVHOHVV�

)RUWXQDWHO\�IRU�XV��WKHUH�DUH�QXPEHUV�LQ�WKH�7,
V�PHPRU\�WKDW�FKDQJH�DV�D�IXQFWLRQ�RI�WLPH��DQG�FDQ�EH
FDSWXUHG�FRQYHQLHQWO\�WR�SURYLGH�D�VHHG�QXPEHU��2QH�PHPRU\�ORFDWLRQ�LV�!������DQG�LW
V�RQO\�RQH�E\WH�
EXW�XQGHU�WKH�ULJKW�FRQGLWLRQV�LW�ZLOO�SURYLGH�D�QXPEHU�LQ�WKH�UDQJH�RI�!���WKURXJK�!))��DQG�WKHUH
V�QR
ZD\�RI�SUHGLFWLQJ�LWV�FRQWHQWV�EHIRUH�UHDGLQJ�LW��(YHQ�WKLV�KDV�FDYHDWV�DWWDFKHG�

)RU�UHDVRQV�XQNQRZQ�WR�XV��WKH�(GLWRU�$VVHPEOHU�PRGXOH��ZKLOH�LW
V�LQ�FRQWURO��OLPLWV�WKH�UDQJH�RI�WKLV
QXPEHU�WR�!���WKURXJK�!����7KH�SUREDEOH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�FRXQWHU�LV�EHLQJ�XVHG�WR�WLPH�WKH
EOLQNLQJ�RI�WKH�FXUVRU��DQG�JHWV�FOHDUHG�HYHU\�WLPH�LW�UHDFKHV�!����7KDW�JLYHV�XV�RQO\�WZHQW\�RQH�SRVVLEOH
VWDWHV�IRU�WKH�QXPEHU��:KDW�GR�ZH�GR�DERXW�WKDW"�:H
OO�JHW�WR�WKDW�LQ�D�PRPHQW�
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7KH�VHFRQG�FRXQWHU�WKDW�NHHSV�FKDQJLQJ�LV�WKH�6FUHHQ�7LPHRXW�FRXQWHU�DW�!��'���7KLV�QXPEHU�NHHSV
LQFUHPHQWLQJ�E\�WZR�RQ�HDFK�9'3�LQWHUUXSW��XQWLO�LW�EODQNV�WKH�VFUHHQ��RU�XQWLO�D�NH\�LV�VWUXFN�RQ�WKH
NH\ERDUG��7KH�IDFW�WKDW�WKLV�FRXQWV�E\�WZR�LV�LPSRUWDQW�WR�WKH�GLVFXVVLRQ�WKDW�IROORZV�

7RGD\
V�6LGHEDU�VRXUFH�FRGH�LV�D�IUDJPHQW�IURP�RXU�JDPH�SURJUDP�6&8'�%867(56��7KLV�FRGH�SXWV�D
PHVVDJH�RQ�WKH�VFUHHQ��81'2�$/3+$�/2&.���(17(5!��DQG�WKHQ�JUDEV�WKH�VWDWH�RI�WKH�9'3�,QWHUUXSW
FRXQWHU�LQWR�5����6LQFH�ZH�PD\�KDYH�HQWHUHG�IURP�(GLWRU�$VVHPEOHU��DQG�WKXV�WKH�FRXQWHU�PLJKW�EH
OLPLWHG�LQ�LWV�UDQJH�RI�QXPEHUV��ZH�XVH�RQO\�LWV�ORZHVW�RUGHU�ELW�DW�WKLV�SRLQW��7KDW
V�DFFRPSOLVKHG�E\�WKH
$1',�5���!�����LQVWUXFWLRQ�

1RZ�EHIRUH�VFDQQLQJ�WKH�NH\ERDUG��ZH�JUDE�WKH�VFUHHQ�WLPHRXW�FRXQWHU
V�VWDWH�IURP�!��'��LQWR�5���7KLV
PXVW�EH�GRQH�EHIRUH�.6&$1��EHFDXVH�WKLV�QXPEHU�JHWV�FOHDUHG�ZKHQ�D�NH\�LV�VWUXFN��7KH�ZD\�ZH
YH
FRQVWUXFWHG�WKLV�ORRS��ZH�ZLOO�KDYH�WKH�YDOXH�EHIRUH�WKH�NH\VWURNH�LQ�5��DIWHU�WKH�NH\�KDV�EHHQ�VWUXFN��1RZ
LW�EHFRPHV�LPSRUWDQW�WR�NQRZ�WKDW�WKLV�QXPEHU�FRXQWV�E\�WZRV��VR�WKH�QXPEHU�LQ�5��DIWHU�WKH�NH\VWURNH
LV�DOZD\V�HYHQ���,WV�OHDVW�VLJQLILFDQW�ELW�LV�DOZD\V�D�����7KH�/,0,���DQG�/,0,���LQVWUXFWLRQV�LQ�WKH�NH\�ORRS
DUH�WKHUH�VR�WKDW�WKH�WLPHUV�ZLOO�NHHS�DGYDQFLQJ�ZKLOH�ZH�DZDLW�WKH�NH\VWURNH�LQSXW�

:H�WKHQ�WDNH�WKLV�QXPEHU�IURP�5��DQG�SODFH�LW�DW�WKH�VHHG�ORFDWLRQ��!��&���1RZ�ZH�JUDE�WKH�E\WH�DW
!�����DQG�SODFH� WKDW� LQ� WKH�KLJK�RUGHU�E\WH� DW�!��&���$W� WKLV�SRLQW�!��&�� FRQWDLQV� WZR�E\WHV� RI
XQSUHGLFWDEOH�FRQWHQW��EXW�LW�ZLOO�DOZD\V�EH�DQ�HYHQ�QXPEHU�EHFDXVH�WKH�ORZ�E\WH�ZDV�GHULYHG�IURP�D
FRXQWHU�WKDW
V�FRXQWLQJ�E\�WZRV��1RZ�WR�EH�VXUH�WKDW�ZH�JLYH�RXU�VHHG�WKH�IXOO�SRVVLEOH�UDQJH��ZH�WDNH�WKDW
RQH�ELW�WKDW�ZDV�VWDVKHG�LQ�5���DQG�;25�WKH�ZRUG�DW�!��&��ZLWK�LW��$OO�EXW�WKH�ORZHVW�ELW�RI�5���ZLOO
DOZD\V�EH�]HUR�DW�WKLV�SRLQW��EXW�WKH�VWDWH�RI�WKDW�RQH�ELW�ZLOO�GHWHUPLQH�ZKHWKHU�RXU�VHHG�QXPEHU�LV�RGG
RU�HYHQ��0RYLQJ�5���EDFN�WR�!��&��FRPSOHWHV�WKH�VHHGLQJ�RSHUDWLRQ��7KH�QXPEHU�WKXV�SODFHG�DW�!��&�
ZLOO�KDYH�EHHQ�VHOHFWHG�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VWDWHV�RI�WKH�WZR�FRXQWHUV�DQG�WKH�WLPH�DW
ZKLFK�ENTER�ZDV�DFWXDOO\�SUHVVHG�

%\�GRLQJ�WKLV��ZH
YH�HVWDEOLVKHG�D�QXPEHU�XQNQRZQ�WR�WKH�XVHU�WKDW�PD\�WDNH�RQ�DQ\�YDOXH�IURP��
WKURXJK���������7KDW
V��������SRVVLEOH�QXPEHUV�IRU�WKH�VHHG�XVHG�LQ�RXU�UDQGRP�QXPEHU�SURFHVV�

2QFH�ZH�KDYH�WKLV�QXPEHU�HVWDEOLVKHG��WKH�VHTXHQFH�RI�QXPEHUV�WR�EH�SURGXFHG�E\�RXU�UDQGRP�JHQHUDWLRQ
DOJRULWKP�LV�DFWXDOO\�GHWHUPLQHG��*LYHQ�WKDW�VDPH�VWDUWLQJ�QXPEHU��WKH�DOJRULWKP�ZLOO�SURGXFH�H[DFWO\
WKH�VDPH�VHTXHQFH�RI�QXPEHUV�HYHU\�WLPH��:KDW�PDNHV�LW�XVHIXO�LV�RI�FRXUVH�WKDW�WKH�XVHU�ZRQ
W�NQRZ
ZKLFK�RI�WKRVH��������VHTXHQFHV�LV�EHLQJ�SURGXFHG��DQG�VR�WKH�QXPEHUV�ZLOO�DSSHDU�WR�EH�TXLWH�UDQGRP�

7KH�DOJRULWKP�VKRZQ� LQ� WRGD\
V�6LGHEDU� �VXEURXWLQH�5$1'12��ZDV�DGDSWHG� IURP�RQH�XVHG� LQ�7,
V
7RPEVWRQH�&LW\�JDPH��,W
V�YHU\�VLPSOH�EXW�HIIHFWLYH��DQG�SURGXFHV�YHU\�JRRG�UDQGRP�VHTXHQFHV�DW�EOD]LQJ
VSHHG��2Q�HDFK�SDVV��LW�WDNHV�D�ODUJH�QXPEHU�LQWR�5���PXOWLSOLHV�E\�ZKDWHYHU�KDSSHQV�WR�EH�DW�WKH�UDQGRP
QXPEHU�VHHG�ORFDWLRQ��!��&����DGGV�D�ODUJH�QXPEHU�WR�WKH�ORZ�RUGHU�ZRUG�RI�WKH�UHVXOW��LQ�5����DQG�SODFHV
WKDW�QHZ�QXPEHU�LQ�ORFDWLRQ�!��&���7KH�QXPEHU�WKHQ�LQ�5��LV�RXU��QHZ��UDQGRP�QXPEHU�����ELWV�LQ
OHQJWK�



The Cyc: MICROpendium

,Q�PRVW�FDVHV�ZH�ZRQ
W�DFWXDOO\�ZDQW�D�QXPEHU�LQ�WKH�UDQJH�!�����WKURXJK�!))))��EXW�ZLOO�ZDQW�D�PRUH
PDQDJHDEOH�UDQJH�RI�QXPEHUV��OLNH�SHUKDSV���WKURXJK��������WKURXJK������RU�VRPHWKLQJ�OLNH�WKDW��7R�JHW
WKDW�QXPEHU�WDLORUHG�WR�D�UDQJH�ZH�ZDQW��ZH�XVH�D�WULFN�ERUURZHG�IURP�D�ERRN�RQ�3&�$VVHPEO\�ODQJXDJH�
7DNH�D�QXPEHU�RQH�PRUH�WKDQ�WKH�UDQJH�GHVLUHG��&OHDU�UHJLVWHU���VR�WKH�ZRUG�LQ�5��LV�WUHDWHG�DV�D
GRXEOH�OHQJWK�ZRUG�LQ�5��5���WKHQ�GLYLGH�5��E\�WKH�QXPEHU�WKDW
V�RQH�PRUH�WKDQ�RXU�GHVLUHG�UDQJH��:KHQ
ZH�GR�WKLV�GLYLVLRQ��WKH�QXPEHU�LQ�5��ZLOO�EH�WKH�TXRWLHQW��ZKLFK�ZH�LJQRUH��DQG�WKH�QXPEHU�LQ�5��ZLOO
EH�WKH�UHPDLQGHU��7KLV�ZLOO�DOZD\V�EH�D�QXPEHU�EHWZHHQ���DQG�RQH�OHVV�WKDQ�WKH�QXPEHU�ZH�GLYLGHG�E\�
9RLOD��7KDW
V�WKH�GHVLUHG�UHVXOW�

7R�PDNH�WKLV�HDVLHU�IRU�RXU�JDPH��ZKLFK�XVHV�UDQGRP�QXPEHUV�IRU�PDQ\�SXUSRVHV��ZH�SUHORDG�5��ZLWK
WKH�GHVLUHG�UDQJH�EHIRUH�FDOOLQJ�WKH�VXEURXWLQH��WKHQ�OHW�WKH�VXEURXWLQH�SHUIRUP�WKH�GLYLGH�RSHUDWLRQ��VR
WKDW�ZKHQ�ZH�UHWXUQ�IURP�WKH�VXEURXWLQH�5��DOZD\V�FRQWDLQV�DQ�LQWHJHU�LQ�WKH�UDQJH�ZH�ZDQW�

,Q�WKH�6LGHEDU�ZH
YH�VKRZQ�MXVW�RQH�H[DPSOH�RI�WKLV��WKH�OLWWOH�ORRS�ZH�XVH�WR�UDQGRPO\�VFDWWHU�����VWDUV�
LQ�WKH�QLJKW�VN\��:H�SUHORDG�5��ZLWK�WKH�YDOXH�������VR�WKH�VWDUV�ZLOO�EH�VFDWWHUHG�RYHU����URZV�RI�WKH
VFUHHQ��WKHQ�ZH�DGG����DIWHU�UHWXUQ�IURP�WKH�VXEURXWLQH��VR�WKH�VWDUV�ZLOO�EHJLQ�DW�5RZ���RI�WKH�VFUHHQ�DQG
H[WHQG�WKURXJK�URZ����

%HIRUH�WKH�UHDGHU�PDLO�FRPHV�LQ��ZH
OO�DQVZHU�RQH��:K\�'RQ
WFKD��TXHVWLRQ��WR�ZLW���:K\�GRQ
W�ZH�MXVW�WDNH
WKH�ZRUG�IURP�!��'���DGG�WKDW�ELW�IURP�5���WR�PDNH�LW�RGG�RU�HYHQ��WKHQ�PRYH�LW�WR�!��&�"��$QVZHU��,Q
PDQ\�FDVHV��LQ�WKLV�SURJUDP�WRR��WKHUH�ZLOO�KDYH�EHHQ�D�UHFHQW�NH\VWURNH�EHIRUH�ZH�HQWHUHG�WKH�NH\�ORRS�
DQG�WKHUHIRUH�WKH�KLJK�RUGHU�E\WH�RI�WKH�7LPHRXW�&RXQWHU�ZRXOG�EH�]HUR�PRVW�RI�WKH�WLPHV�ZH�WRRN�RXU
VHHG�YDOXH��7KXV�ZH�XVH�WKH�E\WH�IURP�!������ZKLFK�DGYDQFHV�PXFK�PRUH�UDSLGO\�����WLPHV�SHU�VHFRQG�
DV�WKH�KLJK�RUGHU�SDUW�RI�WKH�VHHG�

1RZ�EHIRUH�ZH�JHW�GHOXJHG�ZLWK�TXHVWLRQV�RWKHU�WKDQ�WKDW�RQH��OHW
V�VWDWH�IRU�WKH�UHFRUG�WKDW�\RXU�DXWKRU
LV�QRW�DQ�H[SHUW�RQ�5DQGRP�1XPEHUV�SHU�VH��7KH�TXDOLW\�RI�UDQGRPQHVV�FDQ�EH�WHVWHG��,
P�WROG��E\
DOJRULWKPV�GHVLJQHG�IRU�WKDW�SXUSRVH��7KHUH�DUH�SHRSOH�ZKR�ZRUN�QHDU�P\�KRPH�DW�D�SODFH�FDOOHG�WKH
1DWLRQDO�6HFXULW\�$JHQF\��16$��ZKR�FRXOG�SUREDEO\�UXQ�WHVWV�RQ�P\��UDQGRP�QXPEHU��SURFHVV�DQG�VKRRW
LW�IXOO�RI�KROHV��,
P�QRW�HYHQ�VXUH�KRZ�RIWHQ�D�VHTXHQFH�RI�IXOO�ZRUG�QXPEHUV�JHQHUDWHG�P\�ZD\�ZRXOG
UHSHDW�LWVHOI��,V�LW�RQFH�HYHU\��������QXPEHUV��RQFH�HYHU\��������QXPEHUV��RU�RQFH�HYHU\�������"

%HIRUH�ZH�GLG�WKLV�JDPH�SURJUDP��ZH�UDQ�WHVWV�JDORUH�WR�PDNH�VXUH�ZH�JRW�WKH�PRVW��UDQGRP��SRVVLEOH
SHUIRUPDQFH�IURP�RXU�DOJRULWKP��:H�QHYHU�IRXQG�D�VHTXHQFH�UHSHDWLQJ�LQ�RXU�WHVWV��,Q�IDFW��RQFH�RQH�GRHV
WKDW�GLYLGH�RSHUDWLRQ�WR�WDLORU�WKH�QXPEHU�WR�D�VSHFLILF�UDQJH��WKHUH�DSSHDUV�WR�EH�QR�ZD\�RI�SUHGLFWLQJ
ZKDW�FRPHV�QH[W�LQ�WKH�VHTXHQFH��7KDW
V�VR�EHFDXVH�WKHUH�DUH�PDQ\�GLIIHUHQW�UDZ��ZKROH�ZRUG��QXPEHUV
WKDW�ZLOO�SURGXFH�WKH�VDPH�RXWSXW��UDQJHG��QXPEHU��DQG�D�GLIIHUHQW�QXPEHU�ZLOO�IROORZ�WKDW�HDFK�WLPH�
VR�IDU�DV�ZH�FRXOG�WHOO�



7(;$6�,167580(176
+20(�&20387(5

:KDW�VHHPHG�LPSRUWDQW�ZDV�WKDW�WKH�DSSDUHQW�GHJUHH�RI�UDQGRPQHVV�ZRXOG�EH�PRUH�WKDQ�HQRXJK�WR�NHHS
WKH�XVHU�JXHVVLQJ�DV�WR�ZKHUH�DQG�ZKHQ�WKH�QH[W�6&8'�ZRXOG�HQWHU�WKH�VFUHHQ��DQG�LQ�ZKDW�GLUHFWLRQ�DQG
DW�ZKDW�KRUL]RQWDO�VSHHG�LW�ZRXOG�EH�PRYLQJ��:LWK��������SRVVLEOH�VHTXHQFHV�RI�QXPEHUV��ZH�IHOW�WKLV
ZRXOG�EH�JRRG�HQRXJK�IRU�XV��HYHQ�LI�LW�ZHUHQ
W�JRRG�HQRXJK�IRU�WKH�IRONV�DW�16$��$IWHU�DOO��WKH�VHFXULW\
RI�WKH�QDWLRQ
V�FRGHV�DQG�FLSKHUV�GRHV�QRW�GHSHQG�RQ�P\�UDQGRP�QXPEHUV���7KDW
V�SUREDEO\�IRUWXQDWH�IRU
XV��

$V�D�E\�SURGXFW�RI�DOO�WKDW�WHVWLQJ�ZH�GLG�EHIRUH�SURGXFLQJ�6&8'�%867(56��ZH�PDGH�VRPH�VXEURXWLQHV
IRU� XVH� ZLWK� ([WHQGHG� %DVLF� WR� SURYLGH� VHHGLQJ� DQG� WR� PDNH� YHU\� IDVW� UDQGRP� QXPEHUV� IRU� ;%
SURJUDPPHUV��2QH�RI�WKRVH��IRU�H[DPSOH��ZLOO�ILOO�DQ�DUUD\�RI�GLPHQVLRQ�����ZLWK�WDLORUHG�UDQGRP�LQWHJHUV
LQ�DERXW�RQH�VHFRQG��0DNLQJ�����WDLORUHG��UDQJHG��UDQGRP�QXPEHUV�ZLWK�51'�LQ�%DVLF�RU�;%�WDNHV�D�YHU\
ORQJ�WLPH�LQGHHG���8VH�D�FDOHQGDU�LQVWHDG�RI�D�VWRSZDWFK��

7KHVH�XWLOLWLHV�KDYH�EHHQ�UHOHDVHG�WR�3XEOLF�'RPDLQ��DQG�PDGH�DYDLODEOH�WKURXJK�8VHU�*URXSV�DQG�RWKHU
PHDQV�RI��IUHH��GLVWULEXWLRQ��7LJHUFXE������&ROOLQJZRRG�$YH��:KLWHKDOO��2+���������KDV�WKHP�DYDLODEOH
DV�SDUW�RI�WKHLU�7,�3'�RIIHULQJV��,I�\RX
G� OLNH�D�FROOHFWLRQ�RI�WKHVH�DVVHPEO\�VXEURXWLQHV�ZLWK�GHPR
SURJUDPV��DQG�FDQ
W�ILQG�LW�WKURXJK�RWKHU�VRXUFHV��,
OO�VHQG�RQH��66�6'�GLVN��LI�\RX
OO�VHQG�D�FKHFN�RU�PRQH\
RUGHU�IRU�������WR�+DUULVRQ�6RIWZDUH���������WK�3ODFH��+\DWWVYLOOH�0'��������$VN�IRU�WKH��5DQGRP�;%
8WLOLWLHV��GLVN��3OHDVH�WU\�JHWWLQJ�LW�IURP�7LJHUFXE��\RXU�8VHU�*URXS�RU�%%6�ILUVW��$OVR��SOHDVH�GRQ
W�PDLO
PH�D�EODQN�GLVN��'LVNV�FRVW�PH�OHVV�WKDQ�\RX
OO�SD\�WR�PDLO�PH�D�EODQN�RQH�

:H
UH�QRW�VXUH�MXVW�QRZ�ZKDW�RXU�WRSLF�IRU�QH[W�PRQWK�ZLOO�EH��VR�OHW
V�MXVW�OHDYH�WKDW�DV�D��VXUSULVH��LQ�\RXU
QH[W�0,&52SHQGLXP�

* SOURCE CODE FRAGMENT FROM SCUD BUSTERS
* ILLUSTRATES RANDOM NUMBER PROCESS
*
* FIRST SECTION PLACES A MESSAGE ON-SCREEN
* AND BEEPS TO ALERT USER
       LI   R0,32*22+3   POINT AT R0W 23, COLUMN 4
       LI   R1,UNALP     MESSAGE "UNDO ALPHA LOCK, <ENTER>"
       LI   R2,24        24 CHARACTERS
       BLWP @VMBW        WRITE MESSAGE TO SCREEN
       BLWP @GPLLNK      USE GPLLNK
       DATA >34          TO PRODUCE "BEEP" TONE
* NEXT SECTION PLACES AN UNPREDICTABLE NUMBER IN THE SEED LOCATION
* BASED ON THE STATES OF THE VDP INTERRUPT COUNTER AND SCREEN TIMEOUT COUNTER
       MOV  @>8378,R10   GET THE VDP INTERRUPT TIMER INTO R10
       ANDI R10,>0001    USE ONLY THE LOWEST ORDER BIT
SEED   MOV  @>83D6,R5    GET SCREEN TIMEOUT COUNTER IN R5
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @KSCAN       SCAN THE KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP INTERRUPTS
       CB   @ANYKEY,@STATUS  HAS A KEY BEEN STRUCK?
       JNE  SEED         IF NOT, REPEAT LOOP
       CB   @KEYVAL,@ENTERV WAS THAT <ENTER> KEY
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       JNE  SEED         IF NOT, REPEAT LOOP
       MOV  R5,@>83C0    PLACE LAST STATE OF TIMEOUT AT >83C0 (SEED)
       MOVB @>8379,@>83C0 PUT VDP INTERRUPT BYTE INTO HIGH BYTE OF SEED
       XOR  @>83C0,R10   XOR SO LOW BIT OF PRIOR INTERRUPT COUNT IS USED
       MOV  R10,@>83C0   MOVE RESULTING WORD FROM R10 TO SEED
* THIS SECTION USES SUBROUTINE RANDNO TO PLACE 26 STARS IN THE SKY
* AT RANDOMLY SELECTED POSITIONS
       LI   R9,26        COUNT OF STARS TO MAKE
       CLR  R1           CHARACTER 0 IS THE STAR
RNDSTR LI   R3,32*19     R3 DETERMINES RANGE OF NUMBER DESIRED
       BL   @RANDNO      FROM RANDNO
       MOV  R5,R0        MOVE RANDOM NUMBER FROM R5 TO R0
       AI   R0,64        ADD TWO ROWS "BOTTOM" OF RANGE
       BLWP @VSBW        WRITE ONE STAR TO SCREEN
       DEC  R9           DECREMENT COUNTER
       JNE  RNDSTR       IF NOT ZERO, GET ANOTHER NUMBER
* SUBROUTINE RANDNO MAKES RANDOM NUMBER
* ON ENTRY, R3 CONTAINS DESIRED RANGE
* ON EXIT, R5 CONTAINS A NUMBER 0 THRU NUMBER GIVEN IN R3
RANDNO
       LI   R4,28645     PLACE A LARGE NUMBER IN R4
       MPY  @>83C0,R4    MULTIPLY BY THE SEED NUMBER
       AI   R5,31417     ADD A LARGE NUMBER TO RESULT IN R5
       MOV  R5,@>83C0    MOVE THAT RESULT BACK TO SEED
       CLR  R4           CLEAR R4 SO NUMBER IS RIGHT JUSTIFIED IN R4-R5
       INC  R3           INCREMENT SO R3 IS ONE MORE THAN DESIRED RANGE
       DIV  R3,R4        DIVIDE BY DESIRED RANGE
       RT                RETURN TO CALLING PROGRAM
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1.14. The Art Of Assembly — Part 14. Crossing The Bridge To Option 5

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

,Q�DOO�RXU�$VVHPEO\�ZRUN�VR�IDU�LQ�WKLV�VHULHV��ZH
YH�FRQFHQWUDWHG�RXU�DWWHQWLRQ�RQ�SURJUDPV�WR�H[HFXWH
DV�2SWLRQ����/2$'�$1'�581��IURP�WKH�(�$�PHQX��:H�KDYH�PDGH�VRPH�H[FXUVLRQV�LQWR�WKH�P\VWHULHV
RI�/RDGHUV��EXW�QRW�PXFK�LQ�WKH�DUHD�RI�XVLQJ�7,
V�6$9(�XWLOLW\�WR�PDNH�RXU�SURJUDPV�LQWR�2SWLRQ��
GLUHFWO\�

/HW
V�VWDUW�E\�VLPSO\�VWDWLQJ�WKDW��LQ�WKH�(�$�PDQXDO��WKHUH�DUH�ORWV�RI�WKLQJV�7,�IRUJRW�WR�WHOO�\RX�DERXW
WKLV�SURFHVV�RI�FRQYHUWLQJ�IURP�2SWLRQ���WR�2SWLRQ����,Q�VRPH�ZD\V��LW
V�D�OLWWOH�OLNH�FURVVLQJ�IURP�6WDWHQ
,VODQG�WR�%URRNO\Q�E\�ILUVW�EXLOGLQJ�WKH�9HUUD]DQR�1DUURZV�EULGJH�

/HW
V�VD\�\RX
YH�ZULWWHQ�DQG�GHEXJJHG�DQ�$VVHPEO\�SURJUDP��DQG�HYHU\WKLQJ�LV�ZRUNLQJ�MXVW�WKH�ZD\�\RX
ZDQW�LW�XQGHU�2SWLRQ����1RZ�\RX�ZDQW�WR�FRQYHUW�LW�WR�2SWLRQ����VR�\RX�JHW�RXW�WKH�ELJ�ERRN�DQG�VWDUW�DW
SDJH������<RX�SXW� LQ�WKH� ODEHOV�6),567��6/2$'��6/$67��PDNH�VXUH�\RXU�ILUVW� LQVWUXFWLRQ�DW� ODEHO
6),567�LV�DQ�H[HFXWDEOH�RQH��VDYH�\RXU�VRXUFH�FRGH�WR�GLVN�DQG�$VVHPEOH�LW��1RZ�\RX�ORDG�LQ�\RXU�REMHFW
ILOH�DQG�WKH�6$9(�XWLOLW\��DQG�HQWHU�DW�ODEHO�6$9(��(YHU\WKLQJ�ORRNV�ILQH��<RX�JLYH�WKH�2SWLRQ���SURJUDP
D�ILOH�QDPH��'6.��$1<352*���DQG�6$9(�PDNHV�RQH�RU�PRUH�PHPRU\�LPDJH�ILOHV�

1RZ�\RX�UXQ�DQ�LPPHGLDWH�WHVW�RI�WKLV�E\�ORDGLQJ�'6.��$1<352*�XQGHU�2SWLRQ����6R�ORQJ�DV�\RX
KDYHQ
W�XVHG�*3//1.��HYHU\WKLQJ�ZLOO�ZRUN���:H
OO�JHW�LQWR�WKH�VWUDQJH�FDVH�RI�*3//1.�LQ�D�OLWWOH�ELW��
<RX�JR�RQ�DERXW�\RXU�EXVLQHVV��KDSS\�WKDW�ZKDW�7,�VDLG�ZDV�RND\�

/DWHU��\RX�VWDUW�XS�\RXU�FRPSXWHU�DQHZ��DQG�WU\�'6.��$1<352*�IURP�2SWLRQ����1RWKLQJ�ZRUNV��7KH
VFUHHQ�JRHV�JUHHQ��QR�GLVSOD\V�DSSHDU��WKH�NH\ERDUG�GRHV�QRW�UHVSRQG�H[FHSW�WR�FCTN = (QUIT)��DQG�\RX
UH
P\VWLILHG��7KH�SUREOHP�LV�DFWXDOO\�TXLWH�D�VLPSOH�RQH��5HPHPEHU�WKRVH��8WLOLW\��YHFWRUV�OLNH�90%:�
96%:��.6&$1��DQG�VR�RQ�WKDW�\RX�XVHG�LQ�\RXU�2SWLRQ���SURJUDP"�7KH\�KDYHQ
W�EHHQ�SODFHG�LQ�ORZ
PHPRU\�IRU�\RX�E\�2SWLRQ����:KHQ�\RX�PDGH�WKDW�ILUVW�WULDO�MXVW�DIWHU�WKH�6$9(�RSHUDWLRQ��WKRVH�XWLOLWLHV
ZHUH�VWLOO�LQ�SODFH�IURP�WKH�2SWLRQ���ORDGLQJ�RSHUDWLRQ��1RZ�WKDW�\RX
YH�PDGH�D�FOHDQ�VWDUW��WKHUH
V
QRWKLQJ�WKHUH��VR�WKH�ILUVW�SODFH� LQ�\RXU�SURJUDP�WKDW�FDOOV� IRU�RQH�RI�WKRVH�ZLOO�VLPSO\� ORFN�XS�WKH
FRPSXWHU�

<RX�KDYH�DW�WKLV�SRLQW�IDOOHQ�YLFWLP�WR�VRPHWKLQJ�7,�IRUJRW�WR�PHQWLRQ�RQ�SDJHV�����DQG�����RI�WKH
PDQXDO��QDPHO\�WKDW�2SWLRQ���GRHV�QRW�ORDG�WKRVH�XWLOLWLHV�LQWR�ORZ�PHPRU\�IRU�\RX�

<RX�KDYH�D�IHZ�RSWLRQV�DW�WKLV�SRLQW�LQ�\RXU�SURJUDP
V�GHYHORSPHQW��<RX�FRXOG�IRUJHW�DERXW�2SWLRQ���DQG
VLPSO\�NHHS�\RXU�SURJUDP�UXQQLQJ�DV�2SWLRQ���RQO\��7KDW
V�RND\�IRU�\RXU�RZQ�XVH��EXW�WKH�SURJUDP�ZLOO
WDNH�ORQJHU�WR�ORDG�HDFK�WLPH�\RX�ZDQW�WR�XVH�LW��DQG�\RX
OO�DOZD\V�IHHO�WKDW�WKLV�SURJUDP�LV�XQILQLVKHG�
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<RX�FRXOG�UHZRUN�\RXU�SURJUDP�VR�WKDW�LW�GRHVQ
W�XVH�WKRVH�ORZ�PHPRU\�XWLOLWLHV��EXW�WKDW
V�UHDOO\�D�ELJ
SDLQ��<RX�FRXOG�ZULWH�\RXU�RZQ�XWLOLWLHV�WR�SHUIRUP�WKHVH�IXQFWLRQV��EXW�WKDW
V�DQ�HYHQ�ELJJHU�SDLQ��<RX
FRXOG�XVH�D�WRRO�OLNH�$UW�*UHHQ
V�/LQNHU�DQG�/LEUDU\�V\VWHP��ZKLFK�SURYLGHV�$UW
V�RZQ�YHUVLRQV�RI�WKRVH
XWLOLWLHV�HPEHGGHG�LQ�\RXU�SURJUDP�ILOH���:H�KDYH�D�FRS\�RI�$UW�*UHHQ
V�/LQNHU�GLVN��SXUFKDVHG�IURP�KLP
VHYHUDO�\HDUV�DJR�DW�2WWDZD��EXW�KDYH�QHYHU�XVHG�LW��-XGJLQJ�RQO\�E\�LWV�GRFXPHQWDWLRQ��LW�ORRNV�DV�LI�LW
ZRXOG�ZRUN�QLFHO\��EXW�ZH�FDQ
W�VD\�IRU�FHUWDLQ��

7KH�PHWKRG�WKDW�ZH
YH�XVHG�LQ�DOO�RI�RXU�2SWLRQ���FRQYHUVLRQV�KDV�EHHQ�VLPSO\�WR�VWDVK�WKH�QHHGHG�XWLOLWLHV
LQ�RXU�RZQ�SURJUDP�VSDFH�DV�D�GDWD�EORFN��WKHQ�SXW�WKHP�LQ�WKHLU�SURSHU�SODFH�LQ�PHPRU\�ZKHQ�WKH
SURJUDP�VWDUWV��:H�WDNH�����E\WHV�IURP�ORZ�PHPRU\�DQG�SODFH�WKDW�DW�WKH�YHU\�HQG�RI�RXU�SURJUDP�EHIRUH
EUDQFKLQJ�WR�WKH�6$9(�XWLOLW\�

7KH�ILUVW�SDUW�RI�WRGD\
V�6LGHEDU�VKRZV�KRZ�ZH�GR�WKLV��XVLQJ�ZKDW�RQH�PLJKW�FDOO�D��ZUDSSHU��DURXQG�RXU
PDLQ�SURJUDP��7KHUH
V�D�VKRUW�VHFWLRQ�RI�FRGH�DW�WKH�YHU\�EHJLQQLQJ�RI�WKH�SURJUDP��WR�SXW�WKH�XWLOLWLHV
LQ�SODFH��DQG�D�VKRUW�VHFWLRQ�RI�FRGH�DIWHU�6/$67�WKDW�LV�XVHG�WR�JHW�WKH�XWLOLWLHV�LQWR�RXU�RZQ�PHPRU\
VSDFH�EHIRUH�EUDQFKLQJ�WR�7,
V�6$9(�XWLOLW\��2QFH�RXU�SURJUDP�KDV�EHHQ�DVVHPEOHG�WKLV�ZD\��ZH�ORDG�WKH
REMHFW�ILOH�IURP�2SWLRQ����WKHQ�ORDG�WKH�6$9(�XWLOLW\��1RZ�LQVWHDG�RI�XVLQJ�WKH�3URJUDP�1DPH�6$9(��ZH
XVH�WKH�3URJUDP�1DPH�6$9,7��ZKLFK�LV�OLNH�D�PLQL�SURJUDP�ZLWKLQ�RXU�RZQ�SURJUDP��7KLV�VWDVKHV�WKH
XWLOLWLHV��WKHQ�EUDQFKHV�WR�7,
V�XWLOLW\�WR�DFWXDOO\�PDNH�WKH�PHPRU\�LPDJH�ILOH�V��

$QRWKHU�LPSRUWDQW�QRWH��,I�\RXU�SURJUDP�LWVHOI�ORDGV�LQWR�ORZ�PHPRU\��DV�ZLWK�DQ�$25*��7,
V�6$9(
XWLOLW\�FDQ
W�EH�XVHG�WR�PDNH�LW�DQ�2SWLRQ���3URJUDP�)LOH��EHFDXVH�WKDW�XWLOLW\�LWVHOI�ORDGV�LQWR�ORZ�PHPRU\�
DQG�ZLOO�RYHUZULWH�WKH�SURJUDP�\RX
YH�MXVW�ORDGHG��)RU�WKDW�LQVWDQFH��ZH�XVH�RXU�RZQ��6$9(��XWLOLW\�
WDFNHG�RQWR�WKH�EDFN�HQG�RI�RXU�PDLQ�SURJUDP��7KLV�PHWKRG�ZDV�XVHG�LQ�RXU�6PDUW�&RQQHFW�SURJUDPV�
WR�OHW�DOO�RI�+LJK�0HPRU\�UHPDLQ�DYDLODEOH�IRU�VWDVKLQJ�D�ILOH�EHLQJ�EURXJKW�LQ�IURP�D�3&��6RXUFH�FRGH�IRU
WKDW�LV�LQ�WKH�VHFRQG�SDUW�RI�WRGD\
V�6LGHEDU�

:H�PHQWLRQHG�HDUOLHU�WKH��VWUDQJH�FDVH��RI�*3//1.��DQG�SHUKDSV�QRZ�ZRXOG�EH�D�JRRG�WLPH�WR�H[SODLQ
WKDW�VWDWHPHQW�

7,
V�EXLOW�LQ�*3//1.�ZLOO�ZRUN�MXVW�ILQH�VR�ORQJ�DV�ZH
UH�RSHUDWLQJ�LQ�WKH�VWUDLJKW�2SWLRQ���HQYLURQPHQW�
ZLWKRXW�DQ�$XWR�6WDUW�ODEHO�LQ�RXU�SURJUDP��2QFH�ZH
UH�RXW�RI�WKDW��HQYHORSH���WKH�7,�*3//1.�VHHPV�WR
UXQ�DPRN��(YHQ�VDYLQJ�DOO�WKH�XWLOLWLHV�DV�ZH
YH�VKRZQ�LQ�WRGD\
V�6LGHEDU�ZLOO�QRW�DOORZ�RXU�2SWLRQ��
SURJUDP�WR�XVH�WKH�7,�*3//1.��7KH�V\PSWRP�WKDW�VKRZV�XS�LV�HDV\�WR�GHVFULEH��EXW�VR�IDU�ZH
YH�QRW
IRXQG�DQ\�ZD\�WR�H[SODLQ�LW��/HW
V�VD\�IRU�H[DPSOH�WKDW�ZH
YH�XVHG�%/:3�#*3//1.�IROORZHG�E\�'$7$
!���WR�PDNH�D�EHHS�ZKHQ�RXU�SURJUDP�LV�UHDG\�IRU�D�XVHU�LQSXW��,Q�QRUPDO�2SWLRQ���PRGH��ZKHUH�ZH
YH
W\SHG�LQ�WKH�HQWU\�SRLQW�DV�D�352*5$0�1$0(��DOO�LV�ZHOO��7KH�EHHS�KDSSHQV�DV�H[SHFWHG��DQG�DV�ORQJ
DV�ZH
YH�UHPHPEHUHG�WR�LQFOXGH�/,0,���DQG�/,0,���LQ�RXU�NH\�DFFHSWDQFH�ORRS��WKH�EHHS�VWRSV�LWVHOI�DIWHU
WKH�QRUPDO�GXUDWLRQ�
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,I��KRZHYHU��ZH�XVHG� WKH�$XWR�6WDUW� RSWLRQ� LQ�RXU�2SWLRQ���SURJUDP�� WKH�EHHS� UHVXOWV� LQ� WDNLQJ�XV
LPPHGLDWHO\�RXW�RI�RXU�SURJUDP��,W�SODFHV�XV�DW�WKH�352*5$0�1$0(�LQSXW� ORFDWLRQ��ZLWKRXW�WKH
SURPSW���DQG�RXU�SURJUDP�LV�HVVHQWLDOO\�GHDG��:H�FDQ�W\SH�LQ�WKH�3URJUDP�1DPH�DW�WKH�SURPSW�DQG
UH�VWDUW��EXW�WKDW�GHIHDWV�WKH�SXUSRVH�RI�KDYLQJ�WKH�$XWR�6WDUW�RSWLRQ�LQ�WKH�ILUVW�SODFH��7KH�VDPH�V\PSWRP
ZLOO�VKRZ�XS�LQ�WKH�FDVH�RI�DQ�2SWLRQ���SURJUDP�WKDW�XVHV�7,
V�*3//1.��:K\��\RX�DVN��GRHV�WKLV�KDSSHQ"
6RUU\��EXW�ZH�GRQ
W�NQRZ��:H
YH�WULHG�QXPHURXV�ZD\V�WR�JHW�WKLV�HIIHFW�QRW�WR�KDSSHQ��EXW�DOZD\V�WR�QR
DYDLO��:H
YH�UHVRUWHG�WR�XVLQJ�D�VHSDUDWH�*3//1.�URXWLQH��VHH����LQ�WKLV�VHULHV��WR�SURYLGH�WKH�*3//1.
VHUYLFHV�LQ�RXU�SURJUDPV�

,I�DQ\�RI�RXU�UHDGHUV�FDQ�VKHG�VRPH�OLJKW�LQWR�WKLV�GDUN�FRUULGRU�RI�7,�RSHUDWLRQ��ZH
G�EH�KDSS\�WR�JHW�VRPH
IHHGEDFN�RQ�WKH�PDWWHU��$�OHWWHU�WR�WKH�)(('%$&.�FROXPQ�ZRXOG�EH�PRVW�DSSUHFLDWHG��RU�HYHQ�D�OHWWHU
WR�XV�DW��������WK�3ODFH��+\DWWVYLOOH��0'��������ZRXOG�EH�FKHHUIXOO\�DFFHSWHG��,Q�HLWKHU�FDVH��ZH
G�OLNH�WR
NQRZ�WKH�ZK\�RI�WKLV�OLWWOH�SUREOHP��DQG�DQ\�VROXWLRQ�VKRUW�RI�SURYLGLQJ�D�VHSDUDWH�*3//1.�

,Q�WKH�FRXUVH�RI�RXU�PDQ\�H[SHULPHQWV�WR�FRPH�XS�ZLWK�D�YLDEOH�PHWKRG�RI�PDNLQJ�WKH�XWLOLWLHV�DYDLODEOH
XQGHU�2SWLRQ����ZH
YH�PDGH�D��PDSSLQJ��RI�WKH�ORFDWLRQV�RI�DOO�WKHVH�(�$�XWLOLWLHV��ZKLFK�LV�SUREDEO\�ZRUWK
VKDULQJ�ZLWK�RXU�UHDGHUV��+HUH�LW�LV�

VECTOR ADDR WORKSPACE/CODE
GPLLNK >2100 >2094/>21C4
XMLLNK >2104 >2094/>2196
KSCAN >2108 >2094/>21DE
VSBW >210C >2094/>21F4
VMBW >2110 >2094/>2200
VSBR >2114 >2094/>220E
VMBR >2118 >2094/>221A
VWTR >211C >2094/>22B2
DSRLNK >2120 >209A/>22B2
LOADER >2124 >20DA/>23BA

0RVW�RI�WKHVH�XWLOLWLHV�XVH�WKH�ZRUNVSDFH�DW�!������DQG��H[FHSW�IRU�WKH�REMHFW�FRGH�/2$'(5��WKHLU�FRGH
VHFWLRQV�HQG�DW�!��%$�

$�TXLFN�JODQFH�DW�RXU�6LGHEDU�ZLOO�UHYHDO�WKDW�ZH�VDYH�DOO�RI�WKH�DUHD�IURP�!�����WKURXJK�!��%$�LQWR�RXU
SURJUDP�VSDFH��:H�GRQ
W�VDYH�WKH�ORDGHU
V�FRGH��ZKLFK�H[WHQGV�VRPH�GLVWDQFH�EH\RQG�!��%$��VLQFH�ZH
GRQ
W�JHQHUDOO\�QHHG�DQ�REMHFW�FRGH�ORDGHU�LQ�RXU�SURJUDPV��:H�GR�VDYH�WKH�FRQWHQWV�RI�WKH�ZRUNVSDFH�DW
!������VLQFH�WKLV�VHHPV�QHFHVVDU\�IRU�FRUUHFW�RSHUDWLRQ�RI�7,
V�'65/1.��7KXV�����E\WHV�DUH�VDYHG�DQG
UHSODFHG�E\�RXU�6$9,7�DQG�38787�ORRSV�

1RWH�KHUH��DV�LQ�VRPH�H[DPSOHV�ZH
YH�VKRZQ�SUHYLRXVO\��WKDW�ZH�XVH�D�WHPSRUDU\�ZRUNVSDFH�ZKLOH�VDYLQJ
DQG� ORDGLQJ� WKH�XWLOLWLHV�� VLQFH� WKRVH� HQYHORS�RXU�XVXDO�ZRUNVSDFH�DW�!��%$��:LWKLQ� WKH�SURJUDPV
WKHPVHOYHV�ZH��UHF\FOH��SDUWV�RI�WKH�PHPRU\�XVHG�WR�VWDVK�WKH�XWLOLWLHV�DV�JHQHUDO�SXUSRVH�PHPRU\��)RU
H[DPSOH��LI�ZH�QHHG�D�FRXSOH�RI����FKDUDFWHU�VSDFHV��ZH�ZLOO�XVH�($87�IRU�RQH�RI�WKHP�DQG�($87����IRU
DQRWKHU��:H�VRPHWLPHV�XVH�WKDW�VSDFH�IRU�RXU�VXEURXWLQH�UHWXUQ�DGGUHVV�VWDFN�
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7KH�VHFRQG�SDUW�RI�WRGD\
V�6LGHEDU�LV�D�ELW�PRUH�WULFN\�WR�XVH��,Q�WKLV�FDVH��\RX�KDYH�WR�SXW�WKH�QDPH�RI�WKH
SODQQHG�2SWLRQ���ILOH�GLUHFWO\�LQ�WKH�VRXUFH�FRGH��DQG�UHPHPEHU�WR�FKDQJH�WKH�OHQJWK�E\WH�DW�WKH�HQG�RI
63$%'7��,Q�WKH�H[DPSOH�ZH
YH�SXW�LQ�WKH�QDPH��'6.��$1<352*���ZKLFK�KDV����FKDUDFWHUV�LQ�LW��DQG
PDGH�WKH�OHQJWK�E\WH�!�&�DW�WKH�HQG�RI�63$%'7�

7KHUH� DUH� UHPLQGHUV� LQ� WKH� VRXUFH� FRGH� WKDW� EHDU� KLJKOLJKWLQJ� KHUH� DV� ZHOO��:KHQ� \RX� ZUDS� WKLV
�VDQGZLFK��ZLWK�WKH�VRXUFH�FRGH�VKRZQ��\RX�PXVW�EH�VXUH�WR�UHPRYH�WKH�(1'�GLUHFWLYH�IURP�WKH�HQG�RI
\RXU�PDLQ�SURJUDP��HOVH�WKH�DVVHPEOHU�ZLOO�QHYHU�DVVHPEOH�WKH�VHFRQG�VOLFH�RI�EUHDG��$OVR��LQ�WKH�FDVH�RI
WKH� ORZ�PHPRU\�SURJUDPV��WKHUH�ZLOO� EH�DQ�$25*�DW�WKH�VWDUW�RI�WKH�PDLQ�SURJUDP��7KLV�PXVW�EH
UHPRYHG�VR�WKDW�WKH�$25*�LQ�WKH�ILUVW�SDUW�RI�RXU��VDQGZLFK��ZLOO�GHILQH�WKH�PHPRU\�ORFDWLRQ�IRU�WKH
SURJUDP��:H
YH�XVHG�!�����LQ�WKDW�$25*�GLUHFWLYH��VLQFH�WKDW
V�XVXDOO\�WKH�ILUVW�DYDLODEOH�ORZ�PHPRU\
ORFDWLRQ�ZKHQ�ZH�VWDUW�XS�XQGHU�(�$�

,Q� WKLV� VHFRQG�SDUW� RI� VRXUFH� FRGH��ZH
YH�XVHG�DEVROXWH�QXPEHUV� IRU� WKH�XWLOLW\�YHFWRUV�90%:�DQG
'65/1.��DQG�WKH�DEVROXWH�DGGUHVV�IRU�WKH�*3/�67$786�E\WH�DQG�*3/�:RUNVSDFH��7KLV�ZDV�GRQH�VLPSO\
WR�DYRLG�FRQIOLFWLQJ�ZLWK�WKH�5()�VWDWHPHQWV�\RX�PD\�KDYH�LQFOXGHG�LQ�WKH�PDLQ�SURJUDP
V�FRGH��:H
G
FUHDWH�$VVHPEO\�HUURUV�LI�ZH�DOVR�5()
G�WKH�VDPH�XWLOLWLHV��VR�ZH�WRRN�DGYDQWDJH�RI�RXU��PDSSLQJ��WR�SXW
WKH�DEVROXWH�QXPEHUV�LQ�KHUH�

%HIRUH�ZH�OHDYH�WKLV�VXEMHFW��ZH
OO�FDOO�\RXU�DWWHQWLRQ�WR�WKH�'$7$�DW�WKH�OLQH�ODEHOHG�+($'(5�LQ�WKH
VRXUFH�FRGH��:KHQ�7,
V�6$9(�XWLOLW\�LV�XVHG�WR�PDNH�2SWLRQ���ILOHV��LW�WDNHV�FDUH�RI�SODFLQJ�WKH�KHDGHU�RQ
WKH�ILOH�IRU�\RX��+HUH��ZKHUH�ZH�DUH�LQ�HIIHFW�PDNLQJ�RXU�RZQ��6$9(��XWLOLW\��ZH�FRPSRVH�WKH�KHDGHU�LQ
WKUHH�GDWD�VWDWHPHQWV��7KH�ILUVW�GDWD�ZRUG�LV�]HUR�WR�LQGLFDWH�WKDW�WKLV�ILOH�LV�QRW��FKDLQHG��WR�RWKHUV��7KXV
WKH�2SWLRQ���ORDGLQJ�SURFHVV�ZLOO�QRW�ERWKHU�ORRNLQJ�IRU�DQRWKHU�ILOH�QDPHG��'6.��$1<352+��WR�ORDG
DIWHU��'6.��$1<352*��

7KH�VHFRQG�ZRUG�RI�GDWD�LQ�WKH�KHDGHU�LV�WKH�OHQJWK�RI�WKH�DFWXDO�PHPRU\�LPDJH�FRQWHQW�RI�WKH�SURJUDP�
:H
YH�PDGH�WKH�$VVHPEOHU�FDOFXODWH�WKDW�QXPEHU�IRU�\RX�E\�SODFLQJ�WKH�H[SUHVVLRQ�6/$67�6),567�LQ
WKH�GDWD�OLQH���$�VLPLODU�WULFN�ZDV�XVHG�LQ�WKH�3$%�GDWD��ZLWK����DGGHG�WR�DFFRXQW�IRU�WKH�KHDGHU���7KH
ODVW�RI�WKH�WKUHH�ZRUGV�LV�WKH�RULJLQ�RI�WKH�SURJUDP�LQ�PHPRU\��DQG�WKLV�ZH
YH�VHW�WR�!������,I�\RX
YH�XVHG
VRPH�RWKHU�RULJLQ��\RX�PLJKW�ZDQW�WR�FKDQJH�WKDW�WR�UHDG�6),567�LQVWHDG�RI�DQ�DEVROXWH�QXPEHU�

,I�\RXU�ORZ�PHPRU\�SURJUDP�LV�WLJKW�IRU�PHPRU\�VSDFH��\RX�FRXOG�SODFH�DQ�$25*�!$����GLUHFWLYH�MXVW
EHIRUH� ODEHO�*(787��VR�WKDW�WKH�VHFRQG�VOLFH�RI�EUHDG�ZLOO�DSSHDU� LQ�KLJK�PHPRU\� LQVWHDG�RI�XVLQJ
YDOXDEOH�ORZ�PHPRU\�VSDFH�

3OHDVH�UHPHPEHU�WKDW�WKH�PHWKRG�VKRZQ�LQ�WRGD\
V�DUWLFOH�LV�RQO\�RQH�ZD\�RI�JHWWLQJ�DFURVV�IURP�2SWLRQ
��WR�2SWLRQ����7KHUH�DUH�SUREDEO\�D�KXQGUHG�RU�VR�RWKHU�ZD\V�WR�DFFRPSOLVK�WKLV�PLVVLRQ��EXW�ZH
YH�JLYHQ
\RX�D�ZD\�WKDW�ZH�NQRZ�ZRUNV�UHOLDEO\��EHFDXVH�ZH
YH�XVHG�WKHVH�PHWKRGV�LQ�RXU�RZQ�SURJUDPV��:H
G�EH
YHU\�SOHDVHG�LI�UHDGHUV�ZKR�NQRZ��EHWWHU��ZD\V�ZRXOG�VKDUH�WKHP�WKURXJK�OHWWHUV�RU�LWHPV�IRU�WKH��86(5
127(6��FROXPQ�
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,Q�RXU�QH[W�DUWLFOH��ZH
OO�WU\�WR�ZUHVWOH�ZLWK�VRPH�SUREOHPV�RI�PDNLQJ�SURJUDPV�FRPSDWLEOH�ZLWK�*HQHYH�
7KDW�HIIRUW�ZLOO�EH�KDPSHUHG�VRPHZKDW�E\�WKH�IDFW�WKDW�ZH�GRQ
W�RZQ�RQH�RI�WKRVH��EXW�RXU�WLSV�ZLOO�EH
UDWKHU�JHQHULF�DQ\ZD\�

* TWO WAYS TO CONVERT FROM OPTION 3 TO OPTION 5
* FIRST IS FOR NORMAL HIGH MEMORY LOADED PROGRAMS
*
* EXAMPLE OF "WRAPPER" FOR OPTION 5 PROGRAM FILE
* TAKEN FROM OUR CRYPTOGRAM GAME PROGRAM
       DEF  SFIRST,SLOAD,SLAST  DEFINITIONS NEEDED BY SAVE UTILITY
SFIRST
SLOAD
       LWPI WST          LOAD TEMPORARY WORKSPACE
       LI   R9,EAUT      POINT R9 AT STORED UTILITIES
       LI   R10,>2094    POINT R10 AT >2094 IN LOW MEMORY
       LI   R4,>23BA->2094  LOAD R4 WITH NUMBER OF BYTES TO MOVE
PUTUT  MOV  *R9+,*R10+   MOVE ONE WORD, INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  PUTUT        IF NOT ZERO, REPEAT OPERATION
*
* MAIN PROGRAM'S CODE STARTS HERE
*
* THE MAIN PROGRAM AND ITS DATA SECTION ARE
* "SANDWICHED" HERE BETWEEN THE PART THAT REPLACES
* THE UTILITIES AND THE PART THAT SAVES THEM INTO
* MEMORY THAT WILL BECOME PART OF THE MEMORY IMAGE FILE
*
* MAIN PROGRAM'S DATA SECTION ENDS HERE
*
       EVEN              INSURE THAT EAUT IS AT AN EVEN MEMORY LOCATION
EAUT   BSS >23BA->2094   LENGTH OF BSS IS 806 BYTES
       REF  SAVE         REFERENCE TI'S SAVE UTILITY
       DEF  SAVIT        DEFINE OUR SAVIT ENTRY POINT
SLAST
* SLAST MARKS THE END OF WHAT THE SAVE UTILITY WILL PUT IN MEM-IM FILE
SAVIT
       MOV  R11,@>8300   STASH R11
       LWPI WST          LOAD OUR TEMPORARY WORKSAPCE
       LI   R9,>2094     POINT R9 AT BEGINNING OF AREA TO BE SAVED
       LI   R10,EAUT     POINT R10 AT MEMORY LOCATION ABOVE
       LI   R4,>23BA->2094  LOAD R4 WITH NUMBER OF BYTES TO MOVE (806)
GETLP  MOV  *R9+,*R10+   MOVE ONE WORD AND INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  GETLP        IF NOT ZERO, REPEAT AT LABEL GETLP
       B    @SAVE        BRANCH DIRECTLY TO TI'S SAVE UTILITY
WST    BSS  32           OUR TEMPORARY WORKSPACE
       END
* END OF FIRST "SANDWICH" SOURCE CODE
*
* SECOND "SANDWICH"
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* BUILT-IN SAVER FOR LOW-MEMORY PROGRAMS
* ADD THESE PROGRAM LINES TO CONVERT PROGRAM
* FROM OPTION 3 TO OPTION 5
* AFTER ASSEMBLY, LOAD AS OPTION 3, THEN
* ENTER WITH PROGRAM NAME GETUT TO SAVE PROGRAM
* AS OPTION 5 PROGRAM FILE
*
* THIS PART GOES BEFORE MAIN BODY OF PROGRAM
       DEF  GETUT
       AORG >2678        ABSOLUTE ORIGIN AT >2678
SFIRST
SLOAD
       LWPI TWS          LOAD TEMPORARY WORKSPACE
       LI   R9,SAVUT     POINT AT MEMORY BLOCK WITH UTILITIES
       LI   R10,>2094    POINT AT DESTINATION FOR UTILITIES
       LI   R4,>23BA->2094  LOAD R4 WITH LENGTH OF BLOCK
PUTUT  MOV  *R9+,*R10+   MOVE ONE WORD AND INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  PUTUT        IF NOT ZERO, MOVE ANOTHER WORD
*
* MAIN PROGRAM GOES HERE - BE SURE TO REMOVE AORG AND END FROM MAIN PROGRAM
* NEXT PART GOES AFTER END OF MAIN PROGRAM
*
       EVEN
SAVUT  BSS  >23BA->2094  SPACE FOR SAVING UTILITIES
SLAST
GETUT  MOV  R11,@>8300   STASH REGISTER 11
       LWPI TWS          LOAD TEMPORARY WORKSPACE
       LI   R9,>2094     POINT AT START OF UTILITIES
       LI   R10,SAVUT    POINT AT MEMORY SPACE
       LI   R4,>23BA->2094  LOAD R4 WITH LENGTH OF BLOCK
GETLP  MOV  *R9+,*R10+   MOVE ONE WORD AND INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  GETLP        IF NOT ZERO, REPEAT
       LI   R0,>1000     POINT R0 AT PERIPHERAL ACCESS BLOCK IN VDP
       LI   R1,SPABDT    POINT TO DATA FOR PAB
       LI   R2,25        25 BYTES TO WRITE
       BLWP @>2110       WRITE PAB DATA INTO VDP (>2110 IS VMBW VECTOR)
       AI   R0,9         ADD NINE TO R0
       MOV  R0,@>8356    MOVE PAB+9 ADDRESS TO >8356
       LI   R0,>1020     POINT AT VDP BUFFER LOCATION
       LI   R2,6         SIX BYTES TO WRITE
       LI   R1,HEADER    FOR FILE HEADER
       BLWP @>2110       WRITE HEADER TO BUFFER
       A    R2,R0        ADD HEADER LENGTH TO VDP ADDRESS
       LI   R2,SLAST-SFIRST   LENGTH OF ENTIRE PROGRAM IN R2
       LI   R1,SFIRST    R1 POINTS TO START OF PROGRAM
       BLWP @>2110       WRITE MEMORY IMAGE TO VDP BUFFER
       CLR  @>837C       CLEAR GPL STATUS BYTE
       BLWP @>2120       CALL DSR LINKAGE VECTOR AT >2120
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       DATA 8            DATA MUST BE 8
       LWPI >83E0        LOAD GPL WORKSPACE
       CLR  @>837C       CLEAR GPL STATUS BYTE
       B    @>006A       RETURN TO GPL INTERPRETER
TWS    BSS  32           TEMPORARY WORKSPACE
HEADER DATA 0,SLAST-SFIRST,>2678
* CHANGE FILE NAME IN SPABDT AS NEEDED
* BE SURE LENGTH BYTE AT SPABDT+9 MATCHES LENGTH OF NAME
SPABDT DATA >0600,>1020,0,SLAST+6-SFIRST,>000C
       TEXT 'DSK1.ANYPROG   '
       END
* END OF SECOND "SANDWICH"
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1.15. The Art Of Assembly — Part 15. Compatibility With The Geneve

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

:H�KDYH�VDLG�WKLV�EHIRUH��EXW�OHW
V�MXVW�EH�VXUH�RXU�UHDGHUV�NQRZ�DW�WKH�RXWVHW�RI�WKLV�DUWLFOH�WKDW�ZH�GR�QRW
RZQ�D�*HQHYH��:H�ZLOO��KRZHYHU��UHODWH�VRPH�RI�WKH�FRPSDWLELOLW\�SUREOHPV�ZH
YH�HQFRXQWHUHG��DQG�RIIHU
VROXWLRQV�WR�VRPH��EXW�QRW�DOO�

,Q�ODVW�PRQWK
V�DUWLFOH�ZH�GLVFXVVHG�JHWWLQJ�IURP�DQ�2SWLRQ���SURJUDP�WR�DQ�2SWLRQ���HQYLURQPHQW��DQG
RQH�RI�WKH�VXJJHVWLRQV�PDGH�ZDV�WR�FDSWXUH�WKH�(�$�XWLOLWLHV� IURP�ORZ�PHPRU\��HPEHG�WKHP�LQWR�D
SURJUDP
V�VSDFH��DQG�WKHQ�KDYH�WKH�2SWLRQ���SURJUDP�SXW�WKHP�EDFN�LQ�ORZ�PHPRU\�ZKHQ�WKH�SURJUDP
VWDUWV�

7KDW�SURFHVV�VHHPV�WR�KHOS�RQ�WKH�*HQHYH��HVSHFLDOO\�LI�\RXU�SURJUDP�XVHV�'65/1.��,Q�DQ�HDUOLHU�DUWLFOH�
ZH�VKRZHG�WKH�VRXUFH�FRGH�IRU�D�JHQHUDO�SXUSRVH�'65/1.�DQG�*3//1.�WR�EH�XVHG�ZKHQ�SURJUDPV�KDG
WR�ORDG�IURP�([WHQGHG�%DVLF��)RU�UHDVRQV�ZH
YH�QHYHU�SLQQHG�GRZQ��WKH�'65/1.�JLYHQ�WKHUH�ZLOO�QRW
DOZD\V�ZRUN�RQ�D�*HQHYH�� �7KH�*3//1.�ZLOO��� ,I�\RX�KDYH�GRQH�WKH�SURFHVV�GHVFULEHG� ODVW�PRQWK�
KRZHYHU��\RXU�SURJUDP�ZLOO�EH�XVLQJ�WKH�(�$�'65/1.��DQG�WKDW�VHHPV�WR�ZRUN�MXVW�DV�ZHOO�RQ�D�*HQHYH
DV�RQ�D�7,�

,Q�VRPH�RI�RXU�SURJUDPV��ZH�KDYH�PDGH�WKH�SURJUDP�DEOH�WR�ORDG�IURP�HLWKHU�;%�RU�(�$��EXW�DGYLVHG
*HQHYH�RZQHUV�WKDW�RQO\�WKH�(�$�HQWU\�PHWKRG�ZLOO�ZRUN�RQ�WKHLU�PDFKLQHV��7KDW�VHHPV�WR�EH�ERUQH�RXW
E\�UHFHQW�WHVWV�

7KH�RWKHU�ELJ�SUREOHP�WKDW�ZH�HQFRXQWHUHG�ZDV�WKDW�WLPLQJ�ORRSV�VHW�XS�WR�UXQ�RQ�WKH�7,�VSHHG�XS
FRQVLGHUDEO\�RQ�WKH�*HQHYH��HYHQ�DW�LWV�VORZHVW�FORFN�UDWH��$�FXVWRPHU�QDPHG�$DURQ�:HVW��ZKR�RZQV�ERWK
D�*HQHYH�DQG�D�7,��KHOSHG�XV�ILQG�D�VROXWLRQ�WR�WKDW�SUREOHP��VR�WKDW�VRPH�RI�RXU�$VVHPEO\�PXVLF�GLVNV
FRXOG�EH�PDGH�VR�WKDW�WKH�PXVLF�ZRXOG�SOD\�DW�WKH�VDPH�SDFH�RQ�HLWKHU�PDFKLQH��DQG�UHJDUGOHVV�RI�WKH
FORFN�VSHHG�VHWWLQJ�RQ�WKH�*HQHYH�

)URP�WKDW�H[SHULHQFH��ZKLFK�WRRN�PDQ\�PDLOLQJV�RI�GLVNV�EHWZHHQ�0DU\ODQG�DQG�&RQQHFWLFXW��ZH�ZHUH
DEOH�WR�GHYLVH�D�IDLUO\�HIILFLHQW�ZD\�RI�FDOLEUDWLQJ�WLPLQJ�ORRSV�IRU�WKH�IDVWHU�*HQHYH��7RGD\
V�6LGHEDU
VKRZV�RXU�&DOLEUDWH�URXWLQH��ZKLFK�PHDVXUHV�WKH�VSHHG�RI�WKH�FRPSXWHU�LW
V�UXQQLQJ�RQ�DQG�WKHQ�DOORZV
XV�WR�PRGLI\�WKH�WLPLQJ�ORRS�FRXQWV�LQ�WKH�SURJUDP��7KLV�SURFHVV�ZLOO�DOVR�ZRUN�IRU��EXV��PRGLILHG�7,
FRQVROHV��LQ�ZKLFK�WKH���.�PHPRU\�ZRUNV�RQ�D����ELW�EDVLV��DQG�VR�H[HFXWHV�PXFK�IDVWHU�WKDQ�WKH�QRUPDO
��.�H[SDQVLRQ�

2XU�IULHQG�'DQ�(LFKHU�UDQ�VRPH�EHQFKPDUN�WHVWV�XVLQJ�WKLV�FDOLEUDWLRQ�FRGH��DQG�IRXQG�WKDW�WKH�QXPEHUV
WUDFNHG�DFFXUDWHO\�RQ�DOO�WKUHH�V\VWHPV��QRUPDO�7,��%86�PRGLILHG��DQG�*HQHYH���:H�KDYH�QRW�WHVWHG�WKLV
FRGH�RQ�D�7,�ZLWK�WKH�QHZ�$FFHOHUDWRU�LQVWDOOHG�
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:H�VXVSHFW�WKDW�VRPH�RI�ZKDW�ZH
YH�GRQH�PD\�QRW�ZRUN�DOO�WKDW�ZHOO�IRU�WKH�$FFHOHUDWRU��EHFDXVH�WKH�VSHHG
GLIIHUHQFH�PD\�EH�PRUH�WKDQ�ZH�FDQ�KDQGOH��7KH�SUREOHP�RFFXUV�QRW�LQ�WKH�FDOLEUDWLRQ�UXQ�LWVHOI��EXW�LQ
WKH�PXOWLSO\�DQG�GLYLGH�RSHUDWLRQ�WKDW
V�QHFHVVDU\�IRU�DGMXVWLQJ�ORRS�FRXQWV��,I�WKH�UDWLR�EHWZHHQ�WKH�7,
VSHHG�DQG�WKDW�RI�WKH�UXQQLQJ�PDFKLQH�LV�WRR�JUHDW��WKHQ�WKH�UHVXOWV�RI�WKH�GLYLGH�RSHUDWLRQ�ZLOO�QRW�ILW�LQ
D����ELW�ZRUG��UHVXOWLQJ�LQ�DQ�XQUHFRYHUDEOH�HUURU�FRQGLWLRQ�

:H�UDQ�LQWR�WKLV�SDUWLFXODU�SUREOHP�ZKHQ�WU\LQJ�WR�PDNH�RXU�$VVHPEO\�PXVLF�ZRUN�RQ�7DQG\�FRPSXWHUV�
0RVW�RI�WKH�7DQG\�3&V�ZRXOG�KDQGOH�LW�MXVW�ILQH��EXW�ZH�GLG�GLVFRYHU�WKDW�VRPH�RI�WKHLU�QHZHU�RQHV�ZHUH
VR�PXFK�IDVWHU�WKDQ�RXU�����6;�WKDW�D��GLYLGH�RYHUIORZ��HUURU�ZRXOG�KDSSHQ�RQ�ORQJ�GXUDWLRQ�QRWHV�
VWRSSLQJ�WKH�3&�GHDG��7KH�GLYLGH�RYHUIORZ�ZRQ
W�VWRS�WKH�*HQHYH�RU�7,��EXW�WLPLQJ�ORRSV�FDQ�VWLOO�JR�FUD]\�

7KH�VRXUFH�FRGH�VKRZQ�LQ�WKH�6LGHEDU�XVHV�WKH�&58�FORFN��ZKLFK�UXQV�DW�WKH�VDPH�UDWH�RQ�HLWKHU�7,�RU
*HQHYH��DQG�VR�JLYHV�XV�D��FRQVWDQW��E\�ZKLFK�WR�PHDVXUH�WKH�H[HFXWLRQ�VSHHG�RI�WKH�PDFKLQH�ZH�DUH
UXQQLQJ�RQ��7KH�FRGH�DV�VKRZQ�SURYLGHV�D�FRPSOHWH�(�$�2SWLRQ���SURJUDP�WKDW�ZLOO�UXQ�D�WHVW�IRU�\RX�DQG
GLVSOD\�UHVXOWV�RQ�WKH�VFUHHQ��:KHQ�LQWHJUDWLQJ�WKLV�LQWR�D�SURJUDP�RI�\RXU�RZQ��\RX�ZRXOG�RPLW�DOO�WKH
FRGH�EHJLQQLQJ�DW�ODEHO�',63/<��WKH�WZR�OLQHV�LPPHGLDWHO\�IROORZLQJ�ODEHO�&$/,%��DQG�DOO�WKH�GDWD�H[FHSW
ODEHOV�&$/180�DQG�7,180�

,Q�HVVHQFH�ZKDW�KDSSHQV�KHUH�LV�WKDW�ZH�ORDG�XS�D�FRXQW�LQWR�WKH�&58��WXUQ�RQ�WKH�&58�FORFN��DQG�WKHQ
UXQ�D�WLPH�ZDVWLQJ�ORRS����WLPHV�EHIRUH�ZH�VWRS�WKH�&58�FORFN��2XU�ORRS�KDV�WDNHQ�VRPH�DPRXQW�RI�WLPH�
ZKLFK�ZLOO�GLIIHU�E\�WKH�VSHHG�RI�WKH�FRPSXWHU��ZKLOH�WKH�&58�FORFN�KDV�SURYLGHG�XV�DQ�LQYDULDQW�WLPH
PHDVXULQJ�FRXQW��:KHQ�ZH�VWRS�WKH�&58�FORFN�DQG�UHFRYHU�WKH�FRXQW�OHIW�LQ�WKH�&58��ZH�KDYH�D�PHDVXUH
RI�WKH�VSHHG�DW�ZKLFK�WKDW����WLPHV�ORRS�UHSHWLWLRQ�RFFXUUHG��2Q�D�VWDQGDUG�7,��WKH�FRXQW�ZH�UHSRUW�RXW
WR�&$/180�ZLOO�EH������MXVW�OLNH�WKH�FRQVWDQW�YDOXH�ZH�KDYH�XVHG�DW�7,180��2Q�D�*HQHYH��WKDW�QXPEHU
UHSRUWHG�WR�&$/180�ZLOO�DOZD\V�EH�OHVV�WKDQ�ZKDW�ZH�JRW�RQ�WKH�7,�

$V�ZH�PHQWLRQHG��'DQ�(LFKHU�ZDV�DEOH�WR�JHW�DFFHVV�WR�D�7,��D�%XV�PRGLILHG�7,��DQG�D�*HQHYH�IRU�WHVWLQJ
WKLV�URXWLQH��7KH�UHVXOWLQJ�&$/180�YDOXHV�KH�JRW�ZHUH�

67$1'$5'�7,��������RI�FRXUVH�
�%86��7,������
*(1(9(�����

'DQ�DOVR�UDQ�D�VOLJKWO\�PRGLILHG�YHUVLRQ�RI�WKLV�URXWLQH��+H�FKDQJHG�WKH�:RUNVSDFH�WR�!������VR�WKDW�WKH
UHJLVWHUV�XVHG�LQ�WKH�GHOD\�ORRS�ZRXOG�EH�DFFHVVHG�DV����ELW�ZRUGV��7KDW�PDGH�QR�GLIIHUHQFH�RQ�WKH�*HQHYH
RU�WKH�%XV�0RGLILHG�7,��EXW�FKDQJHG�WKH�QXPEHU�WR�����RQ�D�VWDQGDUG�7,��7KLV�WHOOV�XV�WKDW�WKH�*HQHYH�
OLNH�WKH�%XV�0RGLILHG�7,��KDV�D����ELW�SDWK�WR�LWV���.�PHPRU\�DV�ZHOO�DV�WR�&38�5$0�3$'��:H�OHDUQ
VRPHWKLQJ�HYHU\�GD\�LQ�WKLV�EXVLQHVV�

1RZ�D�OLWWOH�KRQHVW�FRQIHVVLRQ�IURP�\RXU�$VVHPEO\�FROXPQLVW��,�GRQ
W�UHDOO\�NQRZ�IRU�FHUWDLQ�KRZ�WKLV
ZRUNV��$DURQ�:HVW�NQRZV��,�WKLQN��EXW�KLV�H[SODQDWLRQ�WR�PH�ZDVQ
W�H[DFWO\�FOHDU��:KDW�,�GR�NQRZ�LV�WKDW
WKLV�ZRUNV��DQG�,�KDYH�DQQRWDWHG�WKH�VRXUFH�FRGH�LQ�WKH�6LGHEDU�WR�LQGLFDWH�KRZ�,�WKLQN�LW�ZRUNV��EXW
SOHDVH�GRQ
W�DFFHSW�WKH�DQQRWDWLRQV�DV�*RVSHO�
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2QFH�WKH�QXPEHU�&$/180�LV�HVWDEOLVKHG��ZH�FDQ�XVH�LW�WR�PRGLI\�WKH�GHOD\�ORRS�FRXQWV�LQ�RXU�SURJUDP�
VR�WKH�DFWXDO�WLPH�GHOD\V�WKHVH�ORRSV�SURYLGH�ZLOO�EH�QHDUO\�FRQVWDQW�UHJDUGOHVV�RI�WKH�PDFKLQH�WKH\�UXQ
RQ��1RZ�OHW
V�VXSSRVH�WKDW�\RX�KDYH�D�GHOD\�ORRS�FRXQW�YDOXH�EXLOW�LQWR�\RXU�SURJUDP�VRPHZKHUH�OLNH�WKLV�

DLYCNT LI   R4,>0200

7R�IL[�WKDW�XS�IRU�DQRWKHU�PDFKLQH��\RX�KDYH�WR�GR�VRPHWKLQJ�OLNH�WKLV�

CALDLY MOV  @DLYCNT+2,R7
MPY  @TINUM,R7
DIV  @CALNUM,R7
MOV  R7,@DLYCNT+2

/HW
V�H[DPLQH�WKLV�RQH�OLQH�DW�D�WLPH��7KH�ILUVW�OLQH�JHWV�WKH�LPPHGLDWH�YDOXH�XVHG�IRU�WKH�GHOD\�ORRS�LQWR
5HJLVWHU����1H[W��ZH�PXOWLSO\�E\�WKH�QXPEHU�DW�7,180��������7KH�UHVXOW�ZLOO�EH�VRPH�QXPEHU�LQ�WKH
5��5��UHJLVWHU�SDLU��1RZ�ZH�GLYLGH�WKDW�QXPEHU�E\�&$/180��,I�ZH�DUH�RQ�D�VWDQGDUG�7,��ZH� MXVW
PXOWLSOLHG�DQG�GLYLGHG�E\�WKH�VDPH�QXPEHU��VR�5��ZLOO�FRQWDLQ�WKH�RULJLQDO�LPPHGLDWH�YDOXH��,I�ZH�DUH�RQ
D�*HQHYH��DQG�&$/180�LV�WKHUHIRUH�����ZH�ZLOO�GLYLGH�5��5��E\�WKDW�VPDOOHU�QXPEHU��VR�5��ZLOO�FRQWDLQ
!���$�DIWHU�WKH�GLYLVLRQ��7KXV�ZKHQ�ZH�PRYH�WKLV�QXPEHU�IURP�5��EDFN�LQWR�WKH�LPPHGLDWH�YDOXH
ORFDWLRQ��WKH�GHOD\�ORRS��ZKHQ�LW�H[HFXWHV��ZLOO�H[HFXWH�PRUH�WKDQ�IRXU�WLPHV�DV�PDQ\�SDVVHV�WKRXJK�WKH
ORRS��7KXV�WKH�WLPLQJ�RI�WKH�DFWXDO�ORRS�ZLOO�EH�FRPSHQVDWHG�IRU�WKH�VSHHG�RI�WKH�PDFKLQH��VR�WKH�WLPH
GHOD\�LPSRVHG�ZLOO�EH�DERXW�WKH�VDPH�DV�RQ�WKH�RULJLQDO�7,�IRU�ZKLFK�WKH�SURJUDP�ZDV�GHYHORSHG��2I
FRXUVH�WKLV�FRUUHFWLRQ�RI�WKH�WLPLQJ�FRXQW�ZLOO�KDYH�WR�EH�GRQH�HDUO\�LQ�WKH�H[HFXWLRQ�RI�\RXU�SURJUDP�
EHIRUH�WKH�WLPLQJ�ORRS�LWVHOI�KDV�WR�H[HFXWH��2XU�SUDFWLFH�KDV�EHHQ�WR�GR�WKH�FDOLEUDWLRQ�SDUW�DW�WKH�YHU\
EHJLQQLQJ� RI� WKH� SURJUDP�� WKHQ� GR� WKH� 0XOWLSO\� DQG� 'LYLGH� RSHUDWLRQ� IRU� HDFK� WLPLQJ� FRQVWDQW
LPPHGLDWHO\�DIWHU�&$/,%��WKXV�GRLQJ�WKHVH�WKLQJV�EHIRUH�DQ\�RI�WKH�GHOD\�ORRSV�H[HFXWHV�

$V�ZH�XQGHUVWDQG�LW��WKH�*HQHYH�FDQ�EH�UXQ�DW�GLIIHUHQW�VSHHGV�E\�FKDQJLQJ�WKH�VHWWLQJ�RI�LWV�&38�FORFN�
3HRSOH�ZKR�KDYH�WULHG�RXW�VRPH�RI�RXU�PXVLF�WKDW�ZDV�PDGH�*HQHYH�&RPSDWLEOH�KDYH�UHSRUWHG�WKDW�WKLV
PDGH�QR�GLIIHUHQFH�ZKDWHYHU�LQ�WKH�WHPSR�RI�WKH�PXVLF��,W�VKRXOG�QRW��WKHUHIRUH��PDNH�DQ\�GLIIHUHQFH�LQ
WKH�SHUIRUPDQFH�RI�WKH�FDOLEUDWLRQ�EXVLQHVV�ZH�MXVW�FRYHUHG��H[FHSW�WKDW�WKH�QXPEHUV�ZH
YH�VKRZQ�LQ�RXU
H[DPSOH�ZRXOG�EH�GLIIHUHQW��EXW�ZLWK�WKH�VDPH�VHOI�UHJXODWLQJ�UHVXOW�

6RPHKRZ�\RX�DOO�NQHZ�WKHUH�ZRXOG�EH�VRPH�ZRUGV�RI�FDXWLRQ�FRPLQJ�KHUH��DQG�\RX�ZHUH�ULJKW��7KH�GHOD\
FRXQWV�WKDW�\RX�VWDUW�ZLWK�KDYH�WR�EH�VHW�XS�VR�WKDW�WKH\�ZRQ
W��RYHUIORZ��ZKHQ�WKH�PXOWLSO\�DQG�GLYLGH
RSHUDWLRQ�DUH�SHUIRUPHG��,Q�WKH�SUHYLRXV�H[DPSOH��ZH�VWDUWHG�ZLWK�QXPEHU�!�����IRU�RXU�GHOD\�ORRS�RQ
WKH�7,��7KDW
V�D�VDIH�QXPEHU��LQ�WKDW�HYHQ�LI�LW�JRW�PXOWLSOLHG�E\�WHQ�LQ�WKH�FDOLEUDWLRQ�SURFHVV��LW�ZRXOG
VWLOO�EH�RQO\�!������ZHOO�VKRUW�RI�WKH�OLPLW��!))))��EHIRUH�FDXVLQJ�DQ�RYHUIORZ�FRQGLWLRQ��:LWKRXW�KDYLQJ
D�*HQHYH�WR�UXQ�H[KDXVWLYH�WHVWV�RQ��ZH�FDQ�RQO\�JXHVV�DW�ZKDW�WKH�DFWXDO�OLPLWV�DUH��,Q�RXU�SUHYLRXV
H[DPSOH��ZKHUH�WKH�*HQHYH�ZDV�UXQQLQJ�VOLJKWO\�RYHU�IRXU�WLPHV�WKH�7,�VSHHG��ZH�FRXOG�KDYH�VWDUWHG�ZLWK
!�'%)�LQ�WKH�GHOD\�ORRS�DQG�QRW�HQFRXQWHUHG�DQ�RYHUIORZ��:KDW�ZH�UHFRPPHQG��ZLWKRXW�EHLQJ�RYHUO\
FDXWLRXV��LV�WKDW�WKH�RULJLQDO�GHOD\�ORRS�FRXQWV�EH�NHSW�WR�!�����RU�OHVV��VR�WKDW�QR�ULVN�RI�RYHUIORZ�LV
SUHVHQW�
�
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6XSSRVH�!�����GRHV�QRW�JLYH�\RX�HQRXJK�GHOD\"�<RX�FRXOG�DOZD\V�PDNH�D�QHVWHG�ORRS�IRU�WKH�GHOD\��VXFK
DV�WKLV�

DLYCNT LI   R5,4
SECOND LI   R4,>2000
DLYLOP SRC  R15,15

SRC  R15,1
DEC  R4
JNE  DLYLOP
DEC  R5
JNE  SECOND

3OHDVH�QRWH�WKDW�LQ�WKLV�FDVH�\RX�ZRXOG�PRGLI\�WKH�LPPHGLDWH�YDOXH�DW�6(&21'���WKURXJK�WKDW�PXOWLSO\
DQG�GLYLGH�RSHUDWLRQ��DQG�WKDW�WKH�RXWHU�ORRS�FRXQW�����LQ�WKLV�FDVH��ZRXOG�QRW�EH�PRGLILHG�IRU�WKLV�QHVWHG
VLWXDWLRQ�

7KH�DGYHQW�RI�WKH�$FFHOHUDWRU�SXWV�D�ZKROH�QHZ�ZULQNOH�LQWR�DOO�RI�RXU�FDOFXODWLRQV��,W
V�UHSRUWHG�WR
PXOWLSO\�WKH�LQKHUHQW�&38�VSHHG�RQ�WKH�7,�E\�WHQ��,Q�WKDW�GHOD\�ORRS�VLWXDWLRQ�ZH�MXVW�FRYHUHG��WKH
VWDUWLQJ�YDOXH�IRU�WKH�FRXQW�ZRXOG�KDYH�WR�EH�EHORZ�!������!))))�GLYLGHG�E\�WHQ��LQ�RUGHU�WR�DYRLG
RYHUIORZ��:H�VXVSHFW�WKDW�XVLQJ�WKH�$FFHOHUDWRU�PD\�PDNH�PDQ\�SLHFHV�RI�H[LVWLQJ�VRIWZDUH�XQXVDEOH�
$Q\WKLQJ�LQYROYLQJ�WLPLQJ�ORRSV�ZLOO�H[HFXWH�PXFK�WRR�IDVW�WR�EH�PDQDJHDEOH��:H�GRQ
W�SODQ�RQ�PRGLI\LQJ
RXU�7,V�WKDW�ZD\�

7KHUH�LV�RI�FRXUVH�DQRWKHU�ZKROH�DSSURDFK�WR�WLPLQJ�ORRSV��LQ�ZKLFK�RQH�XVHV�WKH�9'3�,QWHUUXSW�7LPHU
WR�SHUIRUP�GHOD\�WLPLQJ��7KLV�LV�D�FRQYHQLHQW�ZD\�DURXQG�WKH�ZKROH�SUREOHP��DVVXPLQJ�WKDW�FRXQWLQJ�E\
��WKV�RI�D�VHFRQG�JLYHV�DFFXUDWH�HQRXJK�UHVXOWV��7KLV�FRXOG�EHFRPH�WKH�WRSLF�IRU�D�ZKROH�DUWLFOH��EXW�OHW
V
MXVW�JLYH�D�TXLFN�H[DPSOH�RI�KRZ�WKLV�FDQ�EH�PDGH�WR�ZRUN��/HW
V�DVVXPH�\RX�ZDQW�D�WZR�VHFRQG�GHOD\�IRU
WKH�XVHU�WR�VHH�VRPHWKLQJ�RQ�WKH�VFUHHQ��7KH�GHOD\�ORRS�FRXOG�EH�FRQVWUXFWHG�OLNH�WKLV�

CLR  @>8378
DLYLOP LIMI 2

LIMI 0
MOV  @>8378,R4
CI   R4,120
JLT  DLYLOP

7KH�LQVWUXFWLRQV�/,0,���DQG�/,0,���DUH�YHU\�LPSRUWDQW�LQ�WKLV�SDUWLFXODU�FDVH��EHFDXVH�ZLWKRXW�WKRVH�
WKLV�EHFRPHV�DQ�LQILQLWH�GHOD\��7KH�ORRS�ZLOO�FRQWLQXH�WR�H[HFXWH�XQWLO�WKH�9'3�,QWHUUXSW�FRXQWHU�DW
!�����EHFRPHV�HTXDO�WR�RU�JUHDWHU�WKDQ������ZKLFK�PDNHV�WKH�RYHUDOO�GHOD\�������WKV�RI�D�VHFRQG��RU�LQ
VLPSOHU�QXPEHUV��WZR�VHFRQGV��7KLV�VDPH�WHFKQLTXH�FDQ�EH�DSSOLHG�IRU�RWKHU�GHOD\�DPRXQWV�MXVW�E\
FKDQJLQJ�WKH�QXPEHU�LQ�WKH�&,�VWDWHPHQW��7KUHH�VHFRQGV�ZRXOG�UHTXLUH�&,�5�������DQG�VR�RQ��7KH�QXPEHU
LV�OLPLWHG�WR������DQG�WKDW�ZRXOG�JLYH�D�GHOD\�RI������VHFRQGV��,I�ORQJHU�GHOD\V�DUH�QHHGHG��WKH�ORRS�FRXOG
EH�QHVWHG�DV�VKRZQ�DERYH�
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:H�KRSH�WKLV�FROXPQ�KDV�VKHG�VRPH�OLJKW�LQWR�WKH�GDUN�FRUQHUV��:H�UHDOL]H�WKDW�WKHUH�DUH�VRPH�ZRQGHUIXO
WKLQJV�WKDW�FDQ�EH�GRQH�ZLWK�D�*HQHYH�WKDW�FRXOG�QRW�EH�GRQH�RQ�D�7,��EXW�RXU�IRFXV�LV�RI�QHFHVVLW\�RQ�WKH
WKLQJV�WKDW�ZRQ
W�ZRUN�WKH�VDPH�RQ�WKH�*HQHYH��,W�DSSHDUV�WKDW��RYHU�WLPH��*HQHYH�RZQHUV�DUH�ILQDOO\
JHWWLQJ�VRIWZDUH�ZULWWHQ�MXVW�IRU�WKHLU�PDFKLQHV��DQG�WKDW
V�D�KRSHIXO�VLJQ��,I�*HQHYH�RZQHUV�KDYH�HQRXJK
*HQHYH�H[FOXVLYH�VRIWZDUH��WKH\�ZRQ
W�KDYH�WR�ZRUU\�DERXW�WU\LQJ�WR�UXQ�VWXII�ZULWWHQ�IRU�WKH�7,�RQ�WKHLU
PDFKLQHV�

1H[W�PRQWK
V� WRSLF� LV� VWLOO� XQGHFLGHG� DW� WKLV�ZULWLQJ��:H� DUH�ZULWLQJ� WKHVH�PDQ\�PRQWKV� DKHDG� RI
SXEOLFDWLRQ��DQG�ZDWFKLQJ�5HDGHU�)HHGEDFN�HYHU\�PRQWK�IRU�TXHVWLRQV�RU�FRPPHQWV�IURP�RXU�UHDGHUV�
ZKLFK�ZH
OO�WU\�WR�KDQGOH�LQ�IXWXUH�FROXPQV�

* CALIBRATION - MEASURES EXECUTION SPEED OF THE MACHINE THIS RUNS ON
* CODE BY BRUCE HARRISON
* PRINTS NUMBERS ON-SCREEN FOR EXAMINATION
* TOP NUMBER IS FOR CURRENT MACHINE, BOTTOM NUMBER IS FOR STANDARD TI-99/4A
* RELEASED TO PUBLIC DOMAIN
*
GPLWS  EQU  >83E0        GPL WORKSPACE
STATUS EQU  >837C        GPL STATUS BYTE
WS     EQU  >20BA        USER WORKSPACE
KEYADR EQU  >8374        KEY-UNIT ADDRESS
KEYVAL EQU  >8375        STRUCK KEY VALUE ADDRESS

       REF  VSBW,KSCAN   REFERENCED UTILITIES
       DEF  CALIB        DEFINE OUR ENTRY POINT
CALIB
       MOV  R11,@>8300   STASH RETURN ADDRESS
       LWPI WS           LOAD USER WORKSPACE
       CLR  R12          SET CRU BASE 0
       SETO R3           SET R3 TO ONES
       LDCR R3,15        PUT 15 BITS INTO CRU
       SBZ  0            ACTIVATE CRU CLOCK
       LI   R4,50        DELAY COUNT
DLY
       CLR  R5           ALL THIS JUST
       LI   R6,>FFFF     KILLS SOME TIME
       LI   R9,256       UNTIL WE READ
       DIV  R9,R5        THE CLOCK
       DEC  R4           DECREMENT LOOP COUNT
       JNE  DLY          IF NOT ZERO, REPEAT LOOP
       CLR  R12          SET CRU BASE 0
       SBO  0            STOP CRU CLOCK
       STCR R3,15        GET 15 BITS INTO R3
       CLR  R12          ZERO CRU BASE
       SBZ  0            RE-ACTIVATE CLOCK
       ORI  R3,>8000     MAKE NEGATIVE VALUE3
       SRA  R3,1         CUT VALUE IN HALF
       INV  R3           INVERT ALL BITS IN R3
       MOV  R3,@CALNUM   STASH AT CALNUM



7(;$6�,167580(176
+20(�&20387(5

       MOV  @CALNUM,R5   PUT IN R5
       LI   R0,11*32+16  SET SCREEN LOCATION
       BL   @INTDIS      DISPLAY INTEGER
       AI   R0,64        MOVE DOWN TWO SCREEN LINES
       MOV  @TINUM,R5    PUT TINUM IN R5
       BL   @INTDIS      DISPLAY THAT
KEY    CLR  @STATUS      THIS SECTION
       BLWP @KSCAN       SIMPLY WAITS FOR
       CB   @ANYKEY,@STATUS A KEY TO BE PRESSED
       JNE  KEY          ELSE REPEAT SCAN
       LWPI GPLWS        GET BACK TO GPL WORKSPACE
       MOV  @>8300,R11   PUT R11 VALUE BACK
       CLR  @STATUS      CLEAR STATUS
       RT                RETURN
INTDIS
       LI   R14,INTSTK   POINT R14 AT STACK
INTLOP MOV  R5,R6        PLACE R5 NUMBER IN R6
       DEC  R0           DECREMENT R0
       CLR  R5           CLEAR R5
       DIV  @TEN,R5      DIVIDE BY TEN
       SWPB R6           GET REMAINDER IN LEFT BYTE R6
       AB   @NUMBER,R6   ADD NUMBER MASK
       MOVB R6,*R14+     STASH ON STACK (LEAST SIGNIFICANT DIGIT FIRST)
       MOV  R5,R5        IS R5 0 YET
       JNE  INTLOP       IF NOT, GO BACK
DISLOP DEC  R14          POINT TO MOST SIGNIFICANT DIGIT FIRST
       MOVB *R14,R1      MOV IT TO R1
       BLWP @VSBW        WRITE DIGIT TO SCREEN
       INC  R0           MOVE ONE CHARACTER ON SCREEN
       CI   R14,INTSTK   ARE WE AT BEGINNING
       JGT  DISLOP       NO, GO BACK FOR NEXT DIGIT
       RT                FINISHED, RETURN
INTSTK BSS  5            FIVE DIGIT MAX INTEGER (65535)
TEN    DATA 10           THE NUMBER 10 AS A WORD
NUMBER BYTE >30          HEX FOR ZERO CHARACTER
ANYKEY BYTE >20          SPACE CHARACTER
CALNUM DATA 0            DATA FOR NUMBER FOUND
TINUM  DATA 199          NUMBER THIS YIELDS ON A TI
       END
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1.16. The Art Of Assembly — Part 16. Maximizing Speed Of Execution

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7RGD\
V�WRSLF�LV�VSHHG��EXW�LW�LV�DOVR�FKRLFHV��2QFH�ZH�DUH�GRLQJ�RXU�SURJUDPPLQJ�LQ�$VVHPEO\��ZH�KDYH
D�ELJ�VSHHG�DGYDQWDJH�JRLQJ�IRU�XV�FRPSDUHG�WR�WKH�LQWHUSUHWHG�%DVLF�RU�([WHQGHG�%DVLF�ODQJXDJHV��1RQH
WKH�OHVV��ZKHQ�RSHUDWLRQV�DUH�SHUIRUPHG�RYHU�PDQ\�UHSHWLWLRQV��DV�LQ�D�ORRS��WKH�FKRLFHV�ZH�PDNH�DV�WR�KRZ
WR�SHUIRUP�RXU�RSHUDWLRQV�FDQ�PDNH�D�ELJ�GLIIHUHQFH�LQ�WKH�VSHHG�RI�FRPSOHWLQJ�WKHP�

:H�KDYH�WRXFKHG�RQ�WKH�WRSLF�RI�LQWHJHU�PDWK�RSHUDWLRQV�EHIRUH��DQG�PHQWLRQHG�KRZ�XVLQJ�LQWHJHUV�UDWKHU
WKDQ�IORDWLQJ�SRLQW�QXPEHUV�FDQ�PDNH�WKLQJV�JR�IDVWHU��+HUH�LV�D�FRQFUHWH�H[DPSOH�IURP�RXU�*ROI�$QDO\]HU
SURJUDP��:KHQ�WKDW�ZDV�UHYLHZHG�E\�%LOO�*DVNLOO��KH�UHPDUNHG�RQ�WKH�VSHHG�DW�ZKLFK�WKH�SURJUDP
SHUIRUPHG�WKH�FDOFXODWLRQ�RI�+DQGLFDSV��7KDW�FDOFXODWLRQ�LQYROYHV�WDNLQJ�DV�PDQ\�DV�WZHQW\�URXQGV�RI
JROI�� DGGLQJ�XS� WKH� VFRUHV��PXOWLSO\LQJ�DQG�GLYLGLQJ�PDQ\� WLPHV�� DQG� VR�RQ�� \HW�ZKHQ� WKH�SURJUDP
SHUIRUPHG�WKDW�RSHUDWLRQ�WKHUH�ZDV�D�EDUHO\�SHUFHSWLEOH�GHOD\�EHWZHHQ�VWDUWLQJ�DQG�HQGLQJ�WKH�SURFHVV�

2QH�WKLQJ�WKDW�PDGH�VXFK�VSHHG�SRVVLEOH�ZDV�WKH�UDQJH�RI�QXPEHUV�LQYROYHG��&RXUVH�UDWLQJV��IRU�H[DPSOH�
ZKLFK�PXVW�EH�XVHG�LQ�WKH�FDOFXODWLRQ��KDYH�WZR�SDUWV��DV�ZH�WUHDWHG�WKHP���7KHUH�LV�DQ�LQWHJHU�SDUW�DQG
D�VLQJOH�GHFLPDO�SODFH���H�J��������7KH�LQWHJHU�SDUW�ZLOO�QRW�JR�RYHU������DQG�WKH�GHFLPDO�ZLOO�DOZD\V�EH�MXVW
RQH�GLJLW��7KXV�ZH�ZHUH�DEOH� WR� VWUHDPOLQH�DOO�RXU�PDWK�RSHUDWLRQV�WKDW� LQYROYH�WKH�UDWLQJ�E\�ILUVW
PXOWLSO\LQJ�WKH�LQWHJHU�SDUW�E\�WHQ��WKHQ�DGGLQJ�WKH�GHFLPDO�WR�WKDW��,Q�WKH�H[DPSOH�DERYH�������ZRXOG
EHFRPH������7KH�JURVV�VFRUHV��IURP�ZKLFK�UDWLQJV�DUH�VXEWUDFWHG��ZHUH�DOVR�PXOWLSOLHG�E\�WHQ�EHIRUH�GRLQJ
WKH� VXEWUDFWLRQ�� 7KXV� WKH� ZKROH� RI� WKH� FDOFXODWLRQV� FRXOG� EH� SHUIRUPHG� XVLQJ� WKH� LQWHJHU� PDWK
LQVWUXFWLRQV��DQG�RQO\�DW�WKH�YHU\�HQG�RI�WKH�FDOFXODWLRQV�ZDV�WKH�UHVXOW�GLYLGHG�E\�WHQ�DQG�WKHQ�URXQGHG
WR�SURGXFH�D��KDQGLFDS���7KH�FRGH�WKDW�SHUIRUPV�WKLV�KDQGLFDS�FDOFXODWLRQ�LV�VKRZQ�LQ�WRGD\
V�6LGHEDU�

7KH�VRXUFH�FRGH�ZLOO�EH�GLIILFXOW�WR�IROORZ��HYHQ�ZLWK�FRSLRXV�DQQRWDWLRQ��EXW�ZH�WKLQN�LW�ZLOO�VHUYH�DV�DQ
H[DPSOH�RI�KRZ�WR�WDNH�PD[LPXP�DGYDQWDJH�RI�WKH�UDQJH�RI�D�QXPEHU�DQG�WKXV�DSSO\�WKH�PXFK�IDVWHU
LQWHJHU�PDWK�RSHUDWLRQV�UDWKHU�WKDQ�WKH�IORDWLQJ�SRLQW�RSHUDWLRQV�

,W�LV�QRW�LPSRUWDQW�WKDW�WKH�UHDGHU�XQGHUVWDQG�DOO�WKH�RSHUDWLRQV�LQ�WKH�+DQGLFDS�SURJUDP�VHFWLRQ��EXW
OHW
V�EULHIO\�GHVFULEH�ZKDW�KDSSHQV��7KH�SURJUDP�KDV�D�ILOH�RI�JROI�URXQGV�ORDGHG�LQ�PHPRU\��,W�ZRUNV
EDFNZDUG�IURP�WKH�URXQG�WKDW�KDV�MXVW�EHHQ�HQWHUHG�E\�WKH�XVHU��DQG�ZLOO�ORRN�DW�WKH�URXQG�MXVW�HQWHUHG
SOXV�WKH����RU�IHZHU�URXQGV�ZKLFK�SUHFHGH�LW��5RXQGV�DUH�VWRUHG�LQ�GDWH�RUGHU��VR�WKH�SURJUDP�ZLOO�XVH�WKH
PRVW�UHFHQW����URXQGV�
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)RU�HDFK�VXFK�URXQG��WKH�SURJUDP�XVHV�D�VXEURXWLQH�WR�DGG�XS�WKH�JURVV�VFRUH�IRU�WKDW�URXQG��,W�XVHV�RWKHU
VXEURXWLQHV�WR�ILQG�WKH�FRXUVH�GDWD�IRU�WKH�URXQG��LQFOXGLQJ�WKH�&RXUVH�5DWLQJ�DQG�&RXUVH�6ORSH���6ORSH
LV�D�QXPEHU�ZKLFK�UDQJHV�IURP�DERXW�����WKURXJK�����RU�VR��ZLWK�����EHLQJ�WKH��QRUPDO��FRXUVH�VORSH��
7KH�UDWLQJ�LV�DFWXDOO\�VWRUHG�LQ�WKH�FRXUVH�UHFRUG�DV�WZR�E\WHV��RQH�ZKLFK�FRQWDLQV�WKH�LQWHJHU�SDUW��DQG
RQH�ZKLFK�FRQWDLQV�WKH�VLQJOH�GHFLPDO�SODFH��(DUO\�LQ�WKH�SODQQLQJ�VWDJH�IRU�*6$�ZH�VDZ�WKDW�WKH�UDWLQJ
PXOWLSOLHG�E\�WHQ�ZRXOG�DOZD\V�EH�IDU�OHVV�WKDQ��������DQG�VR�FRXOG�DOZD\V�EH�WUHDWHG�DV�D�ZRUG�YDOXH�LQ
LQWHJHU�PDWK�RSHUDWLRQV�

7KH�SURJUDP�WKHQ�VXEWUDFWV�WKH�UDWLQJ�WLPHV�WHQ�IURP�WKH�JURVV�VFRUH�WLPHV�WHQ�IRU�HDFK�RI�XS�WR���
URXQGV��WKHQ�SHUIRUPV�D�PXOWLSO\�DQG�GLYLGH�ZLWK�WKH�QXPEHU�����DQG�WKH�FRXUVH�VORSH��7KH�UHVXOW�LV�D
�GLIIHUHQWLDO�� IRU� WKH� KDQGLFDS� FDOFXODWLRQ��7KHVH�GLIIHUHQWLDOV� DUH� VWDVKHG� LQ�D� WDEOH� LQ�PHPRU\� IRU
H[DPLQDWLRQ�ODWHU�LQ�WKH�SURFHVV��,I�WZHQW\�SULRU�URXQGV�DUH�DYDLODEOH��WKH�SURJUDP�ZLOO�XVH�WKH�WHQ�ORZHVW
GLIIHUHQWLDOV�IURP�WKDW�WDEOH�WR�SHUIRUP�WKH�KDQGLFDS�FDOFXODWLRQ��,I�WKHUH�DUH�PRUH�WKDQ�IRXU�URXQGV
DYDLODEOH�EXW�OHVV�WKDQ�����D�ORRNXS�WDEOH�ZLOO�EH�XVHG�WR�GHFLGH�KRZ�PDQ\�GLIIHUHQWLDOV�DUH�XVHG�

7KH� WHQ� ORZHVW� GLIIHUHQWLDOV� DUH� DOO� DGGHG� WRJHWKHU� �WKHVH� DUH� VWLOO� WHQ� WLPHV� WKH� DFWXDO� QXPEHUV��
PXOWLSOLHG�E\������UHDOO\�PXOWLSOLHG�E\����DQG�GLYLGHG�E\�������7KLV�UHVXOW�LV�WKHQ�GLYLGHG�E\�WKH�QXPEHU
RI�GLIIHUHQWLDOV�XVHG��DQG�GLYLGHG�E\�WHQ�WR�SURGXFH�D�KDQGLFDS�LQGH[�QXPEHU��7KH�VDPH�UHVXOW�LV�WKHQ
PXOWLSOLHG�E\�VORSH��GLYLGHG�E\������GLYLGHG�E\�WHQ�DQG�URXQGHG�WR�SURGXFH�WKH�KDQGLFDS�IRU�WKH�FRXUVH�MXVW
SOD\HG�

7KLV�LV�SUREDEO\�DOO�DV�FOHDU�DV�PXG��EXW�LW�PD\�KHOS�WKRVH�ZKR�DUH�WU\LQJ�WR�IROORZ�ZKDW�WKH�VRXUFH�FRGH
GRHV�

:H�GRQ
W�UHDOO\�NQRZ�KRZ�PXFK�LPSDFW�WKHUH�ZRXOG�EH�E\�SHUIRUPLQJ�DOO�WKHVH�RSHUDWLRQV�LQ�IORDWLQJ
SRLQW�PDWK��EHFDXVH�ZH�KDYH�QRW�WULHG�GRLQJ�WKLV��:KDW�ZH� LQWHQGHG�WR�SRLQW�RXW� LQ�DOO� WKLV� LV�WKDW
SURJUDPPHUV�VKRXOG�WDNH�DGYDQWDJH�RI�WKH�VLWXDWLRQ�WKH\�DUH�SUHVHQWHG�ZLWK��DQG�XVH�LQWHJHU�RSHUDWLRQV
ZKHUH�SRVVLEOH�

$QRWKHU�SRWHQWLDO�WLPH�ZDVWHU�LV�LQ�GHDOLQJ�ZLWK�VWULQJV��,Q�WKH�VDPH�SURJUDP��ZH�KDG�WR�ILQG�WKH�FRXUVH
GDWD�IRU�HDFK�URXQG�SOD\HG��DV�WKH�FRXUVH�GDWD�ZDV�VWDVKHG�LQ�D�GLIIHUHQW�SDUW�RI�PHPRU\��7KH�FRXUVH�QDPH
ZDV�LQFOXGHG�LQ�WKH�UHFRUG�IRU�HDFK�URXQG�SOD\HG��EXW�WKH�SDUV�IRU�HDFK�KROH�RQ�WKDW�FRXUVH��DQG�LWV�UDWLQJ
DQG�VORSH�ZHUH�VWRUHG�HOVHZKHUH��7KLV�PHDQW�WKDW�IRU�HDFK�URXQG�HQFRXQWHUHG��ZH�KDG�WR�ORRN�XS�WKH
FRXUVH�LQIRUPDWLRQ��7KDW�RSHUDWLRQ�LQYROYHG�D�VSHFLDO�NLQG�RI�VWULQJ�FRPSDULVRQ�WR�ILQG�WKH�FRUUHVSRQGLQJ
FRXUVH�UHFRUG�

:H�ZHUH�FRPSDULQJ�WKH�FRXUVH�QDPH�VWRUHG�ZLWK�WKH�URXQG�ZLWK�HDFK�FRXUVH�QDPH�DPRQJ�WKH�FRXUVHV�LQ
PHPRU\��7KDW�FRXOG�LQYROYH�FRQVLGHUDEOH�WLPH��EXW�ZH�PDGH�D�VSHFLDO�NLQG�RI�VWULQJ�FRPSDULVRQ�URXWLQH
WR�PLQLPL]H�WLPH�VSHQW��)RU�WKH�FRXUVH�QDPHV�WR�EH�D�PDWFK��WKH\�KDG�WR�EH�HTXDO�LQ�DOO�UHVSHFWV��LQFOXGLQJ
OHQJWK��7KHUHIRUH�VLQFH�WKH�OHQJWK�ZDV�WKHUH�DV�WKH�ILUVW�E\WH�LQ�HDFK�VWULQJ��ZH�FRPSDUHG�WKDW�ILUVW��,I�WKH
OHQJWKV�ZHUH�XQHTXDO��WKHQ�WKHUH�ZDV�QR�SRLQW�LQ�FRPSDULQJ�WKH�FRQWHQW��VR�ZH�JRW�RXW�RI�WKH�FRPSDULVRQ
ORRS�LPPHGLDWHO\��,I�OHQJWK�ZHUH�HTXDO��ZH�ZRXOG�FRPSDUH�WKH�FRQWHQW�SDUW�RI�WKH�VWULQJ�RQO\�XQWLO�ZH
IRXQG�DQ�XQHTXDO�FKDUDFWHU��DQG�WKHQ�JHW�RXW��7KXV�RQO\�WKH�PDWFKLQJ�VWULQJ�ZRXOG�UHTXLUH�FRPSDULVRQ
RI�DOO�WKH�E\WHV�LQ�WKH�VWULQJ�WR�UHDFK�D�GHFLVLRQ�
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,Q�RWKHU�ZRUGV��RXU�FRPSDULVRQ�ZRXOG�HQG�DV�VRRQ�DV�LW�ZDV�SRVVLEOH�WR�HQG�LW��7KLV�SULQFLSOH�VKRXOG�EH
DSSOLHG�LQ�DOO�FDVHV�ZKHQ�VWULQJV�DUH�EHLQJ�FRPSDUHG�

,Q�D�PRUH�JHQHUDOL]HG�FDVH�RI�VWULQJ�FRPSDULVRQ��RQH�FDQ
W�PDNH�DQ\�GHFLVLRQ�RQ�WKH�OHQJWK�DORQH��EHFDXVH
WKH�FRQWHQW�RI�WKH�VWULQJV�ZLOO�GHWHUPLQH�ZKLFK�LV�VPDOOHU�RU�ODUJHU��)RU�WKDW�FDVH��ZH�KDYH�VKRZQ�LQ�WKH
6LGHEDU�D�JHQHUDO�SXUSRVH� VWULQJ� FRPSDULVRQ� URXWLQH� WKDW�ZLOO� GHWHUPLQH�ZKLFK� VWULQJ� LV� ODUJHU�� RU
ZKHWKHU�WKH\�DUH�HTXDO��,I�WKH\�DUH�LGHQWLFDO�XS�WR�WKH�OHQJWK�RI�WKH�VKRUWHU�RQH��WKH�ORQJHU�VWULQJ�ZLOO�EH
FDOOHG�ODUJHU��7KLV�URXWLQH�LV�GUDZQ�IURP�RXU��(DV\�'DWD��VRXUFH�FRGH��DQG�ZDV�DFWXDOO\�XVHG�LQ�WKH�VRUWLQJ
RI�VWULQJV�IURP�;%�'$7$�VWDWHPHQWV�

2I�FRXUVH�ZKDW�LV�VKRZQ�KHUH�LV�UHDOO\�D�IUDJPHQW��VLQFH�LW�GRHV�QRW�VKRZ�ZKDW�DFWXDOO\�KDSSHQV�ZKHQ
VWULQJV�DUH�IRXQG�WR�EH�ELJJHU��OHVV��RU�HTXDO��,Q�WKH�DFWXDO�DSSOLFDWLRQ��WKLV�FRGH�UHVXOWHG�LQ�VWRULQJ�WKH
DGGUHVV�RI�WKH�OHDVW�RI�WKH�WZR�VWULQJV��RU�WKH�DGGUHVV�RI�WKH�ILUVW�RQH�LI�WKH\�ZHUH�HTXDO��:H�SXUSRVHO\�OHIW
RXW�WKDW�SDUW�IURP�WKH�6LGHEDU�VR�LW�ZRXOG�QRW�FRQIXVH�\RX�

,Q�WKH�UHDO�DSSOLFDWLRQ��WKLV�VWULQJ�FRPSDULVRQ�ZDV�XVHG�DV�SDUW�RI�D�YHU\�LQYROYHG�VRUWLQJ�URXWLQH��7KDW
URXWLQH�ZDV�FDOOHG�IURP�([WHQGHG�%DVLF��DQG�FRXOG�VRUW����UHFRUGV�RI�VL[�ILHOGV�HDFK�E\�WZR�FULWHULD�LQ
DERXW�WKUHH�VHFRQGV��7KDW�WLPH�LQFOXGHV�WKH�ILQGLQJ�RI�WKH�VWULQJV� LQ�;%�'$7$�VWDWHPHQWV�DQG�WKH
DVVLJQPHQW�RI�WKRVH�����VWULQJV�LQWR�;%�$UUD\�YDULDEOHV��,I�VXFK�D�VRUW�ZHUH�GRQH�E\�([WHQGHG�%DVLF��WKH
WLPH�ZRXOG�EH�PHDVXUHG�LQ�PLQXWHV��QRW�VHFRQGV�

%HIRUH�ZH�JHW�WRR�FDXJKW�XS�LQ�RXU�RZQ�K\SH��WKRXJK��ZH�VKRXOG�VD\�WKDW�ZKDW�ZH�DUH�VKRZLQJ�WRGD\�DUH
WKLQJV�WKDW�ZH�KDYH�GHYLVHG�IRU�VSHFLILF�FLUFXPVWDQFHV��7KH\�KDYH�ZRUNHG��DQG�TXLWH�ZHOO��EXW�WKDW�GRHVQ
W
PHDQ�WKHVH�VDPSOHV�DUH�WKH��EHVW��ZD\�WR�GR�WKLQJV��$OVR��ZH�DUH�QRW�VKRZLQJ�WRGD\�DQ\��ZURQJ��ZD\�WR
GR�WKLQJV��7KH�RQO\�WKLQJ�ZH
UH�DWWHPSWLQJ�WR�VD\�DQG�VKRZ�LV�D�UHDVRQDEO\�HIILFLHQW�DQG�IDVW�ZD\�WR�GR
VRPH�VHOHFWHG�RSHUDWLRQV��DQG�ZH�DUH�OHDYLQJ�WKH�GHWDLOV�RI�LPSOHPHQWDWLRQ�WR�WKH�XVHU��7KH�EHVW�ZD\�LV
VWLOO�WKH�RQH�WKDW�\RX�FDQ�XVH�DQG�XQGHUVWDQG��QRW�QHFHVVDULO\�RXU�ZD\�

7KHUH
V�DQRWKHU�LQWHUHVWLQJ�WLGELW�LQ�WRGD\
V�6LGHEDU�FDOOHG�WKH�5281'�VXEURXWLQH��7KHUH�ZHUH�SODFHV�LQ
WKH�FDOFXODWLRQV�ZKHUH�WKH�IRUPXOD�FDOOHG�IRU�D�URXQGHG�UHVXOW��VR�ZH�GHYLVHG�WKLV�VPDOO�VXEURXWLQH�WR�GR
WKH�MRE�IRU�XV��7KDW�LV�ZK\�ZH�VRPHWLPHV�SODFHG�WKH�GLYLVRU�LQ�5��EHIRUH�GRLQJ�D�GLYLGH�RSHUDWLRQ��LQVWHDG
RI�VLPSO\�GLYLGLQJ�E\�VRPH�ZRUG�LQ�PHPRU\�

7KH�LGHD�RI�URXQGLQJ�LV�VLPSOH�HQRXJK�LQ�FRQFHSW��,I�WKH�UHPDLQGHU�LV�HTXDO�WR�RU�PRUH�WKDQ�KDOI�WKH
GLYLVRU��WKHQ�WKH�TXRWLHQW�LV�LQFUHPHQWHG�E\�RQH�

7KH�ILUVW�VWHS�LQ�WKH�URXQGLQJ�LV�WR�GRXEOH�WKH�UHPDLQGHU�LQ�5���1RZ�ZH�VLPSO\�FRPSDUH�5��WR�5���,I�5�
LV�OHVV�WKDQ�5���WKHQ�ZH�GR�QRW�LQFUHPHQW�WKH�TXRWLHQW��2WKHUZLVH�ZH�GR�LQFUHPHQW�WKH�TXRWLHQW��VR�LW�LV
QRZ�SURSHUO\�URXQGHG��1RQH�RI�WKH�FDVHV�ZKHUH�WKLV�ZDV�XVHG�QHHGHG�WKH�UHPDLQGHU�IRU�DQ\WKLQJ�DIWHU
WKLV�RSHUDWLRQ��VR�ZH�OHIW�5��DORQH�DV�ZH�H[LWHG��+DG�ZH�QHHGHG�5��UHVWRUHG�WR�LWV�RULJLQDO�YDOXH�DIWHU
URXQGLQJ��ZH�FRXOG�SXW�LQ�RQH�OLQH�DW�ODEHO�5281';�WR�65/�5�����7KLV�ZRXOG�SXW�5��EDFN�WR�WKH�YDOXH
LW�KDG�XSRQ�HQWU\�WR�WKLV�VXEURXWLQH�

7KLV�URXQGLQJ�SURFHVV�LV�QRW�DOZD\V�H[DFW��EXW�LV�JRRG�HQRXJK�IRU�WKH�FDVHV�LQ�ZKLFK�ZH�KDYH�DSSOLHG�LW�
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6XSSRVH��IRU�H[DPSOH��ZH�GLYLGHG����E\����7KDW�ZRXOG�JLYH�XV�D�TXRWLHQW�RI���DQG�D�UHPDLQGHU�RI���
'RXEOLQJ� WKH� UHPDLQGHU� ZRXOG� PDNH� WKDW� ��� ZKLFK� LV� OHVV� WKDQ� ��� VR� WKH� TXRWLHQW� ZRXOG� QRW� EH
LQFUHPHQWHG��+DG�ZH�GLYLGHG����E\����ZH�ZRXOG�JHW�D�TXRWLHQW�RI���DQG�UHPDLQGHU�RI����'RXEOLQJ���ZRXOG
PDNH�WKDW�PRUH�WKDQ���VR�ZH�ZRXOG��FRUUHFWO\��LQFUHPHQW�WKH�TXRWLHQW�E\�RQH��:H�ZLOO�OHDYH�LW�IRU�WKH
UHDGHU�WR�SOD\�DURXQG�ZLWK�RWKHU�QXPEHUV�DQG�VHH�KRZ�DFFXUDWH�WKLV�SURFHVV�LV��:H�FKRVH�WKLV�UHDOO\
VLPSOH�PHWKRG�PDLQO\�IRU�LWV�VSHHG��QRW�IRU�LWV�XOWLPDWH�DFFXUDF\�

7KH�WKRXJKWIXO�UHDGHU�ZLOO�QRZ�ORRN�DW�RXU�VRXUFH�FRGH�DQG�VHH�WKDW�LQ�PDQ\�LQVWDQFHV�ZH�DSSHDU�WR�KDYH
YLRODWHG�RXU�RZQ�JHQHUDO�UXOHV��)RU�H[DPSOH��ZH�VHHP�WR�EH�XVLQJ�ODEHOHG�SODFHV�LQ�PHPRU\�WR�VWDVK�YDOXHV
DZD\��UDWKHU�WKDQ�NHHSLQJ�WKRVH�YDOXHV�LQ�UHJLVWHUV��DV�ZH�DGYRFDWH�

$SSHDUDQFHV�FDQ�EH�GHFHLYLQJ��7KHUH�DUH�PDQ\�VXEURXWLQHV�FDOOHG�E\�WKH�+&$3�URXWLQH��DQG�WKRVH�DOWHU
WKH�YDOXHV�LQ�PDQ\�RI�WKH�UHJLVWHUV��:H�FKRVH�WR�PDNH�URRP�LQ�RXU�GDWD�VHJPHQW�RI�WKH�SURJUDP�WR�VWDVK
WKLQJV�VR�ZH�ZRXOGQ
W�KDYH�WR�ZRUU\�DERXW�WKH�UHJLVWHUV�WKDW�WKH�VXEURXWLQHV�XVH�

,Q�WKH�3&�YHUVLRQ�RI�WKLV�VDPH�SURJUDP��ZH�KDQGOHG� WKLQJV�D�ELW�GLIIHUHQWO\��,Q�WKH�3&
V�$VVHPEO\
ODQJXDJH��RQH�GRHV�QRW�KDYH�WKH�OX[XU\�RI�VL[WHHQ�UHJLVWHUV��QRU�WKH�DELOLW\�WR�GR�D��FRQWH[W�VZLWFK��WR
DQRWKHU�VHW�RI�WKHP��,QVWHDG��WKH�3&�KDV�D�UHDGLO\�XVHDEOH��VWDFN��VHJPHQW�LQ�PHPRU\��LQWR�ZKLFK�RQH�FDQ
�SXVK��YDOXHV�DQG�IURP�ZKLFK�RQH�FDQ��SRS��YDOXHV�ZKHQHYHU�QHFHVVDU\��7KHUH�DUH�RQO\�IRXU�JHQHUDO
SXUSRVH�UHJLVWHUV�RQ�WKH�3&��FDOOHG�$;��%;��&;��DQG�';��7KHUH�DUH�DOVR�D�QXPEHU�RI�VSHFLDO�SXUSRVH
UHJLVWHUV�ZKLFK�FDQ
W�EH�XVHG�H[FHSW�IRU�SXUSRVHV�OLNH�NHHSLQJ�WUDFN�RI�PHPRU\�VHJPHQWV�DQG�DV�SRLQWHUV�
$�VXEURXWLQH�LQ�3&�DVVHPEO\�QRUPDOO\�EHJLQV�ZLWK�D�VHULHV�RI�SXVK�RSHUDWLRQV�WR�VDYH�WKH�HQWU\�YDOXHV
RI�WKH�UHJLVWHUV��WKHQ�DW�LWV�H[LW�HQGV�ZLWK�FRUUHVSRQGLQJ�SRSV�WR�UHVWRUH�WKH�UHJLVWHUV�WR�WKHLU�SUHYLRXV
YDOXHV��386+�FDXVHV�D�YDOXH�WR�EH�SODFHG�RQ�WKH�VWDFN�DQG�WKH�VWDFN�SRLQWHU�UHJLVWHU�WR�EH�GHFUHPHQWHG
E\�WZR��323�GRHV�WKH�RSSRVLWH��,W�ORRNV�VRPHWKLQJ�OLNH�WKLV�

SAMPLE_SUB:
PUSH AX
PUSH BX
PUSH CX
PUSH DX
(perform operations)
POP DX
POP CX
POP BX
POP AX
RET
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7KLV�VDYHV�DQG�WKHQ�UHVWRUHV�WKH�IRXU��JHQHUDO�SXUSRVH��UHJLVWHUV�DYDLODEOH�RQ�WKH�3&��7KH�VSHFLDO�SXUSRVH
UHJLVWHUV�RQ�WKH�3&��VXFK�DV�'6��(6��6,��DQG�',�PD\�DOVR�EH�SXVKHG�DQG�SRSSHG�LQ�D�VLPLODU�IDVKLRQ��2I
FRXUVH�WKH�GLVDGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�WKHUH�LV�D�ORW�RI�SURJUDP�PHPRU\�XVHG�XS�DV��RYHUKHDG��IRU
WKH�VXEURXWLQHV��QRW�WR�PHQWLRQ�WKDW�DOO�WKLV�SXVKLQJ�DQG�SRSSLQJ�HDWV�LQWR�H[HFXWLRQ�VSHHG�DV�ZHOO��%H
JUDWHIXO�IRU�WKH�PRUH�HIILFLHQW�ZD\�WKDW�WKH�7,�OHWV�XV�KDQGOH�UHJLVWHUV��:KLOH�RQ�WKLV�WRSLF��ZH�VKRXOG�DOVR
SRLQW�RXW�WKDW�QRW�DOO�RSHUDWLRQV�RQ�D�3&�FDQ�EH�SHUIRUPHG�ZLWK�DQ\�RI�WKH�IRXU��*HQHUDO�3XUSRVH�
UHJLVWHUV��,QGH[HG�DGGUHVVLQJ��IRU�H[DPSOH��FDQ�EH�SHUIRUPHG�XVLQJ�%;��EXW�QRW�$;��&;��RU�';�

:H�KRSH�WKLV�OLWWOH�GLJUHVVLRQ�LQWR�WKH�3&�UHDOP�ZLOO�QRW�XSVHW�\RX�WRR�PXFK��,W
V�WKHUH�VLPSO\�WR�VKRZ�\RX
ZKDW�D�JRRG�WKLQJ�\RX�KDYH�JRLQJ�LQ�WKH�7,
V�$VVHPEO\�ODQJXDJH�

1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG�DW�WKLV�SRLQW��:H
G�OLNH�WR�WKDQN�WKRVH�UHDGHUV�ZKR
YH�WROG�XV�WKH\�HQMR\
WKLV�VHULHV��:H�HQMR\�ZULWLQJ�WKHP��WRR�

* SOME ILLUSTRATIVE CODE SECTIONS
* FROM OUR OWN PROGRAMS
* ALL CODE SHOWN IS PUBLIC DOMAIN
*

* HCAP SHOWS AN INTERESTING USE OF INTEGERS TO HANDLE NUMBERS
* THAT HAVE ONE DECIMAL PLACE ATTACHED
HCAP
       MOV  R11,*R15+    STASH RETURN ADDRESS
       CLR  @COUNT       CLEAR A DATA WORD
       CLR  @GTPIN       AND ANOTHER
       LI   R1,SCRLI     POINT R1 AT A BUFFER SPACE IN MEMORY
HCP0   BL   @GETRAT      GETRAT GETS THE COURSE RATING AND SLOPE INFORMATION
       MOV  @RATINT,R5   PLACE THE RATING'S INTEGER PART IN R5
       MOV  @TEN,R3      GET THE VALUE TEN IN R3
       MPY  R3,R5        MULTIPLY THE RATING'S INTEGER PART BY TEN
       A    @RATDEC,R6   ADD THE DECIMAL PART OF THE RATING
       C    @ACES,@NINE  WAS THIS A NINE-HOLE ROUND?
       JNE  HCAPA        IF NOT, JUMP AHEAD
* THE FOLLOWING LINES ARE USED TO COMBINE THE RESULTS OF TWO NINE HOLE ROUNDS
* INTO ONE 18 HOLE ROUND
       C    @GTPIN,@ONE
       JEQ  HCAPB
       MOV  @ONE,@GTPIN
       MOV  R6,@GTNET
       MOV  @RNDTOT,@GTSCR+2
       MOV  @SLOPE,@GTPAR
       JMP  HCAP1
HCAPB
       A    @GTSCR+2,@RNDTOT
       A    @GTNET,R6
       SRL  R6,1
       MOV  @SLOPE,R5
       A    @GTPAR,R5
       SRL  R5,1
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       MOV  R5,@SLOPE
HCAPA  MOV  R6,@GTSCR    STASH R6 IN MEMORY
       CLR  @GTPIN       CLEAR A WORD
       MOV  @RNDTOT,R5   MOV THE TOTAL GROSS SCORE INTO R5
       MPY  R3,R5        MULTIPLY THAT BY TEN
       S    @GTSCR,R6    SUBTRACT THE RATING (X10) FROM THE SCORE (X10)
       JGT  HCAP0        IF POSITIVE RESULT, JUMP
       JMP  HCAP1        ELSE SKIP NEXT PART
HCAP0  MOV  R6,R5        PLACE R6 BACK INTO R5
       MPY  @ONE13,R5    MULTIPLY BY 113
       MOV  @SLOPE,R3    MOVE THE COURSE SLOPE INTO R3
       DIV  R3,R5        DIVIDE R5-R6 PAIR BY SLOPE
       BL   @ROUND       ROUND THE RESULTING NUMBER
       MOV  R5,*R1+      STASH THE RESULT IN A STACK POINTED TO BY R1
       INC  @COUNT       INCREMENT THE COUNT OF ROUNDS USED
HCAP1  MOV  @CURREC,R9   GET CURRENT ROUND RECORD POINTER IN R9
       AI   R9,-56       SUBTRACT LENGTH OF ONE RECORD
       CI   R9,FILORG    SEE IF THAT'S BEFORE OUR FIRST RECORD
       JLT  HCAP3        IF SO, WE HAVE RUN OUT OF PRIOR ROUNDS
       MOV  R9,@CURREC   ELSE PLACE R9 AS CURRENT RECORD POINTER
       C    @COUNT,@TWENTY  HAVE WE DONE TWENTY ROUNDS?
       JEQ  HCAP3        IF SO, JUMP TO NEXT PART
       BL   @GETCN       ELSE GET COURSE NAME FOR NEXT PRIOR ROUND
       BL   @FNDCRS      THEN FIND THE COURSE RECORDS
       MOV  @CURREC,R9   AND SET R9 BACK TO ROUND RECORD START
       LI   R10,TEMREC   POINT AT TEMPORARY RECORD STORAGE
       LI   R4,56        56 BYTES TO GET
       BL   @MOVBTS      MOVE THE CURRENT ROUND RECORD TO TEMREC
       BL   @RNDCMP      THEN COMPUTE THE ROUND'S SCORE
       JMP  HCP0         AND JUMP BACK TO INCLUDE THIS ROUND
HCAP3
       MOV  @COUNT,R3    GET THE NUMBER OF ROUNDS FOUND
       MOV  R3,@GTOT     GTOT HAS NUMBER OF ROUNDS AVAILABLE
       CI   R3,5         COMPARE TO FIVE
       JLT  HCZX         IF LESS, NO HANDICAP ISSUED
       CI   R3,19        COMPARE TO 19
       JGT  HCAP4        IF GREATER, JUMP
       AI   R3,-5        ELSE SUBTRACT FIVE FROM THE NUMBER
       MOVB @RULUT(R3),R1 AND USE LOOKUP TABLE
       SRL  R1,8         RIGHT JUSTIFY NUMBER FROM LUT
       JMP  HCAP5        THEN JUMP AHEAD
HCAP4  MOV  @TEN,R1      IF TWENTY ROUNDS FOUND, WE'LL USE TEN OF THEM
HCAP5  CLR  @GTSCR       CLEAR A MEMORY WORD
       MOV  R1,@COUNT    COUNT HAS NUMBER OF ROUNDS TO BE USED
       CLR  R8           CLEAR REGISTER 8
       CLR  R5           AND 5
HCAP6  CLR  R13          CLEAR REGISTER 13
       CLR  R2           AND 2
       LI   R7,>7FFF     PLACE HIGHEST POSITIVE NUMBER IN R7
       MOV  @GTOT,R4     GET NUMBER OF ROUNDS FOUND IN R4



The Cyc: MICROpendium

HCAP8  MOV  @SCRLI(R13),R2 GET A DIFFERENTIAL INTO R2
       JEQ  HCAP7        IF ZERO, SKIP THIS ONE
       C    R2,R7        ELSE COMPARE TO R7
       JGT  HCAP7        IF GREATER, SKIP
       MOV  R2,R7        ELSE R2 IS THE LOWEST DIFFERENTIAL
       MOV  R13,R9       SAVE POINTER IN R9
HCAP7  INCT R13          MOVE AHEAD IN STASHED DIFFERENTIALS BY A WORD
       DEC  R4           DECREMENT COUNT
       JGT  HCAP8        IF GREATER THAN ZERO, GO BACK
       A    R7,@GTSCR    ELSE ADD R7 TO TOTAL OF DIFFERENTIALS
       CLR  @SCRLI(R9)   AND CLEAR THAT MEMBER OF THE DIFFERENTIAL SET
       INC  R5           INCREMENT R5 COUNT
       C    R5,@COUNT    COMPARE TO TOTAL
       JLT  HCAP6        IF LESS, JUMP BACK
HCAPX  MOV  @GTSCR,R5    MOVE TOTAL OF DIFFERENTIALS TO R5
* THE OPERATION IN THE NEXT FOUR INSTRUCTIONS ESSENTIALLY MULTIPLIES
* THE TOTAL OF DIFFERENTIALS BY .96
       LI   R3,96        PLACE 96 IN R3
       MPY  R3,R5        AND MULTIPLY R5 BY 96
       LI   R3,100       NOW LOAD 100 INTO R3
       DIV  R3,R5        AND DIVIDE R5-R6 PAIR BY 100
       MOV  R5,R6        MOVE THAT QUOTIENT TO R6
       CLR  R5           AND CLEAR R5
       DIV  @COUNT,R5    DIVIDE BY THE NUMBER OF DIFFERENTIALS
       MOV  R5,R10       AND STASH QUOTIENT IN R10
       CLR  R9           CLEAR R9
       DIV  @TEN,R9      DIVIDE R9-R10 PAIR BY TEN
       MOV  R9,@HCINT    R9 IS THE INTEGER PART OF HANDICAP INDEX
       MOV  R10,@HCDEC   R10 IS THE DECIMAL PART
       MOV  R5,@GTSCR    NOW STASH R5 IN MEMORY
       MOV  @SAVREC,@CURREC GET NEWLY ADDED RECORD'S ADDRESS BACK
       BL   @GETCN       GET ITS COURSE NAME
       BL   @FNDCRS      FIND THE COURSE DATA
       BL   @GETRAT      GET THE RATING AND SLOPE INFORMATION
       MOV  @GTSCR,R5    BRING BACK R5
       MPY  @SLOPE,R5    MULTIPLY BY SLOPE OF COURSE
       DIV  @ONE13,R5    THEN DIVIDE BY 113
       MOV  @TEN,R3      BRING TEN BACK INTO R3
       MOV  R5,R6        MOVE R5 VALUE TO R6
       CLR  R5           CLEAR R5
       DIV  R3,R5        DIVIDE R5-R6 BY TEN
       BL   @ROUND       ROUND THE RESULT
HCAPX1 B    @SUBRET      THEN EXIT THE SUBROUTINE
HCZX   CLR  R5           CLEAR R5
       JMP  HCAPX1       THEN SHORTCUT TO EXIT
*
* ROUNDING SUBROUTINE FOR INTEGER DIVIDE OPERATIONS
* INCREMENTS QUOTIENT IF REMAINDER IS >= HALF OF DIVISOR
* ON ENTRY, QUOTIENT IS IN R5, REMAINDER IN R6, DIVISOR IN R3
*
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ROUND  SLA  R6,1         DOUBLE REMAINDER
       C    R6,R3        COMPARE R6 TO DIVISOR
       JLT  ROUNDX       IF LESS, SKIP
       INC  R5           ELSE REMAINDER IS => .5, INC QUOTIENT
ROUNDX
       RT                RETURN TO CALLING SEGMENT
*
*
* SPECIAL PURPOSE STRING COMPARISON SUBROUTINE
* DETERMINES ONLY WHETHER STRINGS ARE IDENTICAL OR NOT
*
* ON ENTRY, R9 AND R10 POINT AT THE LENGTH BYTES
* OF THE TWO STRINGS TO BE COMPARED
*
STRCMP
       MOVB *R9,R3       GET LENGTH INTO R3
       SRL  R3,8         RIGHT JUSTIFY
       INC  R3           INCREMENT TO INCLUDE LENGTH BYTE
STRCP0 CB   *R9+,*R10+   COMPARE ONE BYTE
       JNE  NOCMP        IF NOT EQUAL, GET OUT OF HERE
       DEC  R3           ELSE DECREMENT COUNT
       JNE  STRCP0       IF NOT ZERO, COMPARE NEXT BYTE PAIR
NOCMP  RT                RETURNS FROM SUBROUTINE R3>0 MEANS STRINGS UNEQUAL

* GENERAL PURPOSE STRING COMPARISON SUBROUTINE
* ON ENTRY, R9 AND R10 POINT TO THE LENGTH BYTES OF
* TWO STRINGS TO BE COMPARED
*
CMPSTR
       MOVB *R9+,R4      GET LENGTH FIRST STRING IN R4
       MOVB *R10+,R5     LENGTH OF SECOND IN R5
       SRL  R4,8         RIGHT JUSTIFY
* THE FOLLOWING LINE WAS NOT NEEDED IN THE ORIGINAL APPLICATION
       JEQ  LESS         A NULL STRING WILL BE LESS
       SRL  R5,8         RIGHT JUSTIFY
* THE FOLLOWING LINE WAS NOT NEEDED IN THE ORIGINAL APPLICATION
       JEQ  BIG          IF THIS IS A NULL, THEN R9'S STRING IS BIGGER
CMP910 CB   *R9+,*R10+   COMPARE THE BYTES POINTED BY R9 AND R10
       JGT  BIG          IF R9'S BYTE IS BIGGER, JUMP
       JLT  LESS         IF R9'S BYTE IS LESS, JUMP
       DEC  R4           DECREMENT COUNT OF R9' STRING LENGTH
       JNE  DEC5         IF NOT ZERO, DECREMENT R5
       CI   R5,1         ELSE SEE IF R5=1
       JEQ  EQUAL        IF SO, STRINGS ARE EQUAL
* IF R5=1 AT THIS POINT, THE STRINGS BEING COMPARED ARE IDENTICAL
* IF R5 IS >1 AT THIS POINT, IT MEANS THE STRING POINTED BY R10
* IS IDENTICAL UP TO THE LENGTH OF THE STRING POINTED BY R9,
* BUT THE R10 STRING HAS MORE CHARACTERS, SO THE R9 STRING IS
* SMALLER BY DEFINITION
       JMP  LESS         ELSE STRING POINTED BY R9 IS LESS
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DEC5   DEC  R5           DECREMENT OTHER COUNT
       JNE  CMP910       IF NOT ZERO, COMPARE NEXT BYTE
* IF WE REACH HERE, IT MEANS THE STRING POINTED BY R10 HAS RUN
* OUT OF CHARACTERS, AND ALL ITS CHARACTERS WERE EQUAL TO THOSE IN R9'S STRING
* THEREFORE R9'S STRING IS BIGGER BY DEFINITION
BIG    (PERFORM SOME OPERATION)
       JMP  RETRN        THEN JUMP TO EXIT
LESS   (PERFORM SOME OPERATION)
       JMP  RETRN        THEN JUMP TO EXIT
EQUAL  (SOME OTHER OPERATION)
RETRN  RT                RETURN TO CALLING PROGRAM
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1.17. The Art Of Assembly — Part 17. Structure Can Be Good — But

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

,Q�WKH�YHU\�ILUVW�RI�WKHVH�DUWLFOHV�ZH�WRXFKHG�RQ�WKH�PDWWHU�RI�VWUXFWXUHG�SURJUDPPLQJ��DQG�KDYHQ
W
WRXFKHG�LW�VLQFH��6RPH�WLPH�EDFN�ZH�UHFHLYHG�D�OHWWHU�IURP�RQH�RI�RXU�UHDGHUV��ZKR�ZDV�DQQR\HG�WKDW�ZH
KDG�QRW�WDXJKW�RXU�UHDGHUV�KRZ�WR�SURSHUO\�LQWHUIDFH�EHWZHHQ��PRGXOHV���7KHUH�DUH�D�FRXSOH�RI�JRRG
UHDVRQV��LQ�RXU�RSLQLRQ��IRU�QRW�WHDFKLQJ�WKDW�WR�7,�SURJUDPPHUV��2Q�RQO\�DERXW�WZR�RFFDVLRQV�LQ�WKH�WLPH
WKDW�ZH
YH�EHHQ�ZULWLQJ�$VVHPEO\�IRU�WKH�7,�KDYH�ZH�IRXQG�LW�QHFHVVDU\�WR�OLQN�VHSDUDWHO\�ORDGHG�REMHFW
FRGH��PRGXOHV���DQG�LQ�ERWK�WKRVH�FDVHV�WKH�LQWHUIDFH�EHWZHHQ�WKHP�FRQVLVWHG�RI�RQH�'()�LQ�WKH�ILUVW�RQH
DQG�RQH�5()�LQ�WKH�VHFRQG��%LJ�GHDO�

:H�KDYH�XVHG�WKH�FRQFHSW�RI�PRGXOHV�LQ�D�QRQ�WULYLDO�ZD\�RQ�WKH�3&�FRPSXWHU��,Q�RQH�VXFK�LQVWDQFH�WKHUH
ZHUH�VRPH����RGG�VHSDUDWHO\�DVVHPEOHG�REMHFW�ILOHV��ZLWK�FRPSOH[�LQWHUDFWLRQV�UHTXLUHG�EHWZHHQ�WKHP�
DQG�ZLWK�YHU\�FDUHIXOO\�GHVLJQHG�LQWHUIDFLQJ�WR�SDVV�ZKROH�GDWD�VHJPHQWV�DV�SDUDPHWHUV�IURP�RQH�PRGXOH
WR�DQRWKHU��7KH�UHVXOW��DIWHU�WKH�/,1.�SURFHVV��ZDV�D�VLQJOH�(;(�ILOH�RI�VRPH����.�E\WHV��7KH�ZKROH�WKLQJ
ZRUNHG�YHU\�ZHOO��HYHQ�WKRXJK�LW�ZDV�ZULWWHQ�SDUWO\�E\�RQH�DXWKRU�DQG�SDUWO\�E\�DQRWKHU��ZLWK�\RXU
FROXPQLVW�W\LQJ�WKH�ZKROH�WRJHWKHU�

,I�ZH�ZHUH�LQ�WKH�XQIRUWXQDWH�SRVLWLRQ�RI�ZULWLQJ�SURJUDPV�WKDW�UHTXLUHG�IRXU�RU�ILYH�SURJUDPPHUV��ZLWK
PXOWLSOH�RYHUOD\V� DQG� VXFK�� WKHQ�WKH� LGHD�RI� �PRGXOHV��ZRXOG�PDNH�SHUIHFW�VHQVH��DQG�WKH�RYHUKHDG
LQYROYHG�LQ�SDUDPHWHU�SDVVLQJ�DQG�VXFK�ZRXOG�EHFRPH�D�QHFHVVDU\�HYLO��2Q�WKH�7,��KRZHYHU��WKHUH�DUH�YHU\
IHZ�SURJUDPV�WKDW�QHHG�WKDW�NLQG�RI�DSSURDFK��DQG�WKDW
V�JRRG��EHFDXVH�ZH�GRQ
W�KDYH�WKH�PHPRU\�WR
WKURZ�DZD\�RQ�SDUDPHWHU�SDVVLQJ�VFKHPHV�

,Q�RXU�RSLQLRQ��WKH�YHU\�FRQFHSW�RI�VHSDUDWH�REMHFW�PRGXOHV�WR�EH�OLQNHG�E\�D�/LQNHU�RU�OLQNLQJ�ORDGHU�LV
DQ�H[DPSOH�RI��PDLQIUDPH�WKLQNLQJ���2Q�WKH�3&�LW�VRPHWLPHV�EHFRPHV�DEVROXWHO\�QHFHVVDU\�EHFDXVH�WKH
$VVHPEOHU�ZLOO�UXQ�RXW�RI�6\PERO�7DEOH�VSDFH�ORQJ�EHIRUH�LW�UXQV�RXW�RI�VSDFH�IRU�WKH�REMHFW�FRGH��7KH�3&
$VVHPEOHU�ZLOO�WHOO�\RX�LW
V�UXQ�RXW�RI�PHPRU\��WKHQ�UHSRUW�WKDW���.�UHPDLQV��7KDW�PHDQV�LW�KDV�XVHG�XS
WKH�SDUW�RI�D���.�VHJPHQW�UHVHUYHG�IRU�WKH�V\PERO�WDEOH��HYHQ�WKRXJK�LW�VWLOO�KDV���.�OHIW�IRU�REMHFW�FRGH�
7KH�7,�LV�IDU�EHWWHU�WKDQ�WKH�3&�LQ�WKLV�UHVSHFW��:H�KDYH�ZULWWHQ�VRPH�YHU\�FRPSOLFDWHG�VWXII�RQ�WKLV
PDFKLQH��ZLWK�ZKDW�VHHPHG�OLNH�IDU�WRR�PDQ\�ODEHOV�LQYROYHG��EXW�QHYHU�UDQ�WKH�7,�RXW�RI�V\PERO�WDEOH
VSDFH�GXULQJ�$VVHPEO\��&RQYHUVHO\��RXU�ROG�*ROI�6FRUH�$QDO\]HU��ZKLFK�DVVHPEOHG�YHU\�QLFHO\�LQ�RQH
REMHFW�ILOH�RQ�WKH�7,��KDG�WR�EH�VSOLW�LQWR�WZR�REMHFW�PRGXOHV�RQ�WKH�3&�WR�SHUIRUP�H[DFWO\�WKH�VDPH�MRE�
7KLV�TXLFNO\�EHFDPH�D�UHDO�SDLQ�MXVW�NHHSLQJ�WUDFN�RI�ZKDW�ODEHOV�KDG�WR�EH�GHFODUHG��38%/,&��DQG�ZKLFK
�(;751��WR�PDNH�WKH�PRGXOHV�OLQN�FRUUHFWO\���38%/,&�DQG�(;751�RQ�WKH�3&�DUH�HTXLYDOHQW�WR�'()�DQG
5()�RQ�WKH�7,��UHVSHFWLYHO\��

(YHQ�RXU�:RUG�3URFHVVRU��ZKLFK�RFFXSLHV�PRVW�RI�ERWK�WKH�/RZ�DQG�+LJK�SRUWLRQV�RI�WKH���.�PHPRU\�
DVVHPEOHV�DV�MXVW�RQH�REMHFW�ILOH��2Q�IORSS\�GLVNV��LW�WDNHV�WKLUW\�PLQXWHV�RU�VR�WR�DVVHPEOH��DQG�WKDW
V�D
SDLQ��EXW�LW
V�VWLOO�OHVV�SDLQIXO�WKDQ�VHSDUDWLQJ�LW�LQWR�PRGXOHV�ZRXOG�EH���$VVHPEOLQJ�RQ�5DPGLVN�WDNHV
RQO\�WHQ�PLQXWHV��
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2ND\��VR�\RX�VD\�\RX�PXVW�PDNH�\RXU�SURJUDP�LQWR�VHSDUDWH�REMHFW�PRGXOHV��2XU�DGYLFH��WKHQ��LV�WR�NHHS
WKH�SDUDPHWHU�SDVVLQJ�DV�VLPSOH�DV�\RX�FDQ�SRVVLEO\�PDQDJH��<RX�PD\�KDYH�QRWLFHG�LQ�RXU�SUHYLRXV
H[DPSOHV�WKDW�ZH�PRVW�RIWHQ�SDVV�SDUDPHWHUV�WR�RXU�RZQ�VXEURXWLQHV�E\�ORDGLQJ�UHJLVWHUV�ZLWK�GDWD�DQG
DGGUHVVHV�EHIRUH�WKH�%/�LQVWUXFWLRQ��7KDW�ZLOO�ZRUN�LQ�VHSDUDWH�PRGXOHV�DOVR��SURYLGHG�RQO\�WKDW�WKHUH
LV�D�5()�DQG�'()�UHODWLRQVKLS�EHWZHHQ�WKH�FDOOLQJ�SDUW�LQ�RQH�PRGXOH�DQG�WKH�VXEURXWLQH�LQ�DQRWKHU��)RU
H[DPSOH��PRGXOH���FRXOG�KDYH�QHHG�RI�D�VXEURXWLQH�LQ�PRGXOH����FDOOHG�35/,1(��6R�ORQJ�DV�WKHUH�ZDV�D
5()�35/,1(�LQ�WKH�ILUVW�RQH�DQG�D�'()�35/,1(�LQ�WKH�VHFRQG��UHJLVWHUV�FRXOG�EH�VHW�EHIRUH�WKH�%/�WR
FDUU\�RYHU�WKH�QHFHVVDU\�SDUDPHWHUV�

7KHUH�DUH�WZR�RWKHU�DSSURDFKHV�WR�GRLQJ�WKLV��ERWK�RI�ZKLFK�VWLOO�UHTXLUH�WKH�5()�DQG�'()��EXW�ZKLFK�ZLOO
SHUKDSV�JLYH�PRUH�IOH[LELOLW\�LQ�VRPH�FLUFXPVWDQFHV��/HW
V�VD\�WKDW�WKH�VXEURXWLQH�QHHGV�WKUHH�SDUDPHWHUV
WR�RSHUDWH��:H�FRXOG�SDVV�WKH�SDUDPHWHUV�WKLV�ZD\�

,1�02'8/(��

REF  PRLINE External referenced label
BL   @PRLINE Call the subroutine
DATA SCRROW desired row on screen
DATA SCRCOL desired column on screen
DATA STRADR address of string to print
(program continues)

,1�02'8/(��

DEF  PRLINE define entry point
MOV  *R11+,R4 get first parameter in R4
MOV  *R11+,R5 get second into R5
MOV  *R11+,R6 get third parameter in R6
(subroutine continues)
RT Return to calling program

7KLV�ZLOO�ZRUN��DQG�WKH���LQFOXGHG�LQ�WKH�029�5���LQVWUXFWLRQV�ZLOO�FRUUHFW�WKH�UHWXUQ�DGGUHVV�WR�UHWXUQ
DW�WKH�ULJKW�SRLQW�LQ�WKH�FDOOLQJ�SURJUDP��EXW�ZH�FRXOG�MXVW�DV�HDVLO\�KDYH�ORDGHG�5���5���DQG�5��EHIRUH
WKH�%/��DQG�WKDW�ZRXOG�ZRUN�MXVW�DV�ZHOO��(DFK�/,�LQVWUXFWLRQ�WDNHV�IRXU�E\WHV��(DFK�'$7$�WDNHV�WZR
E\WHV��DQG�HDFK�029�5���5;�WDNHV�WZR�E\WHV��VR�WKH�PHPRU\�XVH�LV�H[DFWO\�WKH�VDPH��DQG�SHUIRUPDQFH
VKRXOG�EH�LGHQWLFDO�

$QRWKHU�DSSURDFK��LQ�FDVH�\RX�ZDQW�WR�OHDYH�\RXU�PDLQ�SURJUDP
V�UHJLVWHUV�DORQH��LV�WR�GR�WKH�VXEURXWLQH
LWVHOI�DV�D�%/:3�RSHUDWLRQ��7KLV�LV�D�WDG�PRUH�FRPSOH[��DQG�UHTXLUHV�DQRWKHU�ZRUNVSDFH�RI����E\WHV��EXW
LW�FDQ�EH�GRQH�OLNH�WKLV�
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,1�02'8/(��

REF  PRLINE
BLWP @PRLINE Branch and load workspace pointer
DATA SCRROW screen row
DATA SCRCOL screen column
DATA STRADR string address
(program continues)

,1�02'8/(��

DEF  PRLINE
PRLINE DATA SUBWS workspace address

DATA PRCODE code address
PRCODE MOV  *R14+,R4 get first parameter

MOV  *R14+,R5 get second
MOV  *R14+,R6 get third
(subroutine continues)
RTWP Return to calling program and WS

SUBWS BSS 32 Subroutine's workspace

7KLV�WRR�ZLOO�ZRUN��EXW�QRWLFH�WKDW�FRQVLGHUDEO\�PRUH�PHPRU\�LV�XVHG��7KHUH�DUH�IRXU�H[WUD�E\WHV�IRU�WKH
�9HFWRU�� ORFDWLRQ��DQG�WKHQ�WKHUH�DUH�WKH����E\WHV� IRU�WKH�68%:6��2I�FRXUVH�WKDW�FRXOG�EH�D� VLQJOH
ZRUNVSDFH�VKDUHG�E\�DOO�VXEURXWLQHV�LQ�WKH�PRGXOH��DQG�PLJKW�WKHUHIRUH�EH��DIIRUGDEOH��LQ�WKH�PHPRU\
EXGJHW��,WV�PDLQ�VHOOLQJ�SRLQW�LV�WKDW�WKH�UHJLVWHUV�EHLQJ�XVHG�LQ�WKH�PDLQ�SURJUDP�DUH�QRW�PRGLILHG�E\
WKH�VXEURXWLQH��2I�FRXUVH�\RX�PXVW�WKHQ�UHPHPEHU�QRW�WR�FKDQJH�UHJLVWHUV���������DQG����ZLWKLQ�WKH
VXEURXWLQH��DV�DOO�WKRVH�DUH�QHHGHG�IRU�WKH�57:3�WR�H[HFXWH�FRUUHFWO\��,Q�WKLV�DSSURDFK��\RX�FDQ�DOVR
DFTXLUH�GDWD�IURP�WKH�FDOOLQJ�SURJUDP
V�ZRUNVSDFH�UHJLVWHUV��VLQFH�5���RI�WKH�VXEURXWLQH
V�ZRUNVSDFH
SRLQWV� WR� 5�� RI� WKH� FDOOLQJ� ZRUNVSDFH�� <RX� FRXOG� WKHQ� JHW� WKH� FRQWHQWV� RI� WKH� FDOOHUV� 5�� LQWR� WKH
VXEURXWLQH
V�5��E\�

MOV  @4(R13),R9

$V�\RX�FDQ�VHH��WKLV�LV�DOUHDG\�JHWWLQJ�FRPSOLFDWHG��$UH�\RX�UHDOO\�VXUH�WKLV�LV�QHFHVVDU\"�7KHUH
V�DQ�ROG
H[SUHVVLRQ�IRU�RXU�XVXDO�JXLGLQJ�SULQFLSOH�FDOO�.,66��RU�.HHS�,W�6LPSOH��6WXSLG��:H�ILQG�LW�PXFK�HDVLHU�WR
IROORZ�WKDW�SULQFLSOH�E\�PDNLQJ�SURJUDPV�DVVHPEOH�LQWR�MXVW�RQH�REMHFW�ILOH�LQ�WKH�ILUVW�SODFH�

2I�FRXUVH�WKLV�%/:3�LGHD�FDQ�EH�XVHG�LQ�VLQJOH�REMHFW�PRGXOH�SURJUDPV�DV�ZHOO�DV�LQ�WKRVH�XVLQJ�PXOWLSOH
REMHFW�ILOHV��:H
YH�VKRZQ�WKLV�FRQFHSW�PHUHO\�WR�LOOXVWUDWH�KRZ�PDNLQJ�WKH�LQWHUIDFH��FOHDQ��FDQ�LQWURGXFH
FRPSOLFDWLRQV�RI�LWV�RZQ�IRU�WKH�SURJUDPPHU��7KLV�LV�QRW�WR�VD\�WKDW�RQH�FDQ
W�DGRSW�VXFK�D�ZD\�RI�GRLQJ
DOO�WKH�VXEURXWLQHV��2QH�FHUWDLQO\�FDQ��EXW�PXVW�DOVR�NHHS�LQ�PLQG�WKDW�WKH�H[WUD�RYHUKHDG�LQYROYHG�LQ
SDUDPHWHU�SDVVLQJ�PD\�PDNH�WKH�GLIIHUHQFH�EHWZHHQ�D�SURJUDP�WKDW�ZLOO�ILW�LQ�WKH�7,
V�PHPRU\�DQG�RQH
WKDW�ZLOO�QRW��7KDW��LQ�HVVHQFH��LV�ZK\�LQ�RXU�RZQ�SURJUDPV�ZH�NHHS�WR�WKH�PRUH�ULVN\�EXW�VLPSOHU�ZD\�RI
LQWHUIDFLQJ�WR�RXU�VXEURXWLQHV�
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:H�GLG�XVH�WKH�%/:3�PHWKRG�LQ�RQH�LQVWDQFH�UHFHQWO\��ZKHUH�ZH�ZHUH�PDNLQJ�D�VSHFLDO�VXEURXWLQH�WR�EH
FDOOHG�YLD�D�XVHU�GHILQHG�LQWHUUXSW�IURP�([WHQGHG�%DVLF��,Q�WKDW�SDUWLFXODU�FDVH��ZH�GLG�VRPH�RSHUDWLRQV
LQ�WKH�*3/�:RUNVSDFH�WR�VHH�ZKHWKHU�FCTN 7�ZDV�EHLQJ�SUHVVHG�DW�WKH�NH\ERDUG��,I�QRW��ZH�VLPSO\
UHWXUQHG�WR�;%�ZLWK�DQ�57�LQVWUXFWLRQ��,I�ZH�IRXQG�FCTN 7�ZDV�EHLQJ�SUHVVHG��ZH�GLG�D�%/:3�LQWR�D
URXWLQH�WR�GXPS�WKH�VFUHHQ
V�FRQWHQWV�WR�WKH�SULQWHU��8VLQJ�WKH�%/:3�LQ�WKLV�FDVH�PDGH�VXUH�ZH�GLG�QRW
XSVHW�DQ\WKLQJ�FULWLFDO�WR�WKH�*3/�LQWHUSUHWHU�LQ�LWV�RZQ�ZRUNVSDFH��7KHUH�ZHUH�QR�SDUDPHWHUV�WKDW
QHHGHG�WR�EH�SDVVHG�LQ�WKDW�LQVWDQFH��VR�WKH�%/:3�DQG�57:3�LQVWUXFWLRQV�ZHUH�DOO�ZH�QHHGHG�WR�JHW�LQWR
DQG�RXW�RI�RXU�VFUHHQ�GXPS�URXWLQH�

6RPH�WLPH�EDFN��ZH�PHQWLRQHG�LQ�WKLV�FROXPQ�WKDW�ZH�XVH�$UW�*UHHQ
V�5$*�$VVHPEOHU��DQG�PHQWLRQHG
WKH�DGYDQWDJHV�RI�WKDW�RQH�RYHU�WKH�7,�$VVHPEOHU��$W�WKH�WLPH�ZKHQ�ZH�SXUFKDVHG�WKDW�VRIWZDUH�SDFNDJH
IURP�$UW�DW�DQ�2WWDZD�)DLUH��KH�LQVLVWHG�RQ�WKURZLQJ�LQ�KLV�/LQNHU�DW�QR�H[WUD�FRVW��,W
V�VWLOO�KHUH�LQ�D
GUDZHU��QHYHU�XVHG��:H�KDYH�UHDG�RYHU�WKH�GRFXPHQWDWLRQ��EXW�QHYHU�IRXQG�D�VLWXDWLRQ�ZKHUH�LW�ZRXOG�EH
XVHIXO�WR�XV��,Q�WKRVH�UDUH�LQVWDQFHV�ZKHUH�RXU�7,�SURJUDPV�KDG�WR�EH�ORDGHG�DV�VHSDUDWH�PRGXOHV��WKH
OLQNLQJ�FDSDELOLW\�RI�WKH�(�$�2EMHFW�/RDGHU�LWVHOI�ZDV�JRRG�HQRXJK��&HUWDLQO\�$UW�KDG�VRPHWKLQJ�LQ�PLQG
ZKHQ�KH�ZURWH�WKDW�/LQNHU��DQG�KH�SURYLGHG�D�OLEUDU\�RI�SUH�DVVHPEOHG�PRGXOHV�WR�JR�ZLWK�LW��EXW�ZH
YH
QHYHU�UHDOO\�VHHQ�WKH�QHHG�IRU�HLWKHU�LQ�RXU�ZRUN�

&DOOLQJ� VRPHRQH� HOVH
V� VXEURXWLQHV� IURP� D� OLEUDU\� WKURXJK� D� OLQNHU� UHTXLUHV� D� ORW� RI� VWXG\� DQG
FRQVLGHUDWLRQ��:H�KDYH�DOZD\V�IRXQG�LW�HDVLHU�WR�XVH�RXU�RZQ�VXEURXWLQHV��DQG�WR�VLPSO\�FRS\�WKHP�LQWR
WKH�VRXUFH�FRGH�ZKHUH�QHHGHG�UDWKHU�WKDQ�PDNH�WKHP�SDUW�RI�D��OLEUDU\��

6HYHUDO�\HDUV�DJR��\RXU�FROXPQLVW�ZDV�ZRUNLQJ�IRU�WKH�*RYHUQPHQW��DQG�XVLQJ�D�:DQJ�3&�DW�WKH�RIILFH�
7KHUH�ZDV�D�SURMHFW�LQ�ZKLFK�ZH�IRXQG�LW�QHFHVVDU\�WR�GR�ORWV�RI�ZRUN�ZLWK�IORDWLQJ�SRLQW�QXPEHUV�
8QIRUWXQDWHO\�WKHUH�ZDV�QR�DYDLODEOH�OLEUDU\�RI�URXWLQHV�DYDLODEOH�IRU�WKDW�PDFKLQH�H[FHSW�LQ�WKH�%DVLF
&RPSLOHU
V� OLQN� OLEUDU\�� 0RQWKV� RI� HIIRUW� ZHQW� LQWR� ILJXULQJ� RXW� KRZ� WR� DFFHVV� DQG� SDVV� RXU� RZQ
SDUDPHWHUV�LQWR�WKRVH�URXWLQHV�IURP�RXU�RZQ�$VVHPEO\�PRGXOHV��:KHQ�LW�ZDV�ILQLVKHG��ZH�KDG�D��GHPR�
SURJUDP�WKDW�ZDV�D�UHDO�NQRFNRXW��LQ�WKDW�LW�FRXOG�PDNH�FDOFXODWLRQV�DQG�GLVSOD\�QXPEHUV�RQ�WKH�VFUHHQ
DERXW����WLPHV�WKH�VSHHG�RI�D�FRPSLOHG�EDVLF�SURJUDP�XVLQJ�WKH�VDPH�IORDWLQJ�SRLQW�URXWLQHV��:KHQ�LW�ZDV
VKRZQ�WR�WKH�KHDG�PDQ��KH�DVNHG��:K\�GR�WKLV"��DQG�WKH�SURMHFW�HQGHG��:H�FRXOG�KDYH�GRQH�WKLV�ZKROH
WKLQJ�LQ�RQH�DIWHUQRRQ�E\�VLPSO\�ZULWLQJ�WKH�SURJUDP�LQ�%DVLF�WR�VWDUW�ZLWK��LQVWHDG�RI�LQVLVWLQJ�RQ
PDNLQJ�LW�DQ�$VVHPEO\�SURJUDP��7KH�SRLQW�RI�WKLV�LV�WKDW�VRPHWLPHV�LW�MXVW�LVQ
W�ZRUWK�WKH�HIIRUW�WR�WU\�IRU
WKH�PRVW�SHUIHFW�ZD\�RI�GRLQJ�WKLQJV��$�ZD\�WKDW�ZRUNV�LV�HQRXJK�LQ�PRVW�FDVHV�

$W�WKH�ULVN�RI�UHSHDWLQJ�RXUVHOYHV��ZH
OO�VD\�RQFH�PRUH�WKDW�WKHUH�DUH�DV�PDQ\�ZD\V�RI�GRLQJ�VRPHWKLQJ�LQ
$VVHPEO\�DV�WKHUH�DUH�SHRSOH�WU\LQJ�WR�GR�LW��(DFK�SURJUDPPHU�ILQGV�D�PHWKRG�WKDW�KH�FDQ�GHDO�ZLWK��DQG
WKHQ�VWLFNV�WR�WKDW�PHWKRG�VR�ORQJ�DV�LW�ZRUNV��2XU�SXUSRVH�LV�QRW�WR�FRQYHUW�RXU�UHDGHUV�WR�RQO\�RXU�ZD\
RI�GRLQJ�WKLQJV��EXW�WKDW
V�KRZ�RXU�VRXUFH�FRGH�H[DPSOHV�DUH�GRQH�EHFDXVH�WKH\�DUH�RXU�RZQ�VWXII��QRW
VRPHERG\�HOVH
V��,I�PDNLQJ�\RXU�SURJUDP�LQWR�WHQ�REMHFW�PRGXOHV�WR�EH�OLQNHG�E\�WKH�OLQNLQJ�ORDGHU�RU�$UW
*UHHQ
V�/LQNHU�LV�ZKDW�ZRUNV�IRU�\RX��WKHQ�E\�DOO�PHDQV�NHHS�GRLQJ�WKDW��:H�SURPLVH�QRW�WR�VFROG�\RX�IRU
LW�LQ�WKLV�FROXPQ��:HOO��PD\EH�ZH�ZLOO��EXW�ZH�ZRQ
W�PHQWLRQ�\RXU�QDPH�ZKLOH�ZH�VFROG�\RX�LQ�WKLV�FROXPQ�
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/DVW�PRQWK�ZH�VKRZHG�VRPH�PHWKRGV�WR�VSHHG�XS�\RXU�SURJUDPV��1H[W�PRQWK�ZH�ZLOO�VNLS�EDFN�D�OLWWOH
DQG�GLVFXVV�VRPH�ZD\V�WR�VORZ�GRZQ�RSHUDWLRQV�ZKHQ�\RX�QHHG�WR��VR�WKDW�WKH�KXPDQV�ZKR�RSHUDWH�\RXU
SURJUDPV�FDQ�NHHS�XS�ZLWK�WKH�PDFKLQH�
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1.18. The Art Of Assembly — Part 18. Whoa! Slow Down! Hold On A Sec!

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

7KH�PRQWK�EHIRUH�ODVW��WKLV�FROXPQ�KDG�VRPH�ZRUGV�DERXW�YDULRXV�GHOD\�ORRSV��ZLWK�WKH�FRQFHQWUDWLRQ�RQ
KRZ�WR�PDNH�WKRVH�VHOI�FRUUHFWLQJ�ZKHQ�UXQ�RQ�D�*HQHYH�RU�RWKHU�IDVWHU�PDFKLQH�

7RGD\�ZH�ZLOO�FRQFHQWUDWH�RQ�GHOD\V�WKDW�GR�QRW�QHHG�FRUUHFWLQJ��VLQFH�WKH\�XVH�WKH�EXLOW�LQ�9'3�7LPLQJ�
DQG�VR�ZLOO�ZRUN�H[DFWO\�WKH�VDPH�RQ�7,��*HQHYH��DQG��EXV��PRGLILHG�7,��7KHUH�DUH�VRPH�WKLQJV�DERXW�WKH
JXWV�RI�WKH�PDFKLQH�WKDW�ZH
OO�WRXFK�RQ�ILUVW��DIWHU�D�VKRUW�VWRU\�

6RPH�\HDUV�DJR��\RXU�DXWKRU�ZDV�DWWHQGLQJ�D��&RPSXWHU�*UDSKLFV��VKRZ��DQG�VDZ�D�YHU\�QLFH�FRPSXWHU
GULYHQ�GLVSOD\�IRU�VKRZLQJ�WKH�ZHDWKHU��,W�ORRNHG�PXFK�OLNH�WKH�NLQG�RI�GLVSOD\V�WKDW�DUH�XVHG�WRGD\�E\
HYHU\�79�VWDWLRQ��EXW�WKLV�ZDV�EHIRUH�WKH�HUD�RI�WKH�7,�+RPH�&RPSXWHU��7KH�JX\�GHPRQVWUDWLQJ�LW�ZDV
RQH�RI�LWV�GHVLJQ�HQJLQHHUV��,W�UHDOO\�ORRNHG�JRRG�XQWLO�KH�WROG�LW�WR�SXW�D�QHZ�GLVSOD\�RQ�WKH�VFUHHQ��:KLOH
WKH�QHZ�GLVSOD\�ZDV�EHLQJ�IRUPHG��WKHUH�ZDV�DQ�HIIHFW�RQ�WKH�VFUHHQ�OLNH�WKDW�FDXVHG�E\�LJQLWLRQ�QRLVH�RQ
D�79�VHW��<RXU�DXWKRU�ORRNHG�DW�WKLV�DQG�VDLG�WR�WKH�HQJLQHHU���,�VHH�\RX
UH�VWHDOLQJ�VRPH�RI�WKH�GLVSOD\
WLPH�WR�ZULWH�WR�\RXU�UHIUHVK�PHPRU\���7KH�PDQ
V�MDZ�GURSSHG��DQG�KH�UHSOLHG���,
YH�EHHQ�DW�WKLV�VKRZ�WZR
ZKROH�GD\V�DQG�\RX
UH�WKH�ILUVW�SHUVRQ�ZKR�NQHZ�ZKDW�FDXVHG�WKDW�QRLVH�RQ�WKH�VFUHHQ��

,Q�WKH�7,��ZH�GRQ
W�JHW�WKDW�NLQG�RI�HIIHFW�EHFDXVH�WKH�7,�V\QFKURQL]HV�LWVHOI�WR�WKH����+]�ILHOG�UDWH�RI�LWV
YLGHR�RXWSXW��DQG�ZULWHV�WR�LWV�UHIUHVK�PHPRU\�GXULQJ�WKH�9HUWLFDO�,QWHUYDO��ZKHQ�WKH�YLGHR�RXWSXW�LV
EODQNHG��7KH�IDFW�RI�GRLQJ�WKLQJV�WKLV�ZD\�LQ�WKH�7,�JLYHV�XV�VRPH�IULQJH�EHQHILWV��,W�SURYLGHV�XV�D�KDQG\
OLWWOH��7LPHU��FDOOHG�WKH�9'3�,QWHUUXSW�7LPHU��ZKLFK�FRXQWV�WLPH�LQ���WK�RI�D�VHFRQG�LQWHUYDOV���2Q�PRGHOV
VROG�LQ�(XURSH��ZH
UH�WROG��LW�FRXQWV�LQ���WK�RI�D�VHFRQG�LQWHUYDOV��WR�EH�FRPSDWLEOH�ZLWK�WKH�3$/�YLGHR
V\VWHPV�DQG����+]�SRZHU�LQ�XVH�WKHUH��

,Q�WRGD\
V�6LGHEDU��ZH�VWDUW�ZLWK�D�YHU\�VLPSOH�GHOD\�ORRS�WKDW�XVHV�WKH�9'3�,QWHUUXSW�WLPHU�WR�FUHDWH�D
GHOD\��7KLV�PLJKW�EH�XVHG�WR�DOORZ�D�FRXSOH�RI�VHFRQGV�WR�YLHZ�D�WLWOH�VFUHHQ��RU�DQ\�VXFK�VLPSOH�GHOD\�WR
VWRS�WKH�FRPSXWHU�IRU�D�NQRZQ�SHULRG�RI�WLPH��7KH�SDUDPHWHU�\RX�QHHG�IRU�WKLV�GHOD\�LV�VLPSO\�D�QXPEHU
LQ���WKV�RI�D�VHFRQG��$V�VKRZQ��RQH�FRXOG�VHW�WKH�GHOD\�WR�WZR�VHFRQGV�E\�SODFLQJ�����LQ�UHJLVWHU���EHIRUH
HQWU\�WR�WKLV� ORRS��7KH�FRXQWHU�DIIHFWV�RQO\�WKH�VLQJOH�E\WH�DW�!������VR�WKLV� ORRS�ZLOO�QRW�ZRUN�IRU
QXPEHUV�PRUH�WKDQ������RU�DERXW�������VHFRQGV��,I�WKHUH
V�D�IDPLOLDU�ULQJ�WR�WKDW�QXPEHU��LW
V�EHFDXVH��
����VHFRQGV�LV�WKH�PD[LPXP�GXUDWLRQ�IRU�D�&$//�6281'�LQ�%DVLF�RU�([WHQGHG�%DVLF��7KH�WLPLQJ�RI
VRXQGV�XVHV�WKH�VDPH�FRXQWHU��ZKLFK�LV�MXVW�RQH�E\WH��DQG�WKXV�OLPLWV�WR�WKH�VDPH�������WKV�GXUDWLRQ�

3OHDVH�QRWH�WKDW�LQ�DOO�FDVHV�ZKHUH�ZH�KDYH�VKRZQ�/,0,���IROORZHG�E\�/,0,���LQ�WRGD\
V�VRXUFH�FRGH��WKHVH
DUH�HVVHQWLDO�WR�WKH�RSHUDWLRQ�RI�WKH�FRGH��:LWKRXW�WKRVH��WKH�GHOD\�ORRSV�EHFRPH�LQILQLWH�

7KH�VHFRQG�YHUVLRQ�LQ�WKH�6LGHEDU�LV�IRU�WKRVH�FDVHV�ZKHUH�\RX�ZDQW�WKH�XVHU�WR�EH�DEOH�WR�DERUW�WKH�GHOD\
E\�SUHVVLQJ�D�NH\��7KLV�VLPSO\�LQFOXGHV�D�.6&$1�LQ�WKH�GHOD\�ORRS��VR�WKDW�DQ\�NH\SUHVV�ZLOO�PDNH�WKH
ORRS�WHUPLQDWH�EHIRUH�WKH�FRXQWHU�WLPHV�RXW��<RX�FDQ�LQWURGXFH�VOLJKW�YDULDWLRQV�RQ�WKLV�WKHPH�VR�WKDW�
IRU�H[DPSOH��RQO\�WKH�ENTER�NH\�ZRXOG�WHUPLQDWH�WKH�GHOD\�
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$QRWKHU�XVH�WKDW�FDQ�EH�PDGH�RI�WKH�9'3�LQWHUUXSW�WLPHU�LV�WR�EOLQN�WKH�FXUVRU�GXULQJ�DQ�LQSXW�F\FOH�
6RPH�WLPH�EDFN�ZH�VKRZHG�D�PHWKRG�IRU�GRLQJ�WKDW�ZLWKRXW�XVLQJ�WKH�9'3�,QWHUUXSW�7LPHU��EXW�LQ�WKDW
FDVH�WKH�IODVKLQJ�UDWH�RI�WKH�FXUVRU�ZRXOG�EH�IDVWHU�RQ�*HQHYHV��7KH�YHUVLRQ�VKRZQ�KHUH�ZLOO�KDYH�WKH�VDPH
IODVK�UDWH�RQ�HLWKHU�7,�RU�*HQHYH��7KH�YDOXHV�\RX�SXW�LQ�WKH�GDWD�IRU�21�DQG�2))�ZLOO�GHWHUPLQH�KRZ�ORQJ
WKH�FXUVRU�VWD\V�RQ�DQG�RII�WKH�VFUHHQ��$�YDOXH�RI����ZLOO�JLYH�DERXW�����RI�D�VHFRQG��IRU�H[DPSOH��,W�ZLOO�RI
FRXUVH�EH�VOLJKWO\�GLIIHUHQW�RQ�(XURSHDQ�PRGHOV��EHFDXVH�RI�WKHLU����+]�YHUWLFDO�V\QF��EXW�WKDW�VKRXOG�NHHS
LW�FORVH�HQRXJK�WR�WKH��EDOOSDUN��WKDW�LW�ZRQ
W�EH�DQQR\LQJ��2XU�SUHIHUHQFH�LQ�VXFK�VLWXDWLRQV�LV�WR�KDYH
WKH�FXUVRU�RQ�WKH�VFUHHQ�OHVV�WKDQ�KDOI�WKH�WLPH��DQG�WKDW
V�ZK\�ZH
YH�VKRZQ�GLIIHUHQW�YDOXHV�IRU��2))��DQG
�21��

:D\�EDFN�ZKHQ�ZH�ZHUH�ILUVW�OHDUQLQJ�([WHQGHG�%DVLF��ZH�OHDUQHG�D�WHFKQLTXH�IURP�0LOOHUV�*UDSKLFV�WR
XVH�&$//�6281'�VWDWHPHQWV�DV�WLPHUV�LQ�RXU�SURJUDPV��7KDW�FDQ�DOVR�EH�GRQH�LQ�$VVHPEO\��E\�GXPSLQJ
D�VRXQG�OLVW�LQWR�9'3�5$0�DQG�VWDUWLQJ�D�ORRS�WKDW�ZDLWV�IRU�WKH�VRXQG�SURFHVVLQJ�WR�ILQLVK��7KH�VRXQG
LWVHOI�FDQ�EH��VLOHQW��LI�\RX�OLNH��$JDLQ�WKLV�WLPHV�LQ���WKV�RI�D�VHFRQG��EXW�E\�PDNLQJ�WKH�VRXQG�OLVW�LWVHOI
ORQJHU��RQH�FDQ�H[FHHG�WKH�������VHFRQG�OLPLWDWLRQ��2I�FRXUVH�RQH�FDQ�DOVR�GR�WKDW�E\�GRXEOH�ORRSLQJ�WKH
ILUVW�H[DPSOH�ZH�VKRZHG��UXQQLQJ�PXOWLSOH�SDVVHV�WKURXJK�D�VLQJOH�GHOD\�ORRS�

1RZ�OHW
V�VZLWFK�JHDUV�IRU�D�PRPHQW��DQG�FDWFK�XS�ZLWK�VRPH�WKLQJV�RXU�UHDGHUV�KDYH�WROG�XV�DERXW��,Q
QXPEHU����RI�WKLV�VHULHV��ZH�VKRZHG��DPRQJ�RWKHU�WKLQJV��D�URXWLQH�WR�SXW�D�RQH�ZRUG�LQWHJHU�RQ�WKH
VFUHHQ�LQ�GHFLPDO�QRWDWLRQ��2XU�WKDQNV�WR�0U��0HUOH�9RJW�IRU�SDVVLQJ�DORQJ�DQ�XQGRFXPHQWHG�IHDWXUH�WKDW
FDQ�EH�DFFHVVHG�WKURXJK�*3//1.��7KLV�ZLOO�WDNH�D�RQH�ZRUG�LQWHJHU�DQG�FRQYHUW�LW�WR�D�VWULQJ�LQ�GHFLPDO
QRWDWLRQ�IRU�\RX��7KH�VLJQ�ELW�LV�LJQRUHG��VR�WKH�UHVXOWLQJ�VWULQJ�ZLOO�UHSUHVHQW�D�QXPEHU�DV���WKURXJK
�������$�VDPSOH�VRXUFH�FRGH�VHFWLRQ�IRU�XVLQJ�WKLV�*3//1.�IHDWXUH�LV�VKRZQ�LQ�WKH�6LGHEDU��%RWK�+DUU\
:LOKHOP�DQG�0U��9RJW�KDYH�SRLQWHG�RXW�WKH�VFUHHQ�VFUROOLQJ�IHDWXUH�XVLQJ�*3//1.��0RYLQJ�WKH�FXUUHQW
VFUHHQ�FRQWHQWV�XS�E\�RQH�URZ�DQG�SURGXFLQJ�D�EODQN�ERWWRP�URZ�FDQ�EH�GRQH�WKLV�VLPSO\�

BLWP @GPLLNK
DATA >4D00

7KLV�FDQ�RQO\�EH�XVHG�LQ�WKH�QRUPDO����FKDUDFWHU�VFUHHQ�PRGH��EXW�ZRUNV�HTXDOO\�ZHOO� IURP�(�$�RU
([WHQGHG�%DVLF�HQYLURQPHQWV��SURYLGHG�*3//1.�LV�DYDLODEOH��<RX�PD\�KDYH�QRWLFHG�WKDW�ZH�KDYH�QRW
XVHG�VFUHHQ�VFUROOLQJ�LQ�DQ\�RI�RXU�H[DPSOHV��EXW�WKDW
V�MXVW�RXU�SHUVRQDO�FKRLFH��:H�SUHIHU�D��'LVSOD\�$W�
NLQG�RI�RSHUDWLRQ�UDWKHU�WKDQ�D�VFUROOLQJ�
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:KLOH�ZH�DUH�RQ�RWKHU�VXEMHFWV��OHW
V�VNLS�EDFNZDUG�D�ELW�DJDLQ��,Q�DQ�HDUO\�QXPEHU�RI�WKLV�VHULHV��ZH
VKRZHG�D�PHWKRG�ZH�XVHG�IRU�GLVSOD\LQJ�D�VWULQJ�WR�WKH�VFUHHQ�ZLWK�WKH��RIIVHW��IRU�;%�DGGHG�WR�HDFK
FKDUDFWHU��2XU�IULHQG�+DUU\�:LOKHOP�KDV�SDVVHG�DORQJ�D�PRUH�FRPSDFW�YHUVLRQ��WKDW�ZRUNV�DV�D�%/:3
VXEURXWLQH���+DUU\�LV�WKH�DXWKRU�RI�WKH�DVWRXQGLQJ��0LVVLQJ�/LQN��WKDW�7H[DPHQWV�VHOOV���+LV�XVHV�WKH
ZRUNVSDFH�DW�!������ZKLFK�LV�XVHG�E\�90%:�DQG�96%:�LQ�;%��,W�DOVR�XVHV�D�VXEURXWLQH�WKDW
V�SDUW�RI
WKH�;%�XWLOLWLHV�DUHD�WR�VHW�WKH�9'3�:ULWH�DGGUHVV�DQG�WR�JHW�WKH�SDUDPHWHUV�IURP�WKH�8VHU
V�ZRUNVSDFH�
:H�KDYH�VKRZQ�WKLV�ZLWK�WZR�HQWU\�SRLQWV��RQH�IRU�WKH�QRUPDO��VWULQJ��VHWXS��DW�HQWU\�SRLQW�35675��DQG
DQRWKHU�ZKHUH�WKH�QXPEHU�RI�FKDUDFWHUV�WR�GLVSOD\�KDV�EHHQ�SUHVHW�LQ�WKH�FDOOHUV�5���7KLV�VHFRQG�HQWU\
SRLQW��90%:����ZRUNV�H[DFWO\�OLNH�D�QRUPDO�90%:��H[FHSW�WKDW�LW�DGGV�WKH�RIIVHW�IRU�\RX��3OHDVH�EHDU
LQ�PLQG�WKDW�WKLV�RQO\�ZRUNV�LI�\RX�HQWHUHG�WKURXJK�([WHQGHG�%DVLF��2XU�VLQFHUH�WKDQNV�JR�WR�+DUU\�IRU
WKHVH�OLWWOH�JHPV��DQG�IRU�JLYLQJ�XV�SHUPLVVLRQ�WR�SDVV�WKHP�DORQJ�WR�\RX��:H
OO�FHUWDLQO\�XVH�WKHP��DQG
KRSH�VRPH�RI�RXU�UHDGHUV�ZLOO�ILQG�WKHP�XVHIXO�WRR�

:H�VXVSHFW�WKDW�WKHUH�PD\�EH�KXQGUHGV�RI�XQGRFXPHQWHG�IHDWXUHV�DYDLODEOH�LQ�RXU�PDFKLQHV��OLNH�WKH�RQH
0HUOH�9RJW�NLQGO\�RIIHUHG��,I�DQ\�RI�RXU�UHDGHUV�NQRZ�RI�PRUH�VXFK��JRRGLHV���ZH
OO�SURPLVH�WR�SDVV�WKHP
DORQJ�LQ�WKLV�FROXPQ�LI�RXU�UHDGHUV�ZLOO�VHQG�WKHP�WR�XV�DW��������WK�3ODFH��+\DWWVYLOOH��0'��������:H
ZLOO�FKHFN�WKHP�RXW�ILUVW�WR�EH�VXUH�WKH\�ZRUN�DV�DGYHUWLVHG��,W�WDNHV�WLPH��EHFDXVH�ZH�ZRUN�VR�IDU�DKHDG
RI�SXEOLFDWLRQ�GDWHV��EXW�ZH�ZLOO�ZRUN�WKRVH�WKLQJV�LQ�

/DVW�ZHHN��$SULO�������ZH�KDG�D�OHWWHU�IURP�RQH�RI�RXU�PRUH�DYLG�UHDGHUV�DVNLQJ�DERXW�LQIRUPDWLRQ�RQ
XVLQJ�WKH�-R\VWLFNV�DQG�6SULWH�DSSOLFDWLRQV�LQ�$VVHPEO\�SURJUDPV��:H�VHQW�WKDW�UHDGHU�VRPH�VDPSOH
VRXUFH�FRGH�IURP�6FXG�%XVWHUV��EXW�WKH�WKRXJKW�RFFXUUHG�WR�XV�WKDW�ZH�KDG�QRW�FRYHUHG�HLWKHU�VXEMHFW�LQ
WKLV�FROXPQ��1H[W�PRQWK
V�FROXPQ�ZLOO�GHOYH�LQWR�WKRVH�WZR�VXEMHFWV��DQG�SURYLGH�WKH�UHVW�RI�RXU�UHDGHUV
ZLWK�VLPLODU�VRXUFH�FRGH��DEULGJHG�VRPHZKDW�VR�DV�QRW�WR�ILOO�XS�D�ZKROH�LVVXH�ZLWK�+DUULVRQ
V�6LGHEDU�
$IWHU�DOO��LI�WKHUH�ZHUHQ
W�URRP�IRU�WKH�DGV��ZH
G�DOO�KDYH�WR�GR�ZLWKRXW�RXU�IDYRULWH�PDJ��6HH�\RX�QH[W
PRQWK�

* SOURCE CODE EXAMPLES
* BY B. HARRISON EXCEPT WHERE NOTED
*
* FIRST, A DELAY SUBROUTINE THAT'S CONSTANT ON TI, GENEVE, OR "BUS" TI
* THE CALLING PROGRAM WOULD LOOK LIKE:

       LI   R4,120       FOR A TWO-SECOND DELAY (MAX VALUE 255)
       BL   @DELAY       CALL THE DELAY SUBROUTINE
       (PROGRAM CONTINUES)
*
* SUBROUTINE LOOKS LIKE THIS:
*
DELAY  CLR  @>8378       CLEAR THE VDP INTERRUPT COUNTER
DLY1   LIMI 2            PERMIT INTERRUPTS
       LIMI 0            SHUT THEM OFF AGAIN
       C    R4,@>8378    COMPARE VALUE IN R4 TO COUNTER
       JGT  DLY1         IF R4 IS GREATER, REPEAT LOOP
       RT                ELSE RETURN, DELAY IS FINISHED
*
* SECOND VERSION OF SUBROUTINE NEEDS:
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       REF  KSCAN        REFERENCE THE KSCAN VECTOR

* CALL LOOKS LIKE THIS:
*
       LI   R4,120       LOAD R4 FOR TWO SECONDS
       BL   @DELAY2      USE SUBROUTINE
       (PROGRAM CONTINUES)
* SUBROUTINE THEN IS:
*
DELAY2 CLR  @>8378       CLEAR THE VDP INTERRUPT COUNTER
DLY2   LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN STOP THEM
       BLWP @KSCAN       SCAN THE KEYBOARD
       CB   @ANYKEY,@>837C HAS ANY KEY BEEN STRUCK?
       JEQ  DLYX         IF SO, EXIT THE SUBROUTINE
       C    R4,@>8378    ELSE COMPARE R4 TO COUNTER VALUE
       JGT  DLY2         IF R4 IS GREATER, REPEAT LOOP
DLYX   RT                ELSE RETURN TO CALLING PGM
*
* DATA SEGMENT WILL NEED THIS:
*
ANYKEY BYTE >20
*
* FOLLOWING IS A KEY-ENTRY SUBROUTINE WITH FLASHING CURSOR
* ON ENTRY, R0 SHOULD BE SET TO THE SCREEN ADDRESS AT WHICH INPUT WILL APPEAR
* ON EXIT, R8 CONTAINS THE STRUCK KEY'S ASCII VALUE
* THE CALLING PROGRAM WILL HAVE TO DECIDE WHETHER TO PUT THE STRUCK
* KEY ON THE SCREEN, OR PUT THE OLD CHARACTER (ALTKEY) BACK
* (AS FOR A CURSOR MOVEMENT KEYSTROKE)
*
       REF  VSBW,VSBR,KSCAN REFERENCE UTILITIES
KENTRY
       BLWP @VSBR        READ THE BYTE FROM CURRENT SCREEN POSITION
       MOVB R1,@ALTKEY   PLACE THAT BYTE AT ALTKEY
KI1
       MOV  @ON,R4       PLACE "CURSOR ON" DURATION IN R4
       LI   R1,>1E00     PUT CURSOR CHARACTER IN R1
       INC  @CURFLG      SET FLAG TO INDICATE CURSOR IS ON
KI1A
       BLWP @VSBW        WRITE CHARACTER TO SCREEN
       CLR  @>8378       CLEAR THE VDP INTERRUPT COUNTER
KI2
       BLWP @KSCAN       SCAN THE KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT THEM OFF
       CB   @ANYKEY,@>837C  HAS A KEY BEEN STRUCK?
       JNE  KI3          IF NOT, SKIP AHEAD
       MOV  @KEYADR,R8   ELSE PLACE KEY'S VALUE IN R8
       RT                THEN RETURN
KI3    C    R4,@>8378    COMPARE VALUE IN R4 TO VDP INTERRUPT COUNTER
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       JGT  KI2          IF R4 IS GREATER, SCAN KEYBOARD AGAIN
CHNG
       MOV  @CURFLG,R8   CHECK TO SEE IF CURSOR IS ON
       JEQ  KI1          IF NOT, JUMP TO PUT CURSOR ON
       MOV  @OFF,R4      ELSE PLACE "CURSOR OFF" VALUE IN R4
       MOVB @ALTKEY,R1   MOVE THE CURRENT SCREEN CHARACTER TO R1
       CLR  @CURFLG      CLEAR TO INDICATE CURSOR IS OFF
       JMP  KI1A         GO BACK TO CONTINUE LOOP
*
* DATA SECTION NEEDS THE FOLLOWING:
ON     DATA 15           ABOUT 1/4 SECOND CURSOR "ON" TIME
OFF    DATA 25           LONGER TIME FOR CURSOR "OFF"
CURFLG DATA 0
ANYKEY BYTE >20          THE SPACE CHARACTER FOR COMPARISONS
ALTKEY BYTE 0            BYTE TO STORE THE CURRENT SCREEN CHARACTER
*
*
* THE FOLLOWING CODE SUPPLIED BY MERLE VOGT, CONVERTS A WORD TO ASCII STRING
* ON ENTRY, R12 POINTS TO A WORD LOCATION IN MEMORY
* ON EXIT, R12 POINTS AT THE STRING'S LENGTH BYTE
* THE SIGN BIT IS IGNORED, SO DECIMAL RANGES FROM 0 THRU 65535
* R10 IS MODIFIED BY THE SUBROUTINE
*
BINASC CLR  @ASC         CLEAR FIRST TWO BYTES AT ASC
       MOV  *R12,@>835E  MOVE THE WORD TO >835E
       BLWP @GPLLNK      USE GPLLNK
       DATA >2F7C        WITH THIS ADDRESS DATA
       MOVB @>8361,@ASC  GET LENGTH BYTE FOR STRING
       MOVB @>8367,R10   GET LOW BYTE OF STRING ADDRESS
       SRL  R10,8        RIGHT JUSTIFY
       AI   R10,>8300    COMPLETE THE ADDRESS
       LI   R12,ASC+1    POINT AT FIRST CONTENT BYTE
LOOP   MOVB *R10+,*R12+  MOVE ONE BYTE AND INCREMENT POINTERS
       CI   R10,>8367    ARE WE FINISHED?
       JL   LOOP         IF LOW, KEEP GOING
       LI   R12,ASC      POINT R12 AT STRING
       CLR  @>837C       CLEAR GPL STATUS BYTE
       RT                RETURN TO CALLER

* DATA SECTION NEEDS FOLLOWING:
       EVEN
ASC    BSS  6
*
*
* FOLLOWING CODE IS FROM HARRY WILHELM
* USE FOR DISPLAYING STRINGS OR OTHER STUFF IN EXTENDED BASIC ENVIRONMENT

* CALLING SEGMENT FOR A STRING WOULD LOOK LIKE THIS:

       LI   R1,TSTR      POINT R1 TO THE STRING'S ADDRESS
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       LI   R0,11*32+3   POINT R0 AT DESIRED SCREEN LOCATION (E.G ROW 12, COL 4)
       BLWP @PRSTR       BLWP TO THE SUBROUTINE
       (PROGRAM CONTINUES)

* SUBROUTINES ARE SET UP AS BLWP VECTORS
*
PRSTR  DATA >2038,PRSTR1
VMBW60 DATA >2038,VMBW61
*
PRSTR1 BL   @>24CA       USE A SUBROUTINE TO PASS PARAMETERS FROM CALLING WS
       MOVB *R1+,R2      GET STRING LENGTH BYTE INTO R2
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  VMBW6X       IF ZERO, SKIP THE STRING, IT HAS NULL LENGTH
       JMP  VMBW62       ELSE JUMP INTO VMBW62
VMBW61 BL   @>24CA       USE SUBROUTINE TO GET PARAMETERS
VMBW62 MOVB *R1+,R3      MOVE A BYTE INTO R3
       AI   R3,>6000     ADD THE OFFSET FOR XB
       MOVB R3,@>8C00    PLACE AT VDPWD LOCATION
       DEC  R2           DECREMENT CHARACTER COUNT
       JNE  VMBW62       IF NOT ZERO, SEND ANOTHER CHARACTER
VMBW6X RTWP              ELSE RETURN TO CALLERS WS AND CODE
*
* NOTE - WE ADDED THE LINE JEQ  VMBWX JUST IN CASE THE STRING YOU POINTED TO
* BEFORE CALLING THE SUBROUTINE HAS ZERO LENGTH

* SAMPLE DATA THAT COULD BE USED WITH THE ABOVE
TSTR   BYTE 21           LENGTH OF THE STRING
TSTRC  TEXT 'THIS IS A TEST STRING'  FOLLOWED BY ITS CONTENT

*  IF THE LENGTH IS A CONSTANT (NON-ZERO) VALUE, YOU CAN DISPLAY IT THIS WAY:

       LI   R0,11*32+3   R0 POINTS AT DESIRED LOCATION (E.G. ROW 12, COL 4)
       LI   R1,TSTRC     R1 POINTS AT TEXT
       LI   R2,21        R2 CONTAINS LENGTH OF TEXT
       BLWP @VMBW60      BLWP TO SUBROUTINE VECTOR
       (PROGRAM CONTINUES)
*
* FOR THE CURIOUS READER, HERE'S WHAT'S AT >24CA, WHICH WE JUST USED ABOVE
* THE CODE ENTRY POINT AT >24CA IS LABELED HERE AS GETWRT
* THE CODE ENTRY POINT AT >24D0 IS USED FOR READ OPERATIONS, AND IS SKIPPED
* OVER FOR WRITING OPERATIONS (SHOWN HERE AS LABEL GETRD)
* WE HAVE ASSIGNED LABELS TO MAKE IT EASIER TO FOLLOW

GETWRT LI   R1,>4000     WRITING OPERATION MASK TO R1
       JMP  PARSET       SKIP AHEAD
GETRD  CLR  R1           READING OPERATION
PARSET MOV  *R13,R2      MOVE CALLERS R0 INTO SUB'S R2
       MOVB @>203D,@>8C02 SEND LOW BYTE OF SUB'S R2 TO VDPWA LOCATION
       SOC  R1,R2        PUT THE MASK ON R2 FOR READ OR WRITE OPERATION
       MOVB R2,@>8C02    SEND HIGH ORDER BYTE TO VDPWA
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       MOV  @2(R13),R1   GET CALLERS R1 INTO SUB'S R1
       MOV  @4(R13),R2   GET CALLERS R2 INTO SUB'S R2
       RT                RETURN TO MAIN ROUTINE

* THE ABOVE IS USED WITH ITS TWO ENTRY POINTS BY ALL FOUR OF THE VXBX ROUTINES,
* NAMELY VMBW, VSBW, VMBR, VSBR
* IT IS SHOWN HERE FOR REFERENCE ONLY, AND SHOULD NOT BE COPIED INTO YOUR SOURCE
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1.19. The Art Of Assembly — Part 19. Sticks And Sprites May Break My. . .

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

2QH�RI�WKH�WUXO\�IUXVWUDWLQJ�WKLQJV�WR�WU\�LQ�([WHQGHG�%DVLF�LV�WR�FUHDWH�VRPH�NLQG�RI�JDPH�XVLQJ�MR\VWLFNV
DQG�VSULWHV�WRJHWKHU��(YHU\WKLQJ�VLPSO\�WDNHV�WRR�PXFK�WLPH��'HILQLQJ�WKH�FKDUDFWHUV�WKDW�\RX�ZDQW�IRU
\RXU�VSULWHV�WDNHV�WLPH��EXW�WKDW�FDQ�VRPHWLPHV�EH��FRYHUHG��E\�SXWWLQJ�D�WLWOH�VFUHHQ�RU�LQVWUXFWLRQV
RQ�VFUHHQ�ZKLOH�LW
V�KDSSHQLQJ��2QFH�\RX�KDYH�JRWWHQ�LQWR�WKH�JDPH�SDUW��KRZHYHU��WKHUH�LV�QR�KLGLQJ�WKH
IDFW�WKDW�WKLQJV�DUH�MXVW�WRR�VORZ��7KH�IDFW�WKDW�\RX�PXVW�VHSDUDWHO\�&$//�-2<67�WR�VHH�LI�WKH�VWLFN�KDV
PRYHG�� DQG� WKHQ� DOVR�&$//�.(<� WR� VHH� LI� WKH� ILUH� EXWWRQ� LV� EHLQJ� SUHVVHG� LV� DQ� DQQR\DQFH� DQG� D
WLPH�ZDVWHU��7KHQ�RI�FRXUVH�WKHUH
V�WKH�OLWWOH�PDWWHU�RI�&$//�&2,1&��2QH�FDQ�ZRUN�IRU�PDQ\�KRXUV
WU\LQJ�WR��WLJKWHQ��WKH�ORRS�WKDW�LQFOXGHV�WKLV�LQVWUXFWLRQ��DQG�VWLOO�ILQG�WKDW�WKH�JDPH
V�DFWLRQ�ZLOO�IDLO
EHFDXVH�&2,1&V�DUH�PLVVHG�ZKLOH�WKH�FRPSXWHU�LV�GRLQJ�VRPHWKLQJ�HOVH��8VXDOO\��RQH�PXVW�UHVRUW�WR
VORZLQJ�GRZQ�WKH�VSHHGV�RI�WKH�VSULWHV�VR�WKDW�&2,1&�ZLOO�EH�GHWHFWHG�

,Q�$VVHPEO\��PXFK�RI�WKDW�JRHV�DZD\��)RU�RSHQHUV��RQH�FDQ�FRQVWUXFW�UDWKHU�ODUJH�GDWD�VHFWLRQV�WR�GHILQH
WKH�FKDUDFWHU�VKDSHV��WKHQ�GXPS�WKHVH�YHU\�TXLFNO\�LQWR�9'3�5$0�ZLWK�90%:��2QH�FDQ�DOVR�VHW�WKH�9'3
UHJLVWHUV�VR�WKDW�WKH�6SULWHV�KDYH�WKHLU�RZQ�VHSDUDWH�FKDUDFWHU�GHILQLWLRQ�DUHD�LQ�9'3��DQG�VR�KDYH����
FKDUDFWHUV�DYDLODEOH�MXVW�IRU�WKH�VSULWHV��ZLWKRXW�JLYLQJ�XS�DQ\�RI�WKH�QRUPDO�VFUHHQ�FKDUDFWHUV��)RU
H[DPSOH��RQH�FDQ�XVH�WKH�GHIDXOW�FKDUDFWHU�GHILQLWLRQ�DUHD�VWDUWLQJ�DW�!����IRU�WKH��VWDWLRQDU\��VFUHHQ
FKDUDFWHUV�� WKHQ� XVH� WKH� DUHD� DW� !����� IRU� ���� VSULWH� VKDSHV�� �'R� WKDW� E\� /,� 5��!����� WKHQ
%/:3�#9:75��

7KHQ�RQH�FDQ�FKDQJH�VKDSHV�RI�VSULWHV��RQ�WKH�IO\��E\�ZULWLQJ�D�VLQJOH�E\WH�WR�9'3�5$0�DW�WKH�FRUUHFW
SODFH��2QH�FDQ�DOVR��LQVWDQWO\��FKDQJH�WKHLU�KRUL]RQWDO�RU�YHUWLFDO�YHORFLWLHV��WKHLU�SRVLWLRQV�RQ�WKH�VFUHHQ�
DQG�VR�RQ��$OVR��RQH�QRZ�KDV����VSULWHV�DYDLODEOH�DW�DQ\�WLPH��DQG�FDQ�SODFH�DOO�RI�WKHP�LQ�DXWRPDWLF
PRWLRQ�LI�GHVLUHG�

3HUKDSV�WKH�PRVW�SRZHUIXO�GLIIHUHQFH�RI�DOO�LV�WKDW�ZLWK�D�VLQJOH�FDOO�WR�WKH�.6&$1�URXWLQH��RQH�FDQ�JHW
WKH�MR\VWLFN�LQIRUPDWLRQ��WKH�ILUH�EXWWRQ�VHQVLQJ��DQG��NH\SUHVV��GDWD�IRU�WKH��VSOLW��NH\ERDUG�VFDQ��7KLV
VDYHV�VR�PXFK�WLPH�WKDW�RQH�XVXDOO\�QHHGV�WR�EXLOG�LQ�GHOD\V�RQ�SXUSRVH�WR�NHHS�WKH�DFWLRQ�RI�WKH�JDPH
FRQWUROODEOH�E\�KXPDQ�RSHUDWRUV�

,Q�WKH�6LGHEDU�LV�D�OLWWOH��VQLSSHW��IURP�RXU�JDPH�6&8'�%867(56��LQ�ZKLFK�ZH�DUH�SODFLQJ�D�VSULWH�RQ
WKH�VFUHHQ�DQG�PRYLQJ�LW�DURXQG�ZLWKLQ�D�GHILQHG�DUHD�EDVHG�RQ�WKH�MR\VWLFN��7R�VLPSOLI\�WKH�H[DPSOH��ZH
KDYH�VKRZQ�RQO\�-R\VWLFN����EHLQJ�XVHG��7KLV�LV�MXVW�D�ORRS�RSHUDWLRQ��EXW�WKHUH�DUH�GHOD\V�EXLOW�LQWR�LW
VR�WKH�VSULWH�ZLOO�QRW�PRYH�WRR�TXLFNO\��,I�WKLV�ORRS�LV�SHUIRUPHG�ZLWKRXW�WKH�GHOD\��WKH�VSULWH�EHLQJ
FRQWUROOHG��]LSV��WR�WKH�HGJH�RI�WKH�VFUHHQ�DV�VRRQ�DV�WKH�MR\VWLFN�LV�PRYHG�
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7KH�GHOD\�FDQ�RI�FRXUVH�EH�PRGLILHG�WR�PDNH�WKH�JDPH�UHVSRQG�DW�DQ\�FKRVHQ�SDFH��,Q�WKLV�JDPH��IRU
H[DPSOH��WKHUH�ZHUH�WKUHH�OHYHOV�RI�VNLOO�LQYROYHG��ZLWK�WKH�MR\VWLFN�UHVSRQVH�VSHHG�WDLORUHG�WR�HDFK�VNLOO
OHYHO��7KH�VLQJOH�FDOO�WR�.6&$1�ZLWK�WKH�E\WH�DW�!�����VHW�WR�D�YDOXH�RI�RQH�JLYHV�XV�WKH�SUHVVLQJ�RI�D�NH\
IURP�WKH�OHIW�VLGH�RI�WKH�NH\ERDUG��RU�WKH�ILUH�EXWWRQ��UHSRUWHG�LQWR�WKH�E\WH�DW�!������DQG�JLYHV�XV�WKH�<
DQG�;�SRVLWLRQV�RI�WKH�VWLFN�LQ�WKH�E\WHV�DW�!�����DQG�!������,Q�RWKHU�ZRUGV��WKDW�FDOO�WR�.6&$1�JLYHV
XV�DOO�WKH�LQIRUPDWLRQ�ZH�QHHG�WR�FRQWURO�WKH�JDPH
V�DFWLRQ�IURP�HLWKHU�MR\VWLFN�RU�NH\ERDUG��,Q�WKLV
LQVWDQFH��ZH�LJQRUHG�WKH�NH\ERDUG�H[FHSW�IRU�WKH�4�NH\��ZKLFK�ZRXOG�JLYH�XV�WKH�VDPH�NH\�YDOXH�DV�WKH�ILUH
EXWWRQ�

7R�PDNH�WKH�DFWLRQ�SURFHHG�VPRRWKO\�LQ�VLQJOH�SL[HO�DGYDQFHV�RI�WKH�VSULWH��ZH�GLYLGHG�WKH�E\WHV�IURP
!�����DQG�!�����E\�IRXU��VR�WKDW���VWLOO�LV����EXW����EHFDPH�����DQG����EHFDPH�����:H�WKHQ�VLPSO\�JRW
WKH�VSULWH
V�FXUUHQW�SRVLWLRQ�IURP�9'3�5$0�DQG�DGGHG�WKH�DSSURSULDWH�E\WH�WR�WKDW�YDOXH��WKHQ�PRYHG
LW�EDFN�WR�9'3�5$0�WR�PRYH�WKH�VSULWH�E\�RQH�SL[HO��&KHFNV�ZHUH�LQFOXGHG�LQ�WKH�SURFHVV�WR�NHHS�WKH
VSULWH�DOZD\V�LQ�WKH�VFUHHQ�DUHD�GHVLJQDWHG�DV�RXU�SOD\LQJ�ILHOG��'LDJRQDO�PRWLRQ�ZDV�DOVR�DOORZHG�KHUH�
DQG�RI�FRXUVH�WKDW
V�PDGH�HDVLHU�E\�WDNLQJ�ERWK�;�DQG�<�LQSXWV�RQ�RQH�VFDQ�

:KLOH�DOO�WKLV�ZDV�JRLQJ�RQ��WKHUH�ZDV�D�VSULWH�LQ�PRWLRQ�E\�LWVHOI��IDOOLQJ�LQ�D�EDOOLVWLF�DUF�WRZDUG�WKH
ERWWRP�RI�WKH�VFUHHQ��7KLV�VSULWH
V�PRWLRQ�ZDV�PRGLILHG�HYHU\����SDVVHV�WKURXJK�WKH�ORRS��VR�LW�ZRXOG
DSSHDU�WR�EH�LQIOXHQFHG�E\�WKH�DFFHOHUDWLRQ�RI�JUDYLW\��,WV�FRQVWDQW�KRUL]RQWDO�YHORFLW\�DQG�DFFHOHUDWLQJ
YHUWLFDO�YHORFLW\�PDNHV�WKH�DSSHDUDQFH�RI�D�SDUDEROLF�SDWK�OLNH�WKDW�RI�D�IDOOLQJ�EDOOLVWLF�PLVVLOH��7R�NHHS
WKDW�VSULWH�LQ�PRWLRQ��ZH�LQFOXGHG�WKH�/,0,���DQG�/,0,���LQVWUXFWLRQV�LQ�WKH�ORRS�WR�DOORZ�WKH�9'3�WR
SURGXFH�DXWRPDWLF�PRWLRQ�

/HW
V�GLJUHVV�IRU�MXVW�D�PRPHQW�KHUH�WR�GLVFXVV�ZKDW�WKH�XVHU�VHHV�DW�WKLV�SRLQW�LQ�WKH�JDPH��7KHUH
V�D�EODFN
REMHFW��WKH�6&8'��IDOOLQJ�LQ�DQ�DUF�WRZDUG�WKH�ERWWRP�RI�WKH�VFUHHQ��7KHUH
V�D�ZKLWH�REMHFW��WKH�$LPSRLQW�
WKDW�WKH�XVHU�LV�FRQWUROOLQJ�SRVLWLRQ�RI�ZLWK�KLV�MR\VWLFN��7KH�XVHU�PXVW�SODFH�WKLV�DLPSRLQW�VRPHZKHUH
EHWZHHQ�WKH�6&8'�DQG�WKH�ERWWRP�RI�WKH�VFUHHQ��WKHQ�ILUH�KLV�LQWHUFHSWRU�PLVVLOH��3DWULRW��WR�PHHW�WKH
6FXG�LQ�LWV�IOLJKW�DQG�GHVWUR\�LW��%RWK�WKH�SRVLWLRQ�RI�WKH�DLPSRLQW�DQG�WKH�WLPLQJ�RI�WKH�ILULQJ�PXVW�EH
ULJKW�WR�PDNH�DQ�LQWHUFHSW�KDSSHQ��7KH�VSHHG�RI�WKH�3DWULRW�ZLOO�EH�GLUHFWO\�SURSRUWLRQDO�WR�WKH�GLVWDQFH
EHWZHHQ�WKH�DLPSRLQW�DQG�WKH�ODXQFK�SRLQW�DW�WKH�ORZHU�OHIW�FRUQHU�RI�WKH�VFUHHQ��:H
UH�D�OLWWOH�DKHDG�RI
RXUVHOYHV�KHUH��VR�OHW
V�JHW�EDFN�WR�WKH�VRXUFH�FRGH�

:KHQ�WKH�ILUH�EXWWRQ�LV�SUHVVHG��WKH�SURJUDP�PRYHV�RQ�WR�D�QHZ�VHFWLRQ�RI�FRGH�DW�ODEHO�3$7),5��)LUVW�
LW�GHWHUPLQHV�WKH�KRUL]RQWDO�DQG�YHUWLFDO�VSHHGV�IRU�WKH�3DWULRW��E\�GRLQJ�VRPH�PDWK�RQ�WKH�GLVWDQFH�WR
WKH�DLPSRLQW�

7KDW
V�DOO�GRQH�YHU\�TXLFNO\�E\� LQWHJHU�PDWK�RSHUDWLRQV��1H[W�WKH�VKDSH� LV�VHOHFWHG� IURP�D�JURXS�RI
SUHORDGHG�VKDSHV�VR�WKH�PLVVLOH�ZLOO�ORRN�OLNH�LW
V�IO\LQJ� LQ�WKH�FRUUHFW�DWWLWXGH�IRU�LWV�SDWK���$W�OHDVW
DSSUR[LPDWHO\���7KH�SRVLWLRQ��YHORFLWLHV��DQG�FKDUDFWHU�LQIRUPDWLRQ�DUH�ORDGHG�LQWR�9'3�5$0��DQG�WKDW
ODXQFKHV�WKH�3DWULRW��7KHUH
V�DOVR�D�VRXQG�HIIHFW�
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2QFH�WKH�3DWULRW�LV�ODXQFKHG��ZH�HQWHU�D�QHZ�ORRS�RSHUDWLRQ��7KLV�RQH�KDV�QR�GHOD\V�LQ�LW��,W
V�SXUSRVHV
DUH�WR�VHH�ZKHWKHU�WKH�6FXG�RU�3DWULRW�KDV�OHIW�WKH�DFWLYH�VFUHHQ�DUHD�RQ�WKH�VLGHV��ERWWRP��RU�WRS��DQG�WR
VHH�ZKHWKHU�WKH�WZR�VSULWHV�KDYH�FRPH�ZLWKLQ�D�SUHGHWHUPLQHG�GLVWDQFH�RI�HDFK�RWKHU��7KLV�GLVWDQFH
FULWHULRQ�LV�D�ODUJHU�QXPEHU����SL[HOV��IRU�EHJLQQHU
V�VNLOO�OHYHO�WKDQ�IRU�PRUH�DGYDQFHG�SOD\HUV����SL[HOV��
7KXV�WKH�ORRS�LV�GRLQJ�QRWKLQJ�EXW�UHDGLQJ�RXW�IURP�9'3�5$0�WKH�KRUL]RQWDO�DQG�YHUWLFDO�SRVLWLRQV�RI
WKH�WZR�VSULWHV�WKDW�DUH�PRYLQJ�LQGHSHQGHQWO\��DQG�PDNLQJ�FRPSDULVRQV�RI�WKRVH�QXPEHUV��:H�GLG�QRW
ERWKHU�ORRNLQJ�DW�WKH�9'3�6WDWXV�E\WH��DV�WKDW�ZRXOG�QRW�JLYH�XV�WKH�LQIRUPDWLRQ�ZH�QHHGHG��DQG�ZRXOG
VLPSO\�KDYH�ZDVWHG�WLPH�

:H
YH�RPLWWHG�IURP�WKLV�VRXUFH�FRGH�WKH�SDUW�WKDW�PDNHV�UHVXOWV�KDSSHQ��EXW�KHUH
V�KRZ�LW�JRHV��,I�WKH
6&8'�UHDFKHV�WKH�ERWWRP�RI�WKH�VFUHHQ��WKHUH
V�D�ORXG�H[SORVLRQ�VRXQG�HIIHFW��DQG�D��PLVV��LV�VFRUHG�IRU
WKH�SOD\HU��,I�WKH�6&8'�OHDYHV�WKH�ILHOG�E\�WKH�VLGH�RI�WKH�VFUHHQ��LW�GRHVQ
W�FRXQW���7KH�JDPH�LV�GHVLJQHG
WR�PDNH�WKLV�D�YHU\�UDUH�KDSSHQLQJ���,I�WKH�3DWULRW�IOLHV�RII�WKH�VFUHHQ�ZLWKRXW�LQWHUFHSWLQJ�WKH�6FXG��LW
VLPSO\�GLVDSSHDUV� LQWR�WKH�QLJKW��DQG�WKH�6FXG�FRQWLQXHV�WR�WKH�JURXQG��,I� WKH�WZR�VSULWHV�JHW� LQWR
�FRLQFLGHQFH���WKHQ�DQ��DLU�EXUVW��H[SORVLRQ�RFFXUV��DQG�WKH�WZR�VSULWHV�GLVDSSHDU�LQWR�D��ILUHEDOO��RI�WKUHH
VSULWHV�RYHUODSSLQJ�RQH�DQRWKHU��$�KLW�LV�VFRUHG�IRU�WKH�SOD\HU��WKHQ�WKH�JDPH�JRHV�EDFN�WR�GHFLGH�E\�D
UDQGRP�QXPEHU�ZKHQ�WR�ODXQFK�LWV�QH[W�6FXG�

7KH�FRGH�LQ�WKLV�VHFWLRQ�RI�WKH�JDPH�JHWV�UDWKHU�LQYROYHG��EXW�ZH�WKLQN�WKDW�ZLWK�WKH�DQQRWDWLRQV��\RX
OO
EH�DEOH�WR�IROORZ�WKH�DFWLRQ�LI�\RX�UHDOO\�ZDQW�WR��,W�DOVR�PD\�DSSHDU�WKDW�PDQ\�RSHUDWLRQV�DUH�SHUIRUPHG
LQ�HDFK�UXQ�WKURXJK�WKH��&RLQF��ORRS��DQG�WKDW�LV�VR��EXW�H[HFXWLRQ�WDNHV�YHU\�OLWWOH�WLPH��7KH��SDWULRW�
VSULWH�FDQ�IO\�YHU\�TXLFNO\��EXW�ZH�KDYH�QHYHU�VHHQ�D�FDVH�ZKHUH�D�FRLQFLGHQFH�KDV�EHHQ�PLVVHG�LQ�SOD\LQJ
WKH�JDPH��$V�ZH�ORRN�DW�LW�QRZ��WKHUH�SUREDEO\�DUH�VRPH�XQQHFHVVDU\�VWHSV�WDNHQ�LQ�WKHUH��EXW�LW�GRHVQ
W
VORZ�DQ\WKLQJ�GRZQ�HQRXJK�WR�FDXVH�WURXEOH��7KDW��RI�FRXUVH��LV�WKH�XOWLPDWH�WHVW��,I�LW�ZRUNV��ZH�DUH�JRLQJ
WR�OHDYH�LW�DORQH�

:KDW�ZH�KDYH�VKRZQ�LV�RI�FRXUVH�MXVW�D�IUDJPHQW�RI�WKH�FRGH�IRU�WKH�JDPH��DQG�ZLWKRXW�LWV�RWKHU�SDUWV�LW
ZRQ
W�DVVHPEOH��7KH�SRLQW�RI�VKRZLQJ�WKLV�LV�WR�LOOXVWUDWH�XVLQJ�DQ�DFWXDO�VHFWLRQ�RI�FRGH�WKDW�GRHV�ZRUN
DV�LQWHQGHG�LQ�LWV�FRQWH[W�

:H�H[SHFW�\RX
OO�TXLFNO\�UHDFK�WKH�FRQFOXVLRQ�WKDW�GHDOLQJ�ZLWK�6SULWHV�DQG�-R\VWLFNV�LQ�$VVHPEO\�LV�D
WHGLRXV�EXVLQHVV��ZLWK�DOO�WKRVH�WLQ\�VWHSV�WR�EH�SHUIRUPHG��,W
V�FHUWDLQO\�D�ORQJ�ZD\�IURP�WKH�([WHQGHG
%DVLF�&$//�635,7(��&$//�-2<67��&$//�.(<��DQG�&$//�&2,1&�WR�ZKDW
V�VKRZQ�KHUH��0D\EH�LW
V�QRW
ZRUWK�DOO�WKDW��EXW�\RX�FDQ�ILQG�RXW�RQO\�E\�GRLQJ�LW�\RXUVHOI�DQG�VHHLQJ�WKDW�WKH�SHUIRUPDQFH�RI�D�SURJUDP
LV�ZRUWK�WKH�HIIRUW�

,I�\RX�DUH�SURJUDPPLQJ�IRU�\RXUVHOI��QRW�IRU�FRPPHUFLDO�VDOHV��WKHQ�LW�ZLOO�DOZD\V�EH�ZRUWK�WKH�HIIRUW�WR
SURYH�WKDW�LW�FDQ�EH�GRQH��2Q�WKH�RWKHU�KDQG��ZULWLQJ�FRPPHUFLDO�VWXII��VRPHWLPHV�D�SURJUDP�WKDW�HDWV
PRQWKV�RI�WLPH�WR�FUHDWH�ZLOO�VHOO�ILYH�RU�VL[�FRSLHV�DQG�WKHQ�GLH��7KDW�FDQ�EHFRPH�D�UHDO�SDLQ��,W�JHWV
ZRUVH��$W�WKH����7,&2))�VKRZ��WKHUH�ZDV�D�\RXQJVWHU�ZKR�NHSW�UH�YLVLWLQJ�RXU�WDEOH�DQG�SOD\LQJ�6&8'
%867(56�IRU�ZKDW�VHHPHG�KRXUV�DW�D�WLPH��+LV�IDWKHU�FDPH�E\��ORRNHG�DW�ZKDW�ZDV�JRLQJ�RQ��EXW�LQVWHDG
RI�RIIHULQJ�WR�EX\�WKLV�IRU�KLV�FKLOG��PDGH�WKH�DVVHUWLRQ�WKDW��7KDW
V�RQ�WKH�%%6���:H�SRLQWHG�RXW�WR�KLP
WKDW�WKLV�SURJUDP�ZDV�D�XQLTXH�FRS\ULJKWHG�SURGXFW�RI�+DUULVRQ�� DQG� WKDW� LW�ZDV�GHILQLWHO\�QRW�RQ
DQ\RQH
V�%%6��+H�ZDV�VXUH�VRPHWKLQJ�OLNH�WKLV�ZDV�DYDLODEOH�RQ�WKH�%%6��1R�VDOH�



The Cyc: MICROpendium

1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG�DW�WKLV�WLPH��:H
OO�OHDYH�\RX�ZLWK�WKLV�OLWWOH�MRNH��ZKLFK�RULJLQDOO\�DSSOLHG
WR�IDUPLQJ��EXW�VHHPV�DSSURSULDWH�LQ�WKLV�EXVLQHVV���+RZ�GR�\RX�PDNH�D�VPDOO�IRUWXQH�ZULWLQJ�VRIWZDUH"�
�6WDUW�RXW�ZLWK�D�ODUJH�IRUWXQH�DQG�ZULWH�VRIWZDUH�IRU�D�ZKLOH��

* FRAGMENT OF SOURCE CODE FROM "SCUD BUSTERS" GAME
* EXAMPLE OF USE OF SPRITES AND JOYSTICKS
* FIRST SECTION SETS UP AN "AIMPOINT" AS
* SPRITE #0, MOTIONLESS AT THE MIDDLE OF THE SCREEN
*
* EQUATES
MOTBL  EQU  >780
ATTLST EQU  >300
DESTBL EQU  >800
COLTBL EQU  >380
KEYADR EQU  >8374
KEYVAL EQU  >8375
YVAL   EQU  >8376
XVAL   EQU  >8377
STATUS EQU  >837C
* NOTE - THE SPRITE DESCRIPTOR TABLE WAS SET TO EQUAL
* THE CHARACTER DEFINITION TABLE BY:
       LI   R0,>0601
       BLWP @VWTR
* THIS SETS VDP REGISTER 6 TO LOOK FOR SPRITE CHARACTERS STARTING AT >800
NEWSCN
       INC  @FIRFLG      PERMIT ONE FIRING
       LI   R0,ATTLST    POINT AT START OF SPRITE ATTRIBUTE LIST IN VDP RAM
       LI   R1,>6000     MIDDLE OF SCREEN IN "Y" POSITION
       BLWP @VSBW        WRITE THAT TO Y-POSITION FOR SPRITE 0
       INC  R0           POINT AT X-POSITION
       LI   R1,>8000     MIDDLE HORIZONTAL POSITION
       BLWP @VSBW        WRITE THAT TO X-POSITION SPRITE 0
       INC  R0           POINT TO CHARACTER FOR SPRITE 0
       LI   R1,>0000     MAKE IT CHARACTER 0
       BLWP @VSBW        WRITE THE CHARACTER NUMBER
       INC  R0           POINT AT COLOR BYTE FOR SPRITE 0
       LI   R1,>0F00     MAKE IT WHITE
       BLWP @VSBW        WRITE THAT TO SPRITE 0 COLOR BYTE
       LI   R3,2         SET FOR SPRITE 2
       BL   @DELX        DELETE THAT ONE
* NOW A RANDOM DELAY BETWEEN 1/2 AND 1 1/2 SECONDS OCCURS BEFORE
* THE SCUD APPEARS
       LI   R3,60        SET R3 TO 60
       BL   @RANDNO      RANDOM NUMBER WILL BE 0-60
       AI   R5,30        ADD 30 TO THE RANDOM NUMBER, SO IT'S 30-90
       CLR  @>8378       CLEAR THE VDP INTERRUPT TIMER
DLY1
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            TURN THEM OFF
       C    @>8378,R5    COMPARE TIMER TO R5
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       JLT  DLY1         IF LESS, CONTINUE LOOPING
*
* FOLLOWING ESTABLISHES THE STARTING POSITION AND MOTION FOR THE SCUD
* THEN STARTS THE SCUD FALLING FROM THE TOP OF THE SCREEN
*
       LI   R0,ATTLST+4  POINT AT Y-POSITION BYTE FOR SPRITE 1 (SCUD)
       LI   R1,>0A00     VERTICAL POSITION AT DOT-ROW 10
       BLWP @VSBW        PLACE THE SPRITE THERE
       INC  R0           POINT TO X-POSITION SPRITE 1
       LI   R3,226       SET RANGE FOR RANDOM NUMBER AT 226
       BL   @RANDNO      GET A RANDOM NUMBER 0-226
       AI   R5,10        ADD 10 SO NUMBER IS 10-236
       SWPB R5           SWAP SO NUMBER IS IN LEFT BYTE R5
       MOVB R5,R1        MOVE THAT BYTE TO R1
       MOVB R5,R7        AND STASH IT IN R7
       BLWP @VSBW        WRITE THE HORIZONTAL POSITION FOR SPRITE 1
       INC  R0           POINT AT CHARACTER BYTE SPRITE 1
       LI   R1,>5300     SET CHARACTER VALUE
       BLWP @VSBW        WRITE THAT
       INC  R0           POINT AT COLOR BYTE SPRITE 1
       LI   R1,>0100     SET FOR BLACK
       BLWP @VSBW        WRITE THAT
       INC  R0           POINT TO Y-POSITION FOR SPRITE 2
       LI   R1,>D000     SET FOR "DELETE" POSITION
       BLWP @VSBW        WRITE THAT BYTE
       CLR  R1           CLEAR REGISTER 1
       LI   R0,MOTBL     POINT TO SPRITE MOTION TABLE
       BLWP @VSBW        WRITE 0 TO Y-MOTION FOR SPRITE 0
       INC  R0           INCREMENT TO X-MOTION SPRITE 0
       BLWP @VSBW        MAKE THAT ZERO TOO
       AI   R0,3         POINT AHEAD TO Y-MOTION FOR SPRITE 1
       MOVB @INIV,R1     MOVE AN INITIAL VELOCITY INTO THAT BYTE
       BLWP @VSBW        WRITE INITIAL Y-MOTION
       LI   R3,15        SET FOR RANDOM NUMBER
       CLR  R10          CLEAR REGISTER 10
       BL   @RANDNO      GET A RANDOM NUMBER 0-15
       INC  R5           ADD ONE SO IT'S 1-16
       CB   R7,@HEX80    SEE WHICH HALF OF SCREEN SPRITE 1 IS IN HORIZONTALLY
       JLE  POSXV        IF LOW OR EQUAL, JUMP
       NEG  R5           ELSE MAKE R5 = - R5
       INC  R10          INCREMENT R10
POSXV  SWPB R5           SWAP BYTES IN R5
       MOVB R5,R1        PLACE BYTE IN R1
       INC  R0           POINT AT X-MOTION FOR SPRITE 1
       BLWP @VSBW        WRITE THE X-MOTION
       MOVB @MOTION,@>837A SET NUMBER OF SPRITE THAT MAY HAVE MOTION
       SWPB R5
* FOLLOWING SECTION CHOOSES A SHAPE FOR THE SPRITE
* BASED ON ITS DIRECTION OF MOTION
       MOV  R10,R10
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       JEQ  CLEAR4
       NEG  R5
CLEAR4 CLR  R4
       DIV  @SIX,R4
       LI   R1,99
       MOV  R10,R10
       JEQ  ADDFOR
       S    R4,R1
       JMP  SWAONE
ADDFOR A    R4,R1
SWAONE SWPB R1
       LI   R0,ATTLST+6
       BLWP @VSBW
NEWLOP MOV  @KEYDLY,R6
* HERE WE BEGIN THE LOOP THAT LOOKS FOR THE JOYSTICK AND FIRE BUTTON
* INPUTS.  R6 IS PRESET TO 26
*
       MOVB @ONE,@KEYADR SET FOR KEYBOARD SCAN UNIT ONE
LOOP   CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @KSCAN       SCAN KEYBOARD AND JOYSTICK
       LIMI 2            PERMIT INTERRUPTS
       LIMI 0            THEN STOP THEM
       CB   @KEYVAL,@FIRE HAS FIRE KEY BEEN STRUCK?
       JNE  CMPN1        IF NOT, JUMP AHEAD
       MOV  @FIRFLG,R1   IS FIRING PERMITTED?
       JEQ  CMPN1        IF NOT, JUMP
       B    @PATFIR      ELSE FIRE THE PATRIOT
* HERE WE SET UP AND ENTER A DELAY LOOP THAT SIMPLY WASTES TIME TO
* KEEP THE JOYSTICK FROM RESPONDING TOO QUICKLY

CMPN1  MOV  @RPTDLY,R4   PUT A DELAY FACTOR IN R4
DLY    SRL  R5,15        WASTE SOME TIME
       LIMI 2            PERMIT INTERRUPTS
       LIMI 0            THEN SHUT THEM OFF
DEC4   DEC  R4           DECREMENT COUNTER
       JNE  DLY          IF NOT ZERO, REPEAT LOOP
       LI   R0,ATTLST+5  POINT AT X-POSITION SPRITE 1
       BLWP @VSBR        READ THAT BYTE
       CB   R1,@RTLIM    COMPARE TO RIGHT LIMIT OF SCREEN
       JH   GONEW        IF HIGH, JUMP
       CB   R1,@LFTLIM   COMPARE TO LEFT LIMIT
       JL   GONEW        IF HIGH, JUMP
* EVERY 26TH TIME THROUGH TO THIS POINT, THE VERTICAL
* VELOCITY OF THE SCUD IS INCREASED BY FIVE
*
DEC6   DEC  R6           DECREMENT OUTER LOOP COUNT
       JNE  REPRT        IF NOT ZERO, JUMP
       LI   R0,MOTBL+4   ELSE POINT AT Y-MOTION BYTE SPRITE 1
       CLR  R1           CLEAR R1
       BLWP @VSBR        READ Y-MOTION INTO LEFT BYTE R1
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       AB   @FIVE,R1     ADD FIVE
       CI   R1,>7F00     COMPARE TO MAXIMUM VELOCITY
       JH   REPRT        IF HIGH, SKIP
       BLWP @VSBW        ELSE WRITE NEW Y-MOTION FOR SPRITE 1
       MOV  @KEYDLY,R6   RESET COUNT IN R6
REPRT  LI   R0,ATTLST+4  LOOK AT Y-POSITION SPRITE 1
       BLWP @VSBR        READ THAT BYTE
       CB   R1,@DWNLIM   COMPARE TO BOTTOM LIMIT
       JL   REPRT3       IF NOT AT BOTTOM, JUMP
       JMP  STOPIT       ELSE "MISS" PROCESS
REPRT3 INC  R0           POINT AT X-POSITION SPRITE 1
       BLWP @VSBR        READ THAT
       CB   R1,@RTLIM    CHECK RIGHT LIMIT
       JL   REPRT2       JUMP IF NOT OKAY
GONEW  B    @NEWSCN
REPRT2 CB   R1,@LFTLIM   CHECK LEFT LIMIT
       JH   REPRT1       JUMP IF OKAY
       B    @NEWSCN      ELSE CANCEL SCUD
* IN THIS SECTION THE JOYSTICK INPUTS ARE USED TO CHANGE
* THE POSITION OF THE AIMPOINT SPRITE
* POSITION IS CHECKED TO KEEP THE POINTER WITHIN THE
* RECTANGULAR AREA OF THE SCREEN DESIGNATED FOR PLAY
REPRT1 LI   R0,ATTLST    POINT AT Y-POSITION SPRITE 0 (AIMPOINT)
       BLWP @VSBR        READ THAT INTO R1
       MOVB @YVAL,R2     MOVE THE BYTE FROM >8376 INTO R2
       SRA  R2,2         DIVIDE BY FOUR
       SB   R2,R1        SUBTRACT FROM POSITION IN R1
       CB   R1,@UPLIM    COMPARE TO UPWARD LIMIT
       JL   XCHK         IF NOT OKAY, JUMP AHEAD
       CB   R1,@DWNLIM   ELSE COMPARE TO LOWER LIMIT
       JH   XCHK         IF NOT OKAY, JUMP
       BLWP @VSBW        ELSE WRITE NEW Y-POSITION FOR SPRITE 0
XCHK   INC  R0           POINT AT X-POSITION BYTE FOR SPRITE 0
       BLWP @VSBR        READ THAT
       MOVB @XVAL,R2     MOVE THE BYTE FROM >8377 INTO R2
       SRA  R2,2         DIVIDE BY FOUR
       AB   R2,R1        ADD THAT TO X-POSITION IN R1
       CB   R1,@RTLIM    COMPARE TO RIGHT SIDE LIMIT
       JH   LOOP         IF NOT OKAY, SKIP BACK
       CB   R1,@LFTLIM   COMPARE TO LEFT SIDE LIMIT
       JL   LOOP         IF NOT OKAY, JUMP BACK
       BLWP @VSBW        ELSE WRITE NEW X-POSITION SPRITE 0
       JMP  LOOP         THEN GO BACK TO START OF LOOP
STOPIT
* THE SECTION AT STOPIT MAKES DECISIONS ABOUT WHETHER A HIT OR MISS
* HAS HAPPENED, UPDATES SCORE, DISPLAYS SCORE, AND SO ON
* SCUDC - THIRD PART OF MAIN CODE
*
PATFIR
       LIMI 0            SHUT OFF INTERRUPTS
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FIRIT
       CLR  @FIRFLG      ONLY ONE FIRING PER SCUD PERMITTED
       LI   R0,ATTLST    POINT AT Y-POSITION SPRITE 0 (AIMPOINT)
       BLWP @VSBR        GET THAT BYTE IN R1
       INC  R0           POINT AT X-POSITION SPRITE 0
       SWPB R1           SWAP BYTES IN R1
       BLWP @VSBR        LEFT BYTE IS XPOS SPRITE 0
*                        RIGHT BYTE IS YPOS SPRITE 0
       MOV  R1,R3        TEMPORARILY STORE R1 IN R3
       MOVB @LFTLIM,R1   GET LEFT EDGE OF SCREEN IN R1
       SWPB R1           SWAP R1
       MOVB @DWNLIM,R1   PUT BOTTOM OF SCREEN IN R1
       LI   R0,ATTLST+8  POINT AT Y-POSITION SPRITE 2 (PATRIOT)
       BLWP @VSBW        PLACE THAT BYTE
       SWPB R1           SWAP BYTES
       INC  R0           POINT AT X-POSITION SPRITE 2
       BLWP @VSBW        WRITE THAT (LEFT SIDE OF SCREEN)
       MOV  R1,R2        LEFT BYTE IS XPOS SPRITE 2
*                        RIGHT BYTE IS YPOS SPRITE 2
       LI   R1,>680F     >68 IS STARTING CHARACTER FOR SPRITE 2, HEX F IS COLOR
       INC  R0           POINT AT CHARACTER BYTE SPRITE 2
       BLWP @VSBW        WRITE THAT
       SWPB R1           SWAP BYTES IN R1
       INC  R0           POINT AT COLOR BYTE SPRITE 2
       BLWP @VSBW        WRITE COLOR WHITE
       SWPB R3           SWAP BYTES IN R3
       SWPB R2           AND IN R2
       MOV  R2,R4        STASH R2 IN R4
       MOV  R3,R1        GET R3 BACK IN R1
       SRL  R2,8         RIGHT JUSTIFY R2
       SRL  R1,8         RIGHT JUSTIFY R1 ALSO
       S    R2,R1        SUBTRACT THESE NUMBERS
       SRA  R1,1         NOW CUT NUMBER IN R1 IN HALF
       JLT  LDYV2        IF LESS THAN ZERO, JUMP
       NEG  R1           ELSE MAKE R1= -R1
LDYV2  SWPB R1           NOW SWAP BYTES
       MOVB R1,R9        SAVE THE BYTE IN R9
       LI   R0,MOTBL+8   POINT AT Y-MOTION BYTE FOR SPRITE 2 (PATRIOT)
       BLWP @VSBW        WRITE THAT MOTION
       MOV  R4,R2        GET R4 BACK INTO R2
       SWPB R3           SWAP R3
       SWPB R2           AND R2
       MOV  R3,R1        PUT R3 IN R1
       SRL  R1,8         RIGHT JUSTIFY
       SRL  R2,8         AND R2 AS WELL
       S    R2,R1        SUBTRACT THESE NUMBERS
       SRA  R1,1         CUT R1 IN HALF
       JGT  LDXV2        IF POSITIVE, JUMP
       NEG  R1           ELSE MAKE R1= -R1
LDXV2  SWPB R1           SWAP THE BYTES
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       MOVB R1,R7        STASH BYTE IN R7
       INC  R0           POINT AT X-MOTION FOR SPRITE 2
       BLWP @VSBW        WRITE THE X-MOTION
* FOLLOWING CODE CHOOSES A SHAPE FOR SPRITE 2 BASED ON
* ITS DIRECTION OF MOTION
       LI   R1,>6A00
       SRA  R9,8
       JEQ  PUTPAT
       NEG  R9           R9 IS POSITIVE #
       LI   R1,>6600
       SRL  R7,8
       JEQ  PUTPAT
       CLR  R8
       DIV  R7,R8
       CI   R8,8
       JGT  PUTPAT
       AB   @ONE,R1
       CI   R8,2
       JGT  PUTPAT
       AB   @ONE,R1
       CI   R8,1
       JEQ  PUTPAT
       SLA  R9,1
       C    R9,R7
       JGT  PUTPAT
       AB   @ONE,R1
       SLA  R9,2
       C    R9,R7
       JGT  PUTPAT
       AB   @ONE,R1
PUTPAT LI   R0,ATTLST+10 POINT AT CHARACTER BYTE FOR SPRITE 2
       BLWP @VSBW        WRITE SELECTED SHAPE
       LI   R10,>2200    POINT AT "IN FLIGHT" SOUND EFFECT
       MOV  R10,@>83CC   SET THAT FOR SOUND PROCESSING BY VDP
       SOCB @ONE,@>83FD  AND START THE SOUND
       MOVB @ONE,@>83CE  EFFECT
* THE LOOP STARTING AT LABEL COINC KEEPS CHECKING THE POSITIONS OF SPRITES 1 &
2
* TO SEE IF EITHER SCUD OR PATRIOT LEAVES ACTIVE SCREEN AREA
* OR IF THEY "MEET" WITHIN THE PRESET LIMITS
COINC  LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN STOP THEM
       LI   R0,ATTLST+4  POINT AT Y-POSITION SPRITE 1 (SCUD)
       BLWP @VSBR        READ THAT BYTE
       SWPB R1           SWAP R1
       INC  R0           POINT AT X-POSITION SPRITE 1
       BLWP @VSBR        READ THAT BYTE
       CB   R1,@RTLIM    HAS SPRITE GONE OFF TO RIGHT?
       JL   CHKL         IF NOT, CHECK LEFT
       B    @STOPIT      ELSE GET OUT OF HERE
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CHKL   CB   R1,@LFTLIM   HAS SPRITE GONE OFF TO LEFT?
       JH   CHKX         IF NOT, JUMP AHEAD
       B    @STOPIT      ELSE GET OUT OF HERE
*
* IN THE NEXT SECTION, THE DIFFERENCES BETWEEN THE POSITIONS OF SPRITES 1 & 2
* ARE COMPARED TO THE TOLERANCES UPTOL AND DWNTOL, TO SEE IF COINCIDENCE HAS
* OCCURRED.  AT BEGINNER LEVEL, UPTOL AND DWNTOL ARE SET TO +8 AND -8,
* WHILE AT HIGHER SKILL LEVELS THEY ARE +5 AND -5, RESPECTIVELY.
*
CHKX   MOV  R1,R3        STASH R1 IN R3
       AI   R0,3         R3 HAS X,Y SPRT 1
       BLWP @VSBR        READ Y POSITION SPRITE 2 (PATRIOT)
       SWPB R1           SWAP R1
       INC  R0           POINT AT X POSITION SPRITE 2
       BLWP @VSBR        READ THAT BYTE
       MOV  R1,R2        R1 HAS X,Y SPRT 2
       SB   R3,R2        SUBTRACT THE X POSITIONS OF THE TWO SPRITES
       CB   R2,@UPTOL    COMPARE RESULT TO UPWARD TOLERANCE
       JLE  CHKY         IF LOW OR EQUAL, CHECK Y TOLERANCE
       CB   R2,@DWNTOL   ELSE COMPARE X POSITION TO DOWN TOLERANCE
       JHE  CHKY         IF HIGH OR EQUAL, JUMP
       JMP  POSCKS       ELSE JUMP AHEAD, NO COINCIDENCE
CHKY   SWPB R2           SWAP THE BYTES IN R2
       SWPB R3           AND IN R3
       SB   R3,R2        SUBTRACT
       SWPB R3           SWAP R3 AGAIN
       CB   R2,@UPTOL    COMPARE Y POSITION DIFFERENCE
       JLE  EXOUT        IF LOW OR EQUAL, COINCIDENCE HAS HAPPENED
       CB   R2,@DWNTOL   ELSE COMPARE TO DOWN TOLERANCE
       JHE  EXOUT        IF HIGH OR EQUAL, COINCIDENCE HAS OCCURRED
POSCKS
       CB   R1,@RTLIM    COMPARE SPRITE 2 POSITION
       JH   PAST         IF HIGH, DELETE PATRIOT
       CB   R1,@LFTLIM   COMPARE TO LEFT LIMIT
       JL   PAST         IF LOW, SAME ACTION
       SWPB R1           SWAP R1
       CB   R1,@UPLIM    PAST UPPER LIMIT?
       JL   PAST         IF SO, DELETE PATRIOT
       CB   R1,@DWNLIM   DOWN LIMIT?
       JH   PAST         IF SO, DELETE PATRIOT
* NEXT SECTION DOES SIMILAR COMPARISONS FOR THE SCUD (SPRITE 1)
*
       CB   R3,@RTLIM
       JH   CANSCU
       CB   R3,@LFTLIM
       JL   CANSCU
       SWPB R3
       CB   R3,@UPLIM
       JL   PAST
       CB   R3,@DWNLIM
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       JH   PAST
       JMP  COINC        BOTH SPRITES CONTINUE "FLYING", JUMP BACK TO REPEAT
EXOUT
* CODE FROM THIS POINT ON IS DEVOTED TO SCORING, MAKING SOUND EFFECTS, ETC
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1.20. The Art Of Assembly — Part 20. The Sounds Of The TI

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

2QH�RI�WKH�SUHFLRXV��IUHH��JLIWV�LQFOXGHG�LQ�RXU�EHORYHG�7,�LV�WKH�VRXQG�FKLS��7KLV�OLWWOH�MHZHO��ZLWK�LWV�WKUHH
PDLQ� YRLFHV� DQG� LWV� �QRLVH�� JHQHUDWRU��PDNHV� D� ZLGH� YDULHW\� RI� VRXQG� HIIHFWV� SRVVLEOH� ZLWKRXW� DQ\
DGGLWLRQDO�KDUGZDUH�UHTXLUHG��2QO\�WZR�3&�PDQXIDFWXUHUV�KDYH�VHHQ�ILW�WR�LQFOXGH�VXFK�FDSDELOLW\��,%0
LQ�WKH�QRZ�RUSKDQHG�3&MU��DQG�7DQG\�LQ�WKHLU������VHULHV�RI�3&V��%RWK�RI�WKRVH�FKRVH�WR�XVH�WKH�H[DFW
VDPH�7,�FKLS�WKDW
V�LQ�WKH�����$�

2Q�WKH�7,��RQH�FDQ�PDNH�VRPH�YHU\�JRRG�VRXQGV��DQG�RI�FRXUVH�HYHQ�PXVLF��IURP�%DVLF�RU�([WHQGHG�%DVLF�
(YHQ�WKRXJK�WKH�VRXQG�LV�PDGH�LQ�GXUDWLRQV�RI������VHFRQG��VRPH�UHDOO\�JRRG�PXVLF�KDV�EHHQ�SURGXFHG
WKDW�ZD\���2Q�WKH�DERYH�PHQWLRQHG�3&V��VRXQGV�LQ�EDVLF�DUH�WLPHG�LQ�LQFUHPHQWV�RI��������VHFRQG��PDNLQJ
GHFHQW�PXVLF�YLUWXDOO\�LPSRVVLEOH��

,Q�WKH�$VVHPEO\�UHDOP��ZH�KDYH�FRQVLGHUDEO\�PRUH�IOH[LELOLW\�DYDLODEOH�WKDQ�LQ�WKH�%DVLF�DQG�;%�UHDOPV�
+HUH��ZH�FDQ�FKRRVH�QRW�RQO\�ZKDW�VRXQGV�ZH�ZDQW��EXW�FDQ�FKRRVH�WR�WLPH�WKHLU�GXUDWLRQV�LQ�PDQ\�ZD\V�
DQG�HYHQ�SURGXFH�VLPXODWHG��LQVWUXPHQW��HIIHFWV��OLNH�KDUSVLFKRUG��IOXWH��VQDUH�GUXP��DQG�VR�RQ��7KH
WHFKQLTXHV�ZH
YH�XVHG�WR�SURGXFH�LQVWUXPHQW�HIIHFWV�FRXOG�ILOO�PRUH�WKDQ�RQH�LQVWDOOPHQW�RI�WKLV�VHULHV�E\
WKHPVHOYHV��DQG�ZH
OO�JHW�WR�WKDW�RQH�GD\��EXW�IRU�WRGD\�ZH
OO�FRQFHQWUDWH�RQ�VLPSOHU�XVHV�IRU�WKH��VRXQG
FKLS��

1.20.1. The Sound List Method

/HW
V�VWDUW�ZLWK�D�UDWKHU�VLPSOH�DSSOLFDWLRQ��LQ�ZKLFK�ZH�ZDQW�D�QRLVH�RU�D�VHULHV�RI�PXVLFDO�QRWHV�WR�RFFXU
ZKLOH�VRPHWKLQJ�HOVH�LV�KDSSHQLQJ��7,�SURYLGHG�DQ�DXWRPDWLF�VRXQG�SURFHVVLQJ�FDSDELOLW\�LQ�WKH�9'3�VR
WKDW�RQH�FRXOG��KDYH�KLV�FDNH�DQG�HDW�LW�WRR���7KH�9'3�FDQ�EH�JLYHQ�D�OLVW�RI�VRXQGV�WR�SURGXFH��DQG�WROG
WR�VWDUW�PDNLQJ�WKRVH��WKHQ�WKH�FRPSXWHU�FDQ�JR�RQ�ZLWK�RWKHU�EXVLQHVV��ORRNLQJ�IRU�NH\VWURNHV�IURP�WKH
NH\ERDUG��RU�ORRNLQJ�IRU�MR\VWLFN�LQSXWV��VSULWH�FRLQFLGHQFHV��DQG�VR�RQ��ZKLOH�WKH�VRXQG�OLVW�H[HFXWHV��RQ
EDFNJURXQG���7KDW
V�FHUWDLQO\�D�KDQG\�IHDWXUH��,W�GRHV�UHTXLUH�WKH�LQVWUXFWLRQV�/,0,���DQG�/,0,���WR�OHW
WKH�9'3�FRQWLQXH�LWV�VRXQG�SURFHVVLQJ�RQ�DQ�LQWHUUXSW�EDVLV��EXW�WKDW
V�D�VPDOO�SULFH�WR�SD\�IRU�WKH
FDSDELOLWLHV�WKDW�LW�JLYHV�XV�

6RXQG�OLVWV�PD\�EH�SODFHG�LQ�9'3�5$0�DW�WKH�EHJLQQLQJ�RI�D�SURJUDP��DQG�WKHQ�DFWLYDWHG�ZKHQ�QHHGHG�
ZLWKRXW�QHHGLQJ�WR�EH�UH�ORDGHG�
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7KH�ILUVW�SDUW�RI�WRGD\
V�6LGHEDU�VKRZV�RQH�VXFK�DSSOLFDWLRQ��LQ�ZKLFK�WKH�VRXQG�OLVWV�IRU�WKUHH�GLIIHUHQW
HIIHFWV�DUH�SUH�ORDGHG�HDUO\� LQ�D�SURJUDP�DQG� WKHQ�DFWLYDWHG�ZKHQ� WKH�SURJUDP�QHHGV� WKHP��7KHVH
SDUWLFXODU�OLVWV�DUH�IURP�WKH�JDPH�6FXG�%XVWHUV��,Q�WKDW�FDVH��WKH��LQ�IOLJKW��VRXQG�FDQ�EH�LQWHUUXSWHG�DW
DQ\�WLPH�E\�RQH�RI�WKH��H[SORVLRQV��GHSHQGLQJ�RQ�ZKDW�KDSSHQV�WR�WKH�VSULWHV�WKDW�DUH�LQ�PRWLRQ�RQ�WKH
VFUHHQ��7KH�LQWHUUXSWLRQ�SURFHVV�LV�YHU\�VLPSOH��1RWH�WKDW�ZH�QHHG�QRW�VWRS�WKH��LQ�IOLJKW��HIIHFW��EXW�MXVW
SXW�WKH�ULJKW�DGGUHVVHV�LQ�SODFH�WR�VWDUW�WKH�H[SORVLRQ��DQG�SURFHVVLQJ�RI�WKH��LQ�IOLJKW��HIIHFW�VWRSV��7KLV
ZLOO� QRW� DOZD\V� EH� WKH� FDVH�� GHSHQGLQJ�ZKLFK� JHQHUDWRUV�ZHUH� EHLQJ� XVHG� E\� WKH� ILUVW� VRXQG� EHLQJ
SURFHVVHG��7KHUH�DUH�D�FRXSOH�RI��VDIH��ZD\V�RI�GHDOLQJ�ZLWK�WKDW�SRVVLELOLW\��3HUKDSV�WKH�HDVLHVW�LV�WR�SXW
D��VKXW�XS��VRXQG�DW�WKH�EHJLQQLQJ�RI�HDFK�VRXQG�OLVW��ZLWK�D�GXUDWLRQ�RI����7KDW�ZLOO�VKXW�GRZQ�DOO�IRXU
RI�WKH�JHQHUDWRUV�IRU�����WK�RI�D�VHFRQG�EHIRUH�WKH�QHZ�VRXQG�VWDUWV��<RX�FDQ�DOVR�SXW��VLOHQFH��E\WHV�LQ
\RXU�ILUVW��QRWH��IRU�WKH�QHZ�VRXQG�WR�VKXW�RII�DQ\�JHQHUDWRUV�QRW�XVHG�E\�WKDW�VRXQG�HIIHFW��DQG�WKDW�ZLOO
PDNH�DQ��LQVWDQW��LQWHUUXSWLRQ�RI�WKH�SUHYLRXV�VRXQG�HIIHFW��7KDW
V�WKH�PHWKRG�XVHG�LQ�RXU�6LGHEDU�VRXUFH
FRGH�

7KH�H[SORVLRQ�VRXQG�HIIHFWV�DUH�DOORZHG�WR�UXQ�IRU�WKHLU�IXOO�GXUDWLRQ�LQ�DOO�FDVHV��DQG�VHUYH�WKHUHE\�DV
WLPHUV�WR�DOORZ�WKH�XVHU�WLPH�WR�VHH�WKH�H[SORVLRQ�VFUHHQ�GLVSOD\��:H�PHQWLRQHG�EDFN�LQ�QXPEHU����WKH
SRWHQWLDO�XVH�RI�VRXQG�OLVWV�DV�WLPHUV��DQG�KHUH�LV�D�SUDFWLFDO�H[DPSOH�RI�WKDW�XVH�

(DFK�VRXQG�OLVW�VKRXOG�HQG�ZLWK�D��]HUR�GXUDWLRQ��VRXQG�VR�WKDW�LW�ZLOO�HQG�ZLWKRXW�OHDYLQJ�D�JHQHUDWRU
�KDQJLQJ��ZKHQ�WKH�LQWHQGHG�VRXQG�HQGV��<RX
OO�QRWLFH�WKDW�HDFK�RI�WKH�VRXQG�OLVWV�VKRZQ�HQGV�WKDW�ZD\�
7KH�FRQWHQW�SDUW�RI�D�VRXQG�OLVW�LV�RXWOLQHG�ZHOO�HQRXJK�LQ�WKH�(�$�ERRN�LWVHOI��EXW�\RX�ZLOO�VHH�VRPH�WULFNV
XVHG�LQ�RXU�LPSOHPHQWDWLRQ�WKDW�DUH�QRW�FRYHUHG�LQ�WKH�ERRN��7KH�OLVW�EHJLQQLQJ�DW�(1'61'��IRU�H[DPSOH�
LQFOXGHV�D�QRWH�IRU�JHQHUDWRU���LQ�WKH�E\WHV�!&��DQG�!�(��EXW�WKHQ�VHWV�WKDW�JHQHUDWRU
V�YROXPH�DW�VLOHQFH
E\�!')��,W�WKHQ�VHWV�WKH�QRLVH�JHQHUDWRU�WR�SURGXFH�D�QRLVH�VXEKDUPRQLF�RI�WKH�JHQHUDWRU���QRWH�DW
PD[LPXP�YROXPH�E\�VHQGLQJ�!(��DQG�!)��E\WHV��'XULQJ�WKH�UHVW�RI�WKH�OLVW��LW�DOWHUQDWHV�WKH�QRLVH
JHQHUDWRU
V�UHVSRQVH�E\�VHQGLQJ�E\WHV�RI�!)��DQG�!)��LQ�VXFFHVVLYH��QRWHV���$OVR��WKH�YROXPH�RI�WKH�QRLVH
LV�GHFD\HG�E\�FKDQJLQJ�WKH�QRLVH�JHQHUDWRU
V�YROXPH�IURP�!)��GRZQ�WR�!)$�EHIRUH�WKH�ILQDO�OLQH�LQ�WKH
OLVW��DW�ZKLFK�DOO�JHQHUDWRUV�DUH�VHW�WR�VLOHQFH��7KLV�DOWHUQDWLRQ�RI�WKH��QRWH��DQG�GHFD\LQJ�RI�YROXPH�FUHDWHV
D�NLQG�RI��SXOVLQJ��H[SORVLRQ�VRXQG�ZLWK�WZR�GLVWLQFW�QRLVHV�KHDUG�ZKLOH�WKH�YROXPH�GHFD\V��2I�FRXUVH�WKLV
SDUWLFXODU�OLVW�ZDV�WKH�UHVXOW�RI�D�JRRG�GHDO�RI�H[SHULPHQWLQJ�WR�JHW�MXVW�WKH�HIIHFW�ZH�ZDQWHG��7KH�E\WH
!(��LV�HTXLYDOHQW�WR�%DVLF
V����VRXQG��ZKLOH�WKH�!(��LV�HTXLYDOHQW�WR�WKH�%DVLF����VRXQG��.QRZLQJ�WKDW
FDQ�OHW�\RX�XVH�%DVLF�RU�;%�WR�H[SHULPHQW�ZLWK�VRXQGV�EHIRUH�\RX�WU\�WKHP�LQ�D�VRXQG�OLVW�

2I�FRXUVH�LI�\RX
UH�JRLQJ�WR�GR�WKDW��\RX�PXVW�DOVR�EHDU�LQ�PLQG�WKH�UHODWLRQVKLS�EHWZHHQ�GXUDWLRQV�LQ
%DVLF�DQG�$VVHPEO\�VRXQG�OLVWV��,Q�WKLV�FDVH��WKH�%DVLF�DQG�([WHQGHG�%DVLF�ERRNV�KDYH�OLHG�WR�\RX��7KRVH
ERRNV�LQGLFDWH�WKDW�\RX�FDQ�VSHFLI\�VRXQG�GXUDWLRQV�LQ�PLOOLVHFRQGV��7KLV�LV�MXVW�QRW�WUXH��$Q\�QXPEHU�RI
PLOOLVHFRQGV�\RX�LQGLFDWH�XS�WR�DQG�LQFOXGLQJ����ZLOO�SURGXFH�H[DFWO\�WKH�VDPH�GXUDWLRQ�RI�VRXQG��QDPHO\
����WK�RI�D�VHFRQG��,QGLFDWLQJ����ZLOO�JHW�\RX�����WKV��DV�ZLOO�������������RU����PLOOLVHFRQGV��7KH�FURVVRYHU
SRLQW�IURP�RQH�DFWXDO�GXUDWLRQ�WR�WKH�QH[W�LV�HYHU\��������������VL[HV�DOO�WKH�ZD\�DFURVV�WKH�SDJH�LI�\RX�OLNH�
PLOOLVHFRQGV��:H
OO�OHDYH�WKH�PDWK�WR�\RX��EXW�\RX�FDQ�VXFFHVVIXOO\�H[SHULPHQW�ZLWK�\RXU�VRXQGV�LQ�%DVLF
RU�;%�DV�ORQJ�DV�\RX�UHPHPEHU�WKDW�WKH�UHDO�GXUDWLRQV�DUH�LQ�����WKV�RI�D�VHFRQG��DQG�WUDQVODWH�LQWR
�PLOOLVHFRQGV��IRU�%DVLF��:H�QHYHU�VDLG�WKLV�ZRXOG�EH�HDV\�
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$V�LW�KDSSHQV��WKH�H[DPSOHV�ZH
YH�VKRZQ�DOO�LQYROYH�XVH�RI�WKH�QRLVH�JHQHUDWRU��QRW�WKH�PXVLFDO�YRLFHV�RI
JHQHUDWRUV���WKURXJK����EXW�WKDW�VKRXOGQ
W�KLQGHU�\RXU�HIIRUWV�LI�\RX�XQGHUVWDQG�WKH�SULQFLSOHV�LQYROYHG�

$OO�RI�WKH�DERYH�SUHVXSSRVHV�WKDW�\RX�KDYH�DQ�DUHD�RI�WKH�9'3�5$0�PHPRU\�WKDW�FDQ�UHPDLQ�DYDLODEOH
IRU�WKH�GXUDWLRQ�RI�\RXU�SURJUDP��,Q�WKLV�FDVH��ZH�VLPSO\�DVVLJQHG�VPDOO�EORFNV�RI�9'3�5$0�DW�DGGUHVVHV
!������!������DQG�!�����IRU�RXU�VRXQG�OLVWV��WKHQ�OHIW�WKRVH�DUHDV�XQWRXFKHG�GXULQJ�H[HFXWLRQ�RI�WKH
SURJUDP��,I�RXU�SURJUDP�KDG�GLVWXUEHG�WKRVH�DUHDV��ZH�ZRXOG�KDYH�KDG�WR�UHORDG�RXU�VRXQG�OLVWV�HDFK�WLPH
ZH�ZDQWHG�WR�XVH�WKHP��,Q�PRVW�FDVHV�\RX
OO�ILQG�DQ\�DGGUHVV�DERYH�!�����ZLOO�GR��VR�ORQJ�DV�\RX�GRQ
W�JR
EH\RQG�!��'��

7KHUH�ZLOO�EH�FDVHV�ZKHUH�WKH�VRXQG�OLVW�PHWKRG�ZRQ
W�GR�WKH�MRE��DQG�IRU�WKDW�UHDVRQ�ZH
OO�QRZ�VKRZ�DW
OHDVW�RQH�PRUH�PHWKRG�IRU��GRLQJ�VRXQG���/HW
V�VWDUW�ZLWK�WKH�DVVXPSWLRQ�WKDW�\RX�DUH�XVLQJ�9'3�5$0
IRU�VRPH�SXUSRVH�WKDW�ZLOO�SUHFOXGH�VHWWLQJ�DQ\�RI�LW�DVLGH�IRU�VRXQG�OLVWV��<RX�FDQ�VWLOO�XVH�WKHP��EXW�LQ
D�GLIIHUHQW�PDQQHU��8QIRUWXQDWHO\��WKHVH�PHWKRGV�ZLOO�QRW�SHUPLW�D�WUXH��EDFNJURXQG��SURFHVV�IRU�VRXQG�
EXW�ZLOO�UHTXLUH�WLPLQJ�ORRSV�RI�VRPH�NLQG�LQ�\RXU�RZQ�FRGH�

1.20.2. Direct To The Generator

<RX�FDQ�VHQG�VRXQG�GHILQLQJ�E\WHV�GLUHFWO\�WR�WKH�VRXQG�FKLS�DW�DGGUHVV�!������WKHQ�XVH�\RXU�RZQ�PHWKRG
WR�WLPH�WKH�GXUDWLRQV��)RU�RSHQHUV��ZH
OO�FRQVLGHU�D�PHWKRG�WKDW�XVHV�WKH�H[DFW�VDPH�VRXQG�OLVW�DV�VKRZQ
LQ�WKH�SUHYLRXV�H[DPSOH��EXW�ZLOO�QRW�ORDG�WKH�VRXQG�OLVW�LQWR�9'3�5$0��7KLV�PHWKRG�ZLOO�VWLOO�WLPH�WKH
VRXQGV� LQ�����WK� VHFRQG� LQFUHPHQWV�XVLQJ� WKH�9'3�,QWHUUXSW� WLPHU��EXW�ZLOO� GR� WKDW� WLPLQJ� LQ� WKH
�IRUHJURXQG��SURJUDP�

$V�VKRZQ�LQ�WKH�6LGHEDU�VWDUWLQJ�DW�ODEHO�0(7+���\RX
OO�QHHG�D�SRLQWHU�VHW�WR�WKH�EHJLQQLQJ�RI�WKH�VRXQG
OLVW��:H
YH�XVHG�5��KHUH��EXW�DQ\�UHJLVWHU�WKDW
V�KDQG\�ZLOO�GR��7KH�ILUVW�E\WH�LQ�WKH�VRXQG�OLVW�LV�WKH
QXPEHU�RI�E\WHV�WKDW�FRQVWLWXWH�WKH��QRWH��EHLQJ�VHQW��:H�WDNH�WKDW�ILUVW�E\WH�LQWR�5��DQG�WKHQ�XVH�5��DV
D�FRXQWHU��(DFK�RI��FRXQW��E\WHV�LV�WKHQ�VHQW�WR�WKH�VRXQG�FKLS�DW�DGGUHVV�!������7KH�E\WH�LPPHGLDWHO\
DIWHU�WKH�ODVW��JHQHUDWRU��E\WH�LV�WKH�GXUDWLRQ��DQG�KHUH�ZH
YH�SXW�WKDW�E\WH�LQ�5���WKHQ�ULJKW�MXVWLILHG�WKLV
QXPEHU�LQ�WKDW�UHJLVWHU��,I�WKDW�QXPEHU�LV�]HUR��ZH�DUH�DW�WKH�HQG�RI�WKH�VRXQG�OLVW��VR�ZH�VLPSO\�MXPS�RXW
RI�WKH�VRXQG�VHFWLRQ�RI�FRGH��2WKHUZLVH��ZH�FOHDU�WKH�9'3�,QWHUUXSW�FRXQWHU��WKHQ�VLPSO\�VWDUW�ORRSLQJ
ZLWK�D�/,0,���DQG�/,0,����DQG�D�FRPSDULVRQ�EHWZHHQ�5��DQG�WKH�9'3�,QWHUUXSW�FRXQWHU��$V�ORQJ�DV�5�
LV�JUHDWHU�WKDQ�WKH�YDOXH�LQ�WKH�FRXQWHU��ZH�NHHS�UHSHDWLQJ�WKH�ORRS��2QFH�WKH�FRXQWHU�JHWV�HTXDO�WR�RU
PRUH�WKDQ�5���WKH�VRXQG��QRWH��LV�ILQLVKHG��VR�ZH�MXPS�EDFN�WR�SURFHVV�WKH�QH[W��QRWH��LQ�WKH�OLVW��:H�KDYH
XVHG�WKH�H[SUHVVLRQ��QRWH��KHUH�WR�PHDQ�D�VHW�RI�LQVWUXFWLRQV�SDVVHG�WR�WKH�VRXQG�FKLS��ZKLFK�LQFOXGHV�ERWK
QRWH�YDOXHV�IRU�WKH�JHQHUDWRUV�DQG�YROXPH�YDOXHV�IRU�WKRVH�JHQHUDWRUV��$V�ZH
YH�PHQWLRQHG�EHIRUH�LQ�WKLV
VHULHV��WKH�GXUDWLRQ�KHUH�IRU�DQ\�RQH�QRWH�PD\�QRW�H[FHHG������RU�!))��ZKLFK�PDNHV�D�QRWH�ODVW������
VHFRQGV�
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7KHUH�LV�RQH�WULFN�UHTXLUHG�WR�XVH�WKH�GLUHFW�PHWKRG��:H
OO�SDVV�WKDW�DORQJ�ZLWKRXW�NQRZLQJ�ZK\�LW
V�VR�
$W�WKH�YHU\�EHJLQQLQJ�RI�WKH�SURJUDP��EHIRUH�ORDGLQJ�\RXU�RZQ�ZRUNVSDFH��\RX�PXVW�H[HFXWH�D�029
5���#$1<:5'�LQVWUXFWLRQ��$1<:5'�KHUH�PHDQV�MXVW�WKDW��<RX�FDQ�PRYH�5���WR�!������IRU�H[DPSOH�
RU�WR�VRPH�ZRUG�ORFDWLRQ�LQ�\RXU�RZQ�GDWD�VHFWLRQ��<RX�ZRQ
W�QHHG�LW�DJDLQ��EXW�LI�\RX�GRQ
W�H[HFXWH�WKDW
029�LQVWUXFWLRQ�EHIRUH�ORDGLQJ�\RXU�RZQ�ZRUNVSDFH��WKH�GLUHFW�PHWKRG�ZLOO�QRW�ZRUN�SURSHUO\��3OHDVH
GRQ
W�DVN�ZK\�WKLV�LV�VR��,W�MXVW�LV�

6LQFH�WKLV�PHWKRG�XVHV�WKH�9'3�,QWHUUXSW�FRXQWHU�WR�WLPH�WKH�GXUDWLRQV�RI�WKH�QRWHV��WKH�VDPH�GXUDWLRQ
YDOXHV�WKDW�ZHUH�XVHG�ZKHQ�ZH�SODFHG�WKH�VRXQG�OLVW�LQ�9'3�5$0�ZLOO�ZRUN��$V�EHIRUH��WKH�ODVW��QRWH�
PXVW�KDYH�D�GXUDWLRQ�RI�]HUR�WR�VLJQDO�WKDW�ZH
UH�DW�WKH�HQG�RI�D�VRXQG�OLVW��:H�UHFRPPHQG�D��QRWH��OLNH
WKLV�EH�WKH�ODVW�LQ�WKH�OLVW�

BYTE 4,>9F,>BF,>DF,>FF,0

7KDW�ZLOO��VKXW�GRZQ��DOO�IRXU�JHQHUDWRUV�LQ�WKH�FKLS�E\�VHWWLQJ�HDFK�WR�D�VLOHQW�YROXPH�OHYHO�

7KH�FRGH�VKRZQ�IRU�WKLV�PHWKRG�FDQ�DOVR�EH�VHW�XS�DV�D�VXEURXWLQH�VWDUWLQJ�DW�ODEHO�1;7127��ZLWK�DQ�57
LQVWUXFWLRQ�DW�ODEHO�61'(;��7KHQ�RQH�FRXOG�SOD\�GLIIHUHQW�VRXQG�OLVWV�E\�

LI   R9,SNDLST
BL   @NXTNOT

7KH�VXEURXWLQH�ZLOO�PRGLI\�WKH�YDOXHV�LQ�5��DQG�5���EXW�ZLOO�OHDYH�DOO�RWKHUV�DORQH�

1.20.3. More Exotic Methods

7KHUH�DUH�RWKHU�ZD\V�WR�GR�WKH�VRXQGV��DQG�RQFH�\RX
YH�FURVVHG�WKH�EULGJH�LQWR�VHQGLQJ�E\WHV�GLUHFWO\�WR
WKH�VRXQG�FKLS��\RX�FDQ�GR�WKLQJV�WKDW�ZHUH�LPSRVVLEOH�LQ�WKH��VRXQG�OLVW��PHWKRG��:H
OO�MXVW�WRXFK�RQ�WKRVH
WRGD\�

)LUVW��OHW
V�VXSSRVH�WKDW�����WK�VHFRQG�LV�WRR�ORQJ�D�GXUDWLRQ�IRU�\RX��<RX�ZDQW�D�VXFFHVVLRQ�RI�YHU\�VZLIW
QRWHV�WR�SOD\��OLNH�WKH�VWUXPPLQJ�RI�D�JXLWDU�RU�OXWH��RU�\RX�ZDQW�VRPH�QRLVH�OLNH�DXWRPDWLF�ZHDSRQV�ILULQJ
LQ�UDSLG�VXFFHVVLRQ��7KHVH�FDVHV�DUH�ZKHUH�WKH�UHDO�SRZHU�RI�WKH��GLUHFW��PHWKRG�FRPHV�LQWR�SOD\��,QVWHDG
RI�WLPLQJ�GXUDWLRQV�ZLWK�WKH�9'3�,QWHUUXSW�WLPHU��\RX�FDQ�FRQVWUXFW�D�VLPSOH�GHOD\�ORRS�RI�\RXU�RZQ��DQG
XVH�D�ZRUG�YDOXH�LQVWHDG�RI�D�E\WH�WR�GR�WKH�WLPLQJ��7KLV�ZD\��\RX�FDQ�PDNH�LQFUHGLEO\�VKRUW�VRXQGV�DQG
LQFUHGLEO\�ORQJ�RQHV�ZLWKRXW�VWUDLQ��VLQFH�WKH��GXUDWLRQ��FDQ�UXQ�IURP���WKURXJK���������DQG�WKH�DPRXQW
RI�WLPH�HDFK�ORRS�WDNHV�FDQ�EH�WDLORUHG�WR�\RXU�RZQ�QHHGV�E\�LQVHUWLQJ��WLPH�ZDVWHUV��LQWR�WKH�ORRS��2QH
RI�RXU�IDYRULWHV�LV�WR�GR�D�',9�RSHUDWLRQ�ZLWKLQ�WKH�WLPLQJ�ORRS��7KDW�ZDVWHV�WLPH�YHU\�QLFHO\��DQG�FDQ�EH
XVHG�IRU�RWKHU�SXUSRVHV�UHODWHG�WR�WKH�VRXQG�\RX
UH�FUHDWLQJ��7KH�65&�LQVWUXFWLRQ�FDQ�DOVR�EH�XVHG�IRU�WKLV
SXUSRVH��DQG�LW�ZLOO�VHUYH�ZHOO�
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:H�RI�FRXUVH�KDYH�XVHG�WKLV�WKLUG�PHWKRG�IRU�RXU��$VVHPEO\�0XVLF��SURGXFWV��DQG�KDYH�EHHQ�DEOH�WR�ILQH
WXQH�WKH�UHVSRQVH�RI�WKH�JHQHUDWRUV�WR�VLPXODWH�PXVLFDO�LQVWUXPHQWV�RI�YDULRXV�NLQGV��:H�PDGH�FKDQJHV
WR�WKH�YROXPHV�DQG�QRWHV�RQ�WKH�JHQHUDWRUV�ZKLOH�D��QRWH��ZDV�SOD\LQJ��7KXV�DQ�LQVWUXPHQW�OLNH�D�SLDQR
RU�KDUSVLFKRUG�FRXOG�EH�VLPXODWHG�E\�XVLQJ�DQ�H[SRQHQWLDO�GHFD\�LQ�YROXPH�GXULQJ�HDFK�QRWH�SOD\HG�
%DUU\�%RRQH�KDV�FDUULHG�WKDW�FRQFHSW�HYHQ�IDUWKHU�ZLWK�KLV�6281'�)�;�SURGXFW��WR�SURGXFH�VSHFWDFXODU
HIIHFWV�DQG�HYHQ�VSRNHQ�ZRUGV�LQ�D�UHFRJQL]DEOH�YRLFH�ZLWKRXW�D�VSHHFK�V\QWKHVL]HU�

1H[W�PRQWK�ZH
OO�JR�RQ�ZLWK�WKLV�VXEMHFW��UHYHDOLQJ�VRPH�RI�RXU��WUDGH�VHFUHWV��XVHG�LQ�WKH�$VVHPEO\�0XVLF
WKDW�ZH�DUH�NQRZQ�IRU��7KDW�ZLOO�LQFOXGH�DW�OHDVW�RQH�RI�RXU�PRVW�DGYDQFHG��LQVWUXPHQW��VXEURXWLQHV�

* TWO METHODS FOR USING SOUND LIST DATA TO PRODUCE SOUND EFFECTS
* FIRST CAN ALLOW SOUNDS TO PROCESS IN BACKGROUND WHILE THE PROGRAM
* PERFORMS OTHER ACTIONS
* CODE BY B. HARRISON
* PUBLIC DOMAIN
*
* THE FOLLOWING HAPPENS AT THE BEGINNING OF THE PROGRAM, TO PRELOAD THE
* SOUND LISTS INTO THE VDP RAM AREAS
*
       LI   R0,>2050     POINT AT FIRST LIST AREA
       LI   R1,SNDDAT    BEGINNING OF FIRST SOUND LIST
       LI   R2,ENDSND-SNDDAT LENGTH OF FIRST SOUND LIST
       BLWP @VMBW        WRITE THAT TO VDP RAM
       A    R2,R1        ADD LENGTH OF FIRST LIST
       LI   R0,>2100     POINT TO VDP RAM AREA FOR SECOND LIST
       LI   R2,LSOUND-ENDSND  LOAD R2 WITH LENGTH OF SECOND LIST
       BLWP @VMBW        WRITE THAT
       A    R2,R1        ADD LENGTH OF SECOND LIST
       LI   R0,>2200     POINT AT ADDRESS FOR THIRD LIST
       LI   R2,BLANK-LSOUND  LENGTH OF THIRD LIST
       BLWP @VMBW        WRITE THAT TO VDP RAM
* PROGRAM CONTINUES
*
* FOLLOWING CODE SECTION STARTS THE "IN FLIGHT" SOUND EFFECT FOR THE PATRIOT
* WHEN THE PATRIOT MISSILE IS LAUNCHED
*
INFLT  LI   R10,>2200    POINT AT "IN FLIGHT" SOUND LIST
       MOV  R10,@>83CC   MOVE THAT ADDRESS TO >83CC
       SOCB @ONE,@>83FD  TURN ON
       MOVB @ONE,@>83CE  VDP SOUND PROCESSING
COINC  LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT THEM OFF
* A LOOP HERE LOOKS FOR SPRITE COINCIDENCE
* AND FOR THE SCUD TO REACH BOTTOM OF SCREEN
* DEPENDING WHICH HAPPENS, PROGRAM JUMPS TO EITHER CRASH OR CRASH2
*
CRASH
*
* CODE THAT PLACES A GROUND BURST EXPLOSION EFFECT ON SCREEN GOES HERE
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*
       LI   R10,>2100    POINT AT VDP ADDRESS FOR "GROUND BURST" EFFECT
       JMP  CRASH1       THEN JUMP
CRASH2
*
* CODE THAT MAKES AN AIR BURST ON SCREEN GOES HERE
*
       LI   R10,>2050    POINT AT VDP ADDRESS FOR "AIR BURST" EFFECT
CRASH1 LIMI 0            STOP INTERRUPTS FOR NOW
       MOV  R10,@>83CC   PLACE SOUND LIST ADDRESS AT >83CC
       SOCB @ONE,@>83FD  THEN START
       MOVB @ONE,@>83CE  VDP SOUND PROCESSING
       LIMI 2            PERMIT INTERRUPTS
SNDLOP MOVB @>83CE,R10   TIMING LOOP FOR THE SOUND
       JNE  SNDLOP       CONTINUES LOOPING UNTIL SOUND LIST HAS FINISHED
       LIMI 0            DISCONTINUE INTERRUPTS
* PROGRAM CONTINUES WHEN EXPLOSION SOUND ENDS
*
* SECOND METHOD, USES "SOUND LIST" IN MAIN MEMORY, DOES NOT REQUIRE USE OF
* VDP RAM FOR THE SOUND LIST
*
SOUND  EQU  >8400        DEFINE THE SOUND CHIP ADDRESS
*
*
METH2
       LI   R9,SNDDAT    POINT AT "SOUND LIST" IN RAM
NXTNOT
       MOVB *R9+,R4      GET THE "COUNT" BYTE INTO R4
       SRL  R4,8         RIGHT JUSTIFY IN R4
       JEQ  SNDEX        IF ZERO, GET OUT OF PROCESS
MOVSND
       MOVB *R9+,@SOUND  MOVE A SOUND DEFINING BYTE TO THE CHIP
       DEC  R4           DECREMENT COUNT OF BYTES IN THIS NOTE
       JNE  MOVSND       IF NOT ZERO, REPEAT PROCESS
       MOVB *R9+,R4      ELSE GET THE "DURATION" BYTE INTO R4
       SRL  R4,8         RIGHT JUSTIFY IN R4
       JEQ  SNDEX        IF ZERO, THIS IS END OF SOUND LIST, SO GET OUT
       CLR  @>8378       ELSE CLEAR THE VDP INTERRUPT COUNTER
SNDLOP
       LIMI 2            ALLOW INTERRUPTS BRIEFLY
       LIMI 0            THEN SHUT THEM OFF
       C    R4,@>8378    COMPARE R4 TO VDP INTERRUPT COUNT
       JGT  SNDLOP       IF R4 IS GREATER, WE'RE NOT FINISHED WITH THIS NOTE
       JMP  NXTNOT       ELSE WE ARE FINISHED, GO BACK FOR NEXT NOTE
SNDEX
* PROGRAM CONTINUES HERE

*
* IN DATA SECTION, THREE SOUND LISTS
* FIRST MAKES "AIR BURST", SECOND "GROUND BURST", THIRD IS "IN FLIGHT"
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*
SNDDAT
       BYTE 5,>9F,>BF,>DF,>E5,>F2,3
       BYTE 2,>E5,>F0,9
       BYTE 2,>E5,>F2,8
       BYTE 2,>E5,>F4,6
       BYTE 2,>E5,>F6,4
       BYTE 2,>E5,>F8,2
       BYTE 2,>E5,>FA,1
       BYTE 1,>FF,0
ENDSND
       BYTE 7,>9F,>BF,>C2,>0E,>DF,>E3,>F0,3
       BYTE 2,>E5,>F0,15
       BYTE 2,>E3,>F2,3
       BYTE 2,>E5,>F2,12
       BYTE 2,>E3,>F4,2
       BYTE 2,>E5,>F4,10
       BYTE 2,>E3,>F6,2
       BYTE 2,>E5,>F6,8
       BYTE 2,>E3,>F8,1
       BYTE 2,>E5,>FA,6
       BYTE 4,>FF,>DF,>BF,>9F,0
LSOUND BYTE 5,>E4,>F0,>9F,>BF,>DF,12
       BYTE 1,>F1,10
       BYTE 1,>F3,8
       BYTE 1,>F5,7
       BYTE 1,>F8,6
       BYTE 1,>FC,5
       BYTE 1,>FF,0
BLANK  DATA 0            DATA SECTION CONTINUES HERE
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1.21. The Art Of Assembly — Part 21. Sound Trade Secrets

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

/DVW�PRQWK�ZH�SURPLVHG�WR�VKDUH�VRPH�RI�RXU��WUDGH�VHFUHWV��ZLWK�\RX��DQG�WRGD\�ZH
OO�PDNH�JRRG�RQ�WKDW
SURPLVH��:H�ZDUQ�\RX�LQ�DGYDQFH��WKRXJK��WKDW�WKLV�ZRQ
W�EH�HDV\�JRLQJ�IRU�WKH�UHDGHU��,W�ZDVQ
W�HDV\�IRU
XV�HLWKHU��ZKHQ�ILUVW�ZH�GHFLGHG�WR�PDNH�D��SLDQR��VRXQG�RQ�WKH�7,��7RGD\
V�6LGHEDU�FRQWDLQV�ORWV�RI�VRXUFH
FRGH��DOO�GHULYHG�IURP�RQH�RI�RXU�$VVHPEO\�0XVLF�SURGXFWV��:KDW
V�VKRZQ�LV�QRW�D�FRPSOHWH�SLFWXUH��VLQFH
WKDW�ZRXOG�HDW�XS�PXFK�RI�WKLV�LVVXH�RI�WKH�PDJD]LQH��,W�LV��WKRXJK��DQ�H[DPSOH�WDNHQ�GLUHFWO\�IURP�RXU
DFWXDO�VRXUFH�FRGH��DQG�DQQRWDWHG�WR�PDNH�LW�SRVVLEOH�IRU�\RX�WR�IROORZ�ZKDW�LW
V�GRLQJ�

7KH�EXON�RI�WRGD\
V�6LGHEDU�LV�WKH�VRXUFH�FRGH�IRU�RXU��SLDQR��VXEURXWLQH��ZKLFK�XVHV�GDWD�SXW�WRJHWKHU�E\
'RORUHV�3��:HUWKV��RXU�UHVLGHQW�PXVLFLDQ��$�VPDOO�VHJPHQW�RI�WKDW�GDWD�VRXUFH�LV�VKRZQ�KHUH�DOVR��7KH
SULQFLSOH�LQYROYHG�LQ�WKH�SLDQR�VXEURXWLQH�LV�WR�VHQG�D�QRWH�WR�WKH�VRXQG�FKLS�DW�!������WKHQ�FDXVH�DQ
H[SRQHQWLDO�GHFD\�RI�WKH�YROXPH�IRU�WKDW�QRWH�ZKLOH�WKH�JHQHUDWRUV�DUH�SOD\LQJ�LW��7KH�H[SRQHQWLDO�GHFD\
LV�VLPXODWHG�E\�XVLQJ�D��GHFD\�IDFWRU��ORFDWHG�DPRQJ�WKH��YDULDEOHV��DW�WKH�HQG�RI�WKH�VXEURXWLQH
V�FRGH�
7KLV�LV�QRUPDOO\�VHW�DW�D�IUDFWLRQ�RI�WKH�GXUDWLRQ�RI�D���WK�QRWH��WKH�YDOXH�RI�ZKLFK�LV�VHW�E\�D��7(032�
ILOH��VKRZQ�KHUH��7KH�YDOXH�RI�D���WK�QRWH�LV�MXVW�D�QXPEHU��W\SLFDOO\�UDQJLQJ�IURP�DERXW�����WR�DERXW�����
7KDW�VHWV�WKH�VSHHG�DW�ZKLFK�WKH�PXVLF�SOD\V��7KH�GHFD\�WLPLQJ�LV�VHOI�PRGLI\LQJ�GXULQJ�HDFK�QRWH
V
GXUDWLRQ��VR�WKDW�WKH�QRWH�GHFD\V�TXLFNO\�DW�ILUVW��WKHQ�PRUH�JUDGXDOO\�DV�LW
V�GXUDWLRQ�JRHV�RQ��7KDW
V
DFFRPSOLVKHG�E\�GRXEOLQJ�WKH�WHPSRUDU\�GHFD\�QXPEHU�HDFK�WLPH�WKH�YROXPH�LV�UHGXFHG�

7R�SXW�WKDW�LQ�SHUKDSV�PRUH�HDVLO\�XQGHUVWRRG�WHUPV��OHW
V�VD\�WKDW�WKH�QRWH
V�GXUDWLRQ�FDOOV�IRU�����
SDVVHV�WKURXJK�WKH�WLPLQJ�ORRS��DQG�WKDW�WKH�GHFD\�IDFWRU�VWDUWV�DW�D�YDOXH�RI�����7KH�ILUVW����SDVVHV
WKURXJK�WKH�WLPLQJ�ORRS�ZLOO�WKXV�EH�PDGH�ZLWKRXW�FKDQJLQJ�WKH�YROXPHV��2Q�WKH���WK�SDVV��WKH�YROXPHV
IRU�DOO�JHQHUDWRUV�ZLOO�EH�UHGXFHG�E\���GHFLEHOV��DQG�WKH�GHFD\�QXPEHU�ZLOO�GRXEOH��VR�WKH�QH[W�UHGXFWLRQ
ZLOO�KDSSHQ�DW�WKH����WK�SDVV�WKURXJK�WKH�ORRS��$W�WKDW�SDVV��WKH�GHFD\�ZLOO�JR�WR������WKHQ������WKHQ�����
DQG�VR�RQ��(DFK�WLPH�WKH�GHFD\�KDSSHQV��WKH�QH[W�RQH�LV�PRYHG�ODWHU�LQ�WKH�WLPH�GXUDWLRQ�RI�WKH�QRWH��7KLV
PDNHV�D��FXUYHG��GHFD\�SURFHVV�ZLWK�UHVSHFW�WR�WLPH��DQG�VLPXODWHV�WKH�ZD\�WKH�VRXQG�SURGXFHG�E\�D�SLDQR
VWULQJ�GHFD\V�DIWHU�WKH�VWULQJ�LV�VWUXFN�E\�WKH�SLDQR
V�KDPPHU�

2Q�HDFK�GHFD\�F\FOH��ZH�FKHFN�WKH�FXUUHQW�YROXPH�OHYHO�RI�HDFK�JHQHUDWRU�WR�VHH�LI�LW
V�UHDFKHG�WKH�VLOHQFH
OHYHO��DQG�OHDYH�LW�DORQH�LI�LW�KDV�UHDFKHG�VLOHQFH��2WKHUZLVH��ZH�LQFUHPHQW�WKH�YROXPH�EHLQJ�VHQW�WR�WKDW
JHQHUDWRU�E\�RQH��WKXV�ORZHULQJ�WKH�YROXPH�RXWSXW�E\�WZR�GHFLEHOV��:H
UH�JHWWLQJ�DKHDG�RI�RXUVHOYHV�D�ELW�
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7KH�FRGH�VHFWLRQ�VKRZQ�LQ�WRGD\
V�6LGHEDU�LV�FRPSOH[��WR�VD\�WKH�OHDVW��DQG�LV�QRW�UHDOO\�FRPSOHWH�LQ�DQ\
VHQVH��HOVH� LW�ZRXOG�ILOO�PDQ\�SDJHV��,W
V�D�VPDOO�VHFWLRQ�RI�WKH�VRXUFH�FRGH�IRU�RQH�RI�WKH��1DQQHUO
V
1RWHERRN��FRPSRVLWLRQV�E\�/HRSROG�0R]DUW��7KH��3LDQR��VXEURXWLQH�LV�FRPSOHWH�DV�VKRZQ��EXW�RQO\�D
VPDOO�SRUWLRQ�RI�WKH�RWKHU�QHFHVVDU\�ILOHV�LV�VKRZQ�WR�VHUYH�DV�DQ�H[DPSOH�RI�KRZ�WKLV�VXEURXWLQH�LV�XVHG�
6RPH�RI�ZKDW
V�VKRZQ�KHUH�DFWXDOO\�FUHDWHV�QR�RXWSXW�WR�WKH�REMHFW�ILOH��7KH�VHFWLRQV�FDOOHG��127(6��DQG
�1$1��7�� VLPSO\� HVWDEOLVK�PQHPRQLF� ODEHOV� VR� WKDW� WKH�PXVLFLDQ� FDQ� FUHDWH�GDWD� VRXUFH� ILOHV� LQ�D
TXDVL�PXVLFDO�QRWDWLRQ��7KH�SRUWLRQ�RI��127(6��VKRZQ�FRYHUV�RQO\�RQH�RFWDYH�RI�JHQHUDWRU�RQH
V�QRWHV�
7KH�IXOO�ILOH�FDUULHV�WKLV�VFKHPH�WKURXJK�VHYHQ�RFWDYHV�IRU�DOO�WKUHH�JHQHUDWRUV��7KLV�VDPH�ILOH�HVWDEOLVKHV
VLPSOH�PQHPRQLF� ODEHOV� IRU� WKH� YROXPHV� RI� QRWHV�� VWDUWLQJ�ZLWK�9��� EHLQJ� WKH� ORXGHVW� YROXPH� IRU
JHQHUDWRU���

7KH��1$1��7��SDUW�LV�VKRZQ�KHUH�LQ�IXOO��DQG�LW�HVWDEOLVKHV�WKH�GXUDWLRQ�YDOXHV�IRU�PQHPRQLF�ODEHOV�LQ
�PXVLFDO��QRWDWLRQ�EDVHG�RQ�WKH�YDOXH�7(03��ZKLFK�LV�WKH�GXUDWLRQ�IRU�D���WK�QRWH��7R�DGMXVW�VSHHG�RI
SOD\LQJ��WKH�PXVLFLDQ�FKDQJHV�RQO\�WKH�YDOXH�IRU�7(03��DQG�WKH�DVVHPEOHU�FDOFXODWHV�DOO�WKH�RWKHUV�

,Q�WKH�PXVLFDO�GDWD�SDUW��ZH�KDYH�VKRZQ�RQO\�RQH�PHDVXUH�RI�WKH�SLHFH��7KHUH�ZRXOG�DOVR�EH�DQ��DFWLRQ�
VHFWLRQ�RI�FRGH��FRQVLVWLQJ�RQO\�RI�SDUWV�OLNH�WKLV�

LI   R9,M001
LI   R13,E005
BL   @LDMEAS

7KDW�ZRXOG�FDXVH�PHDVXUHV���WKURXJK���WR�EH�SOD\HG�E\�WKH�VXEURXWLQH��0DQ\�PHDVXUHV�FDQ�EH�SOD\HG
ZLWK�MXVW�RQH�FDOO�WR�WKH�VXEURXWLQH��VLQFH�LW�ZLOO�FRQWLQXH�SOD\LQJ�XQWLO�WKH�5��SRLQWHU�WR�WKH�GDWD�HTXDOV
RU�H[FHHGV�WKH�5���SRLQWHU��:KHUH�SRUWLRQV�RI�WKH�PXVLF�UHSHDW��ORRSV�DUH�XVHG�WR�FRXQW�WKH�QXPEHU�RI
WLPHV�D�VHFWLRQ�SOD\V��5HJLVWHUV�������DQG���DUH�QRW�XVHG�E\�WKH�VXEURXWLQH��VR�WKDW�VLQJOH��GRXEOH�RU�WULSOH
QHVWHG�ORRSV�FDQ�EH�FRXQWHG�XVLQJ�WKRVH�WKUHH�UHJLVWHUV�LQ�WKH��DFWLRQ��SDUW�RI�WKH�SLHFH
V�VRXUFH�FRGH��,Q
VRPH�FDVHV��OLNH�DW�ODEHO�0���$�LQ�WKH�6LGHEDU��H[WUD�ODEHOV�DUH�HPSOR\HG�VR�WKDW�SDUWV�RI�D�PHDVXUH�FDQ
EH�UH�XVHG�HOVHZKHUH�LQ�WKH�SLHFH�

7KLV�SDUWLFXODU�LPSOHPHQWDWLRQ�RI�WKH��SLDQR��VXEURXWLQH�KDV�D�VSHFLDO�IHDWXUH�WR�PDNH�LW�HDV\�IRU�WKH
PXVLFLDQ�WR�KDYH�QRWHV�SOD\�DV�QRUPDO�GXUDWLRQV��RU�DV�VWDFFDWR�RU�OHJDWR�QRWHV��/HJDWR�PHDQV�WKH�QRWH
SOD\V�IRU�WKH�IXOO�GXUDWLRQ��VWDFFDWR�PHDQV�LW�SOD\V�IRU�����GXUDWLRQ��ZKLOH��QRUPDO��PHDQV����WKV�GXUDWLRQ�
7R�GR�WKDW��WKLV�VXEURXWLQH�WDNHV�DGYDQWDJH�RI�WZR��IDFWV���)LUVW��WKDW�VSHFLI\LQJ�WKH�QRWHV�DQG�YROXPHV�IRU
WKUHH�JHQHUDWRUV�ZRQ
W�WDNH�PRUH�WKDQ���E\WHV��DQG�VHFRQG�WKDW�D�VLQJOH�E\WH�FDQ�UDQJH�XS�WKURXJK�����
7KXV�WKH��WHQV��SODFH�LQ�WKH��QXPEHU�RI�E\WHV��E\WH�DQG�RQH�GLJLW�LQ�WKH��KXQGUHGV��SODFH�FRXOG�EH�XVHG�E\
WKH�PXVLFLDQ�WR�VLJQDO�WKLQJV�WR�WKH�VXEURXWLQH�

7KH�FRGH�IRU�WKLV�VLJQDOLQJ�ZRUNV�OLNH�WKLV��,I�RQH�RU�PRUH�JHQHUDWRUV�DUH�WR�SOD\��OHJDWR���WKHQ�WKHUH
V�D
����LQ�WKH�QXPEHU��7KH�VXEURXWLQH�VLPSO\�GLYLGHV�WKH��QXPEHU�RI�E\WHV��E\������DQG�VHQGV�WKH�TXRWLHQW
WR�WKH�/HJDWR�IODJ�ZRUG��/(*)/*���,W�WKHQ�GLYLGHV�WKH�UHPDLQGHU�E\�����DQG�XVHV�WKH�TXRWLHQW�IURP�WKDW
GLYLVLRQ�WR�GHFLGH�ZKLFK�JHQHUDWRUV�DUH�DIIHFWHG�E\�OHJDWR�RU�VWDFFDWR��,I�WKH�TXRWLHQW�RI�WKH�GLYLVLRQ�E\�WHQ
LV�]HUR��WKHQ�DOO�JHQHUDWRUV�ZLOO�SOD\�DW��QRUPDO��GXUDWLRQ��ZKLFK�LV����WKV�RI�WKH�VWDWHG�GXUDWLRQ��7KH
HQFRGLQJ�RI�WKH��WHQV��SODFH�ZRUNV�OLNH�WKLV�
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9$/8( 0HDQLQJ

� JHQ��
� JHQ��
� JHQ��
� JHQV���DQG��
� JHQV���DQG��
� JHQV�������DQG��
� JHQV���DQG��

7KH�VXEURXWLQH��GHFRGHV��WKLV�SRUWLRQ�RI�WKH�E\WH�DQG�VHWV�IODJ�E\WHV�LQ�WKH�WDEOH�DW�6(7)/*�WR�LQGLFDWH
ZKLFK�JHQHUDWRUV�DUH�DIIHFWHG�E\�WKH�VWDFFDWR�RU�OHJDWR�FRQGLWLRQ��7KH�UHPDLQGHU�IURP�WKH�GLYLVLRQ��OHIW
LQ�5���LV�WKH�QXPEHU�������RI�E\WHV�WR�EH�VHQW�WR�WKH�VRXQG�FKLS�

7KXV�LI�WKH�PXVLFLDQ�LV�VSHFLI\LQJ�D�QHZ�QRWH�DQG�GXUDWLRQ�IRU�HDFK�RI�WKH�WKUHH�JHQHUDWRUV��DQG�ZDQWV�D
OHJDWR�RQ�JHQHUDWRUV���DQG����ZLWK�JHQHUDWRU�RQH�SOD\LQJ�D�QRUPDO�GXUDWLRQ��WKH��QXPEHU�RI�E\WHV��E\WH
ZRXOG�EH�JLYHQ�DV������)RU�D�VWDFFDWR�RQ�JHQHUDWRUV���DQG����WKH��E\WHV��E\WH�LV�HQWHUHG�DV����

8VLQJ�GHFLPDO�HQWULHV�LQ�WKLV�ZD\�PDGH�LW�PXFK�HDVLHU�IRU�WKH�PXVLFLDQ�WR�FRPSUHKHQG�ZKDW�ZDV�JRLQJ
RQ�DQG�WR�FRQWURO�WKH�DFWLRQV�RI�WKH�VXEURXWLQH��2I�FRXUVH�WKH�$VVHPEOHU�FRQYHUWV�DOO�WKHVH�QXPEHUV�WR
KH[�QRWDWLRQ�LQ�WKH�REMHFW�FRGH�

:KHQ�WKLV�NLQG�RI�GDWD�LV�DVVHPEOHG��WKHUH�ZLOO�EH�H[WUD�E\WHV�OHIW�LQ�WKH�REMHFW�FRGH��DQG�WKRVH�ZLOO�EH�VHW
DW�]HUR�E\�WKH�DVVHPEOHU��)RU�H[DPSOH��LI�WKH�VRXUFH�ORRNV�OLNH�WKLV�

BYTE 3
DATA AZ1
BYTE V31
DATA SX

7KH�$VVHPEOHG�YDOXHV��DVVXPLQJ�ZH�VWDUWHG�DW�DQ�HYHQ�ORFDWLRQ��ZRXOG�ORRN�OLNH�WKLV�LQ�KH[�QRWDWLRQ�

0300 803C 9200 015D

7KH�VXEURXWLQH�GHWHFWV�WKHVH�]HUR�YDOXHG�E\WHV�DQG�VLPSO\�LJQRUHV�WKHP��VLQFH���LV�QRW�D�OHJDO�YDOXH�IRU
WKH�VRXQG�FKLS��,W�DOVR�FKHFNV�EHIRUH�WDNLQJ�LQ�WKH�GXUDWLRQ�E\WHV�WR�EH�VXUH�LW
V�DW�DQ�HYHQ�ORFDWLRQ��VLQFH
RI�FRXUVH�WKH�OHIW�E\WH�RI�WKH�GXUDWLRQ�FRXOG�EH�]HUR��DQG�WKDW�PXVW�QRW�EH�LJQRUHG�

$V�DOZD\V��ZKHQ�ZH�ORRN�DW�VRXUFH�FRGH�LQ�SUHSDULQJ�WKHVH�DUWLFOHV��ZH�VHH�URRP�IRU�LPSURYHPHQW��)RU
H[DPSOH��DW�ODEHO�67$57��LW�ZRXOG�ZRUN�MXVW�DV�ZHOO�DQG�FRQVXPH�OHVV�PHPRU\�LI�LW�ORRNHG�OLNH�WKLV�

START INC  R9
COC  @ONE,R9
JEQ  START
MOV  *R9+,R1
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7KDW� ZRXOG� VDYH� XV� D� FRXSOH� RI� LQVWUXFWLRQV�� VLQFH� DW� WKH� SRLQW� ZKHUH� WKH� RULJLQDO� FRGH� VD\V
029%�5���5���ZH�NQRZ�ZH
UH�DW�DQ�HYHQ�ORFDWLRQ��DQG�WKXV�FRXOG�VLPSO\�PRYH�WKH�ZRUG�DV�VKRZQ
DERYH��2I�FRXUVH�WKLV�LVQ
W�JRLQJ�WR�PHDQ�ZH�UH�DVVHPEOH�DOO�WKH�PXVLF�VWXII�MXVW�WR�VDYH�WKRVH�IHZ�E\WHV�
EXW�RQFH�DJDLQ�LW�VKRZV�WKH�IDOOLEOH�KXPDQ�TXDOLWLHV�RI�\RXU�DXWKRU��$V�\RX�OHDUQ�$VVHPEO\��\RX�ZLOO
DOZD\V�ILQG�VXFK�WKLQJV�LQ�VWXII�\RX�ZURWH�ODVW�\HDU��DQG�PD\�EH�WHPSWHG�WR�NLFN�\RXUVHOI�IRU�WKHP��'RQ
W�
(YHU\ERG\�ZKR�GRHV�DVVHPEO\�FRGH�ZLOO�WHOO�\RX�WKLV�LV�FRPPRQ�

:H
UH�QRW�JRLQJ�WR�ERUH�HYHU\RQH�VLOO\�DW�WKLV�SRLQW�ZLWK�D�OLQH�E\�OLQH�H[DPLQDWLRQ�RI�WKH�6LGHEDU��7KDW
VKRXOG�PDNH�HYHU\RQH�KDSS\��LQFOXGLQJ�WKH�3XEOLVKHUV��%\�QRZ��LI�\RX
YH�IROORZHG�WKLV�VHULHV��\RX�FDQ
ILJXUH�RXW�RXU�FRQWRUWHG�ORJLF�IURP�WKH�6LGHEDU�LWVHOI�

$V�\RX�PD\�NQRZ��ZH�KDYH�UHOHDVHG�DOO�RXU�$VVHPEO\�0XVLF�SURGXFWV�WR�3XEOLF�'RPDLQ��ZKLFK�PHDQV�WKDW
PDQ\�RI�WKHP�DUH�DYDLODEOH�WKURXJK�8VHU�*URXS�OLEUDULHV��DQG�DOO�RI�WKHP�DUH�DYDLODEOH�IURP�7,*(5&8%
V
3'�FDWDORJ���&DWDORJ�IRU�D�UHIXQGDEOH�������IURP�7,*(5&8%�62)7:$5(������&ROOLQJZRRG�$YHQXH�
&ROXPEXV��2+����������:H�KDYH�DOVR�PDGH�XS�D�GLVN�RI� WKH� FRPSOHWH� VRXUFH� FRGH� IRU� RQH� QXPEHU
�7FKDLNRYVN\
V�0DUFK�IURP�WKH�1XWFUDFNHU�6XLWH��WKDW�ZH�RIIHU�DW�QRPLQDO�FRVW��������LQFO��6	+��IRU�WKRVH
ZKR�ZDQW�WR�H[SORUH�WKH�UHDOP�RI�$VVHPEO\�PXVLF���+DUULVRQ�6RIWZDUH���������WK�3ODFH��+\DWWVYLOOH�0'
�������DVN�IRU�WKH�0DUFK�VRXUFH�FRGH�GLVN��

1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG��3HUKDSV�ZH
OO�SXUVXH�D�UHDGHU
V�VXJJHVWLRQ��RU�VRPH�FUD]\�LGHD�RI�RXU�RZQ�
:H�GR�DSSUHFLDWH�KDYLQJ�KHDUG�IURP�VRPH�RI�RXU�UHDGHUV��,W�EULJKWHQV�RXU�VRPHWLPHV�GXOO�GD\V�

* ASSEMBLY MUSIC SOURCE CODE EXCERPTS
* THESE ARE FRAGMENTS FOR ILLUSTRATION
*
* CODE BY B. HARRISON EXCEPT WHERE NOTED
*
* FIRST PARTS ARE ALL EQUATES TO MAKE MNEMONIC LABELS AVAILABLE
*
*  NOTES - EQUATES FOR MUSIC PROGRAMS
*  SAVED AS "NOTES"
*
A1     EQU  >893F        FIRST OCTAVE
AZ1    EQU  >803C        GENERATOR ONE
BJ1    EQU  >803C
B1     EQU  >8A38
C1     EQU  >8735
CZ1    EQU  >8732
DJ1    EQU  >8732
D1     EQU  >8A2F
DZ1    EQU  >8F2C
EJ1    EQU  >8F2C
E1     EQU  >872A
F1     EQU  >8128
FZ1    EQU  >8D25
GJ1    EQU  >8D25
G1     EQU  >8B23
GZ1    EQU  >8B21
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A1J1   EQU  >8B21        2ND OCTAVE
A11    EQU  >8C1F        GENERATOR ONE
* SIMILAR ENTRIES CONTINUE FOR ADDITIONAL OCTAVES ON ALL GENERATORS

*  VOLUME LEVELS
*
V11    EQU  >0090        MAX LOUD GEN ONE
V21    EQU  >0091
V31    EQU  >0092
V41    EQU  >0093
V51    EQU  >0094
V61    EQU  >0095
V71    EQU  >0096
V81    EQU  >0097
V91    EQU  >0098
V101   EQU  >0099
V111   EQU  >009A
V121   EQU  >009B
V131   EQU  >009C
V141   EQU  >009D
V151   EQU  >009E
V161   EQU  >009F        SILENCE GEN ONE
* SIMILAR ENTRIES FOR GENERATOR 2 V12, V22, ETC. CONTINUE

* NANNERL'S NOTEBOOK #11 MARCHE IN F
*  FILE NAN11T - TEMPO VARIABLES
*  THE VALUE AT LABEL TEMP GOVERNS PLAYING SPEED FOR THE MUSIC
*
TEMP   EQU 349      VALUE 4 THRU 2000
SX     EQU TEMP     64TH NOTE DURATION
T      EQU 2*TEMP   32ND NOTE DURATION
S      EQU 4*TEMP   16TH NOTE
E      EQU 8*TEMP   8TH NOTE
Q      EQU 16*TEMP  QUARTER
H      EQU 32*TEMP  HALF
TT     EQU S/3      TRIPLET 32ND NOTE
TS     EQU E/3      TRIPLET 16TH
TS2    EQU TS/2     HALF OF THAT
TE     EQU Q/3      TRIPLET EIGHTH
TE2    EQU TE/2     HALF THAT
TE3    EQU TE/3     ONE THIRD OF THAT
TE4    EQU TE/4     ONE QUARTER OF THAT
STP    EQU SX/4     VERY SHORT NOTE

* PROGRAM ENTRY POINT SHOULD CONTAIN:

ENTRY  MOV  R11,@>8300   MOVE REGISTER 11
       LWPI WS           THEN LOAD YOUR WORKSPACE
*
* CODE TO INVOKE THE PIANO FOR ONE MEASURE LOOKS LIKE THIS
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       LI   R9,M001      BEGINNING OF A MEASURE
       LI   R13,E001     END OF A MEASURE
       BL   @LDMEAS      CALL THE SUBROUTINE TO PLAY THIS SECTION
*
* THE PIANO SUBROUTINE IS THIS:
* "GRAND PIANO" SUBROUTINE
* MODIFIED FOR AUTO STACCATO AND LEGATO
*
SOUND  EQU  >8400
LDMEAS
LM1    MOVB *R9+,R1      GET THE "NUMBER" BYTE INTO R1
       JEQ  LM1          IF ZERO, TRY NEXT BYTE
       SRL  R1,8         RIGHT JUSTIFY IN R1
       MOV  R1,R8        MOVE THE "NUMBER" WORD TO R8
       CLR  R7           CLEAR REGISTER 7
       CLR  @SETFLG      CLEAR A FLAG WORD
       CLR  @SETFLG+2    AND THE WORD AFTER THAT
       DIV  @DECHUN,R7   DIVIDE R7-R8 PAIR BY 100
       MOV  R7,@LEGFLG   R7 WILL = 1 FOR A LEGATO NOTE
       CLR  R7           CLEAR R7 AGAIN
       DIV  @DECTEN,R7   DIVIDE R7-R8 PAIR BY TEN
       MOV  R7,R7        CHECK TO SEE IF R7 IS ZERO
       JEQ  NORMA0       IF SO, JUMP AHEAD
       CI   R7,7         ELSE COMPARE TO 7
       JEQ  SET2         IF SO, JUMP
       CI   R7,3         COMPARE R7 TO 3
       JLT  SET2         IF LESS, JUMP
       MOVB @ONE+1,@SETFLG+2 ELSE SET FOR STACCATO/LEGATO ON GENERATOR 3
       AI   R7,-3        SUBTRACT 3 FROM R7
       JEQ  NORMA0       IF ZERO, JUMP AHEAD
SET2   CI   R7,2         ELSE COMPARE TO 2
       JLT  SET1         IF LESS, JUMP
       MOVB @ONE+1,@SETFLG+1 ELSE SET FLAG FOR GENERATOR 2
       AI   R7,-2        SUBTRACT 2
       JEQ  NORMA0       IF ZERO, JUMP
SET1   MOVB @ONE+1,@SETFLG ELSE SET FLAG FOR GENERATOR 1
       CLR  R7           CLEAR R7
NORMA0 MOV  R8,R1        MOVE R8 BACK TO R1
LM2    CB   *R9,@ZERO    ARE WE POINTING AT A ZERO BYTE?
       JEQ  INC9         IF SO, JUMP
       CLR  R8           ELSE CLEAR R8
       MOVB *R9,R8       MOVE A "NOTE" BYTE INTO R8
       SRL  R8,12        SHIFT BY 12 SO ONLY THE LEFT NYBBLE IS USED
       COC  @ONE,R8      IS THIS AN ODD NUMBER?
       JNE  BLAH         IF NOT, JUMP AHEAD
       AI   R8,-9        ELSE SUBTRACT 9
       JLT  BLAH         IF LESS THAN ZERO, JUMP
* AT THIS POINT, WE KNOW THAT THE BYTE POINTED TO BY R9 IS A VOLUME BYTE
       SRL  R8,1         ELSE DIVIDE NUMBER BY 2
       CB   *R9,@SNDOFF(R8) SEE IF IT'S A "SILENCE" BYTE
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       JEQ  BLAH1        IF SO, JUMP AHEAD
       CB   *R9,@STACOT(R8) SEE IF IT'S A "STACCATO" VALUE
       JNE  LM7          IF NOT, JUMP
       MOVB @SNDOFF(R8),@SOUND ELSE SILENCE THE GENERATOR
       MOVB @SNDOFF(R8),@VOLUME(R8)  AND PUT SILENCE IN THE VOLUME TABLE
       JMP  BLAH1        THEN JUMP
LM7    MOVB *R9,@VOLUME(R8) PLACE THE BYTE IN VOLUME TABLE
BLAH   MOVB *R9,@SOUND   MOVE THE BYTE TO THE SOUND CHIP
BLAH1  DEC  R1           DECREMENT BYTE COUNT
       JEQ  START        IF ZERO, JUMP AHEAD
INC9   INC  R9           ELSE INCREMENT R9
       JMP  LM2          THEN JUMP BACK TO PROCESS NEXT BYTE
START  INC  R9           POINT AT NEXT BYTE IN DATA
       COC  @ONE,R9      IS R9 AN ODD LOCATION?
       JEQ  START        IF SO, MOVE ON TO NEXT BYTE
       MOVB *R9+,R1      GET HIGH BYTE OF DURATION INTO R1
       SWPB R1           SWAP
       MOVB *R9+,R1      GET LOW BYTE OF DURATION INTO R1
       SWPB R1           SWAP SO R1=DURATION WORD FROM DATA
*
* THE FOLLOWING FIVE LINES ARE PART OF A "CALIBRATION" PROCESS TO MAKE THE MUSIC
* PLAY AT THE SAME PACE ON A GENEVE AS IT DOES ON A TI - TO MAKE THIS EFFECTIVE,
* A "DUMMY" RUN THROUGH THE SUBROUTINE'S INNER LOOP (LM4) WAS DONE AT THE
* BEGINNING OF THE PROGRAM.  THESE LINES ARE COMMENTED OUT BECAUSE THEY CAN'T
* BE USED WITHOUT THAT DUMMY RUN HAVING BEEN PERFORMED.
*
*      MOV  R1,R0        MOVE R1 INTO R0
*      CLR  R1           CLEAR R1
*      MPY  @TINUM,R0    MULTIPLY R0 BY THE TI CALIBRATION NUMBER
*      DIV  @CALNUM,R0   THEN DIVIDE R0-R1 PAIR BY THE PRESENT MACHINE'S NUMBER
*      MOV  R0,R1        MOVE THE QUOTIENT BACK TO R1
       MOV  R1,@SHTCNT   PLACE THAT FOR NOW AT LABEL SHORT COUNT
       MOV  R1,R8        AND MOVE IT INTO R8
       MOV  @LEGFLG,R7   CHECK FOR LEGATO INDICATOR
       JNE  STK2         IF FLAG SET, JUMP
       MOVB @SETFLG,R7   CHECK FLAG FOR GEN 1
       JNE  STK4         IF NOT ZERO, JUMP
       MOVB @SETFLG+1,R7 CHECK FLAG FOR GEN 2
       JNE  STK4         IF NOT ZERO, JUMP
       MOVB @SETFLG+2,R7 CHECK FLAG FOR GEN 3
       JEQ  STR1         IF ZERO, JUMP
STK2   MOV  R1,R7        ELSE PLACE DURATION IN R7
       SRL  R7,3         DIVIDE BY 8
       JMP  STK3         THEN JUMP
STK4   MOV  R1,R7        PLACE DURATION IN R7
       SRL  R7,2         DIVIDE BY 4
STK3   S    R7,R8        SUBTRACT 1/8 OR 1/4 FROM DURATION
       MOV  R8,@SHTCNT   THEN MOVE THE RESULT TO SHORT COUNT
STR1   MOV  R1,@DURAT    AND MOVE FULL DURATION TO DURAT
       MOV  @ONE,R1      THEN SET R1 AT VALUE 1
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       MOV  @DECNT,R15   PLACE THE DECAY VALUE IN R15
LM4    MOV  R1,R8        MOVE THE CURRENT COUNT TO R8
       CLR  R7           CLEAR R7
       DIV  R15,R7       DIVIDE R7-R8 PAIR BY DECAY COUNT IN R15
       MOV  R8,R8        IS THERE ANY REMAINDER?
       JNE  DEC1         IF REMAINDER NON-ZERO, JUMP AHEAD
       LI   R14,VOLUME   ELSE POINT R14 AT VOLUME TABLE
       LI   R7,4         FOUR GENERATORS TO CHECK
INLP   CLR  R8           CLEAR R8
       MOVB *R14,R8      GET A BYTE FROM VOLUME TABLE
       SLA  R8,4         SHIFT LEFT TO STRIP OFF GENERATOR NYBBLE
       CB   @SILENT,R8   COMPARE BYTE TO "SILENCE" VALUE
       JEQ  INLP5        IF SILENT, JUMP AHEAD
       AB   @ONE+1,*R14  ELSE ADD ONE TO THE BYTE IN THE TABLE
INLP5  MOVB *R14,@SOUND  AND MOVE THAT BYTE TO THE SOUND CHIP
INC14  INC  R14          INCREMENT POINTER TO NEXT BYTE IN VOLUME TABLE
       DEC  R7           DECREMENT COUNTER
       JNE  INLP         IF NOT ZERO, REPEAT
       SLA  R15,1        ELSE MULTIPLY DECAY COUNT IN R15 BY 2
DEC1   INC  R1           INCREMENT LOOP COUNT IN R1
       C    R1,@SHTCNT   COMPARE TO SHORT DURATION COUNT
       JNE  DEC1C        IF NOT EQUAL, JUMP
       C    @SHTCNT,@DURAT ELSE COMPARE SHORT COUNT TO FULL DURATION
       JEQ  DEC1C        IF EQUAL, JUMP AHEAD
       CLR  R8           ELSE CLEAR R8
       LI   R7,4         PUT 4 IN R7
       CLR  R14          CLEAR REG 14
       MOV  @LEGFLG,R8   MOVE LEGATO COUNT INTO R8
       JNE  DEC1A        IF NOT ZERO, JUMP
INLP2A MOVB @SETFLG(R14),R8 ELSE MOVE A FLAG BYTE TO R8
       JEQ  INC14A       IF ZERO, JUMP
       MOVB @SNDOFF(R14),@SOUND ELSE SILENCE THIS GENERATOR
       MOVB @SNDOFF(R14),@VOLUME(R14) AND THE VOLUME TABLE BYTE
INC14A INC  R14          INCREMENT POINTER IN R14
       DEC  R7           DECREMENT COUNTER
       JNE  INLP2A       IF NOT ZERO, REPEAT
       JMP  DEC1C        ELSE JUMP
DEC1A  CLR  R8           CLEAR REGISTER 8
       MOVB @SETFLG(R14),R8 MOVE A FLAG BYTE TO R8
       JEQ  INC14B       IF ZERO, JUMP AHEAD
       MOVB @SNDOFF(R14),@SOUND ELSE SILENCE THE GENERATOR
       MOVB @SNDOFF(R14),@VOLUME(R14) AND THE BYTE IN VOLUME TABLE
INC14B INC  R14          INCREMENT POINTER
       DEC  R7           DECREMENT COUNT
       JNE  DEC1A        IF NOT ZERO, REPEAT
DEC1C  C    R1,@DURAT    SEE IF DURATION COUNT IN R1 = FULL DURATION
       JNE  LM4          IF NOT, GO BACK TO START OF LOOP
       C    R9,R13       SEE IF WE'RE AT END OF POINTED DATA SECTION
       JGT  RETRN        IF GREATER, GET OUT OF SUBROUTINE
       JEQ  RETRN        IF EQUAL, SAME ACTION
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       B    @LDMEAS      ELSE GO BACK FOR NEXT NOTE
RETRN  RT                EXIT THE SUBROUTINE
* END OF SUBROUTINE
* DATA SECTION INCLUDES THE FOLLOWING:
*
DECNT  DATA TEMP/2+10    DECAY COUNT
ONE    DATA 1            VALUE ONE AS A WORD
DECHUN DATA 100          100 AS A WORD
DECTEN DATA 10           10 AS A WORD
DURAT  DATA 0            NOTE DURATION
LEGFLG DATA 0            LEGATO FLAG WORD
SETFLG BYTE 0,0,0,0      GENERATOR FLAG BYTES
SHTCNT DATA 0            SHORTENED DURATION COUNT
STACOT BYTE >9E,>BE,>DE,>FE OLD STACCOTO METHOD
VOLUME BYTE >9F,>BF,>DF,>FF GENERATOR VOLUME TABLE
SNDOFF BYTE >9F,>BF,>DF,>FF "SILENCE" BYTE TABLE
*
* FOLLOWING IS A DATA EXCERPT FOR THE FIRST MEASURE OF ONE PIECE
* NANNERL'S NOTEBOOK #11 MARCHE IN F
* MEASURE ONE ONLY
* MUSICAL DATA BY DOLORES P. WERTHS
*
M001   BYTE 9            NINE BYTES IN THIS NOTE
       DATA G21,A22,F13  2ND OCT G GEN 1, 2ND OCT A GEN 2, 1ST OCT F GEN 3
       BYTE V31,V52,V53  VOL 3 GEN 1, VOL 5 GEN 2, VOL 5 GEN 3
       DATA TT           TRIPLET 32ND DURATION
       BYTE 3            THREE BYTES IN NEXT NOTE
       DATA F21          2ND OCT F GEN 1
       BYTE V31          VOL 3 GEN 1
       DATA TT           TRIPLET 32ND
       BYTE 3
       DATA E21
       BYTE V31
       DATA TT
       BYTE 113          LEGATO ON GEN 1, 3 BYTES
       DATA F21
       BYTE V31
       DATA E
       BYTE 163          LEGATO GENS 1,2, AND 3 , 3 BYTES
       DATA G21
       BYTE V31
       DATA S
M001A  BYTE 119          LEGATO ON GEN 1, 9 BYTES
       DATA A31,A22,F13
       BYTE V31,V52,V53
       DATA S+T
       BYTE 115          LEGATO ON GEN 1, 5 BYTES
       DATA G21
       BYTE V31,V152,V153
       DATA T
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       BYTE 119
       DATA A31,A22,F13
       BYTE V31,V52,V53
       DATA S+T
       BYTE 115
       DATA B3J1
       BYTE V31,V152,V153
E001   DATA T
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1.22. The Art Of Assembly — Part 22. The Business End

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

)URP�WLPH�WR�WLPH�LQ� WKLV�FROXPQ�ZH
YH�EURNHQ�DZD\�IURP�WKH�GULHU�DVSHFWV�RI�$VVHPEO\�/DQJXDJH
SURJUDPPLQJ��7RGD\�ZH�WKRXJKW�ZH�VKRXOG�GHYRWH�D�ZKROH�FROXPQ�WR�D�WRSLF�ZH�KDYH�QHYHU�VHHQ�WRXFKHG�
QDPHO\� WKH� EXVLQHVV� RI� PDNLQJ� D� EXVLQHVV� RXW� RI� WKLV� SURJUDPPLQJ� �KREE\��� /LNH� WKH� $VVHPEO\
SURJUDPPLQJ�LWVHOI��WKLV�LVQ
W�HDV\�

1.22.1. The Rules

5XOH�QXPEHU�RQH�LV�WKDW�WKHUH�DUH�QR�UXOHV��(DFK�FRPSDQ\�WKDW�FKRRVHV�WR�VHUYH�WKLV�YHU\�VSHFLDO�PDUNHW
VHHPV�WR�WDNH�LWV�RZQ�XQLTXH�DSSURDFK��6RPH�IDOO�E\�WKH�ZD\VLGH�XVLQJ��VRXQG��EXVLQHVV�SUDFWLFHV��ZKLOH
VRPH�VXFFHHG� LQ�VSLWH�RI�YHU\�EDG�SUDFWLFHV��2XU�RZQ�SUDFWLFHV� LQ�VXFK�DUHDV�DV�UHFRUG�NHHSLQJ�DUH
VKDPHIXOO\�OD[��\HW�ZH�KDYH�EHHQ�NQRZQ�WR�VKRZ�D�SURILW�LQ�VRPH�\HDUV�

)RU�XV��WKH�RQO\�UHDO�5XOH�QXPEHU�RQH�LV�WR�VHUYH�RXU�FXVWRPHUV��:H�H[LVW�DV�D�EXVLQHVV�WR�VHUYH�WKHP��QRW
WR�VHUYH�RXUVHOYHV��:H
OO�VWD\�DURXQG�DQG�PDNH�PRGHVW�SURILWV�RQO\�VR�ORQJ�DV�SHRSOH�LQ�WKH�FRPPXQLW\
FDQ�WUXVW�XV�WR�VHUYH�WKHLU�QHHGV��7KHUH�LQ�WKH�ODVW�SDUW�RI�WKDW�VHQWHQFH�LV�WKH�ELJJHVW�VLQJOH�SUREOHP�IRU
DQ\�VRIWZDUH�EXVLQHVV��VLQFH�WR�VHUYH�WKH�QHHGV�RI�7,�RZQHUV��RQH�PXVW�NQRZ�ZKDW�WKRVH�QHHGV�DUH��0RVW
RI�WKH�WLPH��WKLV�ERLOV�GRZQ�WR�JXHVVLQJ�ZKDW�PLJKW�EH�QHHGHG��DQG�WKHQ�NHHSLQJ�RQH
V�JRDOV�LQ�SHUVSHFWLYH�

7KHUH
V�DOZD\V�VRPHRQH�ZKR�H[SUHVVHV�QHHGV�OLNH��:KDW�,�QHHG�LV�D�0DF,QWRVK�HPXODWLRQ�SURJUDP�IRU�P\
7,���/DXJK�LI�\RX�OLNH��EXW�VRPH�RI�WKH�OHWWHUV�LQ�0,&52SHQGLXP�FRPH�SUHWW\�FORVH�WR�WKDW�NLQG�RI�QHHG
VWDWHPHQW��,W�FHUWDLQO\�PLJKW�EH�D�ELJ�VHOOHU��EXW�FRXOG�DOVR�EHFRPH�D�ERWWRPOHVV�SLW�IRU�WKH�SURJUDPPHU�

1.22.2. Think Big

,I�DQ\WKLQJ�FDQ�NLOO�RII�D�7,�SURJUDPPLQJ�HIIRUW�� WKLV�LV�LW��$Q\RQH�UHPHPEHU�35(66"�7KDW��LQ�RXU
RSLQLRQ��ZDV�D�YLFWLP�RI�WKH�7+,1.�%,*�V\QGURPH��:H�VHH�WKLV�DOO�RYHU�WKH�SODFH�LQ�WKH�3&�PDUNHW��ZKHUH
IRU�H[DPSOH�D�SRSXODU�ZRUG�SURFHVVRU�RFFXSLHV�ILYH�0HJDE\WHV�RQ�WKH�KDUG�GLVN��DQG�QHHGV�VRPHZKHUH
DURXQG�RQH�0HJDE\WH�RI�PHPRU\�WR�RSHUDWH��,Q�WKDW�PDUNHW��RI�FRXUVH��VXFK�SURGXFWV�DFWXDOO\�VXFFHHG�
EHFDXVH� WKHUH
V� FRQWLQXRXV� SUHVVXUH� IRU� SHRSOH� WR� XSJUDGH� WR� �ELJJHU� DQG� EHWWHU��PDFKLQHV��$V� WKH
PDFKLQHV�JHW�ELJJHU�DQG�IDVWHU��WKH�SURJUDPV�IRU�WKHP�JHW�ELJJHU�DQG�VORZHU��3URJUDPPHUV�IRU�WKH�3&
KDYH�QR�LQFHQWLYH�WR�ZULWH�HIILFLHQW�SURJUDPV�

)RU�WKRVH�RI�XV�WU\LQJ�WR�VWD\��ZLWKLQ�ERXQGV��RQ�WKH�7,��VXFK�WKLQNLQJ�PXVW�EH�VWXGLRXVO\�DYRLGHG��$IWHU
VRPH�WLPH��WKHUH�LV�D�NLQG�RI��VL[WK�VHQVH��ZH�GHYHORS�ZKLFK�NHHSV�XV�IURP�WU\LQJ�WR�PDNH�/RWXV�6\PSKRQ\
IRU�WKH�7,���6RPHERG\�ZLOO�SUREDEO\�WU\�WKDW�VRRQ��:ULWH�LW�LQ�&��DQG�LW�ZLOO�DOO�EH�HDV\��



The Cyc: MICROpendium

1.22.3. Lucky Guesses

,Q�D�ORW�RI�FDVHV��ZH
YH�GRQH�WKLQJV�EHFDXVH�RI�RXU�RZQ�QHHGV��WKHQ�IRXQG�WKDW�WKHUH�ZHUH�RWKHUV�ZLWK�WKDW
VDPH�QHHG��DQG�WKHUHIRUH�D�PDUNHW�H[LVWHG��7ZR�H[DPSOHV�VKRXOG�VHUYH�WR�LOOXVWUDWH�WKLV�SRLQW�

6RPH�WLPH�DJR��ZH�KDG�D�QHHG�WR�PRYH�ILOHV�EDFN�DQG�IRUWK�EHWZHHQ�RXU�3&V�DQG�RXU�7,V��6LQFH�ZH�KDYH
RQO\�VLQJOH�GHQVLW\�GLVN�FDSDELOLW\�RQ�RXU�7,V��3&�7UDQVIHU�ZDV�QRW�DQ�RSWLRQ��7KXV�ZH�GHFLGHG�WR�FUHDWH
D�OLWWOH��XWLOLW\��WR�WUDQVIHU�WH[W�ILOHV��DFWXDOO\�VRXUFH�FRGH��YLD�D�VLPSOH�56�����FRQQHFWLRQ��2QFH�WKDW�ZDV
ZRUNLQJ��P\�SDUWQHU�'RORUHV�VXJJHVWHG�WKDW�,�VKRXOG��GUHVV�LW�XS��D�ELW�DQG�UHOHDVH�LW�DV�D�FRPPHUFLDO
SURGXFW��0RQWKV��PD\EH����RI�WKHP"��ZHQW�E\��ZLWK�KHU�VXJJHVWLQJ�DQG�P\�UHVLVWLQJ��EXW�ZKHQ�WKH
�GUHVVLQJ�XS��ZDV�GRQH��ZH�KDG�6PDUW�&RQQHFW��ZKLFK�ZDV�RQH�RI�RXU�DOO�WLPH�EHVW�VHOOHUV�

/LNHZLVH�RXU�:RUG�3URFHVVRU��ZKLFK�ZDV�RULJLQDOO\�ZULWWHQ�WR�VDWLVI\�RXU�RZQ�QHHGV��IRXQG�D�JRRG�PDUNHW
DPRQJ�RWKHUV�ZKR�KDWH�7,�:ULWHU��:KHQ�WKDW�SURGXFW�ZDV�UHYLHZHG�E\�6WDQ�.UDMHZVNL��ZKR�KLPVHOI
DOZD\V�GLVOLNHG�WKH�7,�:ULWHU�DSSURDFK��ZH�VXGGHQO\�IRXQG�WKHUH�ZHUH�ORWV�RI�SHRSOH�ZKR�IHOW�WKH�VDPH
ZD\��6DOHV�VRDUHG��7KLV�PDGH�XV��DQG�SUHVXPDEO\�D�ORW�RI�RWKHUV��KDSS\�SHRSOH�

&RQYHUVHO\�� VRPH�RI� RXU�ZRUVW�GLVDVWHUV�DV� FRPPHUFLDO�SURGXFWV�KDYH�EHHQ� WKRVH� WKDW�ZH� LPDJLQHG
VRPHRQH�HOVH�ZRXOG�QHHG��HYHQ�WKRXJK�ZH�GLGQ
W�QHHG�VXFK�WKLQJV�RXUVHOYHV��7KDW
V�RQH�UHDVRQ�RXU�FDWDORJ
KDV�VKUXQN�IURP�WLPH�WR�WLPH��DV�SURGXFWV�ZH�LQWURGXFHG�ZHUH�TXLHWO\�GLVFRQWLQXHG�

1.22.4. Think Small

7KLV�OLWWOH�ERQ�PRW�ZDV�QRW�RXU�LQYHQWLRQ��EXW�VRXQG�DGYLFH�JLYHQ�XV�E\�-LP�3HWHUVRQ��:H
UH�WROG�WKDW
/HRSROG�0R]DUW�JDYH�VLPLODU�DGYLFH�WR�KLV�VRQ�:ROIJDQJ�$PDGHXV��7KHUH�DUH�SOHQW\�RI�VPDOO�WKLQJV�SHRSOH
ZLWK�7,V�QHHG��0DQ\�RI�WKHVH�VPDOO�WKLQJV�KDYH�IRXQG�WKHLU�ZD\�LQWR�RXU�SXEOLF�GRPDLQ�XWLOLW\�GLVNV��DQG
LQWR�-LP�3HWHUVRQ
V�FDWDORJ��$�IHZ�KDYH�UHVXOWHG�LQ�FRPPHUFLDO�SURGXFWV�OLNH�(DV\�'DWD��1RW�DOO�VPDOO
WKLQJV�DUH�JRRG�RQHV��RI�FRXUVH��EXW�ZKHQ�ZH�KLW�XSRQ�VRPHWKLQJ�ZKLFK�ILOOV�D��QLFKH���LW
V�JRRG�IRU�WKH
ZKROH�FRPPXQLW\��2I�FRXUVH�D�VPDOO�SURGXFW�WKDW�VHOOV�PDQ\�FRSLHV�LV�JRRG�IRU�RXU�ERWWRP�OLQH�DV�ZHOO�

1.22.5. Ship The Product

,Q�3KLODGHOSKLD��ZKHUH�\RXU�DXWKRU�JUHZ�XS��WKHUH�ZDV�D�EDNHU\�ZLWK�D�OLWWOH�UHPLQGHU�WR�WKH�FOHUN�RQ�D
VLJQ�EHVLGH�WKH�FDVK�UHJLVWHU��7KH�VLJQ�VDLG��5HJLVWHU�ILUVW��:UDS�DIWHU���7RGD\��WKHUH�LV�D�WHQGHQF\�DPRQJ
VRPH�VRIWZDUH�FRPSDQLHV�WR�FDUU\�WKDW�LGHD�WR�H[WUHPHV��&KHFNV�DUH�GHSRVLWHG��5HJLVWHU�ILUVW��PRQWKV
EHIRUH�WKH�SURGXFWV�DUH�VKLSSHG��:UDS�DIWHU���:H�GRQ
W�WKLQN�WKDW
V�ULJKW��HVSHFLDOO\�LQ�WKH�7,��IDPLO\��
2YHU�DOO�WKH�\HDUV�ZH�KDYH�EHHQ�VHOOLQJ�SURGXFWV�WR�7,�XVHUV��ZH�KDYH�QHYHU��NQRFN�RQ�ZRRG��KDG�D
FXVWRPHU
V�FKHFN�ERXQFH��:H
YH�WKHUHIRUH�DGRSWHG�WKH�RSSRVLWH�SROLF\�IURP�WKDW�HVSRXVHG�E\�WKH�EDNHU\�
6KLS�WKH�SURGXFW�ILUVW��WKHQ�WDNH�WKH�FKHFN�WR�WKH�EDQN�
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<HV��WKDW
V�D�UDGLFDO�LGHD��EXW�RQH�ZH�WKLQN�VKRXOG�EH�FRPPRQ�DPRQJ�ILUPV�VHUYLQJ�WKH�7,�FRPPXQLW\�
&XVWRPHUV�GR�QRWLFH�ZKHQ�GLVNV�DUULYH�EHIRUH�WKHLU�FKHFNV�FOHDU��DQG�WKH\
OO� IHHO�PXFK�EHWWHU�DERXW
RUGHULQJ�\RXU�SURGXFWV�ZKHQ�WKHLU�RUGHUV�JHW�SURPSW�VHUYLFH��&XVWRPHUV�DOVR�QRWLFH�OLWWOH�WKLQJV�OLNH
HQFORVLQJ�D�OHWWHU�ZLWK�HDFK�SURGXFW�VKLSSHG��DQG�KDYLQJ�WKH�FRPSDQ\
V�SKRQH�QXPEHU�RIIHUHG�XS�IRU
SURGXFW�DVVLVWDQFH�

:KLOH�ZH�DUH�RQ�WKH�VXEMHFW�RI�UDGLFDO�LGHDV��ZH�WKLQN�LW
V�DOVR�D�JRRG�LGHD�LQ�VRPH�FDVHV�WR�RIIHU�D�IXOO
UHIXQG�LI�WKH�FXVWRPHU�LV�XQDEOH�WR�XVH�WKH�SURGXFW��RU�PLVXQGHUVWRRG�LWV�SXUSRVH��RU�MXVW�SODLQ�GLVOLNHV
LW��,W
V�EHWWHU�IRU�\RXU�EXVLQHVV�LQ�WKH�ORQJ�UXQ�WR�UHIXQG�������RU��������WR�D�FXVWRPHU�WKDQ�WR�KDYH�WKDW
FXVWRPHU�IRUHYHU�IHHOLQJ�FKHDWHG��:H�KDYH�JLYHQ�UHIXQGV�RQ�D�QXPEHU�RI�RFFDVLRQV��DQG�ZLOO�FRQWLQXH�WR
IROORZ�WKDW�SUDFWLFH�

1.22.6. Don't Quit Your Day Job

<RXU�DXWKRU�VKRXOG�EH�WKH�ODVW�RQH�WR�RIIHU�WKLV�DGYLFH��KDYLQJ��TXLW�KLV�GD\�MRE��RYHU�D�\HDU�DJR��2I�FRXUVH
WKDW�ZDVQ
W�TXLWWLQJ��EXW�UHWLUHPHQW�DIWHU����\HDUV�ZLWK�WKH�*RYHUQPHQW��DQG�WKHUH�LV�DQ�DQQXLW\�LQFRPH
WR�NHHS�WKH�ZROI�IURP�RXU�GRRU��,Q�VSLWH�RI�RXU�RZQ�VWDWXV��ZH�UHFRPPHQG�WKDW�SURJUDPPHUV�MXVW�VWDUWLQJ
D�EXVLQHVV�VKRXOG�PDNH�LW�DQ��HYHQLQJV�DQG�ZHHNHQGV��RSHUDWLRQ�IRU�VRPH�WLPH��8QOLNH�WKH�3&�PDUNHW�
ZKLFK�LV�VWLOO�JURZLQJ��WKH�7,�PDUNHW�PXVW�LQHYLWDEO\�VKULQN�D�OLWWOH�ZLWK�HDFK�SDVVLQJ�\HDU��DV�PRUH�7,V
JHW�VKRYHG�DVLGH�E\�WKH�XELTXLWRXV�3&V�DQG�0DFV��,W
V�QRW�TXLWH�DW�WKH��EXJJ\�ZKLSV��VWDJH�\HW��EXW�WKHUH
ZLOO�EH�QR�QHZ�)RUWXQH�����FRPSDQLHV�DULVLQJ�IURP�WKH�7,�6RIWZDUH�PDUNHW��.HHS�\RXU�GD\�MRE��DQG�JHW
UHDG\�WR�VSHQG�HQGOHVV�KRXUV�DW�WKH�PDFKLQH��6D\�JRRGE\H�WR�IULHQGV�DQG�IDPLO\��LI�\RX�KDYH�DQ\��7KH
EXVLQHVV�ZLOO�FRQVXPH�DOO�WKH�H[FHVV�HQHUJ\�\RX
YH�JRW��,I�\RXU�SURGXFWV�VWDUW�WR�VHOO��LW�JHWV�WRXJKHU�
EHFDXVH�\RX
OO�KDYH�QR�WLPH�WR�GHYHORS�QHZ�SURGXFWV�ZKLOH�VHOOLQJ�WKH�H[LVWLQJ�RQHV��0\�SDUWQHU�ZHQW
WKURXJK�D�VHULRXV�FDVH�RI�SQHXPRQLD�WKDQNV�WR�WKDW�NLQG�RI�SUHVVXUH�

7KHUH�DUH�ZD\V�DURXQG�WKLV�GLOHPPD��2XU�IULHQG�&KULV�%REELWW��IRU�H[DPSOH��UDUHO\�ZULWHV�DQ\�VRIWZDUH
KLPVHOI��EXW�FRQFHQWUDWHV�KLV�HIIRUWV�RQ�VHOOLQJ�SURJUDPV�ZULWWHQ�E\�RWKHUV��7KDW�KDV��IRU�WKH�PRVW�SDUW�
ZRUNHG�RXW�ZHOO�IRU�KLP��$VJDUG�ZLOO�UHPDLQ�RQH�RI�WKH��JLDQWV��LQ�RXU�FRWWDJH�LQGXVWU\�DV�ORQJ�DV�WKHUH
DUH�VRPH�GLHKDUG�7,�XVHUV�DURXQG�

2WKHU�FRPSDQLHV��OLNH�7H[DPHQWV��DOVR�UHO\�PDLQO\�RQ�ZKDW�PLJKW�EH�FDOOHG��JXHVW�DXWKRUVKLS��IRU�WKH�EXON
RI�WKHLU�VRIWZDUH�SURGXFWV��2XU�OLWWOH�RSHUDWLRQ�PD\�EH�DPRQJ�WKH�PLQRULW\�LQ�VHOOLQJ�RQO\�ZKDW�RXU�RZQ
LQ�KRXVH�VWDII�RI�WZR�SHRSOH�FDQ�FUHDWH��,I�\RX
UH�D�JLIWHG�SURJUDPPHU��DQG�OLNH�PRVW��QRW�D�EXVLQHVVPDQ�
WKH�LGHD�RI�EHFRPLQJ�DQ��DXWKRU��IRU�$VJDUG�RU�7H[DPHQWV�PD\�EH�EHWWHU�WKDQ�IRUPLQJ�\RXU�RZQ�FRPSDQ\�
2I�FRXUVH�ZH�GLG�QRW�IROORZ�WKLV�DGYLFH�HLWKHU��EXW�PD\EH�DQRWKHU�DGDJH�ZLOO�ILW�KHUH��$Q�ROG�IULHQG�RI�RXUV
LQ�3KLODGHOSKLD��ZKR
V�D�YHU\�VXFFHVVIXO�EXVLQHVVPDQ��JDYH�XV�WKLV�VDJH�DGYLFH���,W
V�JRRG�WR�OHDUQ�IURP
\RXU�PLVWDNHV��EXW�LW
V�HYHQ�EHWWHU�WR�OHDUQ�IURP�RWKHU�SHRSOH
V�PLVWDNHV���:H�DUH�IRUHYHU�JUDWHIXO�WR�6DO
5RJJLR�IRU�WKDW�RQH�
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1.22.7. People Are Funny

+HUH�ZH�JR�DJDLQ�ZLWK�WKDQNV��WKLV�WLPH�WR�$UW�/LQNOHWWHU��)RU�RXU�\RXQJHU�UHDGHUV��KH�GLGQ
W�DOZD\V�VHOO
&RQWRXU�&KDLUV�IRU�D�OLYLQJ��EXW�KDG�D�UDGLR��DQG�ODWHU�79��VKRZ�ZLWK�WKH�DERYH�WLWOH��2I�FRXUVH�LQ�WKH�FDVH
RI�D�VRIWZDUH�EXVLQHVV��LW�VKRXOG�UHDG��&XVWRPHUV�DUH�IXQQ\���7KHUH
V�DQRWKHU�ROG�VDZ�WKDW�VD\V��7KH
&XVWRPHU� LV� $OZD\V� 5LJKW��� ,Q� VRPH� UHVSHFWV� WKDW
V� WUXH�� EXW� VRPHWLPHV� WKH� FXVWRPHU� QHHGV� VRPH
HGXFDWLQJ��RU�MXVW�PRUH�LQIRUPDWLRQ�WKDQ�KH�VWDUWHG�RXW�ZLWK�

&XVWRPHUV�FDQ�VRPHWLPHV�GR�UHDOO\�IXQQ\�WKLQJV��5HFHQWO\��RQH�RI�RXU�FXVWRPHUV�UHFHLYHG�D�VKLSPHQW�IURP
XV�DQG�SURPSWO\�UHWXUQHG�WKH�GLVNV�EHFDXVH�WKH\�ZHUH�66�6'�GLVNV��7KDW�ZDV�D��ILUVW��LQ�RXU�H[SHULHQFH�
:H�RIIHU�PRVW�RI�RXU�SURGXFWV�RQ�66�6'�GLVNV�EHFDXVH�WKDW
V�WKH�RQH�IRUPDW�WKDW�HYHU\�7,�V\VWHP�ZLOO�ZRUN
ZLWK��2XU�FXVWRPHU�ZDV�WKRXJKWIXO�HQRXJK�WR�LQFOXGH�KLV�SKRQH�QXPEHU�LQ�WKH�QRWH�KH�VHQW�ZLWK�WKH
GLVNV��:H�FDOOHG���:KDW�NLQG�RI�V\VWHP�GR�\RX�KDYH"���0\DUF�PLQL�V\VWHP����'LG�\RX�WU\�RXW�WKH�GLVNV"���1R�
P\�7,�V\VWHP�LVQ
W�VHW�XS�MXVW�QRZ���+H
G�ERXJKW�D�3&��DQG�GLGQ
W�KDYH�URRP�IRU�ERWK�V\VWHPV�WR�EH
RSHUDWLRQDO��,W�VHHPV�WKLV�IHOORZ�GRHV�HYHU\WKLQJ�RQ�KLV�7,�LQ�'6�''�IRUPDW��DQG�ZDV�XQDZDUH�WKDW�WKH
66�6'�GLVNV�FRXOG�EH�UHDG�E\�KLV�GULYHV��:H�VHQW�WKH�GLVNV�EDFN�WR�KLP�ZLWK�D�SOHD�WKDW�KH�WU\�XVLQJ�WKHP�
RU�FRS\LQJ�WKHP�RQWR�'6�''�LQLWLDOL]HG�GLVNV�LI�KH
G�OLNH��2I�FRXUVH�ZH�RIIHUHG�WR�VHQG�'6�''�IRUPDW�LI
KLV�V\VWHP�UHDOO\�ZRXOGQ
W�UHDG�66�6'��7KDW�ZLOO�EH�D�SUREOHP��VLQFH�RXU�FRPSDQ\�GRHVQ
W�RZQ�D�7,�V\VWHP
ZLWK�'6�''�FDSDELOLW\��EXW�ZH
OO�ILQG�D�ZD\�LI�ZH�PXVW��:H�GR�KDYH�VRPH�IULHQGV�LQ�WKH�EXVLQHVV�

2WKHU�H[DPSOHV�DERXQG��EXW�ZH
OO�RQO\�WKURZ�LQ�RQH�PRUH��$�FXVWRPHU�ZKR�KDG�ERXJKW�6PDUW�&RQQHFW
FDOOHG�WR�VD\�WKDW�KH�FRXOGQ
W�JHW�WKH�35,17,167�SURJUDP�WR�ZRUN��DQG�VR�FRXOG�QRW�SULQW�WKH�LQVWUXFWLRQV
IRU�XVLQJ�WKH�SURJUDP���:KDW�KDSSHQV�ZKHQ�\RX�WU\�UXQQLQJ�35,17,167"���:H�JHW�DQ�HUURU�PHVVDJH�,�2
HUURU������$�VXGGHQ�FKLOO�FUHSW�WKURXJK�P\�ERG\���'RHV�WKH�GLVN�GULYH�OLJKW�FRPH�RQ�EHIRUH�WKLV�HUURU
UHSRUW"���-XVW�D�PLQXWH��,
OO�WU\�LW�DJDLQ�DQG�VHH���$�SDXVH�ZKLOH�WKH�FXVWRPHU�ZDONHG�IURP�WKH�SKRQH�WR
WKH�7,�DQG�EDFN�DJDLQ���1R��WKH�GULYH�OLJKW�GRHVQ
W�FRPH�RQ��DQG�WKH�PHVVDJH�VD\V�,�2�HUURU����LQ�������%\
QRZ�ZH�KDG�RXU�RZQ�7,�ILUHG�XS��ZLWK�D�FRS\�RI�6PDUW�&RQQHFW�LQ�'ULYH���DQG�ZLWK�35,17,167�ORDGHG
XQGHU�;%��/LQH�����VD\V�23(1�����3,2�/)��287387��:H�DOO�NQRZ�KRZ�3,2�EHKDYHV��DQG�WKLV�FHUWDLQO\
LVQ
W�LW��(UURU�FRGH����PHDQV�%$'�'(9,&(�1$0(��+PPPP�

$IWHU�D�IHZ�PRUH�PLQXWHV�RI�GLVFXVVLRQ��ZH�GHWHUPLQHG�WKDW�KLV�SULQWHU�ZDV�FRQQHFWHG�YLD�56������DQG
WKDW�WKLV�SDUWLFXODU�56�����FDUG�KDG�QR�3,2�SRUW�RQ�LW��:H�JDYH�WKH�FXVWRPHU�VRPH�LQVWUXFWLRQV�IRU
HGLWLQJ�OLQH�����WR�VHQG�WKH�LQVWUXFWLRQV�WR�KLV�SULQWHU�RQ�WKH�VHULDO�SRUW��WKHQ�UXQJ�RII��3UHVXPDEO\�WKLV
ZRUNHG��DV�QR�PRUH�SKRQH�FDOOV�FDPH�EDFN��:H
YH�QHYHU�VHHQ�DQ�56�����FDUG�IRU�WKH�7,�ZKLFK�ODFNHG�D�3,2
SRUW��EXW�LW�DSSHDUV�WKHUH�DUH�VXFK�EHDVWV�DURXQG��<RX�OHDUQ�VRPHWKLQJ�HYHU\�GD\�

,Q�DOO�IDLUQHVV��WKDW�SDUWLFXODU�FXVWRPHU�ZDV�QRW�KLPVHOI�D�7,�RZQHU��EXW�KDG�ERXJKW�6PDUW�&RQQHFW�IRU
D�UHODWLYH�ZKR�ZDV�D�7,�RZQHU�ZLWK�D�QHZO\�DFTXLUHG�3&��6WLOO��QRERG\�WKRXJKW�RI�ORRNLQJ�DW�ZKDW�OLQH����
FRQWDLQHG�EHIRUH�FDOOLQJ��PXFK�OHVV�RI�HGLWLQJ�LW�IRU�56�����RXWSXW�
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1.22.8. What Do Those Tea Leaves Mean?

7KH�VXFFHVV�RI�RXU�OLWWOH�6PDUW�&RQQHFW�SURGXFW�KDV�JRW�XV�WR�ZRQGHULQJ�ZK\�LW
V�VR�SRSXODU��2EYLRXVO\�
D�ORW�RI�7,�RZQHUV�QRZ�KDYH�3&V�DV�ZHOO�DV�7,V��7KHUH�DUH�WZR�GLVWLQFW�VFKRROV�RI�WKRXJKW�DERXW�ZK\�VR
PDQ\�3&�7,�RZQHUV�ZDQW�WR�WUDQVIHU�ILOHV�EHWZHHQ�WKH�WZR�PDFKLQHV�

2XU�RSLQLRQ�LV�WKDW�WKLV�LV�VWHS�RQH�RI�WZR�VWHSV��ZLWK�WKH�VHFRQG�EHLQJ�WR�SODFH�WKH�7,�RQ�WKH�DXFWLRQ�EORFN
RU�WKH�JDUEDJH�KHDS��DIWHU�WUDQVIHUULQJ�DOO��LPSRUWDQW��WH[W�ILOHV�WR�WKH�3&��,I�ZH
UH�ULJKW��WKDW�PHDQV�WKH
EHJLQQLQJ�RI�WKH�HQG�IRU�XV�DV�D�EXVLQHVV��0D\EH�WKDW�PDNHV�XV�WKH�XOWLPDWH�SHVVLPLVW��EXW�ZH
YH�DOZD\V
VDLG�WKDW�WKH�DGYDQWDJH�RI�SHVVLPLVP�LV�WKDW�ZH�PD\�EH�VXUSULVHG��EXW�DUH�UDUHO\�GLVDSSRLQWHG�DW�ZKDW
KDSSHQV��2I�FRXUVH�RXU�RZQ�H[DPSOH�LV�GLIIHUHQW�IURP�WKDW�GLVPDO�VFHQDULR��:H�KDYH�D�WRWDO�RI�WKUHH�3&V
ZKLFK�FRH[LVW�ZLWK�RXU�WZR�7,V��DQG�\RXU�DXWKRU�VWLOO�XVHV�WKH�7,�IRU�HYHU\WKLQJ�H[FHSW�WKRVH�WKLQJV�WKDW
PXVW�EH�GRQH�RQ�WKH�3&��%XW�ZH�DUH�QRW�W\SLFDO�RI�WKH��DYHUDJH��XVHU�DQ\ZD\�

2XU�JRRG�IULHQG�%DUU\�7UDYHU�WDNHV�DQRWKHU�PHVVDJH�IURP�WKH�HYLGHQFH�ZH�MXVW�FLWHG��WKDW�SHRSOH�DUH
ORRNLQJ� IRU� VRPH� NLQG� RI� FRH[LVWHQFH� EHWZHHQ� WKH� WZR�PDFKLQHV�� +H� DQG� ZH� DJUHH� WKDW� WKHUH� DUH
FDSDELOLWLHV� LQ�WKH�7,�WKDW�QR�3&�RIIHUV�DW�DQ\�SULFH��0D\EH��KH�UHDVRQV��WKH�7,�LV�EHLQJ�NHSW�IRU�LWV
VWUHQJWKV��ZKLOH�WKH�WH[W�ILOHV�DUH�EHLQJ�WUDQVIHUUHG�WR�WKH�3&�VR�LW�FDQ�VHUYH�IRU�WDNLQJ�FDUH�RI�PRUH
PXQGDQH�PDWWHUV�OLNH�FRUUHVSRQGHQFH�

:KR
V�ULJKW"�:KR�NQRZV"�7KLV�WLPH�SHUKDSV�QRERG\
V�ULJKW��$W�RQH�WLPH�ZH�ZRXOG�KDYH�SUHGLFWHG�WKDW
ZH
G��FORVHW��RXU�7,V�ZLWKLQ�D�IHZ�PRQWKV�RI�JHWWLQJ�RXU�ILUVW�3&��\HW�KHUH�ZH�DUH�\HDUV�ODWHU��VWLOO�EDQJLQJ
WKHVH�DUWLFOHV�RXW�RQ�WKH�OLWWOH�����$�NH\ERDUG��,�WKLQN�LW�ZDV�0DUN�7ZDLQ�ZKR�VDLG�VRPHWKLQJ�DERXW�WKH
UHSRUWV�RI�KLV�GHDWK�EHLQJ��JUHDWO\�H[DJJHUDWHG���2XU�7,�VHHPV�WR�EH�VD\LQJ�WKH�VDPH�WKLQJ�

1.22.9. What To Do

+RZ�ZRXOG�ZH�NQRZ"�7KH�RQO\�ZD\�WR�ILQG�RXW�ZKHWKHU�\RX�FDQ�EHFRPH�D�JLDQW�RI�LQGXVWU\�LV�WR�WU\�GRLQJ
LW��<RX�PD\�EH�WKH�RQH�ZKR�FRPHV�XS�ZLWK�WKH�QH[W�PDMRU�EUHDNWKURXJK��PDNLQJ�WKH�7,�HPXODWH�WKH
0DF,QWRVK��<RX�PLJKW�EHFRPH�WKH��0LFURVRIW��RI�WKH�7,�ZRUOG��7KLV�UHPLQGV�XV�RI�DQRWKHU�OLWWOH�DQHFGRWH�
ZLWK�ZKLFK�ZH
OO�HQG�WRGD\
V�EXVLQHVV�DGYLFH�

7KHUH�LV�D�79�FRPPHUFLDO�FXUUHQWO\�UXQQLQJ�RQ�RXU�ORFDO�FKDQQHOV�LQ�ZKLFK�D�FXVWRPHU�DSSURDFKHV�D�KRW
GRJ�VWDQG�DQG�DVNV�IRU�D�KRW�GRJ�ZLWK�PXVWDUG��7KH�YHQGRU�LV�KHDUG�WR�UHSO\��,�JRW�NHWFKXS�DQG�RQLRQV��
7KH�FXVWRPHU��DVWRXQGHG��VD\V���<RX�VHOO�KRW�GRJV�DQG�\RX�GRQ
W�KDYH�PXVWDUG"��7KH�YHQGRU�UHSHDWV���,
JRW�NHWFKXS�DQG�RQLRQV��NHWFKXS�DQG�RQLRQV���7KH�FXVWRPHU��UHVLJQHGO\���2ND\��RND\��.HWFKXS�DQG�RQLRQV�
:KR�NQRZV��FRXOG�EH�JRRG����0D\EH�\RXU�YHUVLRQ�RI�/RWXV�6\PSKRQ\�IRU�WKH�7,�ZLOO�EH�WKH�QH[W��+RW�GRJ
ZLWK�NHWFKXS�DQG�RQLRQV���&RXOG�EH�JRRG��,I�WKDW�FRPPHUFLDO�FDQ�VHOO�KDLUFXWV��\HV��LW
V�D�FRPPHUFLDO�IRU
D�KDLU�FXWWLQJ�VDORQ��WKHQ�DQ\WKLQJ�LV�SRVVLEOH�

1H[W�PRQWK�ZH�SURPLVH�QR�PRUH�EXVLQHVV�DGYLFH��:LWK�D�OLWWOH�DGYLFH�IURP�XV��$7	7�FRXOG�EH�LQ�&KDSWHU
����,W�ZLOO�EH�EDFN�WR�WKH�VHULRXV�SURJUDPPLQJ�VWXII��ZLWK�D�JRRG�KHDOWK\�GRVH�RI�VRXUFH�FRGH�RQ�WKH�VLGH�
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1.23. The Art Of Assembly — Part 23. Sorting Out Sorts

%\�%UXFH�+DUULVRQ

&RS\ULJKW�������+DUULVRQ�6RIWZDUH

6RUWLQJ�WKLQJV�LQWR�DOSKDEHWLFDO�RU�QXPHULFDO�RUGHU�LV�RI�FRXUVH�RQH�RI�WKRVH�WKLQJV�FRPSXWHUV�GR�EHWWHU
DQG�IDVWHU�WKDQ�KXPDQV��$W�OHDVW�WKDW
V�ZKDW�WKH\
UH�VXSSRVHG�WR�GR��6RPHWLPHV��ZKHQ�ZH�KDYH�UXQ�VRUWV
LQ�([WHQGHG�%DVLF��LW�KDV�VHHPHG�WKDW�WKH�KXPDQ�FRXOG�KDYH�EHDWHQ�WKH�PDFKLQH�DW�WKLV�WDVN��SDUWLFXODUO\
IRU�VWULQJ�YDULDEOHV�LQ�DUUD\V�

7KHUH�DUH�WZR�NH\V�WR�PDNLQJ�DQ�HIIHFWLYH�DQG�HIILFLHQW�VRUW��)LUVW�LV�KDYLQJ�D�TXLFN�DQG�PHPRU\�HIILFLHQW
ZD\�RI�GHWHUPLQLQJ�ZKLFK�RI�WZR�WKLQJV�LV�ELJJHU�WKDQ�WKH�RWKHU��7KH�VHFRQG�LV�WR�KDYH�DQ�HIILFLHQW
�DOJRULWKP��IRU�XVLQJ�WKDW�LQIRUPDWLRQ�WR�UH�RUGHU�WKH�JURXSV�RI�QXPEHUV�RU�VWULQJV�ZH
UH�GHDOLQJ�ZLWK�
5HFHQWO\��ZH
YH�GRQH�VRPH�ZRUN�RQ�VRUWLQJ��PDLQO\�DLPHG�DW�KHOSLQJ�WKH�([WHQGHG�%DVLF�SURJUDPPHU
ZKR
V�IUXVWUDWHG�ZLWK�WKH�VORZ�UHVSRQVH�RI�([WHQGHG�%DVLF�LQ�SHUIRUPLQJ�VRUWV�

1.23.1. Use What's There

7KHUH�DUH�KHOSLQJ�URXWLQHV�DOUHDG\�EXLOW�LQWR�\RXU�7,��DQG�LQ�VRPH�LQVWDQFHV�WKHVH�FDQ�VSHHG�WKLQJV�DORQJ
GUDPDWLFDOO\��)RU�VRUWLQJ�QXPEHUV��WKHUH�DUH�WZR�SRVVLEOH�ZD\V��,I�WKH�QXPEHUV�DUH�DOO�LQWHJHUV�LQ�WKH
UDQJH�RI���WKURXJK��������RQH�FDQ�VLPSO\�XVH�WKH�FRPSDUH�LQVWUXFWLRQ��WKHQ�EH�FDUHIXO�DERXW�ZKHWKHU�WKH
VLJQ�RI�WKH�QXPEHUV�LV�WDNHQ�LQWR�DFFRXQW��7R�LQFOXGH�WKH�VLJQ��D�-/7�RU�-*7�LQVWUXFWLRQ�LV�XVHG�DIWHU�WKH
FRPSDULVRQ��ZKLOH�WR�LJQRUH�WKH�VLJQ��RQH�XVHV�-/�RU�-+�DIWHU�WKH�FRPSDUH��/HW
V�VD\�IRU�H[DPSOH�WKDW�5�
DQG�5���DUH�SRLQWLQJ�WR�PHPEHUV�RI�DQ�DUUD\�RI�LQWHJHUV��DQG�WKDW�ZH�ZDQW�WR�ILQG�RXW�ZKHWKHU�WKH�RQH
SRLQWHG�E\�5��LV�ELJJHU�WKDQ�WKH�RQH�SRLQWHG�E\�5����:H�FRXOG�SURFHHG�OLNH�WKLV�

C    *R9,*R10 Compare two words
JGT  BIGGER If R9's word is bigger, jump

7KDW�ZRXOG�WDNH�WKH�VWDWH�RI�WKH�VLJQ�ELW�LQWR�DFFRXQW��VR�WKDW�IRU�H[DPSOH�!�����ZRXOG�QRW�EH�ELJJHU�WKDQ
!�)))��EXW�VPDOOHU��EHFDXVH�LW�KDV�D�VLJQ�ELW�RI�RQH��7R�LJQRUH�VLJQ��ZH
G�XVH�WKLV�

C   *R9,*R10 Compare the integers
JH   BIGGER If R9's logically higher, jump

,Q�WKLV�FDVH��!�����FRPSDUHG�WR�!�)))�ZRXOG�MXPS�WR�%,**(5�

2I�FRXUVH�WKLV�LV�WKH�PRVW�VLPSOH�H[DPSOH�RI�FRPSDULQJ�QXPEHUV��,I�WKH�QXPEHUV�DUH�IORDWLQJ�SRLQW
QXPEHUV� LQVWHDG�RI� VLPSOH� LQWHJHUV�� WKH\� FDQ� VWLOO� EH� KDQGOHG� VLPSO\��E\�XVLQJ� WKH� �)ORDWLQJ�3RLQW
&RPSDUH��URXWLQH�WKURXJK�WKH�;0//1.�XWLOLW\�YHFWRU�
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7R�GR�WKDW��RQH�PXVW�ILUVW�NQRZ�WKH�FRUUHFW�DGGUHVV�GDWD�WR�VXSSO\�WR�WKH�;0//1.�YHFWRU��7KHUH�OLHV�RQH
RI�WKH��UXEV��LQ�WKLV�EXVLQHVV��:KHQ�RQH�LV�ZRUNLQJ�LQ��SXUH��$VVHPEO\��WR�EH�UXQ�XQGHU�WKH�(�$�PRGXOH�
WKHUH�LV�WKH�DGGUHVV�!�$���IRU�)&203�WR�EH�VXSSOLHG�WR�WKH�;0//1.��ZKLFK�LWVHOI�LV�5()
G�LQ�WKH�VRXUFH
FRGH��,I�RQ�WKH�RWKHU�KDQG�RQH� LV�ZRUNLQJ�RQ�D�URXWLQH�WR�EH� OLQNHG�IURP�([WHQGHG�%DVLF��ERWK�WKH
;0//1.�LWVHOI�DQG�WKH�DGGUHVV�IRU�)&203�DUH�GLIIHUHQW��,Q�WKDW�FDVH�;0//1.�LV�DW�DGGUHVV�!������DQG
WKH�)&203�LV�DW�DGGUHVV�!�'�$�

7KXV�LQ�SXUH�$VVHPEO\��ZH
G�KDYH�

REF  XMLLNK Required reference
BLWP @XMLLNK Use the utility
DATA >0A00 Data for FCOMP routine

%XW�LI�ZH
UH�OLQNHG�IURP�;%��ZH
G�QHHG�

XMLLNK EQU  >2018 XB's XML link vector address
BLWP @XMLLNK Use the utility
DATA >0D3A Address for FCOMP routine

,W
V�PDGGHQLQJ��WKLV�NLQG�RI�WKLQJ��HVSHFLDOO\�LI�\RX
UH�WU\LQJ�WR�PDNH�D�SURJUDP�WKDW�ZLOO�UXQ�LQ�HLWKHU�;%
RU�(�$�HQYLURQPHQWV��DV�ZH�RIWHQ�GR��7KH�;0//1.�XWLOLW\�IRU�(�$�LV�GLIIHUHQW�IURP�WKH�RQH�XVHG�E\�;%�
,Q�(�$
V�YHUVLRQ��LW�XVHV�WKH�!�$���WR�DFFHVV�D�ORRNXS�WDEOH��ZKHUH�LW�JHWV�WKH�DGGUHVV�!�'�$�IRU�WKH
)&203�URXWLQH��7KLQJV�JHW�HYHQ�PRUH�FRPSOH[�IRU�VRPH�RWKHU�URXWLQHV�DFFHVVHG�E\�;0//1.��EXW�WKLV
RQH�LV�EDG�HQRXJK�WR�LOOXVWUDWH�WKH�SUREOHP�

,Q�HLWKHU�FDVH��WKH�)&203�URXWLQH�UHTXLUHV�WKDW�RQH�RI�LWV�WZR�QXPEHUV�EH�ORFDWHG�DW�)$&��!���$���DQG
WKH�RWKHU�DW�$5*��!���&���(DFK�RI�FRXUVH�PXVW�EH�HLJKW�E\WHV�UHSUHVHQWLQJ�D�IORDWLQJ�SRLQW�QXPEHU�LQ
5DGL[�����IRUP��2QFH�WKH�FRPSDULVRQ�LV�GRQH��RQH�PXVW�H[DPLQH�WKH�*3/�6WDWXV�E\WH�DW�!���&�WR
GHWHUPLQH�WKH�UHVXOWV�RI�WKH�FRPSDULVRQ��2QO\�WZR�ELWV�RI�WKDW�E\WH�DUH�LPSRUWDQW��DQG�WKH\�PXVW�EH
H[DPLQHG�VHSDUDWHO\��2QH�ZD\�RI�GRLQJ�WKLV�LV�WR�SXW�WKH�6WDWXV�E\WH�LQWR�WZR�UHJLVWHUV��WKHQ�PDVN�RII�DOO
EXW�WKH�ELWV�ZH�ZDQW��)RU�H[DPSOH�

BLWP @XMLLNK Use utility
DATA FCOMP Floating point comparison
MOVB @>837C,R5 Move GPL status byte to R5
MOVB @>837C,R6 And to R6
ANDI R5,>4000 Mask all but the "greater" bit
JNE  BIGGER If not zero, jump
ANDI R6,>2000 Mask all but "equal" bit
JNE  EQUAL If not zero, jump

7KLV�FRGH�ZLOO�MXPS�WR�%,**(5�LI�WKH�QXPEHU�DW�$5*�LV�DULWKPHWLFDOO\�ELJJHU�WKDQ�WKH�QXPEHU�DW�)$&�
DQG�ZLOO�MXPS�WR�ODEHO�(48$/�LI�WKH\
UH�HTXDO��,I�ERWK�WHVWV�IDLO��WKHQ�WKH�QXPEHU�DW�$5*�LV�VPDOOHU�WKDQ
WKH�QXPEHU�DW�)$&�
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:KDW�LV�GRQH�DW�ODEHOV�%,**(5�DQG�(48$/�LV�RI�FRXUVH�DQRWKHU�SUREOHP��EXW�UHPHPEHU�LW
V�LPSRUWDQW
WR�LVRODWH�WKH�LQGLYLGXDO�ELWV�IURP�WKH�67$786�E\WH�DV�ZH
YH�VKRZQ�DERYH��,Q�PDQ\�LQVWDQFHV�\RX�FDQ
HOLPLQDWH�WKH�EXVLQHVV�RI�ILQGLQJ�RXW�LI�WKH�WZR�DUH�HTXDO��VLQFH�WKDW�PD\�QRW�PDWWHU��GHSHQGLQJ�KRZ�\RXU
VRUW�SURFHHGV�IURP�WKHUH��2IWHQ�WKH�(48$/�VWDWXV�FDQ�EH�LJQRUHG�WR�VDYH�WLPH�DQG�WURXEOH�

1.23.2. Make Your Own

)RU�VWULQJV��WKHUH� LV�QR�HTXLYDOHQW�WR�WKH�)&203�ZH�XVHG�IRU� IORDWLQJ�SRLQW�QXPEHUV��VR�RQH�PXVW
FRPSDUH�E\WH�E\�E\WH��ZDONLQJ�WKURXJK�WKH�VWULQJ�E\�LQFUHPHQWLQJ�SRLQWHUV��2XU�FRQYHQWLRQ�LV�WR�XVH�5�
DQG�5���DV�SRLQWHUV��DQG�WR�XVH�WKH�DXWR�LQFUHPHQW�RSWLRQ�LQ�WKH�FRPSDUH�LQVWUXFWLRQ��7KXV�WR�FRPSDUH
RQH�E\WH�RI�HDFK�VWULQJ�DQG�PRYH�WKH�SRLQWHUV�WR�WKH�QH[W�E\WH��ZH�VLPSO\�

CB   *R9+,*R10+ Compare one byte

,Q�PRVW�FDVHV�LQYROYLQJ�VWULQJV��ZH�GRQ
W�KDYH�FKDUDFWHUV�EH\RQG�����WR�ZRUU\�DERXW��VR�D�VLPSOH�-*7�RU
-/7�RSHUDWLRQ�ZLOO�EH�XVHG�DV�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��,Q�WRGD\
V�6LGHEDU�LV�D�FRPSOHWH�SURJUDP�WKDW
VKRZV�D�VWULQJ�FRPSDULVRQ�

1.23.3. What To Do About It

2QFH�ZH�NQRZ�ZKHWKHU�D�SDUWLFXODU�VWULQJ�RU�QXPEHU�LV�ELJJHU�WKDQ�DQRWKHU��ZH�PXVW�GHFLGH�ZKDW�WR�GR
QH[W��RU�KRZ�WR�SURFHHG�ZLWK�WKH�VRUWLQJ��2QH�FRXOG��IRU�H[DPSOH��SURFHHG�ZLWK�D��EXEEOH��VRUW��LQ�ZKLFK
HDFK�VXFFHVVLYH�SDLU�RI�WKH�DUUD\�LV�FRPSDUHG��DQG�SDLUV�DUH�VZLWFKHG�ZLWK�RQH�DQRWKHU�LI�UHTXLUHG��7KLV
WDNHV�PDQ\�SDVVHV�WKURXJK�WKH�DUUD\�WR�JHW�LW�DOO�VRUWHG��2XU�SUHIHUUHG�PHWKRG��ZKLFK�ZDV�XVHG�LQ�WKH
08/7,6257�URXWLQH�IRU�RXU�(DV\�'DWD�GLVN��LV�WR�VFDQ�WKURXJK�WKH�HQWLUH�DUUD\�RQFH��ILQG�HLWKHU�WKH
ELJJHVW�RU�WKH�VPDOOHVW��WKHQ�UH�DUUDQJH�WKLQJV�WR�SXW�WKDW�PHPEHU�ZKHUH�LW�EHORQJV��DQG�SURFHHG�WR�UHSHDW
WKLV�SURFHVV�XQWLO�DOO�PHPEHUV�KDYH�EHHQ�SXW�ZKHUH�WKH\�EHORQJ��7RGD\
V�6LGHEDU�VKRZV�D�FRPSOHWH
SURJUDP�H[DPSOH�ZKLFK�VRUWV�DQ�DUUD\�RI����VWULQJV�LQ�MXVW�DERXW�RQH�DQG�D�KDOI�VHFRQGV��7KDW
V�IDVW��2XU
08/7,6257�URXWLQH��ZKLFK�LQWHUIDFHV�ZLWK�;%�'$7$�VWDWHPHQWV��VRUWV����UHFRUGV�RI�VL[�ILHOGV�HDFK�E\
WZR�FULWHULD�LQ�DERXW�������VHFRQGV��7U\�VRUWLQJ�WKDW�LQ�;%��7DNHV�IRUHYHU�

,Q�WKH�08/7,6257�URXWLQH��ZH�ZHUH�DEOH�WR�XQORDG�RXU�YDULDEOHV�LQWR�WKH�FDUH�RI�;%�E\�WKH�180$6*
DQG�675$6*�OLQNV��,I�ZH
UH�ZRUNLQJ�LQ�SXUH�$VVHPEO\��WKDW�OX[XU\�LV�QRW�DYDLODEOH�WR�XV��VR�ZH�QHHG
DQRWKHU�ZD\�RI�KDQGOLQJ�WKH��ZKHUH�WR�SXW�LW��SUREOHP��:HUH�ZH�ZRUNLQJ�LQ�WKH�3&��IRU�H[DPSOH��ZH�FRXOG
DVVLJQ�D�FRPSOHWH���.�E\WH�VHJPHQW�RI�PHPRU\�WR�SXW�RXU�VRUWHG�DUUD\�LQ��DQG�VLPSO\�OHDYH�WKH�RULJLQDO
GDWD�DORQH�LQ�LWV�RULJLQDO�VHJPHQW�RI�PHPRU\�

2Q�WKH�7,��ZH�GRQ
W�KDYH�WKDW�OX[XU\��VR�ZH�PXVW�GR�VRPHWKLQJ�GLIIHUHQW��,I�ZH
UH�GHDOLQJ�ZLWK�)ORDWLQJ
3RLQW�QXPEHUV��UH�DUUDQJLQJ�WKHP�LQ�DQ�DUUD\�LV�PDGH�VLPSOHU�EHFDXVH�WKH\�DOO�KDYH�WKH�VDPH�OHQJWK���
E\WHV�HDFK���:LWK�6WULQJV��WKH�OHQJWK�E\WH�JLYHV�XV�WKH�OHQJWK�RI�HDFK�VWULQJ�LQ�WKH�DUUD\��EXW�RI�FRXUVH�HDFK
PD\�KDYH�D�GLIIHUHQW�OHQJWK��,Q�WKH�6LGHEDU�LV�RQH��VXJJHVWHG��ZD\�RI�KDQGOLQJ�WKLV�SDUWLFXODU�SUREOHP�
ZKLOH�PDNLQJ�HIILFLHQW�XVH�RI�PHPRU\�
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7KLV�VRUW�DOJRULWKP�VFDQV�WKURXJK�DOO�WKH�VWULQJV�LQ�WKH��DUUD\���DQG�ILQGV�WKH�DGGUHVV�RI�WKH�OHDVW�RI�WKH
VWULQJV��,W�WKHQ�VWRUHV�WKDW�VWULQJ�LQ�D�WHPSRUDU\�EXIIHU��7(0675���1H[W�LW�WDNHV�DOO�WKH�VWULQJV�WKDW�DUH
SK\VLFDOO\�EHIRUH�WKDW�RQH�LQ�PHPRU\��DQG�PRYHV�WKDW�HQWLUH�EORFN�GRZQ�E\�WKH�OHQJWK�RI�WKH�VWULQJ�IRXQG
SOXV�RQH��,W
V�SOXV�RQH�WR�DFFRXQW�IRU�WKH�OHQJWK�E\WH��1RZ�WKH�SRLQWHU�IRU�WKH�VWDUW�RI�WKH��XQVRUWHG��DUUD\
LV�LQFUHPHQWHG�E\�WKDW�VDPH�DPRXQW��DQG�WKH��OHDVW��VWULQJ�LV�PRYHG�LQ�DW�WKH�KHDG�RI�WKH�OLVW��7KLV�SURFHVV
FRQWLQXHV�XQWLO�WKHUH
V�RQO\�RQH�VWULQJ�OHIW��DW�ZKLFK�SRLQW�ZH�NQRZ�WKH\
UH�DOO�LQ�FRUUHFW�RUGHU�

1.23.4. The Ordered Table

$QRWKHU�DSSURDFK�WR�WKH�SURFHVV��ZKLFK�GRHVQ
W�WDNH�DV�PXFK�WLPH��LV�WR�ILUVW�EXLOG�D�WDEOH�RI�WKH�DGGUHVVHV
RI�DOO�WKH�VWULQJV��WKHQ�UH�DUUDQJH�WKLV�WDEOH�LQVWHDG�RI�WKH�VWULQJV�WKHPVHOYHV��2I�FRXUVH�WKLV�PHWKRG
UHTXLUHV�WKDW�HQRXJK�PHPRU\�EH�DYDLODEOH�IRU�ERWK�WKH�VWULQJV�WKHPVHOYHV�DQG�WKH�WDEOH�RI�DGGUHVVHV��7KDW
DSSURDFK�ZDV�XVHG�WR�DQ�H[WHQW�LQ�WKH�08/7,6257�URXWLQH��ZKHUH�D�WDEOH�RI�DGGUHVVHV�IRU�WKH�DFWXDO
FRQWHQW�RI�WKH�'$7$�LQ�WKH�;%�SURJUDP�ZDV�FRPSLOHG�LQ�KLJK�PHPRU\��LQ�WKH�VSDFH�OHIW�XQXVHG�E\�WKH
;%�SURJUDP��,Q�D�SLQFK��WKH�DGGUHVV�WDEOH�FDQ�EH�EXLOW�LQ�9'3�5$0�LQVWHDG�RI�WKH�QRUPDO�H[SDQVLRQ
PHPRU\�

1.23.5. The Presort Concept

:H
YH�VR�IDU�LJQRUHG�WKH�LGHD�RI�ZKHUH�WKH�VWULQJV�RU�QXPEHUV�\RX
UH�VRUWLQJ�FDPH�IURP�LQ�WKH�ILUVW�SODFH�
,Q�WKH�FDVH�RI�08/7,6257��WKH�GDWD�FRPHV�IURP�WKH�([WHQGHG�%DVLF�SURJUDP��,Q�WKH�WHVW�SURJUDP�VKRZQ
LQ�WKH�6LGHEDU�ZLWK�WKLV�DUWLFOH��WKH�VWULQJ�GDWD�ZDV�HPEHGGHG�LQ�WKH�VRXUFH�FRGH�LWVHOI��VR�LW�ZRXOG�EH
LQVWDQWO\�DYDLODEOH�RQFH�WKH�SURJUDP�ZDV�ILQLVKHG�ORDGLQJ��,Q�PDQ\�FDVHV��KRZHYHU��WKH�GDWD�ZLOO�HLWKHU
EH�HQWHUHG�IURP�WKH�NH\ERDUG�RU�EURXJKW�LQ�IURP�D�ILOH�RQ�GLVN��,Q�VXFK�FDVHV��LW
V�SRVVLEOH�WR�GR�WKH�VRUWLQJ
�RQ�WKH�IO\��DV�WKH�UHFRUGV�DUH�HQWHUHG�RU�UHDG�IURP�WKH�GLVN��:H�FDOO�WKLV�SURFHVV��SUHVRUW���EHFDXVH�LW�VRUWV
DV�WKH�GDWD�LV�UHFHLYHG��VR�WKDW�DV�VRRQ�DV�DOO�WKH�GDWD�LV�HQWHUHG�RU�UHDG��WKH�UHFRUGV�DUH�LQ�FRUUHFW�RUGHU�
:H
YH�GRQH�WKLV�IRU�;%�SURJUDPPHUV�ZLWK�OLWWOH�VXEURXWLQHV�WKDW�DUH�RQ�RXU�8WLOLWLHV�9ROXPH���GLVN�

7KH�FRPSOHWH�SURJUDP�VKRZQ�LQ�WRGD\
V�6LGHEDU�FDQ�EH�W\SHG�LQ��DVVHPEOHG��DQG�UXQ�DV�DQ�2SWLRQ��
SURJUDP�XQGHU�(�$��7KH�SURJUDP�QDPH�LV�6257(0��$V�ZH�VDLG��WKLV�ZLOO�VRUW�LWV����VHOI�FRQWDLQHG�VWULQJV
LQ�DERXW�������VHFRQGV��2I�FRXUVH�RQFH�LW�KDV�UXQ��WKH�VWULQJV�DUH�LQ�WKHLU�SURSHU�RUGHU��VR�UH�UXQQLQJ�ZLOO
LQ�HIIHFW�QRW�GR�DQ\�VRUWLQJ��7R�SHUIRUP�WKH�VRUW�DJDLQ��RQH�PXVW�UH�ORDG�WKH�SURJUDP�IURP�2SWLRQ����7KLV
SURJUDP�VKRXOG�EH�HDV\�HQRXJK�WR�XQGHUVWDQG�IURP�WKH�DQQRWDWHG�VRXUFH�FRGH��:H�WKLQN�WKLV�ZLOO�VHUYH
DV�D�JRRG�H[DPSOH�RI�KRZ�WR�SHUIRUP�D�TXLFN�DQG�PHPRU\�HIILFLHQW�VRUW�

:H�KRSH�WRGD\
V�FROXPQ�ZLOO�LQVSLUH�VRPH�RI�RXU�UHDGHUV�WR�WDNH�D�QHZ�ORRN�DW�WKH�LGHD�RI�VRUWLQJ�GDWD�ZLWK
$VVHPEO\�URXWLQHV��3HUKDSV�VRPH�FUHDWLYH�WKLQNLQJ�RQ�\RXU�SDUW�ZLOO�LPSURYH�RQ�RXU�PHWKRGV��DQG�PDNH
OLIH�HDVLHU�IRU�DOO�WKH�UHVW�RI�XV�LQ�WKH�7,�FRPPXQLW\�

1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG�DW�WKLV�WLPH��:H
UH�RSHQ�WR�VXJJHVWLRQV�

* TEST SORT ROUTINE
* BY B. HARRISON
* 18 JUN 1992
* PUBLIC DOMAIN
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*
       REF  VMBW,GPLLNK,KSCAN  REFERENCE UTILITY VECTORS
       DEF  SORTEM       DEFINE ENTRY POINT
*
* CODE SECTION
*
SORTEM
       LWPI WS           LOAD OUR WORKSPACE
       CLR  @COUNT       CLEAR COUNTER
       LI   R4,STSTR     GET ADDRESS OF START OF STRING ARRAY
       MOV  R4,@LOWEND   MOVE THAT TO LOW END ADDRESS STORAGE
       MOV  R4,@LEAST    AND FOR NOW INTO VARIABLE LEAST
COUNTM
       MOVB *R4+,R5      GET LENGTH BYTE OF A STRING
       SRL  R5,8         SHIFT TO RIGHT JUSTIFY IN R5
       JEQ  STSCAN       IF ZERO, WE'RE AT END OF ARRAY
       INC  @COUNT       ELSE INCREMENT COUNT
       A    R5,R4        ADD LENGTH TO ADDRESS POINTER
       JMP  COUNTM       JUMP BACK FOR NEXT STRING
STSCAN MOV  @LOWEND,R9   POINT R9 AT LOW END OF UNSORTED STRINGS
NEXT   MOV  R9,R10       MOVE THAT ADDRESS TO R10
       MOVB *R9,R7       GET THE LENGTH OF FIRST STRING IN R7
       SRL  R7,8         RIGHT JUSTIFY
       A    R7,R10       ADD TO R10
       INC  R10          INCREMENT SO R10 POINTS TO LENGTH OF NEXT STRING
MOV9   MOV  R9,R14       SAVE PRESENT R9 IN R14
       MOV  R10,R15      SAVE PRESENT R10 IN R15
       MOVB *R9+,R4      GET LENGTH FIRST STRING IN R4
       MOVB *R10+,R5     LENGTH OF SECOND IN R5
       SRL  R4,8         RIGHT JUSTIFY
       JEQ  MOVIT        IF ZERO, WE'RE THROUGH SCANNING
       SRL  R5,8         RIGHT JUSTIFY
       JEQ  MOVIT        IF ZERO, WE'RE THROUGH SCANNING
CMP910 CB   *R9+,*R10+   COMPARE THE BYTES POINTED BY R9 AND R10
       JGT  BIG          IF R9'S BIGGER, JUMP
       JLT  LESS         IF R9'S LESS, JUMP
       DEC  R4           DECREMENT COUNT
       JNE  DEC5         IF NOT ZERO, DECREMENT R5
       CI   R5,1         ELSE SEE IF R5=1
       JEQ  BIG          IF SO, STRINGS ARE EQUAL
       JMP  LESS         ELSE STRING POINTED BY R9 IS LESS
DEC5   DEC  R5           DECREMENT OTHER COUNT
       JNE  CMP910       IF NOT ZERO, COMPARE NEXT BYTE
BIG    MOV  R15,@LEAST   STASH OLD ADDRESS AT LEAST TABLE LOCATION
       MOV  R15,R9       RESET R9 TO POINT AT CURRENT LEAST STRING
       JMP  NEXT         THEN JUMP TO CONTINUE SCAN
LESS   MOV  R14,@LEAST   STASH OLD ADDRESS AT LEAST TABLE LOCATION
       MOV  R14,R9       RESET R9 TO PRESENT LEAST STRING
       MOV  R15,R10      GET OLD R10 BACK
       MOVB *R10+,R7     GET STRING LENGTH INTO R7
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       SRL  R7,8         RIGHT JUSTIFY
       A    R7,R10       ADD LENGTH TO POINTER
       JMP  MOV9         THEN JUMP BACK TO TEST NEXT STRING
* THE SECTION BEGINNING AT MOVIT TAKES THE LEAST STRING FROM THIS SCAN, MOVES IT
* UP TO THE BEGINNING OF THE ARRAY
MOVIT
       MOV  @LEAST,R9    GET ADDRESS OF LEAST STRING
       LI   R10,TEMSTR   POINT AT TEMPORARY STORAGE LOCATION
       MOVB *R9,R4       GET LENGTH OF LEAST INTO R4
       SRL  R4,8         RIGHT JUSTIFY
       INC  R4           INCREMENT TO INCLUDE LENGTH BYTE ITSELF
       MOV  R4,R8        STASH IN R8
       MOV  R4,R5        AND IN R5
       C    R9,@LOWEND   IS THIS ALREADY IN THE RIGHT PLACE?
       JEQ  NOMOVE       IF SO, SKIP MOVING IT
MOVOUT MOVB *R9+,*R10+   ELSE MOVE ONE BYTE TO TEMPORARY STORAGE
       DEC  R4           DECREMENT COUNT OF BYTES
       JNE  MOVOUT       IF NOT ZERO, MOVE ANOTHER
*
* THIS NEXT SECTION MOVES ALL STRINGS ABOVE THE LEAST IN THE UNSORTED ARRAY DOWN
* TO MAKE ROOM FOR THE LEAST TO GO TO THE TOP OF THE UNSORTED PART OF THE ARRAY
*
       MOV  R9,R10       PUT ADDRESS BEYOND END OF LEAST STRING INTO R10
       MOV  @LEAST,R9    PUT LEAST ADDRESS BACK IN R9
       MOV  R9,R4        STASH THAT IN R4
       DEC  R9           POINT AT BYTE JUST BEFORE LEAST'S LENGTH
       DEC  R10          AND AT LAST BYTE OF LEAST STRING IN ARRAY
       S    @LOWEND,R4   SUBTRACT BOTTOM OF UNSORTED PORTION
MOVREV MOVB *R9,*R10     MOVE ONE BYTE UPWARDS
       DEC  R9           DECREMENT R9 POINTER
       DEC  R10          DECREMENT R10 POINTER
       DEC  R4           DECREMENT COUNT OF BYTES TO MOVE
       JNE  MOVREV       IF NOT ZERO, REPEAT
*
* AT THIS POINT ALL THE STRINGS THAT WERE ABOVE THE LEAST HAVE BEEN MOVED
* DOWNWARD IN THE ARRAY BY THE LENGTH OF THE LEAST STRING AND ITS LENGTH BYTE
*
       LI   R9,TEMSTR    POINT AT TEMPORARY STORAGE
       MOV  @LOWEND,R10  AND AT BOTTOM OF UNSORTED LIST
MOVIN  MOVB *R9+,*R10+   MOVE ONE BYTE OF LEAST STRING INTO PLACE
       DEC  R5           DECREMENT COUNT
       JNE  MOVIN        IF NOT ZERO, MOVE ANOTHER
NOMOVE A    R8,@LOWEND   ADD THE LENGTH OF LEAST TO ADDRESS POINTER
       DEC  @COUNT       DECREMENT NUMBER OF STRINGS LEFT TO SORT
       MOV  @COUNT,R4    MOVE THAT TO R4
       CI   R4,1         COMPARE TO ONE
       JGT  STSCAN       IF MORE THAN ONE LEFT, START ANOTHER SCAN
*
* IF THERE'S ONLY ONE STRING LEFT, WE'RE FINISHED SORTING, BECAUSE THAT ONE IS
* ALREADY IN THE CORRECT PLACE
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*
       LI   R1,STSTR     POINT AT START OF SORTED ARRAY
       CLR  R4           CLEAR R4
SHOW   MOVB *R1+,R2      GET LENGTH BYTE INTO R2
       JEQ  EXIT         IF ZERO, ALL HAVE BEEN DISPLAYED
       SRL  R2,8         ELSE RIGHT JUSTIFY
       LI   R0,23*32+2   POINT AT ROW 24, COL 3
       BLWP @VMBW        WRITE THE STRING TO SCREEN
       CLR  @>837C       CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPLLNK
       DATA >4D00        TO SCROLL SCREEN UP ONE ROW
       INC  R4           INCREMENT COUNT OF STRINGS DISPLAYED
       CI   R4,23        ARE 23 ON SCREEN?
       JLT  SHOWON       IF LESS, CONTINUE DISPLAYING
KEY    BLWP @KSCAN       ELSE SCAN THE KEYBOARD
       CB   @ANYKEY,@>837C HAS A KEY BEEN STRUCK?
       JNE  KEY          IF NOT, SCAN AGAIN
       CLR  R4           ELSE CLEAR COUNT OF DISPLAYED STRINGS
SHOWON A    R2,R1        ADD LENGTH TO POINTER IN R1
       JMP  SHOW         THEN JUMP BACK TO SHOW NEXT STRING
EXIT   BLWP @KSCAN       SCAN THE KEYBOARD
       CB   @ANYKEY,@>837C HAS A KEY BEEN STRUCK?
       JNE  EXIT         IF NOT, RE-SCAN KEYBOARD
       LWPI >83E0        ELSE LOAD GPL WORKSPACE
       B    @>6A         THEN RETURN TO E/A CONTROL
*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
COUNT  DATA 0            NUMBER OF STRINGS IN ARRAY
LEAST  DATA 0            ADDRESS OF LEAST STILL IN UNSORTED LIST
LOWEND DATA 0            BOTTOM OF UNSORTED LIST
TEMSTR BSS  256          TEMPORARY STORAGE FOR STRING TO BE PLACED
ANYKEY BYTE >20          BYTE FOR KEYSTROKE DETECTION
*
* FROM HERE ON ARE THE STRINGS TO BE SORTED
* THERE MUST BE A ZERO BYTE AT END TO INDICATE END OF ARRAY
* NULL STRINGS MUST NOT BE INCLUDED IN THE LIST
*
STSTR  BYTE 6            LENGTH OF FIRST STRING
       TEXT 'ZEBRAS'     CONTENT
       BYTE 9
       TEXT 'AARDVARKS'
       BYTE 7
       TEXT 'ANIMALS'
       BYTE 9
       TEXT 'YESTERDAY'
       BYTE 9
       TEXT 'COMPUTERS'
       BYTE 7
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       TEXT 'WINDAGE'
       BYTE 14
       TEXT 'DRIVING SCHOOL'
       BYTE 11
       TEXT 'DAILY PAPER'
       BYTE 12
       TEXT 'COMPUTATIONS'
       BYTE 7
       TEXT 'FRIENDS'
       BYTE 9
       TEXT 'XYLOPHONE'
       BYTE 7
       TEXT 'MONITOR'
       BYTE 10
       TEXT 'TELEVISION'
       BYTE 6
       TEXT 'FROSTY'
       BYTE 10
       TEXT 'MICROPHONE'
       BYTE 6
       TEXT 'K-MART'
       BYTE 8
       TEXT 'CIRCULAR'
       BYTE 8
       TEXT 'SYMPHONY'
       BYTE 8
       TEXT 'CONCERTO'
       BYTE 8
       TEXT 'ASSEMBLY'
       BYTE 9
       TEXT 'ANTIPHONS'
       BYTE 8
       TEXT 'CALOMINE'
       BYTE 12
       TEXT 'FRIENDLINESS'
       BYTE 10
       TEXT 'SATURATION'
       BYTE 10
       TEXT 'BRIGHTNESS'
       BYTE 7
       TEXT 'ANTENNA'
       BYTE 7
       TEXT 'COLUMNS'
       BYTE 5
       TEXT 'ROWED'
       BYTE 9
       TEXT 'BEAUTIFUL'
       BYTE 8
       TEXT 'UNICORNS'
       BYTE 7
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       TEXT 'JAGUARS'
       BYTE 7
       TEXT 'JOINTLY'
       BYTE 6
       TEXT 'MARCEL'
       BYTE 8
       TEXT 'JEAN-GUY'
       BYTE 9
       TEXT 'POTHOLDER'
       BYTE 6
       TEXT 'VERITY'
       BYTE 9
       TEXT 'VERITABLE'
       BYTE 8
       TEXT 'DREADFUL'
       BYTE 7
       TEXT 'WEAVING'
       BYTE 8
       TEXT 'SCRUPLES'
       BYTE 8
       TEXT 'OPTIONAL'
       BYTE 6
       TEXT 'XANADU'
       BYTE 9
       TEXT 'INTENSIVE'
       BYTE 9
       TEXT 'WATERGATE'
       BYTE 6
       TEXT 'MOVIES'
       BYTE 6
       TEXT 'BABIES'
       BYTE 8
       TEXT 'CHILDREN'
       BYTE 8
       TEXT 'CHILDISH'
       BYTE 10
       TEXT 'PERCENTAGE'
       BYTE 8
       TEXT 'RELIABLE'
       BYTE 9
       TEXT 'CAPRICORN'
       BYTE 12
       TEXT 'MOBILIZATION'
       BYTE 9
       TEXT 'ANTIQUITY'
       BYTE 10
       TEXT 'BARBARIANS'
       BYTE 8
       TEXT 'SANDOVAL'
       BYTE 9
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       TEXT 'SAN DIEGO'
       BYTE 9
       TEXT 'OBLIVIOUS'
       BYTE 7
       TEXT 'ANCIENT'
       BYTE 8
       TEXT 'POLYGONS'
       BYTE 10
       TEXT 'MARGARITAS'
       BYTE 9
       TEXT 'MINISTERS'
       BYTE 8
       TEXT 'RESEARCH'
       BYTE 9
       TEXT 'POLYANDRY'
       BYTE 9
       TEXT 'MARVELOUS'
       BYTE 11
       TEXT 'GRANDMOTHER'
       BYTE 9
       TEXT 'GREATNESS'
       BYTE 12
       TEXT 'FAITHFULNESS'
       BYTE 8
       TEXT 'MIRTHFUL'
       BYTE 9
       TEXT 'MERRIMENT'
       BYTE 9
       TEXT 'NATURALLY'
       BYTE 11
       TEXT 'OZONE LAYER'
       BYTE 11
       TEXT 'MASTERPIECE'
       BYTE 10
       TEXT 'DEDICATION'
       BYTE 11
       TEXT 'NONETHELESS'
       BYTE 9
       TEXT 'SUITCASES'
ENDSTR BYTE 0            ZERO LENGTH BYTE IS END OF ARRAY
       END
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1.24. The Art Of Assembly — Part 24. Another Sort Of Sort

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

/DVW�PRQWK�ZH�VKRZHG�DQ�HQWLUH�SURJUDP�WR�VRUW�D�VHOI�FRQWDLQHG�OLVW�RI����VWULQJV��7RZDUG�WKH�HQG�RI�WKDW
FROXPQ��ZH�LQWURGXFHG�WKH�LGHD�WKDW�ZH�FDOO��3UH�VRUW��IRU�VRUWLQJ�WKLQJV�DV�WKH\�DUH�UHFHLYHG�IURP�D
VRXUFH��,W�RFFXUUHG�WR�XV�WKDW�WKLV�OHIW�DQRWKHU��VKRH�WR�GURS��RQ�WKH�VXEMHFW��VR�WRGD\�ZH
UH�GURSSLQJ�WKDW
RWKHU�VKRH�

,Q�WKH�6LGHEDU�LV�DQRWKHU�FRPSOHWH�(�$�2SWLRQ���SURJUDP�WKDW�\RX�FDQ�W\SH�LQ��DVVHPEOH��DQG�UXQ�IRU
\RXUVHOI��,W�ZLOO�SURPSW�IRU�DQ�LQSXW�ILOH�QDPH��WKHQ�ZLOO�WDNH�WKH�QDPHG�LQSXW�ILOH��WUHDWLQJ�HDFK�UHFRUG
DV�D�VWULQJ��DQG�VRUW�WKH�HQWLUH�ILOH�DV�UHFHLYHG��:KHQ�LW
V�GRQH��LW�ZLOO�SURPSW�IRU�DQ�RXWSXW�ILOH�QDPH��DQG
JLYHQ�RQH�LW�ZLOO�VDYH�WKH�VRUWHG�FRQWHQWV�RI�WKH�LQSXW�ILOH�WR�WKLV�RXWSXW�ILOH�

7KH�VRUW�SURFHVV�LV�IDLUO\�VLPSOH��$V�HDFK�UHFRUG�LV�JRWWHQ�IURP�WKH�ILOH��LW�ZLOO�EH�FRPSDUHG�WR�HDFK�UHFRUG
DOUHDG\�LQ�PHPRU\��:KHQ�D�UHFRUG�LV�IRXQG�WKDW
V�ELJJHU�WKDQ�WKH�LQFRPLQJ�UHFRUG��DOO�RI�WKH�UHFRUGV
FXUUHQWO\�LQ�WKH�DUUD\�IURP�WKHUH�WR�WKH�HQG�DUH�PRYHG�GRZQZDUG�E\�RQH�PRUH�WKDQ�WKH�OHQJWK�RI�WKH
LQFRPLQJ�UHFRUG��WKHQ�WKH�LQFRPLQJ�UHFRUG�LV�VOLSSHG�LQWR�LWV�SURSHU�SODFH�LQ�WKH�DUUD\��$�]HUR�E\WH�LV
SODFHG�MXVW�DIWHU�WKH�ODVW�VWULQJ�LQ�WKH�DUUD\�WR�PDUN�WKH�HQG��,I�QR��ELJJHU��VWULQJ�LV�IRXQG�LQ�WKH�DUUD\�
WKH�LQFRPLQJ�RQH�LV�SODFHG�DW�WKH�HQG�RI�WKH�DUUD\�

:H�KDYH�RI�FRXUVH�WHVWHG�WKLV�SURJUDP�H[WHQVLYHO\��DQG�LW�VHHPV�WR�ZRUN�H[DFWO\�DV�DGYHUWLVHG��(UURU�WUDSV
DUH�EXLOW�LQ�WR�SURWHFW�WKH�XVHU�IURP�HUURUV�RI�DOPRVW�DQ\�NLQG��LQFOXGLQJ�WU\LQJ�WR�VRUW�D�ILOH�WKDW
V�WRR�ELJ
IRU�WKH���.�RI�KLJK�PHPRU\��:H
OO�JHW�LQWR�ZKDW�KDSSHQV�RQ�HUURUV�LQ�MXVW�D�ELW��EXW�ILUVW�OHW
V�GLVFXVV�WKH
SHUIRUPDQFH�RI�WKH�SURJUDP�

1.24.1. Performance

7KH�ILUVW�WHVW�ZH�SHUIRUPHG�ZDV�WR�WDNH�D�ILOH�PDGH�IURP�WKH����VWULQJV�WKDW�ZHUH�LQ�ODVW�PRQWK
V�SURJUDP�
)URP�D�QRUPDO�IORSS\�GLVN�GULYH��LW�WDNHV�DERXW�VL[�WR�VHYHQ�VHFRQGV�WR�VRUW�WKDW�OLVW�RI�ZRUGV��LQFOXGLQJ
WKH�WLPH�WR�RSHQ�WKH�ILOH��7KH�VRUW�SURGXFHV�DQ�RXWSXW�ILOH�WKDW�KDV�DOO����RI�WKRVH�UHFRUGV�LQ�DOSKDEHWLFDO
RUGHU�

+DYLQJ�VXFFHHGHG�ZLWK�WKDW�VKRUW�ILOH��ZH�GHFLGHG�WR�WU\�VRPHWKLQJ�ELJJHU��:H�WRRN�WKH�'�9����ILOH�RI�RQH
RI�WKHVH�FROXPQV��1XPEHU����ZKLFK�KDV�����UHFRUGV��DQG�RFFXSLHV����VHFWRUV�RQ�D�'6�6'�GLVN��7KLV�WRRN
DERXW���PLQXWH�WR�UHDG�DQG�VRUW��7KH�UHVXOW�ZDV�D�UDWKHU�LQWHUHVWLQJ�RXWSXW�ILOH��$OO�WKH�EODQN�OLQHV��%ODQN
OLQHV�DUH�UHFRUGV�FRQVLVWLQJ�RI�D�VLQJOH�VSDFH���FDPH�ILUVW��7KHVH�ZHUH�IROORZHG�E\�D�JURXS�RI�OLQHV�LQGHQWHG
E\����VSDFHV��WKHQ�WKRVH�LQGHQWHG�E\�OHVV�WKDQ����VSDFHV��WKHQ�WKRVH�WKDW�KDG�WKH�ILYH�FKDUDFWHU�LQGHQW�IRU
SDUDJUDSK�EHJLQQLQJV��DQG�ILQDOO\�D�ODUJH�JURXS�RI�OLQHV�ZKLFK�KDG�QR�LQGHQW�
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:LWKLQ�HDFK�JURXS��WKH�VRUWLQJ�ZDV�GRQH�DV�\RX
G�H[SHFW��/LQHV�WKDW�KDG�FKDUDFWHUV�OLNH�SDUHQWKHVHV�RU
QXPEHUV�FDPH�ILUVW��WKHQ�WKRVH�VWDUWLQJ�ZLWK�FDSLWDO�OHWWHUV��WKHQ�WKRVH�VWDUWLQJ�ZLWK�ORZHU�FDVH�OHWWHUV�
,Q�RWKHU�ZRUGV��WKH�VRUW�ZRUNHG�H[DFWO\�DV�LW�VKRXOG��2QH�PLQXWH�GLGQ
W�VHHP�OLNH�PXFK�WLPH�WR�UHDG�DQG
VRUW�WKLV�ILOH��)RU�FRPSDULVRQ�SXUSRVHV��ZH�ZHQW�LQWR�WKH�(�$�HGLWRU�DQG�ORDGHG�WKH�VDPH�ILOH�IURP�WKH
IORSS\�GLVN��,W�WRRN�DERXW����VHFRQGV�WR�VLPSO\�ORDG�LQ�IRU�HGLWLQJ��RU�QHDUO\�KDOI�WKH�WLPH�RXU�SURJUDP
WRRN�WR�ORDG�DQG�VRUW�WKH�ILOH��'RLQJ�WKLV�VRUW�RSHUDWLRQ�RQ�D�ILOH�IURP�5DPGLVN�WDNHV�PXFK�OHVV�WLPH�

1.24.2. The Error Reports

7KHUH�DUH�WZR�PDMRU�NLQGV�RI�HUURUV�WKDW�ZLOO�EH�WUDSSHG�E\�WKLV�SURJUDP��)LUVW�RI�FRXUVH�DUH�ILOH�HUURUV�
7KHVH�DUH�UHSRUWHG�WR�WKH�XVHU�RQ�URZV����DQG����RI�WKH�VFUHHQ��$IWHU�WKH�HUURU�UHSRUW��SUHVVLQJ�DQ\�NH\
WDNHV�WKH�XVHU�EDFN�WR�WKH�SURPSW�IRU�WKH�DSSURSULDWH�ILOH�QDPH��,I�DQ�HUURU�RFFXUV�RQ�WKH�LQSXW�ILOH��\RX
UHWXUQ�WR�WKDW�SURPSW�WR�WU\�DJDLQ��,I�DQ�HUURU�RFFXUV�RQ�WKH�RXWSXW�ILOH��\RX�UHWXUQ�WR�WKDW�ILOH�QDPH�LQSXW
ILHOG��7KH�VRUWHG�ILOH�LQ�VXFK�FDVHV�LV�VWLOO�LQ�PHPRU\��VR�\RX�JHW�D�VHFRQG�WU\�DW�VDYLQJ�WKH�VRUWHG�ILOH�WR
GLVN�

7KH�RWKHU�SRVVLEOH�HUURU�LV�UXQQLQJ�RXW�RI�PHPRU\��$V�WKH�SURJUDP�EXLOGV�WKH�DUUD\�RI�VRUWHG�VWULQJV�LQ
KLJK�PHPRU\��LW�FKHFNV�ZLWK�HDFK�DGGHG�VWULQJ�IRU�WKH�HQG�RI�XVDEOH�PHPRU\�DW�!))(���,I�WKDW�ZRXOG�EH
H[FHHGHG��WKH�HUURU�LV�UHSRUWHG��DQG�DIWHU�D�NH\SUHVV�\RX
UH�DW�WKH�RXWSXW�ILOH�QDPH�SURPSW�VR�\RX�FDQ�VDYH
ZKDW
V�LQ�PHPRU\��,Q�JHQHUDO��DQ\�'�9����ILOH�WKDW
V�VPDOO�HQRXJK�WR�EH�HGLWHG�E\�(�$
V�HGLWRU�ZLOO�QRW�UXQ
WKLV�SURJUDP�RXW�RI�PHPRU\��7KH�FDSDFLW\�ZH�DOORZ�LV��������E\WHV��7KLV�LV�EHFDXVH�WKH�SURJUDP�LWVHOI�LV
DOO�LQ�ORZ�PHPRU\��VR�WKDW�DOO�WKH�KLJK�PHPRU\�IURP�!$����WKURXJK�!))(��FDQ�EH�XVHG�IRU�WKH�VWULQJ
DUUD\�

1.24.3. User Guidance

7KH�XVHU�LQWHUIDFH�LQ�WKLV�SURJUDP�LV�YHU\�VLPSOH��$W�WKH�ILOH�QDPH�SURPSWV��IXQFWLRQ�NH\�SUHVVHV�PD\�EH
XVHG�WR�GHOHWH��FCTN 1��RU�WRJJOH�LQWR�LQVHUW��FCTN 2���RU�PRYH�WKH�FXUVRU�OHIW�DQG�ULJKW��FCTN S�RU
FCTN D���)XQFWLRQ���LV�UHVHUYHG�IRU�WZR�SXUSRVHV��,I�\RX
UH�DW�WKH�RXWSXW�QDPH�SURPSW��FCTN 9�WDNHV�\RX
EDFN�WR�WKH�LQSXW�QDPH�SURPSW��,I�\RX
UH�DW�WKH�LQSXW�QDPH�SURPSW��FCTN 9�WDNHV�\RX�RXW�RI�WKH�SURJUDP�
:KHQ�D�VRUW�KDV�ILQLVKHG�EHLQJ�VDYHG�WR�GLVN��WKH�SURJUDP�UHWXUQV�WR�WKH�LQSXW�ILOH�QDPH�SURPSW��VR�\RX
FDQ�VRUW�D�VHULHV�RI�ILOHV�ZLWKRXW�H[LWLQJ�WKH�SURJUDP��LI�\RX�ZLVK�

1.24.4. Embellishments

6LQFH�ZH
YH�SURYLGHG�DOO�WKH�VRXUFH�FRGH�LQ�WRGD\
V�6LGHEDU��\RX�FDQ�DGG�VRPH��WRXFKHV��RI�\RXU�RZQ�WR�WKLV
UDWKHU�SULPLWLYH�SURJUDP��)RU�H[DPSOH��MXVW�EHIRUH�WKH�%/�#&56,1�OLQHV��\RX�FRXOG�SXW�LQ�D��EHHS��VRXQG
YLD�*3//1.��DQG�\RX�FRXOG�DGG�D��ERRS��VRXQG�LQ�WKH�HUURU�WUDSV�MXVW�EHIRUH�WKH�%/�#.(</22�OLQHV�
<RX�FRXOG�DOVR�H[SDQG�WKH�LQSXW�ILOH�QDPH�ILHOGV�WR�DOORZ�IRU�KDUG�GLVN�SDWK�QDPHV�
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1.24.5. Program Construction

7KRVH�ZKR
YH�IROORZHG�WKLV�FROXPQ�ZLOO�VHH�D�ORW�RI�IDPLOLDU�VWXII�LQ�WKH�6LGHEDU��7KHUH
V�&56,1�IURP
QXPEHU����IRU�H[DPSOH��7KDW�ZDV�OLIWHG��DV�LV��IRU�XVH�KHUH��7KH�HUURU�WUDSSLQJ�IRU�ILOH�RSHUDWLRQV�FDPH
ULJKW�RXW�RI�QXPEHU����DQG�RWKHU�VXEURXWLQHV�ZHUH��LPSRUWHG��IURP�RWKHU�VRXUFHV��7KH�RSHQLQJ��UHDGLQJ�
ZULWLQJ�DQG�FORVLQJ�RI�ILOHV�FDPH�IURP�QXPEHU����:H�PHQWLRQ�DOO�WKLV�MXVW�WR�VKRZ�WKDW�WKLV�LV�VRPHWKLQJ
\RX�WRR�FDQ�GR��WDNLQJ�ROG�VXEURXWLQHV�IURP�SUHYLRXV�SURJUDPV�RU�IURP�RXU��6LGHEDUV��DQG�UH�F\FOLQJ�WKHP
WR�PDNH�D�QHZ�SURJUDP��7KXV�WKH�EXON�RI�WKLV��QHZ��SURJUDP�LV�UH�F\FOHG�VXEURXWLQHV��QRW�QHZO\�ZULWWHQ
VRXUFH�FRGH��'RLQJ�LW�WKLV�ZD\�DOORZHG�WKLV�ZKROH�SURJUDP�WR�EH�SXW�WRJHWKHU�DQG�WHVWHG�LQ�D�VLQJOH
DIWHUQRRQ��7KLV�FROXPQ�WR�DFFRPSDQ\�WKH�VRXUFH�FRGH�WRRN�RQO\�D�FRXSOH�RI�KRXUV�WKH�QH[W�PRUQLQJ���+RSH
-RKQ�DQG�/DXUD�GRQ
W�QRWLFH�WKLV�ODVW��

:H�NHHS�D��EDWWHU\��RI�VXFK�URXWLQHV�KHUH�RQ�GXVW\�ROG�IORSS\�GLVNV��DQG�LQ�VRPH�FDVHV�LQ�PXOWLSOH�YHUVLRQV�
VR�WKDW�URXWLQHV�IRU�OLQNDJH�IURP�([WHQGHG�%DVLF��ZKLFK�DUH�VOLJKWO\�GLIIHUHQW��FR�H[LVW�ZLWK�WKRVH�ZULWWHQ
IRU�(�$�XVH��,I�ZH�KDG�WLPH��ZH
G�PDNH�VRPH�NLQG�RI�LQGH[�RI�DOO�WKRVH�IORSS\�GLVNV��VR�D�SDUWLFXODU�URXWLQH
ZRXOG�EH�HDVLHU�WR�ILQG��EXW�LW�VHHPV�ZH�FDQ�DOZD\V�ILQG�WLPH�WR�VHDUFK�WKURXJK�DOO�WKH�GLVNV��EXW�QHYHU�ILQG
WKH�WLPH�WR�LQGH[�WKHP��,W�UHPLQGV�PH�RI�DQRWKHU�H[SUHVVLRQ�IURP�P\�GD\V�LQ�&LYLO�6HUYLFH��FRQFHUQLQJ
�UXVK��SURMHFWV���:H�QHYHU�KDYH�HQRXJK�WLPH�WR�GR�LW�ULJKW��EXW�ZH�DOZD\V�KDYH�WLPH�WR�GR�LW�RYHU��

:H�KRSH�\RX
OO�ILQG�WRGD\
V�SURJUDP�XVHIXO��,W
V�ZULWWHQ�UDWKHU�FUXGHO\��EXW�LV�FRPSOHWHO\�IXQFWLRQDO��<RX
FDQ�PDNH�FKDQJHV�LQ�LW�WR�\RXU�KHDUW
V�FRQWHQW��IRU�GLIIHUHQW�NLQGV�RI�ILOHV��DQG�VR�RQ��<RX�FRXOG�DOVR�DGDSW
LW�WR�ZRUN�IURP�([WHQGHG�%DVLF��RU�PDNH�LW�DQ��2SWLRQ����SURJUDP�ILOH��1H[W�PRQWK�ZH�SURPLVH�ZH
OO�ZULWH
DERXW�VRPHWKLQJ�RWKHU�WKDQ�VRUWV��7ZR�FROXPQV�LQ�VXFFHVVLRQ�RQ�WKDW�WRSLF�LV�HQRXJK�

* FILE SORTING PROGRAM
* BY B. HARRISON
* 22 JUN 1992
* PUBLIC DOMAIN
*
* REQUIRED REFERENCE VECTORS
*
       REF  VMBW,VMBR,VSBW,VSBR
       REF  DSRLNK,KSCAN
*
* REQUIRED EQUATES
*
STATUS EQU  >837C
WS     EQU  >20BA
GPLWS  EQU  >83E0
SCRWID EQU  32
PAB1   EQU  >1000
BUF    EQU  >1050
PABPNT EQU  >8356
KEYADR EQU  >8374
KEYVAL EQU  >8375
*
       DEF  START        DEFINE ENTRY POINT
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*
       AORG >2678        SET ORIGIN IN LOW MEMORY
*
* CODE SECTION - MAIN PROGRAM
*
START
       LWPI WS           LOAD USER WORKSPACE
       LI   R15,RTNSTK   SET STACK FOR HIGH LEVEL SUBROUTINE
       LI   R0,3         ROW 1, COLUMN 4
       LI   R4,3*SCRWID  THREE ROWS TO CLEAR
       BL   @CLRFLD      CLEAR THEM
       LI   R1,INFSTR    SET FOR INPUT FILE PROMPT
       BL   @DISSTR      DISPLAY PROMPT
       AI   R0,SCRWID    DOWN TO ROW 2
       LI   R4,15        15 BYTES
       BL   @CRSIN       USE CRSIN SUBROUTINE
       CI   R8,15        HAS F-9 BEEN STRUCK?
       JNE  PLCFN        IF NOT, GO ON
       B    @EXIT        ELSE EXIT PROGRAM
PLCFN
       LI   R9,TEMSTR    POINT AT TEMPORARY STRING
       LI   R10,PAB1DT+9 POINT R10 AT FILE DESCRIPTOR LENGTH BYTE
       BL   @MOVSTR      MOVE STRING FROM TEMSTR TO PAB DATA
       LI   R4,>A000     SET R4 TO >A000
       MOV  R4,@ENDSTR   MOVE THAT TO END OF ARRAY LOCATION
       CLR  *R4          MAKE >A000 EQUAL 0
OPNF1
       LI   R0,2*SCRWID+2 SET FOR ROW 3, COL 3
       LI   R1,SFSTR     "SORTING FILE" MESSAGE
       BL   @DISSTR      DISPLAY THAT
       MOVB @INMD,@PAB1DT+1 OPEN WILL BE INPUT MODE
       LI   R0,PAB1      SET WRITE ADDRESS IN R0
       MOVB @PAB1DT+9,R2 GET DESCRIPTOR LENGTH BYTE INTO LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY SO R2 IS A WORD OF LENGTH
       AI   R2,10        ADD 10 TO INCLUDE THE PAB1DT LINE PLUS DESCRIPTOR
       LI   R1,PAB1DT    POINT R1 AT PAB DATA
       BLWP @VMBW        WRITE BYTES TO PAB LOCATION IN VDP RAM
       AI   R0,9         ADD NINE TO ADDRESS IN R0
       MOV  R0,@PABPNT   PLACE THAT ADDRESS AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK UTILITY
       DATA 8            REQUIRED DATA
       STST R14          STORE STATUS REGISTER IN R14
       ANDI R14,>2000    MASK ALL BUT BIT #2 IN R14
       JEQ  RDF1         IF ZERO, GO AHEAD TO READ FILE
       BL   @OPNERR      ELSE TO OPNERR
       B    @START       THEN BACK TO START
RDF1
       MOVB @READF,R1    MOVE READ OPCODE INTO LEFT BYTE R1
       LI   R0,PAB1      PAB ADDRESS IN VDP
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       BLWP @VSBW        WRITE ONE BYTE INTO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   MOVE TO >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK
       DATA 8            REQUIRED DATA
       LI   R0,PAB1+1    SET TO SECOND BYTE OF PAB IN VDP
       BLWP @VSBR        READ INTO LEFT BYTE R1
       SRL  R1,13        SHIFT R1 RIGHT BY 13 BITS
       JEQ  READON       IF ZERO, NO ERROR IN DSR OPERATION
       CI   R1,5         IF ERROR = 5, END OF FILE HAS BEEN REACHED
       JEQ  CLSF1        IF SO, CLOSE THE FILE
       BL   @FILERR      ELSE SOME OTHER ERROR, REPORT THAT TO USER
       B    @START       BACK TO START
READON LI   R0,PAB1+5    POINT AT PAB+5 IN VDP RAM
       BLWP @VSBR        READ THAT BYTE INTO LEFT BYTE R1
       MOVB R1,R2        MOVE BYTE INTO R2
       SRL  R2,8         RIGHT JUSTIFY LENGTH IN R2
       MOVB R1,@TEMSTR   MOVE BYTE TO TEMSTR
       LI   R0,BUF       POINT TO BUFFER LOCATION IN VDP
       LI   R1,TEMSTR+1  CONTENT GOES TO TEMSTR+1
       BLWP @VMBR        READ CONTENT OF RECORD FROM VDP BUFFER
       MOV  R2,R8        STASH STRING LENGTH IN R8
       INC  R8           INC TO INCLUDE LENGTH BYTE
       LI   R10,>A000    POINT AT START OF ARRAY MEMORY
CMPSTR
       LI   R9,TEMSTR    POINT AT INCOMING STRING
       MOV  R10,R14      SAVE R10 ADDRESS IN R14
       C    R10,@ENDSTR  COMPARE R10 TO END OF ARRAY
       JLT  CMPON        IF LESS, PROCEED WITH COMPARISON
       JMP  NOSORT       ELSE NO SORT NECESSARY
CMPON  MOVB *R9+,R4      GET INCOMING STRING LENGTH IN R4
       MOVB *R10+,R5     GET AN ARRAY STRING'S LENGTH
       SRL  R4,8         RIGHT JUSTIFY R4
       SRL  R5,8         AND R5
CMP910 CB   *R9+,*R10+   COMPARE ONE BYTE
       JGT  BIG          IF R9'S IS GREATER, JUMP
       JLT  SMALL        IF R9'S IS LESS, JUMP
       DEC  R4           ELSE DECREMENT COUNT
       JEQ  SMALL        IF ZERO, R9'S STRING IS LESS
       CI   R5,1         COMPARE R5 TO 1
       JNE  DEC5         IF NOT EQUAL, JUMP
       JMP  BIG          ELSE R9'S STRING
DEC5   DEC  R5           DECREMENT OTHER COUNT
       JNE  CMP910       IF NOT ZERO, COMPARE ANOTHER
BIG    MOV  R14,R10      GET ORIGINAL ADDRESS BACK IN R10
       MOVB *R10+,R7     TAKE LENGTH BYTE INTO R7
       SRL  R7,8         RIGHT JUSTIFY
       A    R7,R10       ADD LENGTH TO R10
       JMP  CMPSTR       THEN COMPARE TO NEXT STRING
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SMALL
       MOV  @ENDSTR,R10  POINT AT END OF ARRAY
       MOV  R10,R9       POINT R9 AT PRESENT END
       MOV  R10,R4       MOVE PRESENT END TO R4
       S    R14,R4       SUBTRACT START OF HIGH STRING
       A    R8,R10       ADD LENGTH OF STRING TO BE ADDED
       CI   R10,>FFE7    ARE WE AT END OF MEMORY
       JLT  DEC9         IF NOT, PROCEED
       LI   R0,22*SCRWID+2 ELSE SET FOR ROW 23, COL 3
       LI   R1,OOMSTR    "OUT OF MEMORY"
       BL   @DISSTR      DISPLAY THAT
       BL   @KEYLOO      WAIT FOR KEYSTROKE
       JMP  GETOFN       THEN MOVE ON
DEC9   DEC  R9           DECREMENT R9
       DEC  R10          AND R10
MOVREV MOVB *R9,*R10     MOVE ONE BYTE
       DEC  R9           DECRMENT POINTER
       DEC  R10          AND OTHER POINTER
       DEC  R4           DECREMENT BYTE COUNT
       JNE  MOVREV       IF NOT ZERO, REPEAT
       JMP  MOVIN        ELSE JUMP AHEAD
NOSORT MOV  @ENDSTR,R14  MOVE END OF ARRAY ADDRESS INTO R14
MOVIN  LI   R9,TEMSTR    POINT AT INCOMING STRING
       MOV  R14,R10      DESTINATION ADDRESS IN R10
       BL   @MOVSTR      MOVE STRING INTO ARRAY
       A    R8,@ENDSTR   ADD LENGTH TO END ADDRESS
       MOV  @ENDSTR,R4   MOVE THAT TO R4
       MOVB @ONE,*R4     PUT A ZERO BYTE THERE
       B    @RDF1        THEN READ NEXT RECORD
*
CLSF1  BL   @CLSF2       USE SUBROUTINE
*
GETOFN
       LI   R0,3         SET TO ROW 1, COL 3
       LI   R4,3*SCRWID  THREE ROWS
       BL   @CLRFLD      CLEAR
       LI   R1,OUTSTR    "OUTPUT NAME" PROMPT
       BL   @DISSTR      DISPLAY
       AI   R0,SCRWID    DOWN ONE ROW
       LI   R4,15        15 BYTES
       BL   @CRSIN       GET NAME
       CI   R8,15        F-9 STRUCK?
       JNE  GETOF1       IF NOT, MOVE ON
       B    @START       ELSE BACK TO START
GETOF1 LI   R9,TEMSTR    POINT AT TEMPORARY STRING
       LI   R10,PAB1DT+9 AND FILE NAME LOCATION
       BL   @MOVSTR      MOVE THE STRING INTO PLACE
*
OPNF2
       MOVB @OUTMD,@PAB1DT+1 OPEN WILL BE OUTPUT MODE
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       LI   R0,PAB1      SET WRITE ADDRESS IN R0
       MOVB @PAB1DT+9,R2 GET DESCRIPTOR LENGTH BYTE INTO LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY SO R2 IS A WORD OF LENGTH
       AI   R2,10        ADD 10 TO INCLUDE THE PAB1DT LINE PLUS DESCRIPTOR
       LI   R1,PAB1DT    POINT R1 AT PAB DATA
       BLWP @VMBW        WRITE BYTES TO PAB LOCATION IN VDP RAM
       AI   R0,9         ADD NINE TO ADDRESS IN R0
       MOV  R0,@PABPNT   PLACE THAT ADDRESS AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE DSRLNK UTILITY
       DATA 8            REQUIRED DATA
       STST R14          STORE STATUS REGISTER IN R14
       ANDI R14,>2000    MASK ALL BUT BIT #2 IN R14
       JEQ  WRTF2        IF ZERO, GO AHEAD TO WRITE FILE
       BL   @OPNERR      ELSE TO OPNERR
       JMP  GETOFN       THEN JUMP BACK
WRTF2
       LI   R9,>A000     POINT AT START OF ARRAY
WRTNXT LI   R10,TEMSTR   POINT R10 AT TEMSTR
       BL   @MOVSTR      MOVE THE STRING
       MOVB @TEMSTR,R1   GET LENGTH OF RECORD IN LEFT BYTE R1
       JEQ  CLSFO        IF ZERO LENGTH, WE ARE AT END OF ARRAY
       LI   R0,PAB1+5    POINT TO RECORD LENGTH BYTE OF PAB
       BLWP @VSBW        WRITE LENGTH TO PAB
       MOVB R1,R2        PLACE LENGTH IN LEFT BYTE R2
       SRL  R2,8         RIGHT JUSTIFY LENGTH IN R2
       LI   R1,TEMSTR+1  POINT TO STRING CONTENT
       LI   R0,BUF       POINT AT BUFFER IN VDP
       BLWP @VMBW        WRITE RECORD CONTENTS TO VDP
       MOVB @WRITEF,R1   GET WRITE OPCODE IN R1
       LI   R0,PAB1      POINT TO START OF PAB
       BLWP @VSBW        WRITE THE OPCODE BYTE TO VDP
       AI   R0,9         ADD 9
       MOV  R0,@PABPNT   MOVE TO >8356

       CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @DSRLNK      CALL DSR LINKAGE
       DATA 8            REQUIRED DATA
       LI   R0,PAB1+1    POINT TO SECOND BYTE OF PAB
       BLWP @VSBR        READ THAT BYTE INTO R1
       SRL  R1,13        SHIFT R1 RIGHT 13 BITS
       JEQ  WRTNXT       IF ZERO, NO ERROR, SO GO ON
       BL   @FILERR      ELSE BRANCH TO ERROR HANDLING
       BL   @CLSF2       CLOSE FILE
       B    @GETOFN      THEN BRANCH
CLSFO  BL   @CLSF2       CLOSE THE FILE
       B    @START       THEN BACK TO START
EXIT   LWPI GPLWS        LOAD THE GPL WORKSPACE
       B    @>6A         THEN BACK TO E/A
*
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* CODE SECTION - SUBROUTINES
*
OPNERR
       MOV  R11,*R15+    STACK R11
       LI   R0,22*32+2   ROW 23, COL 3
       LI   R1,FNOMSG    FILE NOT OPENED
       BL   @DISSTR      DISPLAY THAT
       LI   R0,PAB1+1    POINT AT PAB + 1 IN VDP
       BLWP @VSBR        READ THAT BYTE
       SRL  R1,13        SHIFT RIGHT 13 BYTES
       JMP  FILER1       THEN JUMP
FILERR MOV  R11,*R15+    STACK R11
FILER1 SLA  R1,1         DOUBLE NUMBER IN R1
       AI   R1,LUT       ADD LOOKUP TABLE ADDRESS
       MOV  *R1,R1       GET ERROR MESSAGE ADDRESS INTO R1
       LI   R0,23*32+2   POINT AT ROW 24, COL 3
       BL   @DISSTR      DISPLAY ERROR MESSAGE
       BL   @KEYLOO      STOP AT KEY LOOP
       LI   R0,22*SCRWID LOAD R0 FOR ROW 23
       LI   R4,2*SCRWID  TWO ROWS
       BL   @CLRFLD      CLEAR THOSE
       B    @SUBRET      THEN RETURN
*
DISSTR  MOVB *R1+,R2     GET LENGTH BYTE
        SRL  R2,8        RIGHT JUSTIFY
        JEQ  DISX        IF ZERO LENGTH, SKIP IT
        BLWP @VMBW       ELSE WRITE STRING TO SCREEN
DISX    RT               RETURN TO CALLER
*
CLSF2  LI   R0,PAB1      POINT TO PAB ADDRESS
       MOVB @CLOSEF,R1   GET CLOSE OPCODE IN LEFT BYTE R1
       BLWP @VSBW        WRITE OPCODE TO PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   PLACE AT >8356
       CLR  @STATUS      CLEAR STATUS
       BLWP @DSRLNK      CALL DSRLNK
       DATA 8            REQUIRED DATA
       RT                RETURN
*
*
CRSIN
       MOV  R11,*R15+    STACK RETURN ADDRESS
       CLR  @INSFLG      CLEAR OUR INSERT FLAG
       MOV  R0,@PGNUM    STASH R0 IN MEMORY LOCATION
       DEC  R0           DECREMENT R0
       MOVB @EDGE,R1     PLACE EDGE CHARACTER IN LEFT BYTE R1
       BLWP @VSBW        WRITE EDGE CHARACTER TO SCREEN
       INC  R0           RESET R0 TO ORIGINAL VALUE
       A    R4,R0        ADD NUMBER OF CHARACTERS TO ACCEPT
       BLWP @VSBW        WRITE AN EDGE CHARACTER TO SPOT BEYOND FIELD
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       MOV  R0,@ENDOC    SAVE THIS LOCATION IN MEMORY
       S    R4,R0        RESET R0 TO ORIGINAL VALUE
       MOV  R4,@SAV4     STASH R4 IN MEMORY
CRSI0A BLWP @VSBR        READ THE CHARACTER POINTED TO BY R0
       MOVB R1,@ALTKEY   STASH THAT CHARACTER AT LOCATION ALTKEY
CRSI0  BL   @CURFRC      FORCE THE CURSOR ONTO THE SCREEN
       BL   @KI2         USE THE SCANNING SUBROUTINE WITH FLASHING CURSOR
       CI   R8,9         HAS RIGHT ARROW BEEN STRUCK?
       JEQ  CRSRT        IF SO, JUMP
       CI   R8,8         HAS LEFT ARROW BEEN STRUCK?
       JEQ  CRSBK        IF SO, JUMP
       CI   R8,10        DOWN ARROW?
       JLT  CRSC4        IF LESS, JUMP
       CI   R8,15        HAS FCTN-9 BEEN STRUCK?
       JEQ  CRSDMY       IF SO, JUMP
       CI   R8,13        HAS ENTER KEY BEEN STRUCK?
       JLT  CRSDMY       IF LESS, JUMP
CRSC4  CI   R8,4         HAS FCTN-2 (INSERT) BEEN STRUCK?
       JNE  CRSENT       IF NOT, JUMP
       INC  @INSFLG      ELSE SET INSERT FLAG
       JMP  CRSI0        THEN JUMP BACK
CRSENT CB   @KEYVAL,@ENTERV HAS ENTER BEEN STRUCK?
       JEQ  CRSDMY       IF SO, JUMP
       CI   R8,3         HAS FCTN-1 (DELETE) BEEN STRUCK?
       JEQ  CRSDEL       IF SO, JUMP
       CI   R8,32        SPACE BAR
       JLT  CRSI0        IF LESS, JUMP
* THE FOLLOWING FIVE LINES ARE NEEDED ONLY IF ONE WANTS LOWER CASE
* CHARACTERS CONVERTED TO UPPER CASE.  IF NOT, OMIT THESE FIVE LINES
       CI   R8,122       COMPARE TO LOWER CASE Z
       JGT  CRSI0        IF GREATER, JUMP
       CI   R8,97        COMPARE TO LOWER CASE A
       JLT  CRSI1        IF LOWER, JUMP
       SB   @ANYKEY,@KEYVAL ELSE SUBTRACT >20 FROM KEYSTROKE
CRSI1
       MOV  @INSFLG,R1   TEST IF INSERT FLAG ON
       JEQ  CRSI1A       IF NOT, JUMP
       MOVB @ALTKEY,R1   ELSE WRITE CURRENT CHARACTER
       BLWP @VSBW        TO CURRENT SCREEN POSITION
       MOV  @ENDOC,R2    MOVE LIMIT ADDRESS INTO R2
       S    R0,R2        SUBTRACT CURRENT R0 POSITION
       LI   R1,TEMSTR    POINT TO TEMSTR LOCATION
       BLWP @VMBR        READ CHARACTERS FROM SCREEN
       DEC  R2           DECREMENT CHARACTER COUNT
       JEQ  CRSI1A       IF R2 IS ZERO, NO INSERT - WE'RE AT LAST POSITION
       INC  R0           INCREMENT SCREEN POSITION
       BLWP @VMBW        WRITE CHARACTERS BACK
       DEC  R0           POINT BACK ONE SPOT
CRSI1A MOVB @KEYVAL,R1   MOVE THE KEY STRUCK INTO LEFT BYTE R1
       BLWP @VSBW        WRITE KEY VALUE TO SCREEN
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       INC  R0           POINT AT NEXT CHARACTER POSITION
       BLWP @VSBR        READ CHARACTER THAT'S THERE
       CB   R1,@EDGE     IS THIS AN EDGE CHARACTER?
       JNE  CRSI0A       IF NOT, JUMP
       DEC  R0           ELSE BACK UP ONE CHARACTER
       JMP  CRSI0A       THEN BACK FOR ANOTHER KEY INPUT
CRSRT  MOVB @ALTKEY,R1   TAKE CURRENT SCREEN CHARACTER INTO LEFT BYTE R1
       BLWP @VSBW        WRITE CHARACTER TO SCREEN
       CLR  @INSFLG      CLEAR THE INSERT FLAG
       INC  R0           MOVE TO NEXT SPOT
       BLWP @VSBR        READ THE CHARACTER THERE
       CB   R1,@EDGE     IS THAT EDGE CHARACTER?
       JEQ  CRSRT1       IF SO, JUMP
       MOVB R1,@ALTKEY   ELSE STASH CURRENT SCREEN CHARACTER
       BL   @CURFRC      FORCE CURSOR ONTO SCREEN
       BL   @KI2A        GO SCAN KEYBOARD
       CB   @KEYVAL,@RITEV IS RIGHT ARROW STILL HELD DOWN?
       JEQ  CRSRT        IF SO, KEEP GOING RIGHT
       CB   @KEYVAL,@NOKEY HAS NO KEY BEEN STRUCK?
       JEQ  CRSRT2       IF SO, JUMP
CRSRT1 DEC  R0           BACK TO PREVIOUS SPOT
CRSRT2 MOVB @ONOFF,@KI2A+2 RESTORE DELAY CONSTANT
       MOVB @ALTKEY,R1   GET CHARACTER INTO LEFT BYTE R1
       BLWP @VSBW        WRITE TO SCREEN
       JMP  CRSI0        THEN JUMP BACK FOR ANOTHER KEY
CRSBK  MOVB @ALTKEY,R1   GET CURRENT CHARACTER IN R1
       BLWP @VSBW        WRITE TO SCREEN
       CLR  @INSFLG      CLEAR INSERT FLAG
       DEC  R0           BACK ONE SPOT
       BLWP @VSBR        READ CHARACTER FROM SCREEN
       CB   R1,@EDGE     IS THAT EDGE CHARACTER?
       JEQ  CRSBK1       IF SO, JUMP
       MOVB R1,@ALTKEY   ELSE STASH CHARACTER AT ALTKEY
       BL   @CURFRC      FORCE CURSOR ONTO SCREEN
       BL   @KI2A        GO GET KEYSTROKE
       CB   @KEYVAL,@LEFTV  IS LEFT ARROW STILL HELD DOWN?
       JEQ  CRSBK        IF SO, GO BACK AGAIN
       CB   @KEYVAL,@NOKEY HAS NO KEY BEEN STRUCK
       JEQ  CRSRT2       IF SO, JUMP
CRSBK1 INC  R0           MOVE TO NEXT SPOT
       JMP  CRSRT2       THEN JUMP
CRSDMY JMP  CRSIX        THIS IS A DUMMY JUMP TO KEEP JUMPS IN RANGE
CRSDEL MOV  R0,R7        STASH R0 IN R7
       CLR  @INSFLG      CLEAR INSERT FLAG, SINCE WE'RE DELETING
       MOV  @ENDOC,R2    END OF FIELD ADDRESS IN R2
       S    R0,R2        SUBTRACT CURRENT CHARACTER ADDRESS
       INC  R0           POINT TO NEXT CHARACTER
       DEC  R2           DECREMENT R2 COUNT
       JEQ  CRSD1        IF R2 ZERO, PRINT SPACE - WERE AT LAST POSITION
       LI   R1,TEMSTR    POINT R1 AT TEMSTR FOR TEMPORARY STORAGE
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       BLWP @VMBR        READ CHARACTERS INTO LOCATION TEMSTR
       MOV  R7,R0        PUT BACK R0
       BLWP @VMBW        WRITE CHARACTERS FROM TEMSTR TO SCREEN
CRSD1  MOVB @ANYKEY,R1   PUT A SPACE IN LEFT BYTE R1
       MOV  @ENDOC,R0    GET LIMIT SPOT INTO R0
       DEC  R0           DECREMENT BY ONE
       BLWP @VSBW        WRITE A SPACE TO SPOT JUST BEFORE LIMIT
       MOV  R7,R0        GET R0 BACK AGAIN
CRSD0  B    @CRSI0A      BRANCH BACK TO BEGINNING
CRSIX  MOVB @ALTKEY,R1   MOVE CURRENT CHARACTER TO R1
       BLWP @VSBW        WRITE TO SCREEN
       MOV  @ENDOC,R0    SET LIMIT POSITION IN R0
       DEC  R0           DECREMENT BY ONE
       MOV  @SAV4,R2     MOVE MAX NUMBER OF CHARACTERS INTO R2
CRSIX1 BLWP @VSBR        READ THE CHARACTER AT CURRENT R0 POSITION
       CB   R1,@ANYKEY   IS THAT A SPACE?
       JNE  CRSIXX       IF NOT, WE'VE REACHED CONTENT OF STRING
       DEC  R0           ELSE MOVE BACK ONE SPOT
       DEC  R2           DECREASE CHARACTER COUNT BY ONE
       JGT  CRSIX1       IF GREATER THAN ZERO, JUMP BACK
CRSIXX MOV  @PGNUM,R0    GET ORIGINAL R0 POSITION BACK
       SWPB R2           PUT CHARACTER COUNT IN LEFT BYTE R2
       MOVB R2,@TEMSTR   PLACE THAT AT TEMSTR
       SWPB R2           REVERSE R2 AGAIN
       JEQ  CRIX         IF R2=0, JUMP
       LI   R1,TEMSTR+1  ELSE SET R1 TO POINT TO STRING CONTENT STORAGE
CRSIX2 BLWP @VMBR        READ THE STRING FROM THE SCREEN
CRIX
SUBRET DECT R15          DECREMENT STACK POINTER BY TWO
       MOV  *R15,R11     GET RETURN ADDRESS BACK
       RT                RETURN
*
*
KI2    CLR  @STATUS      KEY-IN WITH ALTERNATING
       BLWP @KSCAN       CHARACTER AND CURSOR
       LIMI 2            ACTIVATE INTERRUPTS
       LIMI 0            SHUT OFF INTERRUPTS
       DEC  R4           ENTER AFTER R4 SET TO >0200
       JEQ  CHNG         AND R1 TO >1E00 AND VSBW
       CB   @ANYKEY,@STATUS HAS A KEY BEEN STRUCK?
       JNE  KI2          IF NOT, RE-SCAN KEYBOARD
       MOV  @KEYADR,R8   ELSE PUT KEY'S VALUE IN R8
       RT                THEN RETURN
CHNG   CI   R1,>1E00     IS R1 SET TO CURSOR CHARACTER?
       JEQ  L1           IF SO, JUMP
       LI   R1,>1E00     ELSE SET LEFT BYTE R1 TO CURSOR
       BLWP @VSBW        WRITE CURSOR TO SCREEN
       MOVB @ONOFF,R4    PLACE TIMING IN LEFT BYTE R4
       JMP  KI2          GO BACK TO SCANNING KEYBOARD
L1     MOVB @ALTKEY,R1   PLACE ALTERNATING CHARACTER IN LEFT BYTE R1
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       MOVB @ONOFF+1,R4  PLACE ALTERNATE DELAY IN LEFT BYTE R4
       BLWP @VSBW        WRITE CHARACTER TO SCREEN
       JMP  KI2          GO BACK TO SCANNING KEYBOARD
*
* THE FOLLOWING IS A SPECIAL KEY INPUT FOR REPEATING OPERATION OF
* THE RIGHT AND LEFT ARROW KEYS
* THIS SUBROUTINE INCLUDES SELF-MODIFYING CODE
*
KI2A   LI   R5,>0280     LOAD R5 WITH DELAY FACTOR
KI2B   CLR  @STATUS      CLEAR GPL STATUS
       BLWP @KSCAN       SCAN KEYBOARD
       CB   @KEYVAL,@NOKEY  HAS NO KEY BEEN STRUCK?
       JEQ  KI2C         IF SO, JUMP
       LIMI 2            SET INTERRUPTS ON
       LIMI 0            SET INTERRUPTS OFF
       DEC  R5           DECREMENT DELAY COUNTER
       JNE  KI2B         IF NOT ZERO, SCAN AGAIN
       MOVB @ONE,@KI2A+2 ELSE MODIFY DELAY COUNT
KI2C   RT                THEN RETURN
*
* THE FOLLOWING SUBROUTINE FORCES THE CURSOR CHARACTER ONTO THE SCREEN
*
CURFRC LI   R1,>1E00     PUT CURSOR CHARACTER IN LEFT BYTE R1
       LI   R4,>0100     SET DELAY FACTOR IN R4
       BLWP @VSBW        WRITE CURSOR TO SCREEN
       RT                RETURN
*
* FOLLOWING SUBROUTINE CLEARS AN INPUT FIELD
* BEGINNING AT R0 POSITION, EXTENDING NUMBER OF CHARACTERS IN R4
*
CLRFLD
       MOV  R4,R2        PLACE VALUE OF R4 IN R2
       MOV  R0,R3        SAVE R0
       MOVB @ANYKEY,R1   PUT SPACE CHARACTER IN LEFT BYTE OF R1
CLRFL1 BLWP @VSBW        WRITE ONE SPACE IN FIELD
       INC  R0           POINT TO NEXT CHARACTER SPOT
       DEC  R2           DECREMENT COUNT OF SPACES
       JNE  CLRFL1       IF NOT ZERO, REPEAT WRITING OPERATION
       MOV  R3,R0        REPLACE ORIGINAL VALUE OF R0
       RT                RETURN
KEYLOO CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT THEM OFF
       CB   @ANYKEY,@STATUS HAS KEY BEEN STRUCK?
       JNE  KEYLOO       IF NOT, SCAN AGAIN
       RT                ELSE RETURN
MOVSTR
       MOVB *R9,R4       MOVE LENGTH BYTE TO R4
       SRL  R4,8         SHIFT RIGHT
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       INC  R4           INCREMENT TO INCLUDE LENGTH BYTE
MOVBTS MOVB *R9+,*R10+   MOVE ONE BYTE, INC POINTERS
       DEC  R4           DECREMENT COUNT
       JNE  MOVBTS       IF NOT ZERO, REPEAT
       RT                RETURN
*
* REQUIRED DATA SECTION
* THE FOLLOWING DATA SOURCE LINES ARE REQUIRED BY THESE SUBROUTINES
*
ONE    DATA 1            ONE AS A WORD
ENDOC  DATA 0            END OF INPUT FIELD
INSFLG DATA 0            INSERT ACTIVE FLAG
PGNUM  DATA 0            STORAGE FOR ONE WORD
SAV4   DATA 0            STORAGE FOR ANOTHER WORD
ONOFF  DATA >0201        ON-OFF BYTES FOR CURSOR
ENDSTR DATA 0            ADDRESS OF END OF STRING ARRAY
* THIS PAB DATA AND MODE BYTES APPLY TO D/V 80 FILES
PAB1DT DATA >0014,BUF,>5000,>0000,>000F
       BSS  15
BADDEV BYTE 15
       TEXT 'BAD DEVICE NAME'
WRPROT BYTE 15
       TEXT 'WRITE PROTECTED'
BADATT BYTE 13
       TEXT 'BAD ATTRIBUTE'
ILLOP  BYTE 17
       TEXT 'ILLEGAL OPERATION'
OUTSP  BYTE 19
       TEXT 'OUT OF BUFFER SPACE'
ENDFIL BYTE 11
       TEXT 'END OF FILE'
DEVERR BYTE 12
       TEXT 'DEVICE ERROR'
FILBAD BYTE 16
       TEXT 'OTHER FILE ERROR'
       EVEN
LUT    DATA BADDEV,WRPROT,BADATT
       DATA ILLOP,OUTSP,ENDFIL
       DATA DEVERR,FILBAD
FNOMSG BYTE 17
       TEXT 'FILE DID NOT OPEN'
EDGE   BYTE >1F
INMD   BYTE >14          BYTE FOR INPUT OF DISPLAY/VARIABLE FILE
OUTMD  BYTE >12          BYTE FOR OUTPUT OF DISPLAY/VARIABLE FILE
APPMD  BYTE >16          BYTE FOR APPEND OF DISPLAY/VARIABLE FILE
UPDAMD BYTE >10          BYTE FOR UPDATE MODE OF D/V FILE -NOT RECOMMENDED
WRITEF BYTE 3            OPCODE FOR WRITE OPERATION
READF  BYTE 2            OPCODE FOR READ OPERATION
CLOSEF BYTE 1            OPCODE FOR CLOSE OPERATION
ANYKEY BYTE >20          KEYSTROKE COMPARE BYTE
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NOKEY  BYTE >FF          NO KEY STRUCK
ALTKEY BYTE 0            STORAGE FOR SCREEN CHARACTER
ENTERV BYTE 13           "ENTER" KEY CODE
RITEV  BYTE 9            RIGHT ARROW
LEFTV  BYTE 8            LEFT ARROW
INFSTR BYTE 15
       TEXT 'INPUT FILE NAME'
OUTSTR BYTE 16
       TEXT 'OUTPUT FILE NAME'
SFSTR  BYTE 23
       TEXT 'SORTING FILE - STAND BY'
OOMSTR BYTE 19
       TEXT 'OUT OF MEMORY SPACE'
TEMSTR BSS  81           TEMPORARY STORAGE LOCATION FOR RECORD
       EVEN
RTNSTK DATA 0            RETURN ADDRESS STACK
       END
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1.25. The Art Of Assembly — Part 25. Comparative Languages

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

$V�ZH�ZULWH�WKLV��LW
V�-XQH��DQG�ZH�KDYH�UHFHQWO\�VHHQ�%DUU\�7UDYHU
V�SUHVHQWDWLRQ�IURP�WKH�/LPD�VKRZ�RQ
YLGHR��%DUU\�ZDV�GLVFXVVLQJ�WKH�FRPSDULVRQV�EHWZHHQ�WKH�ODQJXDJHV�7,�([WHQGHG�%DVLF�DQG�3&�4XLFN
%DVLF��7KDW�VSXUUHG�XV�WR�SXUVXH�DQ�LGHD�ZH
G�KDG��WR�FRPSDUH�WKH�$VVHPEO\�ODQJXDJHV�EHWZHHQ�WKH�WZR
PDFKLQHV��:H�KDYH�WRXFKHG�XSRQ�VRPH�DVSHFWV�RI�WKH�3&�ODQJXDJH�IURP�WLPH�WR�WLPH��EXW�QHYHU�LQ�DQ\
GHSWK��7RGD\
V�WKH�GD\�WR�UHDOO\�GLJ�LQWR�WKLV�WRSLF�

1.25.1. No Clear W inner

,Q�RXU�RSLQLRQ��WKHUH�LV�QR�FOHDU�ZLQQHU�EHWZHHQ�WKH�7,
V�$VVHPEO\�ODQJXDJH�DQG�WKH�3&
V��7KH\�DUH
GLIIHUHQW��EXW�HDFK�KDV�LWV�VWUHQJWKV�DQG�ZHDNQHVVHV��7KDW�ZLOO��ZH�WKLQN��EHFRPH�VHOI�HYLGHQW�E\�WKH�HQG
RI�WKLV�DUWLFOH��7KHUH�DUH� RI�FRXUVH�WKLQJV�WKDW�WKH�7,�FDQ�GR�ZKLFK�DUH�QHDU� LPSRVVLEOH�RQ�WKH�3&�
UHJDUGOHVV�RI�ODQJXDJH�XVHG��7KHUH�DUH�WKLQJV�WKDW�FDQ�EH�GRQH�PXFK�PRUH�HDVLO\�RQ�WKH�3&�WKDQ�RQ�WKH
7,��SDUWO\�EHFDXVH�RI�WKH�HDVH�RI�JHWWLQJ�DFFHVV�WR�LQIRUPDWLRQ�DERXW�WKH�ZRUNLQJV�RI�WKH�PDFKLQH�DQG�LWV
RSHUDWLQJ�V\VWHP�VRIWZDUH��2XU�QHDUE\�SXEOLF�OLEUDU\�KDV�VHYHUDO�VKHOYHV�IXOO�RI�ERRNV�RQ�WKH�3&��,W�LV
PXFK�PRUH�GLIILFXOW�WR�SUREH�WKH�LQQHU�ZRUNLQJV�RI�RXU�EHORYHG�7,��DQG�PDQ\�RI�LWV�TXLUNV�DUH�VWLOO�QRW
IXOO\�XQGHUVWRRG�

1.25.2. Simple Operat ions

:H
OO�VWDUW�ZLWK�VRPH�YHU\�EDVLF�OLWWOH�RSHUDWLRQV��OLNH�029�RSHUDWLRQV��,Q�WKH�7,��RQH�FDQ�PRYH�HLWKHU�D
ZRUG�RU�D�E\WH�IURP�PHPRU\�WR�UHJLVWHU��UHJLVWHU�WR�UHJLVWHU��UHJLVWHU�WR�PHPRU\��RU�PHPRU\�WR�PHPRU\�
2Q�WKH�3&��RQH�FDQ
W�GR�PHPRU\�WR�PHPRU\�ZLWK�WKH�029�RSHUDWLRQ��EXW�WKH�RWKHU�WKUHH�DUH�RND\��2QH
FDQ��KRZHYHU��PRYH�LPPHGLDWH�YDOXHV�LQWR�HLWKHU�UHJLVWHUV�RU�PHPRU\�RQ�WKH�3&��ZKLOH�LPPHGLDWH�YDOXHV
FDQ�RQO\�EH�PRYHG��/,��LQWR�UHJLVWHUV�RQ�WKH�7,��6XSSRVH��IRU�H[DPSOH��ZH�KDG�D�ZRUG�LQ�PHPRU\�ODEHOHG
&2817��DQG�ZDQWHG�WR�VHW�WKDW�ZRUG�WR�!)(����2Q�WKH�7,��ZH�FRXOG�GR�LW�WKLV�ZD\�

LI   R1,>FE84
MOV  R1,@COUNT

2Q�WKH�3&��ZH�FRXOG�DFFRPSOLVK�WKLV�PRUH�VLPSO\�E\�

MOV COUNT,0FF84h
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5LJKW�DZD\��ZH�VHH�DQRWKHU�GLIIHUHQFH�ZKLFK�FDQ�FDXVH�FRQIXVLRQ�ZKHQ�VZLWFKLQJ�EDFN�DQG�IRUWK�EHWZHHQ
WKHVH�WZR� ODQJXDJHV��2Q�WKH�7,��WKH�RUGHU�RI�DSSHDUDQFH�IRU�029�RSHUDWLRQV��1RW�/,�RSHUDWLRQV��LV
23&2'(�6285&(��'(67,1$7,21��ZKLOH�RQ�WKH�3&�LW
V�23&2'(�'(67,1$7,21��6285&(��7KLV
PDNHV�LW�LPSHUDWLYH�WR�UHPHPEHU�RQ�ZKLFK�PDFKLQH�\RX
UH�ZRUNLQJ�DW�DOO�WLPHV��1RWH�DOVR�WKDW�WKH�V\QWD[
IRU�WKH�LPPHGLDWH�YDOXH�LV�GLIIHUHQW��2Q�WKH�7,��ZH�XVH�WKH�V\PERO�!�WR�LQGLFDWH�WKDW�ZKDW�IROORZV�LW�LV�D
KH[�QXPEHU��2Q�WKH�3&��WKH�OHWWHU�+�LV�WDFNHG�RQ�DW�WKH�HQG�RI�WKH�QXPEHU�WR�GHVLJQDWH�KH[��EXW�D�]HUR
LV�DGGHG�DW�WKH�IURQW�WR�WHOO�WKH�DVVHPEOHU�WKDW�ZKDW�IROORZV�LV�DQ�LPPHGLDWH�QXPHULF�YDOXH��QRW�D�ODEHO
QDPH��)RU�LPPHGLDWH�YDOXHV�WKDW�EHJLQ�ZLWK�D�QXPHULF�FKDUDFWHU��RU�WKRVH�ZULWWHQ�LQ�GHFLPDO��WKDW�OHDGLQJ
]HUR�FDQ�EH�RPLWWHG��DV�LQ�029�&2817����

,Q�ERWK�PDFKLQHV��WKLQJV�JHW�D�ELW�PRUH�FRPSOLFDWHG�IRU�E\WH�029�RSHUDWLRQV�WKDQ�IRU�ZRUG�RSHUDWLRQV�
/HW
V�FRQWLQXH�ZLWK�WKH�VXSSRVLWLRQ�WKDW�&2817�LV�D�ZRUG�LQ�PHPRU\��EXW�VXSSRVH�WKDW�ZH�ZDQW�WR�PRYH
D�E\WH�YDOXH�RI�!�)�LQWR�WKH�ORZ�RUGHU�E\WH�RI�WKDW�ZRUG��2Q�WKH�7,��ZH�FRXOG�

LI   R1,>1F00
MOVB R1,@COUNT+1

2Q�WKH�3&��ZH�FRXOG�GR�WKLV�

MOV COUNT,1Fh

�KDW��WKRXJK��ZRXOG�DOVR�DIIHFW�WKH�KLJK�RUGHU�E\WH�DW�&2817��EHFDXVH�WKH�DVVHPEOHU�ZRXOG�WDNH�WKH��)K
DV�D�ZRUG�YDOXH�EHFDXVH�WKH�ODEHO�&2817�ZDV�GHILQHG�DV�D�ZRUG��7R�PRYH�WKH�YDOXH�!�)�LQWR�WKH�ORZ
RUGHU�E\WH�ZLWKRXW�DIIHFWLQJ�WKH�KLJK�RUGHU�E\WH��ZH
G�KDYH�WR�ZULWH�

MOV BYTE PTR COUNT,1Fh

7KH�ZRUGV�%<7(�375�WHOO�WKH�DVVHPEOHU�WR�PRYH�VRPHWKLQJ�LQWR�MXVW�WKH�E\WH�DW�WKDW�ODEHO�

1.25.3. The Back-words Pr oblem

<RX
OO�QRWLFH�LQ�WKH�VHFWLRQ�DERYH�WKDW�WKH�ORZ�RUGHU�E\WH�DW�WKH�ZRUG�ORFDWLRQ�&2817�ZDV�DW�&2817��
RQ�WKH�7,��ZKLOH�RQ�WKH�3&��WKH�E\WH�DW�&2817�ZDV�WKH�ORZ�RUGHU�E\WH��7KH�3&�VWRUHV�ZRUGV��EDFNZDUG�
FRPSDUHG�WR�WKH�7,��2Q�WKH�7,��D�ZRUG�LV�VWRUHG�DV�+LJK�E\WH��/RZ�E\WH��2Q�WKH�3&��LW
V�DOZD\V�/RZ�E\WH�
+LJK�E\WH��7KLV�ZRQ
W�UHDOO\�PDWWHU�XQOHVV�\RX
UH�WU\LQJ�WR�WDNH�VRXUFH�FRGH�IURP�RQH�PDFKLQH�DQG
�WUDQVODWH��RQWR�WKH�RWKHU��,Q�WKH�DERYH�H[DPSOH��LI�ZH�ZDQWHG�WR�PRYH�WKH�YDOXH�!�)�LQWR�WKH�+LJK�E\WH
RQ�WKH�3&��ZH
G�KDYH�WR�

MOV BYTE PTR COUNT+1,1Fh

,W
V�MXVW�RQH�PRUH��PHPRU\�WHVW��IRU�WKH�SURJUDPPHU�ZKR�VZLWFKHV�EDFN�DQG�IRUWK�EHWZHHQ�7,�DQG�3&�
<RXU�DXWKRU�KDV�EHHQ�NQRZQ�WR�IRUJHW��RQ�RFFDVLRQ�
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1.25.4. The Registers

7KH�7,�ZRXOG�DSSHDU�WR�EH�D�FOHDU�ZLQQHU�LQ�WKH�PDWWHU�RI�ZRUNVSDFH�UHJLVWHUV��:H�KDYH�WKH�OX[XU\�RI
VL[WHHQ�UHJLVWHUV��FDQ�SODFH�WKHP�DQ\ZKHUH�LQ�PHPRU\��DQG�FDQ��FRQWH[W�VZLWFK��E\�D�%/:3�RSHUDWLRQ
WR�D�ZKROH�QHZ�VHW�RI�UHJLVWHUV�ZKHQ�ZH�ZLVK�WR��RU�VLPSO\�/:3,�WR�DQRWKHU�VHW�LI�ZH�QHHG�PRUH�UHJLVWHU
VSDFH��2Q�WKH�3&��WKHUH�DUH�RQO\�IRXU��*HQHUDO�3XUSRVH��UHJLVWHUV��DQG�WKH\�FDQ
W�DOO�EH�XVHG�IRU�DOO
SXUSRVHV��2Q�WKH�RWKHU�KDQG��RQH�FDQ�WUHDW�WKHP�DV�ZRUGV�RU�E\WHV�RQ�WKH�3&��EXW�QRW�RQ�WKH�7,��7KH�3&
V
IRXU��JHQHUDO�SXUSRVH��UHJLVWHUV�DUH��$;��%;��&;��';��7KH\�FDQ�HDFK�EH��VXEGLYLGHG��LQWR�E\WH�UHJLVWHUV�
VR�WKDW�$;�FDQ�EH�WUHDWHG�DV�WZR�E\WH�UHJLVWHUV�$+�DQG�$/��%;�DV�%+�DQG�%/��DQG�VR�RQ��7KXV�ZH�FDQ
PRYH�D�E\WH�YDOXH�LQWR�WKH�ORZ�E\WH�RI�$;�E\�029�$/��)K��2Q�WKH�7,��LI�ZH�ZDQWHG�WR�GR�WKDW�ZLWKRXW
GLVWXUELQJ�WKH�KLJK�E\WH��ZH
G�KDYH�WR�GR�VRPH�IDQF\�VKXIIOLQJ��RU�DW�OHDVW�PRUH�PRYHV�WKDQ�MXVW�WKDW�RQH�
)RU�H[DPSOH��ZH�FRXOG�029%�5��5����/,�5��!�)����6:3%�5���WKHQ�029%�5���5��

:H�VDLG�VRPHZKHUH�DORQJ�WKH�OLQH�WKDW�WKLQJV�ZRXOG�JHW�FRPSOLFDWHG��GLGQ
W�ZH"

1.25.5. Loops And Reps

:H
YH�DOO�XVHG�ORRSV�LQ�RXU�VRXUFH�FRGH�IRU�RQH�UHDVRQ�RU�DQRWKHU��DQG�WKHUH
V�D�VRUW�RI�VWDQGDUG�VWUXFWXUH
WR�WKHP��/HW
V�VXSSRVH�ZH�ZDQW�WR�SHUIRUP�VRPH�RSHUDWLRQ�ILYH�WLPHV��2Q�WKH�7,��ZH�GR�D�ORRS�OLNH�WKLV�

LI   R5,5 set for five times loop
DOOPER (Perform operation once)

DEC  R5 decrement count
JNE  DOOPER if not zero, repeat

2Q�WKH�3&��VXFK�ORRSV�FDQ�EH�SHUIRUPHG�PRUH�VLPSO\�E\�XVLQJ�WKH�VSHFLDO�QDWXUH�RI�WKH�&;�UHJLVWHU��2QH
FDQ�GR�WKH�ORRS�OLNH�WKLV

MOV CX,5 ;set CX register to 5
DOOPER: (perform operation once)

LOOP DOOPER ;loop back

7KH�VLQJOH�LQVWUXFWLRQ�/223�'223(5��RQ�WKH�3&��SHUIRUPV�WKH�RSHUDWLRQV�RI�'(&�&;��&03�&;���DQG
-1(�'223(5��7KDW
V�KDQG\��VR�ORQJ�DV�&;�LV�DYDLODEOH�DW�WKLV�SRLQW�LQ�\RXU�SURJUDP��,I�WKDW
V�QRW�VR��IRU
H[DPSOH�LQ�WKH�FDVH�RI�WZR�QHVWHG�ORRSV��RQH�FDQ�VWLOO�XVH�WKLV�VWUXFWXUH�ZLWK�WKH�KHOS�RI�WKH�386+�DQG
323�RSHUDWLRQV�WKDW�WKH�3&�RIIHUV��7KH�3&�PDLQWDLQV�D�VWDFN�IRU�WHPSRUDU\�VWRUDJH�RI�ZRUG�YDOXHV�IURP
DQ\�VRXUFH��7KH�LQVWUXFWLRQ�386+�SODFHV�ZKDW�IROORZV�RQ�WKH�VWDFN��DQG�GHFUHPHQWV�WKH�VWDFN�SRLQWHU�E\
WZR��323�GRHV�WKH�RSSRVLWH�

/HW
V�DVVXPH�ZH�QHHGHG�WR�QHVW�WZR�ORRSV�LQ�D�3&�SURJUDP��DQG�QHHGHG�&;�IRU�FRXQWLQJ�ERWK��:H�FRXOG
GR�LW�OLNH�WKLV�
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MOV CX,10 ;set outer loop count
OUTLP: (perform steps)

PUSH CX ;Stash CX on stack
MOV CX,5 ;set inner loop count

INLP: (perform operation of inner loop)
LOOP INLP ;Five times
POP CX ;Get old value of CX back
LOOP OUTLP ;repeat 10 times

2Q�WKH�7,��ZH
G�MXVW�XVH�WZR�UHJLVWHUV�IRU�WKH�WZR�ORRS�FRXQWV��DQG�WKDW�PLJKW�EH�PXFK�HDVLHU��EXW�WKHQ
386+�DQG�323�DUH�HDV\�WRR�

7KH�7,�RIIHUV�QR�HTXLYDOHQW�RI�WKH�3&
V�5(3�RSHUDWLRQ��7KHUH�DUH�VRPH�RSHUDWLRQV�RQ�WKH�3&�ZKHUH�ZH
FDQ�XVH�D�FRXQW�YDOXH�LQ�WKH�&;�UHJLVWHU�WR�UHSHDW�ZLWKRXW�WKH�ORRS�LQVWUXFWLRQ��2QH�JRRG�H[DPSOH�LV�WKH
FDVH�RI�PRYLQJ�VRPH�JURXS�RI�E\WHV�IURP�RQH�ORFDWLRQ�LQ�PHPRU\�WR�DQRWKHU�

7R�PDNH�WKLV�PRUH�XQGHUVWDQGDEOH��ZH
OO�KDYH�WR�LQWURGXFH�WKH�FRQFHSW�RI�WKH�6RXUFH�DQG�'HVWLQDWLRQ
UHJLVWHUV��7KHVH�WZR�UHJLVWHUV��FDOOHG�6,��VRXUFH�LQGH[��DQG�',��GHVWLQDWLRQ�LQGH[��DUH�XVHG�WR�SRLQW�WR
PHPRU\�ORFDWLRQV��7KH�6,�UHJLVWHU�LV�XQGHUVWRRG�WR�SRLQW�WR�WKH�'$7$�6(*0(17��DQG�WKH�',�WR�WKH
(;75$�6(*0(17��EXW�OHW
V�IRU�WKH�PRPHQW�DVVXPH�WKDW�WKHVH�DUH�RQH�DQG�WKH�VDPH��7R�XVH�WKH�5(3
LQVWUXFWLRQ��ZH�PXVW�ILUVW�VHW�XS�6,��',��DQG�&;��/HW
V�VD\�ZH�ZDQW�WR�PRYH�ILIW\�E\WHV�IURP�D�ORFDWLRQ
ODEHOHG�675,1*��WR�D�ORFDWLRQ�ODEHOHG�675,1*���2Q�WKH�3&��ZH�FDQ�GR�WKLV�

MOV CX,50 ;set count in CX
MOV SI,OFFSET STRING1 ;address string1
MOV DI,OFFSET STRING2 ;address string2
REP MOVSB ;repeat MOVSB CX times

+HUH�ZH
YH�XVHG�DQRWKHU�QHZ�ZRUG�LQ�WKH�3&�OH[LFRQ��2))6(7��7KLV�VLPSO\�PHDQV�WKDW�ZH
UH�PRYLQJ�WKH
DGGUHVV�RI�675,1*��DQG�675,1*��LQWR�6,�DQG�',��QRW�WKH�YDOXH�ORFDWHG�DW�WKDW�DGGUHVV��7KH�VLQJOH
LQVWUXFWLRQ�5(3�0296%�ZLOO�PRYH�D�E\WH�IURP�WKH�ORFDWLRQ�SRLQWHG�E\�6,�WR�WKH�ORFDWLRQ�SRLQWHG�E\�',�
ZLOO�LQFUHPHQW�ERWK�6,�DQG�',��GHFUHPHQW�&;��FRPSDUH�&;�WR�]HUR��DQG�ORRS�EDFN�WR�0296%�LI�&;�LV�QRW
]HUR��7KDW
V�D�SRZHUIXO�LQVWUXFWLRQ��EXW�PXVW�EH�XVHG�ZLWK�FDUH��,I�RQH�PDNHV�WKH�PLVWDNH�RI�LQYRNLQJ�LW
ZKHQ�&;�KDSSHQV�WR�EH�]HUR�WR�VWDUW�ZLWK��D�ZKROH���.�VHJPHQW�ZLOO�JHW�PRYHG�EHIRUH�WKH�5(3�VWRSV��7KLV
FDQ�EH�GLVDVWURXV�

-XVW�D�ELW�DJR��ZH�PHQWLRQHG�WKH�'$7$�6(*0(17�DQG�(;75$�6(*0(17�ZLWKRXW�H[SODQDWLRQ��7KHUH
LV�QR�HTXLYDOHQW�WR�WKHVH�RQ�WKH�7,��VLQFH�WKH�HQWLUH�PHPRU\�DGGUHVV�VSDFH�RQ�WKH�7,�LV�RQH���.��VHJPHQW��
2Q�WKH�3&��RQH�PD\�VHW�DVLGH�VHJPHQWV�RI�DQ\�QXPEHU�RI�E\WHV�XS�WR���.��7KH�SURJUDP
V�FRGH�FDQ�RFFXS\
RQH�RU�PRUH�VXFK�VHJPHQWV��6XEURXWLQHV�FDQ�DOVR�RFFXS\�PRUH�WKDQ�RQH�FRGH�VHJPHQW��'DWD�FDQ�EH�ORDGHG
LQWR�WZR�RU�PRUH�VXFK�VHJPHQWV��2QH�FDQ��IRU�H[DPSOH��NHHS�DOO�WKH�SURJUDP
V�YDULDEOHV�DQG�FRQVWDQWV�LQ
RQH�VHJPHQW��DQG�VHW�DVLGH�DQ�HQWLUH���.�IRU�WKH�XVHU
V�GDWD��7ZR�UHJLVWHUV�DUH�XVHG�WR��SRLQW��WR�WKHVH�WZR
VHJPHQWV��7KHVH�DUH�FDOOHG�'6�DQG�(6�IRU�'$7$�DQG�(;75$��,Q�PDQ\�FDVHV�ERWK�'6�DQG�(6�SRLQW�WR�WKH
VDPH�SK\VLFDO�VHJPHQW�RI�PHPRU\��EXW�WKH\�FDQ�EH�WUHDWHG�VHSDUDWHO\�
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/LNH�RWKHU�UHJLVWHUV��WKHVH�FDQ�EH��SXVKHG��DQG��SRSSHG��WR�DQG�IURP�WKH�VWDFN��ZKLFK�KDV�LWV�RZQ�VHJPHQW�
<HV��WKLV�HDWV�PHPRU\�OLNH�FUD]\��EXW�WKDW
V�WKH�QDWXUH�RI�GRLQJ�WKLQJV�RQ�WKH�3&�DQ\ZD\��/HW
V�DVVXPH�ZH
ZDQW�WR�VHW�WKH�(6�WR�WKH�VDPH�DV�WKH�'6�IRU�VRPH�RSHUDWLRQ��WKHQ�SXW�LW�EDFN�ODWHU�WR�LWV�RULJLQDO�YDOXH�
:H�FRXOG�

PUSH ES ;save original ES
PUSH DS ;save DS
POP ES ;set ES to DS from stack
(perform operation)
POP ES ;restore original ES

7KH�SUREOHP�ZLWK�XVLQJ�WKLV�VWDFN�EXVLQHVV�LV�WR�PDWFK�XS�DOO�WKH�SXVKHV�DQG�SRSV��HDFK�386+�PXVW�KDYH
D�FRUUHVSRQGLQJ�323��VR�WKDW�RQH�GRHVQ
W�PHVV�XS�WKH�VWDFN�SRLQWHU�RU�DFFLGHQWDOO\�JHW�WKH�ZURQJ�YDOXH
LQWR�D�UHJLVWHU�

:H
YH�XVHG�D�ORW�RI�WKLV�VSDFH�RQ�WKH�3&
V�ODQJXDJH��EXW�RI�FRXUVH�PRVW�RI�WKLV�ZKROH�VHULHV�KDV�EHHQ
GHGLFDWHG�WR�WKH�7,��VR�ZH�KRSH�\RX
OO�H[FXVH�RXU�JRLQJ�RQ�VRPHZKDW�DERXW�WKH�3&�WKLV�WLPH�

1.25.6. Initializing Data

$V�ZH�PHQWLRQHG�EHIRUH��RXU�FRPPRQ�SUDFWLFH�ZKHQ�ZULWLQJ�$VVHPEO\�VRXUFH�FRGH�LV�WR�NHHS�DOO�RXU�GDWD
LQ�D�VHSDUDWH�SDUW�RI�WKH�VRXUFH�ILOH��2Q�WKH�3&��WKH�GDWD�KDV�LWV�RZQ�VHJPHQW��VR�LW�PXVW�EH�NHSW�DSDUW
IURP�WKH�FRGH���7KHUH�DUH�ZD\V�WR��FKHDW��RQ�WKLV�SURFHVV��DQG�KDYH�VRPH�GDWD�DFFHVVHG�IURP�ZLWKLQ�WKH
FRGH�VHJPHQW��EXW�ZH
UH�QRW�JRLQJ�WR�WHDFK�FKHDWLQJ�KHUH���2Q�WKH�7,��RQH�LGHQWLILHV�GDWD�DV�EHORQJLQJ�WR
RQH�RI�WKUHH�NLQGV��'$7$��D�ZRUG���%<7(��D�E\WH��RU�7(;7��D�VWULQJ�RI�DOSKDQXPHULF�FKDUDFWHUV���2Q�WKH
3&��WKHUH�DUH�RQO\�WZR�FDWHJRULHV�IRU�GDWD�VWDWHPHQWV��':��D�ZRUG��DQG�'%��D�E\WH����7KHUH
V�DOVR�''�IRU
D�'RXEOH�:RUG�RI�'$7$��EXW�OHW
V�VNLS�WKDW�IRU�QRZ���+RZ�WKHQ�GRHV�RQH�LQWURGXFH�WKH�WH[W�IRU�SURPSWV
DQG�VXFK"

,W
V�HDV\��2QH�XVHV�WKH�'%�QRWDWLRQ��EXW�ZLWK�VLQJOH�TXRWH�PDUNV��MXVW�OLNH�WKH�7(;7�LQ�D�7,�VRXUFH
VWDWHPHQW��)RU�H[DPSOH��D�VWULQJ�FDQ�EH�GRQH�OLNH�WKLV�

PAKMSG DB 25,'PRESS ANY KEY TO CONTINUE'

+HUH�ZH
YH�WDNHQ�DGYDQWDJH�RI�WKH�VLWXDWLRQ�WR�VWLFN�LQ�WKH�OHQJWK�E\WH�DQG�WKH�VWULQJ
V�FRQWHQW�LQ�D�VLQJOH
VRXUFH�FRGH�OLQH��2Q�WKH�7,��ZH�DFFRPSOLVK�WKH�VDPH�HIIHFW�ZLWK�WZR�OLQHV�

PAKMSG BYTE 25
TEXT 'PRESS ANY KEY TO CONTINUE'

7KDW�WDNHV�D�ELW�PRUH�ZRUN��EXW�DFFRPSOLVKHV�WKH�VDPH�UHVXOW��DQG�WDNHV�XS�H[DFWO\�WKH�VDPH�DPRXQW�RI
PHPRU\�
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1.25.7. BIOS And DOS Services

%\�QRZ�\RX
UH�DOO�IDPLOLDU�ZLWK�WKH�FRQFHSW�RI�8WLOLW\�9HFWRUV�RQ�WKH�7,��OLNH�90%:��.6&$1��'65/1.�
DQG�VXFK��7KHUH�DUH�VLPLODU�WKLQJV�RQ�WKH�3&��EXW�WKH\�DUH�FDOOHG�,QWHUUXSWV��7KHUH�DUH�WZR�VHWV�RI�WKHP
ORDGHG� LQWR�WKH� ORZHU�SDUW�RI� WKH�3&
V�PHPRU\�ZKHQ� LW
V� �ERRWHG���7KH�ILUVW�VHW�DUH�WKH�%,26��%DVLF
,QSXW�2XWSXW�6\VWHP��,QWHUUXSWV��7KHVH�DUH�VRUW�RI��SULPLWLYH��URXWLQHV��EXW�FDQ�EH�H[WUHPHO\�XVHIXO��7KH
VHFRQG�VHW�DUH�FDOOHG�'26��'LVN�2SHUDWLQJ�6\VWHP��,QWHUUXSWV��7KHVH�DUH�PRUH��DGYDQFHG���EXW�LQ�VRPH
ZD\V�KDUGHU�WR�XVH�WKDQ�WKH�%,26�RQHV��)RU�PDQ\�RI�WKHVH�LQWHUUXSWV��PRUH�WKDQ�RQH�VHUYLFH�LV�DYDLODEOH
ZLWKLQ�RQH�LQWHUUXSW��<RX�WHOO�WKH�LQWHUUXSW�ZKLFK�VHUYLFH�LV�GHVLUHG�E\�SODFLQJ�D�QXPEHU�LQ�WKH�$+
UHJLVWHU�EHIRUH�FDOOLQJ�WKH�LQWHUUXSW�LWVHOI��2QH�PLJKW��IRU�H[DPSOH��GR�WKLV�

MOV AL,'A'
MOV AH,14
XOR BH,BH
INT 10h

,QWHUUXSW���K�LV�SDUW�RI�WKH�%,26��7KH�FDOO�WR�,17���K�ZRXOG�SODFH�WKH�FKDUDFWHU��$��RQ�WKH�VFUHHQ��DW
ZKDWHYHU�SRVLWLRQ�WKH�FXUVRU�KDSSHQHG�WR�EH��DQG�ZRXOG�DGYDQFH�WKH�FXUVRU�E\�RQH�SRVLWLRQ�RQ�WKH�VFUHHQ�
:H�;25
G�%+�ZLWK�LWVHOI�KHUH�VR�WKDW�WKH�FKDUDFWHU�ZRXOG�JR�WR�WKH�QRUPDO�VFUHHQ��3RVLWLRQLQJ�WKH�FXUVRU
XVHV�D�GLIIHUHQW�VHUYLFH�IURP�,17���K���$+� ����ZLWK�WKH�'+�DQG�'/�UHJLVWHUV�LQGLFDWLQJ�WKH�5RZ�DQG
&ROXPQ�RQ�WKH�VFUHHQ��DQG�%+�LQGLFDWLQJ�ZKLFK�VFUHHQ��SDJH��LV�EHLQJ�ZULWWHQ�WR��,17���K�LV�RQH�RI�WKH
PRVW�XVHIXO�RI�DOO�WKH�,QWHUUXSWV�DYDLODEOH��VLQFH�LW�FDQ�EH�XVHG�IRU�PDQ\��YLGHR��UHODWHG�SXUSRVHV��2QH
FRXOG�WKLQN�RI�LW�DV�D�FRPELQDWLRQ�RI�7,
V�90%:��96%:��9:75��DQG�96%5��,W�ZLOO�GR�PRUH�WKDQ�WKHVH
IRXU�7,�VHUYLFHV��2WKHU�%,26�LQWHUUXSWV�ZLOO�UHDG�WKH�NH\ERDUG��UHDG�DQG�ZULWH�GLVN�VHFWRUV��DQG�VR�RQ�

,Q�LWV��7(;7��PRGH��WKH�3&�KDV�IRXU�VFUHHQV��QXPEHUHG���WKUX����WKDW�ZH�FDQ�ZULWH�WR��:H�FRXOG�SUH�ZULWH
D�ZKROH�VFUHHQIXO�RI�WH[W�WR�VFUHHQ���ZKLOH�WKH�PRQLWRU�LV�VKRZLQJ�VFUHHQ����WKHQ�XVH�D�%,26�FDOO�WR�VZLWFK
VFUHHQV�DQG�UHYHDO�VFUHHQ����LQVWDQWO\��RQ�WKH�PRQLWRU���$�IHZ�PRQWKV�DJR��ZH�H[SODLQHG�KRZ�WKLV�FDQ�EH
GRQH�RQ�WKH�7,�LQ�9'3�5$0�E\�XVLQJ�WKH�9:75�XWLOLW\��

7KH�,QWHUUXSWV�WKDW�DUH�SDUW�RI�WKH�'26�DUH�JHQHUDOO\�PRUH�FRPSOH[��DQG�YDU\�FRQVLGHUDEO\�IURP�RQH
YHUVLRQ�RI�'26�WR�DQRWKHU��:KHQ�ZH�ZULWH�IRU�WKH�3&��ZH�XVH�'26�LQWHUUXSWV�EHORQJLQJ�WR�9HUVLRQ���RI
'26��DV�WKHVH�ZLOO�ZRUN�RQ�DOO�EXW�WKH�ROGHVW�'26�YHUVLRQV��DQG�ZLOO�DOVR�ZRUN�ZLWK�ODWHU�YHUVLRQV�

/LNH�WKH�%,26�,QWHUUXSWV��WKH�'26�RQHV�KDYH�PXOWLSOH�IXQFWLRQV�EXLOW�LQWR�HDFK�LQWHUUXSW�KDQGOHU��-XVW
WKH�VLQJOH�,QWHUUXSW���K�IURP�'26�KDV�SHUKDSV����IXQFWLRQV���0D\EH�PRUH�WKDQ�WKDW�E\�QRZ��:H�GRQ
W
UHDOO\�NQRZ��VLQFH�ZH�KDYHQ
W�WULHG�9HUVLRQ�����RI�'26��(DFK�QHZ�YHUVLRQ�DGGV�PRUH�VHUYLFHV�WR�,17���K��
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7KHUH�DUH�VRPH�JRRG�'26�VHUYLFHV�DYDLODEOH��DQG�RI�FRXUVH�ZH
YH�XVHG�WKHP�LQ�RXU�3&�ZRUN��2SHQLQJ�
ZULWLQJ��UHDGLQJ��DQG�FORVLQJ�ILOHV�DUH�DOO�HDVLO\�DFFRPSOLVKHG�ZLWK�,17���K��DW�OHDVW�IURP�YHUVLRQ����
RQZDUGV��7KHUH�DUH�VRPH�VHUYLFHV�RIIHUHG�LQ�'26�ZKLFK�3HWHU�1RUWRQ�FRUUHFWO\�GHVFULEHV�DV��VFUHZEDOO�
VHUYLFHV��6RPH�RI�WKHVH�ZHUH�FDUU\�RYHUV�IURP�SUH�'26�RSHUDWLQJ�V\VWHPV�OLNH�&3�0��2XU�SUDFWLFH�LV�WR
DYRLG�WKH�'26�VHUYLFHV�H[FHSW�IRU�GLVN�ILOH�RSHUDWLRQV��DQG�XVH�%,26�FDOOV�IRU�RSHUDWLRQV�LQYROYLQJ�WKH
VFUHHQ�DQG�NH\ERDUG��,Q�DGGLWLRQ�WR�WKHVH�%,26�FDOOV�EHLQJ�VLPSOHU�DQG�PRUH�IOH[LEOH��WKH\�DOVR�H[HFXWH
IDVWHU��0DQ\�RI�WKH�'26�VHUYLFHV�PDNH�UHSHDWHG�FDOOV�WR�WKH�%,26�VHUYLFHV�WR�SHUIRUP�WKHLU�WDVNV��DQG�WKLV
PDNHV�WKHP�H[HFXWH�PXFK�PRUH�VORZO\�WKDQ�GLUHFW�FDOOV�WR�WKH�%,26�VHUYLFHV�

7KLV�DUWLFOH�FRXOG�JR�RQ�IRU�PDQ\�PRUH�SDJHV��EXW�ZH
OO�VWRS�KHUH�KDYLQJ�MXVW�SURYLGHG�D�JODQFH�LQVLGH�WKH
3&
V� $VVHPEO\� ODQJXDJH�� ,W
V� GHILQLWHO\� QRW� �VXSHULRU�� WR� WKH� 7,
V�� EXW� LW� KDV� VRPH� UHDOO\� SRZHUIXO
LQVWUXFWLRQV��DQG�LQ�H[SHULHQFHG�KDQGV�LW�FDQ�PDNH�WUXO\�ZRQGHUIXO�WKLQJV�KDSSHQ��6HH�\RX�QH[W�PRQWK
ZLWK�DQ��DOO�7,��FROXPQ�
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1.26. The Art Of Assembly — Part 26. Odds And Ends

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7RGD\�ZH
UH�SLFNLQJ�XS�VRPH�ORRVH�HQGV�OHIW�EHKLQG�IURP�SUHYLRXV�SDUWV�LQ�WKLV�VHULHV��DQG�SDVVLQJ�DORQJ
VRPH�LQVLJKWV��:H
G�OLNH�WR�VWDUW�ZLWK�D�FRXSOH�RI�VLQFHUH��7KDQN�<RX��QRWHV�

)LUVW�JRHV�WR�0U��+DUOH\�5\DQ��-U��RI�:KLWHKDOO��2+��+H�JRW�XV�VWDUWHG�RQ�WKH�SDWK�WR�VROYLQJ�WKH��VWUDQJH
FDVH��RI�7,
V�*3//1.��ZKLFK�ZH�WDONHG�DERXW�LQ�WKH�-XO\������LVVXH��0U��5\DQ�IRXQG�D�VROXWLRQ�IRU�WKH
$XWR�5XQ�2SWLRQ���SURJUDP��ZKLFK� OHG�XV�GRZQ�TXLWH�D�SDWK��7KDQNV�DOVR�WR�0LOOHUV�*UDSKLFV�� IRU
SXEOLVKLQJ�WKH�VROXWLRQ�SDVVHG�DORQJ�WR�XV�E\�0U��5\DQ�

6HFRQG�WKDQNV�JRHV�WR�0U��0HUOH�9RJW��RI�9RQ�2UP\��7;��+H�SDVVHG�DORQJ�D�GLIIHUHQW�ZD\�RI�VROYLQJ�WKH
XWLOLWLHV�SUREOHP�IRU�2SWLRQ���SURJUDPV��SOXV�DQRWKHU�VXJJHVWLRQ�IRU�WKH�RSHQLQJ�DQG�FORVLQJ�VHFWLRQV�RI
DQ�$VVHPEO\�SURJUDP��IRU�2SWLRQ���RU�2SWLRQ���

1.26.1. The Strange Case. . .

%DFN�LQ�3DUW�����ZKLFK�DSSHDUHG�LQ�-XO\�������ZH�UHSRUWHG�WKDW�ZH
G�QHYHU�EHHQ�DEOH�WR�JHW�7,
V�*3//1.
WR�ZRUN�FRUUHFWO\�XQGHU�HLWKHU�DQ�$XWR�6WDUW�2SWLRQ���RU�DQ�2SWLRQ���VLWXDWLRQ��6KRUWO\�DIWHU�WKDW�DUWLFOH
DSSHDUHG��0U��5\DQ�VHQW�D�OHWWHU�ZKLFK�JDYH�D�VROXWLRQ�WR�WKH�SUREOHP�IRU�$XWR�6WDUW�2SWLRQ���SURJUDPV�
+H�IRXQG�KLV�LQIRUPDWLRQ�LQ�WKH�PDQXDO�IRU�WKH�0LOOHUV�*UDSKLFV�([SORUHU��,W�VHHPV�WKH�7,�*3//1.
GHSHQGV�RQ� WKH� VWDWH�RI�WKH�*520�DGGUHVV�ZKHQ�LW
V�FDOOHG��DQG�WKDW� LV�VHW�GLIIHUHQWO\�E\�2SWLRQ��
GHSHQGLQJ�RQ�ZKHWKHU�WKH�SURJUDP�ORDGHG�KDV�DXWR�VWDUW�RU�QRW�

0LOOHU
V�VXJJHVWLRQ�ZDV�WR�UHDG�WKH�*520�DGGUHVV�LQ�WKH�PDQQHU�JLYHQ�E\�WKH�(�$�PDQXDO��WKHQ�DGG�!��
LI�\RXU�SURJUDP�LV�WR�DXWR�VWDUW�DQG�ZULWH�WKDW�EDFN�WKURXJK�*50:$��7KLV�ZRUNV��,Q�WRGD\
V�6LGHEDU�LV
WKH�VKRUW�WHVW�SURJUDP�ZH�SXW�WRJHWKHU�LPPHGLDWHO\�DIWHU�JHWWLQJ�0U��5\DQ
V�OHWWHU��7KLV�ZLOO�ZRUN�IRU
$XWR�VWDUW�2SWLRQ���SURJUDPV�ZLWK�ERWK�WKH�(�$�PRGXOH�DQG�WKH�0LQL�0HPRU\��1HHGOHVV�WR�VD\��ZH�ZHUH
GHOLJKWHG��2XU�GHOLJKW�ZDV��KRZHYHU��VKRUW�OLYHG��EHFDXVH�2SWLRQ���WXUQHG�RXW�WR�EH�TXLWH�D�GLIIHUHQW�FDQ
RI�ZRUPV�

,I�RQH�WULHV�DGGLQJ�!���WR�WKH�*520�DGGUHVV�IRU�DQ�2SWLRQ���SURJUDP��WKH�*3//1.�GRHV�QRW�ZRUN��$IWHU
GRLQJ�VRPH�GHWHFWLYH�ZRUN��LQVHUWLQJ�D��+(;',6��URXWLQH�LQWR�RXU�VRXUFH�FRGH��ZH�IRXQG�WKDW�ZH�FRXOG
PDNH�DQ�2SWLRQ���SURJUDP�ZRUN�ZLWK�*3//1.�XQGHU�FHUWDLQ�FRQGLWLRQV�E\�DGGLQJ�!�(��WR�WKH�*520
DGGUHVV��7KDW�ZDV�QRW�DOO��:H�DOVR�KDG�WR�VWDVK�DQG�UHVWRUH�DOO�RI�WKH�ORZ�PHPRU\�DUHD�IURP�!����
WKURXJK�!�����LQVWHDG�RI�WKH�VKRUWHU�XWLOLWLHV�SRUWLRQ�IURP�!�����WKURXJK�!��%$��DV�ZH
G�VXJJHVWHG�LQ
3DUW����
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7KDW�ZRUNHG��,W�ZRUNHG�DV�ORQJ�DV�ZH�HQWHUHG�RXU�SURJUDP�IURP�(�$�2SWLRQ���LWVHOI��3DUW�WZR�RI�WRGD\
V
6LGHEDU�VKRZV�WKH�VRXUFH�FRGH�IRU�WKDW�VROXWLRQ��2I�FRXUVH�ZH�FRXOGQ
W�VWRS�WU\LQJ�WKLQJV��VR��VLQFH�ZH�KDYH
D�5DPGLVN�RQ�RXU�V\VWHP�ZKLFK�DOORZV�GLUHFW�UXQQLQJ�RI�2SWLRQ���SURJUDPV�IURP�LWV�PHQX�VFUHHQ��ZH
WULHG�WKDW��:H�DOVR�KDYH�D�3�*UDP��ZKLFK�DOORZV�XV�WR�VHOHFW�HLWKHU�([WHQGHG�%DVLF�RU�(GLWRU�$VVHPEOHU
ZLWK�MXVW�WKH�SUHVV�RI�D�NH\��7KLV�RSHQHG�\HW�DQRWKHU�FDQ�RI�ZRUPV�IRU�XV��,I��IRU�H[DPSOH��WKH�PHQX
VHOHFWLRQ�DW�WKH�ERWWRP�RI�WKH�5DPGLVN�PHQX�VDLG�([WHQGHG�%DVLF�ZKHQ�ZH�GLUHFW�UDQ�RXU�2SWLRQ��
SURJUDP��WKH�FDOO�WR�*3//1.�SODFHG�XV�LQ�;%�ZLWKRXW�WKH�QRUPDO�FKDUDFWHU�VHW��$�PHVV��7\SLQJ�LQ�%<(
ENTER�JRW�XV�EDFN�WR�WKH�5DPGLVN�PHQX��EXW�WDXJKW�D�YDOXDEOH�OHVVRQ��$GMXVWLQJ�WKH�*520�DGGUHVV�LQ
WKLV�ZD\�FRXOGQ
W�EH�GRQH�XQGHU�WKRVH�FLUFXPVWDQFHV�

1.26.2. The "Final Solution"

)LQDOO\�ZH�NQHZ�ZK\�'RXJ�:DUUHQ�DQG�&UDLJ�0LOOHU�GHYHORSHG�WKHLU�RZQ�*3//1.��UDWKHU�WKDQ�WU\�XVLQJ
7,
V�YHUVLRQ��7R�PDNH�RXU�2SWLRQ���WHVW�SURJUDP�ZRUN�ZLWK�WKH�3�*UDP�DQG�5DPGLVN�VLWXDWLRQ�ZH�MXVW
GHVFULEHG��ZH�KDG�WR�GHYLVH�D�PHDQV�RI�ILUVW�ILQGLQJ�WKH�ULJKW�*520�LQ�WKH�3�*UDP��7KLV�ZH�GLG�E\�D�WULDO
DQG�HUURU�PHWKRG�RI�FRPSDULQJ�FHUWDLQ�NH\�E\WHV�LQ�HDFK�*520�DGGUHVV�IURP�!�����XS��LQ�!�����VWHSV�
2QFH�ZH
G�IRXQG�WKH�FRUUHFW�*520���LQ�RXU�FDVH�DW�!(�����ZH�VHW�XS�WKH�FRUUHFW�*520�DGGUHVV�DV
!(�����ZURWH�WKDW�WKURXJK�*50:$��DQG�HYHU\WKLQJ�ZRUNHG��7KLV�DOVR�ZRUNV�ZKHQ�UXQ�IURP�2SWLRQ��
RI�(�$��HLWKHU�XVLQJ�3�*UDP�RU�XVLQJ�DQ�(�$�PRGXOH��$V�\RX�FDQ�VHH�LQ�3DUW���RI�WKH�6LGHEDU��WKLV�WDNHV
D�ZKDOH�RI�D�ORW�RI�ZRUN��,W
V�DOVR�MXVW�SRVVLEOH�WKDW�QR�(�$�LV�DFWXDOO\�LQ�WKH�3�*UDP��VR�ZH�SXW�LQ�DQ�HVFDSH
H[LW�WR�WKH�YHFWRU�DW�!�����LQ�FDVH�WKH�(�$�*520�ZDV�QRW�IRXQG�

7KH�ZK\��WKHQ��IRU�:DUUHQ�DQG�0LOOHU
V�*3//1.�LV�SUREDEO\�WKDW�XVLQJ�WKH�7,�*3//1.�FDQ�EH�D�ORW
PRUH�WURXEOH�WKDQ�LW
V�ZRUWK��:H
YH�VKRZQ�WKDW�LW�FDQ�EH�GRQH��EXW�DOO�WKH�FRGH�WKDW�ZDV�QHFHVVDU\�WR�PDNH
LW�ZRUN�DGGV�XS�WR�PRUH�PHPRU\�XVDJH�WKDQ�MXVW�SXWWLQJ�WKH�:DUUHQ�0LOOHU�*3//1.�LQWR�RXU�VRXUFH�ILOH
WR�EHJLQ�ZLWK��$Q\�RI�RXU�UHDGHUV�FDQ�H[FHUSW�WKH�VRXUFH�FRGH�VKRZQ�LQ�SDUW���RI�WKH�6LGHEDU�DQG�SURYH
IRU�KLPVHOI�WKDW�LW�ZRUNV��EXW�ZH�UHDOO\�GRQ
W�UHFRPPHQG�WKLV�DSSURDFK�IRU�JHQHUDO�XVH���6HH�3DUW����LQ
WKH�-XO\�
���LVVXH�IRU�KRZ�WR�XVH�WKLV�VRXUFH�FRGH��VKRXOG�\RX�ZLVK�WR�WU\�LW�RXW��

1.26.3. Other Ins And Outs

0HUOH�9RJW�LV�D�GHYRWHG�UHDGHU�RI�WKLV�FROXPQ��DQG�KDV�PRUH�WKDQ�RQFH�FRPH�XS�ZLWK�VXJJHVWLRQV�IRU�ZD\V
RI�GRLQJ�WKLQJV�WKDW�DUH�GLIIHUHQW�IURP�RXU�ZD\V��:H�HQMR\�WKLV��DQG�ZLOO�SDVV�DORQJ�WZR�RI�KLV�VXJJHVWHG
PHWKRGV�WRGD\��)LUVW��D�GLIIHUHQW�ZD\�RI�KDQGOLQJ�WKH�HQWU\�DQG�H[LW�SUREOHP�IRU�DQ\�$VVHPEO\�SURJUDP�
$W�WKH�EHJLQQLQJ��WU\�WKLV�

START STWP R12 STASH THE INCOMING WORKSPACE
MOV  R12,@E1+2 MOVE THAT TO LOCATION BELOW
MOV  R11,@E2+2 MOVE THE RETURN ADDRESS
LWPI MYWS LOAD YOUR WORKSPACE
(program continues)
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7KHQ�DW�WKH�H[LW�

EXIT CLR  @>837C CLEAR GPL STATUS BYTE
E1 LWPI 0 DUMMY ADDRESS FOR LWPI
E2 B @0 DUMMY RETURN ADDRESS

MYWS BSS 32

7KLV�ZRUNV�DV� IROORZV��7KH�67:3�DW�WKH�YHU\�EHJLQQLQJ�SODFHV�WKH�ZRUNVSDFH�SRLQWHU� IRU�ZKDWHYHU
ZRUNVSDFH�ZDV�LQ�XVH�EHIRUH�\RXU�SURJUDP�VWDUWHG�LQWR�5���RI�WKDW�ZRUNVSDFH��1H[W��WKH�FRQWHQWV�RI�WKDW
5���DUH�PRYHG�LQWR�WKH�VSRW�WZR�E\WHV�EH\RQG�ODEHO�(���UHSODFLQJ�WKH�]HUR�WKDW�ZDV�WKHUH�LQ�WKH�VRXUFH
FRGH��7KH�UHWXUQ�DGGUHVV�IURP�5���RI�WKH�RULJLQDO�ZRUNVSDFH�ZLOO�WKHQ�EH�SODFHG�WZR�E\WHV�SDVW�ODEHO�(��
UHSODFLQJ�WKH�]HUR�WKDW�ZDV�WKHUH��,I��IRU�H[DPSOH�\RX�HQWHUHG�ZLWK�WKH�*3/�ZRUNVSDFH��DQG�D�UHWXUQ
DGGUHVV�RI�!������WKH�FRGH�DW�(��DQG�(��ZLOO�EH�VHOI�PRGLILHG�WR�

E1 LWPI >83E0 LOAD GPL WORKSPACE
E2 B    @>0070 BRANCH TO >70 ADDRESS

2Q�VRPH�RFFDVLRQV�ZH�KDYH�WULHG�WKLV�NLQG�RI�DSSURDFK�ZLWK�VXFFHVV��VR�ZH
UH�VXUH�0HUOH�LV�ULJKW�ZKHQ�KH
VD\V�WKLV�ZLOO�ZRUN�IRU�MXVW�DERXW�DQ\�ZD\�RI�UXQQLQJ�\RXU�$VVHPEO\�SURJUDP�

1.26.4. The Utilities Problem

:H�VDLG�PRUH�WKDQ�RQFH�LQ�WKLV�FROXPQ�WKDW�WKHUH�DUH�QHDUO\�DV�PDQ\�ZD\V�RI�GRLQJ�DQ\WKLQJ�LQ�$VVHPEO\
DV�WKHUH�DUH�SHRSOH�WU\LQJ�WR�GR�LW��0HUOH�9RJW�KDV�RQFH�DJDLQ�SURYHG�WKDW�WR�EH�WUXH��+H�FDPH�XS�ZLWK�D
ZD\�RI�VDYLQJ�DQG�UHVWRULQJ�WKH�(�$�XWLOLWLHV�IRU�2SWLRQ���SURJUDPV�WKDW�ZH
G�QHYHU�KDYH�WKRXJKW�RI��EXW
LW
V�DQ�HIIHFWLYH�ZD\�RI�GRLQJ�WKH�GHHG��:LWK�DQRWKHU�WKDQNV�WR�0HUOH��KHUH
V�WKDW�ZD\�

6WDUW�E\�PDNLQJ�WKLV�YHU\�VLPSOH�VRXUFH�ILOH�

DEF  SFIRST,SLOAD,SLAST
SFIRST EQU  >2000
SLOAD EQU  >2000
SLAST EQU  >2676

END

$VVHPEOH�WKLV�DQG�QDPH�LW�02'8/(��2�RU�02'8/(�2%-��RU�ZKDWHYHU�\RX�OLNH��1RZ�ORDG�WKLV�XQGHU
2SWLRQ� ��� WKHQ� ORDG� 7,
V� 6$9(� XWLOLW\� DQG� UXQ� SURJUDP� QDPH� 6$9(�� &DOO� WKH�PHPRU\� LPDJH� ILOH
02'8/(��

1RZ�SODFH�WKH�ODEHOV�6),567��6/2$'�DQG�6/$67�LQ�WKH�DSSURSULDWH�SODFHV�LQ�\RXU�PDLQ�SURJUDP
V
VRXUFH� ILOH�� $VVHPEOH� WKDW�� WKHQ� ORDG� LW� XQGHU�2SWLRQ� ��� ORDG�7,
V� 6$9(�XWLOLW\�� DQG� 6$9(� WKDW� DV
02'8/(��
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+HUH
V�ZKHUH�LW�JHWV�D�WDG�WULFN\��8VLQJ�D�VHFWRU�HGLWRU��ILQG�WKH�ILUVW�VHFWRU�RI�WKH�02'8/(��ILOH�DQG
FKDQJH�LWV�ILUVW�WZR�E\WHV�IURP�!�����WR�!))))��:ULWH�WKH�PRGLILHG�VHFWRU�EDFN�WR�WKH�GLVN��0DNH�VXUH
WKDW�02'8/(��DQG�WKH�02'8/(��ILOH�\RX�PDGH�SUHYLRXVO\�DUH�RQ�WKH�VDPH�GLVN�

&KRRVH�2SWLRQ���DQG�ORDG�02'8/(��IURP�ZKDWHYHU�GULYH�WKH�GLVN�KDSSHQV�WR�EH�LQ��%HFDXVH�WKH�KHDGHU
RI�02'8/(��KDV�WKDW�!))))�LQ�LW��WKH�2SWLRQ���ORDGHU�ZLOO�ORRN�RQ�WKH�VDPH�GULYH�IRU�D�ILOH�FDOOHG
02'8/(���DQG�ZLOO�ORDG�WKDW�LQWR�PHPRU\�DV�ZHOO��9RLOD��7KH�XWLOLWLHV�DUHD�IURP�WKH�(�$�ZLOO�EH�UHVWRUHG
LQWR�SODFH�LQ�ORZ�PHPRU\�MXVW�ZKHUH�LW�EHORQJV�DQG�\RXU�SURJUDP�FDQ�XVH�WKRVH�XWLOLWLHV�E\�VLPSOH�5()V�

,I�\RXU�PDLQ�SURJUDP�LWVHOI�LV�ODUJH�HQRXJK�WR�EHFRPH�PRUH�WKDQ�RQH�ILOH�ZKHQ�VDYHG�E\�7,
V�6$9(�XWLOLW\�
WKHQ�\RX�PXVW�UH�QDPH�WKH�02'8/(��WR�EH�WKH�QH[W�QXPEHU�LQ�OLQH���H�J��02'8/(��RU�02'8/(���DQG
PDNH�WKDW�VHFWRU�HGLW�LQ�ZKDWHYHU�ZDV�WKH�ODVW�ILOH�LQ�\RXU�PDLQ�SURJUDP
V�VHTXHQFH�

:H�KDYHQ
W�DFWXDOO\�WULHG�WKLV�\HW��EXW�KDYH�QR�GRXEW�WKDW� LW�ZLOO�ZRUN��1RUPDOO\�ZH�WU\�WR�XVH�DQG
UHFRPPHQG�PHWKRGV�WKDW�GRQ
W�DVVXPH�RXU�UHDGHUV�KDYH�VXFK�SURJUDPV�DV�VHFWRU�HGLWRUV�KDQG\��EXW�LI�\RX
KDYH�RQH��DV�PDQ\�SHRSOH�GR��WKHQ�0HUOH
V�DSSURDFK�PD\�EH�MXVW�WKH�WKLQJ�IRU�EXLOGLQJ�\RXU�EULGJH�WR
2SWLRQ���

1.26.5. Nobody's Perfect

6RPH�WLPH�EDFN��ZH�RIIHUHG�VRPH�EXVLQHVV�DGYLFH�LQ�WKLV�FROXPQ��DQG�EROGO\�DVVHUWHG�WKDW�LQ�WKH�\HDUV
VLQFH�������ZKHQ�ZH�ILUVW�VWDUWHG�VHOOLQJ�VRIWZDUH�WR�WKH�7,�FRPPXQLW\��ZH
G�QHYHU�KDG�D�FKHFN�ERXQFH�
,W
V�$XJXVW������QRZ��DQG�ZH�FDQ
W�VD\�WKDW�DQ\�PRUH��$Q�RYHUVHDV�FXVWRPHU�ZURWH�XV�D�FKHFN�RQ�D�8�6�
EDQN��DQG�WKDW�FDPH�ERXQFLQJ�EDFN�WR�XV�DV��$&&2817�&/26('���6RRQHU�RU�ODWHU�LW�KDG�WR�KDSSHQ��EXW
WKDW
V�RQO\�RQH�FKHFN�RXW�RI�KXQGUHGV�WKDW�ZH
YH�UHFHLYHG��VR�WKH�7,�FRPPXQLW\�VWLOO�ZLOO�JHW�SURPSW
VKLSPHQWV�IURP�XV��2I�FRXUVH�LI�LW�KDSSHQV�DJDLQ�����

7RGD\
V�FROXPQ�KDV�EHHQ�D�UHDO�PL[HG�EDJ�RI�VWXII�WR�FKHZ�RQ��1H[W�PRQWK�ZH
OO�WU\�WR�VWLFN�WR�RQH�WRSLF�
DQG�EHDW�WKDW�RQH�WR�GHDWK�LQVWHDG�RI�VNLSSLQJ�DURXQG�WKH�PDS�

* PART ONE - AUTO-START
* OPTION 3 FROM E/A MENU
* TEST PROGRAM - PUBLIC DOMAIN
* BY B. HARRISON
*
       REF  GPLLNK,GRMRA,GRMWA,KSCAN
       REF  VMBW
       DEF  START
START
       LWPI >20BA        LOAD USER WORKSPACE
       MOVB @GRMRA,@GRMSAV READ HIGH BYTE GROM ADDRESS
       NOP               KILL TIME
       MOVB @GRMRA,@GRMSAV+1 READ LOW BYTE GROM ADDRESS
       NOP               KILL TIME
       DEC  @GRMSAV      DECREMENT THE ADDRESS
       A    @HEX63,@GRMSAV ADD >63
       MOVB @GRMSAV,@GRMWA WRITE HIGH BYTE BACK
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       NOP               KILL TIME
       MOVB @GRMSAV+1,@GRMWA WRITE LOW BYTE BACK
       NOP               KILL TIME
       LI   R0,22*32+8   POINT TO ROW 23, COL 9
       LI   R1,TEST      MESSAGE
       LI   R2,15        LENGTH OF MESSAGE
       BLWP @VMBW        WRITE TO SCREEN
       BLWP @GPLLNK      CALL GPLLNK
       DATA >34          FOR BEEP SOUND
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT OFF INTERRUPTS
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  KEYLOO       IF NOT, KEEP SCANNING
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
GRMSAV DATA 0            WORD TO STASH GROM ADDRESS
HEX63  DATA >63          VALUE HEX 63
ANYKEY BYTE >20          KEYBOARD TEST BYTE
TEST   TEXT 'THIS IS A TEST ' MESSAGE
       END  START

* PART TWO - FOR E/A OPTION 5
* THIS DOES NOT WORK ALL CASES
*
       REF  GPLLNK,GRMRA,GRMWA,KSCAN
       REF  VMBW
       DEF  SFIRST,SLOAD,SLAST
SFIRST
SLOAD
       LWPI WS           LOAD OUR WORKSPACE
       LI   R9,DATALD    POINT AT SAVED UTILITIES
       LI   R10,>2000    POINT AT LOW MEMORY
       LI   R4,>2676->2000 BYTES TO MOVE
PUTUT  MOV  *R9+,*R10+   MOVE ONE WORD
       DECT R4           DECREMENT COUNTER BY TWO
       JNE  PUTUT        IF NOT ZERO, REPEAT
       MOVB @GRMRA,@GRMSAV READ HIGH BYTE GROM ADDRESS
       NOP               KILL TIME
       MOVB @GRMRA,@GRMSAV+1 READ LOW BYTE GROM ADDRESS
       NOP               KILL TIME
       DEC  @GRMSAV      DECREMENT THE ADDRESS
       A    @HEX2E4,@GRMSAV ADD HEX 2E4
       MOVB @GRMSAV,@GRMWA WRITE HIGH BYTE BACK
       NOP               KILL TIME
       MOVB @GRMSAV+1,@GRMWA WRITE LOW BYTE BACK
       NOP               KILL TIME
       LI   R0,22*32+8   POINT TO ROW 23, COL 9
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       LI   R1,TEST      MESSAGE
       LI   R2,15        LENGTH OF MESSAGE
       BLWP @VMBW        WRITE TO SCREEN
       BLWP @GPLLNK      CALL GPLLNK
       DATA >34          FOR BEEP SOUND
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT OFF INTERRUPTS
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  KEYLOO       IF NOT, KEEP SCANNING
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
WS     BSS  32           OUR WORKSPACE
GRMSAV DATA 0            WORD TO STASH GROM ADDRESS
HEX2E4 DATA >2E4         VALUE HEX 2E4
ANYKEY BYTE >20          KEYBOARD TEST BYTE
TEST   TEXT 'THIS IS A TEST ' MESSAGE
       EVEN
DATALD BSS  >2676->2000  STORAGE AREA FOR UTILITIES
SLAST
       DEF  SAVIT        DEFINE SAVIT ENTRY POINT
       REF  SAVE         REF TI SAVE UTILITY
SAVIT
       LWPI WS           LOAD OUR WORKSPACE
       LI   R9,>2000     POINT AT START OF LOW MEMORY
       LI   R10,DATALD   POINT AT DATA SPACE FOR UTILITIES
       LI   R4,>2676->2000 BYTES TO MOVE
GETUT  MOV  *R9+,*R10+   MOVE ONE WORD
       DECT R4           DECREMENT COUNTER BY TWO
       JNE  GETUT        IF NOT ZERO, REPEAT
       B    @SAVE        BRANCH TO SAVE UTILITY
       END

* PART 3 - GENERAL CASE OPTION 5
* WILL ALSO WORK FROM RAMDISK MENU RUN OPTION
* AND P-GRAM WITH E/A INCLUDED

       REF  GPLLNK,GRMRA,GRMWA,KSCAN
       REF  VMBW,GRMRD
       DEF  SFIRST,SLOAD,SLAST
SFIRST
SLOAD
       LWPI WS           LOAD OUR WORKSPACE
       LI   R9,DATALD    POINT AT SAVED DATA
       LI   R10,>2000    AND AT START OF LOW MEMORY
       LI   R4,>2676->2000 BYTES TO MOVE
PUTUT  MOV  *R9+,*R10+   MOVE A WORD
       DECT R4           DEC R4 BY TWO
       JNE  PUTUT        NOT ZERO, REPEAT
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       LI   R3,>6000     SET R3 TO >6000
TGROM  BL   @WGA         WRITE ADDRESS IN R3 TO GROM ADDRESS
       BL   @RGD         READ ONE BYTE
       CB   R5,@HEXAA    IS THAT HEX AA?
       JNE  NXTGRM       IF NOT, SKIP AHEAD
       INC  R3           ELSE INCREMENT ADDRESS IN R3
       BL   @WGA         SET FOR THAT ADDRESS
       BL   @RGD         READ BYTE
       CB   R5,@HEX01    COMPARE TO HEX01
       JNE  NXTGRM       IF NOT EQUAL, JUMP AHEAD
       INC  R3           ELSE LOOK AT NEXT ADDRESS
       BL   @WGA         SET THAT
       BL   @RGD         READ FROM GROM
       CB   R5,@HEX01    COMPARE
       JNE  NXTGRM       IF NOT EQUAL, JUMP
       AI   R3,5         ADD 5 TO R3 ADDRESS
       BL   @WGA         SET THAT ADDRESS
       BL   @RGD         READ A BYTE
       CB   R5,@HEX10    COMPARE TO HEX 10
       JEQ  GRMOK        IF EQUAL, WE'VE FOUND E/A IN GROM
NXTGRM ANDI R3,>F000     MASK ALL BUT FIRST NYBBLE
       AI   R3,>2000     ADD >2000
       CI   R3,>0000     IS THAT NOW ZERO?
       JEQ  ALTEX        IF SO, NO E/A FOUND
       JMP  TGROM        ELSE GO LOOK AT NEXT POSSIBLE ADDRESS
GRMOK  ANDI R3,>F000     MASK OFF ALL BUT LEFT NYBBLE
       AI   R3,>0892     ADD >892
       BL   @WGA         WRITE THAT ADDRESS TO GRMWA
       LI   R0,22*32+8   POINT TO ROW 23, COL 9
       LI   R1,TEST      MESSAGE
       LI   R2,15        LENGTH OF MESSAGE
       BLWP @VMBW        WRITE TO SCREEN
       BLWP @GPLLNK      CALL GPLLNK
       DATA >34          FOR BEEP SOUND
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT OFF INTERRUPTS
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  KEYLOO       IF NOT, KEEP SCANNING
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
ALTEX  LIMI 2            ESCAPE EXIT POINT
       LWPI >83E0        LOAD GPL WORKSPACE
       BLWP @0           RETURN TO VECTOR AT 0

WGA    MOVB R3,@GRMWA WRITE HIGH BYTE OF ADDRESS
       SWPB R3           SWAP BYTES R3 AND KILL TIME
       MOVB R3,@GRMWA WRITE LOW BYTE OF ADDRESS
       SWPB R3           SWAP BYTES R3 AND KILL TIME
       RT                RETURN
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RGD
       MOVB @GRMRD,R5    READ A GROM BYTE INTO R5
       NOP               KILL TIME
       RT                RETURN
WS     BSS  32           OUR WORKSPACE
GRMSAV DATA 0            WORD TO STASH GROM ADDRESS
HEXAA  BYTE >AA          HEX VALUE AA
HEX01  BYTE >01          VALUE 1
HEX10  BYTE >10          VALUE HEX 10
ANYKEY BYTE >20          KEYBOARD TEST BYTE
TEST   TEXT 'THIS IS A TEST ' MESSAGE
       EVEN
       DEF  SAVIT        DEFINE SAVIT ENTRY
       REF  SAVE         REF THE SAVE UTILITY
DATALD BSS >2676->2000   UTILITY STORAGE AREA
SLAST
SAVIT
       LWPI WS           LOAD OUR WORKSPACE
       LI   R9,>2000     POINT AT START OF LOW MEM
       LI   R10,DATALD   AND AT STORAGE AREA
       LI   R4,>2676->2000 NUMBER OF BYTES
GETUT  MOV  *R9+,*R10+   MOVE A WORD
       DECT R4           DEC COUNT BY TWO
       JNE  GETUT        IF NOT ZERO, REPEAT
       B    @SAVE        BRANCH TO TI SAVE UTILITY
       END
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1.27. The Art Of Assembly — Part 27. Another Potpourri

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

:H
YH�UHYLVLWHG�WKH�*HQHYH�VXEMHFW�RQ�RFFDVLRQ�LQ�WKLV�VHULHV��DQG�WRGD\�KHUH�ZH�JR�DJDLQ��6RPH�PRQWKV
EDFN��ZH�KDG�D�VPDOO�FULVLV�RQ�RXU�KDQGV��ZLWK�SHRSOH�ZKR�ERXJKW�RXU�:RUG�3URFHVVRU�DQG�WKHQ�IRXQG�RXW
LW�ZDVQ
W�FRPSDWLEOH�ZLWK�WKHLU�*HQHYH�FRPSXWHUV��:H�VFUDPEOHG�DERXW�D�ELW��WU\LQJ�WR�KHOS�RXU�FXVWRPHUV�
5HZRUNHG�WKH�VRXUFH�FRGH�VR�WKDW�WKH�'65/1.�ZRXOG�EH�WDNHQ�IURP�WKH�7,�(�$�XWLOLWLHV��IL[HG�XS�WKH
ORDGHUV��DQG�VR�RQ��:H�WKHQ�VKLSSHG�RII�D�FRS\�WR�RXU�IHOORZ�FROXPQLVW�6WDQ�.UDMHZVNL��ZKRP�ZH�NQHZ�KDG
D�*HQHYH�KDQG\�IRU�WHVWLQJ�

6WDQ�UHSRUWHG�WKDW�HYHU\WKLQJ�VHHPHG�WR�ZRUN�RND\��+DG�ZH�DW�ODVW�VODLQ�WKH�GUDJRQ"�,W�ZDV�DQRWKHU�RI
WKRVH�WKLQJV�WKDW�DUH�WRR�JRRG�WR�EH�WUXH��DQG�WKH�XQWUXH�SDUW�FDPH�ZKHQ�ZH�VKLSSHG�FRSLHV�WR�RXU�WZR
FXVWRPHUV��2Q�RQH�RI�WKRVH�WZR�PDFKLQHV��QHDUO\�HYHU\WKLQJ�ZRUNHG��H[FHSW�WKDW�WKH�PDFKLQH�ZRXOG�ORVH
WKH��LQGH[��ILOH�ZKHQ�VDYLQJ�D�GRFXPHQW�WR�GLVN��VR�WKDW�DIWHUZDUGV�WKH�SURJUDP�ZRXOGQ
W�UHFRJQL]H�WKDW
GRFXPHQW�DV�H[LVWLQJ�RQ�WKH�GLVN��7KH�SDJH�ILOHV�ZRXOG�VKRZ�XS�RQ�WKH�GLVN��EXW�QRW�WKH�YLWDO�LQGH[�ILOH�
:K\"�:H�VWLOO�GRQ
W�NQRZ��7KLV�YHUVLRQ�ZRUNHG�SHUIHFWO\�RQ�RXU�7,��2Q�WKH�RWKHU�*HQHYH��PDQ\�RI�WKH
LPSRUWDQW�)XQFWLRQ�DQG�&RQWURO�NH\�FRPELQDWLRQV�ZRXOGQ
W�ZRUN��DQG�LW�WRR�IDLOHG�WR�VDYH�WKH�LQGH[�ILOHV
IRU�GRFXPHQWV�

0XFK�ODWHU��ZH�GHFLGHG�WR�DVN�6WDQ�D�IHZ�TXHVWLRQV�DERXW�KLV�*HQHYH��WR�VHH�LI�WKHUH�ZDV�VRPH�UDWLRQDOH
WR�WKLV�SKHQRPHQRQ��,W�WXUQHG�RXW�WKDW�6WDQ
V�*HQHYH�ZDV�XVLQJ�D�7,�GLVN�FRQWUROOHU�LQVWHDG�RI�D�0\DUF
RQH��7KDW�FRXOG�H[SODLQ�WKH�EXVLQHVV�RI�WKH�LQGH[�ILOHV��EXW�QRW�WKH�VHQVLQJ�DQG�SURFHVVLQJ�RI�NH\ERDUG
LQSXWV��6RUU\��EXW�ZH�KDYH�QR�DQVZHUV��6WDQ�VXJJHVWV�LW�PD\�KDYH�VRPHWKLQJ�WR�GR�ZLWK�WKH�((35206�
ZKLFK�LQ�KLV�FDVH�DUH�WKH�YHU\�ODWHVW�YHUVLRQV��0D\EH�VR��EXW�WKH�LQFRQVLVWHQF\�IURP�RQH�*HQHYH�WR�DQRWKHU
PDNHV�LW�GDUQHG�QHDU�LPSRVVLEOH�WR�EH�FRQILGHQW�RI�PDNLQJ�VRPHWKLQJ�FRPSDWLEOH��:H�UHIXQGHG�WKH�IXOO
SXUFKDVH�SULFH�WR�RXU�FXVWRPHUV��DQG�JDYH�XS�

1.27.1. String Magic

7KRVH�ZKR�SURJUDP�LQ�DVVHPEO\�JHW�XVHG�WR�WKH�LGHD�WKDW�ZH�FDQ�GR�SUHWW\�PXFK�DQ\WKLQJ�ZLWK�DQ\�RI�WKH
FRPSXWHU
V�PHPRU\��DQG�WKDW
V�WUXH�VR�ORQJ�DV�ZH�QHHG�QRW�UHWXUQ�WR�VRPH�RWKHU�SURJUDP��OLNH�([WHQGHG
%DVLF��<RXU�DXWKRU�RI�FRXUVH�GLG�D�ORW�RI�SURJUDPPLQJ�LQ�([WHQGHG�%DVLF�EHIRUH�VWDUWLQJ�WR�OHDUQ�DVVHPEO\�
2QH�RI�WKH�IUXVWUDWLRQV�LQ�;%�LV�WKH�EXVLQHVV�RI�XVLQJ�VWULQJ�YDULDEOHV��$V�PDQ\�RI�\RX�DOUHDG\�NQRZ��;%
XVHV�WKH�9'3�5$0�WR�VWRUH�VWULQJ�YDULDEOHV��DQG�SURYLGHV�QR�RWKHU�ZD\�WR�VWRUH�WKHP��<RX�PLJKW�ZULWH
D�SURJUDP�WKDW�WDNHV�RQO\��.�RI�WKH�KLJK�PHPRU\�WR�ORDG�DQG�UXQ�XQGHU�;%��EXW�LI�LW�XVHV�ORWV�RI�VWULQJV�
;%�LV�OLNHO\�WR�UXQ�RXW�RI�ZKDW�LW�FDOOV��6WDFN��VSDFH�LQ�9'3�5$0��DQG�WKXV�\RXU�SURJUDP�ZLOO�QRW�EH�DEOH
WR�UXQ�
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2XU�JRRG�IULHQG�-LP�3HWHUVRQ�FRPSODLQHG�WR�XV�DERXW�WKLV��DQG�ZH�WKRXJKW�DERXW�LW�IRU�D�ZKLOH��/DWHU��RQH
RI�RXU�FXVWRPHUV��%LOO�+DUPV�RI�&KLQR��&$��ZURWH�XV�D�OHWWHU�VXJJHVWLQJ�WKDW�VRPHWKLQJ�EH�GRQH�DERXW�WKLV
SUREOHP��:H�WKRXJKW�VRPH�PRUH��WKHQ�VWDUWHG�ZRUNLQJ�RQ�VRXUFH�FRGH��%RWK�%LOO�+DUPV�DQG�-LP�3HWHUVRQ
KHOSHG�LQ�WKH�WHVWLQJ�RI�WKLV�VWXII��DQG�ERWK�IRXQG�FDVHV�ZKHUH�WKH�UHVXOWLQJ�SURGXFW�FRXOG�EH�XVHG�

1.27.2. Stashing In Memory

7KH�LGHD�ZDV�VLPSOH��,I�\RXU�;%�SURJUDP�LWVHOI�XVHV�YHU\�OLWWOH�RI�WKH�+LJK�PHPRU\��ZH�FUHDWH�D�VSDFH�LQ
WKH�OHIWRYHU�PHPRU\�WR�VWDVK�DQ�DUUD\�RI�VWULQJV��,I�\RXU�;%�SURJUDP�LV�ODUJH��VR�WKHUH
V�OLWWOH�RU�QR�KLJK
PHPRU\�DYDLODEOH��ZH�SURYLGH�DQRWKHU�XWLOLW\�WR�VWDVK�VWULQJV� LQ�WKH�DYDLODEOH� ORZ�PHPRU\��7KH�7,
SURYLGHV�SRLQWHUV�ZH�FDQ�XVH�WR�ILJXUH�RXW�KRZ�PXFK�RI�KLJK�RU�ORZ�PHPRU\�LV�DYDLODEOH��VR�ZH�GRQ
W�ZLQG
XS�FRUUXSWLQJ�DQ\WKLQJ�EHORQJLQJ�WR�\RXU�;%�SURJUDP��,Q�WRGD\
V�6LGHEDU�LV�WKH�VRXUFH�FRGH�IRU�WKH�XWLOLW\
WKDW�VWDVKHV�VWULQJV�LQ�KLJK�PHPRU\��7KHUH�DUH�IRXU�HQWU\�SRLQWV�GHILQHG�LQ�WKLV�VRXUFH�FRGH��HDFK�RI�ZKLFK
XVHV�SDUDPHWHUV� IURP�D�&$//�/,1.�LQ�;%��7KH�KLJK�PHPRU\�RQH�VKRZQ�KDV�HQWU\�SRLQWV�6(7+,�
387+,��*(7+,��DQG�$9+,��7KHUH�DUH�OHVVRQV�WR�EH�OHDUQHG�IURP�WKLV�FRGH��DQG�ZH
OO�WU\�WR�PDNH�WKLV�D
�OHDUQLQJ�H[SHULHQFH��IRU�\RX��VR�GRQ
W�WKLQN�RI�WKLV�DV�D��FRPPHUFLDO��IRU�RQH�RI�RXU�SURGXFWV�

$W�6(7+,��WKH�DVVHPEO\�SURJUDP�GRHV�VHYHUDO�WKLQJV��)LUVW��LW�ILQGV�RXW�IURP�WKH�&$//�/,1.�SDUDPHWHU
KRZ�PDQ\�VWULQJV�WKH�;%�SURJUDP�ZDQWV�WR�PDNH�URRP�IRU��1H[W��LW�PDNHV�D��ORRNXS�WDEOH��LQ�ORZ�PHPRU\
IRU�WKH�DGGUHVVHV�RI�WKH�VWULQJV�LW�ZLOO�SODFH�LQ�KLJK�PHPRU\��)LQDOO\��LW�FUHDWHV�DQ�DUUD\�RI�QXOO�VWULQJV�LQ
WKH�KLJK�PHPRU\�VSDFH�WKDW
V�DYDLODEOH��:KLOH�LW
V�GRLQJ�WKLV��LW�FKHFNV�WR�VHH�ZKHWKHU�HQRXJK�VSDFH�LV
WKHUH��,I�\RX�DVN�6(7+,�WR�PDNH�URRP�IRU������VWULQJV��LW�ZLOO�UXQ�RXW�RI�ORZ�PHPRU\�VSDFH�IRU�WKH�ORRNXS
WDEOH��DQG�ZLOO�UHSRUW��127�(128*+�/2:�0(025<��RQ�\RXU�VFUHHQ��,I�WKLV�LV�WKH�RQO\�XWLOLW\�EHLQJ
XVHG�E\�\RXU�;%�SURJUDP��WKHUH�ZLOO�EH�URRP�IRU�DERXW������VWULQJV
�DGGUHVVHV�LQ�WKH�ORRNXS�WDEOH�

2I�FRXUVH�ZKHQ�\RX�VWDUW�DFWXDOO\�DVVLJQLQJ�QRQ�QXOO�VWULQJV�LQWR�WKH�DUUD\��PRUH�KLJK�PHPRU\�ZLOO�JHW
XVHG��$V�HDFK�387+,�OLQNDJH�LV�SHUIRUPHG��WKH�HQG�SRLQW�RI�WKH�DUUD\�LV�FKHFNHG�DJDLQVW�WKH�OLPLW�RI
DYDLODEOH�KLJK�PHPRU\��DQG� LI� WKDW
V�JRLQJ�WR�EH�H[FHHGHG��WKH�HUURU�UHSRUW� �127�(128*+�+,*+
0(025<��ZLOO�EH�LVVXHG�RQ�VFUHHQ�EHIRUH�WKDW�VWULQJ�LV�DVVLJQHG��-XVW�WR�JLYH�\RX�WKH�LGHD�KRZ�SRZHUIXO
WKLV�WKLQJ�LV��ZH
OO�WDNH�DQ�H[DPSOH�IURP�-LP�3HWHUVRQ��-LP�XVHG�WKH�URXWLQH�ZLWK�D�PXOWL�FROXPQ�SULQWLQJ
SURJUDP� KH
G� ZULWWHQ��:LWKRXW� WKH� URXWLQH�� WKLV� ZRXOG� UXQ� RXW� RI� �VWDFN�� VSDFH� EHIRUH� PXFK� RI� D
PXOWL�FROXPQ�SDJH�FRXOG�EH�FRPSRVHG�LQ�D�VWULQJ�DUUD\��:LWK�WKH�URXWLQH�LQ�SODFH��-LP
V�SURJUDP�FRXOG
PDNH���FROXPQV�RI�VL[W\�OLQHV�HDFK�DW����FKDUDFWHUV�SHU�OLQH��IRU�D�SURJUDP�OLVWLQJ��ZLWKRXW�UXQQLQJ�RXW
RI�WKH�KLJK�PHPRU\��:LWK�WKH�OHQJWK�E\WHV��WKDW
V������E\WHV�LQ�����VWULQJV�

7KH�ZD\�VWULQJV�DUH�DFWXDOO\�VWDVKHG�LQ�9'3�5$0�E\�;%�LV�VRPHZKDW�RI�D�P\VWHU\��:H�GLG�D�OLWWOH
H[SHULPHQW�WKDW�VWRUHG�����VWULQJV�RI����E\WHV�HDFK�LQ�D�VWULQJ�DUUD\�YDULDEOH�XQGHU�;%��DQG�IRXQG�WKDW
WKH�DPRXQW�RI��VWDFN��VSDFH�UHSRUWHG�E\�6,=(�FKDQJHG�E\��������E\WHV��QRW�������2EYLRXVO\�WKHUH�LV�VRPH
NLQG�RI�ORRNXS�WDEOH�VSDFH�WKDW
V�DOVR�NHSW�LQ�9'3�5$0��DQG�WKDW�DFFRXQWV�IRU�WKH��RYHUKHDG��RI�����
E\WHV��7KDW�DUUD\�RI��������E\WH�VWULQJV�ZRXOG�ILW�LQ�9'3�5$0�LI�LW�ZHUH�WKH�RQO\�VWULQJ�YDULDEOH�XVHG�LQ
WKH�SURJUDP��EXW�LW�ZRXOGQ
W�WDNH�PDQ\�PRUH�VWULQJ�YDULDEOHV�WR�FDXVH�WKH�;%�SURJUDP�WR�FUDVK�ZLWK�DQ
�RXW�RI�PHPRU\��HUURU�
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$PRQJ�RWKHU�WKLQJV��;%�UHVHUYHV�VSDFH�IRU�VWULQJ�YDULDEOHV�LQ�EORFNV�WKDW�DUH�ODUJHU�WKDQ�WKH�DFWXDO�VWULQJ
OHQJWK��,I�\RX�VWDUW�LQ�;%�FRPPDQG�PRGH�ZLWK�QRWKLQJ�DQG�WDNH�6,=(��\RX�ILQG�������E\WHV�RI�VWDFN�IUHH�
,I�\RX�WKHQ�HQWHU�D�VWDWHPHQW�OLNH�;� ����\RX
OO�ILQG�6,=(�UHSRUWV�RQO\�������E\WHV�IUHH��7KDW�QXOO�VWULQJ
KDV� HDWHQ� XS� WHQ� E\WHV��7KLV� QR� GRXEW�PDNHV� WKLQJV� VLPSOHU� IRU�;%� WR� GHDO�ZLWK�� EXW� QRW� IRU� WKH
SURJUDPPHU�ZKR
V�WU\LQJ�WR�FUDP�ORWV�RI�VWULQJV�LQWR�9'3�5$0�

,Q�RXU�RZQ�URXWLQH�IRU�VWRULQJ�LQ�KLJK�PHPRU\��ZH�NHHS�WKH�VSDFH�RFFXSLHG�E\�WKH�VWULQJV�WKHPVHOYHV
OLPLWHG�WR�H[DFWO\�WKH�UHTXLUHG�DPRXQW��VR�WKDW�D�VWULQJ�RI�]HUR�FKDUDFWHUV�RFFXSLHV�RQO\�RQH�E\WH��WKH
OHQJWK�E\WH���ZKLOH�D�WHQ�E\WH�VWULQJ�RFFXSLHV�H[DFWO\����E\WHV��DQG�VR�RQ��(DFK�WLPH�D�VWULQJ�LQ�WKH�DUUD\
LV�UHSODFHG��WKH�VSDFH�LQ�PHPRU\�EH\RQG�WKDW�RQH�LV��FORVHG�XS��VR�WKH�VWULQJ�SXW�LQ�SODFH�MXVW�ILWV�LQ
PHPRU\��%\�NHHSLQJ�WKH�ORRNXS�WDEOH�IRU�DGGUHVVHV�RI�WKH�VWULQJV�LQ�ORZ�PHPRU\��ZH�PDNH�DOO�RI�WKH
DYDLODEOH�KLJK�PHPRU\�XVHIXO�IRU�VWULQJV�LQ�WKH�DUUD\�

%LOO�+DUPV��DIWHU�WHVWLQJ�DQ�HDUO\�YHUVLRQ��VXJJHVWHG�WKDW�WKH�;%�SURJUDPPHU�VKRXOG�EH�DEOH�WR�ILQG�RXW
KRZ�PXFK�VWULQJ�VWRUDJH�VSDFH�RXU�URXWLQH�VWLOO�KDG�DYDLODEOH�ZKLOH�KLV�;%�SURJUDP�ZDV�UXQQLQJ��7KDW
VHHPHG�OLNH�D�ZRUWKZKLOH�LGHD��VR�ZH�DGGHG�WKH�&$//�/,1.�IRU�$9+,��ZKLFK�FDQ�EH�XVHG�DW�DQ\�WLPH
HLWKHU�IURP�&RPPDQG�PRGH�RU�ZKLOH�D�SURJUDP�LV�UXQQLQJ��,W�UHSRUWV�WKH�PHPRU\�VWLOO�DYDLODEOH�LQWR�D
QXPHULF�YDULDEOH�QDPHG�LQ�WKH�&$//�/,1.��:H�PHQWLRQ�WKLV�PDLQO\�WR�LOOXVWUDWH�D�SRLQW��WKDW�KDYLQJ�D
�WKLUG�SDUW\��WU\�RXW�\RXU�SURJUDP�DW�DQ�HDUO\�VWDJH�LV�D�JRRG�LGHD��,Q�WKLV�FDVH�LW�PHDQW�D�ORW�RI�GLVNV
VKLSSHG�IURP�FRDVW�WR�FRDVW��DQG�D�QXPEHU�RI�LQWHUHVWLQJ�SKRQH�FDOOV��EXW�PDGH�D�PXFK�LPSURYHG�SURGXFW
SRVVLEOH�

$W�RQH�SRLQW��ZH�WKRXJKW�ZH�KDG�WKH�SURMHFW�ILQLVKHG��RQO\�WR�ILQG�WKDW�RQH�RI�RXU�HUURU�WUDSV�GLGQ
W�ZRUN
DV�ZH�WKRXJKW�LW�VKRXOG��%LOO�+DUPV�WULHG�VRPHWKLQJ�ZH
G�QHYHU�WKRXJKW�WR�WU\��DQG�VXUH�HQRXJK�LW�FUDVKHG
KLV�7,��7KDW
V�DQRWKHU�DGYDQWDJH�WR�KDYLQJ�VRPHERG\�HOVH�WU\�WKLQJV�RXW��7KH�JX\�ZKR�ZURWH�WKH�FRGH
QHYHU�WKLQNV�RI�GRLQJ�WKLQJV�WKDW�KDYH�WKH�SRWHQWLDO�IRU�GLVDVWHU��7KDQNV�WR�%LOO��WKDW�SUREOHP�ZDV�GHWHFWHG
DQG�WKHQ�VROYHG�

%LOO�+DUPV�PDGH�DQRWKHU�LPSRUWDQW�FRQWULEXWLRQ��ZKHQ�KH�SRLQWHG�RXW�WKDW�RXU��LQWHUQDO��HUURU�WUDSV�LQ
WKH�$VVHPEO\�URXWLQH�ZRXOG�H[LW�WR�;%�DV�LI�QR�HUURU�KDG�RFFXUUHG��WKXV�DOORZLQJ�;%�WR�SHUKDSV�NHHS
H[HFXWLQJ�D�ORRS�WKDW�ZDV�QHHGOHVV��:KDW�%LOO�ZDQWHG�ZDV�VRPH�ZD\�WKDW�;%�FRXOG�UHFRJQL]H�WKDW�DQ�HUURU
KDG�RFFXUUHG�LQ�WKH�&$//�/,1.�VWDWHPHQW��$IWHU�VRPH�KDUG�WKLQNLQJ��ZH�FDPH�XS�ZLWK�RQH�RI�WKRVH
VLPSOH� EXW� HOHJDQW� VROXWLRQV� WR� WKLV� SUREOHP��1RQH� RI� WKH� FDOOV� WR� WKH� URXWLQH� XVHV�PRUH� WKDQ� WZR
SDUDPHWHUV��:H�WKXV�ZHUH�DEOH�WR�DGG�D�%/:3�#180$6*�WR�WKH�HUURU�WUDS
V�H[LW��DQG�E\�VHWWLQJ�5��IRU
D�QRQ�H[LVWHQW�WKLUG�SDUDPHWHU��PDGH�;%�UHFRJQL]H�DQG�UHSRUW�DQ�HUURU��*LYHQ�WKLV��WKH�;%�SURJUDPPHU
FDQ�EXLOG�LQ�DQ�21�(5525�VLWXDWLRQ�LQ�KLV�;%�SURJUDP��RU�FDQ�VLPSO\�OHW�WKH�;%�SURJUDP�VWRS�ZKHQ�WKH
HUURU�KDSSHQV��7KDW
V�QRW�DOO��WKRXJK��%\�GRLQJ�WKH�HUURU�UHSRUW�WR�;%�WKURXJK�D�WKLUG�SDUDPHWHU��ZH
DOORZHG�WKH�;%�SURJUDPPHU�WR�KDYH�;%�LJQRUH�WKH�HUURU�E\�WKH�VLPSOH�H[SHGLHQW�RI�SXWWLQJ�D�WKLUG
SDUDPHWHU�DV�D�QXPHULF�YDULDEOH�LQWR�WKH�&$//�/,1.�
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,W�ZRUNV�OLNH�WKLV��6XSSRVH�;%�LV�JHWWLQJ�D�VWULQJ�IURP�WKH�DUUD\�LQWR�;���&$//�/,1.��*(7+,��;��<��ZLOO
WDNH�WKH�<WK�VWULQJ�IURP�WKH�DUUD\�LQ�KLJK�PHPRU\�LQWR�;���,I�<�LV�WRR�ELJ�D�QXPEHU��RU�]HUR��RU�WKHUH
V
VRPH�RWKHU�HUURU�GHWHFWHG�E\�WKH�$VVHPEO\�HUURU�WUDS��;%�ZLOO�DOVR�UHSRUW�D��%$'�$5*80(17�,1�===�
ZKHQ�LW�UHJDLQV�FRQWURO��7R�PDNH�;%�LJQRUH�WKH�HUURU��ZH
G�&$//�/,1.��*(7+,��;��<�;���+HUH�WKDW
WKLUG�SDUDPHWHU�;�ZLOO�JHW�D�QRQVHQVH�YDOXH�DVVLJQHG�WR�LW��EXW�;%�ZLOO�QRW�UHFRJQL]H�DQ\�HUURU��7KXV�WKH
;%�SURJUDPPHU�FDQ�KDYH�LW�ERWK�ZD\V��HLWKHU�KDYLQJ�;%�UHFRJQL]H�WKH�HUURU�RU�LJQRUH�LW��7KLV�ZDV�RQH
RI�WKRVH��VHUHQGLSLW\��UHVXOWV�ZKLFK�VRPHWLPHV�KDSSHQ�LQ�SURJUDPPLQJ�ZRUN��ZKHUH�D�VLPSOH�VROXWLRQ�WR
D�SUREOHP�EHFRPHV��HOHJDQW�SURJUDPPLQJ���:H�GLGQ
W�RULJLQDOO\�SODQ�LW�WKDW�ZD\��EXW�LW
V�D�UDWKHU�QLFH
RXWFRPH�DQ\ZD\�

:H�SRLQW�RXW�DOO�WKHVH�WKLQJV�PDLQO\�WR�HPSKDVL]H�WKH�QHHG�IRU�DQ��LQGHSHQGHQW��WHVW�DJHQW��)RU�VRPH�RI
RXU�VRIWZDUH�SURMHFWV��P\�SDUWQHU�'RORUHV�VHUYHV�LQ�WKDW�UROH��)RU�RXU�:RUG�3URFHVVRU��VKH�VHUYHG�DV
�JXLQHD�SLJ��DOPRVW�IURP�LWV�LQFHSWLRQ��DQG�FRXOG�DOZD\V�ILQG�WKH�EXJV�LQ�HDFK�QHZ�YHUVLRQ��,Q�PDQ\�FDVHV�
WKH�EXJV�ZRXOG�QHYHU�KDYH�EHHQ�IRXQG�E\�WKH�SURJUDPPHU��:KHQ�D�SHUVRQ�WHVWV�KLV�RZQ�VRIWZDUH��WKHUH
V
D�VPDOO�YRLFH� LQ�WKH�EDFN�RI�KLV�KHDG�VD\LQJ��GRQ
W�WU\�SUHVVLQJ�FCTN 9�ZKHQ�\RX
UH�DW�WKLV�SRLQW��
6RPHWKLQJ�LQ�KLV�LQWLPDWH�NQRZOHGJH�RI�WKH�VRXUFH�FRGH�PDNHV�KLP�DYRLG�WKDW�NH\VWURNH�ZKLFK�ZLOO�FUDVK
WKH�VRIWZDUH��7KH��RWKHU��XVHU�ZLOO�RI�FRXUVH�WU\�DQ\WKLQJ�DQG�HYHU\WKLQJ�WKDW�WKH�VRIWZDUH�VKRXOG�EH�DEOH
WR�KDQGOH��DQG�ZLOO�WKXV�ILQG�WKH�EXJV�HYHU\�WLPH��6RPH�\HDUV�EDFN��\RXU�DXWKRU�ZDV�SXUFKDVLQJ�D�UDWKHU
ODUJH�DQG�FRPSOH[�V\VWHP�IRU�WKH�1DY\��3DUW�RI�WKH�KDUGZDUH�ZDV�GHOLYHUHG�EHIRUH�WKH�VRIWZDUH�ZDV�IXOO\
GHYHORSHG��DQG�WKH�FXVWRPHU�TXLFNO\�OHDUQHG�KRZ�WR�FUDVK�WKH�SURJUDP�ZLWK�D�VLQJOH�NH\VWURNH��7KLV�ZHQW
RQ�IRU�VRPH�WLPH��XQWLO�ILQDOO\�WKH�SURJUDPPHUV�JRW�WKH�VRIWZDUH�WR�EH��UREXVW��HQRXJK�WKDW�VLWWLQJ�RQ�WKH
NH\ERDUG�ZRXOGQ
W�FDXVH�D�SUREOHP��:H�NQHZ�WKH�SURMHFW�ZDV�UHDOO\�ILQLVKHG�ZKHQ�WKH�RQO\�FRPSODLQW�WKH
FXVWRPHU�FRXOG�FRPH�XS�ZLWK�ZDV�WKDW�WKH� OLWWOH�EXOEV�IRU�WKH�EDFNOLW� IXQFWLRQ�NH\V�EXUQHG�RXW�WRR
IUHTXHQWO\��7KHQ�\RXU�DXWKRU�VLJQHG�WKH�ILQDO�GHOLYHU\�IRUP�VR�WKH�FRQWUDFWRU�FRXOG�EH�SDLG�KLV����PLOOLRQ�

1.27.3. Finishing Touches

7KHUH
V�D�WHQGHQF\�VRPHWLPHV�LQ�RXU�ZRUN�RQ�WKH�7,�WR�UXVK�D�SURMHFW��HVSHFLDOO\�ZKHQ�D�GHDGOLQH�LV
QHDULQJ��7KLV�KDSSHQV�WR�XV�ZKHQ�ZH�DUH�WU\LQJ�WR�JHW�D�QHZ�SURGXFW�UHDG\�IRU�HLWKHU�WKH�/LPD�)DLUH�RU
WKH�&KLFDJR�)DLUH��7KHUH
V�DQ�XUJHQF\�WKDW�PD\�PDNH�XV�IRUJHW�VRPH�WKLQJV�OLNH�SURSHU�HUURU�WUDSV��RU
HYHQ�VRPH�RI�WKH��QLFH�WR�KDYH��IHDWXUHV�WKDW�VKRXOG�EH�DGGHG�WR�D�SURJUDP�HYHQ�WKRXJK�WKH\
UH�QRW
HVVHQWLDO�WR�WKH�PDLQ�IXQFWLRQ��0DQ\�WLPHV�WKLV�DOVR�PHDQV�VNLSSLQJ�WKH�VWHS�RI�KDYLQJ�VRPHRQH�HOVH�WU\
RXW�WKH�VRIWZDUH�

3HUKDSV�WKH�PRVW�HPEDUUDVVLQJ�H[DPSOH�RI�WKLV�KDSSHQHG�ZKHQ�ZH�ILUVW�LQWURGXFHG�RXU�6PDUW�&RQQHFW
GLVN��:H�UXVKHG�VR�PXFK�WR�KDYH�WKDW�UHDG\�IRU�&KLFDJR�WKDW�ZH�KDG�RQO\�WHVWHG�LW�ZLWK�RQH�RI�RXU�WKUHH
3&�FRPSXWHUV��8SRQ�UHWXUQ�IURP�&KLFDJR��ZH�IRXQG�FXVWRPHU�FRPSODLQWV�ZDLWLQJ�IRU�XV��6XUH�HQRXJK�
ZKDW�ZH
G�UXVKHG�WR�JHW�UHDG\�ZRXOG�RQO\�ZRUN�RQ�WKDW�RQH�RI�RXU�WKUHH�3&V��$IWHU�VRPH�UDWKHU�KHFWLF
UH�ZRUNLQJ�RI�WKH�3&�SURJUDPV��ZH�ZHUH�DEOH�WR�JHW�WKH�SURJUDP�IL[HG��EXW�WKLV�EHFDPH�D�FRVWO\�HUURU�
VLQFH�ZH�KDG�WR�VHQG�UHYLVHG�GLVNV�WR�DOO�WKRVH�FXVWRPHUV�ZKR
G�ERXJKW�WKH�SURJUDP�DW�&KLFDJR��6LQFH�WKHQ�
ZH
YH�KDG�YHU\�IHZ�FDOOV�IURP�FXVWRPHUV�ZKR�SXUFKDVHG�WKDW�SDFNDJH��DQG�LQ�WKRVH�FDVHV�ZH�ZHUH�DEOH�WR
UHVROYH�WKH�SUREOHPV�RYHU�WKH�SKRQH�
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,W
V�ODWH�6HSWHPEHU�RI������DV�ZH�ZULWH�WKLV��DQG�WKLV�\HDU�ZH
YH�UHVLJQHG�RXUVHOYHV�WR�RIIHULQJ�DW�&KLFDJR
RQO\�WKRVH�SURGXFWV�WKDW�KDYH�EHHQ�WKRURXJKO\�WHVWHG��7KHUH�DUH�DERXW�WKUHH�RU�IRXU�SURMHFWV�LQ�YDULRXV
VWDJHV�RI�LQFRPSOHWLRQ�ULJKW�QRZ��EXW�QRQH�RI�WKHP�LV�JRLQJ�WR�EH��UXVKHG��IRU�&KLFDJR��0D\EH�RQH�RU�WZR
ZLOO�EH�UHDG\�IRU�/LPD�LQ�������EXW�ZH
UH�PDNLQJ�QR�FRPPLWPHQWV��HYHQ�WR�RXUVHOYHV�

/DVW�PRQWK�ZH�SURPLVHG�D��VLQJOH�WRSLF��FROXPQ��DQG�REYLRXVO\�ZH
YH�PLVVHG�WKH�PDUN�KHUH��VR�ZH�DUH
PDNLQJ�QR�SURPLVHV�IRU�QH[W�PRQWK��H[FHSW�WR�WU\�WR�PDNH�RXU�FROXPQ�LQWHUHVWLQJ�IRU�DOO�RXU�UHDGHUV��DQG
LOOXPLQDWLQJ�IRU�WKRVH�WU\LQJ�WR�PDNH�SURJUDPV�RU�URXWLQHV�LQ�$VVHPEO\�ODQJXDJH�

* HISTRING/S
* AUX STRING STORAGE ROUTINE
* FOR HIGH MEMORY STRING STORAGE
* CODE BY BRUCE HARRISON
* FOR USE UNDER XB WITH ALSAVE
* 23 AUG 92
*
* EQUATES FOR XB UTILITIES, ETC.
VMBW   EQU  >2024        VDP MULTI-BYTE WRITE VECTOR
VSBW   EQU  >2020        VDP SINGLE-BYTE WRITE
VMBR   EQU  >202C        VDP MULTI-BYTE READ
STRASG EQU  >2010        STRING VARIABLE ASSIGNMENT VECTOR
STRREF EQU  >2014        STRING REFERENCE VECTOR
NUMREF EQU  >200C        NUMERIC VARIABLE REFERENCE VECTOR
NUMASG EQU  >2008        NUMERIC ASSIGNMENT VECTOR
XMLLNK EQU  >2018        XML LINKAGE VECTOR
CFI    EQU  >12B8        CONVERT FLOATING POINT TO INTEGER
CIF    EQU  >20          CONVERT INTEGER TO FLOATING POINT
FAC    EQU  >834A        FLOATING POINT ACCUMULATOR
KEYVAL EQU  >8375        KEY VALUE ADDRESS
KSCAN  EQU  >201C        KEYBOARD SCAN VECTOR
STATUS EQU  >837C        GPL STATUS BYTE
SCRWID EQU  32           SCREEN WIDTH (32 CHARACTERS)
GPLWS  EQU  >83E0        GPL WORKSPACE ADDRESS
FIRLO  EQU  >2002        FIRST AVAILABLE LOW MEM ADDRESS
LASLO  EQU  >2004        START OF DEF TABLE IN LOW MEM
LASHI  EQU  >8386        HIGHEST AVAIL ADDRESS IN HIGH MEM
*
* END EQUATES, BEGIN SUBROUTINE CODE
*
       DEF  SETHI,PUTHI,GETHI DEFINE ENTRY POINTS
       DEF  AVHI
*
*
SETHI
       LWPI WS           LOAD OUR OWN WORKSPACE
       CLR  R0           CLEAR R0 - NOT ARRAY
       LI   R1,1         POINT TO FIRST PARAMETER
       BLWP @NUMREF      GET THAT NUMBER
       BLWP @XMLLNK      USE XML LINKAGE
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       DATA CFI          TO CONVERT TO INTEGER
       MOV  @FAC,@MAXNUM STASH AT MAXNUM LOCATION
       JGT  SET0A        IF GREATER THAN ZERO, JUMP
       B    @BADPRM      ELSE IF ZERO OR NEGATIVE, REPORT ERROR
SET0A  MOV  @FIRLO,R9    GET FIRST AVAIL ADDRESS LOW MEM
       ANDI R9,>FFFE     INSURE EVEN NUMBER
       INCT R9           POINT TO NEXT WORD
SET0   MOV  R9,@STTBL    STASH THAT ADDRESS AWAY
       MOV  @MAXNUM,R4   GET NUMBER IN R4
       SLA  R4,1         DOUBLE FOR WORD COUNT
       LI   R3,>A000     SET R3 TO >A000
OKAY0  MOV  R3,*R9+      PLACE R3 NUMBER AT R9 ADDRESS
       C    R9,@LASLO    COMPARE TO END OF LOW MEM
       JEQ  LOWERR       IF EQUAL, JUMP
       JGT  LOWERR       OR GREATER, JUMP
       INC  R3           INC NUMBER IN R3
       DECT R4           DECREMENT COUNT BY TWO
       JNE  OKAY0        IF NOT ZERO, OKAY
       MOV  R9,@ENDTBL   PLACE R9 AT ADDRESS ENDTBL
       MOV  @MAXNUM,R4   GET MAXNUM BACK
       MOV  R4,R10       PLACE IN R10
       LI   R9,>A000     LOAD R9 FIRST HI-MEM ADDRESS
       A    R9,R10       ADD TO R10
       C    R10,@LASHI   COMPARE TO HIGHEST HI ADDRESS AVAIL
       JLT  OKAY1        IF LESS, PROCEED
       B    @HIGHNG      ELSE ISSUE ERROR MESSAGE
LOWERR B    @LOWNG       ISSUE LOW MEMORY ERROR
OKAY1
       MOVB R0,*R9+      MOVE A ZERO BYTE, INCREMENT POINTER
       DEC  R4           DEC COUNTER
       JNE  OKAY1        IF NOT ZERO, REPEAT
       MOV  R9,@ENDLST   PLACE R9 AT LIMIT ADDRESS
       B    @QEXIT       THEN EXIT ROUTINE
PUTHI
       LWPI WS           LOAD OUR WORKSPACE
       CLR  R0           CLEAR R0, NOT ARRAY
       LI   R1,1         POINT FIRST PARAMETER
       LI   R2,TEMSTR    POINT AT TEMPORARY STRING STORAGE
       MOVB @MAXLEN,*R2  SET FOR MAXIMUM LENGTH (255 BYTES)
       BLWP @STRREF      GET INCOMING STRING
       MOVB *R2,R3       GET LENGTH BYTE IN R3
       SRL  R3,8         RIGHT JUSTIFY
       INC  R1           POINT TO SECOND PARAMETER
       BLWP @NUMREF      GET THE NUMERIC VALUE
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CFI          TO CONVERT NUMBER TO INTEGER
       MOV  @FAC,R4      MOVE RESULTING INTEGER TO R4
       JEQ  NOK4         IF ZERO, NOT VALID
       C    R4,@MAXNUM   COMPARE TO MAXIMUM NUMBER SET UP
       JLE  OKAY4        IF LOW OR EQUAL, OKAY



7(;$6�,167580(176
+20(�&20387(5

NOK4   B    @BADPRM      THEN ISSUE ERROR MESSAGE
OKAY4  DEC  R4           ZERO-BASE THE NUMBER
       SLA  R4,1         THEN DOUBLE TO INDEX BY WORDS
       MOV  @STTBL,R5    GET START OF ADDRESS TABLE IN R5
       A    R4,R5        R5 HAS TABLE ADDRESS
       MOV  *R5+,R6      R6 HAS ADDRESS PRESENT STRING
       MOV  R6,R12       STASH ADDRESS IN R12
       MOVB *R6+,R1      R6 POINTS TO CONTENT PRESENT STRING
       SRL  R1,8         R1 HAS PRESENT STRING LENGTH
       MOV  R3,R7        R7 HAS INCOMING STRING LENGTH
       S    R1,R7        R7 HAS DIFFERENCE INCOMING-PRESENT LENGTH
       JLT  OKAY5        IF A NEGATIVE NUMBER, JUMP
       JEQ  NOMOVE       IF ZERO, JUMP
       MOV  @ENDLST,R8   ELSE GET END OF STRING LIST IN R8
       A    R7,R8        ADD LENGTH DIFFERENCE
       C    R8,@LASHI    COMPARE TO MEMORY LIMIT
       JLT  OKAY6        IF LESS, PROCEED
       B    @HIGHNG      THEN ISSUE ERROR MESSAGE
OKAY5
       A    R1,R6        ADD LENGTH OF PRESENT STRING
       MOV  @ENDLST,R4   GET END OF STRING LIST INTO R4
       S    R6,R4        SUBTRACT ADDRESS
       MOV  R6,R9        SET MOVE SOURCE
       MOV  R9,R10       MOVE TO R10
       A    R7,R10       ADD LENGTH DIFFERENCE
MOVBT  MOVB *R9+,*R10+   MOVE ONE BYTE
       DEC  R4           DECREMENT COUNT
       JNE  MOVBT        IF NOT ZERO, REPEAT
       JMP  OKAY7        ELSE JUMP AHEAD
OKAY6
       MOV  @ENDLST,R4   GET END ADDRESS IN R4
       MOV  R4,R9        MOVE THAT TO R9
       MOV  R9,R10       AND R10
       S    R12,R4       SUBTRACT ADDRESS OF CURRENT STRING
       A    R7,R10       ADD LENGTH DIFFERENCE
MOVREV MOVB *R9,*R10     MOVE ONE BYTE
       DEC  R9           DECREMENT SOURCE POINTER
       DEC  R10          AND DESTINATION POINTER
       DEC  R4           DECREMENT COUNT
       JNE  MOVREV       IF NOT ZERO, REPEAT
OKAY7
       A    R7,*R5+      ADD LENGTH DIFFERENTIAL TO NEXT TABLE ADDRESS
       C    R5,@ENDTBL   ARE WE FINISHED?
       JLT  OKAY7        IF NOT, REPEAT
       A    R7,@ENDLST   ADD LENGTH DIFFERENCE TO END OF STRING LIST

NOMOVE
       MOV  R12,R10      GET R12 INTO R10
       INC  R3           INC TO INCLUDE LENGTH BYTE ITSELF
MOVIN  MOVB *R2+,*R10+   MOVE ONE BYTE INTO STRING POSITION
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       DEC  R3           DECREMENT COUNT
       JNE  MOVIN        IF NOT ZERO, REPEAT
       JMP  QEXIT        ELSE JUMP TO EXIT
AVHI
       LWPI WS           LOAD OUR WORKSPACE
       CLR  R0           NOT ARRAY VARIABLE
       MOV  @LASHI,@FAC  GET LAST AVAILABLE HIGH MEM ADDRESS INTO FAC
       S    @ENDLST,@FAC SUBTRACT END OF ARRAY
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CIF          TO CONVERT INTEGER TO FLOATING POINT
       LI   R1,1         FIRST LINK PARAMETER
       BLWP @NUMASG      ASSIGN THE NUMBER
       JMP  QEXIT        THEN JUMP TO EXIT
GETHI
       LWPI WS           LOAD OUR WORKSPACE
       CLR  R0           CLEAR R0, NO ARRAY
       LI   R1,2         POINT TO SECOND PARAMETER
       BLWP @NUMREF      GET NUMBER
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R3      MOVE TO R3
       JEQ  NOK          IF ZERO, NOT VALID
       C    R3,@MAXNUM   COMPARE TO MAXIMUM NUMBER
       JLE  OKAY3        IF LOW OR EQUAL, OKAY
NOK
       B    @BADPRM      THEN ISSUE ERROR MESSAGE
OKAY3  DEC  R3           ZERO-BASE THE NUMBER
       SLA  R3,1         THEN DOUBLE FOR WORD INDEXING
       MOV  @STTBL,R2    GET START OF ADDRESS TABLE
       A    R3,R2        ADD INDEX NUMBER
       MOV  *R2,R2       POINT R2 AT STRING DESIRED
       DEC  R1           POINT TO FIRST PARAMETER
       BLWP @STRASG      ASSIGN THE STRING
QEXIT
       LWPI GPLWS        LOAD GPL WORKSPACE
       B    @>006A       RETURN TO GPL INTERPRETER
* END OF MAIN CODE SECTION
* FOLLOWING IS ERROR-HANDLING CODE
BADPRM
       BL   @CLR23       CLEAR ROW 23
       LI   R0,22*SCRWID+4 POINT AT ROW 23, COL 5
       LI   R9,OORSTR    MESSAGE ADDRESS IN R9
       BL   @DISLI       DISPLAY MESSAGE
       JMP  ERREX        JUMP TO ERROR EXIT
LOWNG
       BL   @CLR23       CLEAR ROW 23
       LI   R0,22*SCRWID+4 ROW 23, COL 5
       LI   R9,LMFSTR    MESSAGE ADDRESS
       BL   @DISLI       DISPLAY THAT
       JMP  ERREX        THEN JUMP
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HIGHNG
       BL   @CLR23       CLEAR 23
       LI   R0,22*SCRWID+4 ROW 23, COL 5
       LI   R9,HMFSTR    MESSAGE
       BL   @DISLI       SHOW THAT
ERREX
       BL   @CLR24       CLEAR ROW 24 OF SCREEN
       LI   R0,23*SCRWID+3 POINT AT ROW 24, COLUMN 4
       LI   R9,PAKSTR    PRESS ANY KEY MESSAGE
       BL   @DISLI       DISPLAY THAT
ERRLOO CLR  @STATUS      CLEAR STATUS
       BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@STATUS KEYSTRUCK?
       JNE  ERRLOO       IF NOT, SCAN AGAIN
       LI   R0,22*SCRWID ROW 23, COL 1
       LI   R1,BOTTOM    SAVED BOTTOM OF SCREEN
       LI   R2,2*SCRWID  TWO ROWS WORTH
       BLWP @VMBW        WRITE OLD STUFF BACK
       CLR  R0           NOT ARRAY VARIABLE
       LI   R1,3         THIRD PARAMETER
       BLWP @NUMASG      ASSIGN WHATEVER IS AT FAC
       JMP  QEXIT        THEN EXIT

* END OF ERROR-HANDLING CODE
*
* FOLLOWING SECTION ARE SUBROUTINES
CLR23
       LI   R0,22*SCRWID ROW 23, COL 1
       LI   R1,BOTTOM    DATA SAVING LOCATION
       LI   R2,2*SCRWID  TWO ROWS WORTH
       BLWP @VMBR        GET CURRENT CONTENT
       LI   R9,BLNKLN    32 SPACES
       JMP  DISLI        THEN JUMP
CLR24  LI   R0,23*SCRWID POINT AT ROW 24, COLUMN 1
       LI   R9,BLNKLN    32 SPACES
DISLI  LI   R10,SCRLI    POINT AT CHARACTER BUFFER
       MOV  R10,R1       MAKE R1=R10
       MOVB *R9+,R4      GET STRING LENGTH INTO R4
       SRL  R4,8         RIGHT JUSTIFY
       MOV  R4,R2        PLACE VALUE IN R2 ALSO
DIS1   MOVB *R9+,*R10    MOVE ONE BYTE OF STRING TO BUFFER
       AB   @OFFSET,*R10+  ADD >60 OFFSET
       DEC  R4           DECREMENT LENGTH COUNT
       JNE  DIS1         IF NOT ZERO, REPEAT
       BLWP @VMBW        ELSE USE VMBW TO DISPLAY STRING
DISLIX RT                RETURN
*
* END OF SUBROUTINE CODE
*
* FOLLOWING IS REQUIRED DATA FOR SUBROUTINE
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*
WS     BSS  32           OUR OWN WORKSPACE
BOTTOM
TEMSTR BSS  256          STORAGE FOR INCOMING STRING
ENDLST DATA >A000        END OF STRING LIST
STTBL  DATA 0            START OF TABLE
ENDTBL DATA 0            END OF TABLE
MAXNUM DATA 0            MAX NUMBER OF STRINGS FROM SETUP
SCRLI  BSS  SCRWID       SCREEN LINE CHARACTER BUFFER
MAXLEN BYTE 255          MAX POSSIBLE STRING LENGTH
ANYKEY BYTE >20          HEX VALUE 20
OFFSET BYTE >60          XB CHARACTER OFFSET
LMFSTR BYTE 21
       TEXT 'NOT ENOUGH LOW MEMORY'
HMFSTR BYTE 22
       TEXT 'NOT ENOUGH HIGH MEMORY'
OORSTR BYTE 22
       TEXT 'PARAMETER OUT OF RANGE'
PAKSTR BYTE 25
       TEXT 'PRESS ANY KEY TO CONTINUE'
BLNKLN BYTE SCRWID
       TEXT '                                '
       END
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1.28. The Art Of Assembly — Part 28. Never Do This!

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7KHUH�DUH�D�ORW�RI�WKLQJV�WKDW�FRXOG�ILW�WKH�WLWOH�RI�WRGD\
V�FROXPQ��7KH�ZRUGV�FRPH�WR�XV�IURP�DQ�ROG�IULHQG
QDPHG�&KHVWHU�0DMHZVNL��+H�ZRXOG�XVH�D�KDPPHU�WR�EDQJ�D�FDU
V�EDWWHU\�WHUPLQDO�OXJ�RQWR�WKH�SRVW��DOO
WKH�ZKLOH�UHSHDWLQJ��1HYHU�GR�WKLV���7KLV�FROXPQ�FRXOG�DOVR�EH�VXE�WLWOHG��,�FDQ
W�EHOLHYH�,�HYHU�GLG�WKDW��

7RGD\
V�FROXPQ�ZDV�LQVSLUHG�E\�RXU�JRLQJ�EDFN�LQWR�WKH�VRXUFH�FRGH�IRU�RXU�:RUG�3URFHVVRU�WR�PDNH�VRPH
LPSURYHPHQWV��7KH�VRXUFH�FRGH�KDGQ
W�EHHQ�ZRUNHG�RQ�LQ�DERXW�D�\HDU��DQG�WKHQ�RQO\�IRU�UHODWLYHO\�PLQRU
DGMXVWPHQWV��7KLV�WLPH�WKH�DLP�ZDV�WR�PDNH�VRPH�VLJQLILFDQW�DGGLWLRQV�DIWHU�FRUUHFWLQJ�D�EXJ��7KH�EXJ
LV�D�VWRU\�LQ�LWVHOI��EXW�OHW
V�WHOO�WKDW�YHU\�EULHIO\�

0\�SDUWQHU�'RORUHV�ZDV�WKH�FKLHI��JXLQHD�SLJ��IRU�WKH�:RUG�3URFHVVRU��EXW�UDUHO\�XVHV�LW�QRZ��SUHIHUULQJ
WR�GR�KHU�ZULWLQJ�RQ�RQH�RI�RXU�3&�FRPSXWHUV��2QH�GD\�D�FRXSOH�RI�ZHHNV�DJR�VKH�GHFLGHG�WR�XVH�KHU�7,
DQG�P\�:3�WR�ZULWH�D�OHWWHU���,W�&UDVKHG��

7KHVH�GUHDGHG�ZRUGV�UHDFKHG�P\�HDUV��EXW�,�ZDV�EXV\�LQ�WKH�QH[W�URRP��DQG�FRXOGQ
W�LQYHVWLJDWH�MXVW�WKHQ�
/DWHU��VKH�WROG�PH�VKH
G�PDGH�VHYHUDO�DWWHPSWV�WR�FUHDWH�D�GRFXPHQW��DQG�HDFK�WLPH�WKH�FRPSXWHU�ZHQW
ERQNHUV��7KLV�VWDUWHG�PH�WKLQNLQJ��,�DVNHG�ZKHWKHU�WKH�GLVN�VKH�ZDV�XVLQJ�IRU�WKH�GRFXPHQW�KDG�D�QDPH�
%DFN�ZKHQ�WKH�:3�ZDV�EHLQJ�GHYHORSHG��ZH�XVHG�RQO\�WKH�7,�'LVN�0DQDJHU�,,�PRGXOH�WR�LQLWLDOL]H�GLVNV�
DQG�WKDW�ZRQ
W�OHW�WKH�XVHU�SURFHHG�ZLWKRXW�KDYLQJ�HQWHUHG�D�GLVN�QDPH��1RZ��ZH�ERWK�XVH�WKH�'0�����
SURJUDP�WR�ZRUN�ZLWK�GLVNV��DQG�'RORUHV�DOPRVW�QHYHU�DVVLJQV�D�QDPH�WR�WKH�GLVNV�VKH�LQLWLDOL]HV�

$�TXLFN�FKHFN�RI�WKH�VRXUFH�FRGH�VKRZHG�WKDW�LQGHHG�WKH�:RUG�3URFHVVRU�SURJUDP�ZRXOG�FUDVK�LI�LW
HQFRXQWHUHG�D�GLVN�ZKRVH�QDPH�ZDV�D�QXOO�VWULQJ��,Q�D�FRXSOH�RI�KRXUV��WKH�SUREOHP�ZDV�IL[HG��WHVWV�ZHUH
UXQ��DQG�'RORUHV�KDG�D�QHZ�YHUVLRQ�RI�:3�WKDW�ZRXOG�WROHUDWH�WKH��XQ�QDPHG��GLVN��+DYLQJ�WKXV�QLEEOHG
RQ�WKH�HGJHV�RI�WKLV�PDVV�RI�VRXUFH�FRGH��ZH�GHFLGHG�WKDW�PRUH�ORQJ�QHHGHG�LPSURYHPHQWV�VKRXOG�EH
WDFNOHG��8JK��0RUH�ORQJ�GD\V�DQG�QLJKWV�DW�WKH�FRPSXWHU��PRUH�HQGOHVV�$VVHPEOHU�UXQV�DQG�WHVWLQJ
VHVVLRQV�

1.28.1. The Ugly Truth

7KHUH�LV�QRWKLQJ�ZRUVH�IRU�DQ�$VVHPEO\�SURJUDPPHU�WKDQ�WR�KDYH�WR�JR�EDFN�LQWR�VRXUFH�FRGH�WKDW�ZDV
ZULWWHQ�D�ORQJ�WLPH�DJR��:H�IRUJHW��RYHU�WLPH��KRZ�FUXGHO\�PDGH�WKH�ROGHU�VWXII�UHDOO\�ZDV��DQG�QRZ�VHH
KXQGUHGV�RI�SODFHV�ZKHUH�ZKDW�ZDV�GRQH�FDQ�EH�PDWHULDOO\�LPSURYHG��-XVW�WKH�VLPSOH�OLWWOH�WKLQJV�OLNH
VHWWLQJ�D�UHJLVWHU�DV�D�ZRUG�WR�D�E\WH�YDOXH�WDNHQ�IURP�PHPRU\�FDQ�HDVLO\�EH�LPSURYHG��,Q�PDQ\�SODFHV�
LW�ZDV�OLNH�WKLV�

CLR  R4 Clear a register
MOVB @LABL,R4 Move the byte
SWPB R4 Swap the bytes
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,W�VKRXOG�EH�GRQH�OLNH�WKLV�

MOVB @LABL,R4 Move the byte
SRL  R4,8 Right-justify in the register

7KDW�WDNHV�IHZHU�E\WHV�WR�DFFRPSOLVK�WKH�VDPH�MRE��2I�FRXUVH�WKH�:RUG�3URFHVVRU�KDV�WKRXVDQGV�RI�OLQHV
RI�VRXUFH�FRGH��DERXW�����SDJHV�RI�OLVWLQJ��DQG�SHUKDSV�D�KXQGUHG�RU�VR�LQVWDQFHV�ZKHUH�WKH�DERYH�FRXOG
EH�GRQH��,I�WKDW�ZHUH�DOO��LW�ZRXOG�EH�HDV\�WR�WUDFN�WKHP�DOO�GRZQ�DQG�PDNH�WKH�FKDQJH��EXW�RI�FRXUVH�WKDW
V
QRW�DOO�

:KHQ�ZH�VWDUW�ORRNLQJ�DW�ROG�VRXUFH�FRGH��ZH�ILQG�WUXO\�DPD]LQJ�WKLQJV��$V�RXU�SURJUDPV�DUH�GHYHORSHG�
ZH�PDNH�FKDQJHV�DOO�RYHU�WKH�SODFH�WR�IL[�SUREOHPV�RU�WR�KHDG�RII�SRWHQWLDO�EXJV��7KLV�SURFHVV��ZLWK�LWV
H[WUHPH�ODERU�LQWHQVLYH�QDWXUH��OHDYHV�OLWWOH�WLPH�IRU�UH�FKHFNLQJ�SDUWV�RI�WKH�FRGH�RQFH�WKH\�VHHP�WR�ZRUN
FRUUHFWO\��,Q�D�FRXSOH�RI�LQVWDQFHV��ZH�IRXQG�WKDW�ZKROH�SURFHVVHV�ZHUH�EHLQJ�SHUIRUPHG�WZLFH��EHFDXVH
D�FKDQJH�KDG�EHHQ�PDGH�LQ�D�VXEURXWLQH��DQG�QR�FKHFNLQJ�KDG�EHHQ�GRQH�LQ�WKH�SDUW�RI�WKH�FRGH�WKDW�FDOOHG
WKH�VXEURXWLQH��:H�IRXQG�WKDW�VRPH�ILOHV�ZHUH�EHLQJ�FORVHG�LQ�D�VXEURXWLQH��DQG�WKHQ�FORVHG�DJDLQ�LQ�WKH
PDLQ�FRGH��1R�KDUP�ZDV�EHLQJ�GRQH��EXW�PHPRU\�DQG�H[HFXWLRQ�WLPH�ZHUH�EHLQJ�ZDVWHG�

7KHUH�ZHUH�RWKHU�SUREOHPV�WR�EH�DWWDFNHG��0RVW�RI�WKH�:RUG�3URFHVVRU
V�FRGH�ZDV�ZULWWHQ�ZKLOH�\RXU
DXWKRU�ZDV�D�UHODWLYH�QRYLFH�LQ�$VVHPEO\�ODQJXDJH��7KH�KDQGOLQJ�RI�ILOH�HUURUV�ZDV�GRQH�FUXGHO\��DQG�VRPH
QHHGHG�HUURU�WUDSV�IRU�ILOH�KDQGOLQJ�MXVW�GLGQ
W�H[LVW��7R�PDNH�PDWWHUV�ZRUVH��WKH�ZKROH�PDWWHU�RI�KDQGOLQJ
ILOH�RSHUDWLRQV�ZDV�VFDWWHUHG�DOO�RYHU�WKH�SODFH�LQ�YDULRXV�VRXUFH�ILOHV��1HVWLQJ�RI�VXEURXWLQHV�ZDV�DQ
LQWULFDWH�PD]H��PDNLQJ�LW�GLIILFXOW�WR�WUDFN�GRZQ�MXVW�ZKDW�VXEURXWLQHV�ZHUH�EHLQJ�FDOOHG��DQG�IURP�ZKHUH�
2I�FRXUVH�WKH�KXPDQ�PHPRU\�LV�D�WUXO\�DPD]LQJ�WKLQJ��VR�DIWHU�D�ZKLOH�WKH�SDWWHUQV�RI�WKH�RULJLQDO�VRXUFH
EHJLQ�WR�PDNH�VRPH�NLQG�RI�VHQVH��DOEHLW�D�UDWKHU�VFUHZEDOO�NLQG�RI�VHQVH�

7KLV�VRUW�RI�WKLQJ�VWULNHV�RQH�DV�VLPLODU�WR�D�0DU[�%URWKHUV�PRYLH��7KH�ZKROH�WKLQJ�PD\�EH�DEVXUG��EXW
WKHUH
V�VRPH�FRQVLVWHQF\�WR�LW��VR�WKDW�HDFK�ULGLFXORXV�WKLQJ�WKDW�KDSSHQV�ILWV�LQWR�LWV�RZQ��XQLYHUVH��

(YHU\�RQFH�LQ�D�ZKLOH�ZKHQ�UH�YDPSLQJ�WKLV�NLQG�RI�VRXUFH�FRGH��ZH�DUH�WHPSWHG�WR�MXVW�VWDUW�RYHU�ZLWK
D�FOHDQ�VKHHW�RI�SDSHU��:H�QHYHU�JLYH�LQ�WR�WKDW�WHPSWDWLRQ��SDUWO\�EHFDXVH�ZH�UHDOL]H�WKDW�GRLQJ�VR�ZRXOG
PHDQ�PD\EH�D�\HDU�RI�HIIRUW�MXVW�WR�JHW�EDFN�WR�ZKHUH�ZH�ZHUH�ZKHQ�ZH�VWDUWHG��7KDW
V�LPSUDFWLFDO�LQ�WKH
H[WUHPH��7KXV�ZH�VWUXJJOH�ZLWK�RXU�ROG�VWXII��WU\LQJ�WR�PDNH�LW�ZRUN�EHWWHU��IDVWHU��DQG�PRUH�HIILFLHQWO\�
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7KH�ZRUN�SURFHHGV��EXW�YHU\�VORZO\��(DFK�VPDOO�FKDQJH�ZH�PDNH�EHDUV�WKH�ULVN�RI�GLVDVWHU��7KXV�DV�HDFK
VPDOO�FKDQJH�LV�PDGH�LQ�WKH�VRXUFH�FRGH��DQRWKHU�SURFHVV�RI�DVVHPEOLQJ��ORDGLQJ��DQG�WHVWLQJ�PXVW�EH
SHUIRUPHG��7R�VSHHG�WKLQJV�XS��ZH�NHHS�DOO�WKH�PDLQ�VRXUFH�FRGH�DQG�WKH�REMHFW�ILOH�RQ�RXU�+RUL]RQ
5DPGLVN��7KLV�ZD\��LW�WDNHV�RQO\�DERXW�WHQ�PLQXWHV�WR�DVVHPEOH��EXW�RI�FRXUVH�WKH�WHVWLQJ�FDQ�WDNH�PXFK
ORQJHU��:H�QHYHU�FDQ�EH�TXLWH�VXUH�ZKHWKHU�D�VPDOO��IL[��KDV�PHVVHG�XS�VRPHWKLQJ�WKDW�XVHG�WR�ZRUN��VR
HDFK�WLPH�WKURXJK�WKH�SURFHVV�ZH�H[HUFLVH�DOO�WKH�IXQFWLRQV�RI�WKH�SURJUDP��6RPHWLPHV�WKLV�VHHPV�D
WKDQNOHVV�WDVN��EXW�HYHU\�QRZ�DQG�WKHQ�ZH�PDNH�D�GLVFRYHU\�WKDW�KHOSV�RXU�IXWXUH�ZRUN��2QH�RI�WKRVH
LQYROYHV�WKH�XVH�RI�WKH�3,2�SRUW��:H
YH�IRXQG�D�ZD\�RXW�RI�WKH�VLWXDWLRQ�ZKHQ�WKHUH
V�QRWKLQJ�DWWDFKHG�WR
WKDW�SRUW�RU�ZKHQ�WKH�SULQWHU�LV�WXUQHG�RII��$V�\RX�DOO�NQRZ��LQ�VXFK�VLWXDWLRQV�WKH�DFWLYLW\�OLJKW�RQ�WKH
56�����FDUG�FRPHV�RQ�DQG�VWD\V�RQ��:KDW�ZH�IRXQG��WKRXJK��LV�WKDW�WKH�PDFKLQH�ZLOO�VWLOO�VHQVH�WKH
FCTN 4�NH\VWURNH��DQG�WKLV�ZLOO�FDXVH�RXU�SURJUDP�WR��HVFDSH��IURP�VHUYLFLQJ�WKH�3,2�SRUW��2Q�H[LW��WKHUH
LV�DQ�HUURU�UHSRUWHG�LQ�WKH�3HULSKHUDO�$FFHVV�%ORFN�LQ�9'3�5$0��*HWWLQJ�WKH�E\WH�DW�3$%���DQG�VKLIWLQJ
LW�ULJKW�E\����ELWV�JLYHV�XV�DQ�HUURU�YDOXH�RI����%\�SODFLQJ�DQ�HUURU�WUDS�LQ�RXU�FRGH��ZH�ZHUH�DEOH�WR�XVH
WKDW�FCTN 4�NH\VWURNH�DV�DQ�HPHUJHQF\�H[LW�IURP�D�SULQWLQJ�RSHUDWLRQ�

1.28.2. Error Traps Revisited

%DFN�LQ�QXPEHU���RI�WKLV�VHULHV��ZH�VKRZHG�VRXUFH�FRGH�IRU�PDNLQJ��SODLQ�(QJOLVK��HUURU�UHSRUWV�RQ�WKH
VFUHHQ�ZKHQ�ILOH�RSHUDWLRQV�FUHDWHG�WKH�HUURU��7KDW�FRGH�ZRUNV�YHU\�QLFHO\��EXW�LQ�RXU�SOD\LQJ�DURXQG�ZLWK
WKH�:RUG�3URFHVVRU��ZH�GHFLGHG�WR�WDNH�DGYDQWDJH�RI�D�VOLJKWO\�PRUH�HIILFLHQW�ZD\�RI�GRLQJ�WKH�VFUHHQ
UHSRUWLQJ��7RGD\
V�6LGHEDU�VKRZV�ERWK�WKH�ROG�DQG�QHZ�ZD\V��7KH�GLIIHUHQFH�LQ�WKH�QHZ�ZD\�LV�WKDW��E\
PDNLQJ�DOO�WKH�UHSRUW�WH[WV�WKH�VDPH�OHQJWK�����E\WHV���DQG�XVLQJ�WKH�IDFW�WKDW����LV�DQ�H[DFW�SRZHU�RI�WZR�
ZH�FRXOG�HOLPLQDWH�WKH�ORRNXS�WDEOH�XVHG�LQ�RXU�HDUOLHU�PHWKRG��DQG�PDNH�WKH�UHSRUWLQJ�PRUH�VWUHDPOLQHG�
7KLV�PHDQV�RI�FRXUVH�WKDW�WKH�HUURU�PHVVDJHV�LQ�VRPH�FDVHV�DUH�D�ELW�WHUVH��EXW�VWLOO�EHWWHU�WKDQ��,�2
(5525������,Q�WKH�:RUG�3URFHVVRU��ZH�VXSSOHPHQWHG�WKLV��EDUH�ERQHV��PHVVDJH�ZLWK�DGGLWLRQDO�VFUHHQ
LQIRUPDWLRQ�OLNH��35,17,1*�),/(�','�127�23(1��

7KH�PHWKRG�ZRUNV�OLNH�WKLV��:H�VHW�XS�WKH�ZKROH�VHULHV�RI�PHVVDJHV�DV�VL[WHHQ�FKDUDFWHU�WH[W�OLQHV�ZLWK
D� ODEHO� DW� WKH�EHJLQQLQJ�RI� WKH� ILUVW�PHVVDJH��7KDW�PHVVDJH� FRUUHVSRQGV� WR� WKH� VLWXDWLRQ�ZKHUH� WKH
UHSRUWHG�HUURU�FRGH�LV�]HUR��DQG�ZH�RQO\�NQRZ�IURP�WKH�VWDWXV�UHJLVWHU�WHVW�WKDW�DQ�HUURU�KDV�KDSSHQHG�
$IWHU�UHDGLQJ�WKH�E\WH�DW�3$%���LQWR�5��ZLWK�96%5��ZH�VKLIW�LW�ULJKW�E\����ELWV�VR�WKDW�5��FRQWDLQV�WKH
DFWXDO�HUURU�FRGH��1RZ�WR�LQGH[�LQWR�RXU�WDEOH�RI�PHVVDJHV��ZH�VKLIW�WKH�UHJLVWHU�OHIW�E\�IRXU�ELWV��HIIHFWLYHO\
PXOWLSO\LQJ�E\�VL[WHHQ��$GGLQJ�WKH�DGGUHVV�RI�WKH�EHJLQQLQJ�RI�WKH�WDEOH�RI�PHVVDJHV�PDNHV�5��SRLQW�WR
WKH�FRUUHFW�PHVVDJH�IRU�WKH�HUURU�FRGH��1RZ�VHWWLQJ�5��WR�WKH�FRPPRQ�PHVVDJH�OHQJWK�RI����E\WHV��DQG�5�
WR�WKH�GHVLUHG�VFUHHQ�ORFDWLRQ�VHWV�XV�XS�WR�SXW�WKH�FRUUHFW�PHVVDJH�RQ�VFUHHQ�ZLWK�90%:��7KDW
V�SUHWW\
VLPSOH��EXW�HIIHFWLYH��2I�FRXUVH�LI�ZH�ZDQWHG�WR�DSSO\�WKH�VDPH�PHWKRG�DQG�PDNH�WKH�PHVVDJHV�ORQJHU��ZH
G
KDYH�WR�PDNH�WKHP�DOO����E\WHV�ORQJ�DQG�VKLIW�5��OHIW�E\�ILYH�ELWV�LQVWHDG�RI�IRXU��7KDW�ZRXOG�FKHZ�XS�WKH
PHPRU\�ZH�VDYHG�E\�QRW�KDYLQJ�D�ORRNXS�WDEOH��DQG�WKXV�GHIHDW�WKH�SXUSRVH�RI�XVLQJ�WKLV�PHWKRG�LQ�WKH
ILUVW�SODFH�
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7DNH�\RXU�FKRLFH��DV�HLWKHU�PHWKRG�ZLOO�SURGXFH�H[FHOOHQW�UHVXOWV��DQG�ZLOO�JLYH�WKH�XVHU�D�ELW�PRUH
LQIRUPDWLRQ�WKDQ�VRPH��HUURU�FRGH��UHSRUW��RU�WKH�LQIDPRXV��)$7$/�),/(�(5525���:H�DOZD\V�OLNH�WR
WHDVH�RXU�IULHQG�0LNH�0DNVLPLN�DERXW�WKLV�ODVW�ZD\�RI�WUHDWLQJ�HUURUV��,W
V�RQH�RI�WKH�PLQRU�DQQR\DQFHV
LQ�0LNH
V�0,',�0DVWHU���� WKDW� DQ\� ILOH� HUURU� JHWV� UHSRUWHG�RQ� WKH� VFUHHQ�DV� VLPSO\� �)$7$/�),/(
(5525���:H�OLNH�WR�SRLQW�RXW�WR�0LNH�WKDW�DW�QR�WLPH��VR�IDU�DV�ZH�NQRZ��KDV�DQ\RQH�GLHG�EHFDXVH�RI�D�ILOH
HUURU�RQ�KLV�7,���$W�OHDVW�ZH�KRSH�QRERG\�KDV��

:H�PHQWLRQHG�WKH�EXVLQHVV�RI�D�VPDOO�IL[�FDXVLQJ�D�ELJ�SUREOHP��DQG�KHUH
V�DQ�H[DPSOH��:H�ZHQW�LQWR�WKH
VHFWLRQ�RI�FRGH�FDOOHG�+20,7��ZKLFK�DOORZV�WKH�XVHU�WR�JHW�WR�WKH�WRS�RI�D�SDJH�ZLWK�MXVW�D�VLQJOH�NH\VWURNH
�FCTN H���7KHUH�ZDV�D�SUREOHP�ZKHQ�WU\LQJ�WR�XVH�WKLV�RQ�SDJHV�ZLWK�RQO\�RQH�VFUHHQIXO�RI�WH[W��:H
OO�VNLS
WKH�GHWDLOV��EXW�RXU�ILUVW�DWWHPSW�DW�IL[LQJ�WKLV�RQH�OLWWOH�WKLQJ�FDXVHG�D�UHDOO\�ELJ�SUREOHP�WKDW�ZH�GLGQ
W
GLVFRYHU�IRU�VHYHUDO�GD\V��'XULQJ�D�WHVW�UXQ��ZH�WULHG�PRYLQJ�D�SDUDJUDSK�IURP�RQH�SDUW�RI�D�SDJH�XS�WR
WKH�WRS��DQG�XVHG�WKH�FCTN H�WR�SXW�WKH�FXUVRU�DW�WKH�EHJLQQLQJ�RI�WKH�SDJH��:KHQ�ZH�WKHQ�H[HFXWHG
FCTN 9�WR�FRPSOHWH�WKH�PRYH��PRVW�RI�WKH�SDJH�EHFDPH�VFUDPEOHG��:RUGV�DSSHDUHG�WR�EH�VFDWWHUHG�LQ�DOO
WKH�ZURQJ�SODFHV��:H�JRW�RXW�RI�HGLW�PRGH�ZLWKRXW�VDYLQJ�WKH�FKDQJHV�WR�WKLV�JDUEOHG�PHVV��DQG�ZHQW�ULJKW
EDFN�WR�WKH��GUDZLQJ�ERDUG��LQ�WKH�VRXUFH�FRGH�

$IWHU�VRPH�JURSLQJ�DURXQG��ZH�IRXQG�WKDW�ZH
G�VNLSSHG�D�VWHS��VR�WKDW�SDUW�RI�RXU�SURJUDP�GLGQ
W�NQRZ
WKDW�WKH�FXUVRU�ZDV�VLWWLQJ�DW�WKH�WRS�RI�WKH�SDJH��DQG�WKXV�WKH�FRPSOHWLRQ�RI�WKH�PRYH�RSHUDWLRQ�ZDV�XVLQJ
WKH�ZURQJ�VWDUWLQJ�SRLQW�LQ�WKH�VFUHHQ��:H�ZHUH�DEOH�WR�FRUUHFW�WKH�SUREOHP��VR�WKDW��KRPLQJ��WKH�FXUVRU
QR�ORQJHU�PHVVHG�WKLQJV�XS��EXW�DQRWKHU�OHVVRQ�KDG�WR�EH�OHDUQHG�\HW�DJDLQ��1HYHU�DVVXPH�WKDW�D�TXLFN
IL[�ZLOO�EH�RND\�XQWLO�DOO�WKH�IXQFWLRQV�KDYH�EHHQ�H[HUFLVHG�

1.28.3. A Fine Bowl Of Spaghetti

6RPHWLPHV�ZH�ILQG�WKDW�ZH
YH�PDGH�D�UHDO�PHVV�RI�WKLQJV�HYHQ�ZKHQ�HYHU\WKLQJ�ZRUNV��7KH�IUHHGRP�WKDW
$VVHPEO\�JLYHV�XV�FDQ�EH�LWV�RZQ�SLWIDOO��7KH�VRXUFH�FRGH�IRU�WKH�:RUG�3URFHVVRU�LV�PXFK�WRR�ELJ�WR�EH�NHSW
LQ�RQH�ILOH��VR�LW
V��RUJDQL]HG��LQWR�HGLWDEOH�ILOHV�IURP�:25'$�WKURXJK�:25'3��'XULQJ�LWV�GHYHORSPHQW�
PDQ\�VXEURXWLQHV�ZHUH�GHYHORSHG��DQG�VRPHWLPHV�WKHVH�ZHUH�VLPSO\�SODFHG�LQ�ZKDWHYHU�RI�WKH�VRXUFH�ILOHV
ZDV�WKH�VPDOOHVW��UHJDUGOHVV�RI�WKLV�VXEURXWLQH
V�UHODWLRQVKLSV�WR�RWKHU�SDUWV�RI�WKH�SURJUDP��7KDW��SOXV
WKH��QHVWLQJ���FDQ�PDNH�WUDFLQJ�WKURXJK�VRPH�RSHUDWLRQV�D�UHDO�QLJKWPDUH�

)RU�H[DPSOH��WKH�PDLQ�FRGH�IRU�JHWWLQJ�LQWR�WKH�HGLW�PRGH�LV�LQ�WKH�:25'*�ILOH��7KLV�FDOOV�D�VXEURXWLQH
WKDW
V�LQ�:25'-��WKHQ�WKDW�VXEURXWLQH�FDOOV�RQH�WKDW
V�LQ�:25'*��ZKLFK�LQ�WXUQ�FDOOV�VXEURXWLQHV�LQ
:25''��DQG�VR�RQ��,Q�SURJUDPPLQJ�SDUODQFH��WKLV�LV�FDOOHG��VSDJKHWWL�FRGH���VLQFH�LW
V�DOO�PL[HG�XS�DQG
WZLVWHG�XSRQ�LWVHOI��,I�ZH�GLG�WKLV�LQ�([WHQGHG�%DVLF��ZKHUH�RXU�XVHUV�FRXOG�OLVW�WKH�SURJUDP�DQG�VHH�KRZ
PHVV\�LW�UHDOO\�LV��ZH
G�QHYHU�UHOHDVH�LW��,Q�$VVHPEO\��ZH�FDQ�KLGH�EHKLQG�WKH�IDFW�WKDW�LW�DOO�ZRUNV�FRUUHFWO\�
DQG�IHZ�RI�RXU�XVHUV�ZLOO�WU\�WR�GLVDVVHPEOH�WKH�FRGH�RQFH�LW
V�ZRUNLQJ�
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$V�ZH�ZULWH�WKLV��LW
V��WDNH�D�EUHDN��WLPH�LQ�RXU�DVVHPEO\�ZRUN�RQ�WKH�:RUG�3URFHVVRU��-LP�3HWHUVRQ�KDV
MXVW�LVVXHG�DQRWKHU�RI�WKRVH�OLWWOH��FKDOOHQJHV��WKDW�ZH�VRPHWLPHV�WDNH�XS��VR�PD\EH�ZH
OO�SXW�WKH�:3�WR
EHG�DJDLQ�IRU�D�ZKLOH��UHOHDVH�9HUVLRQ������DQG�VWDUW�RQ�-LP
V�FKDOOHQJH��2I�FRXUVH�ZH�DOUHDG\�KDG�DERXW
IRXU�RWKHU�SURMHFWV�ZDLWLQJ�LQ�OLQH�EHIRUH�VWDUWLQJ�WKLV�URXQG�ZLWK�WKH�:3��0D\EH�ZH
OO�NHHS�WU\LQJ�IRU
*HQHYH�FRPSDWLELOLW\��EXW�WKHQ�WKHUH
V�WKLV�JDPH�WKDW�RXU�OLWWOH�ER\�ZDQWV�PH�WR�FUHDWH�IRU�KLP��DQG�WKHQ
DJDLQ�WKHUH
V������

1RZ�SHUKDSV�\RX�VHH�ZKDW�ZH�PHDQ�E\��1HYHU�'R�7KLV���0D\EH�WKDW�VKRXOG�DSSO\�WR�WKH�ZKROH�LGHD�RI
EHLQJ�D�SURJUDPPHU�

* SIDEBAR 28
*
* FILE ERROR HANDLING
* THIS IS NOT COMPLETE CODE, JUST SNIPPETS
* FIRST, A SAMPLE FILE READING
*
*
* CODE BY B. HARRISON
* PUBLIC DOMAIN
*
* THIS OPENS AND READS A FILE RECORD
*

OPNF   LI   R0,PAB       POINT TO PAB IN VDP
       LI   R1,PABDT     AND PAB DATA
       LI   R2,25        25 BYTES TO WRITE
       BLWP @VMBW        WRITE PAB DATA
       AI   R0,9         ADD NINE
       MOV  R0,@>8356    STASH ADDRESS
       BLWP @DSRLNK      USE DSR LINKAGE
       DATA 8
       STST R14          STORE STATUS REGISTER
       ANDI R14,>2000    MASK ALL BUT TWO BIT
       JEQ  RDFI         IF ZERO, READ RECORD
GOERR  B    @OPNERR      ELSE REPORT OPEN ERROR
RDFI   MOVB @READF,R1    SET TO READ
       LI   R0,PAB       POINT AT PAB
       BLWP @VSBW        WRITE BYTE
       AI   R0,9         ADD NINE
       MOV  R0,@>8356    STASH ADDRESS
       BLWP @DSRLNK      USE DSR
       DATA 8
       LI   R0,PAB+1     POINT AT PAB PLUS ONE
       BLWP @VSBR        READ A BYTE
       SRL  R1,13        SHIFT RIGHT 13 BITS
       JEQ  READON       IF ZERO, MOVE ON
GOERR2 B    @FILERR      ELSE REPORT ERROR
READON (PROGRAM CONTINUES)
*
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* NEXT SECTION IS "OLD" METHOD FOR REPORTING ERRORS
*
OPNERR LI   R0,22*32+3   POINT AT ROW 23, COL 4
       LI   R1,OPNMSG    "FILE NOT OPENED"
       BL   @DISSTR      DISPLAY STRING WITH SUBROUTINE
       LI   R0,PAB+1     POINT AT PAB PLUS ONE
       BLWP @VSBR        READ A BYTE
       SRL  R1,13        SHIFT RIGHT 13 BITS
FILERR SLA  R1,1         SHIFT LEFT ONE BIT (DOUBLE NUMBER)
       MOV  @LUT(R1),R1  GET MESSAGE ADDRESS INTO R1
       LI   R0,23*32+4   POINT AT ROW 24, COL 5
       BL   @DISSTR      DISPLAY SELECTED MESSAGE
       BL   @KEYLOO      STOP FOR A KEYPRESS
       B    (SOMEWHERE ELSE)
*
* DATA SECTION FOR "OLD" METHOD
*
PABDT  DATA >0014,BUF,>5050,>0000,>000F
       TEXT 'DSK1.ANYOLDFILE'
*
READF  BYTE 2
*
* ERROR MESSAGE STRINGS
*
BADDEV BYTE 15
       TEXT 'BAD DEVICE NAME'
WRPROT BYTE 15
       TEXT 'WRITE PROTECTED'
BADATT BYTE 13
       TEXT 'BAD ATTRIBUTE'
ILLOP  BYTE 17
       TEXT 'ILLEGAL OPERATION'
OUTSP  BYTE 19
       TEXT 'OUT OF BUFFER SPACE'
ENDFIL BYTE 11
       TEXT 'END OF FILE'
DEVERR BYTE 12
       TEXT 'DEVICE ERROR'
FILBAD BYTE 16
       TEXT 'OTHER FILE ERROR'
*
* LOOKUP TABLE
*
       EVEN
LUT    DATA BADDEV,WRPROT,BADATT,ILLOP
       DATA OUTSP,ENDFIL,DEVERR,FILBAD
OPNMSG BYTE 17
       TEXT 'FILE DID NOT OPEN'
*
* SECOND "NEW" WAY OF REPORTING FILE ERRORS
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*
OPNERR
       LI   R0,22*32+6   POINT AT ROW 23, COL 7
       LI   R1,FNOTXT    FILE NOT OPENED
       LI   R2,17        17 BYTES TO WRITE
       BLWP @VMBW        WRITE MESSAGE
       LI   R0,PAB+1     POINT AT PAB PLUS ONE
       BLWP @VSBR        READ A BYTE
       SRL  R1,13        SHIFT RIGHT 13 BITS
FILERR SLA  R1,4         SHIFT LEFT FOUR BITS (MULTIPLY BY 16)
       AI   R1,FERMSG    ADD START OF MESSAGE TABLE
       LI   R2,16        16 BYTES IN EACH MESSAGE
       LI   R0,23*32+7   POINT AT ROW 24, COL 8
       BLWP @VMBW        WRITE MESSAGE
       BL   @KEYLOO      PAUSE FOR KEYSTROKE
       B    (SOMEWHERE ELSE)
*
* DATA SECTION FOR "NEW" METHOD
*
FERMSG TEXT 'BAD DEVICE NAME '  EACH TEXT LINE 16 BYTES
       TEXT 'WRITE PROTECTED '
       TEXT 'BAD ATTRIBUTE   '
       TEXT 'BAD OPERATION   '
       TEXT 'DISK IS FILLED  '
       TEXT 'END OF FILE     '
       TEXT 'DEVICE ERROR    '
       TEXT 'OTHER FILE ERROR'
FNOTXT TEXT 'FILE DID NOT OPEN' 17 BYTES LENGTH
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1.29. The Art Of Assembly — Part 29. Pastafazool, etc.

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7KLV�ZLOO�EH�DQRWKHU�GHSDUWXUH�IURP�WKH�PDLQ�VWUHDP��DQG�PD\�VWLU�XS�FRQWURYHUV\�DPRQJ�RWKHU�ODQJXDJH
SURSRQHQWV��EXW�DIWHU�DOO�WKLV�FROXPQ�LV�WKH��SURSRQHQW��IRU�$VVHPEO\��VR�ZH
OO�EUDJ�DERXW�RXU�IDYRULWH
ODQJXDJH�KHUH�ZLWK�DSRORJLHV�WR�QRERG\�

6RPH�WLPH�DJR��ZH�ERXJKW�RXU�ILUVW�3&��ZKLFK�ZDV�D�7DQG\������6;�PRGHO��)RU�WKRVH�ZKR�IROORZ�WKH�3&
PDUNHW��OHW
V�VD\�ULJKW�RII�WKDW�WKLV�LV�DQ�ROG�IDVKLRQHG�3&��ZLWK�DQ�,QWHO������PLFURSURFHVVRU��D�PHUH����
.�PHPRU\�FDSDFLW\��DQG�VR�RQ��%\�WRGD\
V�VWDQGDUGV��D�YHULWDEOH�GLQRVDXU�LQ�WKDW�UHDOP��2QH�WKLQJ�ZH
ZDQWHG�WR�ILQG�RXW�DERXW�WKDW�PDFKLQH�ZDV�KRZ�IDVW�LW�ZRXOG�GR�WKLQJV�WKDW�DUH�LPSRUWDQW�WR�XV��OLNH
GLVSOD\�WKLQJV�RQ�WKH�VFUHHQ��:H�DOVR�ZDQWHG�WR�H[SORUH�WKH�ODQJXDJHV�ZH�KDG�DYDLODEOH�RQ�WKDW�PDFKLQH�
LQFOXGLQJ�%DVLF��&RPSLOHG�%DVLF��DQG�$VVHPEO\��7R�GR�WKLV�TXLFNO\��ZH�PDGH�D�JURXS�RI� �QRQVHQVH�
SURJUDPV�WKDW�ZH�FDOOHG�WKH��SDVWDID]RRO��VHULHV��7KH�SXUSRVH�RI�WKHVH�VPDOO�SURJUDPV�ZDV�VLPSO\�WR
PHDVXUH�VSHHG�RI�SXWWLQJ�VRPHWKLQJ�RQ�WKH�VFUHHQ��(DFK�SURJUDP�LQ�WKH�SDVWDID]RRO�VHULHV�GRHV�WKH�VDPH
MRE��QDPHO\�SULQW�WKH�ZRUG��SDVWDID]RRO��DV�PDQ\�WLPHV�DV�LW�FDQ�ILW�RQ�WKH�VFUHHQ����SHU�URZ�WLPHV����URZV�
RU�����WLPHV�RQ�WKH�3&
V�VFUHHQ���7KH�SURJUDP�ZRXOG�FOHDU�WKH�VFUHHQ�ILUVW��RI�FRXUVH��WKHQ�ILOO�DQG�UH�FOHDU
IRU�D�WRWDO�RI�ILYH�F\FOHV���)LYH�F\FOHV�JDYH�XV�D�PHDVXUDEOH�WLPH�VSDQ��

5HVXOWV�ZHUH�DPD]LQJ�LQ�PDQ\�ZD\V��:H�IRXQG��IRU�H[DPSOH��WKDW�FRPSLOHG�EDVLF�ZDV�PXFK�VORZHU�WKDQ
LQWHUSUHWHG�EDVLF�DW�SHUIRUPLQJ�WKLV�WDVN��7KDW�VXUSULVHG�XV��EHFDXVH�EDVLF�LQ�FRPSLOHG�IRUP�LV�VXSSRVHG
WR�UXQ�IDVWHU��,Q�$VVHPEO\��ZH�KDG�VHYHUDO�FKRLFHV�RI�KRZ�WR�GR�WKH�DFWXDO�GLVSOD\�RSHUDWLRQV��DQG�WKH
FKRLFHV�PDGH�D�ELJ�GLIIHUHQFH��7KH�VORZHVW�$VVHPEO\�PHWKRG�ZDV�XVLQJ�WKH�'26�,QWHUUXSW�VHUYLFHV��7KDW
SHUIRUPHG�RQO\�VOLJKWO\� IDVWHU� WKDQ� ,QWHUSUHWHG�%DVLF��7KH�QH[W�EHVW�ZDV�XVLQJ�WKH�%,26�,QWHUUXSW
VHUYLFHV��7KDW�ZDV�DQ�LPSURYHPHQW��EXW�VWLOO�QRW�ZKDW�ZH
G�FDOO��EOD]LQJ��LQ�VSHHG��$V�RQ�WKH�7,��$VVHPEO\
RQ�WKH�3&�OHWV�XV�GR�WKLQJV�LQ�PRUH�ZD\V��LQFOXGLQJ�WKH�RSWLRQ�RI�ZULWLQJ�WKLQJV�GLUHFWO\�WR�WKH�PHPRU\
VHFWLRQ�WKDW�VHUYHV�WKH�VFUHHQ���6HJPHQW�DGGUHVV�%���+��IRU�\RX�3&�EXIIV���7KLV�SURGXFHG�E\�IDU�WKH
IDVWHVW�UHVXOW��RXWVWULSSLQJ�DOO�RWKHU�ZD\V�E\�D�ZLGH�PDUJLQ��6SHHG�ZDV�PHDVXUHG�XVLQJ�WKH�3&
V�EXLOW�LQ
WLPHU��DQG�GLVSOD\HG�RQ�VFUHHQ�DIWHU�WKH�ILYH�UHSHDWV�RI�ILOOLQJ�WKH�VFUHHQ�ZLWK��SDVWDID]RRO��ZHUH�ILQLVKHG�

7R�VXPPDUL]H��WKH�UHVXOWV�ZHQW�OLNH�WKLV�

&RPSLOHG�%DVLF ���VHFRQGV
,QWHUSUHWHG�%DVLF ��VHFRQGV
'26�VHUYLFH�$VVHPEO\ ��VHFRQGV
'LUHFW�WR�VFUHHQ�$VVHPEO\ ���VHFRQG

7KLV�ODVW�LV�JLYHQ�DV�����VLQFH�WKH�WLPH�SULQWHG�RQ�WKH�VFUHHQ�ZRXOG�VRPHWLPHV�UHSRUW�DV�RQH�VHFRQG�DQG
VRPHWLPHV�DV�]HUR�VHFRQG��GHSHQGLQJ�KRZ�WKH�WLPLQJ�RI�VWDUW�DQG�ILQLVK�KDSSHQHG�WR�FDWFK�WKH�SKDVH�RI
WKH�WLPHU�
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2ND\��VR�ZKDW�GRHV�DOO�WKLV�KDYH�WR�GR�ZLWK�WKH�7,��\RX�DVN"�:H�ZDQWHG�WR�WU\�D�VLPLODU�H[SHULPHQW�RQ�WKH
7,��DQG�GLG�VR��2I�FRXUVH�ZH�GLG�QRW�KDYH�VR�PDQ\�RSWLRQV�RSHQ��VLQFH�WKHUH
V�QR�FRPSLOHU�IRU�7,�%DVLF��:H
XVHG�;%�LQ�WKH�WHVW��DQG�WKHUH
V�QR�GLUHFW�HTXLYDOHQW�RI�HLWKHU�WKH�'26�,QWHUUXSWV�RU�WKH��'LUHFW�WR�VFUHHQ�
FDSDELOLW\��,Q�WRGD\
V�6LGHEDU�DUH�WZR�WKLQJV��$�OLVWLQJ�RI�WKH�YHU\�VLPSOH�([WHQGHG�%DVLF�SURJUDP�WKDW
ZULWHV��SDVWDID]RRO��SDVWDID]RRO��RQ�HDFK�URZ�RI�WKH�VFUHHQ�ILYH�WLPHV��DQG�WZR�$VVHPEO\�VRXUFH�FRGH�ILOHV
WKDW�GR�WKH�VDPH�WKLQJ��7KH�RQH�FDOOHG�3$67$%�6�XVHV�WKH�96%:�XWLOLW\�YHFWRU��DQG�WKH�RQH�FDOOHG
3$67$�6�XVHV�WKH�90%:�YHFWRU�

7KH�([WHQGHG�%DVLF�YHUVLRQ�LV�ZULWWHQ�DV�D�WKUHH�OLQH�SURJUDP��ZLWK�DOO�WKH�DFWLRQ�LQ�OLQH�����/LQH���VLPSO\
FOHDUV�WKH�9'3�,QWHUUXSW�7LPHU��/LQH����UHDGV�WKDW�WLPHU��WKHQ�SULQWV�WKH�FRXQW�ZLWK�����DGGHG�EHFDXVH
WKH�FRXQWHU�ZLOO�KDYH��UROOHG�RYHU��RQFH��GLYLGHG�E\����WR�UHSRUW�WKH�WLPH�HODSVHG�LQ�VHFRQGV��7KLV�LV�OLVWHG
LQ����FROXPQ�OLQHV� MXVW�DV� LW�ZRXOG�DSSHDU�RQ�WKH� VFUHHQ��7KH�WZR�$VVHPEO\�YHUVLRQV�DUH�VKRZQ�DV
DQQRWDWHG�VRXUFH�FRGH��VR�\RX�VKRXOG�EH�DEOH�WR�HDVLO\�IROORZ�WKHLU�RSHUDWLRQ��*LYHQ�ZKDW
V�LQ�WRGD\
V
6LGHEDU��\RX�VKRXOG�EH�DEOH�WR�FRQGXFW�\RXU�RZQ�WHVWV�DW�KRPH��2XU�UHVXOWV�ZHQW�DV�IROORZV�

([WHQGHG�%DVLF ����VHFRQGV
96%:�$VVHPEO\ �����VHFRQG
90%:�$VVHPEO\ ����VHFRQG

7LPLQJ�RI�WKH�WZR�$VVHPEO\�YHUVLRQV�LV�GRQH�XVLQJ�WKH�9'3�,QWHUUXSW�FRXQWHU�DW�!������7KLV�\LHOGV�D
QXPEHU�LQ���WKV�RI�D�VHFRQG��ZKLFK�LV�GLVSOD\HG�RQ�WKH�VFUHHQ�DIWHU�WKH�ILYH�F\FOHV�DUH�ILQLVKHG��%RWK
YHUVLRQV�WKHQ�XVH�D�VLPSOH�NH\�VFDQ�ORRS�WR�DOORZ�\RX�WR�UHDG�WKH�QXPEHU��3UHVVLQJ�DQ\�NH\�JHWV�\RX�EDFN
WR�(GLWRU�$VVHPEOHU��7KH�96%:�YHUVLRQ�UHSRUWHG�EHWZHHQ����DQG������WKV�RQ�WKH�VFUHHQ��RU�DERXW�����
VHFRQGV��)RU�WKH�90%:�YHUVLRQ��WLPH�IRU�H[HFXWLRQ�UDQJHG�IURP����WR������WKV��VR�ZH
YH�WDNHQ�WKDW�DV
DYHUDJHG�WR������WKV��RU�����VHFRQGV��7KDW
V�D������VSHHG�UDWLR�EHWZHHQ�WKH�VORZHVW�DQG�IDVWHVW��<RX�PD\
QRWLFH�WKDW�ZH
YH�XVHG�DQ��XQGRFXPHQWHG��IHDWXUH�RI�*3//1.�WR�FRQYHUW�WKH�FRXQW�QXPEHU�WR�D�VWULQJ
IRU�VFUHHQ�GLVSOD\��2XU�WKDQNV�DJDLQ�WR�0HUOH�9RJW�IRU�WKDW�OLWWOH�JHP�

8VLQJ�WKH�9'3�,QWHUUXSW�FRXQWHU�LQ�WKLV�ZD\�LQWURGXFHV�D�NLQG�RI��+HLVHQEHUJ�XQFHUWDLQW\��LQWR�RXU
PHDVXUHPHQW��VLQFH�WKH�SURJUDP�KDV�WR�H[HFXWH�/,0,���DQG�/,0,���WR�DOORZ�WKH�WLPHU�WR�IXQFWLRQ��7KDW
V
GRQH�DIWHU�HDFK�URZ�LV�ZULWWHQ��EXW�SHUIRUPLQJ�WKRVH�DFWLRQV�HDWV�WLPH�LQ�LWVHOI��VR�ZH�FDQ
W�UHDOO\�GLVFRYHU
KRZ�IDVW�WKH�RSHUDWLRQ�ZRXOG�FRPSOHWH�ZLWKRXW�WKH�/,0,�RSHUDWLRQV�EHLQJ�SHUIRUPHG��:H�WULHG�LW�ZLWKRXW�
DQG�LW�GRHVQ
W�DSSHDU�WR�VHULRXVO\�KDPSHU�WKH�VSHHG��EXW�ZH�FDQ�QHYHU�EH�VXUH��+HLVHQEHUJ�DSSOLHG�KLV
SULQFLSOH�LQ�WKH�ILHOG�RI�SDUWLFOH�SK\VLFV��EXW�WKH�LGHD�ZRUNV�KHUH�DV�ZHOO��LQ�WKDW�WKH�WKLQJV�ZH�GR�WR
PHDVXUH�VRPHWKLQJ�DIIHFW�WKH�WKLQJ�ZH
UH�WU\LQJ�WR�PHDVXUH��VR�ZH�FDQ�QHYHU�EH�VXUH�ZKDW�WKH�FDVH�ZRXOG
EH�ZLWKRXW�RXU�PHDVXUHPHQW�

1RZ�WR�FKDQJH�VXEMHFWV�DJDLQ��ZH
OO�JR�EDFN�WR�DQ�ROG�WKHPH��QDPHO\�WKLQJV�WKDW�DUH�MXVW�SODLQ�ZURQJ�LQ
7,
V�$VVHPEO\�ERRN��%DFN�LQ�WKH�'HFHPEHU������LVVXH�RI�WKLV�PDJD]LQH��WKHUH�ZDV�D�UHDGHU�WR�UHDGHU�SOHD
IURP�0U��,DQ�-��+RZOH�FRQFHUQLQJ�XVH�RI�WKH�%LWPDS�0RGH�RQ�WKH�7,
V�9'3��:H�VHQW�0U��+RZOH�D�VKRUW
SLHFH�RI�VRXUFH�FRGH�WKDW�FRUUHFWHG�VRPH�RI�WKH�HUURUV�LQGXFHG�E\�KLV�UHDGLQJ�WKH�ERRN��VR�WKDW�KH
G�DW�OHDVW
KDYH�D�QRQ�FUDVKLQJ�VWDUWLQJ�SRLQW��7KH�WURXEOH�LV�WKDW��ZKLOH�ZKDW�ZH�VHQW�WR�KLP�ZRQ
W�FUDVK��LW�ZRQ
W
VHHP�WR�GR�ZKDW�WKH�ERRN�LQGLFDWHV�LW�VKRXOG�GR�
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%HIRUH�ZH�JR�RQ��SOHDVH�XQGHUVWDQG�WKDW�WKHUH�DUH�WKLQJV�ZH�GRQ
W�XVH�RQ�RXU�7,��DQG�%LWPDS�0RGH�LV�RQH
RI�WKRVH��,I�LW�GLG�ZRUN�MXVW�DV�JLYHQ�LQ�WKH�ERRN��SHUKDSV�ZH
G�FRQVLGHU�XVLQJ�LW��EXW�WKH�DPRXQW�RI�9'3
VSDFH�WKDW�LW�UHTXLUHV�LV�VR�JUHDW��DQG�WKH�DPRXQW�RI�FRGH�DQG�GDWD�UHTXLUHG�WR�PDQLSXODWH�WKH�VFUHHQ
GLVSOD\�LQ�WKDW�PRGH�LV�DOVR�GDXQWLQJ��,Q�RXU�H[SHULPHQWLQJ�ZLWK�LW��ZH�WULHG�PDQ\�YDULDWLRQV�RQ�WKH�WKHPH
DV�WR�ZKHUH�WKH�VFUHHQ�LPDJH�WDEOH��FRORU�WDEOH��DQG�FKDUDFWHU�WDEOH�VKRXOG�EH�SODFHG��5HVXOWV�YDULHG��EXW
WKH�RYHUDOO�SDWWHUQ�ZDV�WKDW�WKH�GHILQLWLRQV�ZH�SXW�LQ�WKH�FKDUDFWHU�WDEOH�IRU�FKDUDFWHUV���WKURXJK���ZRXOG
VLPSO\�UHSHDW�IRU�WKH�UHVW�RI�WKH�FKDUDFWHUV���WKURXJK������LQ�HLJKW�FKDUDFWHU�JURXSV��7KDW�LV����WKURXJK
���ZRXOG�KDYH�WKH�VDPH�SDWWHUQ�DV���WKURXJK�������WKURXJK����ZRXOG�UHSHDW�WKRVH�SDWWHUQV��DQG�VR�RQ��2I
FRXUVH�ZH�NQRZ�WKDW�RWKHU�SURJUDPPHUV�KDYH�XVHG�%LWPDS�0RGH�ZLWK�VXFFHVV��VR�WKHUH�KDV�WR�EH�DQ
DQVZHU��EXW�LW
V�PRVW�FHUWDLQO\�QRW�ZKDW
V�JLYHQ�LQ�WKH�(�$�PDQXDO�

,W�KDV�VRPHWLPHV�RFFXUUHG�WR�XV�WKDW�ZH�VKRXOG��GRFXPHQW��DOO�WKH�NQRZQ�HUURUV�LQ�WKH�ELJ�ERRN��EXW�WKDW
V
UHDOO\�D�KXJH�MRE��DQG�RXU�WLPH�NHHSV�JHWWLQJ�HDWHQ�XS�E\�FUHDWLQJ�QHZ�SURGXFWV�IURP�ZKDW�ZH�NQRZ�KRZ
WR�XVH�� OHDYLQJ�QR� WLPH� IRU� WKH�DUGXRXV� WDVN�RI�GRFXPHQWLQJ�HUURUV� IRXQG��7KHUH�DUH�RWKHUV� LQ� WKH
�FRPPXQLW\�� ZKR� KDYH� QR� GRXEW� IRXQG� HUURUV� DQG� IRXQG� FRUUHFWLRQV� WR�PDNH� WKLQJV� ZRUN�� +DUU\
:LOKHOP
V�QDPH�FRPHV�WR�PLQG��DV�RQH�ZKR�QRW�RQO\�IRXQG�RXW�KRZ�WR�XVH�%LWPDS�0RGH��EXW�DOVR�KRZ�WR
PDNH�LW�DFFHVVLEOH�IURP�([WHQGHG�%DVLF��FRPSOHWH�ZLWK�DXWRPDWLF�VSULWH�PRWLRQ��ZKLFK�WKH�ERRN�LPSOLHV
FDQ
W�EH�GRQH��+DUU\�SUREDEO\�DOVR�NQRZV�KRZ� WR�XVH�KDOI�ELW�PRGH��ZKDWHYHU� WKDW� LV�� �2QH�RI� RXU
FXVWRPHUV�DVNHG�XV�DERXW�WKDW��DQG�ZH�KDG�WR�SOHDG�LJQRUDQFH�DERXW�WKH�ZKROH�VXEMHFW��

+HUH�WKHQ�LV�DQRWKHU�SOHD�WR�RXU�UHDGHUV��PDQ\�RI�ZKRP�KDYH�ZULWWHQ�WR�XV��,I�\RX
YH�GLVFRYHUHG�D�FDVH
ZKHUH�WKH�ERRN�LV�ZURQJ��DQG�D�VROXWLRQ�WR�PDNH�VRPHWKLQJ�ZRUN��SDVV�LW�DORQJ�WR�XV�DW��������WK�3ODFH�
+\DWWVYLOOH�0'��������DQG�ZH
OO�WU\�WR�ZRUN�LW�LQWR�D�IXWXUH�FROXPQ��,Q�SDVW�FROXPQV��ZH�KDYH�SDVVHG
DORQJ�VRPH��XQGRFXPHQWHG��IHDWXUHV�DQG�VRPH��WUDGH�VHFUHWV��RI�RXU�RZQ��EXW�ZH�DUH�FHUWDLQO\�QRW�WKH
XOWLPDWH�VRXUFH�RI�VXFK�LQIRUPDWLRQ��DV�RXU�NQRZOHGJH�LV�OLPLWHG�WR�ZKDW�ZH
YH�WULHG�GRLQJ��(YHQ�DW�WKDW�
ZH�GRQ
W�DOZD\V�VXFFHHG�LQ��EUHDNLQJ�WKH�FRGH��WR�PDNH�FHUWDLQ�IXQFWLRQV�ZRUN���H�J��%LWPDS�0RGH�

2QFH�DJDLQ�ZH�DUH�QRW�VXUH�DERXW�QH[W�PRQWK
V�WRSLF��:H�DUH�DOZD\V�ZRUNLQJ�RQ�OLWWOH�SURMHFWV�RI�RQH�NLQG
RU�DQRWKHU��DQG�WKDW�LV�ZKHUH�WKH�PDWHULDO�IRU�WKHVH�FROXPQV�FRPHV�IURP��7KH�P\VWHULHV�RI�WKH�7,�DUH�VWLOO
PDQ\��HYHQ�ZLWK�DOO�WKH�SURELQJ�GRQH�E\�LWV�XVHUV�RYHU�WKH�\HDUV��7KHUH
V�D�UXPRU�DERXW�WKDW�VRPHERG\
KDV� REWDLQHG� WKH� VRXUFH� FRGH� IRU� ([WHQGHG� %DVLF�� DQG� WKDW�PD\�PDNH�PRUH� RI� 7,
V� �WUDGH� VHFUHWV�
DFFHVVLEOH��7KH�ZKROH�WRSLF�RI�*3/�ODQJXDJH�LV�JUDGXDOO\�EHLQJ�XQUDYHOHG��DQG�WKDW
V�SUREDEO\�JRRG��HYHQ
WKRXJK�VRPH�RI�XV�KDYH�QR�SODQV�WR�ZULWH�LQ�WKDW�ODQJXDJH��$W�OHDVW�WKHUH�DUH�SUDFWLWLRQHUV�H[SORLWLQJ�WKDW
UHDOP�QRZ��DQG�JLYLQJ�VWLOO�PRUH�SRZHU�WR�WKH�XVHUV�RI�RXU�EHORYHG�RUSKDQ�

2QH�PRUH�WLGELW�EHIRUH�ZH�FORVH��7KH�ODVW�IHZ�RI�WKHVH�FROXPQV�ZHUH�ZULWWHQ�RQ�D�ODSWRS�3&�LQVWHDG�RI�RQ
RXU�7,��7KDW
V�QRW�EHFDXVH�ZH
UH�ORVLQJ�IDLWK�LQ�RXW�7,��EXW�MXVW�EHFDXVH�WKH�5DPGLVN�RQ�WKH�7,�ZDV�ILOOHG
XS�ZLWK�VRXUFH�FRGH�IRU�RQH�RI�RXU�FXUUHQW�SURMHFWV��DQG�WKH�3&�KDG�SOHQW\�RI�GLVN�VSDFH�DYDLODEOH�
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* SIDEBAR 29
* FIRST, THE XB PROGRAM PASTABAS
* LISTED IN 28 COLUMNS
*
*
1 CALL INIT :: CALL LOAD(-31
879,0)
10 FOR J=1 TO 5 :: CALL CLEA
R :: FOR I=1 TO 24 :: DISPLA
Y AT(I,3):"PASTAFAZOOL, PAST
AFAZOOL" :: NEXT I :: NEXT J
12 CALL PEEK(-31879,A):: PRI
NT (A+255)/60
*
*
* NEXT, THE SLOWER ASSEMBLY VERSION
*
* PASTAB/S - SOURCE FOR VSBW VERSION
* CODE BY B. HARRISON
* PUBLIC DOMAIN
*
       DEF  START2       DEFINE ENTRY
       REF  VSBW,VMBW,KSCAN,GPLLNK
START2
       LWPI >20BA        LOAD USER WS
       CLR  @>8378       CLEAR VDP INT COUNTER
       LI   R4,5         5 SCREENS
NEXSCR
       LI   R2,768       768 CHARS
       LI   R1,>2000     SPACE CHAR
       CLR  R0           SCREEN ORIGIN
CLRLP
       BLWP @VSBW        WRITE ONE SPACE
       INC  R0           NEXT ADDRESS
       DEC  R2           DEC COUNT
       JNE  CLRLP        IF NOT 0, RPT
       LI   R0,4         ROW 1, COL 5
       LI   R3,24        24 ROWS
PRLIN  LI   R5,PASTA     POINT AT STRING
       MOVB *R5+,R2      GET LENGTH
       SRL  R2,8         MAKE WORD
       MOV  R2,R6        SAVE LENGTH
PRCHR  MOVB *R5+,R1      GET ONE BYTE
       BLWP @VSBW        WRITE THAT
       INC  R0           INC SCRN ADDR
       DEC  R2           DEC COUNT
       JNE  PRCHR        IF NOT 0, RPT
       AI   R0,32        ADD ROW LENGTH
       S    R6,R0        SUB STRING LEN
       LIMI 2            ALLOW INTERRUPTS
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       LIMI 0            THEN STOP THEM
       DEC  R3           DEC ROW COUNT
       JNE  PRLIN        IF NOT 0, RPT
       DEC  R4           DEC SCRN COUNT
       JNE  NEXSCR       IF NOT 0, RPT
       MOV  @>8378,R10   GET VDP INTERRUPT COUNT
       CLR  @>837C       CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPL LINK
       DATA >4D00        TO SCROLL SCREEN
       AI   R0,-32       MOVE BACK TO ROW 24
       MOV  R10,@>835E   MOVE TIME COUNT TO >835E
       CLR  @>837C       CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPL LINK
       DATA >2F7C        TO CONVERT INTEGER TO STRING
       MOVB @>8361,R2    GET STRING LENGTH
       SRL  R2,8         RIGHT JUSTIFY
       MOVB @>8367,R1    GET STRING ADDRESS LOW BYTE
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,>8300     ADD HIGH BYTE
       BLWP @VMBW        WRITE "TIME" STRING TO SCREEN
SCAN   BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  SCAN         IF NOT, REPEAT
       LWPI >83E0        LOAD GPL WS
       B    @>6A         RETURN TO GPL
PASTA  BYTE 24
       TEXT 'PASTAFAZOOL, PASTAFAZOOL'
ANYKEY BYTE >20
       END
*
* LAST, THE FASTER ASSEMBLY VERSION
*
* PASTA/S - SOURCE FILE FOR VMBW VERSION
* CODE BY B. HARRISON
* PUBLIC DOMAIN
*
       DEF  START        DEFINE ENTRY
       REF  VMBW,KSCAN,GPLLNK
START
       LWPI >20BA        LOAD USER WS
       CLR  @>8378       CLEAR VDP INT COUNTER
       LI   R4,5         COUNT IN R4
NEXSCR
       LI   R3,24        24 ROWS
       LI   R2,32        32 COLUMNS
       LI   R1,BLNKLN    32 SPACES
       CLR  R0           SCREEN ORIGIN
CLRLP
       BLWP @VMBW        WRITE 32 SPACES
       A    R2,R0        ADD 32



7(;$6�,167580(176
+20(�&20387(5

       DEC  R3           DEC ROW COUNT
       JNE  CLRLP        IF NOT 0, RPT
       LI   R0,4         ROW 1, COL 5
       LI   R3,24        24 ROWS
PRLIN  LI   R1,PASTA     TEXT STRING
       MOVB *R1+,R2      GET LENGTH
       SRL  R2,8         MAKE A WORD
       BLWP @VMBW        WRITE STRING
       AI   R0,32        DOWN 1 ROW
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN STOP THEM
       DEC  R3           DEC ROW COUNT
       JNE  PRLIN        IF NOT 0, RPT
       DEC  R4           DEC SCREEN COUNT
       JNE  NEXSCR       IF NOT 0, RPT
       MOV  @>8378,R10   GET VDP INTERRUPT COUNTER
       CLR  @>837C       CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPL LINK
       DATA >4D00        TO SCROLL SCREEN
       AI   R0,-32       MOVE BACK TO ROW 24
       MOV  R10,@>835E   STASH TIME COUNT AT >835E
       CLR  @>837C       CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPLLNK
       DATA >2F7C        TO COVERT INTEGER TO STRING
       MOVB @>8361,R2    GET STRING LENGTH
       SRL  R2,8         RIGHT JUSTIFY
       MOVB @>8367,R1    GET STRING ADDRESS LOW BYTE
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,>8300     ADD HIGH BYTE
       BLWP @VMBW        WRITE STRING TO SCREEN
SCAN   BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@>837C HAS A KEY BEEN STRUCK?
       JNE  SCAN         IF NOT, RPT
       LWPI >83E0        LOAD GPL WS
       B    @>6A         RETURN TO GPL
BLNKLN TEXT '                                '
PASTA  BYTE 24
       TEXT 'PASTAFAZOOL, PASTAFAZOOL'
ANYKEY BYTE >20
       END
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1.30. The Art Of Assembly — Part 30. Using What's There

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7RGD\
V�WRSLF�LV�XVLQJ�ZKDW
V�WKHUH��ZKLFK�PHDQV�XVLQJ�WKH�URXWLQHV�WKDW�FRPH�ZLWK�\RXU�7,�LQVWHDG�RI
LQYHQWLQJ�\RXU�RZQ��7KH�URXWLQHV�SURYLGHG�LQFOXGH�VRPH�WKDW�DUH��GRFXPHQWHG��DQG�VRPH�WKDW�DUH�QRW�
7RGD\�ZH
OO�FRQFHQWUDWH�PRVW�RI�RXU�DWWHQWLRQ�RQ�URXWLQHV�WKDW�ZRUN�ZLWK�IORDWLQJ�SRLQW�QXPEHUV�

1.30.1. Floating Point Numbers

:H
YH�VDLG�EHIRUH�LQ�WKLV�FROXPQ�WKDW�ZH�XVH�LQWHJHU�PDWK�ZKHQHYHU�SRVVLEOH�WR�VSHHG�XS�WKH�H[HFXWLRQ
WLPH�LQ�RXU�SURJUDPV��7KHUH�DUH�FDVHV��KRZHYHU��ZKHUH�QRWKLQJ�EXW�IORDWLQJ�SRLQW�QXPEHUV�FDQ�GR�WKH�MRE�
,Q�D�UHFHQW�FDVH��ZH�ZHUH�GRLQJ�VRPH�ZRUN�RQ�D��WRRO��IRU�XVHUV�RI�0LNH�0DNVLPLN
V�0,',�0DVWHU��7KH�MRE
LQYROYHG�WDNLQJ�QXPEHUV�IURP�D�ILOH�LQ�WKH�IRUP�RI�$6&,,�VWULQJV��PXOWLSO\LQJ�RU�GLYLGLQJ�E\�D�XVHU�LQSXW
QXPEHU�VXFK�DV������WKHQ�ZULWLQJ�WKH�QXPEHUV�EDFN�DV�VWULQJV�LQWR�DQ�RXWSXW�ILOH�UHFRUG���3RUWLRQV�RI�WKH
VRXUFH�FRGH�DUH�VKRZQ�LQ�WKH�6LGHEDU��

7KH�QXPEHUV�WKHPVHOYHV�DUH�DOO�LQWHJHUV�WR�VWDUW�ZLWK��DQG�LI�WKH�GLYLVRU�RU�PXOWLSOLHU�ZHUH�DOZD\V�����
ZH�FRXOG�KDYH�PDGH�WKH�FDOFXODWLRQV�LQ�LQWHJHU�PDWK��+RZHYHU��ZKHUH�WKH�XVHU�FRXOG�LQSXW�QXPEHUV�RI
DQ\�NLQG��VXFK�DV���������WKH�SUREOHP�RI�KDQGOLQJ�WKLQJV�DV�LQWHJHUV�ZRXOG�JHW�YHU\�FRPSOH[�LQGHHG��7KXV
ZH�KDG�DQ�RSSRUWXQLW\�WR�WDNH�DGYDQWDJH�RI�WKH�URXWLQHV�SURYLGHG�E\�7,�ULJKW�LQVLGH�WKH�FRPSXWHU�

,Q�WKH�7,��IORDWLQJ�SRLQW�QXPEHUV�DUH�UHSUHVHQWHG�E\�HLJKW�E\WH�EORFNV�LQ�5DGL[�����QRWDWLRQ��5DGL[�ZKDW�
\RX�DVN"�7KHUH�LV�DQ�H[SODQDWLRQ�LQ�WKH�(GLWRU�$VVHPEOHU�PDQXDO��EXW�LW
V�DERXW�DV�FOHDU�DV�PXG��VR�ZH
OO
WU\�WR�H[SODLQ�LQ�PRUH�VLPSOH�WHUPV��7KH�5DGL[�����QRWDWLRQ�XVHV�DQ�RIIVHW��RU�PXOWLSOLHU��LQ�SRZHUV�RI�����
7KLV�PXOWLSOLHU�RFFXSLHV�RQH�E\WH��7KDW�OHDYHV�VHYHQ�E\WHV�IRU�WKH�QXPEHU�LWVHOI��(DFK�E\WH�RI�WKHVH�VHYHQ
FDQ�WDNH�RQ�YDOXHV�IURP���WKURXJK�����WKXV�HDFK�E\WH�UHSUHVHQWV�WZR�GLJLWV�RI�RXU�FRPPRQ�GHFLPDO
QXPEHU�QRWDWLRQ��7KDW�DOORZV�IRXUWHHQ�VLJQLILFDQW�GLJLWV�RI�DFFXUDF\�LQ�DOO�WKH�7,
V�IORDWLQJ�SRLQW�QXPEHU
RSHUDWLRQV�

7KH��PXOWLSOLHU��LV�ELDVHG�E\�!�������GHFLPDO���VR�WKDW�WKH�PXOWLSOLHU�FDQ�SURYLGH�ERWK�SRVLWLYH�DQG
QHJDWLYH�SRZHUV�RI������,Q�RWKHU�ZRUGV������UDLVHG�WR�WKH�]HUR�SRZHU�PDNHV�WKH�PXOWLSOLHU�E\WH�HTXDO�!���
3HUKDSV�DQ�H[DPSOH�RU�WZR�ZRXOG�KHOS��+HUH�DUH�D�FRXSOH�

'HFLPDO�QXPEHU�E\WHV�LQ�)3�IRUPDW

������ !���!���!���!���!���!���!���!��
������ !�)�!���!���!���!���!���!���!��
����� !���!���!���!���!���!���!���!��
���������� !���!���!���!���!���!�$�!���!��
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:H�PLJKW�ILQG�WKLV�HDVLHU�WR�VHH�LI�WKH�E\WHV�WKHPVHOYHV�ZHUH�H[SUHVVHG�LQ�GHFLPDO�QRWDWLRQ�LQVWHDG�RI�KH[�
7KHVH�IRXU�ZRXOG�ORRN�OLNH�WKLV�

������ ����������������
������ �����������������
����� �����������������
���������� ��������������������

6WLOO� FOHDU�DV�PXG"�7KHQ� WKLQN�RI� LW� OLNH� VFLHQWLILF�QRWDWLRQ�� ,Q� WKDW�QRWDWLRQ�����������(���ZRXOG
UHSUHVHQW�WKH�ODVW�QXPEHU�VKRZQ�DERYH��ZKHUH�WKH�QXPEHU�DIWHU�WKH�(�LV�WKH�SRZHU�RI�WHQ�WKDW�PXOWLSOLHV
WKH�QXPEHU�EHIRUH�WKH�(��,Q�WKLV�FDVH����UDLVHG�WR�WKH�IRXUWK�SRZHU��RU��������,Q�WKH�5DGL[�����FDVH��WKH
QXPEHU�XVHG�DV�DQ�H[SRQHQW�LV�D�SRZHU�RI������VR�WKDW�������LV�UHSUHVHQWHG�E\����QRW�IRXU���������LV����
UDLVHG�WR�WKH�VHFRQG�SRZHU��

:H�FRXOG�JR�RQ�OLNH�WKLV�DOO�GD\�DQG�DOO�QLJKW��EXW�LI�\RX
YH�JRW�WKH�LGHD�E\�QRZ��\RX�FDQ�VHH�WKH�UHVW
\RXUVHOI��,I�\RX�KDYHQ
W�JRW�LW�E\�QRZ��WKLUW\�PRUH�SDJHV�PLJKW�QRW�PDNH�LW�FOHDU��,Q�DOPRVW�HYHU\�FDVH�WKDW
\RX
OO�HQFRXQWHU��WKH�SUREOHP�RI�FUHDWLQJ�QXPEHUV�LQ�5DGL[�����QRWDWLRQ�FDQ�EH�SHUIRUPHG�IRU�\RX�E\�WKH
7,
V�LQWHUQDO�URXWLQHV�DQ\ZD\��VR�\RX�ZRQ
W�QHHG�WR�XQGHUVWDQG�LW���$UHQ
W�\RX�JODG�ZH�GLGQ
W�GLVFXVV
QHJDWLYH�QXPEHUV�LQ�5DGL[����"�

3HUKDSV�ZH�VKRXOG�VWDUW�ZLWK�D�URXWLQH�WKDW�DOORZV�WKH�7,�WR�PDNH�WKH�IORDWLQJ�SRLQW�QXPEHU�IRU�\RX��VR
\RX�QHHG�QRW�ZUHVWOH�ZLWK�WKH�QRWDWLRQ�\RXUVHOI��6XSSRVH�\RX�KDYH�DQ�LQWHJHU�LQ�WKH�UDQJH�RI������
WKURXJK���������7KLV�FRXOG�EH�D�ZRUG�LQ�PHPRU\��IRU�H[DPSOH��&RQYHUWLQJ�WR�IORDWLQJ�SRLQW�IRUPDW�LV
VLPSOH�� 3ODFH� WKH� ZRUG� DW� )$&�� ZKLFK� LV� DW� !���$�� �)$&� LV� DQ� DEEUHYLDWLRQ� IRU� )ORDWLQJ� 3RLQW
$&FXPXODWRU��

2QFH�WKH�QXPEHU�LV�DW�)$&��;0//1.�FDQ�EH�XVHG�WR�FRQYHUW�WKH�LQWHJHU�WR�D�IORDWLQJ�SRLQW�QXPEHU�E\�

BLWP @XMLLNK
DATA >2300

7KLV� ZLOO� FRQYHUW� WKH� QXPEHU� DW� )$&� �RQH� ZRUG�� LQWR� D� IORDWLQJ� SRLQW� QXPEHU�� ZLWK� WKH� VLJQ� DV
DSSURSULDWH��7KDW�LV��QXPEHUV�IURP���WKURXJK�!�)))����WKURXJK���������ZLOO�EHFRPH�SRVLWLYH�IORDWLQJ
SRLQW�QXPEHUV��ZKLOH�QXPEHUV�IURP�!))))�WKURXJK�!���������WKURXJK���������ZLOO�EHFRPH�QHJDWLYH
IORDWLQJ�SRLQW�QXPEHUV��$V�ZH
OO�VHH�ODWHU��ZH�FDQ�LQ�VRPH�FLUFXPVWDQFHV�HLWKHU�LJQRUH�RU�QRW�LJQRUH�WKH
VLJQ�RI�LQWHJHU�QXPEHUV��,Q�D�WHVW�ZH�MXVW�UDQ��IRU�H[DPSOH��ZH�WULHG�WZR�GLIIHUHQW�ZD\V�WR�FRQYHUW�DQ
LQWHJHU�LQWR�D�VWULQJ�RQ�WKH�VFUHHQ��DQG�RQH�RI�WKRVH�SDLG�KHHG�WR�WKH�VLJQ�RI�WKH�QXPEHU��ZKLOH�DQRWKHU
GLG�QRW��:KRRSV��ZH
UH�JHWWLQJ�DKHDG�RI�RXU�VWRU\��:H�PXVW�VWRS�GRLQJ�WKDW�

:KHQ�ZH�DUH�JRLQJ�WR�GHDO�LQ�IORDWLQJ�SRLQW�QXPEHUV��ZH�RIWHQ�SXW�VRPH�HTXDWHV�LQWR�WKH�EHJLQQLQJ�RI�RXU
VRXUFH�FRGH�WR�JLYH�XV�PQHPRQLF�ODEHOV��VR�WKDW�LW�ZLOO�EH�HDVLHU�WR�XQGHUVWDQG�ZKDW�ZH
UH�GRLQJ��$�W\SLFDO
VHW�RI�HTXDWHV�ZRXOG�ORRN�OLNH�WKLV�
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FAC EQU >834A Floating point accumulator
ARG EQU >835C Floating point argument
CIF EQU >2300 Convert Integer to floating point
CFI EQU >1200 Convert Floating point to Integer
CNS EQU >0014 Convert number (FP) to string
CSN EQU >1000 Convert string to number (FP)
FADD EQU >0600 Floating point addition
FSUB EQU >0700 Floating point subtraction
FMUL EQU >0800 Floating point multiplication
FDIV EQU >0900 Floating point division
FCOM EQU >0A00 Floating point compare
INT EQU >0022 Compute greatest integer

2I�WKHVH��DOO�H[FHSW�&16�DQG�,17�DUH�DFFHVVHG�WKURXJK�;0//1.��&16�DQG�,17�DUH�DFFHVVHG�ZLWK
*3//1.��:KHQ�XVLQJ�WKH�IORDWLQJ�SRLQW�PDWK�URXWLQHV��VXFK�DV�)$''�DQG�)08/��WKH�WZR�IORDWLQJ�SRLQW
QXPEHUV�WR�EH�DGGHG�RU�PXOWLSOLHG�DUH�ILUVW�SODFHG�DW�)$&�DQG�$5*��(DFK�PXVW�EH�D�YDOLG�HLJKW�E\WH
IORDWLQJ�SRLQW�QXPEHU��$IWHU�DQ\�RI�WKH�PDWK�RSHUDWLRQV��WKH�UHVXOW�LV�D�QXPEHU�DW�)$&��)RU�DGGLQJ�DQG
PXOWLSO\LQJ��LW
V�RI�QR�LPSRUWDQFH�ZKLFK�RI�WKH�QXPEHUV�LV�DW�)$&�DQG�ZKLFK�DW�$5*�EHIRUH�WKH�RSHUDWLRQ�
H[FHSW�RI�FRXUVH�LI�RQH�PXVW�NHHS�RQH�RI�WKRVH�QXPEHUV�KDQG\��LQ�ZKLFK�FDVH�$5*�ZRXOG�EH�WKH�SURSHU
SODFH� IRU� WKDW� QXPEHU�� VLQFH� )$&� JHWV�PRGLILHG� E\� WKH� RSHUDWLRQ�� )RU� GLYLVLRQ� RU� VXEWUDFWLRQ�� LW
V
LPSRUWDQW�WR�NQRZ�ZKLFK�QXPEHU�JRHV�DW�ZKLFK�ORFDWLRQ��)RU�VXEWUDFWLRQ��)$&�LV�WKH�QXPEHU�WR�EH
VXEWUDFWHG�IURP�$5*��ZLWK�WKH�UHVXOW�SODFHG�DW�)$&��)RU�GLYLVLRQ��)$&�LV�WKH�GLYLVRU�RI�WKH�QXPEHU�DW
$5*�� DQG� DJDLQ� )$&� JHWV� WKH� UHVXOW�� 3XW� DQRWKHU� ZD\�� IRU� VXEWUDFWLRQ�� ZH� FRXOG� ZULWH� WKDW
)$& $5*�)$&��ZKLOH�IRU�GLYLVLRQ�)$& $5*�)$&�

,Q�YDULRXV�RI�RXU�SURMHFWV�RYHU�WKH�\HDUV��ZH�KDYH�XVHG�PRVW�RI�WKHVH�XWLOLW\�URXWLQHV���7KH�RQO\�RQH�ZH
FDQ
W�UHPHPEHU�XVLQJ�LV�)68%���7KH\�DOO�ZRUN��DQG�TXLWH�ZHOO��,Q�RQH�FDVH�WKDW
V�PHPRUDEOH��ZH�GLG
VRPHWKLQJ�WKDW�UHDOO\�SURYHG�WR�XV�WKH�LQFUHGLEOH�DFFXUDF\�RI�WKH�7,
V�IORDWLQJ�SRLQW�URXWLQHV�

1.30.2. Amazing Accu racy

2QFH��ZH�ZHUH�FUHDWLQJ�D�OLWWOH�XWLOLW\�IRU�;%�XVHUV��GHVLJQHG�WR�SODFH�PXVLFDO�QRWH�YDOXHV�LQWR�DQ�DUUD\
YDULDEOH��7KH�;%�SURJUDP�ZRXOG�JLYH�XV�D�VWDUWLQJ�QRWH�YDOXH�DQG�WKH�QXPEHU�RI�RFWDYHV�WR�ILOO�LQ�WKH
DUUD\��WKHQ�ZH�ZRXOG�WDNH�WKDW�VWDUWLQJ�QXPEHU�DQG�PXOWLSO\�LW�UHSHDWHGO\�E\�WKH�WZHOIWK�URRW�RI�WZR�WR
PDNH�DOO�WKH�KDOI�WRQH�VWHSV��7KH�WZHOIWK�URRW�RI�WZR�LV�WKH�QXPEHU��������������:H�H[SUHVVHG�WKDW
QXPEHU�LQ�5DGL[�����QRWDWLRQ�LQ�RXU�VRXUFH�ILOH�ZLWK�WHQ�VLJQLILFDQW�GLJLWV��:KDW�KDSSHQV�ZLWK�UHSHDWHG
PXOWLSOLFDWLRQ�E\�WKLV�QXPEHU�LV�WKDW�HYHU\�WZHOIWK�WLPH��WKH�QXPEHU�GRXEOHV���H�J������PXOWLSOLHG�E\�WKH
WZHOIWK�URRW�RI�WZR�WZHOYH�WLPHV�HTXDOV������RU����WLPHV�HTXDOV������DQG�VR�RQ���:H�IRXQG�WKDW��XVLQJ�WKH
7,
V�)08/�URXWLQH��PDNLQJ�D�VHYHQ�RFWDYH�UXQ��RU�PXOWLSO\LQJ����WLPHV�LQ�VXFFHVVLRQ��WKHQ�URXQGLQJ�WKH
UHVXOW��WKH�UHVXOW�ZDV�H[DFWO\�FRUUHFW��2I�FRXUVH�ZLWKRXW�WKH�URXQGLQJ��WKHUH�LV�VRPH�FXPXODWLYH�HUURU�LQ
WKH�ODVW�FRXSOH�RI�GHFLPDO�SODFHV��EXW�\RX�FDQ�XVH�WKH�7,
V�RZQ�XWLOLWLHV�WR�JHW�UHVXOWV�PRUH�DFFXUDWH�WKDQ
PRVW�3&�EDVLF�SURJUDPV�ZRXOG�\LHOG��7KH�URXQGLQJ�ZDV�GRQH�E\�DGGLQJ����WR�WKH�UHVXOW�QXPEHU��WKHQ
XVLQJ�RXU�RZQ��LQW��IXQFWLRQ��ZKLFK�ZRUNHG�IDVWHU�WKDQ�WKH�IXQFWLRQ�SURYLGHG�E\�WKH��JUHDWHVW�LQWHJHU�
IXQFWLRQ�ZLWK�*3//1.��-XVW�ORRNLQJ�DW�UDZ�QXPEHUV��ZLWKRXW�URXQGLQJ��WKH�3&�EDVLF�RQ�RXU�WUXVW\
ODSWRS�JDYH�D�UHVXOW�RI�����������DIWHU�D�VHYHQ�RFWDYH�UXQ��ZKLOH�WKH�7,�JDYH�WKH�UHVXOW�DV�������������
ZKLFK�LV�D�PXFK�PRUH�DFFXUDWH�QXPEHU��RII�E\�RQO\�������IURP�WKH�H[DFW�H[SHFWHG�UHVXOW�
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1.30.3. How To Use Them

,Q�WRGD\
V�6LGHEDU�DUH�D�FRXSOH�RI�VPDOO�H[DPSOHV�WDNHQ�IURP�VRPH�RI� RXU�UHFHQW�ZRUN�RQ�WRROV� IRU
0,',�0DVWHU��1RWH�WKDW�LQ�WKHVH�FDVHV�ZH�GLGQ
W�KDYH�WR�FUHDWH�DQ\�IORDWLQJ�SRLQW�QXPEHUV�RXUVHOYHV�
H[FHSW�IRU�WKH�YDOXH�����XVHG�LQ�URXQGLQJ��EXW�MXVW�XVHG�7,
V�URXWLQHV��7DNLQJ�QXPEHUV�IURP�WKH�VFUHHQ
RU�IURP�DQ\ZKHUH�LQ�9'3�PHPRU\�ZDV�YHU\�HDV\�XVLQJ�WKH�&61�URXWLQH��:H�SURYLGH�D�SRLQWHU�WR�WKH
ORFDWLRQ�RI�WKH�VWULQJ�LQ�9'3�5$0��DQG�OHW�WKH�URXWLQH�GR�WKH�ZRUN�RI�WXUQLQJ�WKDW�LQWR�D�IORDWLQJ�SRLQW
QXPEHU��7KLV� URXWLQH� UHDGV� WKH�QXPEHU� IURP�9'3��DQG� VWRSV�ZKHQ� LW� ILQGV� D� VSDFH� RU� VRPH�RWKHU
FKDUDFWHU�WKDW
V�QRW�D�YDOLG�QXPHULF�FKDUDFWHU��,I�WKH�VWULQJ�SUHVHQWHG�LV�QRW�D�YDOLG�QXPEHU��WKH�URXWLQH
UHWXUQV���DW�ORFDWLRQ�)$&��DQG�WKLV�FDQ�EH�XVHG�DV�DQ�LQGLFDWLRQ�WKDW�QR�YDOLG�QXPEHU�ZDV�SUHVHQW��XQOHVV
RI�FRXUVH���LV�D�YDOLG�HQWU\�DQ\ZD\��,Q�WKH�H[DPSOH�VKRZQ�IRU�D�XVHU�LQSXW�QXPEHU����ZDV�QRW�D�YDOLG
HQWU\��VR�ILQGLQJ�WKDW�)$&� ���ZRXOG�FDXVH�RXU�SURJUDP�WR�UHSODFH�WKH�GHIDXOW�VWULQJ�LQ�WKH�LQSXW�ILHOG
DQG�PDNH�WKH�XVHU�UH�HQWHU�HLWKHU�WKH�GHIDXOW�RU�VRPH�RWKHU�YDOLG�QXPEHU�

7KLV�FRQYHUVLRQ�URXWLQH�ZLOO�DOVR�ZRUN�FRUUHFWO\�LI�WKH�VWULQJ�LV�D��VFLHQWLILF�QRWDWLRQ��QXPEHU��VXFK�DV
����(���ZKLFK�ZLOO�\LHOG������DV�D�IORDWLQJ�SRLQW�QXPEHU��,W�ZRUNV�HTXDOO\�ZHOO�IRU�QHJDWLYH�QXPEHUV��DQG
VR�RQ�

7KH�FRPSDQLRQ�VHUYLFH��FRQYHUW�QXPEHU�WR�VWULQJ��DOVR�FRPHV�LQ�DZIXOO\�KDQG\��7KLV�JLYHV�XV�D�UHDOO\
TXLFN�ZD\�WR�SXW�IORDWLQJ�SRLQW�QXPEHUV�RQ�VFUHHQ�DV�VWULQJV��ZLWKRXW�KDYLQJ�WR�GHYHORS�DQ\�VXFK�URXWLQHV
IRU�RXUVHOYHV��2QH�VPDOO�FDXWLRQ�PXVW�EH�REVHUYHG�DERXW�WKH�VWULQJV�FUHDWHG�E\�&16��7KLV�VHUYLFH�UHVHUYHV
D�OHDGLQJ�VSDFH�IRU�WKH�PLQXV�VLJQ��DQG�WKXV�IRU�SRVLWLYH�QXPEHUV�WKH�VWULQJ�ZLOO�KDYH�D�VSDFH�LQ�LWV�ILUVW
FKDUDFWHU�� ,Q� WKH� H[DPSOH� VKRZQ�� ZH� ZHUH� ZRUNLQJ� ZLWK� QXPEHUV� WKDW� ZHUH� DOZD\V� SRVLWLYH�� DQG
0,',�0DVWHU�ZRXOG�EDON�LI�WKHUH�ZHUH�D�OHDGLQJ�VSDFH�EHIRUH�WKH�QXPEHU��VR�ZH�VLPSO\�LQFUHPHQWHG�RXU
SRLQWHU�EHIRUH�GLVSOD\LQJ�WKH�VWULQJ��VR�DV�WR�HOLPLQDWH�WKH�VSDFH��'RLQJ�WKLV�FDQ�DOVR�SHUIRUP�D�NLQG�RI
�DEVROXWH�YDOXH��IXQFWLRQ��E\�VLPSO\�LJQRULQJ�WKH�PLQXV�VLJQ�LI�LW
V�WKHUH�DV�WKH�ILUVW�VWULQJ�FKDUDFWHU�

,QWHJHU�QXPEHUV�FDQ�DOVR�EH�FRQYHUWHG�LQWR�VWULQJV��DQG�LQ�WZR�ZD\V��7KH�LQWHJHU�FDQ�ILUVW�EH�SODFHG�DW
)$&�DQG�WKHQ�FRQYHUWHG�WR�)3��DQG�WKHQ�WR�D�VWULQJ��7KLV�ZLOO�SURGXFH�D�QXPHULF�VWULQJ�WKDW�UHFRJQL]HV
WKH�VLJQ�RI�WKH�LQWHJHU�\RX�VWDUWHG�ZLWK��DQG�UHSRUWV�VWULQJV�DV���WKURXJK�������RU����WKURXJK���������<RX
FDQ�JHW�WKH�FRPSXWHU�WR�LJQRUH�WKH�VLJQ�DQG�SURGXFH�D�VWULQJ�UDQJLQJ�IURP���WKURXJK�������E\�XVLQJ�WKH
XQGRFXPHQWHG�IHDWXUH�SURYLGHG�XV�E\�0HUOH�9RJW��)RU�WKLV��WKH�LQWHJHU�LV�SODFHG�DW�!���(��WKHQ�*3//1.
LV�FDOOHG�WR�PDNH�WKH�FRQYHUVLRQ�DV�VKRZQ�LQ�WKH�6LGHEDU��,Q�WKLV�FDVH��WKH�VWULQJ�LV�DOZD\V���RU�SRVLWLYH�
DQG�WKHUH
V�QR�OHDGLQJ�VSDFH�WR�FRQWHQG�ZLWK�

)RU�WKRVH�LQWHUHVWHG��WKH�GHWDLOV�IRU�XVH�RI�WKHVH�URXWLQHV�LV�RQ�SDJHV�����WKURXJK�����LQ�WKH�(�$�PDQXDO�
7KHUH�LV�D�ZDUQLQJ�SURYLGHG�RQ�SDJH�����FRQFHUQLQJ�WKH�XVH�RI�WKH�&,)�URXWLQH�ZKHQ�ZRUNLQJ�IURP�DQ
([WHQGHG�%DVLF�HQYLURQPHQW��7KLV�ZDUQLQJ�FDQ�VDIHO\�EH�LJQRUHG�XQGHU�VRPH�FLUFXPVWDQFHV��:H�KDYH
EHHQ�DEOH�WR�XVH�WKHVH�URXWLQHV�VDIHO\�HYHQ�ZKHQ�DQ�2SWLRQ���3URJUDP�)LOH�ZDV�ORDGHG�DQG�UXQ�IURP
([WHQGHG�%DVLF��SURYLGHG�RQO\�WKDW�ZH�GXPSHG�WKH�(�$�XWLOLWLHV�VWDUWLQJ�DW�!�����DQG�UXQQLQJ�WKURXJK
!��%$�LQWR�ORZ�PHPRU\���:H�FRYHUHG�KRZ�WR�GR�WKLV�LQ�DQ�HDUOLHU�FROXPQ�LQ�WKLV�VHULHV���7KH�IDFW�WKDW
WKLV�DOO�ZRUNHG�ZDV�RQH�RI�WKRVH�SOHDVDQW�OLWWOH�VXUSULVHV�WKDW�FRPH�DORQJ�HYHU\�QRZ�DQG�WKHQ��$QRWKHU
H[DPSOH�IRU�WKH��ZH�OHDUQ�VRPHWKLQJ�HYHU\�GD\��FDWHJRU\�



The Cyc: MICROpendium

:H
YH�JRQH�RQ�DW�VRPH�OHQJWK�DERXW�WKLV�WRSLF��EXW�VWLOO�KDYH�WKH�IHHOLQJ�RI�KDYLQJ�MXVW�VWDUWHG��3HUKDSV
ZH
OO�FRQWLQXH�WKLV�VXEMHFW�LQ�D�IXWXUH�DUWLFOH�

*  SIDEBAR 30
*
*  SOME EXAMPLES OF USING EXISTING
*  CONSOLE ROUTINES
*  PUBLIC DOMAIN
*
*  CODE BY B. HARRISON EXCEPT WHERE NOTED
*
*
*  FIRST, SOME EQUATES USED
*
*
CNS    EQU  >0014   CONVERT NUMBER TO STRING (W/GPLLNK)
CFI    EQU  >1200   CONVERT FLOATING POINT TO INTEGER
FAC    EQU  >834A   FLOATING POINT ACCUMULATOR
ARG    EQU  >835C   FLOATING POINT ARGUMENT
CSN    EQU  >1000   CONVERT STRING TO NUMBER (W/XMLLNK)
INT    EQU  >0022   FIND LARGEST INTEGER IN F.P. NUMBER (W/GPLLNK)
FADD   EQU  >0600   FLOATING POINT ADDITION (XMLLNK)
FMUL   EQU  >0800   FLOATING POINT MULTIPLY (XMLLNK)
FDIV   EQU  >0900   FLOATING POINT DIVIDE   (XMLLNK)
FAC11  EQU  >8355   LSB ADDRESS FOR CNS
FAC12  EQU  >8356   STRING LEN FOR CNS
*
*  FOLLOWING DISPLAYS A NUMBER USING AN
*  UNDOCUMENTED FEATURE WITH GPLLNK
*  BY CONVERTING THE INTEGER PLACED AT
*  >835E INTO A STRING, WHICH IS THEN
*  DISPLAYED AT ROW 12, COLUMN 7
*  THE NUMBER IS DISPLAYED AS AN UNSIGNED
*  INTEGER FROM 0 THROUGH 65535
*  THANKS TO MERLE VOGT FOR THIS ONE!
*
*
       LI   R0,11*32+6   SET R0, ROW 12, COL 7
       MOV  @NUMBER,@>835E  PLACE NUMBER AT >835E
       CLR  @>837C       CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPLLNK
       DATA >2F7C        TO CONVERT INTEGER TO STRING (UNDOCUMENTED)
       MOVB @>8361,R2    GET STRING LENGTH
       SRL  R2,8         RIGHT-JUSTIFY
       MOVB @>8367,R1    GET LOW BYTE OF ADDRESS
       SRL  R1,8         RIGHT-JUSTIFY
       AI   R1,>8300     ADD >8300 HIGH BYTE
       BLWP @VMBW        WRITE STRING TO SCREEN
*
*
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*  FOLLOWING GETS A NUMBER FROM A DISPLAYED STRING,
*  THEN CONVERTS THAT TO AN INTEGER IN R5
*  (ON ENTRY, R0 POINTS TO NUMBER'S SCREEN LOCATION)
*  (ON EXIT, INTEGER VALUE IS IN R5 AND AT FAC)
*
GETNUM
       MOV  R0,@FAC12    PLACE SCREEN ADDRESS AT >8356
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CSN          TO CONVERT STRING TO NUMBER
*  AT THIS POINT, FAC CONTAINS NUMBER IN FLOATING POINT
*  FORMAT, AS EIGHT BYTES IN RADIX 100 NOTATION
       BLWP @XMLLNK      USE XML AGAIN
       DATA CFI          TO CONVERT FLOATING POINT TO INTEGER
       MOV  @FAC,R5      MOVE INTEGER TO R5
       RT                RETURN
*
*
*  ANOTHER WAY TO DISPLAY A NUMBER
*  THIS ONE DISPLAYS A FLOATING POINT NUMBER
*  BY CONVERTING IT TO A STRING
*
*
       LI   R0,11*32+6   POINT AT ROW 12, COL 7
       MOVB @ZERO,@FAC11 PLACE A ZERO AT >8355
       CLR  @STATUS      CLEAR THE GPL STATUS BYTE
       BLWP @GPLLNK      USE GPL LINKAGE
       DATA CNS          TO CONVERT NUMBER AT FAC TO STRING
       MOVB @FAC12,R2    GET STRING LENGTH
       SRL  R2,8         RIGHT JUSTIFY
       MOVB @FAC11,R1    GET LOW BYTE OF STRING ADDRESS
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,>8300     ADD >8300 AS HIGH BYTE
*  FOLLOWING TWO LINES ARE USED IF
*  WE WANT TO IGNORE THE SIGN OF THE NUMBER
*  WITHOUT THESE TWO LINES, POSITIVE NUMBERS
*  ARE DISPLAYED WITH A LEADING SPACE,
*  NEGATIVE NUMBERS WITH A MINUS SIGN
       INC  R1           POINT TO 2ND CHARACTER IN STRING
       DEC  R2           DECREMENT LENGTH BY ONE
       BLWP @VMBW        DISPLAY THE STRING
*
*
* THE FOLLOWING ARE EXCERPTS FROM "TOOL4"
* AN ASSEMBLY PROGRAM THAT PROVIDED "DELAY CONVERSION"
* FOR MIDI-MASTER MUSIC SOURCE FILES
*
*
*  FIRST PART PLACES A DEFAULT CONVERSION FACTOR (2.5)
*  ON THE SCREEN, THEN ACCEPTS A USER INPUT
*
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*
       LI   R0,8*32+20   POINT AT ROW 9, COL 21
CHO3   LI   R1,T5STR     POINT AT DEFAULT NUMBER (2.5)
       BL   @DISSTR      DISPLAY THAT
       LI   R4,6         SIX CHARACTERS MAX
       BL   @CRSIN       ACCEPT INPUT
       MOV  R0,@FAC12    MOVE START ADDRESS TO >8356
       BLWP @XMLLNK      USE XML LINK
       DATA CSN          TO CONVERT STRING TO FLOATING POINT NUMBER
       MOV  @FAC,R4      MOVE THE WORD AT FAC
       JEQ  CHO3         IF THAT'S ZERO, INVALID ENTRY
       LI   R9,FAC       ELSE POINT TO FAC
       LI   R10,TWOPT5   AND TO STORAGE PLACE
       LI   R4,8         EIGHT BYTES
       BL   @MOVBTS      MOVE THAT FP NUMBER TO STORAGE
*
* THE PROGRAM READS THE MUSIC SOURCE FILE INTO MEMORY
*
* THE PROGRAM IS WRITING THE FILE FROM MEMORY BACK TO DISK
* WHERE WE RE-JOIN THE ACTION
*
* AT THIS POINT, WE'VE FOUND A FILE RECORD THAT
* CONSISTS OF "#DELAY=" PLUS A NUMBER
* AND PLACED THAT RECORD AT LABEL TEMSTR
* THE PROGRAM WILL EITHER MULTIPLY OR DIVIDE
* THE NUMBER AFTER "#DELAY=" BY THE USER INPUT
* OBTAINED IN THE PREVIOUS "SNIPPET"
*
       LI   R0,21*32+8   POINT AT ROW 22, COL 9
       LI   R4,24        24 CHARACTER FIELD
       BL   @CLRFLD      CLEAR THAT FIELD
       LI   R1,TEMSTR    POINT AT TEMPORARY STRING
       BL   @DISSTR      DISPLAY THE STRING
       AI   R0,7         ADD 7 TO POINT AT NUMERIC PART
       MOV  R0,@FAC12    PLACE THAT ADDRESS AT >8356
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CSN          TO CONVERT STRING TO F.P. NUMBER
       LI   R9,FAC       POINT AT NUMBER IN FAC
       LI   R10,ARG      AND AT ARG LOCATION
       LI   R4,8         EIGHT BYTES TO MOVE
       BL   @MOVBTS      MOVE F.P. NUMBER FROM FAC TO ARG
       LI   R9,TWOPT5    POINT AT USER'S INPUT CORRECTION NUMBER
       LI   R10,FAC      AND AT FAC
       LI   R4,8         EIGHT BYTES
       BL   @MOVBTS      PLACE USER'S NUMBER AT FAC
       MOV  @BFLG,R4     CHECK FOR MULT OR DIV
       JEQ  DIV          IF ZERO, DIVIDE
*
* BFLG SIMPLY INDICATES WHETHER A MULTIPLY OR DIVIDE IS NEEDED
* DEPENDING ON AN EARLIER USER INPUT (NOT SHOWN)
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*
       BLWP @XMLLNK      ELSE USE XML
       DATA FMUL         TO MULTIPLY
       JMP  RNDOFF       THEN JUMP AHEAD
DIV    BLWP @XMLLNK      USE XML
       DATA FDIV         TO DIVIDE ARG BY FAC
*
* CODE STARTING AT RNDOFF CORRECTLY ROUNDS THE RESULTING NUMBER
* BY FIRST ADDING 0.5, THEN TAKING THE INT OF THAT NUMBER
*
RNDOFF
       LI   R9,FPHALF    POINT AT FLOATING POINT NUMBER 0.5
       LI   R10,ARG      AND AT ARG
       LI   R4,8         EIGHT BYTES
       BL   @MOVBTS      MOVE 0.5 F.P. INTO ARG
       BLWP @XMLLNK      USE XML
       DATA FADD         TO ADD .5 TO RESULT OF ABOVE
       CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPLLNK
       DATA INT          TO FIND LARGEST INTEGER
*
*  CODE FROM HERE ON CONVERTS THE NEW NUMBER TO A STRING,
*  PLACES THE NEW NUMBER STRING INTO THE FILE RECORD FOR
*  OUTPUT, AND WRITES THAT RECORD TO THE OUTPUT FILE
*
*
* PORTION OF DATA PART OF TOOL4 SOURCE CODE
*
FPHALF BYTE 63,50,0,0,0,0,0,0 THE NUMBER 0.5 IN FLOATING POINT FORMAT
TWOPT5 BSS  8             STORAGE FOR USER'S CONVERSION FACTOR AS F.P. NUMBER
TEMSTR BSS  81            TEMPORARY STRING STORAGE LOCATION
DELSTR BYTE 7             STRING LENGTH
       TEXT '#DELAY='     COMPARISON SUB-STRING TO FIND RECORDS OF INTEREST
T5STR  BYTE 3             STRING LENGTH
       TEXT '2.5'         DEFAULT CONVERSION FACTOR STRING
*
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1.31. The Art Of Assembly — Part 31. "This Is A Football"

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7KLV�PRQWK�ZH
OO�VWDUW�ZLWK�D�VKRUW�VWRU\��MXVW�WR�KDYH�D�ODXJK�EHIRUH�WKH�VHULRXV�VWXII�VWDUWV��7KH�VWRU\
JRHV�WKDW�WKH�OHJHQGDU\�IRRWEDOO�FRDFK�9LQFH�/RPEDUGL�RQFH�JRW�VR�GLVJXVWHG�ZLWK�KLV�WHDP
V�SHUIRUPDQFH
LQ�D�JDPH�WKDW�KH�FDOOHG�D�0RQGD\�PRUQLQJ�PHHWLQJ�DQG�DQQRXQFHG�WKDW��:H�DUH�JRLQJ�EDFN�WR�WKH
IXQGDPHQWDOV���+H�KHOG�XS�D�IRRWEDOO�DQG�VSRNH�YHU\�VORZO\�DQG�FOHDUO\���*HQWOHPHQ��WKLV�LV�D�IRRWEDOO��
$�YRLFH�IURP�D�SOD\HU�LQ�WKH�EDFN�RI�WKH�URRP�SLSHG�XS���:DLW�D�PLQXWH��FRDFK��\RX
UH�JRLQ
�WRR�IDVW���7KHUH
ZDV�D�PRPHQW�RI�IHDUIXO�VLOHQFH�IURP�DOO�WKH�SOD\HUV��WKHQ�FRDFK�/RPEDUGL�MXVW�VWDUWHG�WR�ODXJK��DQG�DOO
MRLQHG�LQ�

7KLV�PRQWK�ZH
UH�VWDUWLQJ�DW�WKH�EHJLQQLQJ��IRU�WKRVH�ZKR�KDYH�QHYHU�WULHG�$VVHPEO\��,Q�WKH�UHVW�RI�WKLV
FROXPQ��ZH�ZLOO�PDNH�HYHU\�HIIRUW�QRW�WR��JR�WRR�IDVW��IRU�DQ\�RI�RXU�UHDGHUV��:H�DOO�NQRZ�WKDW�$VVHPEO\
LV�QRW�DQ�HDV\�ODQJXDJH�WR�OHDUQ��DQG�WKDW�PDVWHULQJ�LW�LV�D�WHUP�ZH�VLPSO\�GRQ
W�XVH��0DQ\�UHDGHUV�KDYH
FRQWDFWHG�XV�WR�VD\�WKDW��ZKLOH�WKH\�HQMR\�UHDGLQJ�WKHVH�FROXPQV��WKH\�GRQ
W�UHDOO\�XQGHUVWDQG�WKH�VXEMHFW
PDWWHU��:H�KRSH�WKLV�RQH�ZLOO�EH�HDV\�WR�JUDVS�IURP�EHJLQQLQJ�WR�HQG�

1.31.1. Just What Is Assembly, Anyway?

%DFN�LQ�WKH�EDG�ROG�GD\V�ZKHQ�GLJLWDO�FRPSXWHUV�ZHUH�ILUVW�EHLQJ�SURGXFHG��WKHUH�ZDV�QR�VXFK�WKLQJ�DV
$VVHPEO\�/DQJXDJH��3URJUDPPHUV�KDG�WR�ZULWH�WKHLU�FRGH�LQ�DFWXDO�PDFKLQH�ODQJXDJH��PDNLQJ�HDFK
LQVWUXFWLRQ�LQ�ELQDU\�QRWDWLRQ��7KLV�ZDV�D�YHU\�WHGLRXV�ZD\�RI�PDNLQJ�SURJUDPV��DQG�VLQFH�ELQDU\�LV�D
YHU\�XQIULHQGO\�V\VWHP�RI�QXPEHUV�IRU�KXPDQV�WR�GHDO�ZLWK��HUURUV�LQ�FRGLQJ�ZHUH�WKH�UXOH�UDWKHU�WKDQ
WKH�H[FHSWLRQ��0LQRU�LPSURYHPHQWV�FDPH�DORQJ��ZLWK�XVH�RI�HLWKHU�RFWDO�RU�KH[DGHFLPDO�FRGLQJ��EXW�VWLOO
WKH�ZRUN�ZDV�WHGLRXV�DQG�HUURU�SURQH�

7KH�LQWURGXFWLRQ�RI�$VVHPEO\�ZDV�D�UHDO�EOHVVLQJ��VLQFH�LW�DOORZHG�WKH�XVH�RI�PQHPRQLF�V\PEROV�WKDW�ZHUH
KXPDQ�UHDGDEOH�WR�UHSUHVHQW�TXDQWLWLHV�DQG�DGGUHVVHV�LQ�WKH�VRXUFH�FRGH��1RZ�WKH�SURJUDPPHU�FRXOG
ZRUN�ZLWK�D�VRUW�RI�ZRUGV�FRQVLVWLQJ�RI�OHWWHUV�WKDW�PHDQW�VRPHWKLQJ��,W
V�D�ORW�HDVLHU��DIWHU�DOO��WR�UHFRJQL]H
WKH� ZRUG� )$&� LQ� D� VRXUFH� ILOH� WKDQ� WR� SLFN� RXW� WKH� DGGUHVV� ZULWWHQ� DV� WKH� ELQDU\� QXPEHU
��������������������7KDW
V�!���$��LQFLGHQWDOO\���$VVHPEO\�DOORZHG�WKH�SURJUDPPHU�WR�ZRUN�ZLWK�D�NLQG
RI�TXDVL�(QJOLVK�ODQJXDJH��WKHQ�OHW�WKH�$VVHPEOHU�FRQYHUW�WKH�FRGH�LQWR�WKH�ELQDU\�QXPEHUV�WKDW�WKH
FRPSXWHU�XQGHUVWDQGV�

$V�ZLWK�ODEHOV�IRU�DGGUHVVHV��$VVHPEO\�DOORZHG�PQHPRQLFV�WR�UHSUHVHQW�WKH�PDFKLQH�LQVWUXFWLRQV�DV�ZHOO�
VR�WKDW�DQ�LQVWUXFWLRQ�LQ�VRXUFH�FRGH�FRXOG�UHDG�/,�5������LQVWHDG�RI�WKH�ELQDU\������������������
������������������RU�WKH�KH[������))))��$V�P\VWHULRXV�DQG�WHUVH�DV�$VVHPEO\�VRXUFH�FRGH�PD\�EH�ZKHQ
FRPSDUHG�WR�ODQJXDJHV�OLNH�%DVLF��LW
V�VWLOO�OLJKW�\HDUV�DKHDG�RI�WKH�ELQDU\�RU�KH[�UHSUHVHQWDWLRQV�RI�WKH
VDPH�DGGUHVVHV�RU�LQVWUXFWLRQV��$VVHPEO\��WKHQ�LV�D�ODQJXDJH�UHDGDEOH�E\�KXPDQV��ZKLFK�FDQ�EH�UHDGLO\
WUDQVODWHG�E\�WKH�$VVHPEOHU�LQWR�PDFKLQH�FRGH�LQ�WKH�ELQDU\�QRWDWLRQ�
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1.31.2. Some Terminology

2QH�RI�WKH�WKLQJV�RQH�HQFRXQWHUV�ZKHQ�WU\LQJ�WR�OHDUQ�DQ\�ODQJXDJH�LV�WKH�GLIIHUHQFH�EHWZHHQ�QRXQV�DQG
YHUEV��DGMHFWLYHV�DQG�DGYHUEV��DQG�VR�RQ��,Q�KXPDQ�ODQJXDJHV�WKHVH�DUH�FDOOHG� �SDUWV�RI�VSHHFK��� ,Q
$VVHPEO\��ZH
OO�MXVW�XVH�WKH�ZRUG�WHUPLQRORJ\��+HUH
V�D�VKRUW�JORVVDU\�RI�WHUPV�WKDW�DUH�XVHG�HYHU\�GD\�LQ
$VVHPEO\�SURJUDPPLQJ�

/$%(/�³�D�VKRUW�KXPDQ�UHDGDEOH�TXDVL�(QJOLVK�ZRUG�WKDW�FDQ�UHSUHVHQW�D�ORFDWLRQ��DGGUHVV��LQ�PHPRU\
RU�D�TXDQWLW\��7KH�SURJUDPPHU�XVXDOO\�LQYHQWV�KLV�RZQ�ODEHOV��2Q�WKH�7,��WKHVH�PXVW�EHJLQ�ZLWK�D�FDSLWDO
OHWWHU��DQG�PD\�QRW�EH�ORQJHU�WKDQ�VL[�FKDUDFWHUV�

,16758&7,21�³�DQ�DEEUHYLDWLRQ�WKDW�UHSUHVHQWV�DQ�RSHUDWLRQ�WR�EH�SHUIRUPHG�E\�WKH�FRPSXWHU�

(;35(66,21�³�XVXDOO\� D�QXPEHU�RU� D� FRPELQDWLRQ�RI�QXPEHUV� RU� ODEHOV� WKDW� WKH�DVVHPEOHU� FDQ
FDOFXODWH�LQWR�DQ�DGGUHVV�

$''5(66�³�D�VSHFLILF�SODFH�LQ�WKH�FRPSXWHU
V�PHPRU\��HLWKHU�D�E\WH�ORFDWLRQ�RU�D�ZRUG�ORFDWLRQ�

%,7�³�FRQWUDFWLRQ�IRU�%LQDU\�'LJLW��$�WZR�VWDWH�TXDQWLW\�WKDW�PD\�RQO\�KDYH�WKH�YDOXHV���RU���

%<7(�³�D�JURXS�RI�HLJKW�ELWV�WUHDWHG�DV�D�XQLW��0D\�WDNH�RQ�YDOXHV�IURP���WKURXJK�����

:25'�³�D�JURXS�RI�VL[WHHQ�ELWV�WUHDWHG�DV�D�XQLW��0D\�WDNH�RQ�YDOXHV�IURP���WKURXJK����������2Q�VRPH
FRPSXWHUV��VXFK�DV�WKH�ELJ��PDLQIUDPH��XQLWV��WKH�ZRUG�OHQJWK�FDQ�EH������������RU����ELWV��

',5(&7,9(�³�DQ�LQVWUXFWLRQ�WR�EH�H[HFXWHG�E\�WKH�$VVHPEOHU��QRW�WKH�DVVHPEOHG�SURJUDP�

),(/'6�³�WKH�GLIIHUHQW�SDUWV�RI�D�OLQH�LQ�WKH�VRXUFH�FRGH�

/$%(/�),(/'�³�WKH�YHU\�EHJLQQLQJ�RI�D�OLQH�LQ�WKH�VRXUFH�FRGH���0RVW�OLQHV�GR�QRW�FRQWDLQ�D�ODEHO��

23&2'(�),(/'�³�WKH�LQVWUXFWLRQ�SDUW�RI�WKH�OLQH�

23(5$1'�),(/'�³�WKH�QXPEHUV��ODEHOV��RU�H[SUHVVLRQV�XSRQ�ZKLFK�WKH�RSHUDWLRQ�LV�WR�EH�SHUIRUPHG�

5(*,67(5�³�D�VSHFLDO�SXUSRVH�ZRUG�RI�PHPRU\��RQ�ZKLFK�FHUWDLQ�RSHUDWLRQV�FDQ�EH�SHUIRUPHG�WKDW
FDQQRW�EH�SHUIRUPHG�RQ�ZRUGV�LQ�RUGLQDU\�PHPRU\

:25.63$&(�³�2Q� WKH�7,�� WKLV� LV� D� VHW� RI� VL[WHHQ� UHJLVWHUV�� 7KH� XVHU� FDQ� VHOHFW� DQ\� SDUW� RI� WKH
DGGUHVVDEOH�5$0�PHPRU\�DV�D�ZRUNVSDFH�IRU�KLV�XVH���2Q�PRVW�RWKHU�FRPSXWHUV��ZRUNVSDFH�UHJLVWHUV�DUH
QRW�DVVLJQDEOH��EXW�DUH�FRQVLGHUHG�SDUW�RI�WKH�&38
V�SULYDWH�UHVHUYH�RI�PHPRU\��

7KHUH�DUH�DGGLWLRQDO�WHUPV�VRPHWLPHV�XVHG��EXW�ZH
OO�WU\�WR�H[SODLQ�WKRVH�ZKHQ�XVHG��UDWKHU�WKDQ�H[WHQG
WKH�JORVVDU\�



The Cyc: MICROpendium

1.31.3. Uses For Labels

7KRVH�ZKR�SURJUDP�LQ�%DVLF�DUH�IDPLOLDU�ZLWK�WKH�FRQFHSWV�RI�OLQH�QXPEHUV�DQG�YDULDEOHV��7KH�/DEHOV
XVHG�LQ�$VVHPEO\�ODQJXDJH�FDQ�VHUYH�DV�OLQH�QXPEHUV��YDULDEOH�QDPHV��RU�HYHQ�DV�FRQVWDQWV��GHSHQGLQJ
KRZ�WKH\
UH�XVHG�LQ�WKH�VRXUFH�FRGH�FRQWH[W��+HUH�DUH�WKUHH�H[DPSOHV�WR�LOOXVWUDWH�WKHVH�WKUHH�XVHV�

(;$03/(���³�ODEHO�XVHG�OLNH�D�OLQH�QXPEHU

KEYIN BLWP @KSCAN Scan the keyboard
CB   @STATUS,@ANYKEY see if a key is struck
JNE  KEYIN If not, go back to label KEYIN

(;$03/(���³�ODEHO�XVHG�OLNH�D�YDULDEOH�QDPH

INC  @COUNT add one to the variable count
...

COUNT DATA 0 One word of memory reserved as variable

(;$03/(���³�ODEHO�XVHG�DV�D�FRQVWDQW

BUF EQU  >1050 Make the word BUF represent >1050
...
LI   R0,BUF load register zero with the value BUF

(DFK�RI�WKHVH�H[DPSOHV�LV�RI�FRXUVH�MXVW�D�IUDJPHQW�RI�VRXUFH�FRGH��DQG�ZRXOG�UHVXOW�LQ�MXVW�RQH�WLQ\
RSHUDWLRQ�ZKHQ�DVVHPEOHG��([DPSOH���ZRXOG�VLPSO\�FDXVH�WKH�FRPSXWHU�WR�ORRS�HQGOHVVO\�EHWZHHQ�WKH
ODEHO�.(<,1�DQG�WKH�-1(�LQVWUXFWLRQ�XQWLO�WKH�XVHU�VWULNHV�D�NH\�RQ�WKH�NH\ERDUG��7KH�ODEHOV�67$786
DQG�$1<.(<�DUH�XVHG�KHUH�DV�D�FRQVWDQW�DQG�D��YDULDEOH���UHVSHFWLYHO\��7KH�ODEHO�.6&$1�LV�D�FRQVWDQW
WKDW
V�XVXDOO\�VHW�E\�D�5()�GLUHFWLYH�

7KH�VPDOO�ORRS�LQ�([DPSOH���LV�HTXLYDOHQW�WR�DQ�([WHQGHG�%DVLF�OLQH�OLNH�WKLV�

120 CALL KEY(0,K,S):: IF S<>1 THEN 120

([DPSOH���LV�RQH�RI�WKH�VLPSOHVW�RSHUDWLRQV�SRVVLEOH��VLQFH�LW�VLPSO\�DGGV�RQH�WR�WKH�YDOXH�RI�D�YDULDEOH
VWRUHG�DW�WKH�ZRUG�ORFDWLRQ�QDPHG�&2817��,Q�;%��LW�ZRXOG�EH�&2817� �&2817�����

([DPSOH���KDV�QR�GLUHFW�HTXLYDOHQW�LQ�;%��EHFDXVH�;%�GRHVQ
W�DOORZ�WKH�XVHU�WR�PHVV�DURXQG�ZLWK�LWV
ZRUNVSDFH� UHJLVWHUV��:KDW� WKH� H[DPSOH�GRHV� LV� WR�SODFH� WKH�YDOXH�!����� LQWR� WKH� ILUVW�ZRUG� LQ� WKH
ZRUNVSDFH��ZKLFK�LV�LGHQWLILHG�E\�WKH�QDPH�5���(DFK�ZRUG�LQ�WKH�ZRUNVSDFH�FDQ�EH�LGHQWLILHG�LQ�WKH�VRXUFH
FRGH�E\�D�VLPSOH�ODEHO�OLNH�5���5���������5����7KH�$VVHPEOHU�ZLOO�DOORZ�WKH�5�WR�EH�RPLWWHG�IURP�WKHVH�ODEHOV�
VR�WKDW�5���FRXOG�EH�VKRZQ�DV�VLPSO\������:H�ILQG�WKLV�WRR�FRQIXVLQJ�IRU�XV��HYHQ�LI�LW
V�QRW�FRQIXVLQJ�WR
WKH�$VVHPEOHU��VR�ZH�DOZD\V�XVH�WKRVH�5V��DQG�XVH�WKH�5�RSWLRQ�RQ�WKH�$VVHPEOHU��
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1.31.4. A Little Exercise

$UH�ZH��JRLQ
�WRR�IDVW�"�:H�KRSH�QRW��+HUH
V�D�OLWWOH�H[HUFLVH�IRU�\RXU�ILQJHUV��WR�JHW�\RX�LQWR�WKH��VZLP��D
ELW��7U\�W\SLQJ�LQ�WKH�IROORZLQJ�VRXUFH�ILOH�ZLWK�WKH�(�$�(GLWRU��6DYH�LW�WR�VRPH�GLVN�DV�7(67�6��WKHQ�UXQ
WKH�$VVHPEOHU�RQ�LW��JLYLQJ�WKH�REMHFW�ILOH�QDPH�DV�'6.[�7(67�2��XVLQJ�WKH�5�RSWLRQ��WKHQ�XVH�WKH�/2$'
$1'�581�RSWLRQ�����IURP�(�$�WR�UXQ�LW��7KH�352*5$0�1$0(�LV�67$57��YHU\�LPDJLQDWLYH���:KHQ
W\SLQJ�LQ��SODFH�WKH�ODEHO�ILHOG�VWDUWLQJ�DW�WKH�YHU\�OHIWPRVW�FROXPQ�

DEF START define our entry point
REF VMBW,KSCAN refer to predefined labels

STATUS EQU >837C the GPL Status byte
WS EQU >20BA the User Workspace
GPLWS EQU >83E0 the GPL interpreter's workspace
START

LWPI WS set the workspace pointer at >20BA
LI R0,11*32+2 set R0 to point at row 12, column 3
LI R1,MSG set R1 to point at label MSG
LI R2,27 set length of MSG in Register 2
BLWP @VMBW write multiple bytes to screen

KEYIN
BLWP @KSCAN scan keyboard
CB @ANYKEY,@STATUS test for keypress
JNE KEYIN if none, repeat scan
LWPI GPLWS else set workspace for GPL
B @>006A then branch back to E/A

MSG TEXT 'Welcome Assembly Programmer'
ANYKEY BYTE >20

END

2ND\��VR�WKDW�GLGQ
W�GR�PXFK��EXW�FRQVLGHU� LW�D� �ILUVW��SURJUDP�ZULWWHQ� LQ�$VVHPEO\��,W
V�D�FRPSOHWH
SURJUDP��DQG�ZLOO�GR�VRPHWKLQJ�ZLWK�\RXU�FRPSXWHU��0RUH�LPSRUWDQWO\��LW�ZLOO�WHDFK�LQ�DQ��REMHFW�OHVVRQ�
VRPH�RI�WKH�EDVLF�FRQFHSWV�ZH
YH�EHHQ�WU\LQJ�WR�PDNH�FOHDU��,W�LOOXVWUDWHV�DOO�WKH�XVHV�RI�ODEHOV��IRU�H[DPSOH�
SOXV�VRPH�GLUHFWLYHV��:H�FRXOG�KDYH�PDGH�LW�PRUH�FRPSOH[��DQG�PDGH�LW�GR�PRUH��EXW�WKDW�ZRXOG�GHIHDW
RXU�SXUSRVH�RI�PDNLQJ�DQ�H[WUHPHO\�VLPSOH�$VVHPEO\�SURJUDP�

:H
OO�WU\�QRZ�WR�H[SODLQ�ZKDW�HDFK�OLQH�RI�WKLV�VRXUFH�FRGH�GRHV�LQ�VRPH�GHWDLO��VR�\RX
OO�VWDUW�WR�JHW�D��IHHO�
IRU�KRZ�WKLV�P\VWHULRXV�ODQJXDJH�ZRUNV�

7KH�ILUVW�OLQH�VD\V�'()�67$57��7KLV�LV�D�GLUHFWLYH�IRU�WKH�$VVHPEOHU��DQG�LW�WHOOV�WKH�$VVHPEOHU�WR�LGHQWLI\
WKH�ODEHO�67$57�DV�DQ�HQWU\�SRLQW��VR�WKDW�ZKHQ�WKH�2SWLRQ���REMHFW�ILOH�LV�ORDGHG��WKH�(�$�PRGXOH�ZLOO
NQRZ�ZKHUH�WR�VWDUW�H[HFXWLQJ�WKLV�SURJUDP�
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7KH�QH[W�OLQH�LV�D�5()�GLUHFWLYH��7KH�WZR�ODEHOV�OLVWHG�DIWHU�WKLV�GLUHFWLYH��90%:�DQG�.6&$1��DUH
SUH�GHILQHG�DV�DGGUHVVHV�E\�WKH�(�$�PRGXOH��:KHQ�WKH�REMHFW�ILOH�LV�ORDGHG��HDFK�RFFXUUHQFH�RI�90%:�DQG
.6&$1�ZLOO�EH�UHSODFHG�E\�WKH�DFWXDO�DGGUHVV�RI�WKH�XWLOLW\��YHFWRU��QDPHG�LQ�WKH�VRXUFH�ILOH�

7KH�QH[W�WKUHH�OLQHV�DOO�HVWDEOLVK��FRQVWDQWV��IRU�WKH�$VVHPEOHU��$IWHU�WKH�$VVHPEOHU�HQFRXQWHUV�WKHVH
OLQHV��LW�ZLOO�ORRN�IRU�WKRVH�WKUHH�ODEHOV�LQ�WKH�VRXUFH�ILOH��DQG�ZLOO�SODFH�WKH�QXPEHU�IRXQG�DIWHU�WKH�(48
GLUHFWLYH�LQWR�WKH�REMHFW�ILOH�LQ�SODFH�RI�WKDW�ODEHO��7KHVH�DUH�SODFHG�HDUO\�LQ�WKH�SURJUDP��VR�WKDW�WKHLU
YDOXHV�DUH�HVWDEOLVKHG�EHIRUH�WKH\�QHHG�WR�EH�XVHG��<RX�FRXOG�WKLQN�RI�WKHVH�DV�QRQ�YDULDEOH�YDULDEOHV�
6RPHWLPHV�LQ�;%��\RX
OO�ILQG�D�YDULDEOH�LGHQWLILHG�OLNH�&2/&2817 ����ZKLFK�LV�WKHQ�QHYHU�FKDQJHG
GXULQJ� WKH� UHVW� RI� WKH�SURJUDP��7KH�GLIIHUHQFH�EHWZHHQ� WKLV�;%�H[DPSOH�DQG� WKH�(48�GLUHFWLYH� LQ
$VVHPEO\�LV�WKDW��LQ�$VVHPEO\��RQFH�D�ODEHO�KDV�EHHQ�PDGH�D�FRQVWDQW�ZLWK�(48��LW�FDQQRW�EH�FKDQJHG
ODWHU�LQ�WKH�SURJUDP�

$IWHU�WKH�WKUHH�(48�OLQHV��ZH�ILQG�WKH�ILUVW�ODEHO�DW�ZKLFK�VRPHWKLQJ�LV�DFWXDOO\�WR�EH�SHUIRUPHG�E\�WKH
FRPSXWHU��1RWLFH�WKDW�ZH�KDYH�SODFHG�WKLV�ODEHO�RQ�D�OLQH�E\�LWVHOI��7KDW
V�GRQH�VLPSO\�WR�PDNH�LW�ORRN
EHWWHU��7KH�LQVWUXFWLRQ�/:3,�:6�FRXOG�EH�RQ�WKDW�VDPH�OLQH��DQG�WKLV�ZRXOG�PDNH�DEVROXWHO\�QR�GLIIHUHQFH
WR�WKH�$VVHPEOHU��7KH�PQHPRQLF�/:3,�PHDQV�/RDG�:RUNVSDFH�3RLQWHU�,PPHGLDWH��:KHQ�WKH�FRPSXWHU
HQFRXQWHUV�WKLV�RSHUDWLQJ�LQVWUXFWLRQ��LW�ZLOO�WDNH�ZKDWHYHU�LV�LQ�WKH�YHU\�QH[W�ZRUG�ORFDWLRQ�DIWHU�WKH
LQVWUXFWLRQ�DQG�SODFH�WKDW�LQ�WKH�ZRUNVSDFH�SRLQWHU��VR�WKDW�IURP�WKDW�SRLQW�RQ��\RXU�VHW�RI�UHJLVWHUV�ZLOO
VWDUW�DW�PHPRU\�ORFDWLRQ�!��%$�

)URP�KHUH�RQ��WKH�FRPSXWHU�ZLOO�LQWHUSUHW�WKH�ODEHO�5��DV�WKH�ZRUG�RI�PHPRU\�DW�!��%$��5��DV�WKH�ZRUG
DW�!��%&��DQG�VR�RQ��,Q�WKH�QH[W�WKUHH�OLQHV��ZH�VHW�YDOXHV�LQWR�WKH�UHJLVWHUV�5���5���DQG�5���7KHVH�OLQHV
XVH�WKH�/,�LQVWUXFWLRQ��ZKLFK�PHDQV�/RDG�,PPHGLDWH��2Q�WKH�7,��RQO\�UHJLVWHUV�FDQ�EH�ORDGHG�ZLWK�YDOXHV
WKURXJK�WKLV�GLUHFWLYH���2Q�3&�FRPSXWHUV��RWKHU�PHPRU\�ORFDWLRQV�FDQ�EH�ORDGHG�ZLWK�LPPHGLDWH�YDOXHV��
7KH�LQVWUXFWLRQ�FDXVHV�WKH�FRQWHQWV�RI�WKH�QH[W�ZRUG�WR�EH�ORDGHG�LQWR�WKH�UHJLVWHU�LGHQWLILHG�LQ�WKH�ILUVW
SDUW�RI�WKH�RSHUDQG�ILHOG��,Q�WKH�ILUVW�RI�WKHVH�WKUHH�OLQHV��ZH�KDYH�XVHG�ZKDW
V�FDOOHG�DQ��H[SUHVVLRQ��DV�WKH
LPPHGLDWH�YDOXH��UDWKHU�WKDQ�D�VLPSOH�QXPEHU��:KDW�KDSSHQV�KHUH�LV�WKDW�WKH�$VVHPEOHU�HYDOXDWHV�WKH
H[SUHVVLRQ��DQG�SODFHV�MXVW�RQH�QXPEHU�LQWR�WKH�ZRUG�IROORZLQJ�WKH�LQVWUXFWLRQ��,Q�RWKHU�ZRUGV��WKH
$VVHPEOHU�GRHV�WKH�PDWK�IRU�\RX��WDNLQJ�����PXOWLSO\LQJ�WKDW�E\�����WKHQ�DGGLQJ�WZR�WR�WKDW�UHVXOW��7KXV�
DIWHU�$VVHPEO\��WKH�VLQJOH�QXPEHU�����>��������@�ZLOO�EH�WKH��LPPHGLDWH��YDOXH�ORDGHG�LQWR�PHPRU\�DV
SDUW�RI�WKH�SURJUDP��7KLV�ZLOO�UHVXOW�LQ�GLVSOD\�RI�RXU�PHVVDJH�DW�5RZ�����&ROXPQ���RQ�WKH����FKDUDFWHU
VFUHHQ�

7KH�QH[W�OLQH�VHWV�WKH�UHJLVWHU�5��WR�WKH�DGGUHVV�RI�WKH�ODEHO�06*��WKURXJK�D�/,�LQVWUXFWLRQ��:KHUHYHU�WKDW
OLQH�RI�WH[W�KDSSHQV�WR�EH�LQ�PHPRU\��WKH�QXPEHU�UHSUHVHQWLQJ�WKDW�ORFDWLRQ�ZLOO�EH�FRQWDLQHG�LQ�5��DIWHU
WKLV�LQVWUXFWLRQ�LV�SHUIRUPHG��7KH�OLQH�DIWHU�WKLV�VHWV�5��WR�WKH�YDOXH�����ZKLFK�LV�WKH�OHQJWK�RI�WKH�PHVVDJH
DW�ODEHO�06*��$OO�WKUHH�RI�WKHVH�/RDG�,PPHGLDWH�RSHUDWLRQV�DUH�GRQH�WR�SUHSDUH�WKH�UHJLVWHUV�IRU�H[HFXWLRQ
RI�WKH�QH[W�OLQH�
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7KH�LQVWUXFWLRQ�%/:3�PHDQV�%UDQFK�DQG�/RDG�:RUNVSDFH�3RLQWHU��7KLV�FDQ�EH�WKRXJKW�RI�DV�VLPLODU�WR
D�VXESURJUDP�FDOO�LQ�;%��EXW�KHUH�WKH�UHJLVWHUV�VHUYH�WR�WUDQVIHU�DOO�QHHGHG�SDUDPHWHUV�WR�WKH�VXESURJUDP�
:KHQ�WKH�%/:3�LV�SHUIRUPHG��WKH�ZRUNVSDFH�SRLQWHU�ZLOO�EH�FKDQJHG��VR�WKDW�D�VHW�RI�UHJLVWHUV�DVVRFLDWHG
ZLWK�WKH��VXESURJUDP��ZLOO�EH�XVHG��DQG�WKH�ZRUNVSDFH�ZH�ZHUH�XVLQJ��DW�!��%$��ZLOO�QRW�EH�DOWHUHG
GXULQJ�WKH�90%:�RSHUDWLRQ��90%:�PHDQV�9'3�0XOWL�%\WH�:ULWH��,Q�DOO�FDVHV��WKLV�RSHUDWLRQ�WDNHV�WKH
QXPEHU�RI�E\WHV�LQGLFDWHG�E\�5���IURP�WKH�DGGUHVV�SRLQWHG�WR�E\�5���DQG�ZULWHV�WKDW�QXPEHU�RI�E\WHV�LQWR
WKH�ORFDWLRQ�LQ�9'3�5$0�LQGLFDWHG�E\�5��

7KH�UHVXOW�LQ�WKLV�SDUWLFXODU�FDVH�ZLOO�EH�WKDW�WKH�ZRUGV��:HOFRPH�$VVHPEO\�3URJUDPPHU��ZLOO�VXGGHQO\
DSSHDU�DW�URZ�����FROXPQ���RQ�WKH�VFUHHQ��1RWLFH�WKDW�ZH�GLG�QRW�KDYH�WR�FOHDU�WKH�VFUHHQ�KHUH��DV�WKH�/RDG
$QG�5XQ�RSWLRQ�IURP�(�$�GLG�WKDW�IRU�XV�

)URP�KHUH�RQ��WKH�SURJUDP�LV�MXVW�D�ORRS�OLNH�WKH�RQH�ZH�VKRZHG�LQ�DQ�H[DPSOH�EHIRUH��7KH�FRPSXWHU�ZLOO
VFDQ�WKH�NH\ERDUG�UHSHDWHGO\�XQWLO�LW�ILQGV�WKDW�D�NH\�KDV�EHHQ�VWUXFN��DQG�WKHQ�ZLOO�OHDYH�RXU�SURJUDP
E\�UH�ORDGLQJ�WKH�ZRUNVSDFH�SRLQWHU�WR�WKH�*UDSKLFV�3URJUDPPLQJ�/DQJXDJH��*3/��ZRUNVSDFH��WKHQ
WXUQLQJ�FRQWURO�RYHU�WR�WKH�*3/�,QWHUSUHWHU�DW�ORFDWLRQ�!���$�

7KH� OLQHV� LQ�ZKDW�ZH
OO�FDOO� WKH�'$7$�VHFWLRQ�FRQWDLQ�RQO\� ODEHOV�DQG�GLUHFWLYHV��$W� ODEHO�06*��WKH
GLUHFWLYH�7(;7�WHOOV�WKH�$VVHPEOHU�WR�LQVHUW�WKH�FKDUDFWHUV�IROORZLQJ�WKDW�DUH�EHWZHHQ�WKH�
�PDUNV�LQWR
WKH�REMHFW�ILOH�DV�$6&,,�FRGHV��7KXV�WKH�ILUVW�E\WH�DW�WKDW�SRLQW�LQ�WKH�PHPRU\�ZRXOG�EH�WKH�QXPEHU����
ZKLFK�LV�WKH�$6&,,�YDOXH�IRU�XSSHU�FDVH�:��7KDW�ZRXOG�EH�IROORZHG�E\�WKH�$6&,,�YDOXH�IRU�ORZHU�FDVH�H�
DQG�VR�RQ�XQWLO�DOO����E\WHV�RI�WKH�PHVVDJH�ZHUH�LQFOXGHG��7KH�GLUHFWLYH�DW�ODEHO�$1<.(<�FDXVHV�WKH�%<7(
DW�WKDW�PHPRU\�ORFDWLRQ�WR�EH�HTXDO�WR�!����7KLV�LV�QRUPDOO\�OHIW�DORQH��VLQFH�LW
V�WKHUH�RQO\�WR�FRPSDUH
WR�WKH�*3/�VWDWXV�E\WH�LQ�FKHFNLQJ�IRU�D�NH\VWURNH�

7KH�ZRUG�(1'�LQ�WKH�ODVW�OLQH�LV�QRW�UHODWHG�WR�WKH�VDPH�ZRUG�DV�XVHG�LQ�;%��+HUH��LW
V�D�GLUHFWLYH�WR�WKH
$VVHPEOHU��WR�WHOO�WKH�DVVHPEOHU�LW�FDQ�VWRS�DVVHPEOLQJ�WKH�VRXUFH�ILOH��7KH�DFWXDO�HQG�RI�WKH�SURJUDP�LQ
WKH�;%�VHQVH�RI�WKH�ZRUG�(1'�FRPHV�DW�WKH�OLQH�FRQWDLQLQJ�WKH�LQVWUXFWLRQ�%�#!���$��VLQFH�WKDW
V�ZKHUH
WKLV�SURJUDP�UHOLQTXLVKHV�FRQWURO�RI�WKH�FRPSXWHU�

1.31.5. Extended Basic E quivalent

7KLV�ZKROH�SURJUDP�FRXOG�EH�ZULWWHQ�LQ�WZR�OLQHV�RI�;%�SURJUDP��OLNH�WKLV�

100 DISPLAY AT(12,1):"Welcome Assembly Programmer"
110 CALL KEY(0,K,S) :: IF S<>1 THEN 110 ELSE END

7KDW�VHHPV�OLNH�DQ�DZIXO�ORW�RI�$VVHPEO\�WR�UHSODFH�MXVW�D�OLWWOH�SLHFH�RI�([WHQGHG�%DVLF��GRHVQ
W�LW"�<HV�
LW�LV��EXW�RYHU�WLPH�\RX
OO�FRPH�WR�DSSUHFLDWH�WKH�GLIIHUHQFHV�LQ�WHUPV�RI�H[HFXWLRQ�VSHHG�DQG�PHPRU\�XVH
WKDW�DOO�IDOO�RQ�WKH�VLGH�RI�$VVHPEO\�
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)RU�WKH�FRQYHQLHQFH�RI�WKRVH�ZKR�VXEVFULEH�WR�0,&52SHQGLXP�RQ�GLVN��ZH�KDYH�SURYLGHG�-RKQ�ZLWK�WKH
OLWWOH�SURJUDP�DERYH�DV�D�VHSDUDWH�ILOH�QDPHG�7(67�6��VR�\RX�FDQ�DYRLG�WKH�KDVVOH�DQG�WLPH�VSHQW�W\SLQJ
LQ�WKH�VRXUFH�FRGH�

$V�DOZD\V��ZH
UH�MXVW�VFUDWFKLQJ�WKH�VXUIDFH��DQG�KDYH�DOUHDG\�ZULWWHQ�WRR�PXFK�IRU�RQH�VLWWLQJ��1H[W
PRQWK�ZH
OO�FRQWLQXH�WKLV�OHVVRQ�IRU�WKH�EHJLQQHUV�
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1.32. The Art Of Assembly — Part 32. Some Instructions

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

/DVW�PRQWK�ZH�ZHQW�EDFN�WR�IXQGDPHQWDOV��WR�JLYH�WKRVH�MXVW�VWDUWLQJ�LQ�$VVHPEO\�D�ILUVW�OHVVRQ�LQ�WKH
ODQJXDJH��7RGD\�ZH�FRQWLQXH�ZLWK�WKH�YHU\�SULPLWLYH�RSHUDWLRQV�WKDW�DUH�FDOOHG��LQVWUXFWLRQV���:H
OO�FRYHU
VRPH�RI�WKH�PRVW�FRPPRQO\�XVHG�RQHV��DQG�ZKHUH�SRVVLEOH�UHODWH�WKHP�WR�LQVWUXFWLRQV�LQ�%DVLF�

7KH�LQVWUXFWLRQ�VHW�EXLOW�LQWR�WKH�7,�����$�LV�D�YHU\�ULFK�RQH��0DQ\�LQVWUXFWLRQV�DUH�SURYLGHG��VR�WKDW�WKH
PLFURSURFHVVRU�FDQ�SHUIRUP�D�ZLGH�UDQJH�RI�RSHUDWLRQV��7KLV�FKLS�KDV�ORWV�RI�ZRUN�WR�GR�LQ�IROORZLQJ�WKH
LQVWUXFWLRQV�ZH�JLYH�WR�LW��,W�WDNHV�HDFK�LQVWUXFWLRQ�DSDUW�ELW�E\�ELW�WR�GHWHUPLQH�ZKDW
V�WR�EH�GRQH��DQG
ZKDW�QHHGV�WR�EH�IHWFKHG�IURP�PHPRU\��SODFHG�EDFN�LQWR�PHPRU\��DQG�VR�RQ��:H�FRXOG�VWDUW�ZLWK�DOPRVW
DQ\WKLQJ��VR�ZH�PLJKW�DV�ZHOO�VWDUW�ZLWK�WKH�029(�LQVWUXFWLRQV�

1.32.1. A Moving Experience

2QH�RI�WKH�PRVW�FRPPRQO\�XVHG�LQVWUXFWLRQV�LQ�RXU�SURJUDPV�LV�WKH�029��PRYH��LQVWUXFWLRQ��,W
V�SURYLGHG
LQ�WZR�IRUPV��029�PHDQV�ZH�ZLOO�PRYH�D�ZRUG�����ELWV��IURP�RQH�SODFH�WR�DQRWKHU��029%�PHDQV��DV�\RX
PLJKW�JXHVV��WKDW�ZH
OO�PRYH�D�E\WH����ELWV��IURP�RQH�SODFH�WR�DQRWKHU��(DFK�WLPH�ZH�XVH�HLWKHU�IRUP�RI�WKH
PRYH�LQVWUXFWLRQ��ZH�PXVW�SURYLGH�WZR�RSHUDQGV��7KHVH�RSHUDQGV�PD\�EH�ODEHOV��LQGLFDWLQJ�D�PHPRU\
ORFDWLRQ��RU�WKH\�PD\�EH�UHJLVWHUV��RU�HYHQ�FRPELQDWLRQV�RI�ERWK�ODEHOV�DQG�UHJLVWHUV�

/HW
V�VWDUW�ZLWK�D�VLPSOH�FDVH�WKDW�FDQ�EH�UHODWHG�WR�DQ�RSHUDWLRQ�GRQH�LQ�%DVLF��6XSSRVH�ZH�KDYH�D�ODEHO
IRU�D�ZRUG�RI�GDWD�FDOOHG�)/$*���DQG�ZH�ZDQW�WKDW�ZRUG�PRYHG�LQWR�D�ZRUG�XVHG�DV�D�YDULDEOH�FDOOHG
9$5���7KH�LQVWUXFWLRQ�LQ�VRXUFH�FRGH�ZRXOG�ORRN�OLNH�WKLV�

MOV  @FLAG1,@VAR1

7KLV�LV�HTXLYDOHQW�WR�DQ�RSHUDWLRQ�LQ�%DVLF�VXFK�DV�

VAR1 = FLAG1

,Q�ERWK�FDVHV��WKH�YDOXH�RI�WKH�YDULDEOH�)/$*��LV�XQFKDQJHG�DIWHU�WKH�RSHUDWLRQ��EXW�WKH�YDOXH�RI�9$5�
LV�VHW�HTXDO�WR�ZKDWHYHU�ZDV�WKH�YDOXH�RI�)/$*���1RWLFH�WKDW��LQ�$VVHPEO\��WKH�YDULDEOH�WKDW
V�EHLQJ
FKDQJHG�LQ�YDOXH�LV�DIWHU�WKH�FRPPD��ZKLOH�LQ�%DVLF��LW
V�EHIRUH�WKH�HTXDO�VLJQ��,Q�WKH�SDUODQFH�RI�$VVHPEO\�
WKH�RSHUDQGV�DUH�LQ�WKH�RUGHU�6285&(�'(67,1$7,21��7KH�GHVWLQDWLRQ�RSHUDQG�JHWV�PRGLILHG��ZKLOH
WKH�VRXUFH�RSHUDQG�UHPDLQV�WKH�VDPH�DV�LW�ZDV��,Q�WKLV�ILUVW�FDVH��ERWK�RSHUDQGV�ZHUH�PHPRU\�ZRUGV
LGHQWLILHG�E\�ODEHOV��0RYH�RSHUDWLRQV�FDQ�DOVR�EH�SHUIRUPHG�XVLQJ�WKH�:RUNVSDFH�5HJLVWHUV��029�5��5�
PDNHV�5��FRQWDLQ�ZKDWHYHU�QXPEHU�ZDV�LQ�5���7KLV�NLQG�RI�PRYH�FDQ�EH�YHU\�XVHIXO�WR�WHPSRUDULO\
�VWDVK��WKH�FRQWHQWV�RI�D�UHJLVWHU�EHIRUH�VRPH�RSHUDWLRQ�WKDW�ZLOO�GHVWUR\�WKDW�UHJLVWHU
V�FXUUHQW�YDOXH�
$IWHU�DQ�RSHUDWLRQ�WKDW�FKDQJHG�WKH�YDOXH�LQ�5���ZH�FRXOG�JHW�EDFN�LW
V�RULJLQDO�YDOXH�E\�029�5��5��LI
ZH
G�VWDVKHG�5��LQ�5��EHIRUH�WKDW�
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0RYH�RSHUDWLRQV�FDQ�DOVR�ZRUN�LQ�HLWKHU�GLUHFWLRQ�EHWZHHQ�UHJLVWHUV�DQG�YDULDEOHV��7KXV�ZH�FRXOG�SXW�WKH
YDOXH�FXUUHQWO\�LQ�9$5��LQWR�5��E\�029�#9$5��5���&RQYHUVHO\��ZH�FDQ�PRYH�WKH�FRQWHQWV�RI�D�UHJLVWHU
LQWR�D�ODEHOHG�PHPRU\�ORFDWLRQ�OLNH�RXU�)/$*��E\�029�5��#)/$*��

7KH�029%�LQVWUXFWLRQ�ZRUNV�H[DFWO\�WKH�VDPH��H[FHSW�WKDW�ZKHQ�UHJLVWHUV�DUH�LQYROYHG��WKH�029%�DOZD\V
LQYROYHV�WKH�KLJK�RUGHU�E\WH�RI�WKH�UHJLVWHU��,I��IRU�H[DPSOH��5��FRQWDLQHG�WKH�QXPEHU�!)�(���GRLQJ�D
029%�5��#6$9%<7�ZRXOG�PRYH�RQO\�WKH�HLJKW�ELWV�FRQWDLQLQJ�!)��LQWR�WKH�ORFDWLRQ�ODEHOHG�6$9%<7�

1.32.2. Integer Math Instructions

:H�DOO�NQRZ�WKDW�RQH�RI�WKH�FRPSXWHU
V�PRVW�EDVLF�SXUSRVHV�LV�WR�FRPSXWH��7KDW�LV��GR�PDWKHPDWLFDO
IXQFWLRQV��7KH�VLPSOHVW�RI�WKHVH�RSHUDWLRQV�DUH�RI�FRXUVH�WR�DGG�DQG�VXEWUDFW��7KH�LQVWUXFWLRQV�LQ�VRXUFH
FRGH�DUH�VLPSO\�WKH�XSSHU�FDVH�OHWWHUV�$�DQG�6��/LNH�WKH�PRYH�LQVWUXFWLRQV��HDFK�RI�WKHVH�QHHGV�WZR
RSHUDQGV�� D� VRXUFH� DQG� D� GHVWLQDWLRQ��7KHVH� FDQ� EH� HLWKHU� UHJLVWHUV� RU� ODEHOV� XVHG� DV� YDULDEOHV�� RU
FRPELQDWLRQV�RI�WKH�WZR��/HW
V�VWDUW�ZLWK�WKH�VLPSOHVW�SRVVLEOH�H[DPSOH��WR�DGG�WKH�YDOXHV�LQ�WZR�UHJLVWHUV�
7KDW�ORRNV�OLNH�WKLV�

A    R2,R1 add the value in register 2 to that in R1

$V�LQ�WKH�029�FDVH��WKH�VRXUFH�RSHUDQG�UHPDLQV�XQFKDQJHG��ZKLOH�WKH�GHVWLQDWLRQ�LV�FKDQJHG��/HW
V�VD\
WKDW��EHIRUH�WKLV�LQVWUXFWLRQ�5��FRQWDLQHG���DQG�5��FRQWDLQHG����$IWHU�WKH�RSHUDWLRQ��5��ZLOO�VWLOO�FRQWDLQ
���EXW�5��ZLOO�FRQWDLQ�����7KH�VDPH�FDQ�EH�GRQH�ZLWK�ODEHOV�XVHG�DV�YDULDEOHV��DV�IRU�H[DPSOH�WKH�ODEHOV
3/86�DQG�&2817��,Q�$VVHPEO\��ZH�FRXOG�ZULWH�

A    @PLUS,@COUNT add plus to count

7KLV�LV�WKH�HTXLYDOHQW�RI�WKH�%DVLF�LQVWUXFWLRQ�&2817� �&2817���3/86��7KH�UHVXOW�LV�WKDW�&2817
FRQWDLQV�WKH�VXP�RI�LWV�SUHYLRXV�YDOXH�DQG�WKH�YDOXH�DW�3/86��ZKLOH�3/86�UHWDLQV�LWV�SUHYLRXV�FRQWHQWV�

6XEWUDFW��ZLWK�WKH�RSFRGH�6��ZRUNV�LQ�D�VLPLODU�IDVKLRQ��ZLWK�UHVXOWV�JRLQJ�WR�WKH�GHVWLQDWLRQ�RSHUDQG��DQG
WKH�VRXUFH�RSHUDQG�UHPDLQLQJ�XQFKDQJHG�

1.32.3. The Tougher Stuff

,Q�JUDGH�VFKRRO��ZH�OHDUQHG�WKDW�WKH�RSHUDWLRQV�RI�PXOWLSO\LQJ�DQG�GLYLGLQJ�QXPEHUV�ZHUH�PXFK�WRXJKHU
WKDQ�DGGLQJ�DQG�VXEWUDFWLQJ��,Q�%DVLF��WKHVH�RSHUDWLRQV�DUH�MXVW�DV�HDV\�DV�WKH�RWKHUV��,Q�$VVHPEO\��ZH
UH
EDFN�WR�JUDGH�VFKRRO��DQG�WKHVH�RSHUDWLRQV�JHW�WRXJK�DJDLQ�

)RU�RSHQHUV��ZH�FDQ
W�XVH�DQ\WKLQJ�EXW�5HJLVWHUV�IRU�WKH�GHVWLQDWLRQ�RSHUDQG�LQ�03<�DQG�',9�RSHUDWLRQV�
�7KH�UHDVRQ�IRU�WKLV�ZLOO�VRRQ�EH�FOHDU���7KH�VRXUFH�RSHUDQG�PD\�EH�HLWKHU�D�UHJLVWHU�RU�D�ODEHO�XVHG�DV�D
YDULDEOH��,Q�HLWKHU�FDVH��WKH�03<�DQG�',9�RSHUDWLRQV�DIIHFW�WZR�DGMDFHQW�UHJLVWHUV��QRW�MXVW�RQH��7KLV�LV
GRQH�EHFDXVH�WKH�UHVXOWV�RI�HLWKHU�03<�RU�',9�QHHG�WZR�UHJLVWHUV�WR�FRQWDLQ�WKH�RXWFRPH��/HW
V�VD\��IRU
H[DPSOH��WKDW�5��FRQWDLQV�D�QXPEHU��OHW
V�VD\����WKDW�ZH�ZDQW�WR�PXOWLSO\�E\����:H�FRXOG�ORDG�DQRWKHU
UHJLVWHU�ZLWK����WKHQ�SHUIRUP�WKH�RSHUDWLRQ��OLNH�WKLV�
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LI   R2,5 place the number 5 in register 2
MPY  R2,R3 multiply register 3 by register 2

7KH�UHVXOW�RI�WKLV�RSHUDWLRQ�ZLOO�EH�D�GRXEOH�ZRUG�QXPEHU�LQ�UHJLVWHUV�5��DQG�5���7KLV�KDV�WR�EH�GRQH
EHFDXVH�WKH�UHVXOW�RI�D�PXOWLSO\�FDQ�EH�D�QXPEHU�WRR�ODUJH�WR�ILW�LQ�RQH�UHJLVWHU��,Q�WKLV�FDVH��5��ZRXOG
FRQWDLQ���DIWHU�WKH�PXOWLSO\��ZKLOH�5��ZRXOG�FRQWDLQ�����,I�5��FRQWDLQHG�D�QXPEHU�OLNH�������LQ�WKH
SUHYLRXV�H[DPSOH��WKHQ�WKH�UHVXOW�ZRXOG�EH����������7KDW
V�WRR�ELJ�D�QXPEHU�IRU�RQH�UHJLVWHU��VR�LW
V�SODFHG
LQ�WKH�SDLU�RI�UHJLVWHUV�5��DQG�5���ZLWK�WKH�ORZHU�RUGHU�SDUW�LQ�5���DQG�WKH�KLJKHU�RUGHU�SDUW�LQ�5��

'LYLGH�RSHUDWLRQV�VWDUW�ZLWK�D�SDLU�RI�UHJLVWHUV�WR�FRQWDLQ�WKH�QXPEHU�WKDW
V�WR�EH�GLYLGHG��7KH�LQVWUXFWLRQ
',9�5��5��ZRXOG�GLYLGH�WKH�GRXEOH�ZRUG�TXDQWLW\�LQ�5��5��E\�WKH�YDOXH�LQ�5���7KXV�LI�WKH�RULJLQDO
TXDQWLW\�ZH�ZDQWHG�WR�GLYLGH�ZHUH�RQO\�D�RQH�ZRUG�YDOXH��ZH
G�SODFH�WKDW�LQ�5��DQG�FOHDU�5���VR�WKDW�WKH
YDOXH�WR�EH�GLYLGHG�ZRXOG�EH�FRUUHFWO\�UHSUHVHQWHG�LQ�WKH�WZR�UHJLVWHUV�5��5��

7KH�UHVXOWV�RI� D�GLYLGH�ZLOO�DSSHDU� LQ�WKH�UHJLVWHU�SDLU�XVHG�DV�WKH�GHVWLQDWLRQ��EXW�DV�WZR�VHSDUDWH
QXPEHUV��7KH�ILUVW�UHJLVWHU�LQ�WKH�SDLU�ZLOO�FRQWDLQ�WKH�TXRWLHQW��ZKLOH�WKH�VHFRQG�FRQWDLQV�WKH�UHPDLQGHU�
/HW
V�WDNH�D�VLPSOH�H[DPSOH��$VVXPH�WKDW�5��FRQWDLQV����5��FRQWDLQV�����DQG�5��FRQWDLQV����,I�ZH�WKHQ
SHUIRUP�',9�5��5���WKH�UHVXOWV�LQ�5��5��ZLOO�EH�WKDW�5��FRQWDLQV����ZKLFK�LV�WKH�ODUJHVW�QXPEHU�RI�WLPHV
��JRHV�LQWR�����ZKLOH�5��ZLOO�FRQWDLQ����ZKLFK�LV�WKH�UHPDLQGHU��7KLQN�RI�LW�OLNH�WKLV�

��
����
���
�

7KDW
V�WKH�RSHUDWLRQ�LQ�VLPSOH�DULWKPHWLF��LQ�ZKLFK�ZH�WDNH�WKH�WULDO�TXRWLHQW����PXOWLSO\�E\�WKH�GLYLVRU�
WKHQ�VXEWUDFW�WKDW�SURGXFW�IURP�WKH�GLYLGHQG�WR�ILQG�WKH�UHPDLQGHU��6R�ORQJ�DV�WKH�UHPDLQGHU�LV�OHVV�WKDQ
WKH�GLYLVRU��ZH�DUH�ILQLVKHG�ZLWK�WKLV�VWDJH��7KDW
V�KRZ�WKH�UHVXOW�VKRZV�XS�IRU�D�',9�RSHUDWLRQ��ZLWK�WKH
TXRWLHQW�LQ�WKH�ILUVW�UHJLVWHU�DQG�WKH�UHPDLQGHU�LQ�WKH�VHFRQG�

1.32.4. Compare And Jump Instruct ions

7KH�MXPS�LQVWUXFWLRQV�DUH�UHODWHG�LQ�VRPH�UHVSHFWV�WR�WKH�%DVLF�*272�LQVWUXFWLRQ��EXW�PRVW�RI�WKHP
DFWXDOO\�SHUIRUP�DQ�,)�7+(1�NLQG�RI�RSHUDWLRQ��DQG�WKHQ�D�*272�RSHUDWLRQ��,Q�PDQ\�FDVHV�WKHVH
�FRQGLWLRQDO�MXPSV��DUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�FRPSDUH�LQVWUXFWLRQ��VR�ZH
OO�WUHDW�WKHP�WRJHWKHU�

/HW
V�VWDUW�ZLWK�D�VLPSOH�VLWXDWLRQ��LQ�ZKLFK�ZH�ZDQW�WR�VHH�ZKHWKHU�D�UHJLVWHU�FRQWDLQV�D�QXPEHU�JUHDWHU
WKDQ�VRPH�OLPLW��DQG�WR�FRQWLQXH�WKH�SURJUDP�VRPHZKHUH�HOVH�LI�WKDW
V�VR��,Q�VXFK�D�FDVH��ZH�FRXOG�ZULWH�

C    R5,@LIMIT compare R5 to the variable LIMIT
JGT  BIG if greater, jump to label BIG
(else continue program here)

BIG CLR  R5 clear register 5
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)RU�WKH�PRPHQW��ZH
OO�LJQRUH�WKH�IDFW�WKDW�RQH�RI�WKH�RSHUDQGV�IRU�FRPSDUH�LV�D�UHJLVWHU��DQG�VWDWH�ZKDW
ZRXOG�EH�DQ�HTXLYDOHQW�LQ�%DVLF�

300 IF REG5 > LIMIT THEN 500
310 (program executes if REG5 is equal to or less than LIMIT)
...
500 REG5=0

+HUH��WKH�SURJUDP�OLQHV�VWDUWLQJ�DW�����ZRXOG�H[HFXWH�LI�WKH�YDULDEOH�5(*��ZHUH�OHVV�WKDQ�RU�HTXDO�WR�WKH
YDULDEOH�/,0,7��EXW�LI�YDULDEOH�5(*��ZHUH�JUHDWHU�WKDQ�/,0,7��WKHQ�OLQH�����ZRXOG�EH�H[HFXWHG�DIWHU�WKH
,)�7+(1�

7KH�FRPSDUH�LQVWUXFWLRQ��&��QHHGV�WZR�RSHUDQGV��DQG�WKHVH�FDQ�EH�UHJLVWHUV��ODEHOV��RU�D�FRPELQDWLRQ�RI
WKH�WZR��$IWHU�D�FRPSDUH��FRQGLWLRQDO�MXPSV�FDQ�EH�PDGH�RQ�DQ\�RI�VHYHUDO�UHVXOWV�RI�WKH�FRPSDULVRQ��-(4
PHDQV�-XPS�LI�(TXDO��-/7�PHDQV�-XPS�LI�/HVV�7KDQ��DQG�RI�FRXUVH�-*7�PHDQV�-XPS�LI�*UHDWHU�7KDQ�
7KHUH�DUH�RWKHU�FRQGLWLRQDOV��VXFK�DV�-1(��IRU�-XPS�LI�1RW�(TXDO��)RU�VRPH�RSHUDWLRQV��ZH�FDQ�XVH�WKH
FRPSDULVRQV�RQ�D�ORJLFDO�EDVLV�UDWKHU�WKDQ�DQ�DULWKPHWLF�EDVLV��,QVWUXFWLRQV�VXFK�DV�-+�DQG�-/�ZRUN�WKDW
ZD\��7R�XQGHUVWDQG�WKH�GLIIHUHQFH��OHW
V�WDNH�DQ�H[DPSOH��LQ�ZKLFK�ZH�DUH�FRPSDULQJ�5���ZKLFK�FRQWDLQV
!������DQG�5���ZKLFK�FRQWDLQV�!������,I�ZH�XVH�&�5��5��IROORZHG�E\�-*7��WKH�MXPS�ZLOO�QRW�KDSSHQ�
EHFDXVH�!�����LV�WUHDWHG�DV�WKH�QHJDWLYH�QXPEHU���������DQG�WKDW
V�OHVV�WKDQ����,I�ZH�XVHG�WKH�ORJLFDO
HTXLYDOHQW�-+��WKH�MXPS�ZLOO�RFFXU��VLQFH�!�����LV�ORJLFDOO\�KLJKHU�WKDQ�!�����

,Q�PDQ\�FDVHV��WKH�FRQGLWLRQDO�MXPSV�FDQ�EH�XVHG�ZLWKRXW�WKH�FRPSDUH�LQVWUXFWLRQ��7KLV�LV�VR�EHFDXVH�WKH
ELWV�LQ�WKH�VWDWXV�UHJLVWHU�DUH�DIIHFWHG�E\�PDQ\�RSHUDWLRQV��VR�WKH��FRPSDUH��LV�QRW�QHFHVVDU\��)RU�H[DPSOH�
ZH�FDQ�SHUIRUP�WKH�HTXLYDOHQW�RI�D�)25�1(;7�ORRS�WKLV�ZD\�

LI   R4,4 load register 4 with the number 4
DOIT (perform some operation)

DEC  R4 decrement the count in R4
JNE  DOIT if not zero, repeat.
(else perform next operation)

7KLV�ZRUNV�EHFDXVH�ZKHQ�ZH�'(&�RU�,1&�RU�029�VRPHWKLQJ��WKHUH�LV�DQ�LPSOLHG�FRPSDULVRQ�WR�]HUR�
7KXV�LQ�WKH�DERYH�FDVH��HDFK�WLPH�WKURXJK�WKH�ORRS�ZH�'(&�5���DQG�WKH�UHVXOW�LV�FRPSDUHG�WR�]HUR�E\�WKH
PLFURSURFHVVRU��VR�WKDW�D�FRQGLWLRQDO�MXPS�DIWHU�WKH�'(&�ZLOO�EHKDYH�DV�LI�D�FRPSDULVRQ�EHWZHHQ�WKH
UHJLVWHU�DQG�]HUR�KDG�EHHQ�SHUIRUPHG��,Q�WKH�DERYH�FDVH��WKH�RSHUDWLRQV�EHWZHHQ�ODEHO�'2,7�DQG�WKH�-1(
LQVWUXFWLRQ�ZLOO�EH�SHUIRUPHG�IRXU�WLPHV��XQWLO�WKH�'(&�UHVXOWV�LQ�5��EHFRPLQJ�]HUR�

7KHUH�DUH�WZR�RWKHU�IRUPV�IRU�WKH�FRPSDUH�LQVWUXFWLRQ��&%�PHDQV�FRPSDUH�MXVW�RQH�E\WH��LQVWHDG�RI�WKH
ZRUG�WKDW
V�FRPSDUHG�E\�WKH�&�LQVWUXFWLRQ��&,�PHDQV�&RPSDUH�,PPHGLDWH��DQG�WKLV�VSHFLDO�IRUP�PXVW
KDYH�D�UHJLVWHU�DV�LWV�ILUVW�RSHUDQG�DQG�DQ�LPPHGLDWH�YDOXH�DV�LWV�VHFRQG�RSHUDQG�



7(;$6�,167580(176
+20(�&20387(5

7KH�ILQDO�FDVH�IRU�MXPSV�LV�WKH�XQFRQGLWLRQDO�MXPS��JLYHQ�VLPSO\�E\�WKH�LQVWUXFWLRQ�-03��7KDW
V�OLNH�WKH
XQFRQGLWLRQDO�*272�\RX
UH�IDPLOLDU�ZLWK�LQ�%DVLF��7KHUH�DUH�OLPLWV�RQ�WKH�UDQJH�RI�MXPSV��EXW�WKDW
V
EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�GLVFXVVLRQ���)RU�FDVHV�EH\RQG�WKH�UDQJH�RI�MXPSV��WKHUH
V�WKH�XQFRQGLWLRQDO
%�RU�%UDQFK�LQVWUXFWLRQ��ZKLFK�ZH
OO�FRYHU�LQ�DQRWKHU�OHVVRQ��

,Q�RXU�QH[W�LQVWDOOPHQW��ZH
OO�FRYHU�VRPH�PRUH�LQVWUXFWLRQV��DQG�ZLOO�WU\�WR�JLYH�RXU�UHDGHUV�VRPH�LGHD�KRZ
WR�FUHDWH�UHDO�SURJUDPV�ZLWK�WKLV�SRZHUIXO�ODQJXDJH�
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1.33. The Art Of Assembly — Part 33. More Instructions

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

7RGD\�ZH
OO�FRQWLQXH�ZLWK�WKH�PLQL�VHULHV�IRU�EHJLQQHUV�LQ�$VVHPEO\�ODQJXDJH��/DVW�PRQWK�ZH�FRYHUHG�WKH
XVH�RI�VRPH�RI�WKH�7,
V�PDFKLQH�LQVWUXFWLRQV��DQG�WRGD\�ZH�ZLOO�FRYHU�PRUH�RI�WKH�PRVW�RIWHQ�XVHG�RQHV�
DV�ZHOO�DV�FORVLQJ�VRPH�WRSLFV�ZH�EHJDQ�ODVW�PRQWK�

1.33.1. Jump Range

:H�PHQWLRQHG�ODVW�PRQWK�WKDW�WKH�UDQJH�RI�MXPS�LQVWUXFWLRQV�LV�OLPLWHG��ZLWKRXW�HODERUDWLRQ��1RZ
V�WKH
WLPH�WR�H[SODLQ�RXUVHOYHV��$�MXPS�LQVWUXFWLRQ�LWVHOI�RFFXSLHV�RQO\�RQH�ZRUG�LQ�PHPRU\��:LWKLQ�WKDW�VLQJOH
ZRUG�DUH�ELWV�WR�LQGLFDWH�WKH�NLQG�RI�MXPS�WKDW
V�LQWHQGHG��-(4��-1(��-*7��HWF���DQG�WKH�DGGUHVV�RIIVHW�WR
ZKLFK�WKDW�MXPS�LV�WR�WDNH�SODFH��7KH�VSDFH�IRU�WKLV�RIIVHW�LV�RQO\�HLJKW�ELWV��RQH�E\WH���7KDW�PHDQV�WKH
QXPEHU�LWVHOI�FDQ
W�JR�EH\RQG�WKH�UDQJH�RI������WKURXJK�������,Q�KH[��WKDW
V�WKH�UDQJH�IURP�!���WKURXJK
!�)��7KH�PLFURSURFHVVRU�LQWHUSUHWV�WKLV�QXPEHU�DV�D�GLIIHUHQWLDO�DGGUHVV��LQ�ZRUGV��QRW�E\WHV���VWDUWLQJ
IURP�WKH�SUHVHQW�VWDWH�RI�WKH�SURJUDP�FRXQWHU���7KH�:+$7"���\RX�DVN��,QVLGH�WKH�PLFURSURFHVVRU�FKLS�DUH
VSHFLDO�UHJLVWHUV�WKDW�ZH�FDQ
W�DFFHVV�GLUHFWO\���6RPH�KDUGZDUH�SHUVRQ�ZLOO�SUREDEO\�ZULWH�XV�D�OHWWHU�WR
VD\�VRPHWKLQJ�DERXW�ZKHWKHU�WKHVH�UHJLVWHUV�DUH��RQ�FKLS��RU�QRW��6DYH�\RXU�LQN��ZH�GRQ
W�FDUH���7KH�WKUHH
LPSRUWDQW�RQHV�IRU�WKH�SUHVHQW�GLVFXVVLRQ�DUH�WKH�:RUNVSDFH�3RLQWHU��WKH�3URJUDP�&RXQWHU��RU�SRLQWHU�
DQG�WKH�6WDWXV�5HJLVWHU��:H�DOUHDG\�GLVFXVVHG�WKH�:RUNVSDFH�3RLQWHU��ZKLFK�VLPSO\�NHHSV�WUDFN�RI�ZKHUH
WKH�VHW�RI�UHJLVWHUV�ZH
UH�XVLQJ�LV�ORFDWHG�LQ�PHPRU\��7KH�3URJUDP�&RXQWHU�NHHSV�WUDFN�RI�ZKHUH�WKH�QH[W
,QVWUXFWLRQ�WR�EH�SHUIRUPHG� LV� ORFDWHG� LQ�PHPRU\��7KLV�DGYDQFHV� LQ�ZRUG�VWHSV��DOZD\V�SRLQWLQJ�DW
HYHQ�QXPEHUHG�DGGUHVVHV��(DFK�WLPH�DQ�LQVWUXFWLRQ�LV�IHWFKHG�IURP�PHPRU\��WKH�SURJUDP�FRXQWHU�LV
LQFUHPHQWHG�E\�WZR��VR�LW�SRLQWV�WR�WKH�QH[W�SRVVLEOH�ORFDWLRQ�IRU�DQ�LQVWUXFWLRQ�

:H�NQRZ�WKLV�LV�DOUHDG\�JHWWLQJ�SUHWW\�KHDY\��EXW�WKHUH
V�MXVW�QR�VXEVWLWXWH�IRU�UHDOO\�H[SODLQLQJ�ZKDW
KDSSHQV�VR�WKDW�\RX
OO�XQGHUVWDQG�KRZ�-XPS�LQVWUXFWLRQV�ZRUN��/HW
V�ORRN�DW�D�FRQFUHWH�H[DPSOH��6XSSRVH
WKH�FRPSXWHU�LV�H[HFXWLQJ�WKH�IROORZLQJ�VHTXHQFH�RI�LQVWUXFWLRQV�

LI   R4,5 place five in register 4
REPEAT MOVB *R9+,*R10+ move a byte

DEC  R4 subtract one from R4
JNE  REPEAT if not zero, jump back.
INCT R4 (next operation)



7(;$6�,167580(176
+20(�&20387(5

)RU�WKH�PRPHQW��ZH�ZLOO� LJQRUH�PRVW�RI� WKHVH� LQVWUXFWLRQV��DQG�VWDUW�ZLWK�ZKDW�KDSSHQV�ZKHQ�WKH
PLFURSURFHVVRU�LV�H[HFXWLQJ�WKH�LQVWUXFWLRQ�-1(�5(3($7��2QFH�WKDW�LQVWUXFWLRQ�KDV�EHHQ�IHWFKHG�IURP
PHPRU\�IRU�H[HFXWLRQ��WKH�FKLS�ZLOO�DGYDQFH�WKH�SURJUDP�FRXQWHU�E\�WZR�E\WHV��VR�WKH�SURJUDP�FRXQWHU
QRZ�SRLQWV� WR� WKH� ORFDWLRQ� LQ�PHPRU\�ZKHUH� ,1&7�5�� LV� ORFDWHG��7KH� FRPSXWHU� H[HFXWHV� WKH�-1(
LQVWUXFWLRQ�E\�FRPSDULQJ�WKH�ODVW�FRPSOHWHG�RSHUDWLRQ�WR�]HUR��$FWXDOO\��WKDW
V�QRW�TXLWH�DFFXUDWH��,W�GRHV
WKH�FRPSDULVRQ�WR�]HUR�DV�SDUW�RI�WKH�H[HFXWLRQ�RI�WKH�'(&�LQVWUXFWLRQ��VR�WKDW�WKH�VWDWXV�UHJLVWHU�ELWV�DUH
DOUHDG\�VHW�EHIRUH�WKH�-1(�LQVWUXFWLRQ�LV�IHWFKHG�IURP�PHPRU\��,I�WKH�'(&�5��UHVXOWHG�LQ�5��EHFRPLQJ
]HUR��WKH��(48$/��ELW�ZLOO�EH�VHW��PDGH�WR�HTXDO����LQ�WKH�6WDWXV�5HJLVWHU��,I�5��GLG�QRW�EHFRPH�]HUR��WKHQ
WKH�(48$/�ELW�LQ�WKH�6WDWXV�5HJLVWHU�ZLOO�EH�]HUR��7KLV�ODWWHU�FRQGLWLRQ��ZKHUH�WKH�(48$/�ELW�LV��WXUQHG
RII���ZLOO�FDXVH�WKH�PLFURSURFHVVRU�WR�ORRN�DW�WKH�VHFRQG�E\WH�LQ�WKH�-1(�LQVWUXFWLRQ��DQG�WR�DGG�WZLFH�WKDW
�RIIVHW��WR�WKH�FRQWHQWV�RI�WKH�3URJUDP�&RXQWHU��,Q�WKLV�SDUWLFXODU�FDVH��WKH�VHFRQG�E\WH�LQ�WKH�-1(
LQVWUXFWLRQ�ZLOO�FRQWDLQ�WKH�YDOXH�����VR�WKDW�ZKHQ�WKLV�LV�GRXEOHG�DQG�DGGHG�WR�WKH�SURJUDP�FRXQWHU��WKH
QH[W�LQVWUXFWLRQ�WR�EH�IHWFKHG�ZLOO�EH�WKH�RQH�DW�ODEHO�5(3($7��LQVWHDG�RI�WKH�LQVWUXFWLRQ�,1&7�5���7KXV
D�ORRS�RSHUDWLRQ�ZLOO�EH�SHUIRUPHG�XQWLO�WKH�QXPEHU�LQ�5HJLVWHU���GHFUHPHQWV�WR�]HUR��2Q�WKDW�SDVV
WKURXJK�WKH�ORRS��WKH�MXPS�ZLOO�QRW�KDSSHQ�EHFDXVH�WKH��(48$/��ELW�LQ�WKH�VWDWXV�UHJLVWHU�ZLOO�KDYH�EHHQ
WXUQHG�RQ��VR�WKH�FRPSXWHU�ZLOO�JR�DKHDG�WR�WKH�QH[W�LQVWUXFWLRQ�DIWHU�-1(��RU�,1&7�5��

,I�WKHUH�ZHUH�D�FRXSOH�RI�SDJHV�RI�VRXUFH�FRGH�EHWZHHQ�ODEHO�5(3($7�DQG�WKH�-1(�LQVWUXFWLRQ��WKH�RIIVHW
E\WH�VWRUHG�LQ�WKH�-1(�LQVWUXFWLRQ�ZRUG�PLJKW�KDYH�WR�EH�D�ODUJHU�QHJDWLYH�QXPEHU�WKDQ�������,I�WKDW
V
WKH�FDVH��WKH�$VVHPEOHU�ZLOO�WHOO�XV�WKDW�E\�LVVXLQJ�DQ�HUURU�GXULQJ�WKH�$VVHPEO\�SURFHVV��7KH�HUURU�ZLOO
EH�UHSRUWHG�DV��5$1*(�(5525�LQ�OLQH�;;;���7KLV�FRQGLWLRQ�LV�KDUG�WR�SUHGLFW�ZKHQ�ORRNLQJ�DW�VRXUFH
FRGH��EHFDXVH�WKH�QXPEHU�RI�ZRUGV�LQ�PHPRU\�WKDW�HDFK�LQVWUXFWLRQ�OLQH�RFFXSLHV�PD\�YDU\�IURP�RQH�ZRUG
WR�WKUHH���,Q�WKH�H[DPSOH�VKRZQ�DERYH��DOO�RI�WKH�LQVWUXFWLRQV�XVHG�ZHUH�RQH�ZRUG�NLQGV��VR�RXU�FDOFXODWLRQ
RI�WKH�MXPS�RIIVHW�DV����ZDV�HDV\��

:KHQ�RQH�HQFRXQWHUV�WKLV�VLWXDWLRQ��WKH�QRUPDO��ZRUNDURXQG��LV�WR�VZLWFK�RYHU�WKH�ORJLF�LQYROYHG��WKHQ
XVH�D�%�RU�%UDQFK�LQVWUXFWLRQ�WR�JR�EDFN�WR�ODEHO�5(3($7��7KH�UHYLVHG�FRGH�ZRXOG�ORRN�OLNH�WKLV�

LI   R4,5
REPEAT MOVB *R9+,*R10+

(lots more instructions included in loop)
DEC  R4
JEQ  NEXTOP if zero, jump ahead
B    @REPEAT else branch back to REPEAT

NEXTOP INCT R4

:KDW�ZH
YH�GRQH�LV�WR�LQYHUW�WKH�ORJLF�RI�RXU�-XPS�VR�WKDW�LW�ZLOO�PDNH�WKH�VKRUW�MXPS�DKHDG�WR�ODEHO
1(;723�ZKHQ�5��EHFRPHV�]HUR��HOVH�LW�ZLOO�SHUIRUP�WKH�RSHUDWLRQ�RI�DQ�XQFRQGLWLRQDO�EUDQFK�WR�UHSHDW
WKH�ORRS��%HFDXVH�WKH�7,�PHDVXUHV�MXPS�UDQJHV�LQ�ZRUGV��QRW�E\WHV��WKH�DFFHSWDEOH�UDQJH�IRU�MXPSV�LV
DFWXDOO\�TXLWH�EURDG���2Q�3&�FRPSXWHUV��MXPS�UDQJHV�DUH�LQ�E\WHV��ZKLFK�PHDQV�WKH\�KDYH�RQO\�KDOI�WKH
UDQJH�SRWHQWLDO�RI�WKRVH�RQ�WKH�7,��7KLV�LV�QRW�VR�IRU�WKH�XQFRQGLWLRQDO�-03�RQ�WKH�3&��ZKLFK�KDV�D�UDQJH
DQ\ZKHUH�ZLWKLQ�D���.�E\WH�VHJPHQW��
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2XU��QRUPDO��SUDFWLFH��ZKHQ�WKHUH
V�DQ\�GRXEW�DERXW�WKH�UDQJH�RI�D�MXPS��LV�WR�SXW�WKH�MXPS�LQVWUXFWLRQ
LQ�DQ\ZD\��WKHQ�OHW�WKH�$VVHPEOHU�WHOO�XV�ZKHWKHU�WKDW
V�RND\��7KLV�VRPHWLPHV�KDV�EDG�UHVXOWV��EXW�LW�RIWHQ
VDYHV�XV�E\WHV�LQ�RXU�SURJUDPV�E\�UXQQLQJ�WKH�ULVN�RQ�MXPS�UDQJHV�

<RX
OO�QRWLFH�WKDW�WKLV�UHYLVHG�VRXUFH�FRGH�QHHGV�PRUH�LQVWUXFWLRQV��DQG�RQH�PRUH�ODEHO�WKDQ�WKH�ILUVW
H[DPSOH��7KH�LQVWUXFWLRQ�%�#5(3($7�WDNHV�IRXU�E\WHV�LQ�LWVHOI��7KDW
V�EHFDXVH�WKHUH�LV�D�WZR�E\WH�ZRUG
MXVW�IRU�WKH�%�LQVWUXFWLRQ��WKHQ�DQRWKHU�WZR�E\WH�ZRUG�IRU�WKH�DGGUHVV�RI�WKH�ODEHO�5(3($7��7KLV�OHDGV
XV�QLFHO\�LQWR�DQRWKHU�WRSLF�IRU�WRGD\�

1.33.2. The Branch Instruct ions

7KHUH�DUH�WKUHH�LPSRUWDQW�IRUPV�RI�%UDQFK�LQVWUXFWLRQV��VR�OHW
V�FRYHU�DOO�WKUHH�KHUH��(DFK�LV�HDV\�WR�VSRW�
EHFDXVH�LW�VWDUWV�ZLWK�WKH�OHWWHU��%���7KH�SODLQ�DQG�VLPSOH�%UDQFK�KDV�MXVW�WKDW�OHWWHU�DV�LWV�RSFRGH��7KH
RWKHU�WZR�IRUPV�DUH�WKH�%/��%UDQFK�DQG�/RDG��DQG�WKH�%/:3��%UDQFK�DQG�/RDG�:RUNVSDFH�3RLQWHU�
RSFRGHV��(DFK�UHTXLUHV�MXVW�RQH�RSHUDQG��ZKLFK�LV�DQ�DGGUHVV�WR�ZKLFK�WKH�EUDQFK�LV�WR�KDSSHQ��$Q\�RI�WKH
IRUPV�FDQ�EUDQFK�WR�DQ\ZKHUH�LQ�WKH���.�DGGUHVV�VSDFH���7KLV��ZKLOH�WUXH��PXVW�QRW�EH�WDNHQ�WRR�OLWHUDOO\�
DV�EUDQFKLQJ�WR�VRPH�XQNQRZQ�SODFH�LQ�WKH�PHPRU\�VSDFH�FDQ�KDYH�GLVDVWURXV�UHVXOWV��

1RZ�WKDW�\RX�NQRZ�ZKDW�WKH�3URJUDP�&RXQWHU�LV��ZH�FDQ�GLVFXVV�WKHVH�EUDQFKHV�LQ�WKH�PRUH�FRUUHFW�VHQVH
RI�KRZ�WKH�FRPSXWHU�H[HFXWHV�WKHP��)RU�WKH�XQFRQGLWLRQDO�%UDQFK��WKH�FRPSXWHU�WDNHV�WKH�VHFRQG�ZRUG
RI� WKH�%� LQVWUXFWLRQ�� SODFHV� WKDW� LQ� WKH� SURJUDP� FRXQWHU�� WKHQ� FRQWLQXHV� H[HFXWLRQ�ZLWK�ZKDWHYHU
LQVWUXFWLRQ� LV� DW� WKDW� ORFDWLRQ�� �7KHUH�DUH� VLWXDWLRQV�ZKHUH� WKH�%� LQVWUXFWLRQ�RU� WKH�%/� LQVWUXFWLRQ
RFFXSLHV�RQO\�RQH�ZRUG�LQ�PHPRU\��:H
OO�JHW�WR�RQH�RI�WKRVH�LQ�D�IHZ�PRPHQWV���1R��UHWXUQ�DGGUHVV��LV
VDYHG�DQ\ZKHUH��VR�WKHUH
V�QR�DXWRPDWLF�ZD\�RI��UHWXUQLQJ��IURP�D�%��,Q�PRVW�VHQVHV��WKLV�LV�D�GLUHFW
HTXLYDOHQW�RI�WKH�%DVLF�*272�LQVWUXFWLRQ�

7KH�VHFRQG�IRUP��FDOOHG�%/��LV�URXJKO\�HTXLYDOHQW�WR�WKH�%DVLF�*268%�LQVWUXFWLRQ��7KH�UHWXUQ�DGGUHVV
LV�VWDVKHG�LQ�5HJLVWHU����RI�WKH�FXUUHQW�ZRUNVSDFH��DQG�WKH�SURJUDP�FRXQWHU�LV�ORDGHG�ZLWK�WKH�ZRUG
IROORZLQJ� WKH� %/� LQVWUXFWLRQ�� WKHQ� H[HFXWLRQ� FRQWLQXHV� ZLWK� WKH� LQVWUXFWLRQ� DW� WKDW� ORFDWLRQ�� 7KH
GLIIHUHQFH�KHUH�LV�WKDW�D��UHWXUQ��WR�WKH�LQVWUXFWLRQ�IROORZLQJ�WKH�%/�LV�SRVVLEOH�E\�KDYLQJ�DQ�57��UHWXUQ�
LQVWUXFWLRQ�DW�WKH�HQG�RI�WKH�VXEURXWLQH�

%HIRUH�JRLQJ�RQ�WR�%/:3��OHW
V�GLJUHVV�IRU�MXVW�D�PRPHQW�LQWR�WKH�DOWHUQDWH�ZD\V�RI�SURYLGLQJ�WKH�DGGUHVV
IRU�D�%UDQFK�RSHUDWLRQ��7KLV�FDQ�EH��DV�ZH
YH�VKRZQ�LQ�WKH�H[DPSOH�DERYH��VLPSO\�D�ODEHO�SUHFHGHG�E\�WKH
#�V\PERO��,W�FDQ�DOVR�EH�DQ�DGGUHVV�FRQWDLQHG�LQ�RQH�RI�WKH�ZRUNVSDFH�UHJLVWHUV��7KLV�DOORZV�WKH�SURJUDP
WR�G\QDPLFDOO\�FKDQJH�WKH�SODFH�WR�ZKLFK�WKH�EUDQFK�JRHV��/HW
V�VXSSRVH�WKDW�ZH�KDYH�D�VLWXDWLRQ�LQ�ZKLFK�
GHSHQGLQJ�RQ�ZKDW�KDV�KDSSHQHG�LQ�WKH�SURJUDP��WKHUH�PD\�EH�D�QHHG�WR�%/�WR�DQ\�RI�VHYHUDO�GLIIHUHQW
VXEURXWLQHV���%DVLF�HTXLYDOHQW�LV�21�*268%��,I�ZH�DUUDQJH�WR�SODFH�WKH�DGGUHVV�RI�WKH�FKRVHQ�VXEURXWLQH
LQ��VD\��UHJLVWHU����WKHQ�ZH�FDQ�ZULWH�D�VRXUFH�LQVWUXFWLRQ�OLNH�WKLV�

BL   *R5

7KH�DVWHULVN� WHOOV� WKH� FRPSXWHU� WR�XVH�ZKDWHYHU�QXPEHU� LV� LQ�5HJLVWHU���DV� WKH�DGGUHVV� IRU� WKH�%/
LQVWUXFWLRQ��1HHGOHVV�WR�VD\��WKLV�LV�D�YHU\�SRZHUIXO�IRUP�RI�WKH�LQVWUXFWLRQ��EHFDXVH�LW�DOORZV�XV�WR�SHUIRUP
WKH�HTXLYDOHQW�RI�21�*272�RU�21�*268%�RSHUDWLRQV�EDVHG�RQ�ZKDW�KDSSHQV�GXULQJ�SURJUDP�H[HFXWLRQ�
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:H
OO�QRZ�JR�KHDGORQJ�LQWR�WKH�UHDOO\�FRPSOH[�FDVH�RI�WKH�%/:3�LQVWUXFWLRQ��$V�ZH�SRLQWHG�RXW�LQ�DQ
HDUOLHU�SDUW�RI�WKLV�PLQL�VHULHV��WKH�%/:3�DOORZV�XV�WR�FKDQJH�WKH�ZRUNVSDFH�SRLQWHU�IRU�WKH�GXUDWLRQ�RI
D��VXESURJUDP���7KLV�LV�VLPLODU�LQ�PDQ\�UHVSHFWV�WR�WKH�XVH�RI�VXESURJUDPV�LQ�([WHQGHG�%DVLF��EXW�QRW
ZLWK�UHVSHFW�WR��YDULDEOHV��LQ�WKH�GDWD�SRUWLRQ�RI�WKH�SURJUDP�

7R�UHDOO\�XQGHUVWDQG�D�%/:3��ZH�PXVW�QRZ�GHILQH�DQRWKHU�WHUP��WKH�9HFWRU��$�9HFWRU�LV�QRWKLQJ�EXW�WZR
ZRUGV�RI�'$7$�LQ�PHPRU\��ZKLFK�SURYLGH�WKH�LQIRUPDWLRQ�WKH�FRPSXWHU�QHHGV�WR�H[HFXWH�D�%/:3��/HW
V
ORRN�DW�DQ�H[DPSOH�

UTVEC DATA UTWS,UTSUB subprogram workspace & code addresses

UTWS BSS  32 32 bytes set aside for workspace
UTSUB (first instruction in subprogram)

(subprogram code continues)
RTWP return from subprogram

USEUT BLWP @UTVEC use the subprogram specified at UTVEC

7KH�%/:3�LV�D�WZR�ZRUG�LQVWUXFWLRQ��ZKHUH�WKH�VHFRQG�ZRUG�LV�WKH�DGGUHVV�RI�WKH�9(&725��DQG�LV�QRW
WKH�DGGUHVV�DW�ZKLFK�SURJUDP�H[HFXWLRQ�ZLOO�FRQWLQXH��7KH�YHFWRU�LWVHOI�LV�WZR�ZRUGV�RI�GDWD��7KH�ILUVW�RI
WKHVH�LV�WKH�DGGUHVV�RI�WKH�ZRUNVSDFH�WR�EH�XVHG�E\�WKH�VXESURJUDP��DQG�WKH�VHFRQG�LV�WKH�DGGUHVV�RI�WKH
ILUVW�LQVWUXFWLRQ�LQ�WKH�VXESURJUDP�

$V�WKH�QDPH�LPSOLHV��WKH�LQVWUXFWLRQ�%/:3�ERWK�EUDQFKHV�DQG�ORDGV�WKH�ZRUNVSDFH�SRLQWHU��,W�DFWXDOO\
GRHV�PRUH�WKDQ�WKDW��,I�ZH�%/:3�#879(&��DV�DERYH��PDQ\�WKLQJV�KDSSHQ�DOO�LQ�WKDW�RQH�LQVWUXFWLRQ�
)LUVW��WKH�PLFURSURFHVVRU�WDNHV�WKH�ILUVW�ZRUG�DW�WKH�YHFWRU�DGGUHVV�WR�XVH�IRU�LWV�ZRUNVSDFH�SRLQWHU��1H[W
LW�WDNHV�WKH�FXUUHQW�FRQWHQWV�RI�WKH�ZRUNVSDFH�SRLQWHU�DQG�SODFHV�WKDW�QXPEHU� LQWR�5���RI�WKH�QHZ
ZRUNVSDFH��,W�WDNHV�WKH�FXUUHQW�FRQWHQWV�RI�WKH�SURJUDP�FRXQWHU��SRLQWLQJ�WR�WKH�LQVWUXFWLRQ�DIWHU�WKH
%/:3
V�WZR�ZRUGV���DQG�SODFHV�WKDW�LQ�5���RI�WKH�QHZ�ZRUNVSDFH��1H[W�LW�WDNHV�WKH�FXUUHQW�FRQWHQWV�RI
WKH�VWDWXV�UHJLVWHU�DQG�SODFHV�WKDW�LQ�5���RI�WKH�QHZ�ZRUNVSDFH��2QFH�DOO�WKLV�LV�GRQH��WKH�ZRUNVSDFH
SRLQWHU�LV�FKDQJHG�WR�WKH�QHZ�ZRUNVSDFH�ORFDWLRQ��DQG�WKH�SURJUDP�FRXQWHU�LV�ORDGHG�ZLWK�WKH�VHFRQG�ZRUG
RI�WKH�YHFWRU��VR�WKDW�H[HFXWLRQ�ZLOO�FRQWLQXH�ZLWK�WKH�ILUVW�LQVWUXFWLRQ�LQ�WKH�VXESURJUDP�

1.33.3. Many Happy Returns

%RWK�WKH�%/�DQG�WKH�%/:3�LQVWUXFWLRQV�VHW�XS�PHDQV�IRU�WKH�SURJUDP�WR�UHWXUQ�WR�ZKDWHYHU�FRPHV�DIWHU
WKH�EUDQFKLQJ�LQVWUXFWLRQ
V�RQH�RU�WZR�ZRUGV��7KH�UHWXUQ�LQVWUXFWLRQV�DUH�GLIIHUHQW��ZLWK�57�EHLQJ�XVHG
LQ�WKH�%/�FDVH��DQG�57:3�LQ�WKH�%/:3�FDVH�

,Q�WKH�FDVH�RI�%/��WKH��UHWXUQ�DGGUHVV��LV�SODFHG�LQ�5���RI�WKH�ZRUNVSDFH��VR�WKDW�D�VXEURXWLQH�FDQ�EH�HQGHG
ZLWK�WKH�LQVWUXFWLRQ�57��UHWXUQ���57�DFWXDOO\�LV�MXVW�D�SVHXGRQ\P�IRU�WKH�LQVWUXFWLRQ�%�5����%RWK�VRXUFH
VWDWHPHQWV��57�DQG�%�5����SURGXFH�H[DFWO\�WKH�VDPH�UHVXOW�ZKHQ�DVVHPEOHG��7KDW�LV�WKH�KH[DGHFLPDO
QXPEHU����%��7KH�����SDUW�PHDQV�%UDQFK�WR�WKH�DGGUHVV�LQ�D�UHJLVWHU��ZKLOH�WKH�%�WHOOV�WKH�FRPSXWHU�WKDW
UHJLVWHU�����%�LV�WKH�QXPEHU����LQ�KH[�QRWDWLRQ��FRQWDLQV�WKH�DGGUHVV�WR�ZKLFK�LW
V�WR�EUDQFK��)RU�WKLV
UHWXUQ�PHWKRG�WR�ZRUN�SURSHUO\��LW
V�LPSRUWDQW�WKDW�WKH�VXEURXWLQH�VKRXOG�QRW�WDPSHU�ZLWK�WKH�FRQWHQWV
RI�5HJLVWHU����GXULQJ�LWV�H[HFXWLRQ��VR�WKDW�WKH�UHWXUQ�DGGUHVV�LV�SUHVHUYHG�XQWLO�LW
V�QHHGHG�



The Cyc: MICROpendium

,Q�WKH�%/:3�FDVH��WKH�LQVWUXFWLRQ�57:3�FDXVHV�D�ZKROH�EXQFK�RI�WKLQJV�WR�KDSSHQ��7KH�ROG�:RUNVSDFH
3RLQWHU�LV�WDNHQ�IURP�5����WKH�SURJUDP�FRXQWHU�LV�UH�ORDGHG�ZLWK�WKH�FRQWHQWV�RI�5����DQG�WKH�VWDWXV
UHJLVWHU�LV�UH�ORDGHG�ZLWK�WKH�FRQWHQWV�RI�5����([HFXWLRQ�WKHQ�FRQWLQXHV�DW�WKH�LQVWUXFWLRQ�WKDW�IROORZV
WKH�%/:3�LQVWUXFWLRQ��$V�LQ�WKH�FDVH�RI�%/�VXEURXWLQHV��LW
V�LPSRUWDQW�WKDW�WKH�FRQWHQWV�RI�5����5����DQG
5���QRW�EH�WDPSHUHG�ZLWK�GXULQJ�WKH�VXESURJUDP
V�H[HFXWLRQ�

,Q�ERWK�VLWXDWLRQV��WKHUH�DUH�FDVHV�LQ�ZKLFK�WKH�FRQWHQWV�RI�WKHVH��UHWXUQ��UHJLVWHUV�FDQ�VDIHO\�EH�DOWHUHG�
EXW�WKRVH�DUH�EH\RQG�WKH�VFRSH�RI�RXU��EHJLQQHU
V��OHVVRQV��(DUOLHU�FROXPQV�LQ�WKLV�VHULHV�KDYH�GHDOW�ZLWK
ZD\V�RI�KDQGOLQJ�VXFK�DOWHUDWLRQV�RI�WKH�UHJLVWHUV�IRU�WKH�PRUH�DGYDQFHG�VWXGHQW�

7KDW
V�D�ORW�RI�PDWHULDO�IRU�RQH�VLWWLQJ��VR�SHUKDSV�ZH
G�EHWWHU�TXLW�ZULWLQJ�QRZ��1H[W�PRQWK�ZH
OO�FRQFOXGH
WKLV�OLWWOH�GLJUHVVLRQ�LQWR�WKH�EHJLQQHU
V�UHDOP��DQG�DIWHU�WKDW�LW
OO�EH�EDFN�WR�WKH�PRUH�DGYDQFHG�DQG
HVRWHULF�VWXII��2I�FRXUVH�VRPH�RI�\RX�PD\�FRQVLGHU�WKLV�PHPEHU�RI�WKH�VHULHV�WR�EH�DGYDQFHG�DQG�HVRWHULF�
EXW�ZH�FDQ
W�KHOS�WKDW��7KHUH
V�MXVW�QR�VXEVWLWXWH�IRU�WDNLQJ�WKH�WLPH�WR�XQGHUVWDQG�ZKDW�WKLQJV�UHDOO\�GR�
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1.34. The Art Of Assembly — Part 34. Cramming Time!

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

,W
V�JHWWLQJ�QHDU��ILQDO�H[DP��WLPH�IRU�RXU�EHJLQQHU�VWXGHQWV�RI�$VVHPEO\�/DQJXDJH��VR�ZH
UH�JRLQJ�WR
�FUDP��LQ�WKLV�PRQWK
V�LQVWDOOPHQW��:H
OO�WU\�WR�FRYHU�DV�PXFK�UHPDLQLQJ�JURXQG�DV�SRVVLEOH�LQ�RQH�VHVVLRQ�
:H
OO�VWDUW�E\�WU\LQJ�WR�FRYHU�D�IHZ�PRUH�LPSRUWDQW�LQVWUXFWLRQV�

1.34.1. Immediates Galore

%DFN� LQ� WKH� ILUVW� SDUW� RI� WKLV� PLQL�VHULHV� IRU� EHJLQQHUV�� ZH� VKRZHG� H[DPSOHV� RI� WZR� �LPPHGLDWH�
LQVWUXFWLRQV��QDPHO\�/RDG�,PPHGLDWH��/,��DQG�/RDG�:RUNVSDFH�3RLQWHU�,PPHGLDWH��/:3,���7KH�ZRUG
�LPPHGLDWH��KDV�QRWKLQJ�LQ�SDUWLFXODU�WR�GR�ZLWK�VXGGHQQHVV�RI�WKH�RSHUDWLRQ��EXW�VLPSO\�PHDQV�WKDW�WKH
ZRUG� LQ�PHPRU\� WKDW� LPPHGLDWHO\� IROORZV� WKH� LQVWUXFWLRQ� LV� WR� EH� XVHG� DV� GDWD� LQ� SHUIRUPLQJ� WKH
LQVWUXFWLRQ��7KXV�/,�5�����PHDQV�ORDG�UHJLVWHU���ZLWK�WKH�QH[W�ZRUG�LQ�PHPRU\��ZKLFK�LQ�WKLV�FDVH
FRQWDLQV�WKH�QXPEHU�����$V�ZH�VKRZHG�LQ�WKDW�FROXPQ��WKH�LPPHGLDWH�YDOXH�LWVHOI�FDQ�EH�UHSUHVHQWHG�LQ
VRXUFH�FRGH�E\�DQ�H[SUHVVLRQ��ZKLFK�WKH�$VVHPEOHU�FRPSXWHV�LQWR�D�VLQJOH�ZRUG�YDOXH�

7KHUH�DUH�VRPH�RWKHU�LPSRUWDQW��LPPHGLDWH��LQVWUXFWLRQV��DOO�RI�ZKLFK�LQYROYH�D�UHJLVWHU�DV�WKH�ILUVW
RSHUDQG��ZLWK�DQ�LPPHGLDWH�YDOXH�DV�WKH�VHFRQG��,Q�PRVW�RI�WKHVH�LQVWUXFWLRQV��WKH�XVXDO�RUGHU�RI�RSHUDQGV
IRU�7,�$VVHPEO\� LV� UHYHUVHG�� LQ� WKDW� WKH� ILUVW� RSHUDQG� �UHJLVWHU�� LV� WKH�'HVWLQDWLRQ�� DQG� WKH� VHFRQG
�,PPHGLDWH�9DOXH��LV�WKH�6RXUFH��:H
OO�FRYHU�WKH�H[FHSWLRQ�LQ�D�FRXSOH�RI�PRPHQWV��EXW�ILUVW�OHW
V�VLPSO\
OLVW�DOO�WKH��,PPHGLDWH��LQVWUXFWLRQV�

/:3, /RDG�:RUNVSDFH�3RLQWHU�,PPHGLDWH
/, /RDG�D�UHJLVWHU�ZLWK�,PPHGLDWH�YDOXH
$, $GG�DQ�,PPHGLDWH�YDOXH�WR�D�UHJLVWHU
$1', $1'�WKH�UHJLVWHU�ZLWK�DQ�,PPHGLDWH�YDOXH
25, 25�WKH�UHJLVWHU�ZLWK�DQ�,PPHGLDWH�YDOXH
&, &RPSDUH�WKH�UHJLVWHU�WR�DQ�,PPHGLDWH�9DOXH

$GG�,PPHGLDWH�GRHV�H[DFWO\�ZKDW�LWV�QDPH�LPSOLHV��,I�UHJLVWHU���KHOG�D�YDOXH�RI�����DQG�ZH�SHUIRUP�WKH
LQVWUXFWLRQ�$,�5������WKHQ�5��ZLOO�FRQWDLQ����DIWHU�WKH�RSHUDWLRQ��1RWH�WKDW�WKHUH�LV�QR�VXFK�WKLQJ�DV
�VXEWUDFW� LPPHGLDWH��� EXW� \RX� FDQ�PDNH� D� VXEWUDFWLRQ� KDSSHQ� E\� SODFLQJ� D�PLQXV� VLJQ� EHIRUH� WKH
LPPHGLDWH�YDOXH��7KXV�SHUIRUPLQJ�$,�5������LQ�WKH�DERYH�FDVH�ZRXOG�PDNH�5��EHFRPH����



The Cyc: MICROpendium

$1'LQJ�DQ�LPPHGLDWH�YDOXH�LV�D�ORJLFDO�RSHUDWLRQ�ZKLFK�LV�XVXDOO\�XVHG�WR�LVRODWH�SDUWLFXODU�ELWV�LQ�WKH
UHJLVWHU�IRU�H[DPLQDWLRQ��$Q�HDV\�H[DPSOH�LV�KDUG�WR�FRPH�E\��EXW�MXVW�VXSSRVH�WKDW�LW
V�LPSRUWDQW�WR�NQRZ
ZKHWKHU�WKH�QXPEHU�LQ�5��LV�DQ�RGG�RU�DQ�HYHQ�QXPEHU��2GG�QXPEHUV�LQ�%LQDU\�DOZD\V�KDYH�D���DV�WKHLU
OHDVW�VLJQLILFDQW�ELW��ZKLOH�HYHQ�QXPEHUV�DOZD\V�KDYH�WKHLU�/6%�VHW�DW�����7UXVW�XV�WKDW�WKLV�LV�VR���7KH�HDV\
ZD\�WR�WHOO�DERXW�WKH�QXPEHU�LQ�5HJLVWHU����WKHQ��ZRXOG�EH�VLPSO\�WR�$1',�5�����7KH�LPPHGLDWH�YDOXH��
KDV�RQO\�LWV�OHDVW�VLJQLILFDQW�ELW�VHW�WR�����,Q�ELQDU\��WKDW
V���������������������7KXV�ZKHQ�DQ�$1'
RSHUDWLRQ�LV�SHUIRUPHG��5��ZLOO�FRQWDLQ���LI�DQG�RQO\�LI�LWV�/6%�ZDV���WR�VWDUW�ZLWK��,I�LW�ZDV�DQ�HYHQ
QXPEHU��WKH�UHVXOW�RI�$1',�5����ZLOO�EH�]HUR��7KH�WHVW�FRXOG�ORRN�OLNH�WKLV�LQ�VRXUFH�FRGH�

ANDI R2,1
JEQ  EVEN if result is zero, jump
(else it was an odd number)

EVEN (do whatever follows for an even number)

,I�WKH�YDOXH�LQ�5��ZHUH�LPSRUWDQW�WR�EHJLQ�ZLWK�DV�VXFK��WKHQ�RQH�VKRXOG�PRYH�WKDW�YDOXH�WR�VRPHSODFH
HOVH�EHIRUH�WKH�$1',�LQVWUXFWLRQ��EHFDXVH�RQO\�WKH�/6%�RI�5�
V�FRQWHQW�ZLOO�VXUYLYH�WKLV�RSHUDWLRQ�

7KH�25�,PPHGLDWH�GRHV�HIIHFWLYHO\�WKH�RSSRVLWH�RI�$1',��LQ�WKDW�LW�ZLOO�IRUFH�D���LQWR�HDFK�ELW�RI�WKH
GHVWLQDWLRQ�UHJLVWHU�ZKHUHYHU�WKHUH
V�D���LQ�WKH�,PPHGLDWH�YDOXH��/HW
V�WDNH�D�VLPLODU�VLWXDWLRQ�LQYROYLQJ
5���EXW�WKLV�WLPH�ZH�ZDQW�WR�PDNH�VXUH�WKDW�WKH�QXPEHU�LQ�5��LV�IRUFHG�WR�EH�RGG��:H�FDQ�GR�WKLV�E\�WKH
VLPSOH�LQVWUXFWLRQ�25,�5�����,I�5��ZHUH�DOUHDG\�RGG��WKLV�ZRXOG�KDYH�QR�HIIHFW��DQG�LWV�YDOXH�ZRXOG�EH�WKH
VDPH�DV�EHIRUH�WKH�RSHUDWLRQ��,I��KRZHYHU��LW�ZHUH�HYHQ��LWV�YDOXH�ZRXOG�EH�LQFUHPHQWHG�E\�RQH��PDNLQJ
LW�DQ�RGG�QXPEHU�

7KHVH�DUH�QRW�WKH�PRVW�FRPPRQ�XVHV�IRU�$1',�DQG�25,��EXW�ZH�FKRVH�WR�XVH�WKHVH�LOOXVWUDWLRQV�EHFDXVH
WKH\�DUH�VLPSOH�HQRXJK�WR�JLYH�WKH�EHJLQQHU�D�IHHO�IRU�WKH�LQVWUXFWLRQV�

7KH� ILQDO� ,PPHGLDWH� LQVWUXFWLRQ�� &RPSDUH� ,PPHGLDWH�� LV� WKH� RQH� H[FHSWLRQ� WR� WKH� XQXVXDO
'HVWLQDWLRQ�6RXUFH�UHODWLRQVKLS�IRU�,PPHGLDWH�LQVWUXFWLRQV��,I�IRU�H[DPSOH��ZH�SHUIRUP�DQ�RSHUDWLRQ�OLNH
WKLV�

CI   R8,78
JGT  BIG

:H�ZLOO�MXPS�WR�%,*�LI�WKH�YDOXH�LQ�5HJLVWHU���LV�ODUJHU�WKDQ�WKH�LPPHGLDWH�YDOXH�����$V�ZLWK�DOO�&RPSDUH
RSHUDWLRQV��QHLWKHU�2SHUDQG�LV�FKDQJHG�E\�WKH�FRPSDULVRQ���7KH�PLFURSURFHVVRU�SHUIRUPV�D�VXEWUDFWLRQ
LQWHUQDOO\��EXW�GRHV�QRW��RXWSXW��WKH�UHVXOWV�H[FHSW�LQWR�WKH�6WDWXV�5HJLVWHU��
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1.34.2. A Shifty Business

:D\� EDFN�ZKHQ�� WKRVH� VSHFLDO�PHPRU\�ZRUGV� WKDW�ZH� FDOO�5HJLVWHUV�ZHUH� FDOOHG�E\� WKH�QDPH� 6KLIW
5HJLVWHUV��2QH�RI�WKH�RSHUDWLRQV�WKDW�LV�H[FOXVLYH�WR�WKH�UHJLVWHUV�LQ�WKH�7,�LV�WKH�VHULHV�RI�LQVWUXFWLRQV
FDOOHG�6KLIW�,QVWUXFWLRQV��7KHVH�DUH�KDUG�WR�YLVXDOL]H��HYHQ�LQ�KH[�QXPEHUV��DQG�YLUWXDOO\�LPSRVVLEOH�WR
XQGHUVWDQG�LQ�GHFLPDO�QXPEHUV��VLQFH�WKH\�DUH�RSHUDWLRQV�WKDW�KDSSHQ�WR�WKH�ELWV�LQ�WKH�UHJLVWHUV��3HUKDSV
WKHQ�\RX
OO�IRUJLYH�XV�LI�ZH�PRYH�EDFN�IRU�D�PLQXWH�RU�WZR�LQWR�WKDW�P\VWHULRXV�ZRUOG�RI�ELQDU\�QXPEHUV�

/HW
V�PDNH�WKLV�DV�HDV\�DV�SRVVLEOH�E\�VWDUWLQJ�ZLWK�D�UHJLVWHU�WKDW�FRQWDLQV�WKH�YDOXH����,Q�ELQDU\��WKH
FRQWHQW�RI�WKH�UHJLVWHU�ZRXOG�EH��������������������1RZ�ZH�FDQ�SHUIRUP�VRPH�VKLIW�RSHUDWLRQV�RQ�WKLV
UHJLVWHU��OHW
V�VD\�LW
V�5HJLVWHU�����)RU�RSHQHUV��OHW
V�VKLIW�LW�OHIW�E\�RQH�ELW��7KDW
V�GRQH�E\�WKH�VRXUFH
VWDWHPHQW�6/$�5�����7KH�UHVXOW�ZLOO�EH�WKDW�WKH�VLQJOH�RQH�ELW�LQ�WKH�UHJLVWHU�ZLOO�PRYH�RYHU�RQH�SRVLWLRQ
WR�WKH�OHIW��DQG�LWV�RULJLQDO�SODFH�ZLOO�EHFRPH�D�]HUR��,W�ZRXOG�WKHQ�ORRN�OLNH�WKLV�LQ�ELQDU\�� ��������
����������7KH�HIIHFW�LQ�WKLV�FDVH�LV�WKDW�WKH�UHJLVWHU�WKDW�FRQWDLQHG���QRZ�FRQWDLQV����:LWKLQ�OLPLWV��WKH
6/$�LQVWUXFWLRQ�FDQ�EH�XVHG�DV�D�PXOWLSO\�RSHUDWLRQ��PXOWLSO\LQJ�E\�WZR�IRU�HDFK�ELW�SRVLWLRQ�WKDW�WKH
UHJLVWHU�LV�VKLIWHG�WR�WKH�OHIW��,I�WKH�VLWXDWLRQ�DERYH�ZHUH�6/$�5�����WKHQ�WKH�UHJLVWHU�WKDW�FRQWDLQHG��
ZRXOG�FRQWDLQ����

%HIRUH�JHWWLQJ�WRR�LQYROYHG��OHW
V�WU\�DQ�RSSRVLWH�FDVH��ZKHUH�ZH�VKLIW�WR�WKH�ULJKW�LQVWHDG�RI�WR�WKH�OHIW��,I
ZH�WDNH�WKH�UHJLVWHU�DV�VWDUWLQJ�ZLWK�����WKHQ�65/�5�����ZH�ZLQG�XS�ZLWK�WKH�YDOXH���LQ�WKH�UHJLVWHU�

7KH�PHQX�IRU�VKLIW�LQVWUXFWLRQV�JRHV�OLNH�WKLV��ZLWK�OHIW�VKLIWV�FRQVLVWLQJ�RI�MXVW�RQH�LWHP��ZKLOH�ULJKW�VKLIWV
KDYH�WKUHH�FKRLFHV�

6/$ 6KLIW�/HIW�$ULWKPHWLF
65/ 6KLIW�5LJKW�/RJLFDO
65$ 6KLIW�5LJKW�$ULWKPHWLF
65& 6KLIW�5LJKW�&LUFXODU

7KH�GLIIHUHQFH�EHWZHHQ�/RJLFDO�DQG�$ULWKPHWLF�VKLIWV�LQYROYHV�ZKDW�KDSSHQV�WR�WKH�0RVW�6LJQLILFDQW�%LW
LQ�WKH�UHJLVWHU��NQRZQ�DOVR�DV�WKH�6LJQ�%LW�

,Q�LQWHJHU�DULWKPHWLF�RSHUDWLRQV��DQ\�TXDQWLW\�LQ�ZKLFK�WKH�OHIWPRVW�ELW�LV�D�RQH�LV�WUHDWHG�DV�D�QHJDWLYH
QXPEHU��/HW
V�VD\�WKDW�D�UHJLVWHU�FRQWDLQV�������������������LQ�ELQDU\��7KDW
V�D�QHJDWLYH�QXPEHU������
LQ�KH[���������LQ�GHFLPDO��WR�WKH�FRPSXWHU��6LPLODUO\��WKH�QXPEHU�H[SUHVVHG�LQ�ELQDU\�DV���������
���������LV�DOVR�QHJDWLYH�����LQ�GHFLPDO��RU�))))�LQ�KH[���,I�ZH�VLPSO\�FKDQJH�WKDW�OHIWPRVW�ELW�WR�D�]HUR�
DV�������������������LW�EHFRPHV�WKH�SRVLWLYH�QXPEHU��������,I�ZH�GR�D�65/�RSHUDWLRQ��WKH�OHIWPRVW�ELW
ZLOO�EH�UHSODFHG�E\�]HUR�UHJDUGOHVV�RI�ZKDW�LWV�SUHYLRXV�YDOXH�ZDV��,I��RQ�WKH�RWKHU�KDQG��ZH�65$��WKH
OHIWPRVW�ELW�ZLOO�UHPDLQ�ZKDWHYHU�LW�ZDV��VR�WKDW�D�QHJDWLYH�QXPEHU�ZLOO�VWD\�QHJDWLYH�DIWHU�WKH�VKLIW�LV
SHUIRUPHG��,Q�RWKHU�ZRUGV��IRU�DQ�$ULWKPHWLF�VKLIW��WKH�VLJQ�RI�WKH�QXPEHU�LV�SUHVHUYHG��ZKLOH�IRU�D�/RJLFDO
VKLIW��LW�FDQ�EH�FKDQJHG�
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7KDW�OHDYHV�RQO\�65&�WR�GLVFXVV��6KLIW�5LJKW�&LUFXODU�PHDQV�WKDW�ZKHQ�D�ELW�LV�VKLIWHG�RXW�RQ�WKH�ULJKW
VLGH��LW��FLUFOHV��EDFN�WR�WKH�OHIW�VLGH��/HW
V�WDNH�RXU�ROG�IULHQG�5���ORDG�LW�ZLWK�MXVW����DQG�WKHQ�GR�DQ�65&
5����RSHUDWLRQ�RQ�LW��%HIRUH��LW�KDV��������������������DQG�DIWHU�WKLV�RSHUDWLRQ�LW�ZLOO�KDYH���������
����������,Q�GHFLPDO�YDOXHV��WKDW�RQH�LQVWUXFWLRQ�FKDQJHG���WR���������4XLWH�D�VKLIW�

:H
OO� OHDYH� WKLV� VXEMHFW� KHUH�� EHFDXVH� WKHUH
V� ORWV� PRUH� JURXQG� WR� FRYHU�� DQG� WKHUH� DUH� H[FHOOHQW
GHVFULSWLRQV�RI�ZKDW�KDSSHQV�LQ�WKHVH�VKLIW�LQVWUXFWLRQV�LQ�WKH�(�$�0DQXDO�

1.34.3. Other Instructions

$V�D�TXLFN�FKHFN�LQ�WKH�$VVHPEO\�0DQXDO�ZLOO�UHYHDO��WKHUH�DUH�D�ORW�RI�LQVWUXFWLRQV�ZH�KDYHQ
W�WRXFKHG�
6RPH�DUH�YHU\�VLPSOH��OLNH�WKH�LQVWUXFWLRQ�&/5��ZKLFK�KDV�RQO\�RQH�RSHUDQG��&/5�PDNHV�LWV�RQH�RSHUDQG
HTXDO�]HUR��ZKLFK�FDQ�FRPH�LQ�YHU\�KDQG\�LQGHHG��7KH�RSHUDQG�FDQ�EH�DQ\�PHPRU\�ORFDWLRQ�RU�D�UHJLVWHU�
2WKHU�KDQG\�RQH�RSHUDQG�LQVWUXFWLRQV�DUH�,1&�DQG�,1&7��'(&�DQG�'(&7��7KHVH�DGG�RU�VXEWUDFW�RQH
RU�WZR�IURP�WKHLU�GHVWLQDWLRQ�RSHUDQGV�

2QFH�\RX
YH�VWDUWHG�SOD\LQJ�DURXQG�ZLWK�\RXU�RZQ�$VVHPEO\�SURJUDPV��DQG�JRWWHQ�VRPH�WKLQJV�ZRUNLQJ�
\RX
OO�ILQG�WKDW�WKH�H[SODQDWLRQV�RI�WKH�LQVWUXFWLRQV�DV�JLYHQ�LQ�WKH�0DQXDO�ZLOO�VWDUW�WR�PDNH�VHQVH��DQG
\RX
OO�EH�DEOH�WR�DSSO\�WKHP�IRU�\RXUVHOI�

1.34.4. Address ing Modes

,Q�PRVW�RI�WKH�OHVVRQV�LQ�WKLV�PLQL�VHULHV��ZH�KDYH�VWXFN�WR�WKH�VLPSOHVW�PRGHV�RI�DGGUHVVLQJ�PHPRU\��7KH
7,�KDV�D�QXPEHU�RI�YHU\�LQWHUHVWLQJ�DQG�XVHIXO�ZD\V�WR�DGGUHVV�PHPRU\��+HUH
V�D�EULHI�VXPPDU\�DQG�D
FRXSOH�RI�H[DPSOHV�

7KH�DGGUHVVLQJ�PRGHV�DUH�WKHVH�

'LUHFW�DGGUHVVLQJ
5HJLVWHU�LQGLUHFW�DGGUHVVLQJ
5HJLVWHU�LQGLUHFW�DXWR�LQFUHPHQW
,QGH[HG

'LUHFW�DGGUHVVLQJ�VLPSO\�PHDQV�WKDW�WKH�RSHUDQG�QDPHG�LQ�WKH�LQVWUXFWLRQ�LV�WKH�DGGUHVV�IRU�WKH�VRXUFH
RU�GHVWLQDWLRQ��7KLV�FDQ�EH�HLWKHU�D�UHJLVWHU�RU�DQ\�ORFDWLRQ�LQ�PHPRU\��)RU�H[DPSOH��ZH�FDQ�ZULWH�029%
5��#3$%'7����7KLV�ZLOO�PRYH�WKH�KLJK�RUGHU�E\WH�IURP�5��LQWR�WKH�PHPRU\�ORFDWLRQ�RQH�E\WH�SDVW�WKH
ODEHO�3$%'7�

5HJLVWHU�LQGLUHFW�DGGUHVVLQJ�PHDQV�WKDW�WKH�UHJLVWHU
V�FRQWHQWV�DUH�WR�EH�XVHG�DV�WKH�DGGUHVV��)RU�H[DPSOH�
LI�ZH�ZULWH�029�5��5����WKH�DVWHULVN�WHOOV�WKH�$VVHPEOHU�WKDW�ZKDWHYHU�QXPEHUV�DUH�LQ�5��DQG�5���DUH
DGGUHVVHV�IRU�WKH�VRXUFH�DQG�GHVWLQDWLRQ�RSHUDQGV��DQG�WKH�UHJLVWHUV�WKHPVHOYHV�ZLOO�QRW�EH�FKDQJHG�E\
WKLV�RSHUDWLRQ�
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,Q�DGGLWLRQ�WR�WKH�DVWHULVN�LQ�IURQW�RI�WKH�UHJLVWHU�QXPEHUV��ZH�FDQ�DGG�D�SOXV�����VLJQ�DIWHU�WKH�UHJLVWHU
WR�FDXVH�WKH�QXPEHU�LQ�WKH�UHJLVWHU�WR�DXWR�LQFUHPHQW�DIWHU�WKH�RSHUDWLRQ���H�J��029�5���5�����,Q�WKH
FDVH�MXVW�FLWHG�WKH�SOXV�ZRXOG�PHDQ�WKDW�DIWHU�PRYLQJ�WKH�ZRUG�IURP�WKH�ORFDWLRQ�SRLQWHG�WR�E\�5��LQWR
WKH�ZRUG�SRLQWHG�WR�E\�5����ERWK�UHJLVWHUV�ZRXOG�EH�LQFUHPHQWHG�E\�WZR��VR�WKH\
G�SRLQW�DW�WKH�QH[W�ZRUG�
)RU�029%�RSHUDWLRQV��WKH�DXWR�LQFUHPHQW�ZLOO�DGYDQFH�WKH�YDOXHV�LQ�WKH�UHJLVWHUV�E\�RQO\�RQH��VR�WKH\
OO
SRLQW�DW�WKH�QH[W�E\WH�LQ�PHPRU\�

)LQDOO\��WKHUH
V�LQGH[HG�DGGUHVVLQJ��7KLV�XVHV�D�FRPELQDWLRQ�RI�GLUHFW�DGGUHVVHV�DQG�UHJLVWHUV��6XSSRVH
WKHUH
V�D�ORRNXS�WDEOH��DW�ODEHO�/87��DQG�5��FRQWDLQV�WKH�PHPEHU�RI�WKH�WDEOH�ZH�ZDQW�WR�DFFHVV��:H�FDQ
ZULWH�029%�#/87�5���5���7KLV�ZLOO�DGG�WKH�YDOXH�LQ�5��WR�WKH�DGGUHVV�/87��WKHQ�PRYH�WKH�E\WH�DW�WKDW
ORFDWLRQ�LQWR�WKH�KLJK�E\WH�RI�5���7KLV�PRGH�FDQ�EH�D�YHU\�SRZHUIXO�PHDQV�RI�DFFHVVLQJ�DUUD\V�RI�GDWD�LQ
PHPRU\�

$OO� WKHVH� DGGUHVVLQJ� PRGHV� KDYH� EHHQ� XVHG� LQ� RXU� RZQ� $VVHPEO\� ZRUN�� DQG� WKH\
YH� DOO� KDG� WKHLU
DGYDQWDJHV�GHSHQGLQJ�RQ�ZKDW�ZH�ZHUH�WU\LQJ�WR�GR��:H�WUXVW�WKDW�\RX�WRR�ZLOO�FRPH�WR�KDYH�JUHDW�UHVSHFW
IRU�WKH�GHVLJQHUV�ZKR�EXLOW�DOO�WKLV�SRZHU�LQWR�WKDW�WLQ\�OLWWOH�FRPSXWHU�FKLS�

1.34.5. Final E xams

6RUU\��EXW�WKHUH�ZLOO�EH�QR�ILQDO�H[DPV��7KLV�KHDGOLQH�ZDV�MXVW�WR�JHW�\RXU�DWWHQWLRQ��,I�\RX
UH�UHDGLQJ�WKLV�
LW�ZRUNHG��VR�ZH�FDQ�WU\�WR�VWDUW�ZUDSSLQJ�XS�RXU�EHJLQQHUV
�PLQL�VHULHV��$V�\RX�DOO�NQHZ�DW�WKH�VWDUW��WKLV
LQWURGXFWRU\�PDWHULDO�ZRXOG�QRW�FUHDWH��LQVWDQW�DVVHPEO\�SURJUDPPHUV��IURP�QHRSK\WHV��,WV�SXUSRVH�LV
WR�JLYH�\RX�DOO�D��IHHO��IRU�WKH�ODQJXDJH��DQG�LQ�VRPH�GHJUHH�WR�JHW�\RX�UHDG\�WR�WDFNOH�WKH��ELJ�ERRN���ZKLFK
FDQ�EH�YHU\�FRQIXVLQJ�DW�WLPHV��$OVR��WKRVH�RI�\RX�ZKR
YH�NHSW�DOO�\RXU�EDFN�LVVXHV�RI�0,&52SHQGLXP�FDQ
JR�WKURXJK�VRPH�RI�WKH�HDUOLHU�SDUWV�RI�WKLV�VHULHV�DQG�SHUKDSV�XQGHUVWDQG�WKHP�WKLV�WLPH��,I�\RX�KDYH
0,&52SHQGLXP�RQ�GLVN��\RX
OO�ILQG�PDQ\�XVHIXO��VQLSSHWV��RI�VRXUFH�FRGH�LQ�WKH�6LGHEDUV�WR�WKHVH�DUWLFOHV�
8VLQJ�WKRVH��HLWKHU��DV�LV��RU�MXVW�DV�H[DPSOHV�VKRXOG�PRYH�\RX�ZHOO�DORQJ�WRZDUG�EHFRPLQJ�DQ�$VVHPEO\
SURJUDPPHU�

1.34.6. Parting Thoughts

'XULQJ�WKLV�PLQL�VHULHV��ZH�KDYH�PDGH�VRPH�YHU\�JHQHUDO�FRPSDULVRQV�EHWZHHQ�YDULRXV�RSHUDWLRQV�DV
UHSUHVHQWHG�LQ�$VVHPEO\�DQG��VLPLODU��RSHUDWLRQV�LQ�%DVLF��7KH�VLPLODULWLHV�DUH�PRVWO\�VXSHUILFLDO��:KHQ
ZH�SHUIRUP�DQ�RSHUDWLRQ�OLNH�$� �$���%�LQ�%DVLF��ZKDW�UHDOO\�KDSSHQV�LV�WKDW�WZR�HLJKW�E\WH�IORDWLQJ�SRLQW
QXPHULF�TXDQWLWLHV�DUH�DGGHG��DQG�WKH�UHVXOWLQJ�HLJKW�E\WH�IORDWLQJ�SRLQW�QXPEHU�LV�VWRUHG�LQ�PHPRU\�E\
%DVLF�DW�WKH�ORFDWLRQ�UHVHUYHG�IRU�WKH�YDULDEOH�$��,Q�RXU�$VVHPEO\��HTXLYDOHQW���$�#%�#$�WKH�TXDQWLWLHV
EHLQJ�DGGHG�DUH�RQH�ZRUG�LQWHJHUV��ZLWK�D�UDQJH�RI�YDOXHV�OLPLWHG�WR��������WKURXJK���������,Q�WKH
%DVLFV��WKH�VWDWHPHQWV�SODFHG�LQ�WKH�SURJUDP�QHHG�WR�EH�LQWHUSUHWHG�E\�WKH�FRPSXWHU��DQG�HYHQ�D�YHU\
VPDOO�VWDWHPHQW�OLNH�WKDW�DERYH�UHVXOWV�LQ�WKH�H[HFXWLRQ�RI�KXQGUHGV�RI�PDFKLQH�LQVWUXFWLRQV�WR�ILUVW
LQWHUSUHW�DQG�WKHQ�H[HFXWH�WKH�GHVLUHG�RSHUDWLRQ��7KLV�LQWHUSUHWDWLRQ�WKDW�WDNHV�SODFH�ZKHQ�%DVLF�LV
UXQQLQJ�LV�ERWK�D�VWUHQJWK�DQG�D�ZHDNQHVV��,W
V�D�VWUHQJWK�EHFDXVH�RI�WKH�VLPSOLFLW\�IRU�WKH�SURJUDPPHU�
EXW�WKH�QHHG�WR�LQWHUSUHW�DQG�WKHQ�SHUIRUP�DOO�WKRVH�VWHSV�PDNHV�WKH�RSHUDWLRQV�VORZHU�E\�PDQ\�IROG�ZKHQ
FRPSDUHG�WR�VLPLODU�RSHUDWLRQV�FRGHG�LQ�$VVHPEO\�
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:H�KRSH�WKDW�DW�OHDVW�VRPH�RI�\RX�ZLOO��VWD\�WKH�FRXUVH��LQ�OHDUQLQJ�$VVHPEO\��7KHUH
V�DQ�HQRUPRXV�HIIRUW
LQYROYHG� WR� EHFRPH� SURILFLHQW� LQ� WKLV� ODQJXDJH�� DQG� HYHQ� \RXU� DXWKRU��ZKR
V� EHHQ� GRLQJ�$VVHPEO\
SURJUDPPLQJ�IRU�VRPH�\HDUV�RQ�ERWK�7,�DQG�3&�FRPSXWHUV��VWLOO�KDV�WKLQJV�WR�OHDUQ��7KH�ZRUN�LV�GLIILFXOW
DW�WLPHV��EXW�WKH�UHZDUG��LQ�KDYLQJ�SURJUDPV�WKDW�GR��LPSRVVLEOH��WKLQJV�DW�LQFUHGLEOH�VSHHG��PDNHV�LW�DOO
ZRUWK�WKH�SDLQ�
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1.35. The Art Of Assembly — Part 35. Even More's There!

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

2XU�SURGXFWLRQ�RI�WKLV�VHULHV�KDV�EHHQ�VWRSSHG�IRU�D�VKRUW�ZKLOH�DV�ZH�ZURWH�WKH��EHJLQQHU��PLQL�VHULHV�
7KLV�PRQWK��ZH�WDNH�XS�ZKHUH�3DUW����OHIW�RII��ZLWK�PRUH�RQ�WKH�XVH�RI�IHDWXUHV�EXLOW�LQWR�WKH�7,��PDQ\
RI�ZKLFK�DUH�XQGRFXPHQWHG��:H
OO�EH�RYHUODSSLQJ�LQWR�RXU�IULHQG�%DUU\�7UDYHU
V�WHUULWRU\�VRPHZKDW��LQ
WKDW�PXFK�RI�ZKDW
V�VKRZQ�WKLV�PRQWK�LV�GHVLJQHG�IRU�RSHUDWLRQ�LQ�WKH�([WHQGHG�%DVLF��HQYLURQPHQW��
7KDW�LV��ZLWK�D����FKDUDFWHU�VFUHHQ��WKH�RIIVHW�QHHGHG�IRU�FKDUDFWHUV�ZULWWHQ�WR�WKH�VFUHHQ��DQG�VR�RQ�
7RGD\
V�6LGHEDU�LV��LQ�IDFW��WKH�VRXUFH�FRGH�IRU�D�FRXSOH�RI�URXWLQHV�ZH�PDGH�IRU�XVH�XQGHU�([WHQGHG�%DVLF�
7KH�NH\��ZKDW
V�WKHUHV��LQ�WKLV�FDVH�FDPH�IURP�+DUU\�:LOKHOP��WR�ZKRP�ZH�RZH�\HW�DQRWKHU�GHEW�RI
JUDWLWXGH�

1.35.1. Clearing The Decks

/HW
V�VWDUW�ZLWK�VRPHWKLQJ�UHDOO\�VLPSOH��ZKLFK�ZLOO�JHW�WKH�FRPSXWHU�LQWR�D��%DVLF��HQYLURQPHQW�YHU\
TXLFNO\��2QH�OLWWOH�%/:3�WR�*3//1.�ZLOO�GR�DOO�RI�WKH�IROORZLQJ�

�� &OHDU�WKH�VFUHHQ�
�� 5HVWRUH�WKH�QRUPDO�%DVLF�FKDUDFWHU�VHWV��ERWK�XSSHU�DQG�ORZHU�FDVH��LQFOXGLQJ�WKH�FXUVRU�DQG�HGJH

FKDUDFWHUV�
�� 6HW�WKH�UDQGRP�QXPEHU�VHHG�
�� 'HOHWH�DQ\�DQG�DOO�VSULWHV�
�� 6HW�WKH�VFUHHQ�FRORU�WR�F\DQ�
�� 6HW�WKH�FRORUV�IRU�DOO�FKDUDFWHU�VHWV�WR�EODFN�RQ�F\DQ�
�� 6HW�DOO�9'3�UHJLVWHUV�WR�WKHLU�%DVLF�YDOXHV�

3UHWW\�JRRG�IRU�MXVW�RQH�FDOO�WR�*3//1.��7KH�PDJLF�QXPEHU�LV�!��(���2U��DV�LW�VKRZV�XS�LQ�VRXUFH�FRGH�

BLWP @GPLLNK
DATA >27E3

7KDW
V�LW��$OO�VHYHQ�RI�WKRVH�WKLQJV�KDSSHQ�LQ�D�WULFH��DQG�\RX
UH�VHW�XS�ZLWK�D�FOHDUHG�F\DQ�VFUHHQ�DQG
HVVHQWLDOO\�LQ�D�%DVLF�HQYLURQPHQW��7KH�VLQJXODU�GUDZEDFN�WR�DOO�WKLV��\RX�NQHZ�WKHUH�KDG�WR�EH�RQH��LV
WKH�HYHU�SRSXODU�RIIVHW�IRU�WKH�VFUHHQ�FKDUDFWHUV��$GGLQJ�!���WR�HDFK�FKDUDFWHU�VHQW�WR�WKH�VFUHHQ�DQG
VXEWUDFWLQJ�!���IURP�DQ\�FKDUDFWHU�UHDG�IURP�WKH�VFUHHQ�LV�D�UHDO�SDLQ��EXW�WKDW
V�SDUW�RI�WKH�SULFH�ZH�SD\
IRU�WKH��HIILFLHQW��DUUDQJHPHQW�RI�WKH�FKDUDFWHU�GHILQLWLRQV�LQ�%DVLF��7KH�RWKHU�SDUW�RI�WKH�SULFH�ZH�SD\�LV
WKDW�FKDUDFWHUV�EHORZ�WKH�FXUVRU��!�(��RU�!�(�ZLWK�WKH�RIIVHW��FDQQRW�EH�XVHG��VLQFH�WKH�VSDFH�WKDW�ZRXOG
EH�XVHG�IRU�WKHLU�GHILQLWLRQV�LV�SDUW�RI�WKH�VFUHHQ�
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:H
YH�VHHQ�FDVHV�ZKHUH�D�SURJUDPPHU�JRW�DURXQG�WKDW�OLPLWDWLRQ�E\�XVLQJ�!�����DV�KLV�VFUHHQ�LPDJH
WDEOH��EXW�WKDW
V�QRW�D�SUDFWLFH�ZH�UHFRPPHQG��:H�ZRQ
W�FRQGHPQ�\RX�IRU�GRLQJ�WKDW��EXW�GRQ
W�FRPSODLQ
WR�XV�LI�WKDW�VFUHZV�XS�VRPHWKLQJ�HOVH�\RX�ZHUH�WU\LQJ�WR�GR�

,QFOXGHG�LQ�WRGD\
V�6LGHEDU�LV�DQRWKHU�JLIW�IURP�+DUU\�:LOKHOP��LQ�WKH�IRUP�RI�WZR�XWLOLW\�YHFWRUV��35675
DQG�90%:����WKDW�ZLOO�KHOS�\RX�RYHU�WKH�SUREOHP�RI�ZULWLQJ�WKLQJV�WR�WKH�VFUHHQ�ZLWK�WKH�RIIVHW��7KHVH
ZLOO�KHOS�VR�ORQJ�DV�\RX�NHHS�LQ�PLQG�WKDW�WKH�FKDUDFWHUV�IURP�QXPEHU����GRZQZDUG�DUH�YHUERWHQ�
�*HUPDQ�IRU�)RUELGGHQ��

3DUGRQ�D�GLJUHVVLRQ��EXW�WKDW�ZRUG�YHUERWHQ�KDV�VXFK�D�QHDW�ULQJ�WR�LW��,W�DOZD\V�UHPLQGV�XV�RI�WKH�RSHQLQJ
VFHQH�RI� WKH�79�VKRZ�+RJDQ
V�+HURHV��$V�WKH�SULVRQHUV�ZHUH�GDVKLQJ�RXW� LQWR�WKH�VQRZ�IURP�WKHLU
TXDUWHUV��ZH�QRWLFHG�D�VLJQ�EHVLGH�WKH�GRRU��7KH�VLJQ�ZDV�LQ�*HUPDQ��VR�GRQ
W�DVN�XV�ZKDW�LW�VDLG��H[FHSW
WKDW�WKH�ZRUG�LQ�ODUJH�OHWWHUV�DW�WKH�YHU\�WRS�ZDV�9(5%27(1��DQG�WKH�OLVW�RI�LWHPV�LQ�YHU\�VPDOO�OHWWHUV
VWUHWFKHG�GRZQ�WR�WKH�JURXQG��7KDW�NLQG�RI�WKLQJ�DOZD\V�KDV�VSHFLDO�PHDQLQJ�IRU�WKRVH�ZKR
YH�ZRUNHG�IRU
WKH�*RYHUQPHQW��7KH�OLVW�RI�ZKDW
V�YHUERWHQ�DOZD\V�ILOOV�PDQ\�PRUH�YROXPHV�WKDQ�WKH�OLVW�RI�ZKDW
V
SHUPLWWHG��1RZ�,
YH�EHHQ�UHPLQGHG�RI�DQRWKHU�VWRU\��FRQFHUQLQJ�WKH�XVH�RI�)HVWLYH�'HFRUDWLYH�0DWHULDOV�
EXW�,
G�EHWWHU�VDYH�WKDW�VWRU\�DQG�JHW�RQ�ZLWK�WKH�EXVLQHVV�DW�KDQG��RU�WKLV�FROXPQ�ZLOO�EH�YHUERWHQ���7KDW
V
ILYH�WLPHV�ZH
YH�XVHG�WKDW�ZRUG��(QRXJK��

:KHUH�ZHUH�ZH"�2K�\HV��WKH�OHDG�LQ�WR�WKH�6LGHEDU�VKRXOG�FRPH�QH[W��,Q�WKDW�6LGHEDU��WKH�ILUVW�SDUW�LV
VRXUFH� FRGH� IRU�ZKDW
V� FDOOHG� WKH�56;%�URXWLQH��$V�\RX� FDQ� VHH�� WKLV� LV� D�YHU\� VLPSOH�EXW� FRPSOHWH
VXE�SURJUDP�IRU�XVH�ZLWK�&$//�/,1.�IURP�([WHQGHG�%DVLF���3UHVXPDEO\�LW�FRXOG�DOVR�EH�XVHG�IURP
FRQVROH�%DVLF�LI�WKH�(�$�FDUWULGJH�LV�DYDLODEOH���:KDW�PDNHV�LW�FRPSOLFDWHG�LV�WKH�QHHG�WR�LQFOXGH�RQH
V�RZQ
*3//1.��VLQFH�7,�LQ�LWV�LQILQLWH�ZLVGRP�GHFLGHG�QRW�WR�SURYLGH�WKDW�IRU�;%�XVHUV���7KDQNV�DJDLQ��7,��

1.35.2. The Line Editor

+DUU\�:LOKHOP�KDV�SURYLGHG�XV�ZLWK�DQRWKHU�XQGRFXPHQWHG�*3/�URXWLQH��WKH�/LQH�(GLWRU��6R�IDU�DV�ZH
FDQ�WHOO��WKLV�LV�WKH�URXWLQH�WKDW
V�XVHG�E\�WKH�&RPPDQG�PRGH�LQ�%DVLF�DQG�([WHQGHG�%DVLF�WR�DOORZ�\RX
WR�W\SH�LQ�FRPPDQGV�RU�SURJUDP�OLQHV��DQG�RI�FRXUVH�WR�HGLW�H[LVWLQJ�SURJUDP�OLQHV��$V�VRRQ�DV�ZH
G
WLQNHUHG�DURXQG�ZLWK�WKLV�D�ELW��DQ�ROG�LGHD�FDPH�IODVKLQJ�EDFN�LQWR�RXU�FRQVFLRXVQHVV��7KDW�LGHD�ZDV
VRPHWKLQJ�ZH�FDOO�WKH��8OWLPDWH�$FFHSW�$W���:H�DOZD\V�OLNHG�7,�([WHQGHG�%DVLF
V�$&&(37�$7��IRU�WKH
QHDW�ZD\�LW�DOORZHG�XV�WR�WDNH�XVHU�LQSXWV�IURP�DQ\ZKHUH�RQ�WKH�VFUHHQ��2XU�PDLQ�JULSH�ZLWK�LW�ZDV�WKDW
QR�PRUH�WKDQ����FKDUDFWHUV�FRXOG�EH�LQSXW��6WULQJ�9DULDEOHV�FDQ�KROG�DV�PDQ\�DV�����FKDUDFWHUV�LQ�;%�
EXW�QRW�LI�HQWHUHG�WKURXJK�$&&(37�$7�

+DYLQJ�WKH�7,�/LQH�(GLWRU�DYDLODEOH��ZLWK�LWV�PDQ\�DOORZHG�SDUDPHWHUV��JDYH�XV�WKH�IUHHGRP�WR�LQYHQW�WKDW
GHVLUHG�URXWLQH�ZKLFK�SHUPLWV�DQ�HIIHFWLYH�$FFHSW�$W�ZLWK�URRP�IRU�����FKDUDFWHUV�LI�GHVLUHG��7KDW
V�UHDO
3RZHU��WKHUH�LQ�WKDW�/LQH�(GLWRU�ZKLFK�7,�GLGQ
W�ERWKHU�WR�PHQWLRQ�WR�XV��2QH�FDQ�SODFH�WKH�VWDUW�DQG�VWRS
ORFDWLRQV�IRU�LQSXW�DQ\ZKHUH�RQ�WKH�VFUHHQ���7KH�VWRS�ORFDWLRQ�FDQ�HYHQ�EH�RII�WKH�ERWWRP�RI�WKH�VFUHHQ�
LI�ZH
G�OLNH��

7KH�VHFRQG�SDUW�RI�WRGD\
V�6LGHEDU�LV�WKH�VRXUFH�FRGH�IRU�WKH�8OWLPDWH�$FFHSW�$W��7KLV�XVHV�7,
V�/LQH�(GLWRU
E\�WKH�VLPSOH�VRXUFH�VWDWHPHQWV�
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BLWP @GPLLNK
DATA >285A

2I�FRXUVH�WKLV�OLWWOH�URXWLQH�GRHV�D�ORW�RI�ZRUN�JHWWLQJ�SUHSDUHG�IRU�WKDW�FDOO��LQFOXGLQJ�WKH�UHDGLQJ�RI
SDUDPHWHUV�WKDW�;%�SDVVHV�DORQJ�LQ�WKH�&DOO�/LQN��FOHDULQJ�WKH�QHFHVVDU\�VFUHHQ�DUHD�IRU�RXU�LQSXW�ILHOG
LI�GHVLUHG��DQG�SODFLQJ�D�SURPSW�RQ�WKH�VFUHHQ�LI�QHHGHG��7KH�URXWLQH�DOVR�FKHFNV�WR�VHH�ZKHWKHU�WKHUH
V
HQRXJK�URRP�RQ�WKH�VFUHHQ�IRU�WKH�GHVLUHG�OHQJWK�RI�LQSXW�ILHOG��DQG�PRYHV�LWV�$&&(37�XS�E\�HQRXJK
URZV�WR�LQVXUH�VFUHHQ�VSDFH�

7KLV�URXWLQH��GHVLJQHG�IRU�WKH�([WHQGHG�%DVLF�SURJUDPPHU��LV�DYDLODEOH�DV�3XEOLF�'RPDLQ�VRIWZDUH�IURP
D�QXPEHU�RI�VRXUFHV��LQFOXGLQJ�WKH�/LPD�DQG�&KLFDJR�8VHU
V�*URXSV��7KH�GLVN�LQFOXGHV�WKH�FRPSOHWH
VRXUFH�FRGH��REMHFW�ILOHV��LQVWUXFWLRQV�RQ�KRZ�WR�XVH�WKH�URXWLQHV��DQG�GHPR�;%�SURJUDPV�WR�VKRZ�KRZ�WKH\
ZRUN��,I�\RX�FDQ
W�JHW�LW�DQ\ZKHUH�HOVH��ZH
OO�SURYLGH�LW�GLUHFWO\�IRU�D�SDOWU\�������WR�FRYHU�PHGLD�DQG
PDLOLQJ����������WK�3ODFH��+\DWWVYLOOH�0'�������86$�

1.35.3. Other Undocumenteds

1R��\RX�FDQ
W�KLUH�WKHVH�WR�ORRN�DIWHU�\RXU�FKLOGUHQ��RU�WR�VHUYH�DV�GRPHVWLF�ZRUNHUV��7KHUH�DUH�WZR�PRUH
IRU�WRGD\
V�FROXPQ�WKDW�DUH�ZRUWK�PHQWLRQLQJ��%DFN�LQ�3DUW�����ZH�VKRZHG�D�*3/�URXWLQH�WKDW�ZRXOG�WDNH
DQ�LQWHJHU�QXPEHU�DQG�FRQYHUW�LW�LQWR�D�VWULQJ��ZKLFK�ZH�WKHQ�GLVSOD\HG�RQ�WKH�VFUHHQ��2XU�IULHQG�+DUU\
KDV�DQ�HYHQ�EHWWHU�GHDO�IRU�XV��2QFH�DJDLQ��WKLV�XVHV�WKH�RIIVHW�IRU�VFUHHQ�FKDUDFWHUV��EXW�ZH�GRQ
W�QHHG�WR
DGG�WKH�RIIVHW��RU�HYHQ�GR�WKH�GLVSOD\LQJ��$OO�ZH�GR�LV�WDNH�WKH�RQH�ZRUG�LQWHJHU��PRYH�LW�LQWR�ORFDWLRQ
!���(��SXW�RXU�GHVLUHG�VFUHHQ�ORFDWLRQ�DW�!������WKHQ�FDOO�WKH�URXWLQH�WKURXJK�*3//1.��/RRNV�OLNH�WKLV�

LI   R0,32*11+2 (row 12, col 3, for example)
MOV  R0,@>8320 put that at >8320
MOV  @NUMBER,@>835E place the integer at >835E
BLWP @GPLLNK use GPL linkage
DATA >2842 with this DATA number.

9RLOD��7KH�QXPEHU�LV�RQ�WKH�VFUHHQ��ZLWK�RIIVHW��LQ�GHFLPDO�QRWDWLRQ��DW�URZ�����FROXPQ����1HDW��HK"

7KDW
V�DQRWKHU�VPDOO�PLUDFOH��1R�GRXEW�WKHUH�DUH�KXQGUHGV�RI�WKHVH�WKDW�ZH�GRQ
W�\HW�NQRZ�DERXW��/DVW
RQ�WRGD\
V�OLVW�LV�WKH�PDWWHU�RI�VFUROOLQJ�WKH�VFUHHQ��6RPH�WLPH�DJR��ZH�VKRZHG�WKH�XQGRFXPHQWHG�ZD\�WR
GR�WKDW�XVLQJ�*3//1.�

BLWP @GPLLNK
DATA >4D00

7KDW�RQH�ZLOO�ZRUN�IURP�(�$��RU�%DVLF��RU�([WHQGHG�%DVLF��7KH�QHZHVW�DGGLWLRQ�WR�RXU�JURZLQJ�OLVW�LV
DFWXDOO\�D�GRFXPHQWHG�RQH��3DJH�����RI�WKH�(�$�0DQXDO���7KLV�LV�D�VFUROO�WKDW�FDQ�EH�XVHG�RQO\�LQ�WKH�;%
HQYLURQPHQW��DQG�WKURXJK�;0//1.��QRW�*3//1.��,W�ORRNV�OLNH�WKLV�

BLWP @XMLLNK
DATA >0026

7KLV�LV��DV�ZH�VDLG��GRFXPHQWHG�RQ�SDJH�����RI�WKH�(�$�PDQXDO��DV�SDUW�RI�D�OLVW�RI�XQH[SODLQHG�HTXDWHV�
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DOO�RI�ZKLFK�DUH�WR�EH�XVHG�ZLWK�;0//1.��H[FHSW�WKDW�7,�IRUJRW�WR�PHQWLRQ�WKDW�WKLV�LV�KRZ�WKH\�DUH�WR
EH�XVHG��7KDW�OLVW�LQFOXGHV�

CNS EQU  >06 convert number to string
VPUSH EQU  >0E PUSH a value?
VPOP EQU  >10 POP a value?
ASSGNV EQU  >18 does what?
CIF EQU  >20 convert integer to floating point
SCROLL EQU  >26 Scroll screen
VGWITE EQU  >34 does what?
GVWITE EQU  >36 does what?

7KH�PHDQLQJV�RI�WKH��GRHV�ZKDWV��LQ�WKLV�OLVW�LV�XQFOHDU��,I�DQ\�RI�RXU�UHDGHUV�KDV�XVHG�WKHVH�HTXDWHV�IRU
DQ\WKLQJ��SOHDVH�OHW�XV�NQRZ��DQG�ZH
OO�SDVV�WKH�LQIRUPDWLRQ�DORQJ��:H�VXVSHFW�WKDW�WKH�9386+�DQG�9323
KDYH�VRPHWKLQJ�WR�GR�ZLWK�XVLQJ�D�YDOXH�VWDFN�LQ�9'3�5$0�IRU�IORDWLQJ�SRLQW�PDWK�RSHUDWLRQV��EXW�FDQ
W
DW�WKLV�WLPH�FRQILUP�RU�GHQ\�WKDW�VXVSLFLRQ��7KH�6&52//�LQ�WKLV�OLVW�UHSRUWHGO\�ZRUNV�IDVWHU�WKDQ�WKH
!�'���VFUROO��EXW�WKLV�RQH�DSSDUHQWO\�ZRUNV�RQO\�IURP�WKH�([WHQGHG�%DVLF�HQYLURQPHQW�

+HUH�LW�LV��JHWWLQJ�RQ�WRZDUG�WHQ�\HDUV�VLQFH�WKH�HQG�RI�SURGXFWLRQ�RI�WKH�7,�����$��DQG�VWLOO�WKHUH�DUH
P\VWHULHV�EXULHG�LQ�WKH��V\VWHP��VRIWZDUH�QHHGLQJ�WR�EH�XQUDYHOHG��2XU�IULHQG�+DUU\�:LOKHOP�XVHV�WKH�ROG
ERRN��7KH�7,�,QWHUQ��WR�GLJ�RXW�VRPH�LQIRUPDWLRQ��EXW�KDYLQJ�ORRNHG�DW�WKDW��ZH�VWLOO�GRQ
W�VHH�KRZ�KH
FRPHV�XS�ZLWK�XVHIXO�URXWLQHV�IURP�LW�

7KDW
V�HQRXJK�IRU�WRGD\��7KHUH
V�D�UDWKHU�ELJ�6LGHEDU�IRU�WRGD\
V�FROXPQ��ZLWK�DOO�WKDW�DQQRWDWHG�VRXUFH
FRGH�WR�FKHZ�RQ��VR�WKLV�ZLOO�EH�LW� IRU�QRZ��1H[W�PRQWK
V�WRSLF�LV�VWLOO�XQGHFLGHG��VR�ZH
OO�RQFH�DJDLQ
VXUSULVH�\RX��DQG�RXUVHOYHV��QH[W�PRQWK�

* SIDEBAR 35
*
* FIRST PART IS "RSXB" - RESETS MANY
* PARAMETERS TO DEFAULT CONDITIONS
* AS EXTENDED BASIC CALL LINK("RSXB")
* PUBLIC DOMAIN
*
STATUS EQU  >837C
GPLWS  EQU  >83E0
GR4    EQU  GPLWS+8
GR6    EQU  GPLWS+12
STKPNT EQU  >8373
LDGADD EQU  >60
XTAB27 EQU  >200E
GETSTK EQU  >166C
       DEF  RSXB
RSXB
       LWPI WS           LOAD OUR WORKSPACE
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPL LINKAGE
       DATA >27E3        CLEAR OUT TO XB DEFAULTS
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       LWPI GPLWS        LOAD GPL WORKSPACE
       B    @>6A         BRANCH TO GPL INTERPRETER
WS     BSS  32           OUR WORKSPACE
*
* FOLLOWING IS GPLLNK BY DON WARREN/CRAIG MILLER
*
GPLLNK DATA GLNKWS
       DATA GLINK1
RTNAD  DATA XMLRTN
GXMLAD DATA >176C
       DATA >50
GLNKWS EQU  $->18
       BSS  >08
GLINK1 MOV  *R11,@GR4
       MOV  *R14+,@GR6
       MOV  @XTAB27,R12
       MOV  R9,@XTAB27
       LWPI GPLWS
       BL   *R4
       MOV  @GXMLAD,@>8302(R4)
       INCT @STKPNT
       B    @LDGADD
XMLRTN MOV  @GETSTK,R4
       BL   *R4
       LWPI GLNKWS
       MOV  R12,@XTAB27
       RTWP
       END
*
* END OF THE "RSXB" ROUTINE
*
* SECOND PART IS SOURCE CODE FOR THE
* ULTIMATE ACCEPT AT ROUTINE
*
* PUBLIC DOMAIN
* USE WITH EXTENDED BASIC CALL LINK
* USE BY CALL LINK("ULTACC",R,C,CLR,"PROMPT",NOCHRS,VAR[,"BEEP"])
* WHERE: R,C ARE ROW AND COLUMN
* CLR MAY BE 0, 1 OR 2 (0 DOES NOT CLEAR SCREEN, 1 DOES, 2 RESETS XB)
* PROMPT MAY BE ANY STRING, INSERT "" FOR NO PROMPT
* NOCHRS IS NUMBER OF CHARACTERS TO ACCEPT.
* MAKING NOCHRS NEGATIVE WILL PUT EXISTING VALUE OF VAR ON SCREEN AS DEFAULT
* THE VARIABLE MAY BE ANY NUMERIC OR STRING VARIABLE
* THE "BEEP" IS AN OPTIONAL PARAMETER - PLACING ANYTHING
* AFTER THE VAR PARAMETER WILL MAKE A BEEP OCCUR
* IF THE WORD BEEP IS USED, IT MUST BE SURROUNDED BY QUOTES
*
VMBW   EQU  >2024        VDP MULTI-BYTE WRITE
VSBW   EQU  >2020        VDP SINGLE-BYTE WRITE
VMBR   EQU  >202C        VDP MULTI-BYTE READ
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VSBR   EQU  >2028        VDP SINGLE-BYTE READ
KSCAN  EQU  >201C        KEYBOARD SCAN
CFI    EQU  >12B8        CONVERT FLOATING POINT TO INTEGER
CIF    EQU  >0020        CONVERT INTEGER TO FLOATING POINT
CNS    EQU  >0014        CONVERT NUMBER TO STRING
CSN    EQU  >11AE        CONVERT STRING TO NUMBER
ARG5ID EQU  >8305        LOCATION FOR TYPE OF ARGUMENT 5
ARGNUM EQU  >8312        LOCATION FOR NUMBER OF ARGUMENTS
SCRWID EQU  32           SCREEN WIDTH
STRASG EQU  >2010        ASSIGN STRING VARIABLE
STRREF EQU  >2014        GET STRING VARIABLE
NUMREF EQU  >200C        GET NUMERIC
NUMASG EQU  >2008        ASSIGN NUMERIC VARIABLE
XMLLNK EQU  >2018        XML LINKAGE VECTOR
FAC    EQU  >834A        FLOATING POINT ACCUMULATOR
FAC11  EQU  FAC+11       PLUS ELEVEN BYTES
FAC12  EQU  FAC+12       PLUS TWELVE BYTES
SCROLL EQU  >0026        XB SCROLL ROUTINE (W/XMLLNK)
GPLWS  EQU  >83E0        GPL WORKSPACE
GR4    EQU  GPLWS+8      GPL REGISTER 4
GR6    EQU  GPLWS+12     GPL REGISTER 6
STKPNT EQU  >8373        STACK POINTER
LDGADD EQU  >60
XTAB27 EQU  >200E
GETSTK EQU  >166C
STATUS EQU  >837C        GPL STATUS BYTE
       DEF  ULTACC,ULTCLR
ULTCLR
       LWPI WS           LOAD OUR WORKSPACE
       BL   @CLRXB       USE CLRXB SUBROUTINE
       B    @EXIT        EXIT THIS ROUTINE
ULTACC
       LWPI WS           LOAD OUR WORKSPACE
       CLR  @NUMFLG      CLEAR NUMBER FLAG
       CLR  @DEFFLG      CLEAR DEFAULT FLAG
       CLR  R0           NOT ARRAY
       LI   R1,1         FIRST PARAMETER (ROW)
       BLWP @NUMREF      GET NUMBER
       BLWP @XMLLNK      USE XML VECTOR
       DATA CFI          TO CONVERT TO INTEGER
       MOV  @FAC,R4      PUT ROW IN R4
       JLT  ROWERR       IF NEG, ERR
       JEQ  ROWERR       IF ZERO, ERROR
       CI   R4,25        COMPARE TO 25
       JLT  GETCOL       IF <25, OKAY
ROWERR B    @ROWNG       ELSE REPORT ERROR
COLERR B    @COLNG       REPORT COLUMN ERROR
GETCOL
       MOV  R4,@ROW      PLACE ROW # AT LOCATION ROW
       INC  R1           NEXT PARAM (COLUMN)
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       BLWP @NUMREF      GET NUMBER
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R4      GET INTO R4
       JLT  COLERR       IF NEG, ERROR
       JEQ  COLERR       IF ZERO, ERROR
       CI   R4,28        COMPARE TO 28
       JGT  COLERR       IF >28, ERROR
       MOV  R4,@COL      MOVE TO COL
GETCLR INC  R1           NEXT PARAM
       BLWP @NUMREF      CLEAR SCREEN?
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R4      MOVE TO R4
       MOV  R4,@CLRFLG   PLACE AT FLAG LOCATION
       JEQ  NOCLR        IF ZERO, DONT
       CI   R4,1         IS VALUE 1?
       JGT  CLRALL       IF GREATER, JUMP
       CLR  R0           ELSE CLEAR R0
       LI   R1,BLNKLN    POINT AT BLANK LINE
       LI   R2,32        32 CHARACTERS
       LI   R4,24        24 ROWS
CLSLP  BLWP @VMBW60      WRITE 32 SPACES TO SCREEN
       A    R2,R0        MOVE DOWN 1 ROW
       DEC  R4           DEC ROW COUNT
       JNE  CLSLP        IF NOT ZERO, REPEAT
       CLR  R0           RE-CLEAR R0
       JMP  NOCLR        JUMP AHEAD
CLRALL
       BL   @CLRXB       USE SUBROUTINE
NOCLR
       LI   R1,4         PROMPT PARAMETER
       LI   R2,PRMSTR    POINT AT PROMPT STRING
       MOVB @MAXLEN,*R2  PLACE MAX LENGTH NUMBER THERE
       BLWP @STRREF      GET THE STRING
       MOVB @PRMSTR,R4   GET ACTUAL LENGTH IN R4
       SRL  R4,8         RIGHT JUSTIFY
       CI   R4,29        COMPARE TO 29
       JLT  LENOK        IF LESS, LENGTH IS OKAY
       B    @PRMNG       ELSE BRANCH TO ERROR REPORT
LENOK  MOV  R4,@PRMLEN   STASH LENGTH
       INC  R1           NEXT PARAM
       BLWP @NUMREF      ALLOWED INPUT LENGTH
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R4      MOV TO R4
       JGT  C256         IF POSITIVE, JUMP
       JEQ  CHRERR       IF ZERO, ERROR
       INC  @DEFFLG      SET DEFAULT FLAG
       NEG  R4           NEGATE R4 (MAKES IT POSITIVE NUMBER)
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C256   CI   R4,256       COMPARE TO 256
       JLT  ARG4OK       IF LESS, OKAY
CHRERR B    @CHRNG       ELSE ERROR
ARG4OK
       MOV  R4,@MAXCHR   STASH ALLOWED
       INC  R1           NEXT PARAMETER
GARG5  MOVB @ARG5ID,R4   GET PARAMETER TYPE IN R4
       SRL  R4,8         RIGHT JUSTIFY
       CI   R4,4         COMPARE TO 4
       JLT  FNDTY        IF LESS, PARAMETER IS OKAY
       B    @PTNG        ELSE ISSUE ERROR
FNDTY
       ANDI R4,1         MASK ALL BUT LAST BIT
       JNE  GETSTR       IF NOT ZERO, JUMP
       INC  @NUMFLG      ELSE THIS IS A NUMERIC PARAMETER
       MOV  @THIR2,@MAXCHR SET MAX CHARACTERS AT 32
       BLWP @NUMREF      GET NUMBER FROM XB
       MOVB @ONE,@FAC11  SET FAC+11 TO ZERO
       CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPL LINK
       DATA CNS          TO CONVERT NUMBER TO STRING
       MOVB @FAC12,R4    GET STRING LENGTH
       LI   R10,TEMSTR   POINT AT TEMPORARY STORAGE
       MOVB R4,*R10+     MOVE LENGTH TO THAT LOCATION
       SRL  R4,8         RIGHT JUSTIFY LENGTH
       MOVB @FAC11,R9    GET LOW BYTE OF ADDRESS
       SRL  R9,8         RIGHT JUSTIFY
       AI   R9,>8300     ADD >8300 HIGH BYTE
       CB   *R9,@MINUS   SEE IF A NEGATIVE NUMBER
       JEQ  MOVB         IF SO, JUMP
       INC  R9           ELSE POINT AHEAD BY ONE BYTE
       DEC  R4           DECREMENT LENGTH COUNT
       MOVB @WS+9,@TEMSTR  MOVE LOW BYTE OF R4 TO LENGTH BYTE TEMSTR
MOVB   MOVB *R9+,*R10+   TAKE ONE BYTE OF STRING
       DEC  R4           DECREMENT LENGTH COUNT
       JNE  MOVB         IF NOT ZERO, REPEAT
       JMP  PRMOK        ELSE JUMP AHEAD
GETSTR LI   R2,TEMSTR    POINT AT TEM STRING SPACE
       MOVB @MAXLEN,*R2  PUT MAX LENGTH THERE
       BLWP @STRREF      GET THE STRING FROM XB
PRMOK
       MOVB @TEMSTR,R4   GET BACK STRING LENGTH
       SRL  R4,8         RIGHT JUSTIFY
       C    R4,@MAXCHR   COMPARE TO MAX NUMBER CHARACTERS
       JEQ  SLOK         IF EQUAL, OKAY
       JLT  SLOK         IF LESS THAN, OKAY
       MOV  @MAXCHR,R4   ELSE TRUNCATE STRING
SLOK   MOV  R4,@DEFLEN   MOVE R4 TO DEFAULT STRING LENGTH
       SWPB R4           SWAP BYTES
       MOVB R4,@TEMSTR   PLACE AT TEMP STRING
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       MOV  @ROW,R0      GET ROW VALUE INTO R0
       MOV  @PRMLEN,R1   MOVE PROMPT LENGTH TO R1
       MOV  @MAXCHR,R2   MOVE MAX CHARACTERS TO R2
       MOV  @DEFLEN,R3   GET DEFAULT LENGTH IN R3
       C    R2,R3        COMPARE
       JGT  R2OK         IF GREATER, JUMP
       MOV  R3,R2        ELSE REPLACE R2 WITH R3
R2OK
       A    R1,R2        ADD PROMPT LENGTH
       A    @COL,R2      ADD COLUMN
       INC  R2           THEN ADD ONE
* R2 HAS SUM OF COLUMN, AND LENGTHS
       MOV  R2,@TOTLEN   MOVE TO TOTAL LENGTH WORD
       CLR  R1           CLEAR R1
       DIV  @TWEN8,R1    DIVIDE R1-R2 BY 28
       MOV  R2,R2        CHECK REMAINDER
       JEQ  R1OK         IF ZERO, OKAY
       INC  R1           ELSE INCREMENT R1
R1OK
* R1 HAS NUMBER OF ROWS REQUIRED FOR
* PROMPT AND INPUT
       MOV  R1,@TOTROW   MOVE TO TOTAL ROWS LOCATION
       A    R0,R1        ADD START ROW
       CI   R1,25        WILL THIS GO PAST 24?
       JLT  ROWOKY       IF LESS, OKAY
       AI   R1,-24       ELSE SUBTRACT 24
       S    R1,@ROW      THEN SUBTRACT THAT FROM ROW
ROWOKY
       MOV  @ROW,R9      GET ROW INTO R9
       DEC  R9           DECREMENT
       MPY  @THIR2,R9    MULTIPLY BY 32
       MOV  R10,R14      SAVE PRODUCT IN R14
       MOV  @COL,R9      GET COLUMN
       INC  R9           INCREMENT
       A    R9,R10       ADD TO PRODUCT OF ROW-1 X 32
       MOV  R10,R0       MOVE TO R0 - STARTING SCREEN POSITION
       MOV  R10,@STPRM   STASH AT LOCATION STPRM
       MOV  @TOTLEN,R2   GET TOTAL LENGTH INTO R2
       MOV  @TOTROW,R4   MOVE TOTAL ROWS TO R4
       LI   R1,4         LOAD 4 INTO R1
       MPY  R1,R4        MULTIPLY R4 BY 4
       A    R5,R2        ADD PRODUCT TO R2
       MOVB @SPACE,R1    LOAD R1 WITH SPACE BYTE
       MOV  R0,R13       STASH R0 IN R13
CLRLP  BLWP @VSBW        WRITE ONE SPACE
       INC  R0           INCREMENT SCREEN LOCATION
       DEC  R2           DECREMENT COUNT
       JNE  CLRLP        IF NOT ZERO, REPEAT
       DEC  R0           DECREMENT LOCATION
       MOV  R0,@ENDOC    STASH AT ENDOC
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       AI   R14,SCRWID   ADD SCREEN WIDTH TO R14
       DECT R14          THEN SUBTRACT 2
       MOV  R14,R0       MOVE THIS TO R0
       MOV  @TOTROW,R4   MOVE TOTAL ROWS TO R4
       LI   R1,EDGE      POINT AT EDGE CHARACTERS
       LI   R2,4         FOUR OF THEM
EDGELP
       BLWP @VMBW        WRITE FOUR EDGE CHARS
       AI   R0,32        MOVE DOWN ONE ROW
       CI   R0,23*32     COMPARE TO ROW 24
       JLT  DEC4         IF LESS, JUMP
       DECT R2           ELSE SUBTRACT 2 FROM R2
       JMP  LASEDG       THEN JUMP
DEC4   DEC  R4           DECREMENT ROW COUNT
       JNE  EDGELP       IF NOT ZERO, JUMP
LASEDG BLWP @VMBW        WRITE LAST TWO EDGE CHARACTERS
       DEC  R0           DECREMENT POSITION
       MOV  R0,@LASPOS   STASH AT LASPOS
* NEXT SECTION PUTS PROMPT ON SCREEN
       MOV  @STPRM,R0    GET PROMPT START POSITION
       LI   R9,PRMSTR    POINT AT PROMPT STRING
       MOVB *R9+,R2      GET ITS LENGTH
       SRL  R2,8         RIGHT-JUSTIFY
       JNE  PRDLP        IF NOT ZERO, OKAY
       MOV  @STPRM,@STDOC ELSE MOVE START OF PROMPT TO STDOC
       JMP  PUTDEF       THEN JUMP AHEAD
PRDLP
       BLWP @VSBR        READ THE CHARACTER AT CURRENT SCREEN POSITION
       CB   R1,@EDGE     IS THAT EDGE CHARACTER?
       JEQ  SKIPW        IF SO, SKIP IT
       MOVB *R9+,R1      ELSE GET PROMPT CHARACTER
       AB   @OFFSET,R1   ADD OFFSET
       BLWP @VSBW        THEN WRITE
       DEC  R2           DEC CHARACTER COUNT
       JEQ  PRDX         IF ZERO, EXIT
SKIPW
       INC  R0           INC SCREEN LOCATION
       JMP  PRDLP        THEN REPEAT ABOVE
PRDX
       INC  R0           INC SCREEN LOCATION
       MOV  R0,@STDOC    MOVE TO STDOC
PUTDEF
       MOV  @STDOC,R0    GET STDOC BACK INTO R0
CKED   BLWP @VSBR        READ CHARACTER
       CB   R1,@EDGE     IS THAT EDGE?
       JNE  PDEF1        IF NOT, GO AHEAD
       INC  R0           ELSE POINT AT NEXT SCREEN LOCATION
       JMP  CKED         THEN REPEAT
PDEF1
       MOV  R0,@STDOC    STASH R0 AT STDOC
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       MOV  @DEFFLG,R4   GET DEFAULT FLAG IN R4
       JNE  PDEF0        IF NON-ZERO, JUMP
       MOV  R0,@STDOC    AND STASH
       JMP  GETIN        THEN JUMP AHEAD
PDEF0  LI   R9,TEMSTR    POINT AT DEFAULT STRING
       MOVB *R9+,R2      GET LENGTH INTO R2
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  GETIN        IF ZERO, JUMP AHEAD
DEFLP
       BLWP @VSBR        READ CHARACTER FROM SCREEN
       CB   R1,@EDGE     IS THAT EDGE?
       JEQ  SKIPD        IF SO, SKIP
       MOVB *R9+,R1      ELSE GET STRING CHAR INTO R1
       AB   @OFFSET,R1   ADD OFFSET
       BLWP @VSBW        WRITE THAT
       DEC  R2           DEC COUNT
       JEQ  GETIN        IF ZERO, JUMP AHEAD
SKIPD  INC  R0           INCREMENT SCREEN POS
       JMP  DEFLP        THEN JUMP BACK

GETIN
       MOV  @STDOC,R0    SET FOR START OF INPUT FIELD
       MOV  @MAXCHR,R2   MOVE MAX CHARACTERS TO R2
GETINL BLWP @VSBR        READ CHARACTER
       INC  R0           INCREMENT POINTER
       CB   R1,@EDGE     IS THAT EDGE?
       JEQ  SKIP3        IF SO, SKIP
       DEC  R2           ELSE DEC COUNT
       JEQ  GETIN0       IF ZERO, JUMP
SKIP3
       JMP  GETINL       ELSE REPEAT
GETIN0
       MOVB @ARGNUM,R4   GET NUMBER OF ARGUMENTS INTO R4
       SRL  R4,8         RIGHT JUSTIFY
       CI   R4,7         COMPARE TO 7
       JLT  NOBEEP       IF LESS, NO BEEP ISSUED
       CLR  @STATUS      CLEAR GPL STAT
       BLWP @GPLLNK      USE GPLLNK
       DATA >34          FOR BEEP SOUND
NOBEEP
       DEC  R0           DECREMENT SCRN LOCATION
       MOV  R0,@ENDOC    MOVE TO ENDOC
       MOV  R0,@>832A    MOVE TO HEX 832A
       MOV  R0,@>835E    AND HEX 835E
       MOV  @STDOC,R0    GET START OF INPUT POSITION
       MOV  R0,@>8320    MOVE TO HEX 8320
       MOVB R0,@>8361    MOVE HIGH BYTE TO HEX 8361
       MOVB @WS+1,@>8362 LOW BYTE TO HEX 8362
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPL LINK
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       DATA >285A        LINE EDITOR FUNCTION
       MOV  @ENDOC,R0    GET END OF INPUT FIELD INTO R0
FLCLP
       C    R0,@STDOC    COMPARE TO START OF FIELD
       JLT  NULIN        IF LESS, WE HAVE A NULL INPUT
       BLWP @VSBR        READ THE CHARACTER
       CB   R1,@EDGE     IS THAT EDGE?
       JEQ  DECZER       IF SO, JUMP
       CB   R1,@SPACE    IS IT A SPACE
       JNE  SETEND       IF NOT, JUMP AHEAD
DECZER DEC  R0           ELSE MOVE R0 BACK ONE BYTE
       JMP  FLCLP        THEN JUMP TO REPEAT
SETEND
       MOV  R0,@ENDOC    R0 MARKS END OF INPUT CONTENT
       MOV  @STDOC,R0    GET START OF INPUT FIELD
       LI   R9,TEMSTR+1  POINT AT TEMP STRING PLUS ONE
       CLR  R2           CLEAR REG 2
RDLP
       BLWP @VSBR        READ ONE CHARACTER
       CB   R1,@EDGE     COMPARE TO EDGE
       JEQ  SKPRD        IF EQUAL, SKIP IT
       SB   @OFFSET,R1   SUBTRACT OFFSET
       MOVB R1,*R9+      MOVE TO TEMSTR LOCATION POINTED BY R9
       INC  R2           INC COUNT OF CHARACTERS
SKPRD  INC  R0           POINT AT NEXT SCREEN LOCATION
       C    R0,@ENDOC    COMPARE TO END OF INPUT
       JGT  STROUT       IF GREATER, JUMP
       JMP  RDLP         ELSE READ MORE
NULIN  CLR  R2           SET R2 TO 0
STROUT
       SWPB R2           SWAP BYTES
       MOVB R2,@TEMSTR   MOVE TO LENGTH BYTE AT TEMSTR
       MOV  @NUMFLG,R4   GET NUMERIC FLAG
       JNE  NUMOUT       IF NOT ZERO, JUMP
       CLR  R0           ELSE CLEAR R0
       LI   R1,6         PARAMETER 6
       LI   R2,TEMSTR    POINT AT TEMSTRING
       BLWP @STRASG      ASSIGN TO VARIABLE IN XB
       JMP  EXIT         THEN EXIT ROUTINE
NUMOUT SWPB R2           SWAP SO R2=LENGTH
       MOV  R2,R2        MOVE R2 TO ITSELF
       JNE  GDNUM        IF NON-ZERO, GOOD NUMBER
       CLR  @FAC         ELSE CLEAR FLOATING POINT ACCUMULATOR
       CLR  @FAC+2       AND THE SECOND WORD
       JMP  ASG          THEN JUMP AHEAD
GDNUM  LI   R0,>1000     POINT R0 AT >1000
       MOV  R2,R9        MOVE R2 INTO R9
       LI   R1,SV1000    POINT AT TEMPORARY STORAGE
       LI   R2,33        33 CHARACTERS
       BLWP @VMBR        READ 33 CHARACTERS
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       LI   R1,TEMSTR+1  POINT AT CONTENT OF STRING
       MOV  R9,R2        GET LENGTH BACK INTO R2
       BLWP @VMBW        WRITE STRING TO VDP
       MOV  R0,@FAC12    PLACE ADDRESS >1000 AT FAC+12
       A    R2,R0        ADD LENGTH TO R0
       MOVB @ANYKEY,R1   PUT A SPACE IN R1
       BLWP @VSBW        WRITE A SPACE AFTER STRING IN VDP
       BLWP @XMLLNK      USE XML LINK
       DATA CSN          TO CONVERT TO NUMBER
ASG    CLR  R0           CLEAR R0
       LI   R1,6         6TH PARAMETER
       BLWP @NUMASG      ASSIGN NUMBER AT FAC TO XB VARIABLE
       LI   R0,>1000     POINT AT >1000
       LI   R1,SV1000    STASHED CONTENT
       LI   R2,33        33 BYTES
       BLWP @VMBW        WRITE BACK
EXIT   LWPI GPLWS        LOAD GPL WORKSPACE
       B    @>006A       BRANCH TO GPL INTERPRETER
ERREX
       BLWP @PRSTR       PRINT ERROR MESSAGE
       LI   R0,23*32+3   SET ROW 24, COL 3
       LI   R1,PAK       POINT TO "PRESS ANY KEY"
       BLWP @PRSTR       DISPLAY THAT
KEY    BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@STATUS HAS KEY BEEN PRESSED?
       JNE  KEY          IF NOT, SCAN AGAIN
       LI   R0,22*32     ELSE SET TO ROW 23
       LI   R2,64        TWO ROWS TO WRITE
       LI   R1,SAVBOT    FROM SAVBOT
       BLWP @VMBW        WRITE BACK
       CLR  R0           CLEAR R0
       MOVB @ARGNUM,R1   GET NUMBER ARGS
       SRL  R1,8         RIGHT JUSTIFY
       INC  R1           INC - NON EXISTENT PARAMETER
       BLWP @NUMASG      ASSIGN NUMBER
       JMP  EXIT         THEN JUMP TO EXIT
ROWNG
       BL   @CLRBOT      CLEAR BOTTOM OF SCREEN
       LI   R0,22*32+5   POINT AT ROW 23, COL 6
       LI   R1,ROWSTR    AT ROW MESSAGE
       JMP  ERREX        JUMP BACK
COLNG
       BL   @CLRBOT
       LI   R0,22*32+3   ROW 23, COL 4
       LI   R1,COLSTR    COLUMN ERROR
       JMP  ERREX        JUMP
PRMNG
       BL   @CLRBOT
       LI   R0,22*32+3   ROW 23, COL 4
       LI   R1,PTLSTR    PROMPT ERROR
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       JMP  ERREX
CHRNG
       BL   @CLRBOT
       LI   R0,22*32+3
       LI   R1,TMCSTR    TOO MANY CHARACTERS (OVER 255)
       JMP  ERREX
PTNG
       BL   @CLRBOT
       LI   R0,22*32+4
       LI   R1,PARSTR    WRONG PARAMETER TYPE
       JMP  ERREX
*
* FOLLOWING ARE SUBROUTINES USED BY THE
* MAIN CODE SECTION ABOVE
*
CLRBOT
       LI   R0,22*32     POINT AT ROW 23, COL 1
       LI   R1,SAVBOT    AND AT MEM LOCATION
       LI   R2,64        TWO ROWS
       BLWP @VMBR        READ WHAT'S THERE
       LI   R1,BLNKLN    POINT AT BLANK LINE
       SRL  R2,1         CUT R2 IN HALF
       BLWP @VMBW60      WRITE ONE BLANK ROW
       A    R2,R0        ADD ONE ROW
       BLWP @VMBW60      WRITE ANOTHER
       RT
CLRXB  CLR  @STATUS      SUBROUTINE
       BLWP @GPLLNK      CLEAR
       DATA >27E3        TO XB DEFAULTS
       RT                RETURN
*
* PRSTR UTILITY - COURTESY HARRY WILHELM
*
PRSTR  DATA >2038,PRSTR1 UTILITY BLWP VECTOR
VMBW60 DATA >2038,VMBW61 UTILITY BLWP VECTOR
*
PRSTR1 BL   @>24CA       USE A SUBROUTINE TO PASS PARAMETERS FROM CALLING WS
       MOVB *R1+,R2      GET STRING LENGTH BYTE INTO R2
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  VMBW6X       IF ZERO, SKIP THE STRING, IT HAS NULL LENGTH
       JMP  VMBW62       ELSE JUMP AHEAD
VMBW61 BL   @>24CA       USE SUBROUTINE TO PASS PARAMETERS
VMBW62 MOVB *R1+,R3      MOVE A BYTE INTO R3
       AI   R3,>6000     ADD THE OFFSET FOR XB
       MOVB R3,@>8C00    PLACE AT VDPWD LOCATION
       DEC  R2           DECREMENT CHARACTER COUNT
       JNE  VMBW62       IF NOT ZERO, SEND ANOTHER CHARACTER
VMBW6X RTWP              ELSE RETURN TO CALLERS WS AND CODE
*  GENERAL PURPOSE GPL LINK
*  FOR USE UNDER EXTENDED BASIC
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*
* (INCLUDE HERE THE GPLLNK SHOWN ABOVE)
* (BE SURE NOT TO COPY THE END DIRECTIVE)
*
* FOLLOWING IS THE DATA SECTION
* FOR THE ABOVE CODE
*
EDGE   DATA >7F7F,>7F7F  EDGE CHARS WITH OFFSET
WS     BSS  32           OUR WORKSPACE
ENDOC  DATA 0            STORAGE FOR END OF INPUT FIELD
STDOC  DATA 0            STORAGE FOR START OF INPUT
STPRM  DATA 0            START OF PROMPT
ROW    DATA 0            ROW OF SCREEN
COL    DATA 0            COLUMN OF SCREEN
ONE    DATA 1            THE NUMBER ONE
NUMFLG DATA 0            FLAG FOR NUMERIC VARIABLE
THIR2  DATA 32           THIRTY TWO
DEFFLG DATA 0            FLAG FOR DISPLAY OF DEFAULT
LASPOS DATA 0
DEFLEN DATA 0            LENGTH OF DEFAULT STRING
PRMLEN DATA 0            LENGTH OF PROMPT
TWEN8  DATA 28           TWENTY-EIGHT
MAXCHR DATA 0            MAX CHARACTERS TO ACCEPT
TOTROW DATA 0            TOTAL ROWS TO BE USED
TOTLEN DATA 0            TOTAL LENGTH
CLRFLG DATA 0            FLAG FOR SCREEN CLEARING
BLNKLN TEXT '                                ' 32 SPACES
PRMSTR BSS  30           STORAGE FOR PROMPT STRING
TEMSTR BSS  256          STORAGE FOR IN-OUT STRING
MINUS  TEXT '-'          MINUS SIGN
SPACE  BYTE >80          SPACE CHARACTER WITH OFFSET
OFFSET BYTE >60          OFFSET FOR BASIC
MAXLEN BYTE 255          MAXIMUM STRING LENGTH
ANYKEY BYTE 32           KEY STROKE COMPARISON
TMCSTR BYTE 26           LENGTH OF MESSAGE
       TEXT 'CHARACTERS 1 THRU 255 ONLY'  MESSAGE
PAK    BYTE 25           LENGTH
       TEXT 'PRESS ANY KEY TO CONTINUE' MESSAGE
PTLSTR BYTE 25           LENGTH
       TEXT 'PROMPT STRING IS TOO LONG' MESSAGE
ROWSTR BYTE 21
       TEXT 'ROW MUST BE 1 THRU 24'
COLSTR BYTE 24
       TEXT 'COLUMN MUST BE 1 THRU 28'
PARSTR BYTE 23
       TEXT 'PARAMETER IS WRONG TYPE'
SAVBOT BSS  31           MEMORY TO SAVE SCREEN BOTTOM TWO ROWS
SV1000 BSS  33           SAVING >1000 BYTES
       END
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1.36. The Art Of Assembly — Part 36. We Keep Learning

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

:H
YH�DOO� VHHQ�DGYHUWLVHPHQWV� IURP� LQVWLWXWLRQV�RI�KLJKHU� OHDUQLQJ� IRU� WKHLU� �FRQWLQXLQJ�HGXFDWLRQ�
SURJUDPV��0DQ\�RI�WKHVH�DUH�DLPHG�GLUHFWO\�DW�SHRSOH�OLNH�\RXU�DXWKRU��WRR�ROG�WR�VWDUW�RYHU��DQG�WRR�WLUHG
WR�JR�IRU�WKH�'RFWRUDWH�GHJUHHV��\HW�ZLOOLQJ�DQG�DEOH�WR�OHDUQ�VRPH�QHZ�VNLOO�RU�RWKHU��:H�FDQ�UHVLVW�WKH
WHPSWDWLRQ�WR�SD\�DQ\RQH�PRQH\�WR�WHDFK�XV�QHZ�WKLQJV��EHFDXVH�ZH�OHDUQ�QHZ�WULFNV�HYHU\�GD\�LQ�WKH
EXVLQHVV�RI�$VVHPEO\��DQG�WKDW
V�HQRXJK��FRQWLQXLQJ�HGXFDWLRQ��IRU�XV�

6RPHWLPHV�WKH�WKLQJV�ZH�OHDUQ�DUH�WKRVH�WKDW�ZH��VKRXOG�KDYH�NQRZQ��DOO�DORQJ��EXW�QHYHU�GLG�OHDUQ
EHFDXVH�ZH�ZHUH�QRW�SD\LQJ�HQRXJK�DWWHQWLRQ��RU�MXVW�IDLOHG�WR�PDNH�D�FRQQHFWLRQ�DPRQJ�YDULRXV�IDFWV�
7RGD\�ZH
OO�VWDUW�ZLWK�RQH�RI�WKRVH�FDVHV�

1.36.1. Do We Feel Stupid?

<HV��WRGD\�ZH�IHHO�VWXSLG��7KLV�LV�WR�FRUUHFW�RXUVHOYHV�RQ�VRPHWKLQJ�VWXSLG�WKDW�ZH�GLG�LQ�WKLV�FROXPQ�
GDWLQJ�DOO�WKH�ZD\�EDFN�WR�3DUW���RI�WKH�VHULHV��,Q�3DUW����ZH�GLVFXVVHG�WKH�GHWHFWLRQ�DQG�KDQGOLQJ�RI�ILOH
HUURUV��,Q�WKDW�FROXPQ��ZH�EROGO\�DVVHUWHG�WKDW�WKH�ZD\�ZH�XVHG�WR�ILQG�DQ��RSHQ��HUURU�ZDV�WKH�RQO\�VXUH
ZD\�WR�GR�VR��6RPHWLPHV�LW�SD\V�WR�JR�EDFN�WR�WKH�IXQGDPHQWDOV��DQG�WKDW
V�ZKDW�ZH�GLG�LQ�ZULWLQJ�RXU
PLQL�VHULHV�IRU�EHJLQQHUV��7R�EULHIO\�UHIUHVK�\RXU�PHPRU\��ZKDW�ZH�GLG�LQ�3DUW���ZDV�WR�VKRZ�KRZ�WR
GHWHFW�DQ�HUURU�ZKHQ�RSHQLQJ�D�ILOH�E\�GRLQJ�WKLV�

BLWP @DSRLNK use DSR linkage
DATA 8 requ'd data
STST R14 get status register in R14
ANDI R14,>2000 mask all but Equal bit
JEQ  OPNOK if zero, file opened
B    @OPNERR else an error in open operation

OPNOK (program continues)

'80%��7KDW�ZDV�UHDOO\�'80%��6783,'��,',27,&��:$67()8/��7KH�OLQHV�ZLWK�6767�DQG�$1',�ZHUH
QRW�QHFHVVDU\��7KLV�DFFRPSOLVKHV�WKH�VDPH�WKLQJ�

BLWP @DSRLNK
DATA 8
JNE  OPNOK if not equal, okay
B    @OPNERR else an error in open operation

OPNOK (program continues)

$OO�ZH�UHDOO\�QHHGHG�ZDV�WKDW�-1(�LQVWUXFWLRQ��7KH�'65�OLQNDJH�URXWLQH�VHWV�WKH�VWDWXV�UHJLVWHU�IRU�XV�E\
VHWWLQJ�ELWV�LQ�LWV�RZQ�5���EHIRUH�H[HFXWLQJ�LWV�57:3�LQVWUXFWLRQ��,I�DQ�HUURU�RI�DQ\�NLQG�KDV�RFFXUUHG
LQ�WKH�'65�RSHUDWLRQ��WKH��(48$/��ELW�ZLOO�EH�WXUQHG�RQ��HOVH�WKDW�ELW�ZLOO�EH�RII��7KXV�-1(�LV�DOO�ZH
QHHGHG�WR�GR��VLQFH�KDYLQJ�WKH�HTXDO�ELW�WXUQHG�RII�PHDQV�WKDW�QR�HUURU�RFFXUUHG�
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:H�ZRXOG�SHUKDSV�QHYHU�KDYH�WKRXJKW�RI�WU\LQJ�WKLV�KDG�LW�QRW�EHHQ�IRU�WKH�H[HUFLVH�RI�WKLQNLQJ�WKURXJK
MXVW�H[DFWO\�KRZ�WKH�FRQGLWLRQDO�MXPSV�XVH�WKH�VWDWXV�UHJLVWHU��:H�ZHUH�IRUFHG�WR�GR�WKDW�WKLQNLQJ�LQ�RUGHU
WR�H[SODLQ�WR�EHJLQQHUV�ZKDW�WKRVH�MXPSV�DUH�DOO�DERXW�LQ�GHWDLO��7KDQNV�WR�WKRVH�RI�\RX�ZKR�DVNHG�IRU�D
�EHJLQQHUV��OHVVRQ��\RXU�DXWKRU�OHDUQHG�VRPHWKLQJ�KLPVHOI��:KR�VD\V��<RX�FDQ
W�WHDFK�DQ�ROG�GRJ������"�7KLV
���\HDU�ROG�GRJ�LV�VWLOO�OHDUQLQJ�WKLQJV�

7R�SURYH�WKLV�WR�RXUVHOYHV��ZH�ZHQW�EDFN�WR�WKH�WHVW�URXWLQHV�WKDW�ZHUH�XVHG�LQ�SUHSDULQJ�3DUW����PDGH�WKH
FKDQJH�VKRZQ�DERYH��DQG�UDQ�VRPH�PRUH�WHVWV��7KLV�ZRUNHG�SHUIHFWO\��7KLV�VDPH�WHVW�FDQ�GHWHFW�HUURUV
LQ�DQ\�'65/1.�RSHUDWLRQ��LQFOXGLQJ�UHDG�RU�ZULWH�RSHUDWLRQV��)LQGLQJ�WKH�NLQG�RI�HUURU�VWLOO�UHTXLUHV
ORRNLQJ�DW�WKH�3$%���E\WH�IURP�9'3�5$0��EXW�GHWHFWLQJ�WKH�SUHVHQFH�RI�DQ�HUURU�LV�DV�VLPSOH�DV�WKH
VHFRQG�VQLSSHW� VKRZQ�DERYH��,Q�WKRVH�QHZ�WHVWV��ZH�XVHG�WKH�7,�'65/1.�WKDW
V�EXLOW� LQWR�WKH�(�$
PRGXOH
V� XWLOLWLHV�� DQG� DOVR� WKH� 'RQ�:DUUHQ�&UDLJ�0LOOHU� '65/1.� URXWLQH� WKDW
V� XVHG� ZKHQ� ZH
UH
RSHUDWLQJ�IURP�([WHQGHG�%DVLF�&$//�/,1.��,Q�ERWK�VLWXDWLRQV��WKLV�ZRUNHG�SHUIHFWO\�

)RU�\RXU�FRQYHQLHQFH��ZH
YH�SXW�WKLV�QHZ�PHWKRG�LQWR�WRGD\
V�6LGHEDU��DORQJ�ZLWK�WKH�XSGDWHG�HUURU
UHSRUWLQJ�PHWKRG�VKRZQ�HDUOLHU�LQ�3DUW����RI�WKLV�VHULHV��DQG�HYHQ�VOLJKWO\�PRGLILHG�WKDW�WR�LPSURYH�LWV
PHPRU\�HIILFLHQF\��7KH�H[DPSOH�DV�JLYHQ�RSHQV�D�'�9����ILOH�IRU�LQSXW��EXW�RI�FRXUVH�LW�ZLOO�ZRUN�HYHU\�ELW
DV�ZHOO�IRU�RWKHU�ILOH�W\SHV�GHSHQGLQJ�RQ�ZKDW
V�LQ�WKH�3$%�GDWD���6HH�SDUW���RI�WKLV�VHULHV�IRU�GDWD�RQ�XVLQJ
RWKHU�ILOH�W\SHV��

1.36.2. The Free Eye Test

%DFN�ZKHQ�\RXU�DXWKRU�ZDV��JDLQIXOO\�HPSOR\HG���ZH�XVHG�WR�MRNH�DERXW�RXU�(PSOR\HU�KDYLQJ�RIIHUHG�D
IUHH�H\H�WHVW��EXW��,�GLGQ
W�VHH�WKH�QRWLFH����,�DOVR�QHYHU�KHDUG�WKH�DQQRXQFHPHQW�RQ�WKH�SXEOLF�DGGUHVV
V\VWHP�DERXW�WKH�IUHH�KHDULQJ�WHVW���,Q�VRPH�ZD\V��WKH�(�$�0DQXDO�LV�DQ��H\H�WHVW���7KHUH�DUH�WKLQJV�LQ�WKDW
ERRN�WKDW�RQH�PD\�QRW�QRWLFH�XQWLO�WKH�ILIWLHWK�UHDGLQJ��6XFK�DQ�H[SHULHQFH�KDSSHQHG�UHFHQWO\��DJDLQ�DV
SDUW�RI�RXU�ZRUN�RQ�WKH��EHJLQQHU��VHULHV�

6RPH�WLPH�EDFN��ZH�RIIHUHG�VRPH�DGYLFH�DERXW�WDNLQJ�WKH�NH\VWURNH�IURP�D�VLQJOH�NH\SUHVV�LQWR�D�UHJLVWHU�
VR�WKDW�LW�FDQ�EH�FRPSDUHG�WR�YDULRXV�QXPEHUV��7KH�H[DPSOH�ZH�ZHUH�VKRZLQJ�KDG�WR�GR�ZLWK�<HV�1R
NH\SUHVV�VLWXDWLRQV��7KH�UHFRPPHQGDWLRQ�ZDV�WKDW�WKH�FRQWHQWV�RI�ORFDWLRQ�.(<9$/��!������EH�SXW�LQWR
5��DV�SDUW�RI�WKH�NH\�LQSXW�VXEURXWLQH��WKHQ�WKH�PDLQ�FRGH�FRXOG�WHVW�IRU�<�RU�\�OLNH�WKLV�

CI   R8,89 compare to ASCII for u.c. Y
JEQ  YES
CI   R8,110 compare to ASCII for l.c. y
JEQ  YES
(else answer is taken as no)

YES (answer was Y or y for yes)

:KDW�ZH�GLGQ
W�QRWLFH�ZDV�WKDW�ZH�GLGQ
W�UHDOO\�KDYH�WR�UHPHPEHU�WKH�$6&,,�FRGHV�IRU�<�DQG�\��:H�FRXOG
KDYH�ZULWWHQ�RXU�VRXUFH�FRGH�WKLV�ZD\�
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CI   R8,'Y'
JEQ  YES
CI   R8,'y'
JEQ  YES
(and so on)

7KDW�VLPSOH�WULFN�ZDV�ULJKW�WKHUH�LQ�IURQW�RI�RXU�H\HV�LQ�WKH�SDUW�RI�WKH�PDQXDO�GHDOLQJ�ZLWK�WKH�'$7$
GLUHFWLYH��DQG�ZH�VKRXOG�KDYH�VHHQ�LW�DQG�FRQQHFWHG�LW�WR�WKH�,PPHGLDWH�LQVWUXFWLRQV��:KDW�ZLOO�KDSSHQ
LQ�WKH�DERYH�FDVHV�LV�WKDW�WKH�$VVHPEOHU�ZLOO�PDNH�WKH�LPPHGLDWH�YDOXHV����DQG�����IRU�XV���:H�KDG�GRQH
WKLV�LQ�3&�DVVHPEO\�ODQJXDJH��DQG�LW�ZRUNHG�WKHUH��EXW�KDG�QHYHU�WKRXJKW�RI�WU\LQJ�LW�RQ�RXU�7,��

1.36.3. Getting Even

,Q�PRVW�FDVHV��WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�WKH�IROORZLQJ�WZR�ZD\V�RI�ODEHOLQJ�DQ�LWHP�

THREE DATA 3
FOUR

DATA 4

7KHUH�LV�XVXDOO\�QR�GLIIHUHQFH�EHWZHHQ�SXWWLQJ�WKH�ODEHO�RQ�WKH�VDPH�OLQH�DV�WKH�GLUHFWLYH�RU�LQVWUXFWLRQ�
RU�SXWWLQJ�WKH�ODEHO�RQ�D�OLQH�E\�LWVHOI��:H�XVHG�WKDW�ZRUG�XVXDOO\�RQ�SXUSRVH��EHFDXVH�ZH
UH�DERXW�WR�VKRZ
DQ�H[FHSWLRQ��,I�WKH�ORFDWLRQ�FRXQW�ZDV�OHIW�DW�DQ�RGG�DGGUHVV�EHIRUH�WKH�'$7$�GLUHFWLYH��WKHQ�WKHUH
V�D
GLIIHUHQFH��6XSSRVH�ZH�KDG�WKH�IROORZLQJ�WZR�FDVHV�

THREE DATA 3
ANYKEY BYTE >20
FOUR DATA 4

THREE DATA 3
ANYKEY BYTE >20
FOUR

DATA 4

,Q�WKH�ILUVW�RI�WKHVH�WZR�FDVHV��WKH�ODEHO�IRXU�ZLOO�EH�DVVHPEOHG�DV�DQ�HYHQ�DGGUHVV�EHFDXVH�LW�GHILQHV�D�ZRUG
LQ�WKH�PHPRU\�E\�WKH�'$7$�GLUHFWLYH��,Q�WKH�VHFRQG�FDVH��WKH�ODEHO�)285�ZLOO�EH�DVVHPEOHG�DV�WKH�RGG
DGGUHVV�RQH�E\WH�EH\RQG�$1<.(<��7KHUH�ZLOO��LQ�ERWK�FDVHV��EH�D��ZDVWHG��E\WH�EHWZHHQ�WKH�E\WH�WKDW
V
VHW�WR�!���DQG�WKH�ZRUG�WKDW
V�VHW�DW�WKH�YDOXH����EXW�WKH�DGGUHVV�RI�WKH�ODEHO�)285�ZLOO�EH�GLIIHUHQW��/HW
V
VD\�WKDW�WKH�ODEHO�$1<.(<�LV�DW�DGGUHVV�!$��(��7KH�PHPRU\�FRQWHQWV�ZRXOG�ORRN�H[DFWO\�WKH�VDPH�IRU
ERWK�FDVHV�

!$��(�FRQWDLQV�!����!$��)�FRQWDLQV����!$����FRQWDLQV����DQG�!$����FRQWDLQV����:KDW
V�GLIIHUHQW�LV
WKDW��LQ�WKH�ILUVW�FDVH�WKH�ODEHO�)285�LV�WKH�DGGUHVV�!$�����ZKLOH�LQ�WKH�VHFRQG�FDVH�WKDW�ODEHO�ZLOO�EH
!$��)��7KLV�ZLOO�PDNH�D�WHUULEOH�GLIIHUHQFH�LI�ZH�WKHQ�XVH�DQ�LQVWUXFWLRQ�OLNH�WKLV�

MOV  @FOUR,R3
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,I�RXU�GDWD�ZDV�VHW�XS�DV�WKH�ILUVW�H[DPSOH�DERYH��WKH�YDOXH�SODFHG�LQ�5��ZLOO�EH����ZKLFK�RI�FRXUVH�ZDV�RXU
LQWHQW��,Q�WKH�VHFRQG�FDVH��WKH�FRPSXWHU�ZLOO�QRWLFH�WKDW�WKLV�LV�D�ZRUG�PRYH��DQG�WKDW�WKH�DGGUHVV�JLYHQ
LV�DQ�RGG�QXPEHU��,W�ZLOO�WKHUHIRUH�WDNH�WKH�WZR�E\WHV�VWDUWLQJ�DW�WKH�QH[W�ORZHVW�DGGUHVV�LQWR�5���VR�WKLV
WLPH�5��ZLOO�EH�ORDGHG�ZLWK�WKH�WZR�E\WHV�VWDUWLQJ�DW�!$��(��DQG�LWV�YDOXH�ZLOO�EHFRPH�!������7KDW
V�YHU\
GHILQLWHO\�QRW�ZKDW�ZH�LQWHQGHG�

+DYLQJ�EHHQ��ELWWHQ��RQFH�E\�WKLV�SUREOHP�LQ�RXU�&RGH�%UHDNHUV�SURJUDP��ZH�DUH�YHU\��VK\��DERXW�WKLV
NLQG�RI�SUREOHP��7KHUH�LV�RQH�RWKHU�VROXWLRQ�WR�WKLV�SUREOHP��DQG�WKDW�LV�WR�SXW�LQ�WKH�(9(1�GLUHFWLYH
EHIRUH�WKH�ODEHO�)285��OLNH�WKLV�

THREE DATA 3
ANYKEY BYTE >20

EVEN
FOUR

DATA 4

2QFH�DJDLQ��WKH�UHVXOWV�LQ�DFWXDO�PHPRU\�ORFDWLRQV�LV�WKH�VDPH�DV�ZH�VKRZHG�HDUOLHU��H[FHSW�WKDW�WKH
(9(1�GLUHFWLYH�PDNHV�WKH�$VVHPEOHU
V�ORFDWLRQ�FRXQWHU�DGYDQFH�WR�!$����EHIRUH�LW�VHWV�WKH�ORFDWLRQ�YDOXH
IRU�WKH�ODEHO�)285��VR�WKLV�PHWKRG�ZLOO�UHVXOW�LQ�FRUUHFW�RSHUDWLRQ�IRU�RXU�029�LQVWUXFWLRQ�

7KH�OHVVRQ�LQ�DOO�WKLV�LV�WKDW�WKH�(9(1�GLUHFWLYH�LV�DOPRVW�QHYHU�QHFHVVDU\��-XVW�PDNLQJ�VXUH�WKDW�WKH
'$7$�RU�%<7(�RU�7(;7�GLUHFWLYH�LV�LQ�WKH�VDPH�VRXUFH�OLQH�DV�LWV�ODEHO�ZLOO�LQVXUH�WKDW�WKH�ODEHOV�ZKLFK
VKRXOG�EH�DW�HYHQ�ORFDWLRQV�ZLOO�LQ�IDFW�EH�DVVHPEOHG�DV�HYHQ�DGGUHVVHV��,Q�WRGD\
V�6LGHEDU�DUH�SDUWLDO
OLVWLQJV� IURP� WKH�$VVHPEOHU�� VKRZLQJ� WKH� WKUHH� FDVHV� LQ�GHWDLO�� VR�\RX� FDQ� VHH� IRU�\RXUVHOI�KRZ� WKH
DGGUHVVLQJ�ZRUNV�RXW�

$V�ZH
YH�VDLG�HDUOLHU��RXU�QRUPDO�SUDFWLFH�LV�WR�VHSDUDWH�DOO�RI�WKH�GDWD�LQ�RXU�SURJUDPV�LQWR�RQH�SODFH�LQ
WKH�VRXUFH�FRGH��DQG�WKDW
V�XVXDOO\�DW�WKH�HQG�RI�WKH�VRXUFH��DIWHU�DOO�WKH�FRGH�SDUWV��:LWKLQ�WKDW�GDWD
VHFWLRQ��ZH�QRUPDOO\�JURXS�DOO�WKH�'$7$�GLUHFWLYHV�WRJHWKHU�DW�WKH�EHJLQQLQJ�RI�WKH�GDWD�VHFWLRQ��VR�WKDW
ZH�QHHG�QHYHU�ZRUU\�DERXW�WKHUH�EHLQJ�DQ�RGG�E\WH�PDGH�LQWR�D�ZDVWHG�E\WH�RI�]HUR�YDOXH���:H�DOVR�SXW
DQ\�%66�GLUHFWLYHV�WKDW�KDYH�HYHQ�QXPEHUHG�DUJXPHQWV�LQWR�WKDW�VDPH�SDUW�RI�WKH�GDWD�VHFWLRQ��DV�IRU
H[DPSOH�RXU�ZRUNVSDFH�DV�:6�%66�����

7R�EH�IDLU�WR�7,��WKH\�GLG�PHQWLRQ�WKLV�YHU\�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�WKH�ODEHO�RQO\�OLQH�DQG�WKH�ODEHO
EHLQJ�RQ�WKH�VDPH�OLQH�DV�WKH�'$7$�GLUHFWLYH��EXW�DJDLQ�WKLV�ZDV�QRW�HDVLO\�QRWLFHG�ZKHUH�LW�ZDV�EXULHG
LQ�WKDW�JLDQW�ERRN���,W
V�LQ�WKH�ODVW�SDUDJUDSK�RQ�SDJH�����DIWHU�D��+RZHYHU���
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1.36.4. The Challenge

7KLV�LV�QXPEHU����RI�7KH�$UW�2I�$VVHPEO\��ZKLFK�PHDQV�WKDW�WKUHH�\HDUV
�ZRUWK�RI�WKHVH�FROXPQV�KDYH
EHHQ�ZULWWHQ��,W
V�KDUG�WR�LPDJLQH�KRZ�WKLV�FDQ�EH��VLQFH�LW�VHHPV�OLNH�RQO\�\HVWHUGD\�ZKHQ�ZH�ZHUH�ZULWLQJ
3DUW����7KH�FKDOOHQJH�IRU�VRPHRQH�ZKR
V�EHHQ�GRLQJ�WKLV�IRU�VR�ORQJ�LV�WR�NHHS�WKH�FROXPQ�ERWK�LQWHUHVWLQJ
DQG�UHOHYDQW�IRU�WKH�SUDFWLWLRQHUV�RI�WKLV�VWUDQJH�DQG�GLIILFXOW��DUW���0XFK�PDWHULDO�KDV�EHHQ�FRYHUHG��DQG
ZH�DUH�VWLOO�OHDUQLQJ�WKLQJV�DQG�SDVVLQJ�WKRVH�DORQJ�WR�RXU�UHDGHUV��EXW�ZH�QHHG�VRPH�PRUH��IHHGEDFN��WR
NHHS�JRLQJ��<RXU�DXWKRU�DYLGO\�UHDGV�WKH�5HDGHU�)HHGEDFN�FROXPQ�LQ�0,&52SHQGLXP��DV�ZHOO�DV�WKH
�5HDGHU�WR�5HDGHU��FROXPQ��7KDW
V�KRZ�WKH��EHJLQQHUV��SDUWV�ZHUH�LQVSLUHG��,I�\RX
UH�ORRNLQJ�IRU�VRPHWKLQJ
RQ�RXU�VXEMHFW��DQG�DUH�WRR�VK\�WR�KDYH�\RXU�FRQFHUQV�DLUHG�LQ�SULQW��\RX�FDQ�DOZD\V�ZULWH�WR�XV�GLUHFWO\
DW��������WK�3ODFH��+\DWWVYLOOH�0'��������:H�DQVZHU�DOO�OHWWHUV��DQG�ZLOO�PDNH�HYHU\�HIIRUW�WR�ILQG�D
VROXWLRQ�WR�\RXU�SUREOHP��:H�PD\�QRW�DOZD\V�VXFFHHG��EXW�ZH
OO�DOZD\V�WU\�

* SIDEBAR 36
*
* PART ONE
*
* FILE ERROR HANDLING RE-REVISITED
* THIS IS NOT COMPLETE CODE, JUST SNIPPETS
* SIMPLER METHODS FOR BOTH ERROR
* DETECTION AND ERROR REPORTING
* CODE BY B. HARRISON
* PUBLIC DOMAIN
*
* THIS OPENS AND READS A FILE RECORD
*

OPNF   LI   R0,PAB       POINT TO PAB IN VDP
       LI   R1,PABDT     AND PAB DATA
       MOVB @PABDT+9,R2  GET DESCRIPTOR LENGTH BYTE
       SRL  R2,8         RIGHT JUSTIFY IN R2
       AI   R2,10        ADD TEN FOR THE PAB ITSELF
       BLWP @VMBW        WRITE PAB DATA
       AI   R0,9         ADD NINE
       MOV  R0,@>8356    PLACE ADDRESS
       BLWP @DSRLNK      USE DSR LINKAGE
       DATA 8            REQUIRED DATA
       JNE  RDFI         IF NOT "EQUAL", OKAY
       B    @OPNERR      ELSE REPORT OPEN ERROR
RDFI   MOVB @READF,R1    SET TO READ
       LI   R0,PAB       POINT AT PAB
       BLWP @VSBW        WRITE BYTE
       AI   R0,9         ADD NINE
       MOV  R0,@>8356    PLACE ADDRESS
       BLWP @DSRLNK      USE DSR
       DATA 8            REQUIRED DATA
       JNE  READON       IF NOT "EQUAL", OKAY
       B    @FILERR      ELSE REPORT ERROR
READON (PROGRAM CONTINUES)
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*
*
OPNERR
       LI   R0,22*32+6   POINT AT ROW 23, COL 7
       LI   R1,FNOTXT    FILE NOT OPENED
       LI   R2,17        17 BYTES TO WRITE
       BLWP @VMBW        WRITE MESSAGE
FILERR LI   R0,PAB+1     POINT AT PAB PLUS ONE
       BLWP @VSBR        READ A BYTE
       SRL  R1,13        SHIFT RIGHT 13 BITS
*
* AT THIS POINT YOU MIGHT WANT TO INSERT A CI R1,5
* AND JEQ TO SOMEPLACE ELSE FOR AN END-OF-FILE ERROR
*
       SLA  R1,4         SHIFT LEFT FOUR BITS (MULTIPLY BY 16)
       AI   R1,FERMSG    ADD START OF MESSAGE TABLE
       LI   R2,16        16 BYTES IN EACH MESSAGE
       LI   R0,23*32+7   POINT AT ROW 24, COL 8
       BLWP @VMBW        WRITE MESSAGE
       BL   @KEYLOO      PAUSE FOR KEYSTROKE
       B    (SOMEWHERE ELSE)
*
* DATA SECTION
*
PABDT  DATA >0014,BUF,>5050,>0000,>000F
       TEXT 'DSK1.ANYOLDFILE'
*
FERMSG TEXT 'BAD DEVICE NAME '  EACH TEXT LINE 16 BYTES
       TEXT 'WRITE PROTECTED '
       TEXT 'BAD ATTRIBUTE   '
       TEXT 'BAD OPERATION   '
       TEXT 'DISK IS FILLED  '
       TEXT 'END OF FILE     '
       TEXT 'DEVICE ERROR    '
       TEXT 'OTHER FILE ERROR'
FNOTXT TEXT 'FILE DID NOT OPEN' 17 BYTES LENGTH
*
*
* SIDEBAR PART TWO
* ASSEMBLY LISTINGS TO SHOW THE "LONE LABEL"
* EFFECT ON A DATA ITEM'S ADDRESS
* (THESE ARE PARTIAL LISTINGS, EDITED FOR CLARITY)
*
* EXAMPLE ONE - WITH LABEL AND DIRECTIVE
* ON THE SAME SOURCE LINE
* (THE RIGHT WAY)

LOCATION CONTENT LABEL  OPCODE/DIRECTIVE

0048     C0E0    MOV4   MOV  @FOUR,R3
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004A     0050'
*
* NOTE THAT LABEL FOUR IS AN EVEN ADDRESS (>50)
* AND EQUALS THE LOCATION OF THE DATA ITSELF
*
004C     0003    THREE  DATA 3
004E       20    ANYKEY BYTE >20
0050     0004    FOUR   DATA 4

* EXAMPLE TWO - WITH LABEL ON SEPARATE
* SOURCE LINE FROM THE DIRECTIVE
* (THE WRONG WAY)

LOCATION CONTENT LABEL  OPCODE/DIRECTIVE

0048     C0E0    MOV4   MOV  @FOUR,R3
004A     004F'
*
* NOTE THAT LABEL FOUR IS AN ODD ADDRESS (>4F)
* AND NOT THE ADDRESS OF THE DATA ITSELF
*
004C     0003    THREE  DATA 3
004E       20    ANYKEY BYTE >20
                 FOUR
0050     0004           DATA 4

* EXAMPLE THREE - WITH LABEL ON SEPARATE
* SOURCE LINE FROM THE DIRECTIVE
* BUT USING EVEN DIRECTIVE (ANOTHER RIGHT WAY)

LOCATION CONTENT LABEL  OPCODE/DIRECTIVE

0048     C0E0    MOV4   MOV  @FOUR,R3
004A     0050'
*
* NOTE THAT LABEL FOUR IS AN EVEN ADDRESS (>50)
* AND EQUALS THE ADDRESS OF THE DATA ITSELF
*
004C     0003    THREE  DATA 3
004E       20    ANYKEY BYTE >20
                        EVEN
                 FOUR
0050     0004           DATA 4
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1.37. The Art Of Assembly — Part 37. Option 5 Revisited

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

6RPH�WLPH�DJR��ZH�SUHVHQWHG�LQ�WKLV�FROXPQ�D�FRXSOH�RI�ZD\V�WR�PDNH�\RXU�$VVHPEO\�SURJUDP�RYHU�LQWR
DQ� 2SWLRQ� �� 3URJUDP� )LOH� IRUPDW�� 7KLV� PDNHV� SURJUDPV� ORDG� PXFK� IDVWHU�� DQG� RI� FRXUVH� PRUH
FRQYHQLHQWO\�WKDQ�LV�WKH�FDVH�IRU�2SWLRQ���ORDGLQJ��7KH�GUDZEDFN�LV�WKDW�WKH�XWLOLW\�VXESURJUDPV�OLNH
90%:��96%:��DQG�VXFK��GR�QRW�JHW�ORDGHG�LQWR�ORZ�PHPRU\�XQGHU�2SWLRQ���DV�WKH\�GR�LQ�DQ�2SWLRQ��
ORDGLQJ�SURFHVV���)XQQHOZHE
V�ORDGHU�IRU�2SWLRQ���GRHV�VHW�WKLQJV�XS�SURSHUO\��EXW�7,
V�GRHV�QRW��2QFH
DJDLQ�7RQ\�0F*RYHUQ�GLG�WKH�ULJKW�WKLQJ���,Q�RXU�HDUOLHU�FROXPQV�RQ�WKLV�VXEMHFW��ZH�XVHG�YHU\�FUXGH�EXW
HIIHFWLYH�PHWKRGV�WR�ORDG�WKH�ORZ�PHPRU\�ZLWK�WKH�XWLOLWLHV�

7RGD\�ZH
OO�SUHVHQW�WZR�PRUH�PHWKRGV�IRU�JHWWLQJ�\RXU�2SWLRQ���SURJUDP�WR�ORDG�LWV�XWLOLWLHV��7KH�ILUVW
PHWKRG�FDPH�IURP�ZRUN�ZH�ZHUH�GRLQJ�WR�FUHDWH�D�FRPSLOHU�IRU�([WHQGHG�%DVLF�SURJUDPV���7KDW�ZLOO�EH
FRYHUHG�IXUWKHU�QH[W�PRQWK���,Q�WKH�SURFHVV�RI�RXU��UHVHDUFK��WRZDUG�D�FRPSLOHU��ZH�ZHUH�SOD\LQJ�DURXQG
ZLWK�WKH�LGHD�RI�H[HFXWLQJ�&$//�RSHUDWLRQV�IURP�ZLWKLQ�$VVHPEO\�URXWLQHV��7R�H[HFXWH�D�FDOO��ZH�XVHG�D
'65/1.��FRPSOHWH�ZLWK�D�3$%�DQG�WKH�'$7$�!$��:KDW�ZH�IRXQG��LQ�RXU�OLWWOH�H[SHULPHQWV��ZDV�WKDW
ZH�FRXOG�ZULWH�DQ�2SWLRQ���SURJUDP�WKDW�ZRXOG�SHUIRUP�D�&$//�,1,7�WKDW�UH�ORDGHG�HYHU\WKLQJ�LQ�ORZ
PHPRU\�WR�WKH�QRUPDO��VWDUWXS��VLWXDWLRQ�IRU�DQ�2SWLRQ���ORDG��7KDW�LV��WKH�ORZ�PHPRU\�ZRXOG�ORRN�DV�LI
QR�ORDGLQJ�RI�WKH�2SWLRQ���SURJUDP�KDG�WDNHQ�SODFH��,W�WKHQ�RFFXUUHG�WR�XV�WKDW�WKLV�PLJKW�EH�D�ZD\�WR�JHW
WKLQJV�VHW�XS�IRU�2SWLRQ���SURJUDPV�DOVR�

/HW
V�GLJUHVV�IRU�D�PRPHQW�WR�GHVFULEH�KRZ�RXU�RZQ�7,�LV�FRQILJXUHG��:H�XVH�D��QRUPDO��7,�ZLWK�WZR�IORSS\
GULYHV��EXW�KDYH�DGGHG�D�+RUL]RQ�5DPGLVN�DQG�+RUL]RQ�3�*UDP�FDUG��7KH�3�*UDP�LV�NHSW�ORDGHG�ZLWK
([WHQGHG�%DVLF�DQG�(GLWRU�$VVHPEOHU��7KH�3�*UDP�DOVR�JLYHV�XV�WKH�YHU\�KDQG\�&$//�3*��ZKLFK�DOORZV
XV�WR�LQVSHFW�5$0��520��*520��DQG�9'3�PHPRULHV�YHU\�HDVLO\��7KXV�ZKHQ�ZH�JRW�RXU�OLWWOH�&$//�,1,7
H[SHULPHQW�SXW�WRJHWKHU��ZH�DGGHG�D�&$//�3*�WR�WKH�SURJUDP��VR�WKDW�ZH�FRXOG�JR�DQG�LQVSHFW�WKH
PHPRU\�DV�LW�ZDV�OHIW�E\�WKH�&$//�,1,7�RSHUDWLRQ���7KH�+LJK�0HPRU\�H[SDQVLRQ�DQG�SDUWV�RI�9'3
PHPRU\�JHW�FKDQJHG�E\�WKH�&$//�3*��EXW� ORZ�PHPRU\� LV�PRVWO\� OHIW�DORQH���6XUH�HQRXJK��D�TXLFN
H[DPLQDWLRQ�RI�WKH�ORZ�PHPRU\�VKRZHG�WKDW�DIWHU�RXU�OLWWOH�2SWLRQ���SURJUDP�KDG�UXQ��ORZ�PHPRU\
ORRNHG�MXVW�WKH�ZD\�LW�ZRXOG�LI�ZH�ZHQW�LQWR�FRQVROH�EDVLF��GLG�D�&$//�,1,7��WKHQ�D�&$//�3*��ZLWK�WKH
VLQJXODU�H[FHSWLRQ�WKDW�WKH�GHYLFH�QDPH�3*�VKRZHG�XS�LQ�WKH�ORZ�PHPRU\�DIWHU�WKH�'65/1.�WR�SHUIRUP
WKH�&$//�3*�
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1.37.1. Making A Call

$V�\RX�FDQ�VHH�IURP�3$57�21(�RI�WKH�6LGHEDU��WKH�FDOO�LV�DFWXDOO\�PDGH�E\�D�'65�OLQNDJH�RSHUDWLRQ��MXVW
OLNH�D�ILOH�RSHUDWLRQ��H[FHSW�WKDW�WKLV�WLPH�WKH�'$7$�VWDWHPHQW�WKDW�IROORZV�WKH�%/:3�WR�'65/1-�LV
'$7$�!$��QRW�WKH�XVXDO�'$7$����7KH�UHDVRQ�IRU�WKLV�LV�VLPSOH��,Q�WKH�'HYLFH�520V�DQG�*520V��WKHUH
DUH�OLQNHG�OLVWV�IRU�WKH�GHYLFH�GULYHUV�SUHVHQW�LQ�WKDW�520�RU�*520��7KH�SRLQWHU�WR�WKH�EHJLQQLQJ�RI�WKH
OLVW�IRU��GLVN��W\SH�GHYLFHV�LV�DW���E\WHV�IURP�WKH�VWDUW�RI�WKH�520�RU�*520�VSDFH��7KH�OLVW�SRLQWHU�IRU�WKH
�FDOO��W\SH�VHUYLFHV�LV�DW�����!$��E\WHV�IURP�WKH�VWDUW�RI�WKH�520�RU�*520�VSDFH��,Q�WKH�FDVH�RI�WKH�7,
'LVN�FRQWUROOHU��IRU�H[DPSOH��WKH�520�VSDFH��&58�%$6(�!������VWDUWV�DW�!������7KH�520�FRQWDLQV
ERWK�'LVN�GHYLFH�GULYHUV�DQG�&DOO�GULYHUV��VR�WKHUH�LV�D�SRLQWHU�DW�!�����WR�WKH�VWDUW�RI�WKH�GLVN�GHYLFHV�OLVW�
DQG�D�SRLQWHU�DW�!���$�WR�WKH�VWDUW�RI�WKH�&DOO�GULYHUV��,Q�WKH�FDVH�RI�WKH�7,�'LVN�&RQWUROOHU��WKH�&DOO
GULYHUV�LQFOXGH�VRPH�ZKLFK�WDNH�FDUH�RI�GLUHFW�VHFWRU�DFFHVV�RSHUDWLRQV�DQG�&$//�),/(6��ZKLOH�WKH�'LVN
GHYLFHV�OLVW�WDNHV�FDUH�RI�GHYLFHV�'6.��'6.���'6.��DQG�'6.��

7KH�'65�OLQNDJH�DFWXDOO\�VHDUFKHV�WKHVH�OLQNHG�OLVWV�IRU�WKH�QDPHG�GHYLFH�RU�FDOO��DV�DSSURSULDWH��WKHQ
H[HFXWHV�ZKHQ�LW�ILQGV�WKH�DGGUHVV�IRU�WKH�GHVLUHG�GHYLFH�RU�FDOO�GULYHU��,Q�WKH�6LGHEDU��ZH�DUH�VKRZLQJ�WKH
:DUUHQ�0LOOHU�'65/1.��ZKLFK�DFWXDOO\�XVHV�D�*520�URXWLQH�WKURXJK�*3//1.�WR�GR�WKLV�VHDUFKLQJ�IRU
XV��VR�WKH�VHDUFKLQJ�LQ�WKLV�FDVH�LV��WUDQVSDUHQW��IURP�WKH�SRLQW�RI�YLHZ�RI�RXU�VRXUFH�FRGH��7KH�IDFW�WKDW
RXU�&$//�,1,7�ZRUNHG�FRUUHFWO\�SUHVHQWHG�VRPHWKLQJ�RI�D�P\VWHU\�LQ�LWVHOI�

+HUH
V�ZK\��2XU�3�*UDP�FDUG�KDV�DOO�RI�WKH�*520�IRU�ERWK�([WHQGHG�%DVLF�DQG�(GLWRU�$VVHPEOHU�ORDGHG
LQWR�LW��7KH�;%�SDUW�VWDUWV�DW�!�����DQG�UXQV�WKURXJK�!')))��ZKLOH�WKH�(�$�*520�VWDUWV�DW�!(����DQG
UXQV�WKURXJK�!))))��:K\��WKHQ��ZKHQ�ZH�H[HFXWHG�RXU�'65/1.�ORRNLQJ�IRU�,1,7��GLG�WKH�'65�QRW�ILQG
WKH�,1,7�WKDW
V�LQ�WKH�;%
V�*520�DQG�H[HFXWH�WKDW��LQVWHDG�RI�GRLQJ�ZKDW�ZH�LQWHQGHG��H[HFXWLQJ�WKH
&$//�,1,7�WKDW
V�LQ�WKH�(�$�*520"�$�OLWWOH�SURELQJ�DURXQG�LQ�WKH�*520�KDV�JLYHQ�XV�D�SRWHQWLDO
DQVZHU�WR�WKLV�P\VWHU\�

7KH�OLQNHG�OLVWV�RI�FDOOV�LQ�DOO�EXW�WKH�;%�*520�DUH�VHW�XS�OLNH�WKLV��7KH�ILUVW�SRLQWHU�SRLQWV�WR�D�JURXS
RI�E\WHV�WKDW�ORRNV��W\SLFDOO\��OLNH�WKLV�

>6B3E,>6B82,>04,INIT,>6B50,>6BD8,>04,LOAD...

,Q�HDFK�VXFK�JURXSLQJ��WKH�ILUVW�WZR�E\WHV�SRLQW�WR�WKH�QH[W�HQWU\�LQ�WKH�OLVW�������IRU�WKH�ODVW�HQWU\���7KH
QH[W�WZR�E\WHV�DUH�WKH�DGGUHVV�RI�WKH�QDPHG�URXWLQH�IRU�WKLV�HQWU\��WKHQ�WKHUH
V�D�E\WH�IRU�WKH�OHQJWK�RI�WKH
QDPH��IROORZHG�E\�WKH�QDPH�RI�WKH�URXWLQH��7KH�QXPEHUV�ZH
YH�VKRZQ�KHUH�DUH�WKH�DFWXDO�QXPEHUV�IRXQG
LQ�DQ�(�$
V�*520��)RU�HDVH�RI�UHDGLQJ��ZH
YH�VKRZQ�WKH�QDPHV�LQ��3ODLQ�(QJOLVK���EXW�RI�FRXUVH�LQ�WKH
*520�WKH\
G�VKRZ�XS�DV�KH[�FKDUDFWHUV�

,Q�([WHQGHG�%DVLF
V�*520��WKH�QXPEHUV�DUH�DUUDQJHG�LQ�D�GLIIHUHQW�RUGHU��VR�DQ�HQWU\�VLPLODU�WR�WKH
DERYH�ZRXOG�ORRN�OLNH�WKLV�

>C02B,>04,INIT,>C2BA,>C034,>04,PEEK,>C2CA...
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+HUH��WKH�SRLQWHU�WR�WKH�QH[W�HQWU\�LV�IROORZHG�LPPHGLDWHO\�E\�WKH�QDPH�OHQJWK��WKHQ�WKH�QDPH��DQG�DIWHU
WKDW�LV�WKH�DGGUHVV�IRU�WKH�URXWLQH��7KXV��ZKHQ�WKH�VHDUFK�LV�WDNLQJ�SODFH��WKH�'65�GRHVQ
W�ILQG�WKH�QDPH
ZKHUH�LW�VKRXOG�EH�LQ�WKH�OLQNHG�OLVW��VR�HDFK�LWHP�IRXQG�LQ�WKH�;%�*520�JHWV�LJQRUHG��DQG�WKH�VHDUFK
FRQWLQXHV�XQWLO�LW�ILQGV�,1,7��FRUUHFWO\��OLVWHG�LQ�WKH�(�$
V�*520��2EYLRXVO\�WKH�;%�LQWHUSUHWHU�PXVW
H[HFXWH�LWV�RZQ�VHDUFK�IRU�FDOO�QDPHV�LQ�D�GLIIHUHQW�IDVKLRQ��VR�LW�FDQ�ILQG�LWV�RZQ�FDOOV��QRW�WKRVH�LQ�RWKHU
*520V���7KH�FDOOV�OLQNHG�OLVW�LQ�%DVLF
V�*520�DUH�DUUDQJHG�OLNH�WKRVH�LQ�(�$
V�*520��

,W�ZDV�SUREDEO\�DUUDQJHG�WKLV�ZD\�RQ�SXUSRVH�E\�7,��VR�WKDW�;%�ZRXOG�VNLS�RYHU�WKH�FRQVROH�%DVLF�YHUVLRQ
RI�DQ\�&$//�QDPH��DQG�ILQG�LWV�RZQ�YHUVLRQ�IRU�H[HFXWLRQ��7KLV�GLIIHUHQFH�WXUQHG�RXW�WR�EH�FRQYHQLHQW
IRU�XV��LQ�WKDW�LW�PHDQW�RXU�QHZ�PHWKRG�IRU�GHDOLQJ�ZLWK�2SWLRQ���ZRXOG�ZRUN�HYHQ�WKRXJK�ERWK�WKH�;%
DQG�(�$�*520V�DUH��SUHVHQW��LQ�RXU�3�*UDP��)RU�520�FDOOV��;%�VHHPV�WR�EH�DEOH�WR�ILQG�WKRVH�HYHQ
WKRXJK�WKHLU�OLQNHG�OLVWV�DUH�FRQVWUXFWHG�OLNH�WKH�%DVLF�DQG�(�$�*520�OLVWV��3OHDVH�GRQ
W�DVN�MXVW�KRZ�;%
PDQDJHV�WKDW��:H�GRQ
W�NQRZ�

$IWHU�SURYLQJ�WR�RXUVHOYHV�WKDW�ZH�FRXOG�H[HFXWH�D�&$//�,1,7�DQG�WKHQ�D�&$//�3*�IURP�ZLWKLQ�DQ
2SWLRQ���SURJUDP��ZH�DGGHG�WKH�ODEHOV�6),567��6/2$'��DQG�6/$67�WR�RXU�VRXUFH�ILOH��SHUIRUPHG�D�6$9(
RSHUDWLRQ�WR�PDNH�DQ�2SWLRQ���3URJUDP�)LOH�FDOOHG�237���DQG�WKHQ�UDQ�WKDW��7KDW�ZRUNHG�SHUIHFWO\�
JHWWLQJ�XV�TXLFNO\�LQWR�RXU�3*�FDOO��,W�ZRUNHG�ZKHQ�UXQ�GLUHFWO\�IURP�RXU�5DPGLVN�PHQX��MXVW�DV�ZHOO�DV
ZKHQ�UXQ�IURP�2SWLRQ���XQGHU�(�$��+DYLQJ�KDG�VRPH�VXFFHVV��ZH�GHFLGHG�WR�WU\�DQRWKHU�H[SHULPHQW��DQG
IRXQG�D�IODZ�LQ�RXU��SHUIHFW��VROXWLRQ�

,QVWHDG�RI�GRLQJ�D�&$//�3*��ZH�GHFLGHG�WR�WU\�VLPSO\�SXWWLQJ�VRPH�WH[W�RQ�WKH�VFUHHQ��H[HFXWLQJ�D��NH\
ORRS��WR�OHW�XV�VHH�WKDW��WKHQ�UHWXUQLQJ�WR�(�$�FRQWURO��',6$67(5��(YHU\WKLQJ�ZRUNHG�XQWLO�ZH�SUHVVHG
D�NH\��WKHQ�RXU�UHWXUQ�WR�(�$�ZHQW�ERQNHUV��$�EXQFK�RI�VWXII�DSSHDUHG��VFUROOHG�XS�WKH�VFUHHQ��DQG�WKHQ
WKH�VFUHHQ�ZHQW�EODQN�DQG�HYHQWXDOO\�UHWXUQHG�XV�WR��VWDUWXS��FRQGLWLRQV��ZLWK�RXU�5DPGLVN�PHQX�RQ�WKH
VFUHHQ�

7KH�RQO\��VDIH��UHWXUQ�IURP�WKLV�OLWWOH�H[SHULPHQW�ZDV�WR�%/:3�#���7KDW�GLG�ZKDW�LW�VKRXOG�GR��UHWXUQLQJ
XV�WR�WKH�5DPGLVN�PHQX�ZLWKRXW�DQ\� LQWHUYHQLQJ�WURXEOH��:H�DVVXPH�WKDW�WKLV�UHWXUQ�SUREOHP�KDV
VRPHWKLQJ�WR�GR�ZLWK�WKH�*520�DGGUHVV��EXW�VDYLQJ�DQG�UHVWRULQJ�WKDW�GLG�DEVROXWHO\�QRWKLQJ��2EYLRXVO\�
7,
V��KLGGHQ�DJHQGD��KDV�VWUXFN�XV�DJDLQ��DQG�ZH�GRQ
W�NQRZ�ZK\�

6R�ORQJ�DV�\RX�GRQ
W�QHHG�WR�UHWXUQ�WR�(�$�DW�WKH�HQG�RI�\RXU�SURJUDP��WKH�&$//�,1,7�SURFHVV�ZLOO�ZRUN
MXVW�ILQH�WR�ORDG�WKH�(�$�XWLOLWLHV�IRU�\RXU�2SWLRQ���SURJUDP��-XVW�EH�VXUH�WKDW�DQ\�H[LW�SRLQW�H[HFXWHV�D
%/:3�#���DQG�\RX
OO�JR�VDIHO\�EDFN�WR�VWDUWXS�FRQGLWLRQ��ZLWK�WKH�DSSURSULDWH�WLWOH�VFUHHQ�RU�PHQX�
GHSHQGLQJ�KRZ�\RX
UH�HTXLSSHG�

+DYLQJ�WKH�3�*UDP�DYDLODEOH�PDNHV�RXU�OLIH�HDVLHU�LQ�PDQ\�ZD\V��DQG�ZH
G�OLNH�WR�WKDQN�%XG�0LOOV�DQG
FRPSDQ\�IRU�WKLV�QLIW\�OLWWOH�FDUG��DQG�HVSHFLDOO\�IRU�WKH�3*�FDOO�WKDW�PDNHV�SURELQJ�LQWR�7,
V�VHFUHWV�PXFK
HDVLHU��:KLOH�ZH�ZHUH�DW�LW��ZH�GHFLGHG�WR�ILQG�RXW�MXVW�ZKHUH�(�$
V�&$//�,1,7�JHWV�LWV�GDWD�WR�GXPS�LQWR
WKH�ORZ�PHPRU\��,W�ZDV�HDV\�HQRXJK�WR�ILQG��XVLQJ�WKH��VHDUFK��IXQFWLRQ�IURP�WKH�3*�FDOO�
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:H� IRXQG� WKH�GDWD� WKDW
V� GXPSHG� LQWR� WKH� ORZ�PHPRU\� VWDUWLQJ�DW�!)���� LQ�RXU�3�*UDP
V�*520
PHPRU\��,Q�WKH�QRUPDO�(�$�FDUWULGJH��ZH�IRXQG�WKLV�GDWD�DW�*520�DGGUHVV�!������7KH�GDWD�LV�WKHUH�LQ
WKH�IRUP�RI�WKUHH�VWULQJV��HDFK�ZLWK�D��OHQJWK��ZRUG��WKHQ�D�WDUJHW�ORFDWLRQ�ZRUG��IROORZHG�E\�WKH�VWULQJ
RI�GDWD�LWVHOI��7KH�ZRUG�DW�!������RU�!)�����FRQWDLQV�WKH�QXPEHU����IROORZHG�E\�D�ZRUG�FRQWDLQLQJ
!������WKHQ�WKH�HLJKW�E\WHV�WKDW�WKH�,1,7�URXWLQH�SODFHV�DW�WKDW�ORFDWLRQ��7KH�QH[W�WZR�E\WHV�DUH�WKH
OHQJWK�RI�WKH�VHFRQG�VWULQJ��!������IROORZHG�E\�WKH�GHVWLQDWLRQ�IRU�WKDW�VWULQJ��!�������DQG�WKHQ�WKH�����
E\WHV�WKDW�JR�LQWR�ORZ�PHPRU\�VWDUWLQJ�DW�!������)LQDOO\��DIWHU�WKRVH������E\WHV�LV�WKH�OHQJWK��!��&��
DQG�GHVWLQDWLRQ��!�)����IRU�WKH�LQLWLDO�VWDWH�RI�WKH�5()�'()�WDEOH�WKDW�JRHV�DW�WKH�KLJK�HQG�RI�WKH�ORZ
PHPRU\��7KLV�LV�IROORZHG�E\�WKRVH�GHILQLWLRQV�IRU�DOO�WKH�SUH�GHILQHG�ODEHOV�OLNH�90%:��96%:��'65/1.�
DQG�VR�RQ�

1.37.2. Method Two

+DYLQJ�WKXV�IRXQG�WKH�GDWD�WKDW
V�XVHG�E\�&$//�,1,7��DQG�GRSHG�RXW�KRZ�LW
V�RUJDQL]HG��ZH�KDYH�D�VHFRQG
PHWKRG�IRU�SXWWLQJ�WKLV�GDWD�LQWR�ORZ�PHPRU\��:H�FDQ�WDNH�WKH�OHQJWK�IURP�WKH�ILUVW�WZR�E\WHV�RI�WKH
*520�DW�!������RU�!)������SODFH�WKDW�LQWR�D�UHJLVWHU��WDNH�WKH�WDUJHW�DGGUHVV�IURP�WKH�QH[W�WZR�E\WHV�
SODFH�WKDW�LQ�DQRWKHU�UHJLVWHU��WKHQ�VLPSO\�ORRS�D�*520�UHDG�F\FOH�IRU�WKH�QXPEHU�RI�WLPHV�LQ�WKDW�ILUVW
UHJLVWHU��DQG�ZH
OO�KDYH�ZKDW�ZH�ZHUH�DIWHU�IRU�WKH�ILUVW��VWULQJ���:KHQ�WKDW�ILQLVKHV��ZH
OO�EH��SRLQWLQJ��DW
WKH�ILUVW�RI�WKH�WZR�E\WHV�IRU�WKH�VHFRQG�JURXS
V�OHQJWK��7KXV�ZH�FDQ�PDNH�D�QHVWHG�ORRS�WR�WDNH�WKH�WKUHH
VWULQJV�QHHGHG�DV�VKRZQ�LQ�WRGD\
V�6LGHEDU��7KLV�ZLOO�ZRUN�ILQH�IRU�WKH�FDVH�RI�D�XVHU�ZLWK�DQ�DFWXDO�(�$
FDUWULGJH��DQG�ZLOO�QRW�FDXVH�D�SUREOHP�XSRQ�UHWXUQ�WR�(�$��EXW�ZLOO�FDXVH�D�SUREOHP�ZKHQ�WKH�XVHU�KDV
D�3�*UDP�ZLWK�(�$�VWDUWLQJ�DW�D�GLIIHUHQW�DGGUHVV�LQ�*520�VSDFH�

6LQFH�ZH�GRQ
W�NQRZ��LQ�JHQHUDO��ZKHWKHU�WKH�XVHU�RI�RXU�SURJUDP�ZLOO�EH�XVLQJ�DQ�DFWXDO�(�$�PRGXOH��RU
VRPH�GHYLFH�OLNH�WKH�3�*UDP��ZH
YH�DGGHG�D�URXWLQH�LQ�3$57�7:2�RI�WKH�6LGHEDU�WR�VHDUFK�WKH�*520
DGGUHVV�VSDFH�XQWLO�WKH�(�$�*520�LV�IRXQG��DQG�WKHQ�DGYDQFH�WKH�DGGUHVV�WR�WKH��HTXLYDOHQW��RI�!����
LQ�WKH�UHDO�(�$�PRGXOH�

:KDW
V�VKRZQ�WKHUH�LV�D�NLQG�RI�VKRUWFXW�PHWKRG��6WDUWLQJ�DW�!������LW�ILUVW�FKHFNV�WKH��WK�E\WH�LQ�WKDW
EORFN�IRU�!$$��DQG�LI�WKDW
V�RND\��LW�JHWV�WKH�DGGUHVV�IURP�WKH����DQG����E\WHV�IRU�WKH�WLWOH��ORRNXS�WDEOH�
VWDUWLQJ�SRLQW��6LQFH�WKH�(�$�*520�KDV�RQO\�RQH�WLWOH��ZH�FDQ�WDNH�WKDW�DGGUHVV�IURP�WKH�������E\WHV�
WKHQ� MXVW�DGG�ILYH�VR�ZH
UH�SRLQWLQJ�DW�WKH�WLWOH� LWVHOI��+HUH�WKHUH
V�D�FRPSDULVRQ� ORRS�WKDW
V�DQRWKHU
VKRUWFXW��LQ�WKDW�LW�FKHFNV�WKH�WLWOH�IURP�WKH�*520�IRU�RQO\�WKH�ILUVW�IRXU�OHWWHUV��WR�ZLW��(',7���7KDW
V
PRUH�WKDQ�HQRXJK�WR�GLVWLQJXLVK�WKH�(�$�PRGXOH�IURP�7,�(;7(1'('�%$6,&�RU�7,�:5,7(5��DQG�VXFK�
7KH�ORRS�WKDW�FRPSDUHV�WKH�WLWOH�LV�VHW�XS�VR�WKDW�DV�VRRQ�DV�D�E\WH�LV�IRXQG�QRW�WR�PDWFK�WKH�WH[W�DW�ODEHO
($7,7/��WKH�SURJUDP�ZLOO�H[LW�WKH�FRPSDULVRQ�ORRS�DQG�JR�RQ�WR�WKH�QH[W�!�����JURXS�LQ�WKH�*520
VSDFH�
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$V�ZH�ZHUH�JHWWLQJ�UHDG\�WR�SXW�D��ZUDS��RQ�WRGD\
V�6LGHEDU��RQH�RI�WKRVH��DOPRVW�IRUJRWV��VSUDQJ�WR�PLQG�
7KH�DVWXWH�UHDGHU�ZLOO�QRZ�JR�EDFN�WR�3DUW����ZLWK�XV��,I�WKH�SURJUDP�WKDW
V�JRLQJ�WR�XVH�WKLV��VWDUWXS�
LQFOXGHV�D�5()�WR�7,
V�*3//1.��WKHQ�ZH�KDYH�WR�FRUUHFW�WKH�*520�DGGUHVV�IRU�*3//1.�EHIRUH�WKH
SURJUDP�FDQ�%/:3�WR�LW��7KXV�ZH
YH�SXOOHG�WKDW�OLWWOH�WULFN�RXW�RI�3DUW����DQG�DGGHG�LW�WR�WRGD\
V�6LGHEDU
3$57�7:2��VR�WKDW�WKH�XVHU
V�SURJUDP�FDQ�%/:3�WR�7,
V�*3//1.�ZLWKRXW�DQ\�SUREOHP��$W�OHDVW�WKDW
V
ZKDW�ZH�WKRXJKW��XQWLO�ZH�WULHG�WHVWLQJ�SDUW�WZR�RI�WKH�6LGHEDU�ZLWK�DQ�DFWXDO�*3//1.�FDOO�LQ�LW��$QRWKHU
GLVDVWHU��,W�WRRN�TXLWH�D�ZKLOH�WR�XQUDYHO�WKLV�QHZ�P\VWHU\��EXW�HYHQWXDOO\�ZH�JRW�WKH�DQVZHU�

,Q�RXU�ROGHU�PHWKRGV��ZH�KDG��FDSWXUHG��WKH�ORZ�PHPRU\�FRQWHQWV�DIWHU�DQ�2SWLRQ���ORDGLQJ�SURFHVV��VR
WKHUH�KDG�WR�EH�VRPHWKLQJ�HOVH�RI�JUHDW�LPSRUWDQFH�WKDW�ZH�ZHUH�PLVVLQJ��$IWHU�PXFK�SURELQJ�DURXQG��ZH
IRXQG�WKDW�WKH�2SWLRQ���ORDG�VHWV�WKH�ZRUG�RI�PHPRU\�DW�!�����WR�WKH�YDOXH�!���&��7KDW�DGGUHVV�LV�SDUW
RI�WKH�87/7$%�DUHD��DQG�LV�FDOOHG��*3/�5HWXUQ�$GGUHVV��LQ�WKH�ELJ�ERRN��:KHQ�ZH�H[HFXWHG�RXU�3DUW�7ZR
FRGH�WR�JHW�ORZ�PHPRU\�ORDGHG�IURP�WKH�*520��DGGUHVV�!�����ZDV�OHIW�ZLWK�]HUR�DV�LWV�YDOXH��7KXV�ZH
DGGHG�WKH�VKRUW�VHFWLRQ�RI�FRGH�WKDW�SXWV�!���&�LQWR�5���WKHQ�PRYHV�WKDW�YDOXH�LQWR�!������+RRUD\��7KLV
GLG�WKH�WULFN��$V�VKRZQ�LQ�WKH�6LGHEDU��WKHQ��3DUW�7ZR�LV�D�FRPSOHWH�SURJUDP�WKDW�ZRUNV�IURP�2SWLRQ���
SXWV�WKH�ZRUG��(',7��RQ�WKH�VFUHHQ��EHHSV��DQG�WKHQ�ZDLWV�IRU�D�NH\SUHVV��DIWHU�ZKLFK�LW�H[LWV�WR�(�$
V
35(66�$1<�.(<�72�&217,18(�SURPSW��,Q�RWKHU�ZRUGV��LW�GRHV�H[DFWO\�ZKDW�ZH�LQWHQGHG��:H�WHVWHG
WKLV�IURP�2SWLRQ����IURP�2SWLRQ���XQGHU�(�$��ZLWK�ERWK�RXU�3�*UDP�(�$�DQG�D�UHDO�PRGXOH��DQG�DV�UXQ
GLUHFWO\�IURP�RXU�5DPGLVN�PHQX��:RUNHG�LQ�DOO�FDVHV�

1.37.3. The Except ions

<RX�DOZD\V�NQRZ�WKDW�LQ�RXU�FROXPQ�ZH
OO�SRLQW�RXW�FDUHIXOO\�DQ\�NQRZQ��H[FHSWLRQV��WR�ZKDW�ZH
YH
SUHVHQWHG�DV�D��VROXWLRQ���DQG�VXUH�HQRXJK��KHUH
V�D��ELJJLH���,Q�WKH�SUHYLRXV�PHWKRGV�ZH�VKRZHG�IRU�VHWWLQJ
XS�WKH�XWLOLWLHV�LQ�ORZ�PHPRU\��WKH�GDWD�QHHGHG�ZDV��HPEHGGHG��LQ�WKH�SURJUDP�DV�VDYHG�WR�WKH�GLVN��7KDW
ZD\��WKH�SURJUDP�FRXOG�EH�ORDGHG��DVVXPLQJ�VRPH�ORDGHU�ZDV�DW�KDQG��DQG�UXQ�ZLWKRXW�WKH�(�$�PRGXOH
EHLQJ�DYDLODEOH��7KH�PHWKRG�ZH
YH�FRYHUHG�WRGD\�LV�QRW�OLNH�WKDW��,Q�WKH�6LGHEDU���3$57�7:2��ZH
YH
VKRZQ�DQ��HPHUJHQF\�H[LW��WKDW�ZLOO�JHW�RXW�RI�WKH�SURJUDP�LI�WKH�(�$�PRGXOH�LV�QRW�IRXQG��DQG�WKDW
V�DQ
HVVHQWLDO�IHDWXUH�LQ�DQ\�SURJUDP�ILOH�WKDW�ZRUNV�WKLV�ZD\��:H�UDQ�D�WHVW�LQ�ZKLFK�RQO\�WKH�;%�PRGXOH�ZDV
DYDLODEOH��DQG�VXUH�HQRXJK�WKH�SURJUDP�ZRUNHG�DV�H[SHFWHG��H[LWLQJ�EDFN�WR�VWDUWXS��(LWKHU�RI�WKH�WZR
PHWKRGV�VKRZQ�LQ�WRGD\
V�6LGHEDU�ZLOO�ZRUN�MXVW�ILQH�VR�ORQJ�DV�WKH�(�$�*520�LV�DYDLODEOH�VRPHZKHUH
LQ�WKH�*520�DGGUHVV�VSDFH��1HLWKHU�ZLOO�ZRUN�LI�(�$�LV�QRW�SUHVHQW�

:H�VKRXOG�DOVR�SRLQW�RXW�WKDW�WKH�3DUW�2QH�VHFWLRQ��ZKLFK�XVHV�WKH�:DUUHQ�0LOOHU�'65/1.�WR�H[HFXWH
WKH�&$//�,1,7��ZLOO�SUREDEO\�QRW�ZRUN�RQ�WKH�*HQHYH��6R�IDU�DV�ZH�NQRZ��WKH�VHFRQG�PHWKRG�VKRZQ�WRGD\
ZLOO�ZRUN�MXVW�DV�ZHOO�RQ�*HQHYH�DV�RQ�D�7,��:H
OO�DVN�D�IULHQG�ZKR�KDV�D�*HQHYH�WR�WHVW�WKLV��DQG�LQ�GXH
FRXUVH�ZLOO�OHW�\RX�NQRZ�

1H[W�PRQWK�ZH
OO�ZULWH�VRPH�DERXW�RXU��LPSRVVLEOH��SURMHFW��PDNLQJ�D�&RPSLOHU�IRU�([WHQGHG�%DVLF��,I�\RX
WKRXJKW�WKLV�PRQWK
V�WRSLF�ZDV��KHDY\���MXVW�ZDLW�RQH�PRQWK��DQG�WKLV�ZLOO�ORRN�OLNH��GXFN�VRXS��
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* SIDEBAR 37
* EXPERIMENTS WITH "INIT"
* USING THE E/A MODULE
* CODE BY B. HARRISON
*
*************************************
* FIRST PART - USING INIT AS A CALL *
* 16 JUL 1993                       *
* PUBLIC DOMAIN                     *
*************************************
*
PAB    EQU  >1000        PAB LOCATION IN VDP RAM
STATUS EQU  >837C        GPL STATUS BYTE
GPLWS  EQU  >83E0        GPL WORKSPACE
GR4    EQU  GPLWS+8      GPL REGISTER 4
GR6    EQU  GPLWS+12     GPL REGISTER 6
STKPNT EQU  >8373        STACK POINTER
LDGADD EQU  >60          LOAD GROM ADDRESS
XTAB27 EQU  >200E        STORAGE SPOT
GETSTK EQU  >166C        GET STACK
GRMRA  EQU  >9802        GROM READ ADDRESS
GRMWA  EQU  >9C02        GROM WRITE ADDRESS
       REF  VMBW,DSRLNK  REF UTILITIES
       REF  VDPWA,VDPWD  REF ADDRESSES
       DEF  PGX          DEFINE ENTRY POINT
PGX    LWPI WS           LOAD OUR WORKSPACE
       LI   R0,PAB       POINT AT PAB LOCATION
       ORI  R0,>4000     MAKE IT A WRITE ADDRESS
       SWPB R0           SEND LOW ORDER BYTE FIRST
       MOVB R0,@VDPWA    TO VDPWA
       SWPB R0           SWAP BYTES
       MOVB R0,@VDPWA    SEND HIGH ORDER BYTE
       LI   R1,PABDT     POINT AT PAB DATA
       LI   R2,15        15 BYTES TO SEND TO VDP
WMB    MOVB *R1+,@VDPWD  WRITE ONE BYTE
       DEC  R2           DECREMENT COUNT
       JNE  WMB          IF NOT ZERO, REPEAT
       LI   R0,PAB+9     GET PAB +9 ADDRESS
       MOV  R0,@>8356    PUT AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNJ      USE MILLER DSRLNK
       DATA >A           WITH DATA >A FOR "CALL" OPERATION
*
* CODE FROM HERE ON MAKES A CALL TO PG IN THE P-GRAM CARD
* THIS MUST BE LEFT OUT IF YOU DON'T HAVE THAT CARD
*

CALLPG LI   R0,PAB       POINT TO PAB AGAIN
       LI   R1,PABDT2    DATA FOR CALL PG
       LI   R2,15        15 BYTES
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       BLWP @VMBW        USE THE VMBW THAT INIT HAS PUT IN PLACE
       AI   R0,9         ADD 9
       MOV  R0,@>8356    PUT AT >8356
       CLR  @STATUS      CLEAR GPL STATUS
       BLWP @DSRLNK      USE E/A DSRLNK
       DATA >A           WITH DATA >A TO CALL PG
*
* YOUR MAIN PROGRAM CODE WOULD GO HERE
* ANY GPLLNK CALLS MUST USE THE MILLER GPLLNK
* THAT'S ALREADY INCLUDED BELOW (NO REF TO GPLLNK)
* IT MUST EXIT WITH THE FOLLOWING:
*
EXIT   BLWP @0
*
* DATA FOR PART ONE
*
WS     BSS  32           OUR WORKSPACE
PABDT  DATA 0,0,0,0,>0004 PAB DATA FOR 'INIT'
       TEXT 'INIT  '     FILE NAME
PABDT2 DATA 0,0,0,0,>0002 PAB DATA FOR 'PG'
       TEXT 'PG    '     FILE NAME
*
* FOLLOWING IS THE WARREN/MILLER GPLLNK AND DSRLNK
*
GPLLNK DATA GLNKWS       UTILITY VECTOR - WORKSPACE
       DATA GLINK1       VECTOR CODE WORD
RTNAD  DATA XMLRTN       R9 OF GLNKWS
GXMLAD DATA >176C        R10 OF GLNKWS
       DATA >50          R11 OF GLNKWS
GLNKWS EQU  $->18
       BSS  >08
GLINK1 MOV  *R11,@GR4    MOV @>50,@GR4
       MOV  *R14+,@GR6   MOV DATA INTO GR6
       MOV  @XTAB27,R12  STASH VALUE FROM >200E
       MOV  R9,@XTAB27   PLACE ADDRESS XMLRTN AT >200E
       LWPI GPLWS        LOAD GPL WS
       BL   *R4          BL
       MOV  @GXMLAD,@>8302(R4) PLACE >176C AT >8302 +
       INCT @STKPNT      INC BY TWO AT >8373
       B    @LDGADD      B @ >60
XMLRTN MOV  @GETSTK,R4   MOV @>166C, R4
       BL   *R4          BL THERE
       LWPI GLNKWS       LOAD GLNKWS
       MOV  R12,@XTAB27  REPLACE VALUE FROM >200E
       RTWP              RETURN WITH WORKSPACE POINTER
PUTSTK EQU  >50
TYPE   EQU  >836D
NAMLEN EQU  >8356
VWA    EQU  >8C02
VRD    EQU  >8800
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GR4LB  EQU  >83E9
GSTAT  EQU  >837C

DSRLNJ DATA DSRWS,DLINK1  RE-NAMED DSRLNJ, NOT TO CONFLICT

DSRWS  EQU  $
DR3LB  EQU  $+7
DLINK1 MOV  R12,R12
       JNE  DLINK3
       LWPI GPLWS
       MOV  @PUTSTK,R4
       BL   *R4
       LI   R4,>11
       MOV  R4,@>402(R13)
       JMP  DLINK2
       DATA 0
       DATA 0,0,0
DLINK2 MOVB @GR4LB,@>402(R13)
       MOV  @GETSTK,R5
       MOVB *R13,@DSRAD1
       INCT @DSRADD
       BL   *R5
       LWPI DSRWS
       LI   R12,>2000
DLINK3 INC  R14
       MOVB *R14+,@TYPE
       MOV  @NAMLEN,R3
       AI   R3,-8
       BLWP @GPLLNK
DSRADD BYTE >03
DSRAD1 BYTE 00
       MOVB @DR3LB,@VWA
       MOVB R3,@VWA
       SZCB R12,R15
       MOVB @VRD,R3
       SRL  R3,5
       MOVB R3,*R13
       JNE  SETEQ
       COC  @GSTAT,R12
       JNE  DSREND
SETEQ  SOCB R12,R15
DSREND RTWP
       END
*
***************************
****  END OF PART ONE  ****
***************************
*
***********************************
* SECOND PART - GETTING UTILITIES *
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* DIRECTLY FROM THE E/A GROM      *
* 18 JULY 1993                    *
* PUBLIC DOMAIN                   *
***********************************
*
GRMRA  EQU  >9802        THE GROM READ ADDRESS
GRMWA  EQU  >9C02        THE GROM WRITE ADDRESS
GRMRD  EQU  >9800        THE GROM "READ DATA" ADDRESS
       REF  KSCAN,VMBW,GPLLNK REFERENCE VECTORS
       DEF  SFIRST,SLAST,SLOAD  DEFS FOR OPTION 5
       DEF  INITX3       DEFINE ENTRY POINT
*
* THE "LONE LABELS" SFIRST AND SLAST GET THE SAME
* ADDRESS AS INITX3, SO THAT THE "SAVE" UTILITY
* WILL WORK CORRECTLY
*
SFIRST
SLOAD
INITX3 LWPI WS           LOAD OUR WORKSPACE
       LI   R3,>6000     POINT AT >6000 IN GROM
NXTGRM MOVB R3,@GRMWA    WRITE HIGH BYTE OF ADDRESS
       SWPB R3           SWAP
       MOVB R3,@GRMWA    WRITE LOW BYTE OF ADDRESS
       SWPB R3           SWAP AGAIN
       MOV  R3,R4        MOVE R3 INTO R4
       CB   @GRMRD,@VALBYT CHECK FOR BYTE >AA AT START
       JNE  ADDGRM       IF NOT EQUAL, SKIP AHEAD
       AI   R4,6         ELSE ADD 6 TO ADDRESS IN R4
       MOVB R4,@GRMWA    SEND THE HIGH BYTE
       SWPB R4           SWAP
       MOVB R4,@GRMWA    SEND LOW BYTE
       SWPB R4           SWAP BACK
       MOVB @GRMRD,R4    READ A BYTE FROM X006 IN GROM
       SWPB R4           SWAP
       MOVB @GRMRD,R4    READ NEXT BYTE
       SWPB R4           SWAP AGAIN
       MOV  R4,R4        MOVE R4 TO ITSELF TO SET STATUS REGISTER
       JEQ  ADDGRM       IF ZERO, SKIP THIS GROM
       LI   R5,4         ELSE LOAD R5 WITH 4
       AI   R4,5         ADD 5 TO ADDRESS IN R4
       LI   R9,EATITL    POINT R9 AT TITLE "EDIT"
*
* AT THIS POINT R4 HAS ADDRESS OF THE TITLE OF THIS GROM
* WHILE R9 POINTS AT THE WORD "EDIT"
* AND R5 HAS THE NUMBER OF LETTERS TO COMPARE
*
       MOVB R4,@GRMWA    SET TO READ FROM
       SWPB R4           SWAP R4
       MOVB R4,@GRMWA    ADDRESS IN R4
       SWPB R4           SWAP R4
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READTL CB   @GRMRD,*R9+  COMPARE ONE BYTE TO "EDIT"
       JNE  ADDGRM       IF NOT EQUAL, WRONG GROM
       DEC  R5           DECREMENT COUNT
       JNE  READTL       IF NOT ZERO, TRY NEXT BYTE FROM GROM
       ANDI R3,>F000     ELSE WE'VE FOUND EDITOR/ASSEMBLER
       MOV  R3,R7        STASH "ROOT" GROM ADDRESS IN R7
       AI   R3,>1000     ADD >1000 TO ROOT ADDRESS OF GROM
       JMP  GETUT        THEN GO GET THE UTILITIES
ADDGRM AI   R3,>2000     POINT AHEAD BY 2000
       JNE  NXTGRM       IF NON-ZERO, JUMP TO INSPECT NEXT BLOCK
       BLWP @0           ELSE WE HAVE NO E/A GROM
GETUT  MOVB R3,@GRMWA    LOAD GROM ADDRESS HIGH BYTE
       SWPB R3           SWAP BYTES
       MOVB R3,@GRMWA    LOAD GROM LOW ADDRESS
       LI   R5,3         SET COUNTER AT 3 (THREE BLOCKS OF DATA)
GQTY   MOVB @GRMRD,R4    GET ONE BYTE FROM GROM
       SWPB R4           SWAP
       MOVB @GRMRD,R4    GET LOW ORDER BYTE
       SWPB R4           SWAP AGAIN
       MOVB @GRMRD,R3    GET LOCATION HIGH ORDER BYTE
       SWPB R3           SWAP
       MOVB @GRMRD,R3    GET LOCATION LOW ORDER
       SWPB R3           SWAP
GETGR  MOVB @GRMRD,*R3+  GET A BYTE OF DATA, PLACE AT ADDRESS IN R3
       DEC  R4           DECREMENT NUMBER OF BYTES THIS BLOCK
       JNE  GETGR        IF NOT ZERO, DO ANOTHER
       DEC  R5           DECREMENT NUMBER OF BLOCKS
       JNE  GQTY         IF NOT ZERO, START NEXT BLOCK
*
* NEXT SECTION SETS UP THE CORRECT GROM ADDRESS FOR USING
* THE TI GPLLNK - WITHOUT THIS, OPTION 5 PROGRAMS CAN'T
* USE THAT UTILITY EVEN THOUGH IT'S LOADED INTO LOW MEMORY
*
       AI   R7,>0892     ADD OFFSET >892 TO ROOT GROM ADDRESS
       MOVB R7,@GRMWA    WRITE HIGH BYTE
       SWPB R7           SWAP BYTES
       MOVB R7,@GRMWA    WRITE LOW BYTE
       SWPB R7           SWAP BACK
       LI   R5,>061C     PUT STANDARD GPL RETURN ADR IN R5
       MOV  R5,@>2030    PLACE THAT AT >2030
*
* FROM THIS POINT ON, ALL E/A UTILITIES ARE AVAILABLE
* FOR USE BY YOUR PROGRAM, INCLUDING TI'S GPLLNK
* YOUR PROGRAM MAY EXIT THROUGH THE CODE AT QEXIT, SHOWN BELOW
*
DISPL  LI   R0,11*32+13  POINT AT ROW 12, COL 14
       LI   R1,EATITL    THE WORD "EDIT"
       LI   R2,4         FOUR CHARACTERS
       BLWP @VMBW        WRITE THOSE
       CLR  @>837C       CLEAR GPL STATUS BYTE
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       BLWP @GPLLNK      USE TI'S GPLLNK
       DATA >34          TO MAKE A BEEP
SCAN   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN SHUT THEM OFF
       CB   @ANYKEY,@>837C  HAS A KEY BEEN STRUCK?
       JNE  SCAN         IF NOT, SCAN AGAIN
QEXIT  LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         BRANCH TO GPL INTERPRETER
*
* DATA SECTION FOR PART TWO
*
WS     BSS  32           OUR OWN WORKSPACE
VALBYT BYTE >AA          VALIDATION BYTE
EATITL TEXT 'EDIT'       COMPARISON NAME FRAGMENT
ANYKEY BYTE >20          COMPARISON FOR KEYSTROKE
SLAST  EQU  $            END OF "SAVE" FOR OPTION 5
       END
*
***************************
****  END OF PART TWO  ****
***************************
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1.38. The Art Of Assembly — Part 38. Trying The Impossible

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

,W
V�6HSWHPEHU������DV�ZH�ZULWH�WKLV��DQG�ZH�DUH�LQ�WKH�PLGGOH�RI�DQ�HQGOHVV�SURMHFW��)RU�VRPH�WLPH�QRZ�
LW
V�EHHQ�WKH�RSLQLRQ�RI�PDQ\�VNLOOHG�7,�SURJUDPPHUV�WKDW�LW�ZRXOG�EH�LPSRVVLEOH�WR�PDNH�D�FRPSLOHU�IRU
7,�([WHQGHG�%DVLF��:H�WKLQN�WKDW�WKH\
YH�EHHQ�ZURQJ��DQG�DUH�WU\LQJ�WR�SURYH�LW��7KH�RQO\�ZD\�WR�SURYH
WKH�H[SHUWV�ZURQJ�LQ�VXFK�PDWWHUV�LV�RI�FRXUVH�WR�GR�WKH�YHU\�WKLQJ�WKDW�ZDV�GHFODUHG�LPSRVVLEOH�

1.38.1. The Compiler Problem

:H�KDYH�XVHG�FRPSLOHUV�IRU�%DVLF�SURJUDPV�RQ�3&�FRPSXWHUV��DQG�IRXQG�WKDW�WKHUH
V�RQH�SUREOHP�WKDW
WKRVH�FRPSLOHUV�KDYH�LQ�FRPPRQ��7KH�VL]H�RI�WKH�SURJUDP�ZH�HQG�XS�ZLWK�LV�KXJH�FRPSDUHG�WR�ZKDW�ZH
VWDUWHG�ZLWK��,Q�D�W\SLFDO�FDVH��RQH�PD\�VWDUW�ZLWK�D�SURJUDP�RI������E\WHV��SHUIRUP�WKH�FRPSLOLQJ�DQG
OLQNLQJ�VWHSV��DQG�ILQG�WKH��(;(�ILOH�WDNHV�RYHU��������E\WHV��,Q�WKH�PRVW�H[WUHPH�H[DPSOH��ZH�WULHG�MXVW
WKH�VLPSOHVW�SRVVLEOH�NLQG�RI�%DVLF�SURJUDP��ZLWK�RQO\�RQH�OLQH��OLNH�WKLV�

10 PRINT "Hello"

:KHQ�FRPSLOHG�DQG�OLQNHG��WKLV�VLPSOH�SURJUDP�EHFDPH�D��������E\WH�PRQVWHU���$V�ZH�UHFDOO��WKH�RULJLQDO
RQH�OLQH�%DVLF�SURJUDP�WRRN�DOO�RI�DERXW�WHQ�E\WHV���+RZ��\RX�DVN��FDQ�WKLV�KDSSHQ"�7KH�DQVZHU�OLHV�LQ�WKH
DSSURDFK�WDNHQ�WR�WKH�SUREOHP�RI�PDNLQJ�WKH�FRPSLOHU��DQG�LQ�WKH�QDWXUH�RI�ZKDW�D��SURJUDP��LQ�%DVLF
UHDOO\�LV�

1.38.2. What Is The Program?

)URP�WKH�EHJLQQLQJ�RI�%DVLF��WKHUH
V�D�PLVFRQFHSWLRQ�WKDW
V�FUHDWHG�LQ�RXU�PLQGV��WR�WKH�HIIHFW�WKDW�WKH
FROOHFWLRQ�RI�%DVLF�LQVWUXFWLRQV�ZKLFK�ZH�ZULWH�DQG�VDYH�WR�WKH�GLVN�LV�D�SURJUDP�IRU�WKH�FRPSXWHU��,W
V
127��:KDW
V�FDOOHG�D�%DVLF�SURJUDP�LV�UHDOO\�MXVW�D�FROOHFWLRQ�RI�GDWD��7KDW�GDWD�LV�XVHG�E\�D�SURJUDP
FDOOHG�WKH�%DVLF�,QWHUSUHWHU�WR�PDNH�WKH�FRPSXWHU�GR�WKLQJV��,Q�WKH�3&�FDVH��WKH�%DVLF�,QWHUSUHWHU�LV�D
SURJUDP�FDOOHG�%$6,&�(;(��RI�DERXW��������E\WHV��ZKLFK�PXVW�EH�ORDGHG�LQWR�WKH�FRPSXWHU
V�PHPRU\
EHIRUH�DQ\�%DVLF��SURJUDP��FDQ�EH�ORDGHG�RU�UXQ��7KH�,QWHUSUHWHU�W\SLFDOO\�LQFOXGHV�D�ODUJH�QXPEHU�RI
URXWLQHV�LQ�PDFKLQH�FRGH��ZKLFK�DUH�XVHG�LQ�ZD\V�GHWHUPLQHG�E\�WKH�FRQWHQW�RI�WKH�%DVLF��SURJUDP��WKDW
LW
V��UXQQLQJ���:KDW
V�UHDOO\�UXQQLQJ�LV�WKH�LQWHUSUHWHU�LWVHOI��ZKLFK�ORRNV�DW�WKH�FRQWHQWV�RI�HDFK�VWDWHPHQW
LQ�WKLV�GDWD��GHWHUPLQHV�ZKDW�URXWLQHV�DQG�ZLWK�ZKDW�SDUDPHWHUV�QHHG�WR�EH�H[HFXWHG��DQG�H[HFXWHV�WKRVH
URXWLQHV�
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2Q�WKH�7,��WKH�%DVLF�,QWHUSUHWHU�GRHV�QRW�QHHG�WR�EH�ORDGHG�IURP�DQ\�GLVN��EXW�UHVLGHV�LQ�WKH�FRPSXWHU
LWVHOI��RU�LQ�WKH�&DUWULGJH�IRU�([WHQGHG�%DVLF��7KH�7,
V�FDVH�LV�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�WKHUH�DUH�UHDOO\
WZR�LQWHUSUHWDWLRQ�VWHSV�UHTXLUHG��)LUVW��WKH�GDWD�ZKLFK�ZH�FDOO�WKH�%DVLF�SURJUDP�LV��WUDQVODWHG��LQWR�D
VHULHV�RI�*3/�LQVWUXFWLRQV��WKHQ�WKRVH�DUH�XVHG�E\�WKH�*3/�,QWHUSUHWHU��7KLV�WZR�VWDJH�SURFHVV�PD\�KDYH
EHHQ�QHHGHG�WR�NHHS�WKH�PHPRU\�UHTXLUHPHQWV�ZLWKLQ�ERXQGV��DV�WKH�*3/�FRGH�LV�YHU\�FRPSDFW��DQG�WKXV
DOORZHG�HYHQ�WKH��FRQVROH��%DVLF�WR�EH�D�YHU\�ULFK�ODQJXDJH��:H�FRXOG��VHFRQG�JXHVV��WKDW�LGHD��EXW�WKHUH
V
QRWKLQJ�ZH�FDQ�GR�DERXW�LW�QRZ��-XVW�UHPHPEHU�WKDW�LQ�WKH�FDVH�RI�WKH�7,��WKH�SURJUDP�WKDW
V�DFWXDOO\
UXQQLQJ�ZKHQ�ZH
UH�LQ�%DVLF�RU�([WHQGHG�%DVLF�LV�WKH�*3/�,QWHUSUHWHU�

,Q�WKH�3&�FRPSLOHUV�ZH
YH�XVHG��WKHUH�DUH�WZR�SRVVLEOH�ZD\V�WR��OLQN��WKH�RXWSXW�SURJUDP��7KH�ILUVW�LV�WR
XVH�ZKDW
V�FDOOHG�D��5817,0(�/,%5$5<��IRU�H[HFXWLRQ��7KLV�OLPLWV�WKH�ILQDO�SURGXFW�WR�D�VHULHV�RI�FDOOV
WR�DQRWKHU�VHW�RI�URXWLQHV��ZKLFK�WKH�FRPSXWHU�ORDGV�LQWR�PHPRU\�DORQJ�ZLWK�WKH��(;(�SURJUDP���,Q�WKLV
PHWKRG��WKH�5817,0(�OLEUDU\�ILOH�PXVW�EH�NHSW�RQ�WKH�VDPH�GLVN�DV�WKH�FRPSLOHG�SURJUDP���7KH�VHFRQG
PHWKRG�IRU�FRPSLOLQJ�LV�WR�FUHDWH�D�VWDQGDORQH��(;(�SURJUDP��LQ�ZKLFK�FDVH�WKH�URXWLQHV�IURP�D�OLQNLQJ
OLEUDU\�DUH�FRPELQHG�GLUHFWO\� LQWR�WKH� �(;(�SURJUDP�LWVHOI��VR�QR�VHSDUDWH� ILOH� LV�QHHGHG�WR�UXQ�WKH
UHVXOWLQJ�SURJUDP��,Q�HLWKHU�FDVH��WKHUH�LV�D�KXJH�DPRXQW�RI�PHPRU\�UHTXLUHG��VR�WKDW�WKH�URXWLQHV�WKDW
HPXODWH�VLPLODU�RQHV�IURP�WKH�,QWHUSUHWHU�ZLOO�EH�LQ�PHPRU\�ZKHQ�QHHGHG�

1.38.3. Why Impossible?

7DNLQJ� DQ� DSSURDFK� OLNH� WKDW� GRQH� RQ� WKH�3&V� WR�PDNLQJ� D� FRPSLOHU� IRU� WKH�7,
V� %DVLFV� LV� FOHDUO\
LPSRVVLEOH��EHFDXVH�WKH�UHTXLUHG�PDFKLQH�FRGH�WR�HPXODWH�ZKDW�WKH�LQWHUSUHWHU�SURYLGHV�ZRXOG�PDNH�HYHQ
VKRUW�%DVLF��SURJUDPV��EHFRPH�WRR�ODUJH�WR�ILW�LQ�PHPRU\�ZKHQ�FRPSLOHG��7KH�DQVZHU��LI�WKHUH�HYHU�LV�RQH�
ZLOO�EH�WR�PDNH�WKH�FRPSLOHU�ZRUN�LQ�FRQMXQFWLRQ�ZLWK�ZKDW
V�DOUHDG\�EXLOW�LQWR�WKH�FRPSXWHU��7,�GLG�LWV
OHYHO�EHVW�WR�PDNH�WKDW��VROXWLRQ��LWVHOI�LPSRVVLEOH��E\�NHHSLQJ�DOO�WKH�LQQHU�ZRUNLQJV�RI�WKH�%DVLF�DQG�*3/
LQWHUSUHWHUV�VHFUHW�

$W�WKLV�VWDJH���HDUO\�6HSWHPEHU�������WKH�IXQGDPHQWDO�IUDPHZRUN�RI�WKH�FRPSLOHU�LV�ORRNLQJ�OLNH�WKLV��7KH
�VRXUFH��;%�SURJUDP�ZLOO�EH�VDYHG�LQ�0(5*(�IRUPDW��7KH�FRPSLOHU�ZLOO�ORDG�IURP�([WHQGHG�%DVLF��,W�ZLOO
UHDG�WKH�0(5*(�IRUPDW�ILOH�DQG�SURGXFH�WKUHH�RXWSXW�ILOHV��7KH�ILUVW�ZLOO�EH�D��VKHOO��;%�SURJUDP�LQ
PHUJH�IRUPDW��7KLV�VKHOO�ZLOO�DOORZ�WKH�FRPSLOHG�SURJUDP�WR�SUHVHQW�LWVHOI�WR�WKH�FRPSXWHU�DV�;%��7KH
VHFRQG�RXWSXW�ILOH�ZLOO�EH�DQ�$VVHPEO\�VRXUFH�ILOH��7KH�WKLUG�RXWSXW�ILOH�ZLOO�EH�DQ�DX[LOLDU\�GDWD�ILOH�XVHG
ZLWK�WKH�$VVHPEO\�VRXUFH�ILOH��$�VSHFLDO�ORDGHU�SURYLGHG�E\�+DUU\�:LOKHOP�ZLOO�SXW�WRJHWKHU�WKH�PHUJHDEOH
�VKHOO��DQG�WKH�DVVHPEOHG�REMHFW�ILOH�LQWR�ZKDW�ZLOO�ORRN�OLNH�DQ�;%�SURJUDP��7KH�FRPSLOHU�ZLOO�EH�DEOH�WR
SHUIRUP�DOO�RI�LWV�VWHSV�ZLWKRXW�WKH�QHHG�IRU�DQ�(�$�FDUWULGJH�
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:H�DUH�PDNLQJ�SURJUHVV�WRZDUG�RXU�JRDO��DQG�KDYH�VHQW�RXW�VRPH��VDPSOHV��IRU�WHVWLQJ�WR�YDULRXV�SHRSOH
LQ� WKH� FRPPXQLW\�� ,W
V� WRR� HDUO\� WR� VD\� ZKHWKHU� ZH
OO� VXFFHHG� WRWDOO\�� EXW� ZH� KDYH� DOUHDG\� PDGH
)25�1(;7��35,17��,)�7+(1�(/6(��+&+$5��9&+$5��DQG�&$//�.(<�LQWR�DVVHPEO\�URXWLQHV��VR�WKDW
�GHPR�� SURJUDPV� FDQ� SHUIRUP� DV� FRPSLOHG� SURJUDPV� XQGHU� ;%�� $ORQJ� WKH� ZD\�� ZH� ILQG� RXW� VRPH
LQWHUHVWLQJ�WLGELWV�RI�LQIRUPDWLRQ��-XVW�WKH�RWKHU�GD\��IRU�H[DPSOH��ZH�GLVFRYHUHG�D�ZD\�WR�IRRO�([WHQGHG
%DVLF�LQWR�WKLQNLQJ�WKDW�ZH
UH�UXQQLQJ�D�OLQH�QXPEHU�IURP�WKH�RULJLQDO�SURJUDP��7KLV�LV�XVHG�ZLWK�WKH
(5525�IXQFWLRQ�DQG�ZLWK�WKH�%5($.�WR�DOORZ�;%�WR�UHSRUW�MXVW�WKH�ZD\�LW�ZRXOG�LI�WKH�RULJLQDO�SURJUDP
ZHUH�UXQQLQJ��7KDW�ZD\��LI�WKH�XVHU�ILQGV�WKH�FRPSLOHG�SURJUDP�VWRSSLQJ�ZLWK�DQ�HUURU��KH
OO�NQRZ�ZKHUH
LQ�WKH�VRXUFH�;%�SURJUDP�WR�ORRN�IRU�WKDW�HUURU��:H�KDYH��E\�WKH�ZD\��PDGH�WKH�FRPSLOHU�VR�WKDW�FCTN 4
ZLOO��EUHDN��WKH�SURJUDP��DQG�VR�WKDW�&21WLQXH�ZLOO�ZRUN�MXVW�DV�LW�GRHV�LQ�;%�SURJUDPV��SLFNLQJ�XS�MXVW
ZKHUH�LW�OHIW�RII�ZKHQ�FCTN 4�ZDV�VWUXFN�

1.38.4. Real Source Code

7RGD\
V�6LGHEDU�VKRZV�D�VKRUW�;%�SURJUDP��WKHQ�WKH�VRXUFH�FRGH�JHQHUDWHG�IURP�WKDW�ILOH�E\�WKH�FRPSLOHU�
1R��WKLV�KDVQ
W�EHHQ��IXGJHG��LQ�DQ\�ZD\��EXW�ZH
YH�DGGHG�DQQRWDWLRQ�VR�\RX
OO�EH�DEOH�WR�XQGHUVWDQG�ZKDW
V
KDSSHQLQJ��$W�VRPH�SODFHV�LQ�WKH�VRXUFH�FRGH��\RX
OO�VHH�OLQHV�WKDW�VD\�%/�#72*,��7KLV�PHDQV�WKDW�WKH
FRPSLOHU�ZLOO�WXUQ�RYHU�WKH�QH[W�RSHUDWLRQ�WR�WKH�*3/�,QWHUSUHWHU�WR�SHUIRUP��:KDW�*3/�LV�WR�SHUIRUP
LV�LQGLFDWHG�E\�WKH�'$7$�IROORZLQJ�WKH�%/��,Q�PRVW�FDVHV�WKDW
V�DQ�)/;;��ZKHUH�;;�LV�WKH�QXPEHU�RI�WKH
)/�ODEHO�WR�EH�XVHG��)/�LV�MXVW�D�PQHPRQLF�IRU�)DNH�/LQH��7KLV�WULFN�ZDV�QRW�RXU�LQYHQWLRQ��EXW�ZDV�SDVVHG
DORQJ�E\�+DUU\�:LOKHOP��7KH�IDNH�OLQH�VWDUWV�ZLWK�WKH�WRNHQ�IRU�����������WKHQ�FRQWDLQV�WKH�WRNHQL]HG�IRUP
RI�WKH�RULJLQDO�SURJUDP�OLQH��DQG�HQGV�ZLWK�WKH�WRNHQV�IRU����*272��������/LQH�������RI�WKH�PHUJHDEOH
�VKHOO��SURJUDP�VLPSO\�VD\V�&$//�/,1.��%$&.����DQG�WKDW�UHWXUQV�FRQWURO�WR�WKH�$VVHPEO\�SDUW�RI�WKH
FRPSLOHG�SURJUDP�ULJKW�DIWHU�WKH�'$7$�IRU�WKH�72*,�OLQH�

,Q�WKH�FRPSLOHU
V�SUHVHQW�VWDWH�RI�GHYHORSPHQW��WKHUH�DUH�PDQ\�;%�VWDWHPHQWV�WKDW�WKH�FRPSLOHU�FDQ
W
KDQGOH��DQG�ZKHQ�LW�IDLOV�WR�ILQG�WKH�VWDWHPHQW
V�RSHQLQJ�WRNHQ�DPRQJ�LWV�RZQ�URXWLQHV��LW�EUDQFKHV�WR�D
VHFWLRQ�RI�FRGH�WKDW�JHQHUDWHV�WKLV�)DNH�/LQH�DQG�WKH�%/�DQG�'$7$�IRU�WKH�PDLQ�FRGH�VHFWLRQ�RI�WKH
RXWSXW� VRXUFH� ILOH�� 7KXV� WKH� FRPSLOHU� FDQ� KDQGOH�ZKDW
V� QRW� LQFOXGHG� E\� OHWWLQJ�;%�KDQGOH� LW�� )RU
,)�7+(1��LW�JHWV�D�ELW�PRUH�FRPSOLFDWHG��LQ�WKDW�ZH�ILUVW�FOHDU�D�IODJ�ZRUG�DW�758)/*��WKHQ�%/�#72*,�
EXW�ZLWK�DQ�),�ODEHO��IRU�)DNH�,I��LQ�WKH�'$7$�OLQH��7KH�),�OLQH�VWDUWV�ZLWK�����DQG�FRQWDLQV�HYHU\WKLQJ�LQ
WKH� ,)� FODXVH� XS� WR� EXW� QRW� LQFOXGLQJ� WKH�7+(1� WRNHQ��7KH�),� OLQH� FRQWLQXHV� ZLWK� 7+(1�&$//
/,1.��758(���(/6(���������$OO�LQ�WRNHQL]HG�IRUP��RI�FRXUVH��7KLV�PHDQV�WKDW�LI�ZKDW
V�LQ�WKH�,)�FODXVH
LV�WUXH��FRQWURO�ZLOO�UHWXUQ�WR�WKH�$VVHPEO\�FRGH�DW�ODEHO�758(��DQG�WKLV�ZLOO�VHW�758)/*�WR�RQH��VR�WKDW
WKH�$VVHPEO\�FRGH�FDQ�GHWHUPLQH�ZKDW�WR�GR�QH[W�

,I�WKHUH
V�QR�(/6(��WKH�FRPSLOHU�ZLOO�JHQHUDWH�DQ�(/�ODEHO�DW�WKH�DSSURSULDWH�SODFH�WR�KDQGOH�ZKDW
V�WR�EH
GRQH�LI�WKH�,)�LV�QRW�WUXH��7KH�FRPSLOHU�DOVR�FKHFNV�ZKDW
V�DIWHU�7+(1��WR�VHH�LI�WKHUH
V�D�*272�WR�VNLS
SDVW�WKH�(/6(�SDUW��DQG�LW�LQVHUWV�D�*272�LI�QHHGHG�DQG�DV�DSSURSULDWH���VHH�%�#/���LQ�WKH�6LGHEDU�
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7KH�FRPSLOHU�JHQHUDWHV�ODEHOV�ZLWK�VRPH�LGHD�RI�EHLQJ�FRQVLVWHQW�DQG�PQHPRQLF��)RU�H[DPSOH��HDFK�QHZ
OLQH�RI�WKH�VRXUFH�;%�ILOH�FUHDWHV�D�ODEHO�WKDW�VWDUWV�ZLWK�/��IROORZHG�E\�WKH�OLQH�QXPEHU��7KLV�ZD\��RQH�FDQ
YHU\�HDVLO\�ILQG�WKH�SDUW�RI�WKH�$VVHPEO\�VRXUFH�ILOH�WKDW�ZDV�GHULYHG�IURP�HDFK�OLQH�RI�WKH�VRXUFH�ILOH�

1.38.5. Variables

+DQGOLQJ�WKH�YDULDEOHV�ZDV�DQ�HDUO\�FKDOOHQJH��6LQFH�ZH�NQHZ�DW�WKH�RXWVHW�WKDW�VRPH�IXQFWLRQV�ZRXOG
IRUHYHU�EH�KDQGOHG�E\�WKH��)DNH�/LQH��SURFHVV��LW�ZDV�LPSHUDWLYH�WKDW�RXU�ZD\�RI�KDQGOLQJ�WKH�YDULDEOHV
EH� FRPSDWLEOH� ZLWK� WKH� ZD\� ;%� KDQGOHV� WKHP�� $W� WKH� VDPH� WLPH�� ZH� ZDQWHG� VRPH� SURFHVVHV�� OLNH
)25�1(;7�ORRS�FRQWURO��WR�EH�KDQGOHG�DV�LQWHJHUV�RQO\��VR�WKDW�VSHHG�FRXOG�EH�LPSURYHG��,Q�HVVHQFH��ZH
ZDQWHG�WR��KDYH�RXU�FDNH�DQG�HDW�LW�WRR���7KDW
V�H[DFWO\�ZKDW�ZH
YH�GRQH�LQ�WKLV�FRPSLOHU��$OO�YDULDEOHV�XVHG
LQ�WKH�RULJLQDO�SURJUDP�DUH�OLVWHG�LQ�WKH�VKHOO�;%�PHUJH�ILOH��VR�WKDW�;%�FDQ�SHUIRUP�LWV�QRUPDO�SUH�VFDQ
WR�UHVHUYH�VSDFH�IRU�WKHP�DQG�EXLOG�LWV�V\PERO�WDEOH�LQ�9'3�5$0��,Q�WKH�$VVHPEO\�VRXUFH�FRGH��ZH�PDNH
WZR�WDEOHV�IRU�WKH�YDULDEOHV��9$57%/�LQFOXGHV�DOO�YDULDEOHV�XVHG�LQ�WKH�RULJLQDO�SURJUDP��ERWK�VWULQJ�DQG
QXPHULF��2XU�RZQ�LQWHJHU�YDULDEOHV�KDYH�WKHLU�RZQ�WDEOH�MXVW�DIWHU�WKH�WDEOH�RI�;%
V�YDULDEOHV��(DFK�HQWU\
LQ�WKH�,QWHJHU�WDEOH�KDV�WZR�ZRUGV��ZKHUH�WKH�ILUVW�LV�UHVHUYHG�IRU�WKH�YDOXH�RI�WKDW�YDULDEOH��DQG�WKH�VHFRQG
LV�WKH�FURVV�UHIHUHQFH�WR�WKH�SRVLWLRQ�RI�WKH�FRUUHVSRQGLQJ�YDULDEOH�LQ�WKH�PDLQ�WDEOH�

:KHQ�WKH�FRPSLOHG�SURJUDP�LV�UXQQLQJ��RXU�$VVHPEO\�SDUW�LQ�WKH�ILOH�67'231�ORRNV�XS�DOO�WKH�YDULDEOHV

DGGUHVVHV�LQ�9'3�5$0��DQG�SXWV�WKRVH�LQWR�RXU�9$57%/��ZKHUH�WKH�����LV�LQ�HDFK�YDULDEOH�HQWU\��VR�WKDW
ZH�FDQ�JHW�DQ\�YDULDEOH
V�FXUUHQW�VWDWH�IURP�;%��DQG�ZH�FDQ�SDVV�EDFN�YDOXHV�VHW�LQ�WKH�LQWHJHU�YDULDEOHV
ZKHQ�ZH�QHHG�WR��7KH�FRPSLOHU�GHWHUPLQHV�ZKHUH�LQ�RXU�$VVHPEO\�SDUW�WKLV�QHHGV�GRLQJ��DQG�%/
V�WR
HLWKHU�)37,9�RU�,97)3�DV�DSSURSULDWH��ZLWK�'$7$�LQGLFDWLQJ�ZKLFK�LQWHJHU�YDULDEOH�LV�WR�EH�SDVVHG�WR
RU�IURP�

1.38.6. Modularity

7KH�$VVHPEO\�VXSSRUW�URXWLQHV�OLNH�)25�1(;7��.(<��+9&+$5��DQG�VR�RQ��DUH�FRQWDLQHG�LQ�VHSDUDWH
$VVHPEO\�VRXUFH�ILOHV��VR�WKH\�FDQ�EH�LQFRUSRUDWHG�E\�&23<�GLUHFWLYHV�RQO\�LI�QHHGHG�E\�WKH�SDUWLFXODU
SURJUDP��:KHQ�ZH�DUH�DW�WKH�SRLQW�WKDW�ZH�FRQVLGHU�WKLV�SURGXFW��ILQLVKHG���ERWK�WKH�FRPSLOHU�LWVHOI�DQG
DOO�LWV�VRXUFH�FRGH�ZLOO�EH�UHOHDVHG�WR�3XEOLF�'RPDLQ��VR�WKDW�RWKHUV�PD\�ZULWH�DGGLWLRQDO�VXSSRUW�PRGXOHV
DQG�LQWHJUDWH�WKHP�DV�GHVLUHG�

1.38.7. An Update

/DVW�PRQWK�ZH�VKRZHG�D�ZD\�WR�XVH�D�&$//�,1,7�ZLWKLQ�DQ�$VVHPEO\�SURJUDP��DQG�H[SODLQHG�WKDW�WKLV
PHVVHG�XS�RXU�UHWXUQ�WR�(�$��$V�LQ�PDQ\�VXFK�FDVHV��WKHUH
V�D��EUXWH�IRUFH��VROXWLRQ�WR�WKLV�SUREOHP��,I�RQH
VDYHV�WKH�HQWLUH�FRQWHQWV�RI�&38�5$0�3DG������E\WHV�VWDUWLQJ�DW�!������EHIRUH�WKH�,1,7�FDOO��DQG�WKHQ
UHVWRUHV�WKDW�EHIRUH�HQGLQJ�WKH�SURJUDP��DV�ZHOO�DV�VHWWLQJ�WKH�ZRUG�DW�!�����WR�!���&�DQG�VDYHV�DQG
UHVWRUHV�WKH�*520�DGGUHVV��WKH�UHWXUQ�WR�(�$�ZLOO�ZRUN�FRUUHFWO\��<HV��WKDW
V�TXLWH�D�ORW�RI��ERWKHU���MXVW
WR�SURYH�D�SRLQW��EXW�LW
V�MXVW�DQRWKHU�V\PSWRP�RI�WKH��VHFUHF\�V\QGURPH��ZKLFK�DIIHFWV�HYHU\WKLQJ�ZH�WU\
WR�GR�RQ�WKLV�OLWWOH�PDFKLQH�
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1.38.8. Chapter 11

%DFN�LQ�SDUW�����ZH�ZURWH�DERXW�ZKDW�ZH�FDOOHG��7KH�%XVLQHVV�(QG���7KHUH
V�DQ�ROG�MRNH�LQ�WKH�EXVLQHVV
ZRUOG�WKDW�JRHV���:H�ORVH����FHQWV�RQ�HDFK�LWHP�ZH�VHOO��EXW�ZH�PDNH�LW�XS�LQ�YROXPH���7KDW
V�QR�MRNH�ZKHQ
LW�KDSSHQV�LQ�UHDO�OLIH��2XU�FRPSDQ\�GLG�DFWXDOO\�PDNH�D�VPDOO�SURILW�LQ�������EXW�WKDW�SURILW�ZDV�QRWKLQJ
FRPSDUHG�WR�WKH�KXQGUHGV�RI�KRXUV�WKDW�ZHQW�LQWR�WKH�PDNLQJ�RI�WKH�SURGXFWV�EHLQJ�RIIHUHG�IRU�VDOH��$
KDUG�GHFLVLRQ�KDG�WR�EH�PDGH��WKHQ��DV�WR�ZKDW�WKH��EXVLQHVV��ZRXOG�GR�LQ�WKH�\HDU�������7KH�GHFLVLRQ�ZDV
WKDW�PRVW�RI�RXU�FRPPHUFLDO�EXVLQHVV�ZRXOG�FHDVH�RSHUDWLRQ�DW�WKH�HQG�RI� 
����7KH� �SURILWV�� IRU� 
���
PHDVXUHG�LQ�SHUFHQWDJH��ZHUH�DFWXDOO\�SUHWW\�JRRG��FRPLQJ�LQ�DW�VRPHZKHUH�DURXQG�����RI�VDOHV��EHIRUH
WD[HV���EXW�ZKHQ�WKDW��ERWWRP�OLQH��LQ�GROODUV�LV�OHVV�WKDQ�����RI�RQH�PRQWK
V�$QQXLW\�IURP�RXU�)HGHUDO
5HWLUHPHQW�IXQG��LW
V�VLPSO\�QRW�ZRUWK�WKH�HQGOHVV�KRXUV�VSHQW�LQ�GHYHORSLQJ�QHZ�SURGXFWV��,I�D�SURGXFW
WDNHV�����KRXUV�WR�GHYHORS��WKHQ�VHOOV�VL[�FRSLHV�DW���������SURILW��HDFK��WKDW
V�DQ�HIIHFWLYH��VDODU\��RI�RQO\
���FHQWV�SHU�KRXU��:RUVH�\HW��WKDW����FHQWV�SHU�KRXU�LV�WD[HG�DV�LQFRPH�DW�DERXW����SHUFHQW�EHWZHHQ�WKH
,56��WKH�VWDWH��DQG�WKH�FRXQW\��VR�WKH��DIWHU�WD[��\LHOG�LV�RQO\����FHQWV�SHU�KRXU��2XU�0DU\ODQG�SULVRQ
V\VWHP�SD\V�KLJKHU�KRXUO\�ZDJHV�WR�WKRVH�ZKR�PDNH�OLFHQVH�SODWHV��3UHVLGHQW�&OLQWRQ�KDV�SURPLVHG�WR
ORZHU�WKLV�DIWHU�WD[�\LHOG�IRU�XV�LQ�������,W�MXVW�ZRXOGQ
W�GR�IRU�XV�WR�EHFRPH�ULFK�IURP�WKLV�EXVLQHVV�

:H�ZLOO�VWLOO�RIIHU�VRPH�VHUYLFHV��LQ�WKH�IRUP�RI�RXU�FXVWRP�SURJUDP�DVVLVWDQFH�IRU�0,',�0DVWHU�XVHUV��DQG
IRU�WKRVH�ZKR�QHHG�FXVWRPL]HG�PRGXOHV�IRU�XVH�ZLWK�RWKHU�SURJUDPV��EXW�RXU�VWDQGDUG�SURGXFW�FDWDORJ
LV�JRQH��:H�ZLOO�FRQWLQXH�SURJUDPPLQJ��EXW�ZKDW�ZH�GHYHORS�ZLOO�EH�DLPHG�DW�WKH�3XEOLF�'RPDLQ�RU
�)UHHZDUH��PDUNHW��7KDW� LV�� LW�ZLOO�EH�PDGH�DYDLODEOH�WKURXJK�XVHU�JURXSV�DQG�VXFK�RXWOHWV� IRU� MXVW
ZKDWHYHU�WKHLU�FRS\LQJ�IHH�DPRXQWV�WR�

7KLV�ZD\��WKH�XVHUV�ZLOO�JHW�WKH�EHQHILW�RI�RXU�H[SHUWLVH��DQG�ZH�ZRQ
W�KDYH�WR�VWUXJJOH�ZLWK�WKH�TXHVWLRQ
RI��SURILWV��WKDW�PXVW�EH�VKDUHG�ZLWK�WKH�,56��WKH�0DU\ODQG�6WDWH�&RPSWUROOHU��DQG�WKH�&RXQW\�RI�3ULQFH
*HRUJHV�

* SIDEBAR 38
* COMPILER INPUT AND OUTPUT
* (DOES NOT INCLUDE SUPPORTING FILES)
*
* FIRST, THE ORIGINAL XB PROGRAM
* (LISTED IN 28 COLUMNS)
*
10 FOR I=1 TO 30
20 IF I<10 THEN PRINT "I<10"
;I ELSE IF I<20 THEN PRINT "
I=>10";I ELSE PRINT "I>19";I
30 NEXT I
*
* THIS WAS SAVED WITH MERGE OPTION
* AS DSK4.IFTEMER
* COMPILER THEN PRODUCED THE FOLLOWING
*
*
* FIRST IS THE "SHELL" XB PROGRAM IFTE/M
* PRODUCED BY THE COMPILER (MERGE FORMAT)
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*
1 CALL INIT
10 GOTO 100
11 I
100 CALL LINK("MAIN")
101 !@P-
32767 CALL LINK("BACK")
*
* SECOND OUTPUT IS THE ASSEMBLY SOURCE FILE
*
* ASSEMBLY SOURCE FILE
* HARRISON XB COMPILER
* DERIVED FROM:
* DSK4.IFTEMER
       COPY "DSK4.STDOPN" COPY IN THE "STANDARD OPEN" FILE
L10    BL   @SETCL       SET VALUE OF CURRENT XB LINE
       DATA 10           AT 10
       BL   @FORSET      SET UP A FOR-NEXT LOOP
       DATA 1            FROM 1
       DATA 30           THROUGH 30
       DATA 1            STEP 1
       DATA IV0          VARIABLE I (INT VARIABLE 0)
       DATA >0000        ALL PARAMETERS ARE JUST NUMBERS
LM0    DATA 0,0          RESERVE WORDS FOR LIMIT AND STEP
FR0
L20    BL   @SETCL       LABEL FR0 IS START OF LOOP
       DATA 20
       CLR  @TRUFLG      CLEAR "TRUTH FLAG" FOR IF-THEN
       BL   @IVTFP       TRANSFER INTEGER VARIABLE TO FLOATING POINT
       DATA IV0          USING VARIABLE IV0 (I)
       BL   @TOGI        USE GPL INTERPRETER
       DATA FI0          ON FAKE IF #0
       MOV  @TRUFLG,R4   MOVE THE TRUTH FLAG
       JEQ  EL0          IF IT'S ZERO, JUMP TO ELSE #0
       BL   @GETSC       GET A STRING CONSTANT
       DATA SC0          STRING CONSTANT #0
       BL   @PRNV        PRINT THAT
       DATA 180          WITH PENDING PRINT (;)
       BL   @PRNIV       PRINT INTEGER VARIABLE
       DATA IV0          NUMBER 0
       DATA 0            WITH NO PENDING PRINT
       B    @L30         GOTO LINE 30
EL0
       CLR  @TRUFLG      CLEAR TRUTH FLAG
       BL   @IVTFP       TRANSFER IV TO FP
       DATA IV0          INT VARIABLE #0
       BL   @TOGI        USE GPL INTERPRETER
       DATA FI1          FOR FAKE IF #1
       MOV  @TRUFLG,R4   CHECK THE TRUTH FLAG
       JEQ  EL1          IF NOT TRUE, GO TO ELSE #1
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       BL   @GETSC       GET STRING CONSTANT
       DATA SC1          NUMBER 1
       BL   @PRNV        PRINT THAT
       DATA 180          WITH PENDING PRINT (;)
       BL   @PRNIV       PRINT INTEGER VARIABLE
       DATA IV0          NUMBER 0 (I)
       DATA 0            WITH NO PENDING PRINT
       B    @L30         GOTO LINE 30
EL1
       BL   @GETSC       GET STRING CONSTANT
       DATA SC2          NUMBER 2
       BL   @PRNV        PRINT THAT
       DATA 180          WITH PENDING PRINT (;)
       BL   @PRNIV       PRINT INTEGER VARIABLE
       DATA IV0          IV #0
       DATA 0            WITH NO PENDING PRINT
L30    BL   @SETCL       SET LINE INDICATOR
       DATA 30           LINE 30
       BL   @NXTIP       USE "NEXT" SUBROUTINE
       DATA LM0          FOR DATA AT LM#0
       DATA IV0          USING VARIABLE IV0
       B    @FR0         IF WITHIN LIMIT, BACK TO LABEL FR0
       BL   @TOGI        ELSE TO GPL INTERPRETER
       DATA FEND         WITH FAKE "END" LINE (ENDS PROGRAM)
       COPY "DSK4.STDSUB"  COPY IN STANDARD SUBROUTINES
       COPY "DSK4.FORNEXT" COPY IN FOR-NEXT ROUTINES
       COPY "DSK4.PRINT"   COPY IN PRINT ROUTINE
       COPY "DSK4.STDDAT"  COPY STANDARD DATA SECTION
       COPY "DSK4.IFTE/A"  COPY AUXILIARY DATA FILE
VARTBL BYTE 0,0,1        XB VARIABLES TABLE (0,0 BECOMES ADDRESS)
       TEXT 'I'
ENDTBL EQU $
* EACH VARIABLE IS LISTED WITH TWO BYTES RESERVED FOR
* ITS XB ADDRESS, THEN LENGTH OF ITS NAME, THEN THE NAME
       EVEN              ENSURE AN EVEN ADDRESS
IVTBL  EQU $
IV0    DATA 0,2          0 BECOMES "I", 2 IS CROSS-REFERENCE TO VARTBL
ENDIV  EQU $
       END
*
*
*
* LAST IS FILE IFTE/A, AUXILIARY DATA
* FIO AND FI1 ARE FAKE IF'S
* SC0, SC1, AND SC2 ARE STRING CONSTANTS
* CONTAINING "I<10", "I=>10" AND "I>19"
*
FI0    BYTE 130,132,73,191,200,2,49,48
* ABOVE IS TOKENIZED FOR :: IF I<10
       BYTE >B0,>9D,>C8,4,76,73,78,75
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       BYTE >B7,>C7,4,84,82,85,69,>B6,>81,>C9,>7F,>FF
* ABOVE IS TOKENIZED FOR THEN CALL LINK("TRUE") ELSE 32767
SC0    BYTE 4,73,60,49,48
FI1    BYTE 130,132,73,191,200,2,50,48
       BYTE >B0,>9D,>C8,4,76,73,78,75
       BYTE >B7,>C7,4,84,82,85,69,>B6,>81,>C9,>7F,>FF
SC1    BYTE 5,73,61,62,49,48
SC2    BYTE 4,73,62,49,57
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1.39. The Art Of Assembly — Part 39. More Mysteries Unraveled

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

,Q�ODVW�PRQWK
V�FROXPQ��ZH�WHDVHG�\RX�D�ELW�E\�PHQWLRQLQJ�WKDW�ZH
G�JRWWHQ�RXU�&RPSLOHU�WR�UHSRUW�HUURUV�
EUHDNSRLQWV��DQG�RWKHU�PHVVDJHV�E\�WKH�OLQH�QXPEHUV�IURP�WKH�RULJLQDO�;%�SURJUDP��EXW�GLGQ
W�VD\�KRZ
WKDW�ZDV�GRQH��7RGD\�ZH
OO�ILOO�WKDW�JDS�IRU�\RX��DQG�DOVR�FOHDU�XS�VRPH�RWKHU��SHQGLQJ��P\VWHULHV�ZH
YH
PHQWLRQHG�LQ�SUHYLRXV�FROXPQV�

1.39.1. Fooling XB

,Q�RXU�ZRUN�RQ�WKH�FRPSLOHU��ZH�EHFDPH�FRQFHUQHG�DERXW�WKH�EXVLQHVV�RI�HUURU�UHSRUWLQJ��DQG�WKH�IDFW�WKDW
LI�HUURUV�ZHUH�UHSRUWHG��WKH\�ZRXOG�PRVW�RIWHQ�EH�UHSRUWHG�DV�RFFXUULQJ�LQ�OLQH��������EHFDXVH�WKDW
V�WKH
OLQH�RI�WKH��VKHOO��;%�SDUW�RI�WKH�FRPSLOHG�SURJUDP�WKDW�;%��WKLQNV��LW
V�H[HFXWLQJ��,I�ZH�OHIW�PDWWHUV�OLNH
WKDW��D�XVHU�RI�RXU�FRPSLOHU�ZRXOG�EH�OHIW�WR�JXHVV�ZKHUH�LQ�KLV�VRXUFH�;%�SURJUDP�WKLV�HUURU�PLJKW�EH
WUDFNHG�GRZQ��7KXV�ZH�VHW�RXW�WR�ILQG�VRPH�ZD\�RI��IRROLQJ��;%�LQWR�UHSRUWLQJ�WKH�HUURU�DV��IRU�H[DPSOH
�1(;7�:,7+287�)25�,1�������ZKHUH�����ZRXOG�EH�D�OLQH�WKDW�GRHVQ
W�H[LVW�LQ�WKH�FRPSLOHG�SURJUDP�
EXW�WKDW
V�ZKHUH�WKH�RULJLQDO�;%�SURJUDP�ZRXOG�UHSRUW�WKLV�HUURU�

:H�NQHZ�RI�FRXUVH�WKDW�;%�KDV�WR��NQRZ��ZKDW�OLQH�LW
V�FXUUHQWO\�H[HFXWLQJ��VR�ZH�JRW�RXW�VRPH�UHIHUHQFH
PDWHULDO�WR�WUDFN�GRZQ�ZKHUH�WKDW�LQIRUPDWLRQ�JHWV�VWRUHG��7KH�DGGUHVV�!���(�ZDV�OLVWHG�DV��3RLQWHU�WR
FXUUHQW�OLQH�QXPEHU�LQ�OLQH�QXPEHU�WDEOH���7KDW�VHHPHG�D�OLNHO\�SODFH�WR�ORRN��VR�ZH�DUUDQJHG�D�WHVW�E\
W\SLQJ�LQ�D�VPDOO�;%�SURJUDP�OLNH�WKLV�

10 BREAK 20
20 GOTO 20

7KLV�SURJUDP�RI�FRXUVH�ZRQ
W�UHDOO\�GR�DQ\WKLQJ�H[FHSW�UXQ�WKURXJK�OLQH����DQG�WKHQ�VWRS�ZLWK�WKH�UHSRUW
�%5($.32,17�,1������:KHQ�WKDW�KDSSHQHG��ZH�W\SHG�LQ�&$//�3*��WR�JHW�LQWR�RXU�3�*UDP
V�SURJUDP
WKDW�DOORZV�XV�WR�H[DPLQH�PHPRU\��6XUH�HQRXJK��WKHUH�ZDV�DQ�DGGUHVV�QXPEHU�LQ�!���(�WKDW�VWDUWHG�ZLWK
!))��VR�WKLV�ORRNHG�SURPLVLQJ��DV�WKH�OLQH�QXPEHU�WDEOH�IRU�VXFK�D�VKRUW�SURJUDP�ZRXOG�VXUHO\�EH�LQ�WKH
!))�DUHD��:H�WKHQ�ORRNHG�DW�WKDW�DGGUHVV��DQG�IRXQG�WKHUH�DQRWKHU�QXPEHU�LQ�WKH�!))�UDQJH��7KLV�ZDV
PRVW�FHUWDLQO\�QRW�WKH�OLQH�QXPEHU��,W�ZDV�WKH�DGGUHVV�RI�WKH�OLQH�LWVHOI��6XUH�HQRXJK��LI�ZH�ORRNHG�WZR
E\WHV�EDFN�IURP�WKH�DGGUHVV�LQ�!���(��ZH�ZHUH�DW�WKH�ORFDWLRQ�LQ�WKH�OLQH�QXPEHU�WDEOH�WKDW�FRQWDLQHG
!�������GHFLPDO������7KDW
V�ZKDW�ZH�ZHUH�DIWHU�

1RZ�ZH�VXVSHFWHG�WKDW�;%�PLJKW�GHWHUPLQH�WKH�OLQH�QXPEHU�IRU�EUHDNSRLQWV�DQG�VXFK�E\�WDNLQJ�WKH
DGGUHVV�IURP�!���(��VXEWUDFWLQJ�WZR��DQG�WKHQ�WDNLQJ�WKH�QXPEHU�IURP�WKDW�DGGUHVV�WR�UHSRUW�WKH�OLQH
QXPEHU�RQ�WKH�VFUHHQ��7KLQNLQJ�WKDW�VXFK�LV�WKH�FDVH�DQG�SURYLQJ�LW�DUH�RI�FRXUVH�WZR�YHU\�GLIIHUHQW
WKLQJV��EXW�ZH�VHW�XS�DQ�H[SHULPHQW�LQ�RQH�RI�RXU�WHVW�;%�SURJUDPV���WKLV�RQH�DOZD\V�HQGV�ZLWK�DQ�HUURU
EHFDXVH�LW�ZDV�GHVLJQHG�WR�GR�MXVW�WKDW��WKHQ�SDWFKHG�XS�WKH�FRPSLOHU
V�FRGH�VR�WKDW�WKH�IROORZLQJ�ZRXOG
KDSSHQ�
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�� 7KH�FRPSLOHU�ZRXOG�UHFRUG�WKH�FXUUHQW�OLQH�QXPEHU�DV�D�'$7$�HQWU\�LQ�WKH�VRXUFH�FRGH�LW�FUHDWHV�

�� 7KH�FRPSLOHG�SURJUDP�ZRXOG�SODFH�WKDW�GDWD�LWHP�DW�VRPH�FRQYHQLHQW�ORFDWLRQ��FDOOHG�&/180�

�� :KHQ�DQ�HUURU�ZDV�WR�EH�UHSRUWHG��WKH�FRPSLOHG�SURJUDP�ZRXOG�ORDG�D�UHJLVWHU�ZLWK�&/180���
WKHQ�PRYH�WKDW�UHJLVWHU�WR�!���(�EHIRUH�LWV�%/:3�#(55�

,Q�WKHRU\��WKLV�PHDQW�WKDW�WKH�(55�URXWLQH�ZRXOG�WDNH�WKDW�DGGUHVV�IURP�!���(��VXEWUDFW�WZR�IURP�LW�
WKHQ�WDNH�WKH�QXPEHU�IURP�WKH�UHVXOWLQJ�DGGUHVV�DQG�UHSRUW�WKDW�QXPEHU�RQ�VFUHHQ��7KH�WKHRU\�LQ�WKLV
FDVH�ZDV�H[DFWO\�ULJKW��7KH��VQLSSHWV��LQ�WRGD\
V�6LGHEDU�VKRZ�KRZ�WKLV�SURFHVV�ZRUNHG�IRU�HUURU�UHSRUWLQJ�
IRU�EUHDNSRLQWV��DQG�IRU�HUURU�RU�ZDUQLQJ�PHVVDJHV�LQ��)DNH�/LQH��SURFHVVLQJ�E\�WKH�FRPSLOHG�SURJUDP�

1.39.2. The ERR Report

2ND\��KHUH
V�DQRWKHU�P\VWHU\�ZH�FDQ�FOHDU�XS��2Q�SDJH�����RI�WKH�(�$�PDQXDO��WKHUH
V�D�ORQJ�OLVW�RI
HTXDWHV��VRPH�RI�ZKLFK�DUH�OHIW�VRUW�RI�XQH[SODLQHG��(55�(48�!�����ZDV�RQH�WKDW�EDIIOHG�XV�IRU�VRPH
WLPH��HVSHFLDOO\�VLQFH�WKH�QH[W�SDJH�FRQWDLQV�D�ORQJ�OLVW�RI�SRVVLEOH�HUURU�UHSRUWV�FRPSOHWH�ZLWK�DGGUHVVHV�
EXW�WKHUH�GLGQ
W�DSSHDU�WR�EH�DQ\�ZD\�WR�FRQQHFW�WKH�WZR�WKLQJV��%\�D�PRVWO\�WULDO�DQG�HUURU�SURFHVV��ZH
KDYH�GRSHG�RXW�MXVW�H[DFWO\�KRZ�WR�XVH�WKH�QXPEHUV�IURP�WKDW�HUURU�PHVVDJH�OLVW�DQG�WKH�(55�HTXDWH��VR
WKDW�ZKHQ�ZH
UH�RSHUDWLQJ�IURP�DQ�;%��HQYLURQPHQW���ZH�FDQ�XVH�;%�WR�UHSRUW�WKH�VHOHFWHG�HUURU�PHVVDJH�

,W
V�MXVW�WKLV�VLPSOH��7DNH�WKDW�DGGUHVV�IURP�WKH�WDEOH�RQ�SDJH�����IRU�WKH�PHVVDJH�\RX�ZDQW�UHSRUWHG���H�J�
!�(���IRU�%$'�9$/8(��:ULWH�WKLV�LQWR�\RXU�VRXUFH�FRGH�

LI   R0,>1E00
BLWP @>2034

7KDW
V�LW��:KHQ�WKHVH�WZR�OLQHV�H[HFXWH��;%�ZLOO�SURGXFH�WKH��%RRS��VRXQG��DQG�ZLOO�UHSRUW�%$'�9$/8(
,1�;;;��ZKHUH�;;;�ZLOO�EH�WKH�OLQH�QXPEHU��7KH�FRGH�WKDW
V�XVHG�E\�WKH�YHFWRU�DW�!�����WDNHV�ZKDWHYHU
ZDV�LQ�WKH�FDOOHU
V�5��DQG�XVHV�WKDW�WR�GHWHUPLQH�ZKLFK�PHVVDJH�LW�ZLOO�SULQW�

1.39.3. Some Days It's Easy

6KRUWO\�DIWHU�GLVFRYHULQJ� WKH�DQVZHUV�ZH
YH� MXVW�GLVFXVVHG��ZH�ZHUH� IRROLQJ�DURXQG�ZLWK�RQH�RI� RXU
FRPSLOHG��WHVW�SURJUDPV���LQ�ZKLFK�ZH
G�SODFHG�DQ�,1387�VWDWHPHQW�WR�JHW�D�YDOXH�IRU�RQH�RI�WKH�YDULDEOHV
XVHG�LQ�WKH�SURJUDP��7KLV�,1387�ZRXOG�JR�LQWR�D�QXPHULF�YDULDEOH��ZKLFK�RXU�SURJUDP�ZRXOG�WKHQ�XVH
DV�WKH�OLPLW�YDOXH�IRU�D�)25�1(;7�ORRS��,Q�RXU�FRPSLOHU��,1387�LV�VLPSO\�SDVVHG�DORQJ�WR�WKH�*3/
,QWHUSUHWHU�WR�SHUIRUP��VLQFH�WKHUH
V�QR�VSHHG�DGYDQWDJH�WR�EH�JDLQHG�IURP�UHSOLFDWLQJ�WKH�,1387�SURFHVV�
7KXV�WKH�VRXUFH�IRU�WKH�FRPSLOHG�SURJUDP�XVHV�D�%/�#72*,�WR�H[HFXWH�D��)DNH�/LQH���VHH�ODVW�PRQWK
V
FROXPQ��IRU�WKH�,1387�VWDWHPHQW�
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:KLOH�UXQQLQJ�WKH�FRPSLOHG�SURJUDP��ZH�GHFLGHG�WR�EH�YHU\�GDULQJ�DQG�SXW�DQ�LOOHJDO�HQWU\�LQ�DW�WKLV�LQSXW
SURPSW��:H�W\SHG�Q ENTER�DW�WKH�SURPSW��:KDW�KDSSHQHG�VXUSULVHG�DQG�GHOLJKWHG�XV��:H�JRW�WKH��ERRS��
D�UHSRUW�VD\LQJ�:$51,1*���,1387�(5525�,1�����DQG�WKH�SURPSW�RQ�WKH�VFUHHQ�MXVW�EHORZ�WKDW��7KH
QXPEHU����ZDV�LQGHHG�WKH�OLQH�QXPEHU�IURP�WKH�RULJLQDO�;%�SURJUDP��EXW�ZKDW�ZRXOG�KDSSHQ�QH[W"�:H
W\SHG�LQ�20 ENTER�WR�DQVZHU�WKH�SURPSW�ZLWK�D�QXPHULF�UHVSRQVH��DQG�RXU�FRPSLOHG�SURJUDP�ZHQW�RQ
DERXW�LWV�EXVLQHVV�MXVW�DV�LW�QRUPDOO\�ZRXOG��:K\�GLG�WKLV�ZRUN"�:KDW�;%�DSSDUHQWO\�GLG�DIWHU�LVVXLQJ�WKH
ZDUQLQJ�ZDV�WR�JR�EDFN�WR�WKH�VWDUW�RI�RXU�,1387��IDNH�OLQH���DQG�VLPSO\�H[HFXWH�LW�DJDLQ��:KHQ�ZH
DQVZHUHG�WKH�SURPSW�ZLWK�D�OHJDO�LQSXW��;%�FRQWLQXHG�WKH�IDNH�OLQH��WR�ZLW����*272��������7KDW�WRRN�XV
EDFN�LQWR�WKH�$VVHPEO\�FRGH�ULJKW�ZKHUH�LW�VKRXOG��DQG�RXU�SURJUDP�SHUIRUPHG�DV�H[SHFWHG��)OXVKHG�ZLWK
VXFFHVV��ZH�ZHQW�EDFN� LQWR�RXU�RULJLQDO�;%� WHVW� SURJUDP��SXW� LQ�D� OLQH�EHIRUH������ WKDW� VDLG� �21
:$51,1*�1(;7���WKHQ�VDYHG�WKDW�LQ�PHUJH�IRUPDW�IRU�FRPSLOLQJ�

:KHQ�FRPSLOHG��WKLV�WRR�EHKDYHG�H[DFWO\�DV�LW�VKRXOG��:KHQ�WKH�EDG�HQWU\�ZDV�PDGH��QR��ERRS��RU�ZDUQLQJ
PHVVDJH�DSSHDUHG��EXW�WKH�VFUHHQ�VFUROOHG�XS�DQG�WKH�LQSXW�SURPSW�ZDV�UHSHDWHG��:H�PDGH�D�FRUUHFW
HQWU\��DQG�WKH�SURJUDP�FRQWLQXHG�IURP�WKHUH��,QFLGHQWDOO\��$&&(37�$7�ZLOO�EHKDYH�LQ�D�VLPLODU�PDQQHU�
H[FHSW�WKDW�ZLWK�WKH�21�:$51,1*�1(;7�LQ�HIIHFW��WKHUH�ZLOO�EH�QR�VFUHHQ�VFUROOLQJ��DQG�WKH�LQSXW�ILHOG
ZLOO�EH�FOHDUHG�IRU�D�QHZ�LQSXW�YDOXH�

1.39.4. And Then Other Days. . .

$FWXDOO\��LW�ZDV�WKH�YHU\�VDPH�GD\��LQ�WKLV�FDVH��+DYLQJ�SURYHG�WKDW�RXU�IDNLQJ�RI�OLQH�QXPEHU�UHSRUWLQJ
ZRUNHG�IRU�:$51,1*�PHVVDJHV�DV�ZHOO�DV�IRU�(5525�UHSRUWV��ZH�WULHG�\HW�DQRWKHU�OLWWOH�WHVW��VWDUWLQJ
ZLWK�WKH�RULJLQDO�;%�SURJUDP�MXVW�GLVFXVVHG��$W�WKH�LQSXW�SURPSW��ZH�HQWHUHG�0��7KH�;%�SURJUDP�WKHQ
FRPSOHWHO\�VNLSSHG�WKH�)25�1(;7�ORRS��DQG�ZHQW�RQ�WR�ZKDW�IROORZHG�WKDW��8QIRUWXQDWHO\�IRU�XV��WKDW
V
127�ZKDW�KDSSHQHG�LQ�WKH�FRPSLOHG�YHUVLRQ�

2XU�&RPSLOHU
V�)25�1(;7�LPSOHPHQWDWLRQ�ZDV�GHVLJQHG�WR�KDQGOH�DOPRVW�HYHU\�SRVVLEOH�HUURU��EXW�LQ
WKLV�FDVH�LW�ZHQW�DKHDG�DQG�H[HFXWHG�WKH�)25�1(;7�ORRS�RQFH��WKHQ�ZHQW�RQ�WR�WKH�LQVWUXFWLRQ�DIWHU�WKH
1(;7��7KLV�KDSSHQHG�EHFDXVH�ZH�ZHUH�QRW�FKHFNLQJ�WKH�VWDWH�RI�WKH�LQGH[�YDULDEOH�DJDLQVW�WKH�OLPLW�YDOXH
XQWLO�ZH�JRW�WR�WKH��1(;7��SDUW�RI�WKH�ORRS��2QFH�DJDLQ� LW�ZDV��EDFN�WR�WKH�GUDZLQJ�ERDUG��IRU�RXU
)25�1(;7�LQ�WKH�FRPSLOHU�

7KDW
V�MXVW�RQH�VPDOO�H[DPSOH�RI�ZK\�WKLQJV�JHW�PHVV\�ZKHQ�WU\LQJ�WKH��LPSRVVLEOH���-XVW�EHIRUH�WKLV
KDSSHQHG��ZH�KDG�UXQ�WKURXJK�D�VLPLODU�H[HUFLVH�RQ�WKH�35,17�IXQFWLRQ��-XVW�ZKHQ�ZH�WKRXJKW�WKH
35,17�ZDV�ZRUNLQJ�RND\��ZH�UHPHPEHUHG�WKDW�WKHUH
V�D�IXQFWLRQ�FDOOHG�7$%���([SOHWLYH�'HOHWHG���7ZR
ZKROH�GD\V�ZHUH�HDWHQ�XS�ZLWK�WKDW�OLWWOH�SUREOHP��:KLOH�ZH�ZHUH�DERXW�LW��WKRXJK��ZH�DOVR�WRRN�FDUH�RI
WKH�FDVHV�OLNH�WKLV�

PRINT ,"Hello There"

7KLV�VNLSV�RYHU�KDOIZD\�DFURVV�WKH�VFUHHQ�EHIRUH�SULQWLQJ�+HOOR�7KHUH��XQOHVV�WKHUH�ZDV�D�FRPPD�DW�WKH
HQG�RI�WKH�ODVW�35,17�VWDWHPHQW��LQ�ZKLFK�FDVH�WKH�VFUHHQ�ZLOO�VFUROO�DQG�+HOOR�7KHUH�ZLOO�DSSHDU�DW�WKH
VWDUW�RI�WKH�QH[W�OLQH��<RX�JHW�WKH�PHVVDJH�E\�QRZ��2QFH�RQH�GHFLGHV�WR�LPSOHPHQW�DQ�;%�IXQFWLRQ��RQH
PXVW� JR� LQ� DQG� FKHFN� RXW� DOO� WKH� SRVVLEOH� YDULDWLRQV�� LQFOXGLQJ�35,17�ZLWK� QR� DUJXPHQW�� 35,17
��6RPHWKLQJ���DQG�VR�RQ�
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7KLV�FDQ�OHDG�WR�VRPH�VXUSULVLQJ�UHVXOWV��)RU�H[DPSOH��GRHV�DQ\RQH�NQRZ�ZKDW�KDSSHQV�LI�\RX�DVN�;%�WR
GR�WKH�IROORZLQJ"

PRINT TAB(33);"Hello"

-LP�3HWHUVRQ�SUREDEO\�NQRZV��DQG�+DUU\�:LOKHOP�NQRZV�EHFDXVH�,�WROG�KLP��EXW�ZKR�HOVH�RXW�WKHUH
NQRZV"��7KH�6KDGRZ�.QRZV���,I�WKH�QXPEHU�LQ�WKH�7$%�DUJXPHQW�LV�JUHDWHU�WKDQ�����;%�ZLOO�VLPSO\
VXEWUDFW����IURP�LW��DQG�NHHS�GRLQJ�VR�XQWLO�LW
V�OHVV�WKDQ�����WKHQ�ZLOO�H[HFXWH�D�WDE�WR�WKLV�QXPEHU
SRVLWLRQ�LQ�WKH�FXUUHQW�OLQH��)RU�WKH�DERYH�FDVH������� ���VR�WKH�+�LQ�+HOOR�ZLOO�EH�DW�WKH�ILIWK�SRVLWLRQ�RQ
WKH�ERWWRP�OLQH�RI�WKH�VFUHHQ��7$%�����ZRXOG�SURGXFH�H[DFWO\�WKH�VDPH�UHVXOW��VLQFH�;%�ZRXOG�VXEWUDFW
���WZLFH�WR�DUULYH�DW�WKH�QXPEHU����7KLQJV�OLNH�WKLV�FDQ�MXVW�GULYH�D�SHUVRQ�FUD]\��+DUU\�:LOKHOP�ZDV�RI
WKH�RSLQLRQ�WKDW�LI�WKH�7$%�KDV�D�QXPEHU�JUHDWHU�WKDQ�����LW�VKRXOG�FDXVH�WKH�VFUHHQ�WR�VFUROO�HQRXJK
WLPHV�WR�PDNH�XS�WKH�QXPEHUV�DERYH�����,QVWHDG��ZH�SXW�D�VLPSOH�ORRS�LQWR�RXU�3517$%�URXWLQH�VR�WKDW
LW�ZLOO�H[DFWO\�PDWFK�WKH�SHUIRUPDQFH�RI�;%
V�7$%�

1.39.5. But What If. . .?

2QH�RI�WKH�SUREOHPV�LQ�WKLV�SURFHVV�RI�FRPSLOLQJ�LV�WKH�YHU\�ULFKQHVV�RI�WKH�ODQJXDJH��7KLV�PHDQV�WKDW�IRU
HDFK�QHZ�WKLQJ�ZH�WU\�WR�LPSOHPHQW�DV�D�FRPSLOHG�IXQFWLRQ��WKHUH�DUH�PDQ\�SRWHQWLDO�YDULDWLRQV�RQ�KRZ
WKH�SURJUDPPHU�PLJKW�XVH�WKDW�IXQFWLRQ��DQG�ZH�KDYH�WR�FRQVLGHU�HDFK�DQG�HYHU\�RQH��,Q�DOPRVW�HYHU\
VLWXDWLRQ�ZKHUH�D�QXPEHU�FDQ�EH�XVHG�LQ�D�SURJUDP��IRU�H[DPSOH��WKDW�FDQ�EH�HLWKHU�D�VLPSOH�QXPEHU��D
QXPHULF�YDULDEOH��RU�QXPHULF�H[SUHVVLRQ��:H�KDYH�IXUWKHU�FRPSOLFDWHG�WKLQJV�IRU�RXUVHOYHV�E\�FUHDWLQJ
WKH�FRQFHSW�RI�WKH�LQWHJHU�YDULDEOH��VR�WKHUH�DUH�IRXU�SRVVLEOH��WKLQJV��WKDW�FDQ�VXSSO\�WKH�QXPEHUV�IRU�RXU
IXQFWLRQV�

7KLV�PHDQV�WKDW�IRU�IXQFWLRQV�OLNH�WKH�VHWWLQJ�XS�RI�D�)25�1(;7�RU�&$//�+&+$5��RU�HYHQ�&$//�.(<�
WKH�FRPSLOHU�KDV�WR�GHWHUPLQH�ZKLFK�NLQG�RI�WKLQJ�HDFK�SDUDPHWHU�LV��DQG�WKHQ�KDV�WR�SXW�VRPHWKLQJ�LQWR
LWV�VRXUFH�ILOH�VR�WKDW�WKH��UXQWLPH��URXWLQH�ZLOO�NQRZ�WKLV��DQG�FDQ�SURSHUO\�KDQGOH�HDFK�SRVVLEOH�NLQG�RI
SDUDPHWHU�

7R�OHW�RXU�FRPSLOHG�SURJUDP�NQRZ�ZKDW
V�XS��ZH�XVH�D�GDWD�ZRUG�LQ�ZKLFK�HDFK�Q\EEOH�LV�FRGHG�VHSDUDWHO\�
WKXV�PD[LPL]LQJ�RXU�PHPRU\�HIILFLHQF\��)RU�H[DPSOH��WKH�URXWLQH�WKDW�GRHV�ERWK�&$//�+&+$5�DQG
&$//�9&+$5�KDV�D�PD[LPXP�RI�IRXU�SDUDPHWHUV��(DFK�RI�WKHVH�FDQ�EH�D�VLPSOH�QXPEHU��DQ�LQWHJHU
YDULDEOH��D�IORDWLQJ�SRLQW��;%��YDULDEOH��RU�D�QXPHULF�H[SUHVVLRQ��7R�WHOO�RXU�URXWLQH�ZKDW�W\SH�HDFK
SDUDPHWHU�LV��ZH�XVH�WKH�IRXU�Q\EEOHV�RI�RQH�ZRUG��7KH�ULJKW�Q\EEOH�FRQWDLQV���LI�WKH�52:�LV�D�QXPEHU�
��LI�LW
V�DQ�LQWHJHU�YDULDEOH����LI�LW
V�D�IORDWLQJ�SRLQW�YDULDEOH��DQG���LI�LW
V�D�QXPHULF�H[SUHVVLRQ��(DFK�RI�WKH
RWKHU�WKUHH�Q\EEOHV�LV�FRGHG�LQ�VLPLODU�IDVKLRQ�WR�LQGLFDWH�WKH�NLQG�RI�WKLQJ�WKDW�&2/801��&+$5$&7(5�
DQG�5(3($7�SDUDPHWHUV�DUH��7KLV�VDPH�SURFHVV�LV�DSSOLHG�WR�WKH�SDUDPHWHUV�IRU�WKH�)25�VHWXS�LQ
)25�1(;7��DQG�IRU�WKH�SDUDPHWHUV�LQ�&$//�.(<�
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1.39.6. Just One More Thing. . .

7R�TXRWH�3HWHU�)DON�DV�&ROXPER��MXVW�RQH�PRUH�WKLQJ�WR�FOHDU�XS�DQRWKHU�RI�WKRVH�OLWWOH��P\VWHULHV���7KH
(TXDWHV�RQ�SDJH�����RI�WKH�(�$�0DQXDO�LQFOXGH�RQHV�FDOOHG�9386+�DQG�9323��:H�WKRXJKW�WKHVH�PLJKW
PHDQ�SXVKLQJ�DQG�SRSSLQJ�QXPHULF�YDOXHV�WR�DQG�IURP�D�VWDFN�LQ�9'3�5$0��:H�SHUIRUPHG�D�OLWWOH
H[SHULPHQW�XVLQJ�WKH�VRXUFH�FRGH�VKRZQ�LQ�WKH�6LGHEDU��DQG�VXUH�HQRXJK��9386+��H[HFXWHG�WKURXJK
;0//1.��WRRN�WKH�IORDWLQJ�SRLQW�QXPEHU�IURP�)$&�DQG�VWDVKHG�LW�RQ�D�VWDFN�LQ�9'3�5$0��%\�FOHDULQJ
)$&��WKHQ�GRLQJ�D�9323�DQG�UH�DVVLJQLQJ�WKLV�YDOXH�WR�DQ�;%�YDULDEOH��ZH�SURYHG�WKDW�WKLV�ZRUNHG��%XW
GRQ
W�JHW�WRR�FRQILGHQW�DERXW�VXFK�WKLQJV��,I�\RX
YH�SXVKHG�D�YDULDEOH�LQ�WKLV�ZD\�DQG�WKHQ�UHWXUQHG
FRQWURO�WR�;%�EHIRUH�FRPLQJ�EDFN�WR�323�WKH�YDULDEOH��WKH�FKDQFHV�DUH�SUHWW\�JRRG�WKDW�\RX
OO�KDYH�ORVW
\RXU�YDOXH��7KLV�KDSSHQV�EHFDXVH�;%�PDNHV�LWV�RZQ�XVH�RI�WKH�9'3�YDOXH�VWDFN��VR�E\�WKH�WLPH�\RX
UH�EDFN
LQ�FRQWURO��WKH�SRLQWHUV�ZLOO�KDYH�EHHQ�UHVHW��DQG�\RXU�RULJLQDO�YDOXH�RQ�WKH�VWDFN�ZLOO�EH�JRQH�

7KXV�WDNH�D�ZDUQLQJ��<RX�FDQ�XVH�9386+�WR�WHPSRUDULO\�VWDVK�WKH�YDOXH�RI�D�IORDWLQJ�SRLQW�QXPEHU��DQG
LW�FDQ�EH�UHFRYHUHG�DV�ORQJ�DV�\RXU�$VVHPEO\�FRGH�LV�VWLOO��LQ�FKDUJH���+RZHYHU��LI�\RX�UHWXUQ�FRQWURO�WR�;%�
\RX�VKRXOG�ILUVW�SRS�RXW�WKDW�IORDWLQJ�SRLQW�QXPEHU�DQG�SXW�LW�VRPHZKHUH�HOVH��OHVW�LW�JHW�ORVW�ZKLOH�;%
LV�XVLQJ�WKLV�VDPH�VWDFN�

:H�KDYH�D�SODQQHG�WRSLF�IRU�QH[W�PRQWK�ZKLFK�PD\�EH�RI�VRPH�LQWHUHVW�WR�WKH�QRQ�SURJUDPPLQJ��SXEOLF�
DPRQJ�RXU� UHDGHUV��:H�KDYH� UHFHQWO\�GHYLVHG�D�ZD\�RI� WDNLQJ�DQ�H[LVWLQJ�2SWLRQ� �� REMHFW� ILOH� DQG
FRQYHUWLQJ�LW�WR�DQ�2SWLRQ���SURJUDP�ILOH�ZLWKRXW�KDYLQJ�DFFHVV�WR�WKH�RULJLQDO�VRXUFH�FRGH��DQG�ZLWKRXW
GRLQJ�DQ\�H[RWLF�PDQHXYHUV�ZLWK�$VVHPEO\��6HH�\RX�WKHQ�

* SIDEBAR 39
* FIRST IS A SMALL PIECE FROM
* SOURCE CODE CREATED BY THE
* COMPILER
*
* EACH LINE OF THE XB PROGRAM
* IS IDENTIFIED BY AN "L" PLUS
* THE LINE NUMBER BEING PROCESSED
* HERE IS SOURCE CODE CREATED BY
* LINES 20 THRU 30 OF A DEMO PROGRAM
*
L20    BL   @SETCL    USE SUBROUTINE SETCL
       DATA 20        TO SET CURRENT LINE NUMBER
       BL   @FORSET   SET UP A FOR-NEXT LOOP
       DATA 1         FROM 1
       DATA 5         TO 5
       DATA 1         STEP 1
       DATA IV0       VARIABLE IV0 (I IN XB)
       DATA >0000     ALL PARAMETERS JUST NUMBERS
LM0    DATA 0,0       STORAGE FOR LOOP COUNTING
       BL   @LIMCHK   CHECK LIMIT ON THIS LOOP
       DATA NX0       IF FINISHED, GOTO LABEL NX0
       BL   @IVTFP    CONVERT IV0 INTO FLOATING POINT I
       DATA IV0       (ALLOWS I TO BE USED BY FL #4, BELOW)
       BL   @TOGI     USE GPL INTERPRETER [READ A$(I)]
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       DATA FL4       WITH FAKE LINE #4
       BL   @IVTFP    CONVERT AGAIN
       DATA IV0       IV0 TO F.P. VARIABLE I
       BL   @TOGI     USE GPL INTERPRETER
       DATA FL5       WITH FAKE LINE 5 [DISPLAY AT(I*2+5,6)...]
       BL   @INCLV    PERFORM "NEXT I"
       DATA LM0       WITH DATA AT LABEL LM0
NX0
       BL   @TOGI     USE GPL INTERPRETER
       DATA FL6       FOR FAKE LINE 6 [DISPLAY AT(24,6)...]
L25    BL   @SETCL    SET CURRENT LINE
       DATA 25        AT 25
       BL   @KEY      "CALL KEY" (SUBROUTINE KEY NOT SHOWN)
       DATA 0         0 (KEY-UNIT 0)
       DATA 18        K (KEY VARIABLE K)
       DATA 22        S (STATUS VARIABLE S)
       DATA >0220     K AND S ARE FLOATING POINT VARIABLES
       BL   @TOGI     USE GPL INTERPRETER
       DATA FI0       FOR FAKE IF #0 [IF S<1]
       MOV  R1,R1     CHECK R1 TRUTH INDICATION
       JNE  EL0       IF R1 NOT ZERO, STATEMENT FALSE
       B    @L25      IF TRUE, GOTO LINE 25 [THEN 25]
EL0
* IF STATEMENT WAS NOT TRUE, CODE FOLLOWING EL0 WILL EXECUTE
L30    BL   @SETCL       SET LINE NUMBER
       DATA 30           AT 30
       BL   @ONGTS       USE SUBROUTINE ONGTS
       DATA NE0          NUMERIC EXPRESSION #0 [K-48]
       DATA >8405        CONTROL WORD
       DATA LU0          LOOKUP TABLE #0
* CONTROL WORD DECODES AS FOLLOWS:
* 8 MEANS THIS IS ON-GOSUB, NOT ON-GOTO
* 4 MEANS A NUMERIC EXPRESSION (K-48) AS ARGUMENT
* 5 MEANS THERE ARE 5 BRANCH LINE NUMBERS
*
* LU0 IS THE LOOKUP TABLE AS FOLLOWS:
LU0    DATA L120         ADDRESS OF LINE 120
       DATA L200             "   "   "   200
       DATA L230             "   "   "   230
       DATA L300             "   "   "   300
       DATA L40              "   "   "   40
*
* THE ABOVE SECTION OF DEMO PROGRAM
* XB CODE LISTED IN 28 COLUMNS
* READS DATA TO PUT A MENU ON SCREEN
*
20 FOR I=1 TO 5 :: READ A$(I
):: DISPLAY AT(I*2+5,6):A$(I
):: NEXT I :: DISPLAY AT(24,
7)BEEP:"SELECT BY NUMBER"
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25 CALL KEY(0,K,S):: IF S<1
THEN 25
30 ON K-48 GOSUB 120,200,230
,300,40
*
* NEXT PART IS FROM THE "RUNTIME" ROUTINES
* WHICH THE COMPILED PROGRAM USES
*
* SUBROUTINES USED IN COMPILED PROGRAM
* 24 SEP 93
* STORED AS STDSUB
*
TOGI   MOV *R11+,@>832C  PUT FAKE LINE ADDRESS AT >832C
       LI  R1,CLNUM+2    POINT AT CLNUM + 2
       MOV R1,@>832E     PLACE THAT ADDRESS AT >832E
       LWPI >83E0        LOAD THE GPL WORKSPACE
       B @>006A          BRANCH TO GPL INTERPRETER
*
* LABEL TRUE IS USED WITH AN IF-THEN
* SO THAT IF THE "IF" IS TRUE, OUR REGISTER 1
* WILL BE CLEARED.  OTHERWISE, THE "IF" WILL
* RETURN TO US AT LABEL BACK, AND R1 WILL STILL
* CONTAIN THE ADDRESS WE LOADED INTO IT IN TOGI
*
TRUE   CLR  @WS+2        CLEAR OUR REGISTER 1 IF STATEMENT WAS TRUE
BACK   LWPI WS           RETURN FROM A FAKE LINE TO OUR WORKSPACE
       RT                THEN BACK TO ASSEMBLY CODE
SUBRET DECT R15          SUBTRACT 2 FROM OUR STACK POINTER
       MOV  *R15,R11     MOVE WORD INTO OUR R11
RETURN LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN STOP THEM
       LWPI >83E0        LOAD THE GPL WORKSPACE
       BL   @>20         CHECK FOR FCTN-4 KEYPRESS
       JNE  RET0         IF NOT, JUMP AHEAD
       LI   R6,CLNUM+2   ELSE SET FOR BREAKPOINT
       MOV  R6,@>832E    WITH ADDRESS CLNUM+2
       LI   R6,CONLIN    SET FOR A "CONTINUE"
       MOV  R6,@>832C    WITH GPL INTERPRETER
       B    @>6A         THEN BRANCH TO GPL INTERPRETER TO BREAK
RET0   LWPI WS           LOAD OUR OWN WORKSPACE
       RT                THEN RESUME AT ADDRESS IN R11
SETCL  MOV  *R11+,@CLNUM MOVE THE DATA AFTER THE BL INTO CLNUM
       RT                THEN RETURN
GENERR LI   R1,CLNUM+2   GET LINE NUMBER POINTER
       MOV  R1,@>832E    INTO >832E FOR ERROR REPORT LINE
       BLWP @ERR         (ERR EQUATED TO >2034, NOT SHOWN)

*  ONGTS ON-GOTO / ON-GOSUB
*  HARRISON COMPILER



7(;$6�,167580(176
+20(�&20387(5

*  25 SEP 1993
*  STORED AS ONGTS
*
*
ONGTS  MOV  *R11+,R2     FIRST DATA INTO R2 (ARGUMENT ADDRESS)
       MOV  *R11+,R13    SECOND INTO R13    (CONTROL WORD)
       MOV  *R11+,R3     THIRD INTO R3      (LOOKUP TABLE ADDRESS)
       MOV  R11,R14      STASH R11 RETURN ADDRESS IN R14
       MOV  R13,R12      PUT R13 INTO R12
       SRL  R12,8        SHIFT RIGHT 8 BITS
       ANDI R12,7        MASK ALL BUT LOWEST THREE BITS
       JEQ  ONGTE1       IF ZERO, AN ERROR CONDITION
       CI   R12,1        COMPARE TO 1
       JNE  DECCV2       IF NOT ONE, JUMP AHEAD
       MOV  *R2,R2       ELSE GET INTEGER VARIABLE VALUE
       JMP  SETCV        THEN JUMP
DECCV2 CI   R12,2        COMPARE TO 2
       JNE  DECCV4       IF NOT, JUMP AHEAD
       AI   R2,VARTBL-2  SET UP FOR F.P. VARIABLE
       MOVB *R2+,R9      FIRST BYTE OF F.P. ADDRESS
       SWPB R9           SWAP
       MOVB *R2+,R9      SECOND BYTE OF F.P. ADDRESS
       SWPB R9           SWAP AGAIN
       BL   @MOVFAC      USE A SUBROUTINE (NOT SHOWN)
       MOV  @FAC,R2      GET INTEGER VALUE INTO R2
       JMP  SETCV        THEN JUMP
DECCV4 MOV  R2,@FAC      STASH ADDRESS OF NUMERIC EXPRESSION AT FAC
       BL   @INTERP      INTERPRET EXPRESSION
       MOV  @FAC,R2      MOVE INTEGER IN TO R2
SETCV  ABS  R2           TAKE ABSOLUTE VALUE
       MOV  R13,R12      MOVE R13 TO R12
       ANDI R12,>00FF    USE ONLY LSB
       C    R2,R12       COMPARE
       JGT  ONGTE2       IF R2 > R12, ERROR (BAD VALUE)
       DEC  R2           DECREMENT R2
       JLT  ONGTE2       IF <0 THEN BAD VALUE
       SLA  R2,1         DOUBLE R2
       A    R3,R2        ADD LOOKUP TABLE ADDRESS
       MOV  *R2,R5       GET THE GOTO-GOSUB ADDRESS IN R5
       MOV  R13,R12      MOVE R13 AGAIN
       JGT  ONGSX        IF POSITIVE, THIS IS ON-GOTO
       MOV  R14,*R15+    ELSE IT'S ON-GOSUB, SO STACK RETURN ADDRESS
ONGSX  B    *R5          BRANCH TO THE ADDRESS IN R5
ONGTE1 LI   R0,>0300     ERROR REPORT WILL BE "SYNTAX ERROR"
       JMP  ONGTEX       JUMP AHEAD
ONGTE2 LI   R0,>1E00     ERROR REPORT WILL BE "BAD VALUE"
ONGTEX B    @GENERR      BRANCH TO ERROR REPORTING CODE
*
* END OF COMPILER SUBROUTINE FRAGMENTS
*
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* FOLLOWING IS SHORT XB PROGRAM
* USED TO TEST VPUSH/VPOP
* THROUGH LINKAGE TO ASSEMBLY
*
1 ! TEST OF VPUSH/VPOP
2 ! USE WITH PUPOP/O
3 ! EXTENDED BASIC ONLY
10 CALL INIT
20 CALL LOAD("DSK1.PUPOP/O")
30 A=48.254 :: PRINT A
40 CALL LINK("TEST",A)
50 PRINT A
*
* FOLLOWING IS SOURCE FILE PUPOP/S
* TO USE, ASSEMBLE INTO PUPOP/O,
* THEN RUN WITH ABOVE XB PROGRAM
*
* PUSH/POP TEST
* DSK1.PUPOP/S
* WITH XB
* ENTRY LABEL TEST
*
* REQUIRED EQUATES
*
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
VPUSH  EQU  >000E        VDP PUSH
VPOP   EQU  >0010        VDP POP
FAC    EQU  >834A        F.P. ACCUMULATOR
*
* CODE SECTION
*
       DEF  TEST         DEFINE ENTRY POINT
TEST   LWPI WS           LOAD OUR WORKSPACE
       BLWP @NUMREF      GET PARAMETER (A FROM XB)
       BLWP @XMLLNK      USE XML
       DATA VPUSH        TO PUSH FROM FAC ONTO STACK
       CLR  @FAC         CLEAR FAC
       BLWP @XMLLNK      USE XML VECTOR
       DATA VPOP         TO POP VALUE A FROM STACK
       BLWP @NUMASG      RE-ASSIGN TO VARIABLE
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
*
* DATA SECTION
*
WS     DATA 0,1          PRELOADED REGISTERS 0 AND 1
       BSS  28           REST OF WORKSPACE
       END
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1.40. The Art Of Assembly — Part 40. It Pays To Be . . .

%\�%UXFH�+DUULVRQ

&RS\ULJKW������+DUULVRQ�6RIWZDUH

%DFN�LQ�\RXU�DXWKRU
V�HDUO\�FKLOGKRRG��WKHUH�ZDV�QR�VXFK�WKLQJ�DV�WHOHYLVLRQ��1HWZRUN�VKRZV�H[LVWHG�RQ
WKH�UDGLR��DQG�WKHVH�SURYLGHG�PXFK�RI�WKH�HQWHUWDLQPHQW�LQ�RXU�KRXVH��7KHUH�ZHUH�VRPH�VKRZV�ZLWK�WUXO\
ULGLFXORXV�LGHDV�EHKLQG�WKHP���7HOHYLVLRQ�GLGQ
W�FKDQJH�WKDW���$V�ZH�ZHUH�JHWWLQJ�UHDG\�WR�ZULWH�WKLV��DQ
ROG�UDGLR�VKRZ�FDPH�WR�PLQG��,W�ZDV�WLWOHG��,W�3D\V�7R�%H�,JQRUDQW���$V�ZH�UHFDOO��WKHUH�ZDV�D�WKHPH�VRQJ
WKDW�ZHQW��,W�3D\V�WR�EH�,JQRUDQW��WR�EH�'XPE��WR�EH�6WXSLG��WR�EH�,JQRUDQW��������,W�ZDV�D�TXL]�VKRZ�RQ
ZKLFK�WKH�FRQWHVWDQW�ZKR�JDYH�WKH�GXPEHVW�DQVZHU�WR�WKH�TXHVWLRQ�ZDV�WKH�ZLQQHU�

7KDW�FDPH�WR�PLQG�EHFDXVH�WKH�PDLQ�WRSLF�IRU�WRGD\
V�FROXPQ�FDPH�IURP�D�IHOORZ�ZKR�DVNHG�PH�ZKDW�PRVW
7,�SURJUDPPHUV�ZRXOG�FDOO�D�GXPE�TXHVWLRQ��,W�KDSSHQHG�RQH�6XQGD\�HYHQLQJ��ZKLOH�,�ZDV�SHFNLQJ�DZD\
DW�P\�7,�� WU\LQJ� WR� VROYH� VRPH�NQRWW\�SUREOHP� LQ� WKH�&RPSLOHU��7KH�SKRQH� UDQJ��7KH� FDOOHU�ZDV�D
JHQWOHPDQ�IURP�0DVVDFKXVHWWV��DQG�KH�KDG�VHYHUDO�TXHVWLRQV��DOO�ZUDSSHG�DURXQG�WKH�LGHD�RI�WDNLQJ�DQ
H[LVWLQJ�2SWLRQ���$VVHPEO\�SURJUDP�DQG�FRQYHUWLQJ�LW�WR�2SWLRQ����+H�ZDV�WU\LQJ�WR�VHH�LI�RXU�3DUW���
�&URVVLQJ� WKH�%ULGJH�� �� ���ZRXOG�EH�XVHIXO�� EXW�QRW�KDYLQJ�DQ\� OXFN�XQGHUVWDQGLQJ� WKH�SURFHVV��:H
H[SODLQHG�WKDW�WR�XVH�ZKDW
V�LQ�3DUW�����RQH�QHHGHG�WR�VWDUW�ZLWK�WKH�VRXUFH�FRGH�IRU�WKH�SURJUDP�LQ
TXHVWLRQ��6LQFH�KH�KDG�RQO\�WKH�REMHFW�ILOH��ZH�WROG�KLP�WKDW�FRQYHUVLRQ�ZRXOG�EH�LPSRVVLEOH��$Q\ERG\�ZKR
NQRZV�DQ\WKLQJ�DERXW�7,�$VVHPEO\�NQRZV�WKDW�

:H�VHQW�WKH�JHQWOHPDQ�D�GLVN�ZLWK�VRPH�WKLQJV�WR�VROYH�D�FRXSOH�RWKHU�SUREOHPV�KH
G�HQFRXQWHUHG��EXW�KLV
TXHVWLRQ�DERXW�FRQYHUVLRQ�ZLWKRXW�WKH�VRXUFH�FRGH�NHSW�QDJJLQJ�DW�XV��7KH�PLQG�NHHSV�ZRUNLQJ�RQ
VRPHWKLQJ�OLNH�WKLV��HYHQ�ZLWKRXW�PXFK�FRQVFLRXV�WKRXJKW��:H�NHSW�KHDULQJ��:KDW�LI�ZH������1R��7KDW�ZRQ
W
ZRUN�EHFDXVH��������0D\EH�ILIWHHQ�RU�WZHQW\�LGHDV�FDPH�DQG�ZHQW�LQ�WKLV�PDQQHU��EXW�WKHQ�ILQDOO\�WKHUH�ZDV
DQ�LGHD�WKDW�MXVW�PLJKW�ZRUN�

1.40.1. The Bright Idea

,I�ZH�WRRN�RXU��VDQGZLFK��IURP�3DUW�����DQG�VHSDUDWHG�LW�LQWR�WZR�VRXUFH�ILOHV��LQVHUWHG�5()V�DQG�'()V
LQ�YDULRXV�SODFHV��WKHQ�DVVHPEOHG�WKH�WZR�SDUWV�RI�WKH�VDQGZLFK�LQWR�VHSDUDWH�REMHFW�ILOHV��ZH�FRXOG�GR�WKLV
LPSRVVLEOH�WDVN��:H�ZRXOG�XVH�WKH��OLQNLQJ��IHDWXUH�RI�WKH�(�$�2EMHFW�ORDGHU��DV�ZH�VHOGRP�GR��WR�JLYH
WKHVH�PRGXOHV�LQIRUPDWLRQ�DERXW�HDFK�RWKHU�DQG�WKH�RULJLQDO�REMHFW�ILOH��DQG�WKH��FDQ
W�EH�GRQH��ZRXOG
EHFRPH�D��KHUH
V�KRZ��
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6HYHUDO�FRQGLWLRQV�PXVW�EH�PHW�IRU�WKLV�PHWKRG�WR�ZRUN��)LUVW��WKH�REMHFW�ILOH�KDV�WR�EH�LQ�UHORFDWDEOH�FRGH�
0DQ\�DUH��VLQFH�LQ�PRVW�FDVHV�IRU�DQ�2SWLRQ���ILOH�WKHUH
V�QR�QHHG�WR�$25*�WKH�SURJUDP��7KH�RWKHU
UHTXLUHPHQW�LV�WKDW�RQH�PXVW�NQRZ�WKH�HQWU\�SRLQW�ODEHO�IRU�WKH�SURJUDP��7KDW�VHHPHG�D�OLNHO\�WKLQJ�
VLQFH�RQH�FDQ
W�UXQ�DQ�2SWLRQ���IURP�(�$�ZLWKRXW�NQRZLQJ�WKH�HQWU\�SRLQW���([FHSW�IRU�$XWR�6WDUW��:H
GHFLGHG�WR�WU\�D�OLWWOH�H[SHULPHQW��XVLQJ�D�KDQG\�2SWLRQ���ILOH�FDOOHG�'(%8*��ZKLFK�RI�FRXUVH�ZDV�VXSSOLHG
ZLWK�WKH�(�$�SDFNDJH��$V�VKRZQ�LQ�WKH�6LGHEDU��ZH�VSOLW�WKH�VDQGZLFK�LQWR�D�SDUW�FDOOHG�6),567�6��ZKLFK
LQFOXGHV�D�UHI�WR�WKH�ODEHO�'(%8*��DQG�6/$67�6��ZKLFK�GLGQ
W�QHHG�DQ\�WDLORULQJ�H[FHSW�WR�KDYH�D�FRXSOH
RI�'()V�DGGHG�

+HUH
V�KRZ�LW�ZRUNHG��:H�$VVHPEOHG�6),567�6�LQWR�6),567�2��DQG�6/$67�6�LQWR�6/$67�2��1RZ�ZH
ZHQW�LQWR�(�$��VHOHFWHG�2SWLRQ����DQG�VWDUWHG�ORDGLQJ�REMHFW�ILOHV��)LUVW��ZH�ORDGHG�'6.��6),567�2��1H[W�
'6.��'(%8*��WKHQ�'6.��6/$67�2��DQG�ILQDOO\�'6.��6$9(���7KLV�ODVW�LV�WKH�7,�6$9(�XWLOLW\���1RZ�ZH
JRW�WR�WKH�352*5$0�1$0(�SURPSW��DQG�W\SHG�LQ�WKH�ZRUG�6$9,7��7KLV�PHDQW�ZH
G�UXQ�WKH�SDUW�RI�WKH
6/$67�ILOH�WKDW�FDSWXUHV�WKH�(�$�XWLOLWLHV�DQG�SODFHV�WKHP�ZLWKLQ�WKH�VDYHG�2SWLRQ���ILOH��WKHQ�EUDQFKHV
WR�7,
V� 6$9(� WR� DFWXDOO\� FUHDWH� WKH�2SWLRQ� �� SURJUDP� ILOHV��:H� DQVZHUHG� WKH� 6$9(� SURPSW� ZLWK
'6.��'(%8*23���DQG�VXUH�HQRXJK�WKDW�ZRUNHG��%HIRUH�WKH�PDLO�FRPHV�LQ��ZH
OO�DGPLW�RSHQO\�WKDW
PDNLQJ�DQ�2SWLRQ���RXW�RI�WKH�GHEXJJHU�GRHVQ
W��LQ�LWVHOI��PDNH�DQ\�VHQVH��7KH�LGHD�ZDV�WR�SURYH�D�FRQFHSW�
QRW�WR�GR�VRPHWKLQJ�XVHIXO��'(%8*23��ZRUNHG�SHUIHFWO\��ZKHWKHU�ORDGHG�IURP�(�$��RU�IURP�RXU�5DPGLVN
PHQX�ORDGHU��4�(�'�

1.40.2. Step By Step

2ND\��OHW
V�VD\�\RX�KDYH�DQ�2SWLRQ���ILOH��DQG�WKDW�\RX�NQRZ�WKH�HQWU\�SRLQW��DQG�\RX�NQRZ�WKDW�LW
V
UHORFDWDEOH���:H
OO�WHOO�\RX�KRZ�WR�ILQG�RXW�LQ�D�FRXSOH�RI�SDUDJUDSKV���)ROORZ�WKHVH�VWHSV�LQ�RUGHU�

�� $VVHPEOH�6/$67�6�LQWR�6/$67�2�

�� (GLW�6),567�6��5HSODFH�WKH�WZR�RFFXUUHQFHV�RI�'(%8*�ZLWK�WKH�HQWU\�SRLQW�QDPH�IRU�\RXU
2SWLRQ���SURJUDP��6DYH�WKDW�WR�GLVN�DQG�$VVHPEOH�LW�LQWR�6),567�2�

�� )LQG�D�GLVN�WKDW�KDV�7,
V�6$9(�XWLOLW\�RQ� LW��&RS\� WKDW�RQWR�WKH�VDPH�GLVN�ZLWK�6),567�2�
6/$67�2��DQG�WKH�RULJLQDO�2SWLRQ���REMHFW�ILOH���)URP�KHUH�RQ��ZH
OO�DVVXPH�WKDW�GLVN�LV�LQ�GULYH
���EXW�RI�FRXUVH�DQ\�GULYH�ZLOO�GR��

�� *HW�LQWR�(�$�2SWLRQ����$W�WKH�),/(�1$0(�SURPSW��W\SH�LQ�'6.��6),567�2�ENTER�

�� :KHQ�WKDW�ILQLVKHV�ORDGLQJ��W\SH�LQ�WKH�QDPH�RI�WKH�RULJLQDO�REMHFW�ILOH��WKHQ�ENTER�

�� :KHQ� WKDW� ILQLVKHV� ORDGLQJ�� W\SH� LQ� '6.��6/$67�2�ENTER�� DQG� IROORZ� WKDW� ORDGLQJ� ZLWK
'6.��6$9(�ENTER�

�� $IWHU� '6.��6$9(� KDV� ORDGHG�� OHDYH� WKH� HQWU\� ILHOG� EODQN� DQG� SUHVV� ENTER�� $QVZHU� WKH
352*5$0�1$0(�SURPSW�ZLWK�6$9,7�ENTER�
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�� <RX
OO�QRZ�KDYH�D�SURPSW�IURP�7,
V�6$9(�XWLOLW\�RQ�WKH�VFUHHQ��7\SH�LQ�WKH�QDPH�\RX
OO�XVH�IRU
\RXU�2SWLRQ���SURJUDP�ILOH���H�J��'6.��0<237����3UHVV�ENTER��'ULYH��
V�DFWLYLW\�OLJKW�ZLOO�FRPH
RQ�ZKLOH�WKH�2SWLRQ���ILOH�V��DUH�EHLQJ�VDYHG�

�� 1RZ�\RX
OO�KDYH�RQ�GLVN�D�SURJUDP�ILOH�RU�D�VHULHV�RI�WKHP��GHSHQGLQJ�RQ�OHQJWK��7KLV�VKRXOG�UXQ
IURP�DQ\�PHWKRG�\RX�FKRRVH�WR�XVH�IRU�ORDGLQJ�2SWLRQ���SURJUDPV�

:H�SURPLVHG�WR�WHOO�\RX�KRZ�WR�WHOO�ZKHWKHU�DQ�REMHFW�ILOH�LV�$EVROXWH�RU�5HORFDWDEOH��7KH�DQVZHU�GHSHQGV
RQ�ZKHWKHU�WKH�REMHFW�ILOH�LV�LQ�FRPSUHVVHG�RU�XQFRPSUHVVHG�IRUPDW��EXW�\RX�FDQ�WHOO�LQ�HLWKHU�FDVH��*HW
LQWR�(�$�2SWLRQ�����(',7���DQG�ORDG�WKH�REMHFW�ILOH�IRU�HGLWLQJ��6HYHUDO�WKLQJV�FDQ�KDSSHQ�KHUH�WKDW�PD\
DODUP�\RX��EXW�MXVW�EHDU�ZLWK�XV�DQG�SURFHHG�DV�LQVWUXFWHG��<RX�PD\�JHW�D�0(025<�)8//�ZDUQLQJ�ZKHQ
ORDGLQJ�WKH�REMHFW�ILOH��-XVW�LJQRUH�WKDW��SUHVV�ENTER��DQG�WKHQ�2�WR�HGLW��)RU�FRPSUHVVHG�REMHFW�ILOHV��\RX
OO
JHW�D�&21752/�&+$5$&7(5�5(029('�ZDUQLQJ��,JQRUH�WKDW�WRR�

,Q�HGLW��\RX
OO�MXVW�ORRN�ILUVW�DW�WKH�ILUVW�UHFRUG�LQ�WKH�ILOH��WRS�OLQH�RI�WKH�VFUHHQ���7KH�ILUVW�WKLQJ�LQ�WKDW�OLQH�
IRU�DQ�XQFRPSUHVVHG�ILOH��ZLOO�EH�D�QXPEHU�LQ�KH[�QRWDWLRQ��,I�WKDW�QXPEHU�LV��������WKLV�ILOH�LV�DEVROXWH�
DQG�FDQ
W�EH�FRQYHUWHG�E\�RXU�PHWKRG��$Q\WKLQJ�RWKHU�WKDQ�������PHDQV�WKH�FRQYHUVLRQ�ZLOO�SUREDEO\
ZRUN��)RU�FRPSUHVVHG�ILOHV��WKHUH�ZRQ
W�EH�D�UHDGDEOH�QXPEHU�WKHUH�LQ�WKH�ILUVW�OLQH��,QVWHDG��ORRN�GRZQ
WKH�OHIWPRVW�FROXPQ�RQ�WKH�VFUHHQ��ZKHUH�WKH�WDJV�DUH��,I�WKHUH
V�D�VHULHV�RI�%V�DQG�RU��V�GRZQ�WKH�OHIW
FROXPQ��WKHQ�WKLV�LV�DEVROXWH�FRGH�DQG�FRQYHUVLRQ�ZRQ
W�ZRUN��,I�WKH�OHIW�FROXPQ�FRQWDLQV�$V�DQG�RU�&V�
WKHQ�WKLV�LV�UHORFDWDEOH�FRGH��DQG�FRQYHUVLRQ�ZLOO�SUREDEO\�ZRUN�

,Q�DQ\�FDVH��DIWHU�\RX
YH�H[DPLQHG�WKH�REMHFW�ILOH�ZLWK�WKH�HGLWRU��MXVW�JHW�RXW�RI�WKHUH��SUHIHUDEO\�ZLWK
FCTN =��VR�\RX�ZRQ
W�EH�WHPSWHG�WR�VDYH�WKLV�ILOH�EDFN�WR�GLVN��'21
7�6$9(�DIWHU�WKLV��HGLW���,I�\RXU
DQVZHU�ZDV��\HV��IURP�WKLV�FKHFN��WKHQ�XVH�WKH�VWHS�E\�VWHS�SURFHGXUH�DERYH�WR�GR�\RXU�FRQYHUVLRQ��7KHUH
PD\�EH�FDVHV�ZKHUH�WKLV�PHWKRG�ZRQ
W�VXFFHHG��DV�IRU�H[DPSOH�LI�WKH�2SWLRQ���ILOH�ZDV�FORVH�WR�ILOOLQJ�WKH
PHPRU\�ZLWKRXW�DGGLQJ�RXU��VDQGZLFK���6KRXOG�\RX�QHHG�KHOS��SOHDVH�JLYH�XV�D�FDOO�DW�����������������DQ\
WLPH�IURP��$0�WKURXJK�PLGQLJKW�(DVWHUQ�WLPH��VHYHQ�GD\V�D�ZHHN��7KLV�FROXPQ�LV�OLYLQJ�SURRI�WKDW�12
48(67,21�,6�722�'80%��:H�PD\�QRW�LPPHGLDWHO\�KDYH�WKH�VROXWLRQ��EXW�GRQ
W�JHW�GLVFRXUDJHG��ZH
OO
NHHS�WU\LQJ�

1.40.3. Another What If. . .

7KHUH
V�DQRWKHU�SRWHQWLDO�KD]DUG�WR�WKLV�SURFHVV�IRU�FRQYHUWLQJ�2SWLRQ���WR�2SWLRQ����DQG�WKDW
V�WKH�FDVH
ZKHUH�WKH�RULJLQDO�2SWLRQ���ZDV�VHW�XS�ZLWK�DQ�DXWR�VWDUW�ODEHO��,I�WKDW
V�WKH�FDVH��WKH�2SWLRQ���ILOH�ZLOO
VWDUW�H[HFXWLQJ�DV�VRRQ�DV�LW�ORDGV�IURP�(�$��DQG�\RX
OO�QHYHU�JHW�WKH�FKDQFH�WR�ORDG�HLWKHU�WKH�6/$67�2
RU�6$9(�ILOHV��<HV��WKLV�WRR�FDQ�EH�RYHUFRPH��WKDQNV�WR�WKH�JHQLXV�RI�7RQ\�0F*RYHUQ��)XQQHOZHE�KDV�DQ
2SWLRQ���ORDGHU�ZKLFK�ZLOO�VLPSO\�LJQRUH�WKH�DXWR�VWDUW��DQG�DOORZ�\RX�WR�FRQWLQXH�ZLWK�ORDGLQJ�XQWLO
\RX
UH�UHDG\�WR�UXQ�VRPHWKLQJ��6HOHFW�/2$'(56�IURP�)XQQHOZHE
V�PHQX��WKHQ�WKH�/�5�$872�2))
FKRLFH�IURP�WKH�PHQX�WKDW�DSSHDUV��7KH�RQO\�WULFN�UHTXLUHG�KHUH�LV�WKDW��DIWHU�ORDGLQJ�WKH�6$9(�XWLOLW\�
\RX
OO�KDYH�WR�SUHVV�FCTN 3�WR�FOHDU�WKH�HQWU\�ILHOG��1RZ�SUHVV�ENTER��DQG�XVH�WKH�OHIW�ULJKW�DUURZ�NH\V
WR�VHOHFW�6$9,7�IURP�WKH�OLVW�RI�'()V�WKHQ�RQ�WKH�VFUHHQ��3UHVV�FCTN 6�ZLWK�6$9,7�VHOHFWHG��DQG�\RX
UH
LQ�EXVLQHVV��+HUH
V�DQRWKHU�WKDQNV�WR�7RQ\�0F*RYHUQ��IRU�D�JUHDW�IHDWXUH�LQ�)XQQHOZHE�
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7KLV�ORDGHU�WKDW
V�SURYLGHG�E\�)XQQHOZHE�FDQ�DOVR�EH�XVHG�WR�ILQG�WKH�HQWU\�SRLQW�IRU�D��P\VWHU\��2SWLRQ
��ILOH��6LPSO\�VHOHFW�WKH�/2$'�581�RU�WKH�/�5�$872�2))�FKRLFH��WKHQ�HQWHU�WKH�REMHFW�ILOH
V�QDPH�DQG
OHW�LW�ORDG��:KHQ�LW�ILQLVKHV��SUHVV�FCTN 3�WR�GHOHWH�DOO�RI�WKH�ILOH�QDPH�IURP�WKH�HQWU\�ILHOG��DQG�SUHVV
ENTER��$Q\�DQG�DOO�GHILQHG�ODEHOV�LQ�WKDW�ILOH�ZLOO�EH�VKRZQ�RQ�WKH�VFUHHQ��,I�WKHUH
V�RQO\�RQH��WKHQ�WKDW
V
WKH�HQWU\�ODEHO�\RX
G�XVH�DW�WZR�SODFHV�LQ�6),567�6��,I�WKHUH�DUH�WZR�RU�PRUH��DSSO\�VRPH�HGXFDWHG�JXHVV
ORJLF�WR�ILJXUH�RXW�ZKLFK�LV�WKH�PDLQ�HQWU\��RU�HOVH�MXVW�VHOHFW�RQH�RI�WKHP�DQG�UXQ�WKH�SURJUDP�IURP
)XQQHOZHE��,I�LW�VHHPV�WR�ZRUN�DV�\RX
G�H[SHFW��WKHQ�\RX
YH�JXHVVHG�FRUUHFWO\��,I�QRW��WU\�WKLV�SURFHVV�DJDLQ
DQG�PDNH�D�GLIIHUHQW�VHOHFWLRQ�

1.40.4. Serendipity Results

$V�VR�RIWHQ�KDSSHQV�LQ�WKLV�EXVLQHVV��ZH�ILQG�RXW�SXUHO\�E\�DFFLGHQW�WKDW�FHUWDLQ�WKLQJV�RQ�RXU�7,�EHKDYH
LQ�ZD\V�ZH�GLGQ
W�H[SHFW��7KDW�ZDV�WKH�FDVH�ZLWK�;%
V�35,17�7$%�IXQFWLRQ��DV�ZH�H[SODLQHG�ODVW�PRQWK�
1RZ�RXU�ZRUN�RQ�WKH�&RPSLOHU�KDV�\LHOGHG�DQRWKHU�XQH[SHFWHG�SOHDVDQW�VXUSULVH��,Q�WKH�FRPSLOHU
V�RZQ
VXEURXWLQHV��ZH�XVHG�;0//1.�WR�LQYRNH�WKH�&RQYHUW�)ORDWLQJ�3RLQW�WR�,QWHJHU��&),��URXWLQH�LQ�WKH
FRQVROH��,Q�WKH�ZD\�ZH�DUH�XVLQJ�LW��LW�GRHV�H[DFWO\�ZKDW�ZH�QHHGHG��WDNLQJ�DQ�HLJKW�E\WH�IORDWLQJ�SRLQW
QXPEHU�DW�)$&�DQG�FRQYHUWLQJ�WKDW�WR�D�WZR�E\WH�LQWHJHU�DW�)$&��7KLV�URXWLQH�SURGXFHV�ZHLUG�UHVXOWV�IRU
QXPEHUV�RXWVLGH�WKH�UDQJH�RI��������WKURXJK��������EXW�WKDW�ZDV�RI�QR�FRQFHUQ�WR�XV��VLQFH�VXFK�QXPEHUV
ZHUH�QRW�LQYROYHG�LQ�WKH�VLWXDWLRQ�ZH�ZHUH�ZRUNLQJ�ZLWK�

,Q�RQH�RI�RXU�'(02�;%�SURJUDPV�IRU�WKH�FRPSLOHU��ZH�XVHG�DQ�,1387�VWDWHPHQW�VR�WKH�XVHU�FRXOG�GHFLGH
KRZ�PDQ\�WLPHV�WR�H[HFXWH�D�)25�1(;7�ORRS��,1387�SODFHV�WKDW�QXPEHU�LQWR�D�IORDWLQJ�SRLQW�YDULDEOH�
DV�\RX
G�H[SHFW��,Q�WKH�SURFHVV�RI�XVLQJ�WKDW�QXPEHU�WR�FRQWURO�WKH�)25�1(;7�ORRS��WKH�FRPSLOHG�SURJUDP
WDNHV�WKDW�IORDWLQJ�SRLQW�QXPEHU�LQWR�)$&�DQG�XVHV�&),�WKURXJK�;0//1.�WR�FRQYHUW�LW�WR�DQ�LQWHJHU�DV
WKH�ORRS
V�OLPLW�YDOXH��-XVW�WR�VHH�ZKDW�ZRXOG�KDSSHQ��ZH�W\SHG�LQ�D�QXPEHU�WKDW�LQFOXGHG�D�GHFLPDO�SDUW�
DV�LQ��������7KH�SURJUDP�MXVW�LJQRUHG�WKH�GHFLPDO��DQG�UDQ�WHQ�UHSHDWV�RI�WKH�)25�1(;7�ORRS��6HHLQJ
WKDW�WKLV�ZRUNHG��ZH�WULHG�HQWHULQJ�������DQG�ZHUH�VXUSULVHG�WR�VHH�WKH�ORRS�H[HFXWH����WLPHV��QRW�����2WKHU
TXLFN�FKHFNV�IROORZHG��DQG�LQ�DOO�FDVHV�LI�WKH�GHFLPDO�SDUW�ZDV���������RU�OHVV��WKH�&),�URXWLQH�URXQGHG
LW�RII�WR�WKH�ORZHU�LQWHJHU�YDOXH��ZKLOH�LI�WKH�GHFLPDO�SDUW�ZDV����RU�JUHDWHU��WKH�&),�URXWLQH�FRUUHFWO\
URXQGHG�WR�WKH�QH[W�LQWHJHU�

,Q�WRGD\
V�6LGHEDU�LV�D�OLWWOH�URXWLQH�\RX�FDQ�XVH�IURP�([WHQGHG�%DVLF�WR�VHH�KRZ�WKLV�ZRUNV��SOXV�D�VKRUW
;%�SURJUDP�WR�DOORZ�WHVWLQJ�RI�WKLV��URXQGLQJ��SURFHVV��,Q�WKLV�FDVH��ZH
YH�UH�FRQYHUWHG�WKH�LQWHJHU�WR
IORDWLQJ�SRLQW�VR�WKDW�ZH�FRXOG�XVH�180$6*�WR�UHSRUW�WKH�UHVXOW�EDFN�LQWR�;%�DQG�SULQW�LW��:H�KDYH�UXQ
WHVWV��DQG�WKH�RQO\�DQRPDO\�ZH�IRXQG�ZDV�WKDW�IRU�QHJDWLYH�QXPEHUV��WKH�URXQGLQJ�GRHVQ
W�JR�WR�WKH�QH[W
LQWHJHU�XQWLO�WKH�GHFLPDO�SDUW�LV�!����7KXV����������ZLOO�URXQG�WR������ZKLOH��������������ZLOO�URXQG�WR
����

)LQDOO\�WRGD\��ZH�DSRORJL]H�LI�ZH�VHHPHG�WR�SRNH�IXQ�DW�RXU�IULHQG�LQ�0DVVDFKXVHWWV��ZKRVH�SKRQH�FDOO
LQVSLUHG�WKH�ILUVW�SDUW�RI�RXU�FROXPQ�WRGD\��/LNH�PDQ\�RI�RXU�UHDGHUV��DQG�OLNH�\RXU�DXWKRU��KH�ZDV
VWUXJJOLQJ�ZLWK�WU\LQJ�WR�PDNH�KLV�7,�GR�VRPHWKLQJ�QHZ��DQG�KDG�JRWWHQ�IUXVWUDWHG�HQRXJK�WR�FDOO�IRU�KHOS�
0DQ\�FROXPQV�DJR��ZH�SURPLVHG�QRW�WR�VFROG�RXU�UHDGHUV�E\�QDPH��DQG�ZH
YH�NHSW�WKDW�SURPLVH��2XU
IULHQG�LQ�0DVVDFKXVHWWV�ZLOO�QR�GRXEW�UHFRJQL]H�KLV�FDVH�DV�ZH
YH�GHVFULEHG�LW��:H�KRSH�KH
OO�EH�KDSS\�WKDW
WKDQNV�WR�KLV�KDYLQJ�WKH�FRXUDJH�WR�DVN�KLV�TXHVWLRQ��DQ�DQVZHU�KDV�EHHQ�FUHDWHG�WKDW�PD\�KHOS�GR]HQV
RI�RWKHU�XVHUV�LQ�RXU�FRPPXQLW\�



7(;$6�,167580(176
+20(�&20387(5

1H[W�PRQWK
V�WRSLF� LV�XQGHFLGHG��3HUKDSV�ZH
OO� JHW�DQRWKHU�SKRQH�FDOO� WKDW�ZLOO� OHDG�WR�\HW�DQRWKHU
GLVFRYHU\�LQ�RXU�TXHVW�WR�NQRZ�HYHU\WKLQJ�WKHUH�LV�WR�NQRZ�DERXW�WKLV�ZRQGHUIXO�EXW�VWUDQJH�PDFKLQH��7KH
RQO\�WKLQJ�VXUH�LV�WKDW�ZH�ZLOO�ZULWH�D�FROXPQ�IRU�QH[W�PRQWK
V�LVVXH��DV�WKLV��ROG�ZLQGEDJ��DOZD\V�KDV
VRPHWKLQJ�WR�VD\�

* SIDEBAR 40
* FIRST PART, TWO SOURCE FILES
* FOR USE IN "CONVERTING" FROM
* OPTION 3 TO OPTION 5 WITHOUT
* HAVING ORIGINAL PROGRAM'S
* SOURCE CODE.

* SFIRST/S  FIRST SOURCE FILE
* IN THE TWO PLACES WHERE DEBUG APPEARS,
* IT SHOULD BE REPLACED BY THE ENTRY
* LABEL FROM THE OPTION 3 PROGRAM
* (SEE TEXT FOR DETAILS)
*
       DEF  SFIRST,SLOAD DEFINITIONS REQUIRED BY TI SAVE UTILITY
       REF  DEBUG,EAUT,WST REFS TO OPTION 3 AND SLAST/O
SFIRST
SLOAD
       LWPI WST          LOAD TEMPORARY WORKSPACE
       LI   R9,EAUT      POINT R9 AT STORED UTILITIES
       LI   R10,>2000    POINT R10 AT >2094 IN LOW MEMORY
       LI   R4,>2676->2000  LOAD R4 WITH NUMBER OF BYTES TO MOVE
PUTUT  MOV  *R9+,*R10+   MOVE ONE WORD, INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  PUTUT        IF NOT ZERO, REPEAT OPERATION
       B    @DEBUG       BRANCH TO OPTION 3'S ENTRY POINT
       END
*
* END OF SFIRST/S
*
* SLAST/S SECOND SOURCE FILE
* NO CHANGES REQUIRED
* FOR USE WITH ANY OPTION 3
*
       DEF  SLAST,EAUT,WST,SAVIT
       EVEN              INSURE THAT EAUT IS AT AN EVEN MEMORY LOCATION
EAUT   BSS >2676->2000   LENGTH OF BSS IS >676 BYTES
       REF  SAVE         REFERENCE TI'S SAVE UTILITY
SLAST
* SLAST MARKS THE END OF WHAT THE SAVE UTILITY WILL PUT IN MEM-IM FILE
SAVIT
       MOV  R11,@>8300   STASH R11
       LWPI WST          LOAD OUR TEMPORARY WORKSAPCE
       LI   R9,>2000     POINT R9 AT BEGINNING OF AREA TO BE SAVED
       LI   R10,EAUT     POINT R10 AT MEMORY LOCATION ABOVE
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       LI   R4,>2676->2000  LOAD R4 WITH NUMBER OF BYTES TO MOVE
GETLP  MOV  *R9+,*R10+   MOVE ONE WORD AND INCREMENT POINTERS BY TWO
       DECT R4           DECREMENT COUNT BY TWO
       JNE  GETLP        IF NOT ZERO, REPEAT AT LABEL GETLP
       B    @SAVE        BRANCH DIRECTLY TO TI'S SAVE UTILITY
WST    BSS  32           OUR TEMPORARY WORKSPACE
       END
*
* END OF SLAST/S

* NEXT PART IS THE EXPERIMENT IN
* ROUNDING NUMBERS USING XMLLNK
* THIS MUST BE USED WITH THE XB
* PROGRAM SHOWN BELOW FOR TESTING

* TEST/S - SOURCE CODE FOR
* DEMONSTRATION OF ROUNDING
* THROUGH USE OF XMLLNK
* ENTRY LABEL TEST
*
* REQUIRED EQUATES
*
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINKAGE VECTOR
CIF    EQU  >20          CONVERT INT TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INT
FAC    EQU  >834A        F.P. ACCUMULATOR
*
* CODE SECTION
*
       DEF  TEST         DEFINE ENTRY LABEL
TEST   LWPI WS           LOAD OUR WORKSPACE
       CLR  R0           CLEAR R0, NOT ARRAY
       LI   R1,1         FIRST PARAMETER
       BLWP @NUMREF      GET PARAMETER VALUE
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CFI          CONVERT TO INTEGER (ROUNDS)
       BLWP @XMLLNK      USE XML AGAIN
       DATA CIF          CONVERT BACK TO F.P.
       BLWP @NUMASG      RE-ASSIGN TO XB VARIABLE
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         BRANCH TO GPL INTERPRETER
*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
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       END
*
* END OF SOURCE FILE TEST/S
*
* BELOW IS LISTING OF THE XB
* PROGRAM TO BE USED WITH
* THE OBJECT FILE TEST/O, MADE
* FROM THE SOURCE ABOVE
*
1 ! TEST PROGRAM - ROUNDING
2 ! USING ASSEMBLED FILE TEST/O
3 ! PUBLIC DOMAIN
4 ! BY BRUCE HARRISON
5 ! EXTENDED BASIC ONLY!
10 CALL INIT
20 CALL LOAD("DSK1.TEST/O")
30 INPUT "A NUMBER ":A
40 CALL LINK("TEST",A)
50 PRINT A:"ANOTHER? (Y/N)"
60 CALL KEY(0,K,S)
70 IF S<1 THEN 60
80 IF K=89 OR K=121 THEN 30
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1.41. The Art Of Assembly — Part 41. It's About Time

%\�%UXFH�+DUULVRQ

7RGD\
V�VXEMHFW�LV�WLPH��5HFHQWO\��LW
V�EHHQ�LPSRUWDQW�WR�XV�LQ�VHYHUDO�UHVSHFWV��,Q�WKH�ILUVW�SODFH��LW
V
)HEUXDU\������DV�ZH�ZULWH�WKLV��DQG�ZH
YH�MXVW�OHDUQHG�RI�WKH�GHDWK�RI�RXU�GHDU�IULHQG�-LP�3HWHUVRQ��7KLV
UHPLQGV� XV� WKDW�ZH
UH� DOO�ZRUNLQJ� DJDLQVW� DQ� XQNQRZQ� WLPH� OLPLW�� EXW� WKDW
V� QRW� WKH� NLQG� RI� WLPH
FRQVWUDLQW�ZH
UH�FRQFHUQHG�ZLWK�LQ�WRGD\
V�FROXPQ��,W
V�WKH�XVH�RI�RXU�EHORYHG�7,�WR�GR�WKLQJV�WKDW�DUH
UHODWHG�WR��NHHSLQJ�WLPH��LQ�PDWWHUV�RI�VHFRQGV��:H
OO�WDON�DERXW�WZR�WLPH�UHODWHG�DVVHPEO\�SURMHFWV��DQG
VKRZ�KRZ�WKHVH�XVH�WKH�LQWHUQDO�9HUWLFDO�,QWHUYDO�WLPHU�LQ�WKH�7,�WR�SURYLGH�DQ�DFFXUDWH�VRXUFH�RI��WLFNV�
WKDW�ZH�FDQ�FRXQW�

1.41.1. The Metronome

$V�PDQ\�RI�RXU�UHDGHUV�DUH�DZDUH��ZH�DUH�D��PXVLFDO��IDPLO\��KDYLQJ�SURGXFHG�ORWV�RI��FRPSXWHU�PXVLF�
ERWK�ZLWK�DQG�ZLWKRXW�0,',�FDSDELOLW\��2XU�WZR�OLWWOH�ER\V�KDYH�VWDUWHG�OHDUQLQJ�WR�XVH��UHDO��PXVLFDO
LQVWUXPHQWV��VR�ZH
UH�JHWWLQJ�XVHG�WR�KDYLQJ�WKH�VRXQGV�RI�D�FODULQHW�DQG�YLROLQ�LQ�WKH�KRXVH��:KHQ�NLGV
DUH�OHDUQLQJ�WR�SOD\�LQVWUXPHQWV��WKH\�QHHG�D�VWDEOH�VRXUFH�RI�WLPLQJ�WR�NHHS�WKHP�SOD\LQJ�DW�D�VWHDG\
WHPSR��2XU�ORFDO�PXVLF�VWRUH�KDV�DOO�NLQGV�RI�PHWURQRPH�GHYLFHV��IURP�WKH�VLPSOH�PHFKDQLFDO�RQHV�WR�WKH
PRVW�H[RWLF�HOHFWURQLF�RQHV��7KH\�DOO�ZRUN�TXLWH�ZHOO��EXW�DOO�DUH�H[SHQVLYH��FRQVLGHULQJ�WKDW�DOO�WKH\�GR
LV�SURGXFH�D�UHSHWLWLYH��WLFN��DW�D�FRQVWDQW�UDWH�LQ�EHDWV�SHU�PLQXWH�

%HLQJ�D�W\SLFDO��7,�&KHDSVNDWH���LW�RFFXUUHG�WR�PH�WKDW�RXU�EHORYHG�FRPSXWHU�RXJKW�WR�EH�DEOH��ZLWK�WKH
ULJKW�SURJUDPPLQJ��WR�SURGXFH�WKRVH�WLFNV�IRU��IUHH���:H�SOXQJHG�ULJKW�LQWR�$VVHPEO\��DQG�LQ�MXVW�D�FRXSOH
RI�GD\V�ZH�KDG�D�QHZ�3XEOLF�'RPDLQ��SURGXFW��UHDG\�IRU�DQ\�DQG�DOO�7,�XVHUV��7KLV�SURGXFW��ZKLFK�LV�FDOOHG
0(752120(��LV�DYDLODEOH�WKURXJK�WKH�/LPD�DQG�&KLFDJR�8VHU�*URXSV�DW�WKHLU�QRUPDO�FRS\LQJ�IHH��,W
V
DOVR�EHHQ�DXWKRUL]HG�WR�EH�SODFHG�RQ�%%6��HWF��7KXV�LW�VKRXOG�EH�UHDGLO\�DYDLODEOH�WR�DQ\RQH�ZKR�QHHGV
LW��$FWXDOO\�WKH�GLVN�FRQWDLQV�WZR�YHUVLRQV�RI�WKH�SURJUDP��RQH�IRU�8�6��XVHUV�DQG�DQRWKHU�IRU��(XURSHDQ�
XVHUV��7KLV�LV�QHFHVVDU\�EHFDXVH�WKH�DFWXDO�WLPLQJ�LV�SURYLGHG�E\�WKH�9HUWLFDO�,QWHUYDO�WLPHU��DQG�WKDW
RSHUDWHV�DW����+]�IRU�8�6��V\VWHPV��DQG�DW����+]�IRU��(XURSHDQ��V\VWHPV��LQFOXGLQJ�WKRVH�LQ�*UHDW�%ULWDLQ
DQG�$XVWUDOLD�

:H
YH�QRW�LQFOXGHG�WKH�VRXUFH�FRGH�IRU�WKH�PHWURQRPH�LQ�WRGD\
V�FROXPQ��SDUWO\�EHFDXVH�LW
V�D�ORW�RI�VWXII�
DQG�SDUWO\�EHFDXVH�LW
V�DOUHDG\�SURYLGHG�RQ�WKH�3XEOLF�'RPDLQ�GLVNV��:H�ZLOO��KRZHYHU��FRYHU�VRPH�VDOLHQW
SRLQWV�

)LUVW�RQ�RXU�OLVW�RI��PXVWV��ZDV�WKDW�WKH�XVHU�LQWHUIDFH�KDG�WR�EH�H[WUHPHO\�VLPSOH�EXW�HIIHFWLYH��7KH�LQSXW
IRU�WKH�XVHU�KDG�WR�EH�H[SUHVVHG�LQ�%HDWV�SHU�0LQXWH��VLQFH�WKDW
V�ZKDW�LV�XVHG�LQ�WKH�PXVLFDO�ZRUOG���6KHHW
PXVLF�RIWHQ�LQGLFDWHV�WHPSR�E\�PHWURQRPH�VHWWLQJ��DQG�WKH�QXPEHU�JLYHQ�LV�DOZD\V�XQGHUVWRRG�WR�EH�LQ
%HDWV�SHU�0LQXWH���2I�FRXUVH�QRWKLQJ�LQ�WKH�FRPSXWHU�LWVHOI�XQGHUVWDQGV�%HDWV�SHU�0LQXWH��VR�ZH�KDYH
WR�SURYLGH�D�NLQG�RI��WUDQVODWLRQ��IURP�%�0�WR�D�QXPEHU�H[SUHVVHG�LQ���WKV��RU���WKV��RI�D�VHFRQG��:H�DOVR
ZDQWHG�DOO� WKLV� WR� EH� GRQH� DV�DFFXUDWHO\�DV�SRVVLEOH�� VR�ZH�XVHG�)ORDWLQJ�3RLQW�QXPEHUV� WR�GR� WKH
FDOFXODWLRQV�LQ�WKLV�PDWKHPDWLFDO��WUDQVODWLRQ��SURFHVV��,Q�WKH�IROORZLQJ��ZH
UH�GHVFULELQJ�WKH�8�6��YHUVLRQ�
WKHQ�ZH
OO�EULHIO\�FRYHU�ZKDW
V�GLIIHUHQW�LQ�WKH��(XURSHDQ��YHUVLRQ�
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7KH�XVHU�JHWV�D�SURPSW��%($76�3(5�0,187(��RQ�WKH�VFUHHQ��ZLWK�DQ�DOORZHG�UDQJH�LQGLFDWHG����
WKURXJK�������+H�HQWHUV�D�QXPEHU�LQ�WKDW�UDQJH��OHW
V�VD\������IRU�H[DPSOH��$V�VRRQ�DV�KH�SUHVVHV�ENTER�
ZH�XVH�DQ�LQWHUQDO�VHUYLFH�FDOOHG�&RQYHUW�6WULQJ�WR�1XPEHU�WR�WDNH�WKH�QXPEHU�ULJKW�IURP�WKH�VFUHHQ�DQG
FRQYHUW�LW�WR�D�IORDWLQJ�SRLQW�QXPEHU�VWRUHG�DW�)$&��!���$���:KDW�ZH
UH�DIWHU�LV�D�QXPEHU�LQ���WKV�RI�D
VHFRQG�WKDW�ZLOO�SURYLGH�D�OLPLW�FRXQW�IRU�WKH�9HUWLFDO�,QWHUYDO�WLPHU�DW�!������7R�JHW�WKHUH��ZH�WDNH�WKH
QXPEHU�RI���WKV�RI�D�VHFRQG�LQ�RQH�PLQXWH��������H[SUHVVHG�DV�D�IORDWLQJ�SRLQW�QXPEHU��DQG�SODFH�WKDW
HLJKW�E\WH�TXDQWLW\�DW�ORFDWLRQ�$5*��!���&��LQ�PHPRU\��1RZ�ZH�XVH�DQRWKHU�EXLOW�LQ�VHUYLFH�FDOOHG
)ORDWLQJ�3RLQW�'LYLGH�WR�GLYLGH������E\������7KDW�JLYHV�XV�WKH�QXPEHU�����RU�H[DFWO\�KDOI�WKH�QXPEHU�RI
��WKV�LQ�RQH�VHFRQG�

7KLV�LV�D�QXPEHU�WKDW�FDQ�EH�XVHG�DV�WKH�OLPLW�RQ�RXU�WLPH�FRXQW��:H�XVH�WKH�EXLOW�LQ�&RQYHUW�)ORDWLQJ
3RLQW�WR�,QWHJHU�URXWLQH���7KLV�FRQYHUVLRQ�URXQGV�WKH�QXPEHU�FRUUHFWO\�WR�WKH�QHDUHVW�LQWHJHU���SODFH�WKDW
QXPEHU�LQWR�PHPRU\�DV�DQ�LQWHJHU�YDOXH��DQG�VWDUW�PDNLQJ�RXU��WLFNV���)LUVW��ZH�FOHDU�WKH�FRXQWHU�DW
!������WKHQ�VHQG�D�IHZ�E\WHV�WR�WKH�VRXQG�JHQHUDWRU�WR�PDNH�D�VRXQG��:H�HQWHU�D�ORRS�WKDW�FKHFNV
FRQVWDQWO\�WKH�QXPEHU�LQ�!�����DJDLQVW�WKH�OLPLW�QXPEHU�����LQ�WKLV�FDVH���7KH�VRXQG�ZH
YH�VHQW�LV
VLOHQFHG�DIWHU�WKH�ILUVW�WKUHH�FRXQWV��VR�LW
V�MXVW�D�EULHI��WLFN���DIWHU�ZKLFK�WKH�FRPSXWHU�JLYHV�VLOHQFH�IRU�WKH
UHVW�RI�WKH������WKV�SHULRG��:KHQ�WKDW�FRXQW�ILQLVKHV��WKH�FRPSXWHU�UH�FOHDUV�!������VHQGV�DQRWKHU�WLFN
WR�WKH�VRXQG�JHQHUDWRU��DQG�VWDUWV�FRXQWLQJ�WKH�QH[W�SHULRG�

7KLV�JLYHV�H[DFWO\�WKH�GHVLUHG�UHVXOW��ZLWK�WZR�WLFNV�SHU�VHFRQG��RU�����SHU�PLQXWH��EHLQJ�SURGXFHG�E\�WKH
PRQLWRU
V�VSHDNHU��%\�XVLQJ�WKH�9HUWLFDO�,QWHUYDO�DV�RXU�VRXUFH�RI�WLPLQJ��ZH
YH�PDGH�WKLV�DEOH�WR�EH
DFFXUDWH�UHJDUGOHVV�RI�ZKHWKHU�LW
V�UXQ�RQ�D�VWDQGDUG�7,��RU�D��EXV�PRGLILHG��7,��RU�D�*HQHYH�DW�DQ\�RI�LWV
FORFN�UDWHV�

1.41.2. Range Limits

7KH�WLPHU�ZH
UH�XVLQJ��DW�!������DFWXDOO\�XVHV�RQO\�RQH�E\WH��DW�!������7KXV�WKH�QXPEHU�ZH�FDQ�FRXQW
KDV�DQ�XSSHU�OLPLW�RI�����FRXQWV�EHIRUH�LW��]HURV��LWVHOI��7KXV�WKHUH
V�D�ORZHU�OLPLW�RI����EHDWV�SHU�PLQXWH�
DV�WKDW�FDOFXODWHV�WR�����FRXQWV������ZRXOG�ZLQG�XS�ZLWK�D�FRXQW�RI������DQG�WKDW
V�WRR�ELJ��

7KH�RWKHU�OLPLW�������LV�DUELWUDU\��EXW�QHFHVVDU\�VR�WKDW�WKHUH�ZLOO�EH�VRPH��RII�WLPH��EHWZHHQ�WLFNV�HYHQ
DW�WKH�IDVWHVW�UDWH��:LWK�����HQWHUHG��WKH�QXPEHU�RI�FRXQWV�IRU�WKH�LQWHUYDO�ZRXOG�EH������URXQGV�WR����VR
WKDW�WKH�VRXQG�ZRXOG�EH�RQ�IRU�WKUHH���WKV��WKHQ�RII�IRU�IRXU���WKV��DQG�VR�RQ��7KH�SURJUDP�FKHFNV�WKH
YDOXH�RI�WKH�FRXQW�EHIRUH�VWDUWLQJ�WKH�WLFNV��DQG�UHMHFWV�WKH�HQWU\�LI�WKH�FRXQW�LV�OHVV�WKDQ�VHYHQ�RU�PRUH
WKDQ������7KH�XVHU�ZLOO�VHH�WKH�HQWU\�ILHOG�FOHDU��UHDG\�WR�DFFHSW�D�QHZ�LQSXW��7KH�DFFHSWHG�UDQJH����
WKURXJK������VKRXOG�EH�HQRXJK�IRU�QHDUO\�DQ\�PXVLFDO�SXUSRVH��FRYHULQJ�DV�LW�GRHV�IURP�DQ�H[WUHPHO\�VORZ
GLUJH�WKURXJK�D�VXSHU�SUHVWLVVLPR�

:KLOH�WKLV�WLFNLQJ�LV�JRLQJ�RQ��ZH�IODVK�WKH�FXUVRU�RQWR�WKH�VFUHHQ�GXULQJ�HDFK�WLFN��VR�WKDW�WKHUH
V�D�YLVXDO
FXH�LQ�FDVH�WKH�PXVLFLDQ
V�SOD\LQJ�GURZQV�RXW�WKH�VRXQG�RI�WKH�WLFN��:H�DOVR�FKHFN�IRU�D�NH\ERDUG�LQSXW
GXULQJ�WKH�WLFNLQJ��VR�WKDW�WKH�XVHU�FDQ�VWRS�WKH�WLFNLQJ�E\�VLPSO\�SUHVVLQJ�DQ\�NH\��3UHVVLQJ�D�NH\�RWKHU
WKDQ�FCTN 9�GXULQJ�D�VWRSSHG�FRQGLWLRQ�ZLOO�MXVW�UH�VWDUW�DW�WKH�VDPH�UDWH��3UHVVLQJ�FCTN 9�ZKLOH�WKH
WLFNV�DUH�VWRSSHG�ZLOO�FOHDU�WKH�HQWU\�ILHOG�VR�D�QHZ�UDWH�FDQ�EH�HQWHUHG�



The Cyc: MICROpendium

1.41.3. The "EUR" Version

)RU�RXU�IULHQGV�LQ�(XURSH�DQG�$XVWUDOLD��WKH��(85��YHUVLRQ��FDOOHG�0(752(85��LV�GHVLJQHG�WR�RSHUDWH
ZLWK�WKHLU�3$/�YLGHR�V\VWHP��ZKLFK�KDV�D����+]�YHUWLFDO�UDWH��7KH�HVVHQWLDO�GLIIHUHQFH�LV�WKDW��IRU�WKH���
+]�V\VWHP��WKHUH�DUH������YHUWLFDO�LQWHUYDOV�SHU�PLQXWH�LQVWHDG�RI�WKH������RQ�WKH�8�6��V\VWHP��7KXV
ZKHUH��LQ�WKH�SUHFHGLQJ�GLVFXVVLRQ��ZH�SXW������DV�D�IORDWLQJ�SRLQW�QXPEHU�LQWR�$5*��WKH��(85��YHUVLRQ
SODFHV������DW�$5*��WKHQ�GLYLGHV�WKDW�E\�WKH�XVHU
V�LQSXW�QXPEHU��%HFDXVH�RI�WKLV�GLIIHUHQW�QXPEHU��WKH
�(85��YHUVLRQ�DOORZV�D�ORZHU�ERWWRP�OLPLW�RI����EHDWV�SHU�PLQXWH��EXW�WKDW
V�WKH�RQO\�REYLRXV�GLIIHUHQFH�
H[FHSW�WKDW�WKH��(85��YHUVLRQ�KDV�D�VFUHHQ�OHJHQG�VD\LQJ��(8523($1�9(56,21���7KLV�3XEOLF�'RPDLQ
SURGXFW�LV�DYDLODEOH�IURP�WKH�/LPD�8VHUV
�*URXS�DV�GLVN����$���&RQWDFW�WKH�JURXS�F�R�'U��&KDUOHV�*RRG
DW�3�2��%R[������9HQHGRFLD��2+��������

1.41.4. A Timed Input Field

(YHU�VLQFH�ZH�VWDUWHG�SURJUDPPLQJ�RQ�WKH�7,��LQ�([WHQGHG�%DVLF��ZH
YH�ZLVKHG�IRU�VRPH�ZD\�WR�OLPLW�WKH
WLPH�DOORZHG� IRU� DQ� ,1387�RU�$&&(37�$7�VWDWHPHQW�� $V�ZH
YH�PHQWLRQHG�EHIRUH�� RXU� IULHQG�-LP
3HWHUVRQ�VRPHWLPHV�LVVXHG�FKDOOHQJHV�WR�WKH�DVVHPEO\�SUDFWLWLRQHUV��%RWK�KH�DQG�%DUU\�7UDYHU�KDYH�VDLG
WKDW�WKHUH�ZHUH�WLPHV�ZKHQ�WKH\
G�OLNH�WR�EH�DEOH�WR�SODFH�D��WLPH�OLPLW��RQ�D�XVHU�LQSXW��DV�LQ�VRPH�TXL]
JDPHV�WKH\
YH�ZULWWHQ�LQ�([WHQGHG�%DVLF��$V�\RX�DOO�NQRZ��RQFH�([WHQGHG�%DVLF�VWDUWV�H[HFXWLQJ�DQ
,1387�RU�$&&(37�$7�VWDWHPHQW��LW�MXVW�ZDLWV�XQWLO�WKH�XVHU�LV�ILQLVKHG�ZLWK�KLV�HQWU\��HYHQ�LI�DQ�KRXU
JRHV�E\��7KLV�FDQ�WDNH�VRPH�RI�WKH�IXQ�RXW�RI�D�JDPH�SURJUDP��VLQFH�WKH�XVHU�FRXOG�JR�WR�WKH�OLEUDU\�WR�ORRN
XS�WKH�DQVZHU��DQG�WKH�FRPSXWHU�ZRXOG�ZDLW�WLOO�KH�RU�VKH�JRW�EDFN�WR�DQVZHU�WKH�TXHVWLRQ�

$V�ZH�ZHUH�IRROLQJ�DURXQG�ZLWK�WKLV�WLPLQJ�IRU�WKH�PHWURQRPH�DSSOLFDWLRQ��WKLV�SUREOHP�NHSW�KDXQWLQJ
RXU�WKRXJKWV��3HUKDSV�ZH�FRXOG�NHHS�D�WLPH�FRXQW�WKURXJK�D��XVHU�LQWHUUXSW���DQG�WKHQ�ILQG�VRPH�ZD\�WR
WHUPLQDWH�WKH�,1387�RU�$&&(37�FRPPDQG�DIWHU�D�QXPEHU�RI�YHUWLFDO�LQWHUYDOV��ZLWKRXW�WKH�XVHU�KDYLQJ
W\SHG�DQ\WKLQJ�IURP�WKH�NH\ERDUG�

%HIRUH�ZH�JR�IXUWKHU��OHW
V�FRQIHVV�WKDW�WKH��XVHU�LQWHUUXSW��SURFHVV�LV�RQH�WKDW�ZH�UDUHO\�XVH��DQG�GRQ
W
UHDOO\�XQGHUVWDQG��7KXV�JHWWLQJ�WKH�LQWHUUXSW�WR�GR�ZKDW�ZH�ZDQWHG�ZDV�GLIILFXOW��$V�\RX
OO�VHH�LQ�WKH
6LGHEDU��WKH��ILQDO�SURGXFW��LV�IDLUO\�VLPSOH��7KHUH�DUH�WZR��HQWU\�SRLQWV��XVHG�ZLWK�&$//�/,1.�IURP
([WHQGHG�%DVLF��SOXV�WKH�,QWHUUXSW�FRGH�LWVHOI��+HUH
V�KRZ�LW�ZRUNV�

$VVXPLQJ�WKH�FRGH�VKRZQ�LQ�WKH�6LGHEDU�KDV�EHHQ�DVVHPEOHG�DQG�ORDGHG�XQGHU�([WHQGHG�%DVLF��WKH
SURJUDP�WKDW
V�XVLQJ�WKH�FRGH�ZRXOG�SHUIRUP�D�&$//�/,1.��6(77,0��7/���ZKHUH�7/�LV�D�QXPEHU�LQ
VHFRQGV��$Q\WKLQJ�IURP���VHFRQG�WKURXJK�����VHFRQGV�FDQ�EH�XVHG�IRU�7/��'HFLPDO�TXDQWLWLHV�FDQ�EH�XVHG�
DV�IRU�H[DPSOH�����VHFRQGV��7KH�OLPLW������DERXW���PLQXWHV��LV�DQ�DEVROXWH�XSSHU�OLPLW��EH\RQG�ZKLFK�WKH
WLPH�FRXQWHU�VLPSO\�ZRQ
W�ZRUN���7R�VHH�ZK\��ZKLS�RXW�\RXU�WUXVW\�FDOFXODWRU�DQG�PXOWLSO\�����E\�����

7KH�&$//�/,1.�WR�6(77,0�FDQ�EH�GRQH�DW�DQ\�SODFH�LQ�WKH�;%�SURJUDP��,W�VHWV�WKH�OLPLW�QXPEHU�LQ
��WKV�RI�D�VHFRQG��EXW�GRHVQ
W�VWDUW�WKH�FRXQW�RSHUDWLQJ��7R�DSSO\�WKH�WLPH�OLPLW��LQVHUW�D�VWDWHPHQW�MXVW
EHIRUH�WKH�LQSXW�VWDWHPHQW�OLNH�WKLV�

CALL LINK("ACT") :: INPUT "ANY STRING ":X$
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7KLV�ZLOO��DFWLYDWH��WKH�SUH�VHW�WLPH�OLPLW�IRU�WKDW�LQSXW�DFWLRQ��:KLOH�WKH�FRPSXWHU�LV�ZDLWLQJ�IRU�LQSXW�
LW�ZLOO�EH�F\FOLQJ�WKURXJK�LQWHUUXSWV��RQH�RI�ZKLFK�ZLOO�LQFUHPHQW�WKH�FRXQWHU�LQ�RXU�XVHU�LQWHUUXSW�URXWLQH
HYHU\���WK�RI�D�VHFRQG���6(77,0�PXOWLSOLHV�WKH�QXPEHU�JLYHQ�LQ�VHFRQGV�E\������:KHQ�WKH�FRXQW�HTXDOV
RU�H[FHHGV�WKH�OLPLW��WKH�LQWHUUXSW�ZLOO�EHJLQ�H[HFXWLQJ�WKH�FRGH�DW�ODEHO�7,0(83��7KLV�FRGH�SXWV�WKH
$6&,,�YDOXH�IRU�WKH�ENTER�NH\�LQWR�WKH�NH\�YDOXH�DGGUHVV��!�������DQG�SXWV�WKH�YDOXH�!���LQWR�WKH�*3/
6WDWXV�E\WH��!���&���7KH�,1387�URXWLQH�VHHV�WKLV�FRQGLWLRQ�DQG��DVVXPHV��WKH�XVHU�KDV�SUHVVHG�ENTER
RQ�WKH�NH\ERDUG��VR�LW�H[LWV�IURP�WKH�,1387�VWDWHPHQW��:KHQ�ZH�ILUVW�VWDUWHG�GHYHORSLQJ�WKLV�URXWLQH��LW
ZRUNHG�SHUIHFWO\�ZLWK�,1387��EXW�QRW�ZLWK�$&&(37�$7��$&&(37�$7�ZRXOG�H[LW�ZLWK�DQ�HUURU��:H
GLVFXVVHG�WKH�PDWWHU�ZLWK�+DUU\�:LOKHOP��DQG�KH�TXLFNO\�ILJXUHG�RXW�WKDW�WKH�SUREOHP�KDG�WR�GR�ZLWK
ZKHWKHU�DQ�DFWXDO�NH\�VFDQ�KDG�MXVW�WDNHQ�SODFH�EHIRUH�ZH�WULHG�IRUFLQJ�WKH�ENTER�DQG�!���LQWR�SODFH�
$V�KH�KDV�VR�PDQ\�WLPHV��+DUU\�FDPH�WR�RXU�UHVFXH��ZLWK�D�PRGLILFDWLRQ�WR�RXU�URXWLQH��+DUU\�ILJXUHG�RXW
KRZ�WR�FKHFN�WKH�*520�DGGUHVV�WR�GHWHUPLQH�ZKHWKHU�WKH�7,�KDV�MXVW�GRQH�D�NH\�VFDQ��7KXV�WKH�IRUFHG
ENTER�FDQ�EH�SXW�LQ�DW�H[DFWO\�WKH�ULJKW�WLPH��VR�QR�HUURU�RFFXUV�XSRQ�UHWXUQ�IURP�$&&(37�$7��:LWK
WKLV�PRGLILFDWLRQ��WKH�WLPHRXW�FDQ�EH�XVHG�ZLWK�DQ\�NLQG�RI�LQSXW�URXWLQH��LQFOXGLQJ�&$//�.(<��:LWK�WKLV
QHFHVVLW\�WR�FKHFN�WKH�*520�DGGUHVV��WKH�WLPLQJ�LV�QRW�DV�DFFXUDWH��DV�WKH�,QWHUUXSW�PD\�KDYH�WR�ZDLW
VHYHUDO� ��WKV� RI� D� VHFRQG� EHIRUH� LW� KLWV� WKH� FRUUHFW� �ZLQGRZ�� WR� WHUPLQDWH� WKH� LQSXW� F\FOH�� +DUU\
UHFRPPHQGHG�WKDW�ZH�GLVFDUG�WKH�IORDWLQJ�SRLQW�FDOFXODWLRQV��VLQFH�WKH�DFFXUDF\�ZRQ
W�EH�WKDW�JRRG��:H
YH
OHIW�WKDW�SDUW�DORQH��KRZHYHU��VR�WKDW�WKH�SURJUDPPHU�FDQ�DW�OHDVW�WU\�IRU�D�IUDFWLRQ�RI�D�VHFRQG�WLPH
DOORZDQFH��$�6(77,0�OLQN�ZLWK�����VHFRQGV�DOORZHG�ZLOO�ODVW�ORQJHU��RQ�DYHUDJH��WKDQ�RQH�ZLWK���VHFRQGV�
DQG�VLQFH�LW�FRVW�YHU\�IHZ�E\WHV�WR�NHHS�WKH�IORDWLQJ�SRLQW�FDSDELOLW\��ZH�OHIW�LW�LQ��7KH�6LGHEDU�LV�ZHOO
DQQRWDWHG��VR�RXU�UHJXODU�UHDGHUV�VKRXOG�EH�DEOH�WR�XQGHUVWDQG�LW�ZLWKRXW�D�OLQH�E\�OLQH�H[SODQDWLRQ��7KH
EXVLQHVV�RI�FKHFNLQJ�WKH�*520�LV�UDWKHU�FRPSOLFDWHG��VR�ZH
YH�WDNHQ�+DUU\
V�ZRUG�IRU�KRZ�WKDW�ZRUNV
�VHH�EHORZ���7KHUH�DUH�WZR�GLIIHUHQW�;%�7HVW�SURJUDPV�OLVWHG�LQ�WKH�6LGHEDU��RQH�WKDW�XVHV�ERWK�,1387
DQG�$&&(37�$7��DQG�DQRWKHU�WKDW�XVHV�&$//�.(<�

1.41.5. Harry's Explanation

7KH�LGHD�EHKLQG�WKH�URXWLQH�DW�7,0(83�LV�WR�GHWHUPLQH�LI�WKH�*3/�LQVWUXFWLRQ�6&$1�KDV�MXVW�KDSSHQHG�
,I�LW�KDV�WKHQ�ORDGLQJ�!�����ZLWK�D�NH\�YDOXH�DQG�62&LQJ�!���&�ZLWK�!�����ZLOO�EH�GHWHFWHG�DV�D
NH\VWURNH�

7KH�*3/�E\WH�IRU�6&$1�LV�!����$OVR�LQ�WKH�FRXUVH�RI�6&$1�WKH�FXUUHQW�DGGUHVV�RI�WKH�*520�SRLQWHU�LV
SXVKHG�RQWR�WKH�*520�VXE�VWDFN��DQG�WKHQ�SRSSHG�IURP�WKH�VWDFN��,I�ZH�ILQG�WKDW�RQH�OHYHO�GHHSHU�LQ�WKH
*520�VXE�VWDFN�SRLQWV�WR�WKH�QH[W�E\WH�VFKHGXOHG�WR�EH�UHDG�IURP�*520�DQG�WKDW�WKH�E\WH�EHIRUH�WKLV
E\WH�LV�D�!���WKHQ�6&$1�KDV�MXVW�RFFXUUHG�
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:KHQ�ZH�FRPH�WR�WKH�URXWLQH�DW�7,0(83�WKH�*520�UHJLVWHUV�DUH�VHW�VR�WKDW�;%�FDQ�UHDG�WKH�QH[W�*520
E\WH�IURP�!�����RXU�SURJUDP�FDQ�UHDG�WKH�DGGUHVV�RI�WKDW�E\WH�IURP�*505$�DW�!�����:KHQ�WKLV
DGGUHVV�LV�UHDG�LW�LV�DXWRPDWLFDOO\�LQFUHPHQWHG�RQH�E\WH�KLJKHU�WKDQ�ZKHUH�WKH�DFWXDO�UHDG�ZRXOG�KDYH
WDNHQ�SODFH��7KHUHIRUH��WKH�DGGUHVV�QHHGV�WR�EH�'(&
G�WR�SRLQW�WR�WKH�E\WH�WKDW�ZRXOG�KDYH�EHHQ�UHDG�LQ
WKH�QRUPDO�VHTXHQFH�RI�HYHQWV��,I�WKH�DGGUHVV�LV�'(&7
G�LW�WKHQ�SRLQWV�WR�WKH�PRVW�UHFHQW�E\WH�WR�EH�UHDG
IURP�*520��2QFH�WKDW�E\WH�LV�UHDG�IURP�!������WKH�SRLQWHU�ZLOO�DXWRLQFUHPHQW�WR�WKH�VDPH�DGGUHVV
QRUPDOO\�H[SHFWHG�E\�;%��2QH�FDWFK�LV�WKDW�LI�UHDGLQJ�WKH�DGGUHVV�DW�*505$�FDQ�UHVXOW�LQ��VD\��!$����
:LWK�'(&7�WKLV�EHFRPHV�!�)))��:LWK�WKH�DXWRLQFUHPHQW�UHDGLQJ�WKH�*520�E\WH�VKRXOG�UHVXOW�LQ�WKH
SRLQWHU�EHFRPLQJ�!$����� WKH� H[SHFWHG� UHVXOW��+RZHYHU�DIWHU� WKH�DXWRLQFUHPHQW�� WKH�SRLQWHU� LV� OHIW
SRLQWLQJ�DW�!������������%HFDXVH�RI�WKLV�\RX�FDQQRW�UHDG���E\WH�ORZHU�WKDQ�WKHVH�DGGUHVVHV��!�����!����
!�����!�����!�����!$����!&����!(����

1H[W�PRQWK
V�WRSLF�LV�RQH�WKDW�VRPH�RI�RXU�UHDGHUV�KDYH�DVNHG�IRU��QDPHO\�WKH�%LWPDS�0RGH�RI�RSHUDWLRQ�
:H
OO�LQFOXGH�D�VPDOO�VDPSOH�SURJUDP�WKDW�JHWV�QLFHO\�LQWR�DQG�RXW�RI�WKH�%LWPDS�0RGH��VR�\RX�FDQ�VHH�KRZ
WKDW
V�GRQH�

*  SIDEBAR 41
*  "IT'S ABOUT TIME"
*
* FIRST, TODAY'S SOURCE CODE
*
* TIME DELAY INTERRUPT (TIMER/S)
* FOR USE WITH XB
* PUBLIC DOMAIN
* by Bruce Harrison and Harry Wilhelm
*
* REQUIRED EQUATES
*
XMLLNK EQU  >2018        XML LINK VECTOR
NUMREF EQU  >200C        NUMERIC REFERENCE
GPLWS  EQU  >83E0        GPL WORKSPACE
FMUL   EQU  >0E88        FLOATING POINT MULTIPLY
FAC    EQU  >834A        FLOATING POINT ACCUMULATOR
ARG    EQU  >835C        ARGUMENT
GSTAT  EQU  >837C        GPL STATUS BYTE
*
* BEGIN CODE SECTION
*
       DEF  SETTIM,ACT        DEFINE ENTRY POINTS
*
* ACT ACTIVATES (STARTS) THE TIMEOUT COUNT
*
ACT    MOV  @CHKON,@>83C4 PLACE ADDRESS OF INTERRUPT
       CLR  @CUMNUM      CLEAR COUNTER
       CLR  @GSTAT       CLEAR GPL STATUS
       RT                RETURN
*
* SETTIM SETS THE LIMITING TIME FOR THE USER
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* THROUGH A CALL LINK FROM XB
* ALLOWED TIME IS GIVEN IN SECONDS
*
SETTIM LWPI WS           USE OUR WORKSPACE
       CLR  R0           CLEAR R0 - NOT AN ARRAY
       LI   R1,1         FIRST PARAMETER
       CLR  @GSTAT       CLEAR GPL STATUS BYTE
       BLWP @NUMREF      GET PARAMETER
       LI   R9,SIXTY     POINT AT F.P. NUMBER 60
       LI   R10,ARG      AND AT ARGUMENT
       LI   R4,8         EIGHT BYTES TO MOVE
MOV1   MOVB *R9+,*R10+   MOVE A BYTE
       DEC  R4           DEC COUNT IN R4
       JNE  MOV1         IF NOT ZERO, REPEAT
       CLR  @GSTAT       CLEAR GPL STATUS
       BLWP @XMLLNK      USE XML LINKAGE
       DATA FMUL         MULTIPLY SECONDS BY SIXTY
       CLR  @GSTAT       CLEAR GPL STATUS
       BLWP @XMLLNK      USE XML LINK
       DATA >12B8        CONVERT NUMBER TO INTEGER
       MOV  @FAC,@LIMNUM MOVE TO LIMIT NUMBER
       LWPI GPLWS        LOAD GPL WORKSPACE
       B    @>6A         GO TO GPL INTERPRETER
*
* TIMER IS THE INTERRUPT ROUTINE
*
TIMER  LIMI 0            PREVENT INTERRUPTS
       CB   @>8375,@HX0C   look for signs of life at the keyboard
       JGT  TIMEU5       IF KEYS BEING PRESSED, JUMP
TIMER1 INC  @CUMNUM      INCREMENT TIME COUNT
       C    @CUMNUM,@LIMNUM  COMPARE TO LIMIT
       JGT  TIMEUP       IF GREATER, JUMP AHEAD (TIME EXPIRED)
BACK   B    *R11         ELSE RETURN

TIMEUP MOVB @>9802,R3    Reads address of GROM byte scheduled to be read next
       SWPB R3
       MOVB @>9802,R3
       SWPB R3
       DEC R3            the true address in GROM

       CZC @HX1FFF,R3    if address that was to be read was >A000 then we can't
       JNE TIMEU2        read one byte lower because >9FFF is impossible in GROM

       MOVB R3,@>9C02    restore GROM address.
       SWPB R3
       MOVB R3,@>9C02
       JMP BACK          and return

TIMEU2 DEC R3            want to read the preceding byte
       MOVB R3,@>9C02    GROM Write Address Register
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       SWPB R3
       MOVB R3,@>9C02
       SWPB R3
       INC R3
       CLR R2
       MOVB @>9800,R2    Read preceding GROM byte; with autoincrement GROM
*                        pointer will be same as before we tinkered with it
       MOVB @>8373,R4    \
       SRL R4,8           checking previous stack entry to see if we've just
       AI R4,>8302        popped from the stack
       C R3,*R4          /
       JNE TIMEU1
       CI R2,>0300       GPL for keyscan

TIMEU1 JNE BACK          if EQ then keyscan just happened

       MOVB @ENTER,@>8375
       SOC @MASK,@>837C
TIMEU5 CLR @>83C4
       JMP BACK

* DATA SECTION
*
ENTER  BYTE >0D          ASCII FOR "ENTER" KEY
HX0C   BYTE >0C          enter minus 1
MASK   DATA >2000
HX1FFF DATA >1FFF
WS     BSS  32           OUR WORKSPACE
CUMNUM DATA 0            COUNT NUMBER (60THS OF A SECOND)
LIMNUM DATA 0            LIMIT NUMBER
SIXTY  BYTE 64,60,0,0,0,0,0,0  SIXTY IN F.P. NOTATION
CHKON  DATA TIMER        ADDRESS OF MAIN INTERRUPT
ANYKEY BYTE 32           KEY PRESSED VALUE
       END
*
*
* EXTENDED BASIC TEST PROGRAMS
* FOR TESTING THE ABOVE WITH XB
* (LISTED IN 28 COLUMNS)
*
* FIRST, USING AN INPUT STATEMENT
* AND AN ACCEPT AT

10 CALL INIT
20 CALL LOAD("DSK1.TIMER/O")
30 CALL CLEAR
40 CALL LINK("SETTIM",4.5)
50 CALL LINK("ACT")
60 INPUT "ANY STRING ":X$
70 IF X$="" THEN PRINT "TIME
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'S UP" ELSE PRINT X$
80 DISPLAY AT(12,1):"ANY STR
ING"
90 CALL LINK("ACT")
100 ACCEPT AT(12,15):X$
110 IF X$="" THEN PRINT "TIM
E'S UP" ELSE PRINT X$
*
* SECOND XB TEST, USING CALL KEY
* THIS WILL RUN UNTIL STOPPED BY
* FCTN-4
*

10 CALL INIT
20 CALL LOAD("DSK1.TIMER/O")
30 CALL LINK("SETTIM",1)
40 CALL LINK("ACT")
50 CALL KEY(0,K,S):: IF S=0
THEN 50
60 N=N+1 :: PRINT N
70 GOTO 30
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1.42. The Art Of Assembly — Part 42. At Long Last Bitmap

%\�%UXFH�+DUULVRQ

6HHPV�ZH
UH�IRUHYHU�WKDQNLQJ�SHRSOH�LQ�WKLV�FROXPQ��DQG�WRGD\�ZH
UH�JRLQJ�WR�SXW�WKH�WKDQNV�ULJKW�XS
IURQW��7KDQNV�WR�-RKQ�&��-RKQVRQ�RI�&HGDU�5DSLGV��,RZD��-RKQ�LV�D�UHJXODU�UHDGHU�RI�RXU�FROXPQ��DQG�D
YHU\�VNLOOHG�SURJUDPPHU��+H�UHDG�RXU�FRPSODLQW�DERXW�QRW�EHLQJ�DEOH�WR�JHW�%LW�0DS�PRGH�WR�ZRUN��DQG
VXSSOLHG�VRPH�LPPHGLDWH�KHOS��+LV�KHOS�ZDV�LQ�WKH�EHVW�SRVVLEOH�IRUP��DV�VRXUFH�FRGH�ILOHV�RQ�GLVN��7KHVH
ILOHV�LQFOXGHG�D�FRUUHFW�ZD\�RI�VHWWLQJ�XS�WKH�%LWPDS�0RGH�DQG�D�SORWWLQJ�VXEURXWLQH�VR�WKDW�ZH�FDQ�WXUQ
RQ�DQ\�VHOHFWHG�SL[HO�RQ�WKH�VFUHHQ��)$17$67,&��7KLV�ZDV�MXVW�H[DFWO\�ZKDW�ZH�ZHUH�KRSLQJ�WR�EH�DEOH
WR�GR��7RGD\
V�FROXPQ�ZLOO�EH�WKH�ILUVW�RI�WZR�SDUWV�GHYRWHG�WR�%LWPDS�0RGH�

1.42.1. An Old Story

-RKQ
V�SDFNDJH�WR�XV�LQFOXGHG�D�YHU\�ROG�DUWLFOH�IURP�WKH�,8*�PDJD]LQH��LQ�ZKLFK�%LOO�*URQRV�H[SODLQHG
WKH�RSHUDWLRQ�RI�%LW�0DS�PRGH�� DQG� VXSSOLHG� WKH� VXEURXWLQHV� WKDW�-RKQ� LQFRUSRUDWHG� LQWR� KLV� RZQ
�VDPSOH��SURJUDPV��/RQJ�WLPH�UHDGHUV�RI�WKLV�FROXPQ�ZLOO�UHPHPEHU�WKDW�ZD\�EDFN�QHDU�WKH�EHJLQQLQJ
RI�WKLV�VHULHV��ZH�JDYH�\RX�D�VHULHV�RI�VXEURXWLQHV�WKDW�FRXOG�EH�XVHG�LQ�*UDSKLFV�0RGH�WR�GR�WKLQJV�OLNH
SXW�VWULQJV�RQ�WKH�VFUHHQ�DQG�VXFK��7RGD\��ZH�ZLOO�GR�PXFK�WKH�VDPH�IRU�WKH�%LWPDS�0RGH��7KH�FROXPQ
LWVHOI�ZLOO�EH�IDLUO\�VKRUW��DV�WKH�6LGHEDU�LV�D�FRPSOHWH�SURJUDP�WKDW�GRHV�VRPH�WKLQJV�WR�LOOXVWUDWH�WKH�XVH
RI�WKH�VXEURXWLQHV��7KLV�SURJUDP��DPRQJ�RWKHU�WKLQJV��JRHV�EDFN�DQG�IRUWK�EHWZHHQ�WKH�*UDSKLFV�DQG
%LWPDS�0RGHV�WR�VKRZ�WKDW�WKLV�FDQ�EH�GRQH�VPRRWKO\��:H
YH�DOVR�XVHG�VRPH�VOLFN�PRYHV�DW�WKH�EHJLQQLQJ
RI�WKH�SURJUDP�WR�FDSWXUH�WKH�FKDUDFWHU�GHILQLWLRQV�DQG�FRORU�WDEOHV�WKDW�ZHUH�LQ�XVH�ZKLOH�ZH
UH�LQ
JUDSKLFV�PRGH��7KH�FKDUDFWHU�GHILQLWLRQV�DUH�WKHQ�XVHG�ZKLOH�ZH
UH�LQ�%LW�0DS�PRGH�WR�SULQW�OHJHQGV�RQ
WKH�VFUHHQ�

1.42.2. The Source Code

7KH�6LGHEDU�LV�D�FRPSOHWH�SURJUDP��RUJDQL]HG�LQWR�WKUHH�SDUWV��7KH�PDLQ�SURJUDP�LV�FDOOHG�%,7(;3�6�
7KLV�LV�VXSSRUWHG�E\�VXEURXWLQHV�LQ�%,768%6�DQG�E\�D�GDWD�VHFWLRQ�FDOOHG�%,7'$7$��7KH�PDLQ�ILOH�XVHV
WKH�RWKHUV�ZLWK�FRS\�GLUHFWLYHV��7KH�KHDUW�RI�DOO�WKLV�LV�WKH�%,768%6�ILOH��ZKHUH�ZH
YH�VXSSOLHG�VXEURXWLQHV
WR�JHW�\RX�JUDFHIXOO\�LQWR�DQG�RXW�RI�%LWPDS�0RGH��WR�SORW�OLQHV�RU�FXUYHV�SL[HO�E\�SL[HO��DQG�WR�SXW�WH[W
VWULQJV�RU�MXVW�VLQJOH�$6&,,�FKDUDFWHUV�RQ�VFUHHQ��7KH�FRRUGLQDWH�V\VWHP�IRU�WKH�VLQJOH�SL[HO�SORWWLQJ�LV
VLPLODU�WR�WKH�'RW�5RZ�DQG�'RW�&ROXPQ�V\VWHP�\RX
G�XVH�IRU�SODFLQJ�VSULWHV��)RU�FKDUDFWHUV�RU�WH[W��WKH
5RZ�DQG�&ROXPQ�DUH�XVHG�MXVW�OLNH�IRU�*UDSKLFV�0RGH��,Q�ERWK�FDVHV��WKH�VXEURXWLQH�ZLOO�DFFHSW�D�FRORU
LQVWUXFWLRQ�SODFHG�LQ�5��EHIRUH�WKH�%/��,I�5��LV�FOHDU��QR�FKDQJH�ZLOO�EH�PDGH�WR�ZKDWHYHU�FRORU�WKDW�SDUW
RI�WKH�VFUHHQ�LV�DOUHDG\�VHW�XS�IRU��)RU�FKDUDFWHUV�RU�VWULQJV��5��VSHFLILHV�LQ�LWV�OHIW�E\WH�WKH�IRUHJURXQG�DQG
EDFNJURXQG�FRORUV��)RU�VLQJOH�SL[HO�SORWWLQJ��WKH�OHIW�Q\EEOH�RI�5��VSHFLILHV�WKH�IRUHJURXQG�FRORU�IRU�WKDW
SL[HO��ZLWK�WKH�EDFNJURXQG�UHPDLQLQJ�ZKDWHYHU�LW�ZDV�IRU�WKDW�SDUW�RI�WKH�VFUHHQ�
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1.42.3. The Program

,W�GRHVQ
W�GR�D�ZKROH�ORW��EXW�KHUH
V�ZKDW��,W�SXWV�D�PHQX�RQ�VFUHHQ�LQ�*UDSKLFV�0RGH��ZLWK�IRXU�FKRLFHV
RIIHUHG��$Q\�NH\VWURNH�RXWVLGH�WKH�����UDQJH�ZLOO�EH�LJQRUHG��6HOHFWLQJ���WKURXJK���ZLOO�FDXVH�D�VZLWFKRYHU
WR�WKH�%LWPDS�0RGH��ZKLFK�ZLOO�VHW�XS�DV�EODFN�RQ�ZKLWH�FRORUV��)RU�%2;(6��D�VHULHV�RI�VLQJOH�SL[HO�ER[HV
ZLOO�DSSHDU��HDFK�RQH�LQVLGH�WKH�SUHYLRXV�RQH��XQWLO�WKHUH
V�URRP�IRU�QR�PRUH��$OO�WKHVH�ER[HV�DUH�PDGH
EOXH�RQ�ZKLWH��VLQFH�5��ZDV�VHW�WR�!�����EHIRUH�ZH�VWDUWHG�GUDZLQJ��7KHQ�D�OHJHQG��%2;(6��LV�ZULWWHQ
DV�D�VWULQJ�LQ�ZKLWH�RQ�EOXH�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��2QFH�WKDW
V�GRQH��WKH�FRPSXWHU�MXVW�ZDLWV�IRU�D
NH\SUHVV�� WKHQ�UHWXUQV�WR�WKH�*UDSKLFV�0RGH�DQG�GLVSOD\V�WKH�PHQX��7KH�JUDSKLFV�PRGH�FRORUV�DQG
FKDUDFWHUV�DUH�SXW�EDFN�ZKHUH�WKH\�EHORQJ�LQ�9'3�5$0�DV�SDUW�RI�WKH�6(7*0�URXWLQH�

6HOHFWLRQ���PDNHV�D�%LWPDS�UHFWDQJXODU�VSLUDO�RQ�WKH�VFUHHQ��FKDQJLQJ�FRORUV�IRU�HDFK�OHJ�RI�HDFK�WLPH
DURXQG�WKH�VFUHHQ��7KH�YHUWLFDO�OLQHV�DUH�DOO�EODFN��OLQHV�RQ�WKH�ERWWRP�DUH�UHG��ZKLOH�OLQHV�DFURVV�WKH�WRS
DUH�EOXH��7KH�ZRUG�63,5$/�JHWV�GLVSOD\HG�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�LQ�ZKLWH�RQ�GDUN�JUHHQ��3UHVVLQJ
D�NH\�UHWXUQV�WR�WKH�PHQX�

6HOHFWLRQ���XVHV�WKRVH�PDQ\�GDWD�HQWULHV�LQ�%,7'$7$�WR�GUDZ�D�VLQH�FXUYH�RQ�WKH�VFUHHQ��7KH�;�D[LV�LV
ODEHOHG�DW������������������DQG�����GHJUHH�VSRWV��WKHQ��$�6,1(�:$9(��DSSHDUV�WZLFH�³�QHDU�WKH�ERWWRP
RI�WKH�VFUHHQ�LQ�EODFN�RQ�ZKLWH��WKHQ�DJDLQ�QHDU�WKH�WRS�LQ�ZKLWH�RQ�GDUN�JUHHQ��7KLV�LV�GRQH�MXVW�WR
LOOXVWUDWH�DQ�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�WKH�QRUPDO�*UDSKLFV�PRGH�DQG�WKH�%LWPDS�0RGH��7KH�VDPH
FKDUDFWHUV�FDQ�EH�VHW�LQWR�GLIIHUHQW�FRORUV�RQ�WKH�VDPH�VFUHHQ��SURYLGHG�RQO\�WKDW�WKH�FKDUDFWHUV�DUH
ZULWWHQ�LQ�D�GLIIHUHQW�SODFH�

6HOHFWLRQ���H[LWV�JUDFHIXOO\�EDFN�WR�(GLWRU�$VVHPEOHU��EXW�ZLOO�DOVR�H[LW�JUDFHIXOO\�WR�)XQQHOZHE�LI�WKDW
V
KRZ�LW�ZDV�ORDGHG��7KH�(;,7�URXWLQH�UHSODFHV�VL[�E\WHV�DW�WKH�ORFDWLRQ�SRLQWHG�WR�E\�!�����VR�WKDW�'65
URXWLQHV�ZLOO�ZRUN�XSRQ�UHWXUQ�WR�(�$�RU�)XQQHOZHE��:H�VWDVKHG�DZD\�WKRVH�VL[�E\WHV�DV�SDUW�RI�RXU
RSHQLQJ�VHFWLRQ��VR�WKDW�RQ�UHWXUQ�WR�(�$��HYHU\WKLQJ�LQ�(�$�ZRXOG�ZRUN�FRUUHFWO\�

1.42.4. The Subroutines

)LUVW�LQ�WKH�VXEURXWLQHV�LV�6(7%0��7KLV�LV�WKH�PHDQV�RI�JHWWLQJ�IURP�*UDSKLFV�0RGH�LQWR�%LWPDS��:H
UH�DUUDQJHG�WKH�RUGHU�RI�SHUIRUPLQJ�WKHVH�VWHSV�IURP�WKH�RULJLQDO��VR�WKDW�WKH�WUDQVLWLRQ�WR�%LWPDS�LV�PDGH
DW�WKH�YHU\�HQG��DIWHU�DOO�WKH�FRQGLWLRQV�KDYH�EHHQ�VHW��7KLV�PDNHV�WKH�WUDQVLWLRQ�DSSHDU��VHDPOHVV���VR�QR
JOLWFKHV�DSSHDU�GXULQJ�WKH�FKDQJHRYHU��:H�DOVR�WRRN�WKH�SDUW�WKDW�FOHDUV�RXW�WKH�FKDUDFWHU�GHILQLWLRQ�WDEOH
LQWR�D�VHSDUDWH�VXEURXWLQH�VR�WKDW�LW�FDQ�EH�XVHG�E\�LWVHOI�DV�D��FOHDU�VFUHHQ��ZKLOH�\RX
UH�LQ�WKH�%LWPDS
0RGH��:H�DOVR�XVH�WKDW�VXEURXWLQH�WR�FOHDU�WKLQJV�EHIRUH�RXU�WUDQVLWLRQ�EDFN�WR�JUDSKLFV�PRGH��DJDLQ�WR
PLQLPL]H�DQ\�FRVPHWLF�SUREOHPV�LQ�WKDW�WUDQVLWLRQ�
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7KH�3/27�VXEURXWLQH�ZDV�FRSLHG�DV�LV�IURP�ZKDW�-RKQ�-RKQVRQ�VHQW��EXW�ZH�DGGHG�WKH�DELOLW\�WR�FRORU
WKH�SL[HO�MXVW�ZULWWHQ��7KH�&+$5�IHDWXUH�ZDV�DGGHG�WR�VKRZ�WKDW�LW�FRXOG�EH�GRQH��,QYHQWLYH�UHDGHUV�ZLOO
ILQG�WKLV�ZRUNV�IRU�DQ\�FKDUDFWHUV��HYHQ�WKRVH�WDNHQ�IURP�UHYLVHG�FKDUDFWHU�VHWV��&+$5$��ILOHV��DQG�VXFK�
1RZ�WKDW�ZH�KDYH�FUDFNHG�WKH�GRRU�RSHQ��ZH
OO�WU\�WR�SDVV�DORQJ�VRPH�PRUH�WHFKQLTXHV�DQG�WLSV�IRU�%LWPDS
RSHUDWLRQV�LQ�IXWXUH�FROXPQV��$V�ZH�ZULWH�WKLV��ZH
UH�ZRUNLQJ�RQ�D�OLWWOH��WR\��SURJUDP�WR�GUDZ�SLFWXUHV
DQG�VXFK��7KH�7,�ZRUOG�GRHVQ
W�QHHG�DQ\�PRUH�VXFK�SURJUDPV��EXW�ZH�OHDUQ�D�ORW�PRUH�E\�ZULWLQJ�WKHP
WKDQ�E\�XVLQJ�WKH�H[LVWLQJ�SURJUDPV��DQG�OHDUQLQJ�LV�ZKDW�WKLV�FROXPQ�LV�DOO�DERXW�

%HFDXVH�WRGD\
V�6LGHEDU�LV�VR�ODUJH��ZH
UH�JRLQJ�WR�VDYH�WKH�H[SODQDWLRQ�RI�KRZ�DOO�WKLV�ZRUNV�IRU�QH[W
PRQWK��.HHS�WKLV�RQH�KDQG\��VR�QH[W�WLPH�\RX
OO�EH�DEOH�WR�VWXG\�KRZ�DOO�WKLV�OLWWOH��H[DPSOH��SURJUDP
ZRUNV�

* SIDEBAR 42
* THREE FILES FOR BITMAP EXPERIMENTS
* FIRST, THE MAIN FILE - BITEXP/S
*
* Bitmap source code     01/15/94
* Loads from EA3 or Funnelweb choice number 4.
* code derived from John C. Johnson and Bill Gronos
* modified and combined by Bruce Harrison
* PUBLIC DOMAIN
* BITEXP/S
       DEF  START        DEFINE ENTRY POINT
       REF  VWTR,KSCAN,VMBW,VMBR,VSBW,VSBR
KEYADR EQU  >8374        KEY-UNIT ADDRESS
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT STORAGE SPACE
       LI   R2,32        32 BYTES TO GET
       BLWP @VMBR        READ COLOR TABLE INTO STORAGE
       MOV  @>8370,R0    GET VDP ADDR FROM >8370
       LI   R1,ANYKEY+1  POINT AT STORAGE BUFFER
       LI   R2,6         SIX BYTES TO READ
       BLWP @VMBR        READ THOSE INTO BUFFER
       LI   R0,>800      POINT AT CHARACTER TABLE
       LI   R1,CHRTBL    AND AT BUFFER STORAGE
       LI   R2,256*8     256 CHARACTER DEFINITIONS
       BLWP @VMBR        STASH CHARACTER DEFS
       CLR  @KEYADR      CLEAR KEY-UNIT
MENU   LI   R1,MENDAT    POINT AT MENU DATA
       LI   R0,32+6      ROW 2, COL 7 OF SCREEN
       BL   @DISSTR      DISPLAY MENU TITLE
       LI   R4,4         FOUR ITEMS IN MENU
       LI   R0,32*7+6    ROW 8, COL 7 OF SCREEN
MENU0  BL   @DISSTR      DISPLAY AN ITEM
       AI   R0,64        MOVE DOWN TWO ROWS
       DEC  R4           DECREMENT COUNT
       JNE  MENU0        IF NOT ZERO, REPEAT
       LI   R0,22*32+8   ELSE POINT ROW 23, COL 9
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       BL   @DISSTR      DISPLAY SELECT LEGEND
MENKEY BL   @KEY         GET A KEYSTROKE
       MOV  @KEYADR,R8   MOVE KEY'S VALUE TO R8 AS WORD
       AI   R8,-49       SUBTRACT ASCII FOR "1"
       JLT  MENKEY       IF LESS THAN ZERO, REJECT
       CI   R8,3         COMPARE TO THREE
       JGT  MENKEY       IF GREATER, REJECT
       JEQ  EXIT         IF EQUAL, EXIT
       SLA  R8,1         ELSE DOUBLE NUMBER IN R8
       MOV  @LUT(R8),R12 GET BRANCH ADDRESS INTO R12
       BL   @SETBM       SET UP BITMAP MODE
       B    *R12         BRANCH TO SELECTED FUNCTION
EXIT   MOV  @>8370,R0    GET BACK >8370 ADDRESS
       LI   R1,ANYKEY+1  POINT AT BUFFER STORAGE
       LI   R2,6         SIX BYTES
       BLWP @VMBW        WRITE THOSE BACK TO VDP
       CLR  R0           CLEAR OUR R0
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
SINWAV LI   R12,SINDAT   POINT AT SINE DATA
       LI   R9,>C000     SET COLOR TO DARK GREEN
POINT  MOV  *R12+,R7     MOVE DOT COLUMN NUMBER TO R7
       AI   R7,20        ADD 20
       MOV  *R12+,R8     MOVE DOT ROW DATA TO R8
       CI   R12,CRSOVR   CHECK FOR COLOR CHANGE POINT
       JLT  POSWV        IF LESS THAN, SKIP AHEAD
       LI   R9,>6000     ELSE SET COLOR FOR DARK RED
POSWV  NEG  R8           MULTIPLY BY -1
       AI   R8,96        ADD COORDINATE ORIGIN
       BL   @PLOT        DRAW ONE PIXEL
       CI   R12,ENDDAT   ARE WE PAST DATA?
       JLT  POINT        IF NOT, REPEAT FOR NEXT PIXEL
       LI   R8,96        POINT AT DOT-ROW 96
       LI   R7,255       DOT-COLUMN 255
       LI   R9,>4000     SET COLOR FOR DARK BLUE
LINELP BL   @PLOT        PLOT ONE PIXEL AT DOT-ROW, DOT-COLUMN
       DEC  R7           DEC COLUMN COUNT
       JNE  LINELP       IF NOT ZERO, WRITE ANOTHER
       LI   R8,14        ROW 14
       LI   R7,3         COL 3
       LI   R6,48        CHARACTER 48 ("0")
       LI   R9,>4F00     COLOR DARK BLUE ON WHITE
       BL   @CHAR        PLACE THE CHARACTER
       LI   R7,9         COL 9
       LI   R12,LEG0     STRING LEG0
       BL   @BITSTR      DISPLAY STRING ("90")
       LI   R7,16        COL 16
       BL   @BITSTR      DISPLAY NEXT STRING ("180")
       LI   R7,23        COL 23
       BL   @BITSTR      NEXT STRING ("270")
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       LI   R7,30        COL 30
       BL   @BITSTR      NEXT STRING ("360")
       CLR  R9           USE EXISTING COLORS (BLACK ON WHITE)
       LI   R8,23        ROW 23
       LI   R7,11        COL 11
       BL   @BITSTR      NEXT STRING "A SINE WAVE"
       LI   R12,LEG4     POINT BACK AT "A SINE WAVE"
       LI   R9,>FC00     COLOR WHITE ON DARK GREEN
       LI   R8,2         ROW 2
       LI   R7,14        COL 14
       BL   @BITSTR      DISPLAY STRING
       BL   @KEY         WAIT FOR KEYPRESS
       BL   @CPDT        CLEAR THE PATTERN TABLE
       BL   @SETGM       RE-SET TO GRAPHICS MODE
       B    @MENU        RETURN TO MENU
SPIRAL LI   R12,20       STARTING DOT-COL 20
       LI   R13,10       STARTING DOT-ROW 10
       LI   R14,180      STOP ROW 180
       LI   R15,240      STOP COLUMN 240
       MOV  R13,R8       PUT START ROW IN R8
LINE   MOV  R12,R7       STARTING COL IN R7
       AI   R12,10       ADD 10 TO START COL
       CLR  R9           COLORS BLACK ON WHITE
LOOP1  BL   @PLOT        DRAW ONE PIXEL
       INC  R8           MOVE DOWN ONE ROW
       C    R8,R14       COMPARE TO LIMIT
       JL   LOOP1        IF LOW, REPEAT
       LI   R9,>6000     COLOR DARK RED
LOOP2  BL   @PLOT        DRAW ONE PIXEL
       INC  R7           INC COLUMN
       C    R7,R15       COMPARE TO LIMIT
       JL   LOOP2        IF LOW, REPEAT
       CLR  R9           COLOR BLACK ON WHITE
LOOP3  BL   @PLOT        DRAW ONE PIXEL
       DEC  R8           DEC ROW
       C    R8,R13       COMPARE TO TOP LIMIT
       JH   LOOP3        IF HIGH, REPEAT
       MOV  R13,R8       PUT LIMIT IN R8
       AI   R13,10       ADD 10 TO TOP LIMIT
       LI   R9,>4000     COLOR DARK BLUE
LOOP4  BL   @PLOT        DRAW ONE PIXEL
       DEC  R7           DEC COL
       C    R7,R12       COMPARE TO LEFT LIMIT
       JH   LOOP4        IF HIGH, REPEAT
       AI   R14,-10      SUBTRACT 10 FROM LEFT LIMIT
       AI   R15,-10      AND FROM STOP COLUMN
       C    R13,R14      COMPARE TOP AND BOTTOM LIMITS
       JLT  LINE         IF LESS, BACK TO START
       LI   R8,24        ROW 24
       LI   R7,15        COL 15
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       LI   R9,>FC00     COLOR WHITE ON DARK GREEN
       LI   R12,SPISTR   STRING "SPIRAL"
       BL   @BITSTR      DISPLAY THAT
       BL   @KEY         ELSE WAIT FOR KEYSTROKE
       BL   @CPDT        CLEAR PATTERN TABLE
       BL   @SETGM       SET GRAPHICS MODE
       B    @MENU        RETURN TO MENU
BOXES  LI   R12,20       STARTING COLUMN
       LI   R13,10       STARTING ROW
       LI   R14,180      STARTING BOTTOM LIMIT
       LI   R15,240      STARTING RIGHT LIMIT
       LI   R9,>4000     COLOR DARK BLUE
BOX0   MOV  R12,R7       PUT COL IN R7
       MOV  R13,R8       PUT ROW IN R8
BOX01  BL   @PLOT        DRAW ONE PIXEL
       INC  R8           INC ROW
       C    R8,R14       COMPARE TO BOTTOM LIMIT
       JL   BOX01        IF LOW, REPEAT
BOX02  BL   @PLOT        DRAW ONE PIXEL
       INC  R7           INC COL
       C    R7,R15       COMPARE TO RIGHT LIMIT
       JL   BOX02        IF LOW, REPEAT
BOX03  BL   @PLOT        DRAW ONE
       DEC  R8           DEC ROW
       C    R8,R13       COMPARE TO LIMIT
       JH   BOX03        IF HIGH, REPEAT
BOX04  BL   @PLOT        DRAW ONE
       DEC  R7           DEC COL
       C    R7,R12       COMPARE TO LIMIT
       JH   BOX04        IF HIGH, REPEAT
       AI   R12,10       ADJUST START COLUMN
       AI   R13,10       ADJUST START ROW
       AI   R14,-10      ADJUST BOTTOM ROW
       AI   R15,-10      ADJUST BOTTOM COL
       C    R13,R14      COMPARE TOP, BOTTOM LIMITS
       JLT  BOX0         IF LESS THAN, DRAW NEXT BOX
       LI   R8,24        ROW 24
       LI   R7,15        COL 15
       LI   R9,>F400     COLOR WHITE ON DARK BLUE
       LI   R12,BOXSTR   STRING "BOXES"
       BL   @BITSTR      DISPLAY THAT
       BL   @KEY         WAIT FOR KEYSTROKE
       BL   @CPDT        CLEAR PATTERN TABLE
       BL   @SETGM       SET GRAPHICS MODE
       B    @MENU        BACK TO MENU
       COPY "DSK1.BITSUBS" COPY IN SUBROUTINES
       COPY "DSK1.BITDATA" COPY IN DATA FILE
       END
* END OF BITEXP/S
*
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* SECOND FILE - BITSUBS
* 15 JAN 1994
*
* SUBROUTINES FOR HANDLING BITMAP
* OPERATIONS AND TRANSITIONS
*
* FOLLOWING SECTION SETS COMPUTER INTO BITMAP MODE
*
SETBM  LI   R0,>206      SET TO WRITE VDP REGISTER 2
       BLWP @VWTR        SIT TO >1800  (SCREEN IMAGE TABLE)
       LI   R0,>403      SET TO WRITE TO VDP REG. 4
       BLWP @VWTR        PDT TO >0000  (PATTERN DESCRIPTOR TABLE)
       LI   R0,>3FF      SET TO WRITE TO VDP REG 3
       BLWP @VWTR        CT TO >2000   (COLOR TABLE)
       LI   R0,>607      SET TO WRITE VDP REG 6
       BLWP @VWTR        Sprite descriptor table to >3800
       LI   R0,>570      SET TO WRITE VDP REG 7
       BLWP @VWTR        Sprite attribute list to >3800
       LI   R0,>58       INITIALIZE SCREEN IMAGE TABLE (SIT) (AT >1800)
       MOVB R0,@>8C02    WRITE LOW BYTE VDP ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE VDP ADDRESS
       LI   R0,3         THREE TABLES OF 256 BYTES EACH
       CLR  R1           START WITH ZERO
SIT    MOVB R1,@>8C00    WRITE TO VDP (SELF-INCREMENTING)
       AI   R1,>100      ADD 1 TO HIGH BYTE R1
       JNE  SIT          IF NOT ZERO, REPEAT
       DEC  R0           ELSE DEC COUNT
       JNE  SIT          IF NOT ZERO, REPEAT
       LI   R0,>60       INIT COLOR TABLE  (CT) AT >2000
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       LI   R0,>1800     >1800 BYTES TO WRITE
       LI   R1,>1F00     COLORS ALL BLACK ON WHITE
CT     MOVB R1,@>8C00    WRITE ONE BYTE
       DEC  R0           DEC COUNT
       JNE  CT           IF NOT ZERO, REPEAT
       MOV  R11,R14      STASH RETURN ADDRESS
       BL   @CPDT        CLEAR PATTERN TABLE
       LI   R0,2         SET R0 TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        SET TO M3 MODE (BITMAP)
       B    *R14         RETURN
CPDT   LI   R0,>40       CLEAR PATTERN DESCRIPTOR TABLE  (PDT) AT >0000
       MOVB R0,@>8C02    WRITE LOW BYTE ADDR
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE ADDRESS
       LI   R0,>1800     >1800 BYTES TO WRITE
       CLR  R1           ALL ZEROS
PDT    MOVB R1,@>8C00    WRITE ONE
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       DEC  R0           DEC COUNT
       JNE  PDT          IF NOT ZERO, REPEAT
       RT
*
* FOLLOWING SETS COMPUTER BACK TO NORMAL GRAPHICS MODE
*
SETGM  LI   R0,>1E0      SET TO WRITE VDP REG 1
       BLWP @VWTR        WRITE
       LI   R0,>200      SET TO WRITE VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      SET TO WRITE VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT SAVED COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE THE COLOR TABLE BACK
       LI   R0,>800      POINT AT GRAPHICS CHAR TABLE
       LI   R1,CHRTBL    AND AT STORED CHARACTER DATA
       LI   R2,256*8     256 CHARACTERS
       BLWP @VMBW        WRITE CHARACTER DEFS BACK
       CLR  R0           PREP TO WRITE VDP REG 0
       BLWP @VWTR        WRITE THAT TO REMOVE BITMAP
       RT                RETURN
*
* FOLLOWING WRITES ONE PIXEL TO SCREEN AT LOCATION POINTED BY
* R8 (DOT ROW) AND R7 (DOT COLUMN)
*
PLOT   MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
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       SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
       ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
       MOV  R9,R9        IS COLOR TO BE SET?
       JEQ  PLOTX        IF NOT, JUMP AHEAD
       ANDI R0,>3FFF     STRIP OFF "4" FROM R0
       AI   R0,>2000     ADD >2000 TO POINT AT COLOR TABLE ENTRY
       BLWP @VSBR        READ THAT BYTE INTO R1
       MOVB R1,R2        MOVE THE BYTE TO R2
       ANDI R2,>F000     STRIP ALL BUT LEFT NYBBLE
       CB   R2,R9        COMPARE TO LEFT BYTE R9
       JEQ  PLOTX        IF EQUAL, COLOR ALREADY SET
       ANDI R1,>0F00     ELSE STRIP OFF LEFT NYBBLE R1
       AB   R9,R1        REPLACE WITH LEFT NYBBLE R9
       BLWP @VSBW        THEN WRITE COLOR BYTE BACK
PLOTX  RT                RETURN
BITSTR MOV  R11,R15      STASH R11
       MOV  R7,R13       SAVE COLUMN IN R13
       MOVB *R12+,R4     GET STRING LENGTH BYTE IN R4
       JEQ  BITSX        IF ZERO, SKIP PROCESS
       SRL  R4,8         RIGHT JUSTIFY
BITST0 MOVB *R12+,R6     MOVE ONE BYTE OF STRING TO R6
       SRL  R6,8         RIGHT JUSTIFY
       BL   @CHAR        DISPLAY THAT CHARACTER
       INC  R7           INC COLUMN
       DEC  R4           DEC LENGTH COUNT
       JNE  BITST0       IF NOT ZERO, REPEAT
       MOV  R13,R7       PUT COLUMN BACK IN R7
BITSX  B    *R15         ELSE RETURN
CHAR   MOV  R8,R0        PUT ROW COUNT IN R0
       DEC  R0           DEC TO ZERO-BASE NUMBER
       LI   R2,8         PUT 8 IN R2
       SLA  R0,5         MULTIPLY R0 BY 32
       A    R7,R0        ADD COLUMN
       DEC  R0           DEC TO ZERO-BASE COLUMN
       SLA  R0,3         MULTIPLY R0 BY 8
       MOV  R6,R1        PUT CHARACTER FROM R6 INTO R1
       SLA  R1,3         MULTIPLY BY 8
       AI   R1,CHRTBL    ADD START OF STORED CHARACTER DEFINITIONS
       BLWP @VMBW        WRITE 8 BYTES TO VDP RAM
       MOV  R9,R9        CHECK FOR COLOR CHANGE
       JEQ  CHARX        IF NONE, SKIP AHEAD
       AI   R0,>2000     ELSE ADD COLOR TABLE OFFSET
       MOVB R9,R1        MOVE COLOR BYTE TO R1
CHCL   BLWP @VSBW        WRITE ONE BYTE



7(;$6�,167580(176
+20(�&20387(5

       INC  R0           POINT AT NEXT LOCATION
       DEC  R2           DEC COUNT IN R2
       JNE  CHCL         IF NOT ZERO, REPEAT
CHARX  RT                RETURN
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN TURN THEM OFF
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  KEY          IF NOT, SCAN AGAIN
       RT                ELSE RETURN
DISSTR MOVB *R1+,R2      GET STRING LENGTH INTO R2
       SRL  R2,8         RIGHT JUSTIFY
       BLWP @VMBW        WRITE STRING TO SCREEN
       A    R2,R1        ADD LENGTH TO POINTER
       RT                RETURN
* END OF BITSUBS
*
* THIRD FILE - BITDATA
* 15 JAN 1994
*
*
* DATA SECTION
*
WS     BSS  >20          OUR WORKSPACE
M      DATA >8040,>2010,>0804,>0201  MASK DATA
*
* FOLLOWING IS DATA FOR THE SINE WAVE
* EACH PAIR OF WORDS IS ONE POINT IN DOT ROW, DOT COLUMN (ZERO BASED)
*
* THIS WAS CREATED USING AN XB PROGRAM
* TO CORRECTLY SCALE THE DATA FOR BITMAP SCREEN
*
SINDAT DATA 0,0
       DATA 1,2
       DATA 2,5
       DATA 3,8
       DATA 4,11
       DATA 5,14
       DATA 6,17
       DATA 7,20
       DATA 9,23
       DATA 10,26
       DATA 11,29
       DATA 12,32
       DATA 13,34
       DATA 14,37
       DATA 15,40
       DATA 16,43
       DATA 18,45
       DATA 19,48
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       DATA 20,50
       DATA 21,53
       DATA 22,55
       DATA 23,58
       DATA 24,60
       DATA 25,62
       DATA 27,64
       DATA 28,67
       DATA 29,69
       DATA 30,71
       DATA 31,73
       DATA 32,74
       DATA 33,76
       DATA 35,78
       DATA 36,80
       DATA 37,81
       DATA 38,83
       DATA 39,84
       DATA 40,85
       DATA 41,87
       DATA 42,88
       DATA 44,89
       DATA 45,90
       DATA 46,91
       DATA 47,91
       DATA 48,92
       DATA 49,93
       DATA 50,93
       DATA 51,94
       DATA 53,94
       DATA 54,94
       DATA 55,94
       DATA 56,94
       DATA 57,94
       DATA 58,94
       DATA 59,94
       DATA 60,94
       DATA 62,93
       DATA 63,93
       DATA 64,92
       DATA 65,92
       DATA 66,91
       DATA 67,90
       DATA 68,89
       DATA 70,88
       DATA 71,87
       DATA 72,86
       DATA 73,84
       DATA 74,83
       DATA 75,81
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       DATA 76,80
       DATA 77,78
       DATA 79,77
       DATA 80,75
       DATA 81,73
       DATA 82,71
       DATA 83,69
       DATA 84,67
       DATA 85,65
       DATA 86,63
       DATA 88,60
       DATA 89,58
       DATA 90,56
       DATA 91,53
       DATA 92,51
       DATA 93,48
       DATA 94,46
       DATA 96,43
       DATA 97,40
       DATA 98,38
       DATA 99,35
       DATA 100,32
       DATA 101,29
       DATA 102,26
       DATA 103,23
       DATA 105,21
       DATA 106,18
       DATA 107,15
       DATA 108,12
       DATA 109,9
       DATA 110,6
       DATA 111,3
       DATA 112,0
CRSOVR DATA 114,-3
       DATA 115,-6
       DATA 116,-9
       DATA 117,-12
       DATA 118,-15
       DATA 119,-18
       DATA 120,-21
       DATA 121,-24
       DATA 123,-27
       DATA 124,-29
       DATA 125,-32
       DATA 126,-35
       DATA 127,-38
       DATA 128,-41
       DATA 129,-43
       DATA 131,-46
       DATA 132,-48
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       DATA 133,-51
       DATA 134,-53
       DATA 135,-56
       DATA 136,-58
       DATA 137,-61
       DATA 138,-63
       DATA 140,-65
       DATA 141,-67
       DATA 142,-69
       DATA 143,-71
       DATA 144,-73
       DATA 145,-75
       DATA 146,-77
       DATA 147,-79
       DATA 149,-80
       DATA 150,-82
       DATA 151,-83
       DATA 152,-85
       DATA 153,-86
       DATA 154,-87
       DATA 155,-89
       DATA 156,-90
       DATA 158,-91
       DATA 159,-92
       DATA 160,-92
       DATA 161,-93
       DATA 162,-94
       DATA 163,-94
       DATA 164,-95
       DATA 166,-95
       DATA 167,-95
       DATA 168,-95
       DATA 169,-95
       DATA 170,-95
       DATA 171,-95
       DATA 172,-95
       DATA 173,-95
       DATA 175,-94
       DATA 176,-94
       DATA 177,-93
       DATA 178,-93
       DATA 179,-92
       DATA 180,-91
       DATA 181,-90
       DATA 182,-89
       DATA 184,-88
       DATA 185,-87
       DATA 186,-85
       DATA 187,-84
       DATA 188,-83
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       DATA 189,-81
       DATA 190,-79
       DATA 192,-78
       DATA 193,-76
       DATA 194,-74
       DATA 195,-72
       DATA 196,-70
       DATA 197,-68
       DATA 198,-66
       DATA 199,-64
       DATA 201,-62
       DATA 202,-59
       DATA 203,-57
       DATA 204,-55
       DATA 205,-52
       DATA 206,-50
       DATA 207,-47
       DATA 208,-44
       DATA 210,-42
       DATA 211,-39
       DATA 212,-36
       DATA 213,-33
       DATA 214,-31
       DATA 215,-28
       DATA 216,-25
       DATA 217,-22
       DATA 219,-19
       DATA 220,-16
       DATA 221,-13
       DATA 222,-10
       DATA 223,-7
       DATA 224,-4
       DATA 225,-1
ENDDAT EQU  $            END OF SINE DATA
LUT    DATA BOXES,SPIRAL,SINWAV  MENU BRANCH TABLE
MENDAT BYTE 21
       TEXT 'BITMAP SELECTION MENU'
       BYTE 16
       TEXT '1.  BITMAP BOXES'
       BYTE 17
       TEXT '2.  BITMAP SPIRAL'
       BYTE 20
       TEXT '3.  BITMAP SINE WAVE'
       BYTE 15
       TEXT '4.  EXIT TO E/A'
       BYTE 16
       TEXT 'SELECT BY NUMBER'
LEG0   BYTE 2
       TEXT '90'
LEG1   BYTE 3
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       TEXT '180'
LEG2   BYTE 3
       TEXT '270'
LEG3   BYTE 3
       TEXT '360'
LEG4   BYTE 11
       TEXT 'A SINE WAVE'
BOXSTR BYTE 5
       TEXT 'BOXES'
SPISTR BYTE 6
       TEXT 'SPIRAL'
ANYKEY BYTE >20          COMPARISON BYTE FOR KEYSTROKE
       BSS  6            STORAGE FOR DSR DATA FROM VDP RAM
SAVCLR BSS  32           STORAGE FOR GRAPHICS COLOR TABLE
CHRTBL BSS  256*8        STORAGE FOR GRAPHICS CHARACTER DEFINITIONS
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1.43. The Art Of Assembly — Part 43. Bit-Map Explained

%\�%UXFH�+DUULVRQ

0DQ\�\HDUV�DJR��\RXU�DXWKRU�IRXQG�D�ERRN�LQ�WKH�1DY\�'HSDUWPHQW
V�OLEUDU\�FDOOHG��7HOHYLVLRQ�5HDOO\
([SODLQHG���7KLV�WXUQHG�RXW�WR�EH�D�%ULWLVK�SXEOLFDWLRQ��,W�ZDV�LQWHQGHG�WR�H[SODLQ�WKH�RSHUDWLRQ�RI�D
WHOHYLVLRQ�V\VWHP�LQ�WHUPV�IRU�WKH�PRVW�UDQN�EHJLQQHU��2QH�OLQH�IURP�WKDW�ERRN�VWLFNV�LQ�WKH�PLQG�WR�WKLV
GD\��,W�GHVFULEHV�WKH�PRWLRQ�RI�WKH�HOHFWURQ�EHDP�LQ�WKH�SLFWXUH�WXEH�DV��PRYLQJ�DFURVV�WKH�VFUHHQ�DW
DPD]LQJ�VSHHG���1LFHO\�VDLG��1R�QHHG�WR�XQGHUVWDQG�PLFURVHFRQGV��UHIOH[�VFDQQLQJ�V\VWHPV��RU�DQ\WKLQJ
WHFKQLFDO�OLNH�WKDW��-XVW��DPD]LQJ�VSHHG���:H�FRXOG�VXP�XS�WKLV�ZKROH�VHULHV�RI�DUWLFOHV�MXVW�WKDW�VLPSO\�
$VVHPEO\�/DQJXDJH�H[HFXWHV�DW��DPD]LQJ�VSHHG��

1.43.1. Last Month's Sidebar

1RZ
V�WKH�WLPH�WR�JHW�RXW�ODVW�PRQWK
V�LVVXH��:H
OO�ZDLW��������������2ND\��QRZ�ILQG�WKH�SDJH�ZLWK�RXU��6LGHEDU
����RQ�LW��������������+HUH�ZH�JR��UHDG\�RU�QRW��'RZQ�WR�WKH�ODEHO�6,1:$9�LV�PRVWO\�SUHWW\�VWDQGDUG�VWXII�
LQFOXGLQJ�D�PHQX�VHWXS�WR�RIIHU�D�VHOHFWLRQ�RI�DFWLRQV��DQG�DQ�H[LW�URXWLQH�WR�JHW�RXW�RI�WKH�SURJUDP��-XVW
DERYH�WKH�ODEHO�(;,7�LV�WKH�ILUVW�WKLQJ�WKDW
V�GLIIHUHQW�IURP�WKH�XVXDO��%HIRUH�EUDQFKLQJ�RXW�WR�WKH�VHOHFWHG
LWHP��WKHUH
V�D�%/�#6(7%0��7KDW�XVHV�D�VXEURXWLQH�WR�VHW�DOO�WKH�UHTXLUHG�FRQGLWLRQV�IRU�WKH�%LWPDS
0RGH�RI�RSHUDWLRQV��)URP�WKHUH�RQ��HDFK�RSHUDWLRQ�WDNHV�SODFH�LQ�%LWPDS��/HW
V�QRZ�VNLS�GRZQ�WKH�SDJH
D�ELW�WR�ODEHO�6(7%0��LQ�ILOH�%,768%6��7KLV��ZLWK�WKH�DX[LOLDU\�VXEURXWLQH�&3'7��LV�DOO�WKDW
V�QHHGHG�WR
WDNH�\RXU�7,�IURP�LWV�QRUPDO��*UDSKLFV��PRGH�LQWR�D�FOHDUHG�%LWPDS�VFUHHQ�

6(7%0�EHJLQV�ZLWK�D� IHZ� �ZULWH� WR� UHJLVWHU�� RSHUDWLRQV��ZKLFK� VHW�XS� WKH�9'3� WDEOHV� WR� ORFDWLRQV
FRPSDWLEOH�ZLWK�WKH�%LWPDS�0RGH��7KH�VFUHHQ�LPDJH�WDEOH�LV�VHW�WR�!������WKH�SDWWHUQ�GHVFULSWRU�WDEOH
WR����WKH�FRORU�WDEOH�WR�!������DQG�WKH�VSULWH�GHVFULSWRU�WDEOH�DQG�VSULWH�DWWULEXWH�OLVW�DUH�ERWK�VHW�WR
!�������7KLV�SURJUDP�GRHV�QRW�XVH�VSULWHV��VR�WKH�WDEOHV�DUH�VHW�WKHUH�MXVW�WR�LQVXUH�ZH�GRQ
W�JHW�DQ\
XQGHVLUHG�VSULWHV�E\�DFFLGHQW���2QFH�WKDW
V�GRQH��WKH�WDEOH�DUHDV�DUH�ILOOHG�ZLWK�WKH�DSSURSULDWH�E\WHV�WR
FUHDWH�D�EODQN�VFUHHQ��EODFN�RQ�ZKLWH�FRORU�FRPELQDWLRQ��DQG�WR�ILOO�WKH�VFUHHQ�LPDJH�WDEOH�ZLWK�E\WHV�IURP
��WKURXJK������UHSHDWHG�WKUHH�WLPHV��7KH�VFUHHQ�LPDJH�WDEOH��WKHQ��LV�OHIW�DORQH�DW�DOO�WLPHV��ZKLOH�WKH
SDWWHUQ�WDEOH��ZLWK���VHWV�RI�����HLJKW�E\WH�FKDUDFWHU�SDWWHUQV��GHWHUPLQHV�ZKDW
V�VHHQ�RQ�WKH�VFUHHQ�
7KLQJV�JHW�ZULWWHQ�WR�WKH�VFUHHQ��DQG�FRORUL]HG��E\�ZULWLQJ�LQGLYLGXDO�ELWV�WR�WKH�SDWWHUQ�GHVFULSWRU�WDEOH
DQG�E\WHV�WR�WKH�FRORU�WDEOH�
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1.43.2. The Sine Wave

1RZ�WKDW�ZH
YH�XVHG�6(7%0�WR�SXW�XV�LQ�%LWPDS�0RGH��OHW
V�JR�EDFN�LQWR�WKH�PDLQ�SDUW�RI�RXU�FRGH��DW
ODEHO�6,1:$9��$V�WKH�QDPH�LPSOLHV��WKLV�ZLOO�SORW�D�VLQH�ZDYH�RQ�WKH�VFUHHQ�DV�VLQJOH�SL[HO�GRWV��,W�VWDUWV
E\�SRLQWLQJ�5���DW�WKH�ODUJH�EORFN�RI�GDWD�ODEHOHG�6,1'$7��1H[W�LW�VHWV�5��WR�!&�����ZKLFK�ZLOO�PDNH�WKH
GRWV�SORWWHG�DSSHDU�LQ�'DUN�*UHHQ��:H�FRPSOLFDWHG�WKLQJV�D�OLWWOH�KHUH�E\�PDNLQJ�WKH�XSSHU�KDOI�RI�WKH
VLQH�ZDYH�SORW�LQ�JUHHQ��DQG�WKH�ORZHU�KDOI�LQ�UHG��,Q�WKH�GDWD�WKDW�5���LV�SRLQWLQJ�WR��HDFK�SDLU�RI�ZRUGV
JLYHV�WKH�;��KRUL]RQWDO��DQG�<��YHUWLFDO��YDOXHV�IRU�RQH�VSRW�RQ�WKH�VLQH�FXUYH��7KXV�ZKHQ�ZH�029
5����5���ZH
YH�WDNHQ�WKH�;�YDOXH�LQWR�5���7KLV�YDOXH�LV�H[SUHVVHG�LQ�'RW�5RZ�FRRUGLQDWHV��:H�DGG���
MXVW�WR�PRYH�WKH�VLQH�ZDYH�LQ�D�ELW�IURP�WKH�VFUHHQ�HGJH��1RZ�ZH�JHW�WKH�YHUWLFDO�FRRUGLQDWH�LQWR�5��E\
029�5����5���$W� WKLV�SRLQW�ZH� FKHFN� WKH�YDOXH� LQ�5��� WR� VHH�ZKHWKHU�ZH
UH� VWLOO� LQ� WKH�SRVLWLYH
KDOI�F\FOH��,I�ZH�DUH��ZH�VNLS�DKHDG�WR�ODEHO�326:9��HOVH�ZH�FKDQJH�WKH�FRORU�Q\EEOH�LQ�5��WR�!������VR
WKH�SRLQWV�ZLOO�EH�SORWWHG�LQ�GDUN�UHG��1RZ�WKH�QXPEHU�LQ�5��LV�VHW�XS�IRU�D�]HUR�EDVHG�YHUWLFDO�FRRUGLQDWH�
EXW�ZKDW�ZH�ZDQW�LV�WR�KDYH�WKLQJV�FHQWHUHG�DURXQG�GRW�URZ�����RU�KDOIZD\�GRZQ�WKH�VFUHHQ��7KXV�ZH�WDNH
WKH�QXPEHU�LQ�5��DQG�1(*�LW��WKHQ�DGG�RXU�RIIVHW�RI�����DQG�ZH
UH�UHDG\�WR�SODFH�RQH�SL[HO�RQ�WKH�VFUHHQ�

7R�GR�WKDW��ZH�XVH�WKH�VXEURXWLQH�3/27��3ORW�WDNHV�WKH�QXPEHUV�LQ�5��DQG�5���DQG�FDOFXODWHV�IURP�WKHP
WKH�H[DFW�ELW�WKDW�UHSUHVHQWV�WKH�SL[HO�DW�WKRVH�FRRUGLQDWHV��,W�XVHV�0RGXOR�PDWK�SURFHVVHV�WR�DFFRPSOLVK
WKLV��DQG�WKH�VRXUFH�FRGH�LV�SUHWW\�ZHOO�DQQRWDWHG��7KH�PHWKRGV�XVHG�KHUH�WR�FDOFXODWH�0RGXORV�DUH�VKRUW
FXW�PHWKRGV�WKDW�WDNH�IXOO�DGYDQWDJH�RI�WKH�QXPEHU�EDVH�LQ�XVH��DQG�DUH�QRW�JHQHUDO�SXUSRVH�0RGXOR
URXWLQHV��/HW
V�VD\�ZH�ZDQWHG�WR�FDOFXODWH����0RGXOR����7KH�JHQHUDO�SXUSRVH�ZD\�WR�GR�WKLV�ZRXOG�EH�DV
IROORZV�

LI   R3,10
CLR  R2
LI   R1,3
DIV  R1,R2

$IWHU�WKLV�',9��5��ZRXOG�FRQWDLQ����PRGXOR����ZKLFK�KDSSHQV�WR�HTXDO����VLQFH�WKDW
V�WKH�UHPDLQGHU�DIWHU
GLYLGLQJ����E\����7KH�TXRWLHQW���ZRXOG�EH�OHIW�LQ�5���EXW�WKDW
V�RI�QR�LPSRUWDQFH��7KLV�VDPH�WKLQJ�FRXOG
EH�GRQH�LQ�%DVLF��E\�WDNLQJ�WKLV�NLQG�RI�VWHSV��$ �����% ������0 �%�$�,17�%�$��$�0�ZRXOG�WKHQ�FRQWDLQ
WKH�DQVZHU�����2Q�VRPH�FRPSXWHUV��0�ZRXOG�FRQWDLQ���������������LQVWHDG�RI����EXW�\RX�JHW�WKH�LGHD��RU�DW
OHDVW�ZH�KRSH�\RX�GR��

'LYLGLQJ��KRZHYHU��WDNHV�WLPH��VR�WKH�VXEURXWLQH�3/27�XVHV�VKRUWFXWV�WKDW�WDNH�DGYDQWDJH�RI�WKH�IDFW�WKDW
LW
V�02'8/2���WKDW�ZH
UH�DIWHU��WKXV�GRLQJ�LWV�FDOFXODWLRQV�PRUH�TXLFNO\��2QFH�LW
V�GRQH�LWV�0RGXOR�PDWK�
WKH�URXWLQH�UHDGV�RQH�E\WH�IURP�9'3��VHWV�MXVW�WKH�FRUUHFW�ELW�LQ�WKDW�E\WH��WKDQ�ZULWHV�WKH�E\WH�EDFN�WR
9'3��7KLV�SODFHV�RQH�GRW�DW�WKH�FRUUHFW�VSRW�RQ�WKH�VFUHHQ�LQ�WKH�GRW�URZ��GRW�FROXPQ�FRRUGLQDWH�V\VWHP�
7KH�ODVW�SDUW�RI�3/27�FKHFNV�WR�VHH�LI�5��LV�QRQ�]HUR��ZKLFK�PHDQV�WKDW�D�FRORU�KDV�EHHQ�VSHFLILHG��,W�WKHQ
FKHFNV�WKH�DSSURSULDWH�E\WH�LQ�WKH�FRORU�WDEOH�E\�DGGLQJ�!�����WR�5��DQG�GRLQJ�D�96%5��,I�WKH�FRORU
VSHFLILHG�E\�5��KDV�DOUHDG\�EHHQ�VHW�LQ�WKDW�E\WH��LW
V�OHIW�DORQH��2WKHUZLVH�WKH�URXWLQH�VHWV�WKH�FRORU�IURP
WKH�OHIW�Q\EEOH�RI�5��LQWR�WKH�IRUHJURXQG�Q\EEOH��DQG�ZULWHV�WKDW�E\WH�EDFN�LQWR�WKH�FRORU�WDEOH�LQ�9'3�



7(;$6�,167580(176
+20(�&20387(5

6,1:$9�WKHQ�MXVW�NHHSV�UHSHDWLQJ�DOO�RI�WKLV�XQWLO�LW�UXQV�RXW�RI�GDWD��DQG�E\�WKHQ�WKH�VLQH�FXUYH�LV�DOO
SORWWHG�RQ�WKH�VFUHHQ��1RZ�ZH�SXW�LQ�D�YLVLEOH�;�D[LV�E\�SORWWLQJ�D�OLQH�ZLWK�WKH�FRGH�DW�/,1(/3��7KLV�SXWV
����GRWV�DFURVV�GRW�URZ�����7KH�QH[W�WULFN�LV�WR�SULQW�WKH�OHJHQGV�RQ�WKH�VFUHHQ��7KDW�XVHV�WKH�VXEURXWLQHV
DW�%,7675�DQG�&+$5�

%,7675�LV�VLPLODU�LQ�FRQFHSW�WR�RXU�ROG�URXWLQH�',6675�IRU�GLVSOD\LQJ�VWULQJV�LQ�WKH�VWDQGDUG�*UDSKLFV
DQG�7H[W�PRGHV��%HIRUH�FDOOLQJ�%,7675��ZH�VHW�5��WR�WKH�GHVLUHG�*UDSKLFV�URZ��5��WR�WKH�GHVLUHG�*UDSKLFV
FROXPQ��5��WR�WKH�FRORU�VFKHPH�GHVLUHG��DQG�5���WR�WKH�DGGUHVV�RI�WKH�VWULQJ�WR�EH�GLVSOD\HG��$V�LQ�WKH�FDVH
RI�',6675��WKH�VWULQJ�EHJLQV�ZLWK�D�OHQJWK�E\WH��IROORZHG�E\�WKH�WH[W�FRQWHQW�RI�WKH�VWULQJ��%,7675�VWDUWV
E\�VWDVKLQJ�WKH�5���UHWXUQ�DGGUHVV�LQ�5����WKHQ�VDYLQJ�WKH�VWDUWLQJ�FROXPQ�QXPEHU�LQ�5����1H[W�LW�JHWV
WKH�OHQJWK�RI�WKH�VWULQJ�LQWR�5���DQG�LI�WKDW
V�]HUR��MXPSV�WR�WKH�H[LW��$VVXPLQJ�WKH�OHQJWK�LV�DW�OHDVW�RQH
E\WH��WKDW�QXPEHU�LV�ULJKW�MXVWLILHG�LQ�5��WR�VHUYH�DV�D�FKDUDFWHU�FRXQW�IRU�WKH�ORRS�DW�%,767���7KDW�ORRS
JHWV�D�E\WH�IURP�WKH�VWULQJ�LQWR�5���ULJKW�MXVWLILHV�WKDW�E\WH��WKHQ�XVHV�WKH�VXEURXWLQH�&+$5�WR�GLVSOD\�LW
RQ�WKH�%LWPDS�VFUHHQ��%,767��FRQWLQXHV�WKLV�SURFHVV��LQFUHPHQWLQJ�WKH�FROXPQ�LQ�5��RQ�HDFK�SDVV��XQWLO
WKH�FRXQW�LQ�5��EHFRPHV�]HUR�

7KH�VXEURXWLQH�&+$5�LV�VRPHZKDW�VWUDQJH��LQ�WKDW�LW�ZULWHV�WKH�HLJKW�E\WHV�RI�WKH�FKDUDFWHU�SDWWHUQ�LQWR
WKH�SDWWHUQ�WDEOH��UDWKHU�WKDQ�WKH�FKDUDFWHU�LWVHOI�LQWR�WKH�VFUHHQ�LPDJH�WDEOH��%DFN�DW�WKH�YHU\�HDUO\�SDUW
RI�WKLV�SURJUDP��ZH�JUDEEHG�DOO�WKH�H[LVWLQJ�FKDUDFWHU�GHILQLWLRQV�IRU�WKH�JUDSKLFV�PRGH�IURP�9'3�!���
LQWR�PHPRU\�DW�ORFDWLRQ�&+57%/��:H�GLG�WKDW�SUHFLVHO\�IRU�WKH�XVH�WKDW�&+$5�ZLOO�PDNH�RI�WKDW�GDWD�DW
&+57%/��&+$5�VWDUWV�E\�JHWWLQJ� WKH�GHVLUHG� URZ� IURP�5�� LQWR�5���5HPHPEHU� WKDW� WKHVH�DUH�QRW
'RW�5RZV��EXW�WKH�QRUPDO������JUDSKLFV�URZ�QXPEHUV��&KDU�GHFUHPHQWV�WKH�URZ�FRXQW�LQ�5��WR�]HUR�EDVH
WKH�QXPEHU��1H[W��LW�ORDGV�5��ZLWK����ZKLFK�ZH
OO�QHHG�ODWHU��1RZ�WKH�QXPEHU�LQ�5��JHWV�PXOWLSOLHG�E\����
VR�LW�UHSUHVHQWV�D�JUDSKLFV�VFUHHQ�SRVLWLRQ��7KH�GHVLUHG�*UDSKLFV�FROXPQ�IURP�5��LV�DGGHG��WKHQ�5��LV
'(&
G�DJDLQ�WR�]HUR�EDVH�WKH�FROXPQ��6LQFH�WKH�FKDUDFWHU�GHILQLWLRQ�WDEOH�LV�LQ�HLJKW�E\WH�FKXQNV��ZH
PXOWLSO\�WKH�QXPEHU�QRZ�LQ�5��E\�HLJKW��VR�LW�SRLQWV�WR�WKH�FRUUHFW�SDUW�RI�WKH�SDWWHUQ�GHILQLWLRQ�WDEOH�
1RZ�WR�JHW�WKH�FKDUDFWHU�GDWD��ZH�WDNH�WKH�GHVLUHG�FKDUDFWHU�QXPEHU�IURP�5��LQWR�5���PXOWLSO\�WKDW�E\
HLJKW�WR�LQGH[�LQWR�RXU�&+57%/�EORFN�LQ�PHPRU\��WKHQ�DGG�WKH�DGGUHVV�RI�WKH�VWDUW�RI�WKH�VDYHG�FKDUDFWHU
GHILQLWLRQV���$,�5��&+57%/�

$W�WKLV�SRLQW��5��SRLQWV�WR�WKH�FRUUHFW�SODFH�LQ�WKH�FKDUDFWHU�GHILQLWLRQ�WDEOH�LQ�9'3��5��SRLQWV�WR�WKH
SDWWHUQ�IRU�WKH�GHVLUHG�FKDUDFWHU�LQ�&+57%/��DQG�5��FRQWDLQV����ZKLFK�LV�WKH�QXPEHU�RI�E\WHV�QHHGHG�WR
GHILQH�RQH�FKDUDFWHU��%/:3�#90%:�PDNHV�WKDW�GHVLUHG�FKDUDFWHU�DSSHDU�DW�WKH�GHVLUHG�URZ�DQG�FROXPQ
RQ�WKH�VFUHHQ��1RZ�5��LV�FKHFNHG��DQG�WKH�GHVLUHG�FRORU�VFKHPH�IRU�WKLV�FKDUDFWHU�LV�ZULWWHQ�WR�WKH�FRORU
WDEOH�LI�QHHGHG��%\�WKLV�PHWKRG��ZH�FRXOG�LQ�WKHRU\�ZULWH�HDFK�FKDUDFWHU�LQ�D�VWULQJ�LQ�D�GLIIHUHQW�FRORU
VFKHPH���7KH�SUHVHQW�VXEURXWLQH�%,7675�GRHVQ
W�DOORZ�WKDW��EXW�WKH�FUHDWLYH�SURJUDPPHU�FDQ�VHH�KRZ
WR�GR�LW��

7KH�DELOLW\�WR�ZULWH�VWULQJV�RI�FKDUDFWHUV�DW�YDULRXV�SODFHV�RQ�WKH�VFUHHQ�ZLWK�GLIIHUHQW�FRORU�VFKHPHV��DV
WKLV�SURJUDP�GRHV��LV�DQ�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�%LWPDS�DQG�WKH�QRUPDO�*UDSKLFV�0RGH��7KDW�DQG
WKH�DELOLW\�WR�ZULWH�VHOHFWLYHO\�WR�DQ\�SL[HO�RQ�WKH�VFUHHQ�PDNHV�%LWPDS�0RGH�D�SRZHUIXO�WRRO��7KH�RQH
VLJQLILFDQW�GUDZEDFN�LQ�DOO�WKLV�LV�WKDW�DOPRVW�DOO�RI�WKH�9'3�5$0�VSDFH�JHWV�HDWHQ�XS��,Q�WKLV�SDUWLFXODU
FDVH��WKDW
V�QR�SUREOHP��EXW�LI�\RXU�SURJUDP�QHHGV�9'3�VSDFH�IRU�ILOH�EXIIHUV�DQG�VXFK��WKHQ�WKH�FUXQFK
FDQ�LQGHHG�JHW�VHULRXV�
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:KHQ�WKH�VLQH�ZDYH�LV�DOO�SORWWHG�DQG�DOO�WKH�OHJHQGV�DUH�SULQWHG��LW�H[HFXWHV�D�%/�#.(<��ZKLFK�MXVW�SXWV
WKH� FRPSXWHU� LQWR�D�NH\�VHQVLQJ� ORRS�XQWLO�DQ\�NH\�KDV�EHHQ�SUHVVHG��*LYHQ�D�NH\SUHVV�� LW�XVHV� WKH
VXEURXWLQH�&3'7��&OHDU�3DWWHUQ�'HVFULSWRU�7DEOH��WR�FOHDU�WKH�%LWPDS�VFUHHQ��WKHQ�XVHV�6(7*0��6HW
*UDSKLFV�0RGH��WR�SXW�WKH�9'3�EDFN�LQWR�LWV��QRUPDO��JUDSKLFV�PRGH��7KLV�URXWLQH�VWDUWV�E\�UH�VHWWLQJ
DOO�WKH�9'3�5HJLVWHUV�H[FHSW����WR�WKHLU��QRUPDO��YDOXHV��WKHQ�SXWV�EDFN�WKH�FRORU�WDEOH�DQG�FKDUDFWHU
GHILQLWLRQ�WDEOH�GDWD�WKDW�ZDV�VDYHG�DW�WKH�VWDUW�RI�WKH�SURJUDP��)LQDOO\��ZLWK�HYHU\WKLQJ�LQ�SODFH��LW�FOHDUV
9'3�5HJLVWHU����WR�SXW�WKH�9'3�EDFN�LQ�JUDSKLFV�PRGH��DQG�UHWXUQV�WR�WKH�PDLQ�FRGH��$IWHU�%/�#6(7*0�
WKH�6,1:$9�H[LWV�E\�EUDQFKLQJ�EDFN�WR�ODEHO�0(18�

7KH�RWKHU�WZR��PDLQ��URXWLQHV��FDOOHG�63,5$/�DQG�%2;(6��ZRUN�LQ�D�VLPLODU�IDVKLRQ��H[FHSW�WKDW�QR
FXUYHV�DUH�SORWWHG��DQG�DOO�OLQHV�GUDZQ�DUH�VWUDLJKW�KRUL]RQWDO�DQG�YHUWLFDO�RQHV��7KH\�XVH�WKH�VDPH
VXEURXWLQHV�WR�GR�WKHVH�MREV��VR�ZH
OO�VSDUH�\RX�WKH�GHVFULSWLRQ�RI�DOO�WKDW��DQG�OHDYH�DQDO\VLV�RI�63,5$/
DQG�%2;(6�DV�DQ�H[HUFLVH�IRU�WKH�VHULRXV�VWXGHQW�

1RZ�LV�WKH�WLPH�WR�PHQWLRQ�RQH�VPDOO�OLPLWDWLRQ�WR�WKH�FDSDELOLW\�RI�%LWPDS��2QH�FDQ�LQGLYLGXDOO\�VHW
SL[HOV�RQ�DQG�RII��EXW�WKH�FRORU�WDEOH�HQWULHV�RI�HLJKW�ELWV�HDFK�DIIHFW�HLJKW�SL[HOV�LQ�WKH�SDWWHUQ�WDEOH��7KXV
LI�ZH�VHW�D�FRORU�E\WH�IRU�D�VSRW�LQ�WKH�LPDJH��D�WRWDO�RI�HLJKW�SL[HOV�LQFOXGLQJ�WKDW�RQH�ZLOO�KDYH�WKLV�VDPH
FRORU�VFKHPH�

/HW
V�WU\�WR�LOOXVWUDWH�WKLV��,PDJLQH�WKDW�ZH�DUH�ORRNLQJ�DW�D�VLQJOH�E\WH�VHFWLRQ�RI�WKH�SDWWHUQ�GHVFULSWRU
WDEOH�DQG�WKH�FRUUHVSRQGLQJ�E\WH�LQ�WKH�FRORU�WDEOH�

3DWWHUQ�7DEOH�ORFDWLRQ !�������ELWV���������

&RORU�7DEOH�ORFDWLRQ !�������E\WH�!�)

:LWK�WKLV�VHWXS��HDFK�RI�WKH�RQHV�LQ�WKH�HLJKW�ELWV�DW�!�����ZLOO�UHVXOW�LQ�D�GDUN�EOXH�SL[HO�RQ�WKH�VFUHHQ�
ZKLOH�HDFK�RI�WKH�]HURV�LQ�WKRVH�HLJKW�ELWV�ZLOO�EH�D�ZKLWH�VSRW�RQ�WKH�VFUHHQ��7KXV�WKLV�RQH�E\WH�LQ�WKH�FRORU
WDEOH�DIIHFWV�HLJKW�DGMDFHQW�SL[HOV�LQ�WKH�LPDJH�ZH�VHH��VR�ZKHQ�ZH�VHW�D�FRORU�VFKHPH�IRU�DQ\�RI�WKH�SL[HOV
DW�!�����E\�ZULWLQJ�D�FRORU�E\WH�WR�!������WKH�EDFNJURXQG�DQG�IRUHJURXQG�FRORUV�ZH
YH�VHW�DSSO\�WR�DOO
HLJKW�RI�WKRVH�SL[HOV��7KLV�PHDQV�WKDW��ZKLOH�ZH�FDQ�WXUQ�LQGLYLGXDO�SL[HOV�RQ�RU�RII�RQH�DW�D�WLPH��ZH�FDQ
RQO\�VHW�WKHLU�FRORUV�LQ�JURXSV�RI�HLJKW��QRW�E\�LQGLYLGXDO�SL[HO�

$IWHU�JHWWLQJ�RXU�IHHW�ZHW�LQ�%LWPDS�ZLWK�WKH�SURJUDP�IRU�ODVW�PRQWK
V�FROXPQ��ZH�WULHG�JHWWLQJ�HYHQ�PRUH
DGYHQWXURXV��DQG�FUHDWHG�D�'UDZLQJ�SURJUDP��,Q�IXWXUH�FROXPQV��ZH
OO�SDVV�DORQJ�VRPH�PRUH�WKLQJV
OHDUQHG�IURP�WKDW�HIIRUW��LQFOXGLQJ��813/27���WR�HUDVH�D�VLQJOH�SL[HO�IURP�WKH�%LWPDS�VFUHHQ��DQG�DQ
DOJRULWKP� WR� FUHDWH� VWUDLJKW� OLQHV� IURP� DQ\� 'RW�5RZ�� 'RW�FROXPQ� SRVLWLRQ� WR� DQ\� RWKHU� 'RW�5RZ�
'RW�&ROXPQ�SRVLWLRQ��7KH�'UDZLQJ�SURJUDP�LWVHOI�KDV�EHHQ�UHOHDVHG�WR�3XEOLF�'RPDLQ��DQG�LV�DYDLODEOH
IURP�WKH�/LPD�8VHUV
�*URXS���'LVN�����LQ�WKHLU�OLEUDU\��ZKLFK�LQFOXGHV�DOO�WKH�VRXUFH�FRGH�DQG�VDPSOH
SLFWXUHV���7KDW�SURJUDP�LV�UHDOO\�MXVW�D�WR\��EXW�ZH�KDYH�XVHG�LW�WR�PDNH�GUDZLQJV�IRU�RXU�FKLOGUHQV

VFLHQFH�IDLU�SURMHFWV��RQH�RI�ZKLFK�ZRQ�D�EOXH�ULEERQ�
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1H[W�PRQWK�ZH
OO�EH�FRYHULQJ�WZR�WRSLFV��7KH�ILUVW�ZLOO�EH�KRZ�WR�GHDO�ZLWK�WKRVH�SURPSWV�WKH�$VVHPEOHU
LVVXHV��DQG�WKHQ�WKH�PXFK�PRUH�GLIILFXOW�WRSLF�RI�GRLQJ�D�&$//�),/(6�IURP�$VVHPEO\�

*RRG�OXFN�ZLWK�\RXU�RZQ�H[SHULPHQWV�



The Cyc: MICROpendium

1.44. The Art Of Assembly — Part 44. By Popular Request

%\�%UXFH�+DUULVRQ

0DQ\�PRRQV�DJR��ZH�JRW�D�UHTXHVW�IURP�RQH�UHDGHU�IRU�D�OLWWOH�KHOS�JHWWLQJ�WKURXJK�VXFK�WKLQJV�DV�WKH
3URPSWV�JLYHQ�E\�WKH�7,�$VVHPEOHU��7KHUH�ZDV�RQO\�RQH�OHWWHU��IURP�RQH�UHDGHU��EXW�E\�RXU�VWDQGDUGV�WKDW
FRQVWLWXWHV��SRSXODU�UHTXHVW���7KLV�WRRN�VRPH�H[SHULPHQWLQJ��VLQFH�ZH�QHYHU�XVH�WKDW�$VVHPEOHU��:H�JRW
RXW�WKH�QHFHVVDU\�GLVNV�DQG�UHIUHVKHG�RXU�WLUHG�ROG�PHPRU\��+HUH
V�KRZ�WKH�SURPSWV�JR��DQG�KRZ�WR
DQVZHU�WKHP�

/2$'�$66(0%/(5"��<�1����7KLV�PHDQV��DUH�\RX�UHDG\�WR�ORDG�WKH�ILOHV�$660��DQG�$660��IURP�WKH�GLVN
LQ�GULYH��"��7KH�(�$�PRGXOH�H[SHFWV�WR�ILQG�WKRVH�ILOHV�RQ�'ULYH����DQG�VLQFH�\RX�PLJKW�QRW�KDYH�D�GLVN
ZLWK�WKRVH�ILOHV�LQ�SODFH��WKLV�SURPSW�JLYHV�\RX�D�FKDQFH�WR�SXW�RQH�WKHUH�EHIRUH�VXIIHULQJ�WKH�HUURU�UHSRUW
WKDW�ZLOO�KDSSHQ�LI�(�$�FDQ
W�ILQG�WKRVH�ILOHV�RQ�WKDW�GULYH��2Q�RXU�RZQ�V\VWHP��ZH�GRQ
W�JHQHUDOO\�XVH�WKH
PRGXOH��EXW�KDYH�(�$�RQ�RXU�3�*UDP��DQG�ZH
YH�PRGLILHG�LW�WR�ORRN�RQ�'ULYH���RI�RXU�5DPGLVN�IRU�DQ\�RI
LWV�VWDQGDUG�ILOHV�

6285&(�),/(�1$0("�)LOO�LQ�WKH�FRPSOHWH�QDPH��DV�LQ�'6.��0<352*�6��WKHQ�SUHVV�ENTER��7KH
$VVHPEOHU�ZLOO�FKHFN�IRU�WKH�H[LVWHQFH�RI�WKLV�ILOH��OLJKWLQJ�WKH�DSSURSULDWH�GULYH�EULHIO\�

2%-(&7�),/(�1$0("�)LOO�LQ�WKH�QDPH�IRU�WKH�RXWSXW�ILOH��DV�LQ�'6.��0<352*�2��WKHQ�SUHVV�ENTER�
7KLV�WRR�ZLOO�EULHIO\�OLJKW�XS�D�GLVN�GULYH��WKXV�DVVXULQJ�D�GLVN�LV�DYDLODEOH�

/,67�),/(�1$0("�0RVW�RI�WKH�WLPH��\RX
OO�ZDQW�WR�OHDYH�WKLV�EODQN��2Q�WKRVH�RFFDVLRQV�ZKHQ�\RX�QHHG
D�OLVWLQJ��\RX
OO�PRVW�OLNHO\�XVH�WKH�3,2�SRUW�LQ�DQVZHU�WR�WKLV�SURPSW��VR�D�OLVWLQJ�ZLOO�EH�SULQWHG�

237,216"�7KLV�FDXVHV�SUREDEO\�WKH�PRVW�JULHI��7KHUH�DUH�IRXU�SRVVLEOH�RSWLRQV��HDFK�UHSUHVHQWHG�E\�RQH
XSSHU�FDVH�OHWWHU��DQG�WKH\�PD\�DOO�EH�HQWHUHG��LQ�DQ\�RUGHU��5�PHDQV�WKDW�WKH�$VVHPEOHU�ZLOO�H[SHFW
UHJLVWHUV�WR�LQFOXGH�WKH�5�LQ�WKHLU�QDPHV��H�J��/,�5�������,Q�RXU�RZQ�ZRUN��ZH�DOZD\V�XVH�WKLV�RSWLRQ��/
LQ�WKH�RSWLRQV�PHDQV�D�OLVWLQJ�LV�WR�EH�SURGXFHG�RQ�WKH�GHYLFH�QDPHG�DV�/,67�),/(�1$0(�DERYH��$�OLVWLQJ
FDQ�RQO\�EH�SURGXFHG�LI�ERWK�WKH�QDPH�DQG�WKH�/�DUH�SUHVHQW��6�PHDQV�WKDW�WKH�OLVWLQJ�ZLOO�LQFOXGH�D
V\PERO�WDEOH�DW�LWV�HQG��7KLV�FDQ�EH�YHU\�XVHIXO��DV�LW�ZLOO�OLVW�DOO�ODEHOV�XVHG�RU�UHIHUHQFHG�LQ�WKH�VRXUFH
ILOH��ZLWK�WKHLU�DGGUHVVHV��)LQDOO\��WKHUH
V�WKH�&�RSWLRQ��ZKLFK�ZLOO�PDNH�WKH�REMHFW�ILOH�LQ�&RPSUHVVHG
IRUPDW��7KDW�VDYHV�GLVN�VSDFH��EXW�ZH�QHYHU�XVH�LW��)LUVW��WKLV�PDNHV�D�QRQ�UHDGDEOH�REMHFW�ILOH��DQG�VHFRQG�
FRPSUHVVHG�ILOHV�FDQ
W�EH�ORDGHG�H[FHSW�E\�WKH�(�$�RU�0LQL�0HPRU\�ORDGHUV�

,Q�RXU�RZQ�ZRUN��ZH�QHYHU�XVH�WKH�7,�$VVHPEOHU�DQ\ZD\��PDLQO\�EHFDXVH�LWV�HUURU�UHSRUWLQJ�LV�ORXV\��:H
SUHIHU�XVLQJ�WKH�5$*$60�E\�$UW�*UHHQ��DQG�NHHS�WKDW�HYHU�DW�KDQG�RQ�RXU�5DPGLVN��+HUH�DUH�WKH
SURPSWV�IRU�$UW�*UHHQ
V�$VVHPEOHU�

0$&526��:H�DOZD\V�OHDYH�WKLV�EODQN��VLQFH�ZH�GRQ
W�XVH�0$&52V�

6285&(��6DPH�DV�IRU�WKH�ILUVW�SURPSW�RQ�7,
V�$VVHPEOHU�
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2%-(&7��6DPH�DV�IRU�WKH�VHFRQG�SURPSW�RQ�7,
V�$VVHPEOHU�

,'�'$7(��&DQ�EH�XVHG�WR�GDWH�WKH�REMHFW�ILOH�IRU�LGHQWLILFDWLRQ��:H�QHYHU�XVH�WKLV��EXW�MXVW�OHDYH�WKH�HQWU\
ILHOG�EODQN�

237,216��$FFHSWV�WKH�VDPH�IRXU�OHWWHUV�DV�WKH�7,�YHUVLRQ��DQG�WKH\�PHDQ�WKH�VDPH�WKLQJ��7KH�/LVW�ILOH
QDPH�QRUPDOO\�GHIDXOWV�WR�3,2��7KLV�FDQ�EH�FKDQJHG�E\�DQ�,167$//�SURFHGXUH��,Q�WKDW�VDPH�SURFHGXUH�
RQH�PD\�DOVR�GHVLJQDWH�RSWLRQV�WR�EH�XVHG�E\�GHIDXOW��)RU�H[DPSOH��LQ�RXU�RZQ�XVH��ZH
YH�VHW�XS�5$*$60
VR�WKDW�LW�GHIDXOWV�WR�5�RSWLRQ��WKXV�VDYLQJ�XV�WKH�WURXEOH�RI�W\SLQJ�WKDW�LQ�IRU�HDFK�DVVHPEOH��,I��KRZHYHU�
ZH�GR�SXW�LQ�DQ\�RSWLRQV��WKHQ�ZH�PXVW�LQFOXGH�5��VLQFH�DQ\�HQWU\�LQ�WKLV�ILHOG�YRLGV�WKH�GHIDXOW�HQWULHV�

025(��:KHQ�5$*$60�ILQLVKHV�DQ�$VVHPEOH�� LW�ZLOO� SURPSW�ZLWK�025(��$Q\�DQVZHU�RWKHU� WKDQ
Y ENTER�ZLOO�H[LW�WKH�SURJUDP��Y ENTER�ZLOO� WDNH�\RX�EDFN�WR�WKH�0$&526��SURPSW�IRU�DQRWKHU
DVVHPEO\�RSHUDWLRQ�

1.44.1. CALLs Revisited

2ND\��VR�\RXU�DXWKRU�LV�MXVW�SODLQ�VWXEERUQ�DERXW�VRPH�WKLQJV��6RPH�WLPH�EDFN��ZH�UHSRUWHG�PDNLQJ
DWWHPSWV�WR�XVH�&$//V�GLUHFWO\�IURP�$VVHPEO\�FRGH��:H
G�WULHG�WR�JHW�VRPH�XQGHUVWDQGLQJ�RI�WKH�SURFHVV�
SDUWLFXODUO\�IRU�&$//�),/(6��DV�FDQ�EH�XVHG�IURP�%DVLF�DQG�([WHQGHG�%DVLF��:H
G�OHDUQHG�ZKHUH�WKH�FRGH
ZDV�ORFDWHG��DW�!�'�$�LQ�WKH�7,�GLVN�FRQWUROOHU
V�520��7KDW�LQIRUPDWLRQ�GLG�QRW��KRZHYHU��KHOS�XV�ZLWK
WKH�SUREOHP�RI�SDVVLQJ�DORQJ�WKH�RQH�SDUDPHWHU�WKDW�WKLV�FDOO�QHHGV��%HLQJ�VR�VWXEERUQ��ZH�MXVW�FRXOGQ
W
JLYH�XS�WKLV�LGHD��DQG�VR�UHVRUWHG�WR�WKH�EUXWH�IRUFH�PHWKRG�RI�GLV�DVVHPEOLQJ�WKH�HQWLUH�520�SURJUDP�
WKHQ�WUDFLQJ�SDLQIXOO\�WKURXJK�LWV�FRQWHQWV��7KLV�LV�GLIILFXOW�WR�GR��DV�WKH�FRGH�FRQWDLQV�PDQ\�%/V�DQG
%/:3V��VR�RQH�PXVW�SORG�WKURXJK�D�PRXQWDLQ�RI�FRGH�WR�GHWHUPLQH�ZKDW
V�UHDOO\�KDSSHQLQJ��2QH�PXVW
DOVR�PDNH�VRPH�HGXFDWHG�JXHVVHV�DERXW�ZKDW�WKH�UHJLVWHUV�ZLOO�FRQWDLQ�DW�YDULRXV�SODFHV��VLQFH�WKH�FRGH
KDV�ORWV�RI�WKLQJV�OLNH�WKLV��029�#!�����5���#!�����5����2XU�JXHVV��ZKLFK�SURYHG�FRUUHFW��ZDV�WKDW
5��PXVW�FRQWDLQ�!�����DW�WKLV�SRLQW��VR�WKDW�WKH�UHVXOWLQJ�DGGUHVVHV�LQ�WKH�H[DPSOH�DERYH�ZRXOG�EH
!�����DQG�!�����

$IWHU�D�ORW�RI�VORJJLQJ�WKURXJK��LQFOXGLQJ�D�VWHS�E\�VWHS�UXQ�ZLWK�0LOOHU
V�([SORUHU��ZH�IRXQG�WKDW�WKH
DQVZHU�WR�WKH�ULGGOH�ZDV�!���&��7KDW�LV��ZKHQ�WKH�FDOO�SURFHVV�VWDUWV��WKDW�ZRUG�LQ�5$0�3DG�KDG�WR�SRLQW
WR�WKH� ORFDWLRQ� LQ�9'3�5$0�ZKHUH�WKH� OHQJWK�RI�WKH�QDPH�),/(6�ZDV� ORFDWHG��7KH�DFWXDO�QXPEHU
SDUDPHWHU�KDG�WR�EH�HQFRGHG�LQ�WRNHQL]HG�IRUP�DV�!%��!&��!���!�[�!%����7KH�[�LV�D�QXPEHU�IURP��
WKURXJK�����7KLV�KDG�WR�EH�ZULWWHQ�WR�9'3�LPPHGLDWHO\�IROORZLQJ�WKH�3$%�
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1.44.2. The Solution

7RGD\
V�6LGHEDU�LV�D�FRPSOHWH�SURJUDP��ZULWWHQ�WR�DOORZ�XV�WR�SLFN�D�QXPEHU�EHWZHHQ���DQG����DQG�KDYH
&$//�),/(6�H[HFXWH�WR�PDNH�URRP�IRU�WKDW�QXPEHU�RI�ILOHV�LQ�9'3�5$0��%\�LWVHOI��WKLV�LVQ
W�UHDOO\�XVHIXO
H[FHSW�WR�SURYH�D�SRLQW��,W�SURYHV�RQO\�WKDW�ZH�FDQ�&$//�),/(6�IURP�$VVHPEO\��DQG�KDYH�WKDW�H[HFXWH
FRUUHFWO\��2QH�FRXOG��KRZHYHU��WDNH�SLHFHV�RI�WRGD\
V�6LGHEDU��LQFRUSRUDWH�WKHP�LQWR�KLV�RZQ�SURJUDP��DQG
WKXV�KDYH�WKH�QXPEHU�RI�ILOHV�VHW�XS�FRUUHFWO\�IRU�WKDW�SURJUDP
V�QHHGV��7KH�WKUHH�HVVHQWLDO�HOHPHQWV�DUH
WKH�LQFOXVLRQ�RI�5()�'65/1.��WKH�GDWD�VWDUWLQJ�ZLWK�3$%'7�DQG�HQGLQJ�ZLWK�$1<.(<��DQG�WKH�FRGH
VHFWLRQ�EHWZHHQ�ODEHO�0.&$//�DQG�WKH�HQWU\�'$7$�!$��D�IHZ�OLQHV�EHORZ��7KH�ODEHOV�&$/317�DQG
3$%317�DUH�GHILQHG�DV�!���&�DQG�!������UHVSHFWLYHO\�

<RX
OO�QRWH�WKDW�WKLV�3$%�GDWD�GRHV�QRW�QHHG�WR�FRQWDLQ�WKH�XVXDO�WHQ�E\WHV�WKDW�DUH�UHTXLUHG�LQ�PRVW
3$%V��-XVW� WKH� OHQJWK�RI� WKH�QDPH�� IROORZHG�E\� WKH�QDPH�),/(6�� WKHQ� WKH�GDWD� IRU� WKH�QXPEHU� LQ
WRNHQL]HG�IRUP��!%��LV�WKH�WRNHQ�IRU������&��PHDQV�WKDW�ZKDW�IROORZV�LV�DQ�XQTXRWHG�VWULQJ��!���LV�WKH
OHQJWK�RI�WKLV�VWULQJ��DQG�!�[�LV�WKH�QXPEHU�RI�ILOHV�GHVLUHG��ZKHUH�[�LV�DQ\�QXPEHU�IURP���WKURXJK���
)LQDOO\��WKH�WRNHQ�!%��VWDQGV�IRU������VLJQDOLQJ�WKH�HQG�RI�WKH�SDUDPHWHU�VWULQJ�

$V�VKRZQ�LQ�WKH�6LGHEDU��WKLV�OLWWOH�SURJUDP�LQFOXGHV�D�OLWWOH��ZLQGRZ�GUHVVLQJ���LQ�WKH�IRUP�RI�SURPSWV�
D�URXWLQH�WR�GLVSOD\�WKRVH��DQG�D�URXWLQH�WR�GLVSOD\�D�QXPEHU�LQ�GHFLPDO�IRUP��,W�VWDUWV�ZLWK�D�SURPSW�DW
WKH�EHJLQQLQJ�IRU�WKH�QXPEHU�RI�ILOHV�\RX�ZDQW�FDSDEOH�RI�EHLQJ�RSHQ�VLPXOWDQHRXVO\��7KLV�FDQ�EH�DQ\
QXPEHU�IURP���WKURXJK����-XVW�D�VLQJOH�NH\SUHVV�DQVZHUV�WKLV�SURPSW��DQG�DQ\�NH\�RXWVLGH�WKH�UDQJH��
WKURXJK���ZLOO�EH�UHMHFWHG��7KH�VHOHFWHG�QXPEHU�ZLOO�DSSHDU�RQ�WKH�VFUHHQ�EHORZ�WKLV�SURPSW��WKHQ�D�FRXSOH
PRUH�QXPEHUV�ZLOO�DSSHDU��7KH�QXPEHUV�GLVSOD\HG�DUH�WDNHQ�IURP�ORFDWLRQ�!������7KH�ILUVW�QXPEHU
GLVSOD\HG�VKRZV�WKH�DGGUHVV�IRU�WKH�KLJKHVW�DYDLODEOH�E\WH�LQ�9'3�5$0�DIWHU�WKH�VSDFH�IRU�ILOH�SURFHVVLQJ
KDV�EHHQ�VHW�DVLGH��2Q�D��FROG��VWDUW��WKLV�QXPEHU�ZLOO�EH�!��'���RU�������LQ�GHFLPDO��7KDW�LQGLFDWHV�WKDW
WKH�GHIDXOW�QXPEHU�����KDV�EHHQ�VHW�IRU�),/(6��7KH�QXPEHU�VKRZQ�EHORZ�WKDW�LV�WKH�QXPEHU�DIWHU�WKH
&$//�),/(6�KDV�EHHQ�SHUIRUPHG��,I�WKH�QXPEHU�RI�ILOHV�VHOHFWHG�LV�DERYH����WKHQ�WKLV�QXPEHU�ZLOO�EH�OHVV
WKDQ��������,I�WKH�QXPEHU�VHOHFWHG�ZDV�OHVV�WKDQ����WKHQ�WKLV�ZLOO�VKRZ�D�QXPEHU�JUHDWHU�WKDQ�������

:KHQ�LW
V�GRQH��WKHUH�ZLOO�EH�D��SUHVV�DQ\�NH\��SURPSW�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��3UHVVLQJ�DQ\�NH\�ZLOO
JHW�\RX�RXW�RI�WKH�SURJUDP��<RX�FDQ�WKHQ�UH�UXQ�WKLV�OLWWOH�H[HUFLVH�E\�VHOHFWLQJ���IURP�WKH�(�$�PHQX��WKHQ
SUHVVLQJ�ENTER�DW�WKH�3URJUDP�1DPH�SURPSW��,I�\RX�GR�WKLV��\RX�FDQ�VHH�E\�WKH�QXPEHUV�VKRZQ�WKDW�WKH
SUHYLRXV�UXQ�KDV�LQGHHG�OHIW�WKH�FRUUHFW�QXPEHU�DW�DGGUHVV�!������7KH�OLPLWV�RQ�WKDW�QXPEHU�DUH������
IRU���ILOHV�WKURXJK�������IRU���ILOH��(DFK�ILOH�DFFRXQWV�IRU�����E\WHV�RI�VSDFH�LQ�9'3�5$0�

$V�ZH�VDLG��\RX�FDQ�H[FHUSW�WKH�QHHGHG�VWXII�IURP�WRGD\
V�6LGHEDU�WR�DOORZ�D�SURJUDP�RI�\RXU�RZQ�WR�&$//
),/(6��-XVW�SXW�WKH�QXPEHU�RI�ILOHV�\RX�ZDQW�EHWZHHQ�WKH�VLQJOH�TXRWHV�ZKHUH�RXU�6LGHEDU�VKRZV�
�
�LQ
WKH� WRNHQL]HG�GDWD�IROORZLQJ�3$%'7��)RU�H[DPSOH�� LI� WKH�GHVLUHG�QXPEHU� LV� ILYH��\RX
G�FKDQJH�WKDW
WRNHQL]HG�OLQH�WR�ORRN�OLNH�WKLV�

BYTE >B7,>C8,>01,'5',>B6
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3XWWLQJ�WKH���EHWZHHQ�VLQJOH�TXRWHV�OLNH�WKLV�ZLOO�FDXVH�WKH�$VVHPEOHU�WR�LQVHUW�!���DW�WKDW�SODFH�LQ
PHPRU\��DQG�WKDW
V�WKH�GHVLUHG�YDOXH�IRU�WKH�&$//�),/(6�URXWLQH��)RU�\RXU�RZQ�DSSOLFDWLRQ��RI�FRXUVH�
WKDW�QXPEHU�FDQ�EH�DQ\WKLQJ�IURP���WKURXJK����MXVW�DV�LQ�RXU�OLWWOH�GHPR�SURJUDP��<RX�PXVW��KRZHYHU�
WDNH�VRPH�FDUH�LQ�WKH�UHVW�RI�\RXU�SURJUDP�QRW�WR�ZULWH�LQWR�WKH�DUHD�RI�9'3�UHVHUYHG�IRU�WKH�ILYH�ILOHV�
&$//�),/(6�ZLOO�OHDYH�WKH�KLJKHVW�DYDLODEOH�DGGUHVV�DW�!������VR�\RX�FDQ�FRPSDUH�WR�WKDW�ZRUG�ZLWKLQ
\RXU�SURJUDP�WR�VHW�D�OLPLW�RQ�\RXU�RZQ��ZULWHV��WR�9'3��,Q�PDQ\�RI�RXU�RZQ�SURJUDPV��ZH�OLPLW�RXU�9'3
ZULWHV�WR�!��'��DQG�EHORZ��ZKLFK�LV�WKH��QRUPDO��QXPEHU�IRXQG�LQ�!������,I�ZH
YH�XVHG�&$//�),/(6�
ZH
OO�KDYH�WR�EH�PRUH�FDUHIXO�DERXW�WKLV�

)LQDOO\��\RX�VKRXOG�NQRZ�WKDW�WKLV�OLWWOH�WULFN�RQO\�ZRUNV�LQ�OLPLWHG�FDVHV��,W�ZRQ
W�ZRUN�FRUUHFWO\�IRU
&$//�6&5((1��IRU�H[DPSOH��:H�GRQ
W�NQRZ�H[DFWO\�ZK\��EXW�WDNH�RXU�ZRUG�IRU�LW��EHFDXVH�ZH
YH�WULHG
WKDW�DQG�JRW�DQ�HQGOHVV�UHSHDWLQJ�,1&255(&7�67$7(0(17�IRU�RXU�WURXEOH��7KDW
V�QRW�WRR�VXUSULVLQJ�
VLQFH�RQH�FDQ
W�H[SHFW�D�FDOO�IURP�%DVLF�WR�ZRUN�OLNH�RQH�IURP�WKH�GLVN�FRQWUROOHU
V�520��7KLV�WULFN�KDV
EHHQ�WHVWHG�ZLWK�RQO\�WKH�7,�GLVN�FRQWUROOHU��VR�ZH
YH�QR�LGHD�ZKHWKHU�LW�ZLOO�ZRUN�FRUUHFWO\�ZLWK�&RU&RPS
RU�0\DUF� GLVN� FRQWUROOHUV�� 6RPH� EUDYH� VRXOV� DPRQJ� RXU� UHDGHUV� PD\� ZDQW� WR� WU\� WKLV� ZLWK� WKRVH
�WKLUG�SDUW\��GLVN�FRQWUROOHUV��EXW�ZH�JXDUDQWHH�QRWKLQJ�LQ�WKRVH�FDVHV���$WWHPSW�DW�\RXU�RZQ�ULVN���6KRXOG
\RX�QHHG�RXU�KHOS�LQ�DSSO\LQJ�WKLV�OLWWOH�WULFN��SOHDVH�ZULWH�RU�SKRQH��DV�ZH
UH�DOZD\V�JODG�WR�KHOS��7KDW
DGGUHVV�DQG�SKRQH�QXPEHU�DUH�

%UXFH�+DUULVRQ
�������WK�3ODFH
+\DWWVYLOOH�0'������
8�6�$�
3KRQH���������������

* SIDEBAR 44
* A COMPLETE PROGRAM THAT SOLVES
* THE OLD CALL FILES PROBLEM
*
* CALLS FILES (1-9) FROM E/A OPT 3
* 17 APR 94
* by Bruce Harrison
* Public Domain
*
       REF  VMBW,KSCAN,VMBR,VSBW,DSRLNK  REF'D UTILITIES
       DEF  START        DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
PAB    EQU  >1000        PERIPHERAL ACCESS BLOCK VDP ADDRESS
CALPNT EQU  >832C        POINTER FOR CALL FILES
PABPNT EQU  >8356        POINTER FOR DSRLNK
GPLWS  EQU  >83E0        GPL WORKSPACE
*
* MAIN CODE SECTION
*
START  LWPI WS           LOAD OUR WORKSPACE
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       CLR  @>8374       CLEAR KEY-UNIT
       LI   R0,34        POINT AT ROW 2
       LI   R1,PROMPT    PROMPT FOR USER CHOICE - NUMBER OF FILES
       BL   @DISSTR      DISPLAY THE PROMPT
GTNF   BLWP @KSCAN       SCAN THE KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN STOP
       CB   @>837C,@ANYKEY HAS A KEY BEEN PRESSED
       JNE  GTNF         IF NOT, RE-SCAN
       MOV  @>8374,R8    MOVE KEY AS WORD INTO R8
       CI   R8,'1'       COMPARE TO "1"
       JLT  GTNF         IF LESS, REPEAT SCAN
       CI   R8,'9'       COMPARE TO "9"
       JGT  GTNF         IF GREATER, REPEAT SCAN
       LI   R0,3*32+14   ROW 4, COL 15
       MOVB @>8375,R1    GET THE KEY'S VALUE INTO R1
       BLWP @VSBW        WRITE THE CHOICE TO SCREEN
       MOVB R1,@PABDT+9  AND PLACE IT IN DATA FOR THE CALL
       LI   R0,6*32+6    ROW 7, COL 7
       LI   R1,ONSTR     "OLD NUMBER"
       BL   @DISSTR      DISPLAY THAT
       LI   R0,8*32+12   ROW 9,COL 13
       BL   @NUMDIS      SHOW NUMBER FROM >8370
MKCALL LI   R0,PAB       POINT AT PAB LOCATION IN VDP
       LI   R1,PABDT     AND DATA FOR PAB
       LI   R2,ANYKEY-PABDT INCLUDE THE TOKENIZED STUFF
       BLWP @VMBW        WRITE THAT TO VDP
       MOV  R0,@PABPNT   MOVE R0 TO >8356
       MOV  R0,@CALPNT   AND TO >832C
       BLWP @DSRLNK      USE DSR LINK
       DATA >A           WITH DATA FOR A "CALL" SERVICE
       MOV  @>8350,@>835E  CHECK FOR ERROR
       JEQ  NEWNUM       IF NONE, JUMP
       BL   @ERRDIS      ELSE DISPLAY ERROR CODE
NEWNUM LI   R0,13*32+6   ROW 14, COL 7
       LI   R1,NNSTR     "NEW NUMBER"
       BL   @DISSTR      DISPLAY THAT
       LI   R0,15*32+12  ROW 16, COL 13
       BL   @NUMDIS      DISPLAY NUMBER FROM >8370
       LI   R0,22*32+5   ROW 23, COL 6
       LI   R1,PAK       "PRESS ANY KEY"
       BL   @DISSTR      DISPLAY THAT
SCAN   BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@>837C  KEY STRUCK?
       JNE  SCAN         IF NONE, REPEAT
       LWPI GPLWS        LOAD GPL WORKSPACE
       B    @>6A         BRANCH TO GPL INTERPRETER
*
* SUBROUTINE SECTION
*
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DISSTR MOVB *R1+,R2      GET LENGTH BYTE
       JEQ  DISX         IF ZERO, EXIT
       SRL  R2,8         RIGHT JUSTIFY
       BLWP @VMBW        WRITE TO SCREEN
DISX   RT                RETURN
ERRDIS LI   R0,12*32+12  ROW 13, COL 13
       JMP  NDIS1        THEN JUMP
NUMDIS MOV  @>8370,@>835E  GET WORD FROM >8370 TO >835E
NDIS1  CLR  @>837C       CLEAR GPL STATUS
       BLWP @GPLLNK      USE GPL LINKAGE
       DATA >2F7C        DATA FOR INTEGER TO STRING CONVERSION
       MOVB @>8361,R2    GET STRING LENGTH
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  NODIS        IF ZERO, EXIT
       MOVB @>8367,R1    GET LOW BYTE OF POINTER TO STRING
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,>8300     ADD 8300 HIGH BYTE
       BLWP @VMBW        DISPLAY THE NUMBER STRING
NODIS  RT                RETURN
*
*  GENERAL PURPOSE GPL LINK
*  BY DOUG WARREN AND CRAIG MILLER
*
GR4    EQU  GPLWS+8
GR6    EQU  GPLWS+12
STKPNT EQU  >8373
LDGADD EQU  >60
XTAB27 EQU  >200E
GETSTK EQU  >166C
*
GPLLNK DATA GLNKWS
       DATA GLINK1
RTNAD  DATA XMLRTN
GXMLAD DATA >176C
       DATA >50
GLNKWS EQU  $->18
       BSS  >08
GLINK1 MOV  *R11,@GR4
       MOV  *R14+,@GR6
       MOV  @XTAB27,R12
       MOV  R9,@XTAB27
       LWPI GPLWS
       BL   *R4
       MOV  @GXMLAD,@>8302(R4)
       INCT @STKPNT
       B    @LDGADD
XMLRTN MOV  @GETSTK,R4
       BL   *R4
       LWPI GLNKWS
       MOV  R12,@XTAB27
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       RTWP
*
* DATA SECTION
WS     BSS  32           WORKSPACE
PABDT  BYTE 5            CALL NAME LENGTH
       TEXT 'FILES'      NAME
       BYTE >B7,>C8,1,'9',>B6  TOKENIZED CODE FOR (9)
ANYKEY BYTE >20          NUMBER FOR KEYSTROKE CHECKING
PROMPT BYTE 27
       TEXT 'HOW MANY FILES? PRESS (1-9)'
PAK    BYTE 21
       TEXT 'PRESS ANY KEY TO EXIT'
ONSTR  BYTE 19
       TEXT 'OLD NUMBER AT >8370'
NNSTR  BYTE 19
       TEXT 'NEW NUMBER AT >8370'
       END
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1.45. The Art Of Assembly — Part 45. Some Surprises

%\�%UXFH�+DUULVRQ

,W�LV�0D\�������DQG�ZH�DUH�RQFH�DJDLQ�GHSDUWLQJ�IURP�RXU�QRUPDO�IRUPDW�LQ�WKLV�FROXPQ��$PRQJ�RWKHU
WKLQJV��WKHUH
V�QR�6LGHEDU�RI�VRXUFH�FRGH�WKLV�PRQWK��7KLV�LV�EHFDXVH�ZH
YH�MXVW�VWDUWHG�RQ�DQRWKHU�QHZ
DGYHQWXUH�ZLWK�FRPSXWHUV��DQG�ZDQWHG�WR�SDVV�DORQJ�VRPH�REVHUYDWLRQV�WKDW�PD\�XSVHW�RU�HYHQ�DQJHU�WKH
OR\DO�7,�XVHUV��EXW�ZH
UH�WHOOLQJ�\RX�WKH�WUXWK�DV�ZH�VHH�LW��ZLWK�QR�DSRORJLHV�

1.45.1. The Purple Heart Bargain

7KHUH�DUH�D�QXPEHU�RI��WKULIW��VWRUHV�LQ�RXU�DUHD��DQG�EHLQJ�RQ�D�VPDOO�EXGJHW��ZH�VKRS�DW�WKRVH�VWRUHV�
$OO�WKH�JRRGV�VROG�DUH�XVHG��VROG��DV�LV���DOO�VDOHV�ILQDO��DQG�VR�RQ��6WLOO��WKHUH�DUH�RFFDVLRQDOO\�UHDO�JHPV
DPRQJ�WKH�UKLQHVWRQHV��2QH�GD\�ZKLOH�EURZVLQJ�LQ�WKH��3XUSOH�+HDUW��VWRUH�LQ�QHDUE\�%ODGHQVEXUJ��ZH
IRXQG�D�ZKLWH�ER[�WKDW�FRQWDLQHG�D�5DGLR�6KDFN�&RORU�&RPSXWHU����:H�LQTXLUHG�IRU�D�SULFH��DV�WKHUH�ZDV
QR�WDJ�DWWDFKHG���7ZHQW\�GROODUV��$6�,6��ZDV�WKH�UHVSRQVH��7KLV�ZDV�D���.�PHPRU\�PRGHO��ZLWK�5DGLR
6KDFN
V�([WHQGHG�%DVLF�EXLOW�LQ��VR�LW�ORRNHG�OLNH�D�SRWHQWLDO�EDUJDLQ��:H
YH�IRXQG�7,�FRQVROHV��EDUH�ERQHV�
DW�WKLV�VDPH�VWRUH�VHOOLQJ�IRU�DV�OLWWOH�DV��������DQG�WKH\�DOO�ZRUNHG��:H�VFRRSHG�XS�WKH�&&���RU�&R&R��DQG
UDFHG�KRPH�WR�WU\�LW�RXW��7KH�&R&R�LV�D�QLFH�SDFNDJH��,W�LQFOXGHV�D�EXLOW�LQ�SRZHU�VXSSO\��VR�WKHUH
V�QR
DZNZDUG�WUDQVIRUPHU�RQ�LWV�SRZHU�FRUG��7KHUH�ZHUH�QR�FDEOHV�LQFOXGHG�H[FHSW�WKH�5)�FDEOH�WR�FRQQHFW
WR�D�79�VHW��7KH�PRGXODWRU��WRR��LV�EXLOW�ULJKW�LQ��VR�QR�PRGXODWRU�QHHGV�WR�GDQJOH�DW�WKH�HQG�RI�D�FRUG��7KH
5)�FRQQHFWHG�WKURXJK�D�VLPSOH�DGDSWHU�ER[�WKDW�ZH�XVH�ZLWK�$WDUL�YLGHR�JDPHV�

,W�ZRUNHG�SHUIHFWO\��MXVW�DV�ZH
G�KRSHG��7KH�([WHQGHG�%DVLF�KHUH�LV�RI�FRXUVH�GLIIHUHQW�LQ�PDQ\�UHVSHFWV
IURP�WKDW�RQ�WKH�7,��EXW�ZH�ZHUH�DEOH�YHU\�TXLFNO\�WR�JHW�D�VWXSLG�WHVW�SURJUDP�W\SHG�LQ��:H�XVHG�D�VLPSOH
)25�1(;7�ORRS�DV�D�TXLFN�WHVW��OLNH�WKLV�

10 FOR I=1 TO 200
20 PRINT "HARRISON'S GARBAGE REPEAT NUMBER";I
30 NEXT I

+DYLQJ�SXW�WKLV�VLPSOH�WHVW�SURJUDP�LQ�SODFH��ZH�W\SHG�581�ENTER��DQG�ZHUH�DPD]HG��7KLV�SURJUDP�UDQ
VR�IDVW�WKDW�WKH�OLQHV�VFUROOLQJ�XS�WKH�VFUHHQ�ZHUH�D�EOXU��,W�ILQLVKHG�WKH�����UHSHDWV�LQ�MXVW�D�IHZ�VHFRQGV�
WKHQ�ZH�FRXOG�UHDG�WKH�OLQHV�WKDW�UHPDLQHG�RQ�WKH�VFUHHQ��:H
G�QHYHU�VHHQ�DQ\�YHUVLRQ�RI�%$6,&�UXQ�VR
IDVW��7R�VHH�MXVW�KRZ�IDVW��ZH�ILUHG�XS�WKH�3&�WKDW�KDSSHQHG�WR�EH�QHDUE\���7DQG\�����6;��DQG�W\SHG�WKH
VDPH�SURJUDP�LQWR�LWV�*:�%$6,&��1RZ�ZH�WHDPHG�XS�WR�VWDUW�HDFK�RI�WKHVH�WZR�UXQQLQJ�DW�WKH�VDPH�WLPH�
7KH�&R&R�ILQLVKHG�DW�DERXW�WKH�WLPH�WKDW�WKH�3&�ZDV�SULQWLQJ�QXPEHU������,Q�RWKHU�ZRUGV��WKLV�&R&R
V
([WHQGHG�%$6,&�ZDV�H[HFXWLQJ�DERXW�WZLFH�DV�IDVW�DV�WKH�*:�%$6,&�RQ�WKH�3&��:H�NQHZ�IURP�HDUOLHU
H[SHULPHQWV�WKDW�WKH�3&�ZLWK�*:�%$6,&�UXQV�PXFK�IDVWHU�WKDQ�RXU�WUXVW\�ROG�7,��VR�ZH�SXW�WKDW�VDPH
SURJUDP�LQWR�WKH�7,�LQ�&RQVROH�%$6,&��7KH�GLIIHUHQFH�LV�VWDUWOLQJ��7,
V�&RQVROH�%$6,&�LV�SDLQIXOO\�VORZ
FRPSDUHG�WR�*:�%$6,&��DQG�ULGLFXORXVO\�VORZ�FRPSDUHG�WR�WKH�&R&R��7KDW�VDPH�SURJUDP�UDQ�D�ELW�IDVWHU
LQ�7,�([WHQGHG�%$6,&��EXW�ZDV�VWLOO�QRZKHUH�QHDU�D�PDWFK�IRU�WKH�*:�%$6,&�RQ�WKH�3&��DQG�ODJJHG�ZD\
EHKLQG�FRPSDUHG�WR�WKH�&R&R�
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1.45.2. Graphics Capabilities

:H�FDOOHG�RXU�ORFDO�5DGLR�6KDFN��DQG�GLVFRYHUHG�WKDW�WKH�PDQXDO�IRU�WKH�&R&R�LV�VWLOO�DYDLODEOH��DERXW
��������VR�ZH�RUGHUHG�WKDW��:KLOH�ZDLWLQJ��ZH�FKHFNHG�WKH�VKHOYHV�DW�D�ORFDO�XVHG�ERRN�VWRUH��DQG�IRXQG�D
ERRN�FDOOHG�&RORU�&RPSXWHU�*UDSKLFV��7KLV�OLWWOH�JHP�FRQWDLQHG�D�YHU\�JRRG�GHVFULSWLRQ�RI�WKH�JUDSKLFV
FDSDELOLWLHV�SURYLGHG�E\�WKH�&R&R��ZLWK�VDPSOH�SURJUDPV�ZH�FRXOG�W\SH�LQ�DQG�UXQ��8QOLNH�WKH�7,��WKH
&R&R�RIIHUV�H[FHOOHQW�DFFHVV�WR�LWV�JUDSKLFV�FDSDELOLWLHV�GLUHFWO\�IURP�LWV�([WHQGHG�%$6,&��<HV��WKHUH
V�HYHQ
D�%LWPDS�0RGH������ð�����SL[HOV��WKDW
V�DFFHVVLEOH�IURP�WKH�&R&R
V�;%��,W�ZLOO�DOVR�SHUPLW�GUDZLQJ�OLQHV�
ER[HV��ILOOHG�LQ�ER[HV��FLUFOHV�DQG�HOOLSVHV�MXVW�ZLWK�VLPSOH�VWDWHPHQWV�IURP�;%��(YHQ�ZLWKRXW�WKH�UHJXODU
PDQXDO��ZH�IRXQG�WKDW�ZH�FRXOG�GR�VRPH�SUHWW\�DPD]LQJ�WKLQJV�RQ�WKLV�OLWWOH�FRPSXWHU��7KHUH�DUH�VRPH
WZHOYH�PRGHV�RI�RSHUDWLRQ�IRU�LWV�9'3��DQG�DOO�RI�WKRVH�FDQ�EH�XVHG�ZLWKRXW�UHVRUWLQJ�WR�DQ\�$VVHPEO\
WULFNV�

1.45.3. Limitations

7KHUH�DUH�VRPH�OLPLWDWLRQV�RQ�WKH�&R&R�WKDW�VHHP�VWUDQJH� WR� WKH�7,�XVHU��7KHUH�DUH�QR� ORZHU�FDVH
FKDUDFWHUV�DYDLODEOH��IRU�H[DPSOH��EXW�WKHUH�DUH�7:2�VHWV�RI�XSSHU�FDVH�FKDUDFWHUV��RQH�VHW�LQ��QRUPDO�
FRORUV��WKH�RWKHU�LQ��LQYHUWHG��FRORUV��$OVR��LQ�PDQ\�FDVHV�WKH�$6&,,�FRGHV�DUH�127�ZKDW�ZH
UH�DFFXVWRPHG
WR��7KHUH�LV�QR�XQGHUOLQH�FKDUDFWHU��IRU�H[DPSOH��,WV�SODFH�LV�WDNHQ�E\�D�OHIW�SRLQWLQJ�DUURZ�V\PERO��:+<"
7KHVH�FKDUDFWHU�SDWWHUQV�DUH�DOO�LQ�520��DQG�WKHUH
V�QR�ZD\�WR�UH�GHILQH�WKHP��VR�WKLV�ZHLUG�DUUDQJHPHQW
RI�WKH�$6&,,�FRGHV�LV�MXVW�D�IDFW�RI�OLIH�RQ�WKH�&R&R��7KLV�FDQ�EH�RYHUFRPH�IRU�SURJUDPV�WKDW�H[HFXWH�ZLWKLQ
WKH�&R&R��EXW�FRXOG�EH�D�UHDO�SUREOHP�LI�RQH
V�EULQJLQJ�LQ�VWXII�IURP�WKH�VHULDO�SRUW��IRU�H[DPSOH��VLQFH�WKH
$6&,,� FRGHV� FRPLQJ� LQ�PLJKW� QRW� SURYLGH� WKH� H[SHFWHG� FKDUDFWHUV� RQ� WKH� VFUHHQ��7KHUH� DOVR� LV� QR
FDSDELOLW\� IRU�XVLQJ� WKH� VWDQGDUG� FKDUDFWHUV� LQ� WKH�JUDSKLFV�PRGHV��7KHUH�DUH� LQ�EHWZHHQ�PRGHV�RI
RSHUDWLRQ� FDOOHG� �VHPLJUDSKLF��PRGHV� LQ� ZKLFK� RQH� FDQ�PL[� JUDSKLFV� ZLWK� DOSKDQXPHULFV�� EXW� WKH
DOSKDQXPHULFV�DUH�QRW�DYDLODEOH�RQFH�\RX
YH�SXW�WKH�&R&R�LQWR�D��WUXH�JUDSKLFV��PRGH�

2QH�RWKHU��QRW�VR�JRRG��LV�WKH�PHWKRG�RI�HGLWLQJ�SURJUDP�OLQHV�LQ�WKH�&R&R
V�([WHQGHG�%$6,&��,W
V�EDVHG
RQ�D�PHWKRG�ERUURZHG�IURP�WKH�ROG�7DQG\�756����%$6,&��DQG�LV�YHU\�FXPEHUVRPH�FRPSDUHG�WR�WKH
HGLWLQJ�FDSDELOLW\�RQ�WKH�7,
V�%$6,&V��1HLWKHU�7,�QRU�&R&R�FDQ�KROG�D�FDQGOH�WR�WKH�HGLWLQJ�FDSDELOLW\�RI
WKH�*:�%$6,&�RQ�WKH�3&V��EXW�WKH�&R&R�LV�IDU�EHORZ�WKH�7,�LQ�HGLWLQJ�%$6,&�SURJUDP�OLQHV��,
G�WHOO�\RX
MXVW�KRZ�GLIILFXOW�LW�LV��EXW�\RX�ZRXOGQ
W�EHOLHYH�LW�FRXOG�EH�VR�EDG��DQG�LW�ZRXOG�WDNH�SDJHV�WR�GHVFULEH�

1.45.4. Time's A Wastin'

:H�VDLG�WKH�&R&R�LV�IDVW��DQG�WKH�7,��E\�FRPSDULVRQ��LV�VORZ��:H�JRW�RXW�D�GLJLWDO�ZDWFK�DQG�WLPHG�WKH
WKLQJV��)LUVW�7,�&RQVROH�%DVLF��ZKLFK�ZDV�WKH�VORZHVW��WKHQ�RQ�XS��(DFK�WLPH�LV�H[SUHVVHG�LQ�0LQXWHV�DQG
6HFRQGV�
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7,�&RQVROH�%$6,& ����
7,�([WHQGHG�%$6,& ����
&RPSLOHG�7,�;% ����
7DQG\������)'��*:�%DVLF� ����
7DQG\�����6;��*:�%$6,&� ����
&R&R�([WHQGHG�%$6,& ����

*RLQJ�IURP�7,�&RQVROH�%$6,&�WR�WKH�&R&R�([WHQGHG�%DVLF�LV�QHDUO\�D����WR���VSHHG�FKDQJH��7KDW�7DQG\
�����)'�LQ�WKH�OLVW�LV�WKH�ODSWRS�3&�WKDW�ZH�XVH�WR�ZULWH�WKHVH�FROXPQV��7KH�����6;�ZDV�RQFH�WKH��7RS
RI�WKH�/LQH��7DQG\�3&��EDFN�ZKHQ�WKH�,QWHO������ZDV�WKH��VWDQGDUG��3&�PLFURSURFHVVRU��7KH������)'�DOVR
XVHV�WKH�,QWHO�������%RWK�DUH�EHDWHQ�KDQGLO\�E\�WKH�&R&R��ZKLFK�XVHV�WKH�0RWRUROD������PLFURSURFHVVRU
FKLS��7KH�([WHQGHG�%$6,&�XVHG�LQ�WKH�&R&R�LV�E\�0LFURVRIW��DQG�LV�VRUW�RI�D�FURVV�EHWZHHQ�WKH�0LFURVRIW
%$6,&�XVHG�LQ�3&V�DQG�WKH�ROG�7DQG\�756����%$6,&�

1RZ�WKDW�ZH
YH�RIIHQGHG�PRVW�RI�RXU�UHDGHUV�E\�JLYLQJ�VXFK�D�JORZLQJ�DFFRXQW�RI�WKH�5DGLR�6KDFN�&RORU
&RPSXWHU����OHW
V�EDFN�RII�MXVW�D�OLWWOH�IRU�VRPH�IDLUQHVV��$V�\HW��ZH�GRQ
W�HYHQ�KDYH�D�FDVVHWWH�FDEOH�WR�VDYH
RXU�&R&R�SURJUDPV��PXFK�OHVV�DQ\�ZD\�WR�XVH�FRQYHQLHQFHV�OLNH�GLVN�GULYHV��$OVR��ZH�GRQ
W�KDYH�DQ\�ZD\
WR�FKHFN�WKH�FRPSXWHU�ZLWK�$VVHPEO\�ODQJXDJH�VWXII��:H�GRQ
W�NQRZ�ZKDW�LQWHUQDO�FORFN�VSHHGV�DUH�XVHG
LQ�WKH�&R&R��EXW�ZH
UH�VXUH�LW
V�QRW�LQ�WKH�WHQV�RI�0HJDKHUW]��3UREDEO\�WKH�VLQJOH�ELJJHVW�IDFWRU�LQ�WKH�VSHHG
RI�WKH�&R&R�DV�FRPSDUHG�WR�WKH�7,�����$�LV�WKH�ODFN�RI�WKDW�*3/�,QWHUSUHWDWLRQ�VWHS��7KXV�WKHUH
V�QR�QHHG
IRU�*520V��DQG�WKH�%$6,&�LQWHUSUHWHU�LV�FRQWDLQHG�LQ�520�WKDW
V�ZLWKLQ�WKH�PDLQ�DGGUHVV�VSDFH��7KHUH
V
DOVR�QR�VXFK�WKLQJ�DV�9'3�5$0�LQ�WKH�&R&R��7KH�VFUHHQ�WDEOH�LV�VLPSO\�D�SLHFH�RI�WKH�UHJXODU�5$0
UHVHUYHG�IRU�WKH�VFUHHQ�LPDJHV��7KLV�FRQFHSW�PDNHV�WKLQJV�KDSSHQ�IDVWHU��EXW�DW�WKH�H[SHQVH�RI�XVLQJ
PHPRU\�IRU�VFUHHQ�LPDJHV�WKDW�FRXOG�RWKHUZLVH�EH�XVHG�IRU�SURJUDP�VSDFH�

:KLOH�ZH
UH�RQ�WKH�VXEMHFW�RI�OLPLWDWLRQV��ZH�VKRXOG�PHQWLRQ�WKDW�WKHUH�DUH�RQO\���FRORUV��LQFOXGLQJ�EODFN�
RQ�WKH�&R&R��DQG�WKDW�LQ�WKH�KLJKHVW�UHVROXWLRQ�JUDSKLFV�PRGH������E\�����SL[HOV��WKHUH�DUH�WZR�VHWV�RI
WZR�FRORUV�HDFK��VR�WKH�JUDSKLFV�DUH�GUDZQ�RQO\�LQ�EODFN�RQ�JUHHQ��XJO\��RU�EODFN�RQ�JUD\��EHWWHU���,Q�ORZHU
UHVROXWLRQ�JUDSKLFV�PRGHV��WKHUH�DUH�WZR�VHWV�RI�IRXU�FRORUV�WR�FKRRVH�IURP��EXW�QRW�DOO�WKH�FKRLFHV�DUH
XVHIXO��:H
UH�VSRLOHG�E\�WKH�DELOLW\�RQ�WKH�7,�WR�XVH����FRORUV�HYHQ�LQ�WKH�%LWPDS�0RGH�DW�����E\����
SL[HOV�

:H
OO�NHHS�H[SHULPHQWLQJ�ZLWK�WKH�&R&R��DQG�ZLOO�KDYH�PRUH�WR�VD\�DERXW�LW�ODWHU��+DYH�QR�IHDU��ZH
OO�QRW
JLYH�XS�RXU�WUXVW\�ROG�7,��QRU�RXU�3&V��:H
OO�FRQWLQXH�PDNLQJ�WKRVH�OLWWOH�$VVHPEO\�SURJUDPV�WKDW�VRPH
LQ�RXU��FRPPXQLW\��ILQG�XVHIXO��:H
OO�DOVR�NHHS�RQ�SURELQJ�LQWR�WKH�LQQHU�ZRUNLQJV�RI�RXU�7,��DQG�WHOOLQJ
\RX�ZKDW�ZH
YH�IRXQG�OXUNLQJ�WKHUH�

:H
OO�EH�SUHVHQWLQJ�VRPH�QHZ�$VVHPEO\�SURJUDPV�DW�WKH�/LPD�)DLUH��2I�FRXUVH�E\�WKH�WLPH�\RX�UHDG�WKLV�
LW
OO�EH�DOPRVW�WLPH�IRU�WKH������/LPD�)DLUH��6RPHWLPHV�LW
V�D�UHDO�SDLQ�WR�EH�ZULWLQJ�VR�IDU�DKHDG�RI�RXU
SXEOLFDWLRQ�GDWHV��7KH�RQO\�UHDO�DGYDQWDJH�LV�WKDW��ZKHQHYHU�ZH�ZDQW��ZH�FDQ�WDNH�D�PRQWK�RU�WZR��ZRXOG
\RX�EHOLHYH�WHQ"��RII�IURP�ZULWLQJ�ZLWKRXW�PLVVLQJ�D�GHDGOLQH�
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1H[W�PRQWK�ZH
OO�JR�EDFN�LQWR�WKH�UHDOP�RI�7,�%LWPDS�0RGH��$PRQJ�RWKHU�WKLQJV��ZH
OO�SDVV�DORQJ�D�QLIW\
DQG�TXLFN�ZD\�RI�GUDZLQJ�VWUDLJKW�OLQHV�IURP�DQ\ZKHUH�WR�DQ\ZKHUH�RQ�WKH�7,�%LWPDS�VFUHHQ��:H
OO�VKRZ
DQ�DOJRULWKP�WKDW�ZH��ERUURZHG��IURP�D�ERRN�RQ�3&�$VVHPEO\��PRGLILHG�WR�ZRUN�RQ�WKH�7,��PDNLQJ
RSWLPDO�VWUDLJKW�OLQHV�DQG�PDNLQJ�WKHP�YHU\�TXLFNO\��6HH�\RX�WKHQ�
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1.46. The Art Of Assembly — Part 46. Drawing A Straight Line

%\�%UXFH�+DUULVRQ

:KLOH�ZH�ZHUH�GHYHORSLQJ�RXU�'UDZLQJ�SURJUDP��ZH�IRXQG�WKH�QHHG�IRU�VRPH�ZD\�WR�PDNH�D�VWUDLJKW�OLQH
EHWZHHQ�DQ\�WZR�SODFHV�RQ�WKH�%LWPDS�VFUHHQ��7KDW
V�QRW�VR�HDV\�DV�LW�PLJKW�VHHP��HVSHFLDOO\�LI�RQH�ZDQWV
WKH�GUDZLQJ�WR�KDSSHQ�YHU\�TXLFNO\��2QH�FRXOG�XVH�DQ\�RI�D�KRVW�RI�PHWKRGV��LQFOXGLQJ�WKRVH�XVLQJ�VLQHV
DQG� FRVLQHV� RI� DQJOHV�� EXW� WKH� EXUGHQ� LQ� WKRVH�PHWKRGV� LV� WKDW� WKHUH� DUH� QXPHURXV� IORDWLQJ� SRLQW
FDOFXODWLRQV�UHTXLUHG��DQG�WKXV�WKH�RSHUDWLRQ�LV�VORZ��HYHQ�ZKHQ�$VVHPEO\�LV�XVHG�

,W
V�EHHQ�D�ORQJ�WLPH�VLQFH�+LJK�6FKRRO�7ULJRQRPHWU\��DQG�PXFK�RI�WKDW�VLQH�FRVLQH�VWXII�KDV�EHHQ�ORVW�LQ
IRJJ\�ROG�PHPRULHV��,Q�VXFK�FDVHV�ZH�WU\�WR�IROORZ�D�UXOH�ZH�KHDUG��DWWULEXWHG�WR�$OEHUW�(LQVWHLQ��WR�ZLW�
�1HYHU�ERWKHU�WR�PHPRUL]H�DQ\WKLQJ�WKDW�\RX�FDQ�ORRN�XS�LQ�D�ERRN���:H�NHHS�ORWV�RI�ERRNV�KDQG\��DQG
QRZ�DQG�WKHQ�ILQG�VRPHWKLQJ�UHDOO\�YDOXDEOH�LQ�WKHP��2QH�RI�WKHVH�LV�D�ERRN�RQ�3&�$VVHPEO\�ODQJXDJH�
ZKLFK�FRQWDLQV�VRPH�LQWHUHVWLQJ�LGHDV�IRU�JUDSKLFV�SURJUDPPLQJ���$VVHPEO\�/DQJXDJH�3ULPHU�IRU�WKH�,%0

3&�	�;7��E\�5REHUW�/DIRUH��&RS\ULJKW������E\�7KH�:DLWH�*URXS��D�3OXPH�:DLWH�ERRN��SXEOLVKHG�E\�1$/
3HQJXLQ��,QF���1HZ�<RUN��1<�DQG�6FDUERURXJK��2QWDULR���:H�SXOOHG�WKDW�ERRN�RXW�RI�WKH�PHVV�KHUH�LQ�RXU
FRPSXWHU�FKDPEHU��DQG�ORRNHG�DW�WKH�JUDSKLFV�FKDSWHU��6XUH�HQRXJK��WKLV�KDG�WKH�DQVZHU�WR�RXU�QHHG�

$�YHU\�FOHYHU�JX\�QDPHG�%UHVHQKDP�GHYLVHG�DQ�DOJRULWKP�IRU�PDNLQJ�VWUDLJKW�OLQHV�RQ�D�FRPSXWHU�VFUHHQ�
7KLV�DOJRULWKP�WDNHV�IXOO�DGYDQWDJH�RI�WKH�GLVFUHWH�QDWXUH�RI�WKH��SL[HO��VWUXFWXUH��DQG�XVHV�RQO\�YHU\
VLPSOH�PDWK��DGG��VXEWUDFW��FRPSDUH��WR�SHUIRUP�DOO�LWV�VWHSV��7KXV�LW�ZRUNV�YHU\�TXLFNO\�WR�GUDZ�WKH
�LGHDO��VWUDLJKW�OLQH�RQ�WKH�VFUHHQ�

1.46.1. Simplicity Itself

:H�HQWHU�WKH�DOJRULWKP�ZLWK�IRXU�QXPEHUV��WKHVH�EHLQJ�WKH�;�DQG�<�FRRUGLQDWHV�RI�WKH�VWDUW�SRLQW��DQG
WKH�;�DQG�<�RI�WKH�HQGLQJ�SRLQW��7KHVH�IRXU�QXPEHUV�DUH�LQ��SL[HO��FRRUGLQDWHV��RI�FRXUVH��VR�WKDW�RQ�WKH
7,�WKH�;�QXPEHUV�UDQJH�IURP���WKURXJK������DQG�<�IURP���WKURXJK������2XU�GUDZLQJ�SURJUDP�GRHVQ
W
XVH�DOO�RI�WKDW�UDQJH��EXW�WKH�FRQFHSW�LV�WKH�VDPH��7KH�DOJRULWKP�FDOFXODWHV�ZKHUH�HDFK�SRLQW�LQ�WKH�OLQH
VKRXOG�EH�GUDZQ��SL[HO�E\�SL[HO��7KHUH�ZDV�VRPH�DGDSWDWLRQ�UHTXLUHG��VLQFH�WKH�YHUVLRQ�LQ�WKH�ERRN�ZDV
IRU�3&�$VVHPEO\�ODQJXDJH��:H�IRXQG�WKDW�WKH�ERRN�YHUVLRQ�XVHG�WKH�6,�DQG�',�UHJLVWHUV�WR�VWRUH�VRPH�RI
WKH�YDULDEOHV��DQG�RI�FRXUVH�WKH�7,�GRHVQ
W�KDYH�VXFK�UHJLVWHUV��:H�PDGH�XS�IRU�WKDW�E\�VHWWLQJ�DVLGH�WZR
ZRUGV� LQ�RXU�'$7$�VHFWLRQ�FDOOHG�(66(<(��IRU�6,��DQG�'(((<(��IRU�',���$OVR��VLQFH�RXU�GUDZLQJ
SURJUDP�DOUHDG\�KDG�D�3/27�VXEURXWLQH�WR�SODFH�WKH�SL[HOV�RQ�VFUHHQ��ZH�VLPSO\�%/�WR�WKDW�LQVWHDG�RI
XVLQJ�WKH�PHWKRG�IRU�SORWWLQJ�WKH�SRLQWV�DV�JLYHQ�E\�WKH�ERRN�
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1.46.2. Today's Sidebar Shows. . .

7KH�FRGH�LQ�WRGD\
V�6LGHEDU�LV�QRW�FRPSOHWH��EXW�PHUHO\�D�IUDJPHQW�WKDW�\RX�FRXOG�VXUURXQG�ZLWK�\RXU�RZQ
FRGH��$V�VKRZQ��LW�VWDUWV�ZLWK�WKH�7,�DOUHDG\�LQ�%LWPDS�0RGH��,Q�SDUWV����DQG����RI�WKLV�VHULHV��\RX
OO�ILQG
WKH�FRGH�WR�JHW�LQ�DQG�RXW�RI�%LWPDS��7KH�FRGH�VKRZQ�XVHV�WKH�SRVLWLRQ�RI�D�VSULWH�WR�VXSSO\�WKH�FRRUGLQDWHV
IRU�WKH�VWDUW�DQG�HQG�RI�WKH�OLQH��<RX�FRXOG�VXEVWLWXWH�VRPH�RWKHU�PHWKRG�RI�VHWWLQJ�WKHVH�FRRUGLQDWHV��DQG
ZRXOG�QRW�QHFHVVDULO\�QHHG�WR�DGG�WKH��RIIVHWV��WKDW�ZH�VKRZ�LQ�RXU�FRGH��7KRVH�ZHUH�QHFHVVDU\�EHFDXVH
WKH�FURVVLQJ�RI�WKH�WZR�OLQHV�LQ�WKH�����WKDW�ZH�XVH�DV�D�FXUVRU�LV�QRW�DW�WKH�UHSRUWHG�VSULWH�SRVLWLRQ�

,Q�VKRUW��PRGLI\�WR�\RXU�KHDUW
V�FRQWHQW��VR�ORQJ�DV�DOO�WKH�UHTXLUHG�YDULDEOHV�JHW�VXSSOLHG�WR�WH�DOJRULWKP�
7KRVH�YDULDEOHV�DUH�

;�  �VWDUW�KRUL]RQWDO�SRVLWLRQ
<�  �VWDUW�YHUWLFDO�SRVLWLRQ
;�  �HQGLQJ�KRUL]RQWDO�SRVLWLRQ
<�  �HQGLQJ�YHUWLFDO�SRVLWLRQ
'(/;  �DEVROXWH�YDOXH�RI�;��;�
'(/<  �DEVROXWH�YDOXH�RI�<��<�
(66(<(  �VLJQ�RI�'(/<�����RU����
'(((<(  �VLJQ�RI�'(/;�����RU����
+$/);  �KDOI�RI�'(/;
+$/)<  �KDOI�RI�'(/<

,Q�WKH�6LGHEDU��\RX
OO�VHH�WKDW�ZH
YH�XVHG�UHJLVWHUV�5���5���5���DQG�5��WR�KROG�WKHVH�QXPEHUV�ZKLOH�PDWK
ZDV�EHLQJ�SHUIRUPHG��EXW�SXW�WKHP�DOO�LQWR�WKH�YDULDEOHV�EHIRUH�WKH�OLQH�VWDUWV�EHLQJ�GUDZQ��:H
YH�WKHQ
SXW�;��DQG�<��LQWR�5��DQG�5���VLQFH�WKRVH�DUH�XVHG�E\�RXU�3/27�VXEURXWLQH�DV�WKH�;�DQG�<�SRVLWLRQV�IRU
SORWWLQJ�D�SRLQW�

1.46.3. The Hard Part

7KH�UHDO�ZRUN�RI�WKH�DOJRULWKP�VWDUWV�DW�ODEHO�67$/*��ZKHUH�ZH�FRPSDUH�#'(/;�#'(/<��,I�'(/;�LV
ORZHU�WKDQ�'(/<��WKHQ�ZH�KDYH�D��VWHHS��OLQH�WR�GUDZ��DERYH����GHJUHHV���HOVH�ZH�KDYH�DQ��HDV\��OLQH��7KH
PDLQ�GLIIHUHQFH�EHWZHHQ�/($6<�DQG�67((3�LV�ZKLFK�YDULDEOH�GHWHUPLQHV�KRZ�PDQ\�SRLQWV�PXVW�EH
SORWWHG��)RU�D�VWHHS�OLQH��ZH�QHHG�WR�SORW�'(/<�SRLQWV��ZKLOH�IRU�DQ�HDV\�RQH�ZH�PXVW�SORW�'(/;�SRLQWV�
,Q�RWKHU�ZRUGV��WKH�DOJRULWKP�SORWV�WKH�UHTXLUHG�QXPEHU�RI�SRLQWV��WKDW�EHLQJ�WKH�QXPEHU�LQ�'(/;�RU
'(/<��ZKLFKHYHU�LV�WKH�JUHDWHU�QXPEHU��$V�ZH�HQWHU�WKH�DOJRULWKP��5��VWLOO�FRQWDLQV�'(/<��DQG�5��VWLOO
FRQWDLQV�'(/;��VR�ZH
YH�WDNHQ�D�VKRUWFXW�DW�ODEHOV�/($6<�DQG�67((3�E\�VLPSO\�VKLIWLQJ�ULJKW�E\�RQH
ELW�WR�PDNH�WKH�DSSURSULDWH�+$/)�YDOXH�
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,Q�RXU�LPSOHPHQWDWLRQ��ZH
YH�XVHG�5���DV�D�WHPSRUDU\�VWRUDJH��5���WR�FRXQW�WKH�QXPEHU�RI�SL[HOV�ZH
OO
SORW��DQG�5��IRU�WKH�FRORU�RI�WKH�OLQH�WR�EH�GUDZQ��7KXV�IRU�DQ��HDV\��VORSH��ZH�SXW�'(/;�LQ�5���WR�FRXQW
SRLQWV��ZKLOH�IRU�VWHHS�OLQHV��ZH�SXW�'(/<�LQ�5����7KH�NH\�WR�WKLV�ZKROH�SURFHVV�LV�WKH�LQWURGXFWLRQ�RI
ZKDW�%UHVHQKDP�FDOOV�DQ��HUURU�WHUP���7KLV�LV�D�YDULDEOH�WKDW�WUDFNV�KRZ�IDU�WKH�FXUUHQW�SORWWHG�SRLQW
VWUD\V�IURP�ZKDW�ZRXOG�EH�WKH�LGHDO�SRVLWLRQ��,Q�RXU�LPSOHPHQWDWLRQ��ZH�FOHDUHG�5���DW�WKH�RXWVHW��VR�5��
VHUYHV�DV�WKH��HUURU�WHUP��YDULDEOH�

1.46.4. Step-By-Step

/HW
V�MXVW�IRU�WKH�PRPHQW�DVVXPH�WKDW�ZH
UH�JRLQJ�WR�PDNH�D�OLQH�VWDUWLQJ�DW�������DQG�JRLQJ�HLJKW�SL[HOV
WR�WKH�ULJKW�KRUL]RQWDOO\�DQG�VL[�SL[HOV�XSZDUGV�YHUWLFDOO\�IURP�WKDW�SRLQW��7KLV�LV�D�VORSH�RI�WKH��HDV\�
YDULHW\��VR�ZH
OO�VWDUW�RXU�VWHS�E\�VWHS�DW�ODEHO�/($6<�LQ�WKH�6LGHEDU��6LQFH�ZH
UH�JRLQJ�XS��(66(<(�ZLOO
EH�����ZKLOH�'(((<(�ZLOO�EH�����JRLQJ�WR�WKH�ULJKW�

2XU�LPSOHPHQWDWLRQ�LV�VOLJKWO\�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�ZH�FDQ�XVH�WKLV�VDPH�SDUW�RI�WKH�FRGH�WR�HLWKHU
GUDZ�D�OLQH�RU�HUDVH�RQH��EXW�ZH
OO�DVVXPH�WKDW�ZH
UH�QRW�HUDVLQJ��VR�(56)/*�ZLOO�EH�]HUR��$W�ODEHO�/($6<�
5��VWLOO�FRQWDLQV�ZKDW�ZH�VWRUHG�DW�'(/;��VR�ZH�VKLIW�WKDW�ULJKW�RQH�ELW��FXWWLQJ�LWV�YDOXH�LQ�KDOI��WKHQ
PRYH�WKDW�YDOXH�WR�+$/);��1RZ�'(/<�FRQWDLQV����'(/;�FRQWDLQV����DQG�+$/);�FRQWDLQV����:H
OO�PRYH
'(/;�LQWR�5����VR�ZH
OO�SORW���SRLQWV�WRWDO�IRU�WKLV�OLQH��LQFOXGLQJ�WKH�VWDUW�SRLQW�DQG�HQG�SRLQW���$W
/'27���ZH�ILQG�(56)/*�LV�]HUR��VR�ZH�ZLOO�029%�#/,1&/5�5���1H[W�ZH
OO�%/�#3/27�WR�SXW�D�SL[HO
RQ�VFUHHQ�DW��������WKHQ�MXPS�RYHU�ODEHO�/($6(�WR�/'27���1RZ�ZH
OO�PRYH�WR�WKH�QH[W�GRW�FROXPQ�E\
DGGLQJ�ZKDW
V�DW�'(((<(�WR�5��

1RZ�WKH�WULFN�RI�%UHVHQKDP
V�DOJRULWKP��:H�DGG�'(/<�WR�5����VR�5���FRQWDLQV����:H�FRPSDUH�WKDW�WR
+$/);��ZKLFK�FRQWDLQV����,I�5���LV�JUHDWHU�WKDQ�+$/);���LW�LV�WKLV�WLPH��WKHQ�ZH�VXEWUDFW�'(/;�IURP
WKH�HUURU�WHUP��DQG�DGG�(66(<(������WR�5���VR�RXU�QH[W�SL[HO�ZLOO�EH�SORWWHG�DW�������2XU�HUURU�WHUP�LQ�5��
LV�QRZ�DW����

$IWHU�SORWWLQJ�WKDW�VHFRQG�SL[HO��ZH�DJDLQ�DGG���WR�5����VR�LW
V�QRZ�HTXDO�WR����6LQFH�WKDW
V�QRW�JUHDWHU�WKDQ
+$/);��ZH�GRQ
W�FKDQJH�5���DQG�ZH�GRQ
W�VXEWUDFW�DQ\WKLQJ�IURP�WKH�HUURU�WHUP��7KXV�RXU�QH[W�SRLQW
JHWV�SORWWHG�DW������

7KLV�JHWV�WHGLRXV��GRHVQ
W�LW��)RU�WKRVH�ZKR�ZDQW�WR�VHH�WKH�UHVW�RI�WKLV�SURFHVV�SOD\HG�RXW��WKHUH�LV�DQ
([WHQGHG�%DVLF�SURJUDP�FDOOHG�%5(6+�ZKLFK�LV�OLVWHG�LQ�WKH�6LGHEDU��7KLV�SURJUDP�ZLOO�PDNH�D�OLQH�RI
�SL[HOV��XVLQJ�FXUVRUV�IRU�HDFK�GRW��DQG�ZLOO�UHSRUW�DW�WKH�WRS�RI�WKH�VFUHHQ�WKH�YDULDEOHV�DV�WKH\�FKDQJH�
-XVW�SUHVV�D�NH\�WR�PDNH�HDFK��GRW���7R�PDNH�LW�ORRN�EHWWHU�RQ�WKH�VFUHHQ��ZH�VWDUWHG�WKH�OLQH�DW��������EXW
RWKHUZLVH�LW
V�MXVW�DV�ZH�GHVFULEHG�DERYH�



The Cyc: MICROpendium

)RU�WKRVH�ZKR�ZDQW�WR�H[SHULPHQW�EH\RQG�WKH�RQH�OLQH��WKHUH
V�D�VHFRQG�;%�SURJUDP�FDOOHG�%5(6+��
ZKLFK�DOORZV�\RX�WR�HQWHU�\RXU�RZQ�'HOWDV��DQG�WKHQ�PDNHV�WKH�OLQH�IRU�\RX��VWDUWLQJ�DW�������1RWLFH�KHUH
WKDW�WKH�DOJRULWKP�GRHVQ
W�JHW�FRQIXVHG�HYHQ�LI�HLWKHU�'HOWD�LV�]HUR��RU�HYHQ�LI�ERWK�DUH�]HUR��7KH�OLPLWV�DUH
���IRU�'(/;�DQG����IRU�'(/<��VR�ZH�ZRQ
W�WU\�GRLQJ�DQ�LOOHJDO�',63/$<�$7��:KHQ�%5(6+��ILQLVKHV�D
OLQH��LW�ZLOO�ZDLW�IRU�D�NH\SUHVV��3UHVVLQJ�R�ZLOO�WDNH�\RX�EDFN�WR�GR�DQRWKHU�OLQH��ZKLOH�DQ\�RWKHU�NH\�ZLOO
H[LW�WKH�SURJUDP��<RX�FDQ�RI�FRXUVH�GR�WKH�VDPH�NLQG�RI�H[SHULPHQWV�ZLWK�WKH�%5(6+�SURJUDP��FKDQJLQJ
WKH�SDUDPHWHUV�WR�VHH�ZKDW�KDSSHQV��H[FHSW�WKDW�%5(6+�LV�RQO\�VHW�XS�WR�KDQGOH��HDV\��OLQHV��QRW�VWHHS
RQHV��7KH�YDULDEOHV�DUH�QDPHG�WR�FRLQFLGH�ZLWK�WKH�ZD\�WKH�$VVHPEO\�YHUVLRQ�ZRUNV��VR�WKDW�LW
OO�EH�HDVLHU
WR�IROORZ�

1.46.5. Math Whiz Needed

:H
YH�H[SODLQHG�ZKDW�%UHVHQKDP
V�DOJRULWKP�LV��ZKDW�LW�GRHV��DQG�KRZ�LW�GRHV�ZKDW�LW�GRHV��EXW�WKDW
GRHVQ
W�PHDQ�ZH�XQGHUVWDQG�ZK\�LW�ZRUNV��7KH�ERRN�WKDW�ZH�WRRN�LW�IURP�VD\V�WKH�HUURU�WHUP��������LV
UHODWHG�WR�WKH�GLIIHUHQFH�EHWZHHQ�ZKHUH�WKH�SL[HO�VKRXOG�JR��LI�LW�FRXOG�EH�GUDZQ�ULJKW�RQ�WKH�OLQH��DQG
ZKHUH�LW�PXVW�JR��VLQFH�LW�FDQ�RQO\�RFFXS\�LQWHJHU�SL[HO�ORFDWLRQV���<HV��WKDW
V�ILQH�DV�IDU�DV�LW�JRHV��EXW�LW
VWLOO�GRHVQ
W�VD\�ZK\�DGGLQJ�DQG�VXEWUDFWLQJ�DQG�FRPSDULQJ�LQ�WKLV�ZD\�DFFRPSOLVKHV�WKH�GHVLUHG�JRDO��:H
GRQ
W�UHDOO\�NQRZ�HLWKHU��3HUKDSV�VRPHERG\�LQ�RXU�ZRUOGZLGH�UHDGHUVKLS�ZLOO�EH�DEOH�WR�H[SODLQ�WKLV�WR�WKH
UHVW�RI�XV��)RU�WKH�WLPH�EHLQJ��ZH
UH�YHU\�KDSS\�WKDW�LW�GRHV�ZRUN��SURGXFLQJ�D�QHDU�LGHDO�VWUDLJKW�OLQH�ZLWK
GLVFUHWH�SL[HOV��:H
YH�SDVVHG�LW�DORQJ�WR�\RX�LQ�WKH�6LGHEDU��VR�RWKHUV�PD\�JHW�VRPH�XVH�IURP�LW��DQG�WKDW
V
WKH�EHVW�ZH�FDQ�GR�

7KDW
V�DOO�IRU�WRGD\��1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG�DW�WKLV�SRLQW��VR�\RX
OO�MXVW�KDYH�WR�ZDLW�DQG�VHH�ZKDW
V
LQ�QH[W�PRQWK
V�FROXPQ�

* SIDEBAR 46
* A SIMPLE AND FAST METHOD
* FOR DRAWING PIXEL LINES
* BETWEEN TWO POINTS
* THIS IS A FRAGMENT FROM OUR
* DRAWING PROGRAM, NOT COMPLETE CODE
*
* AT THE ENTRY POINT, THE USER HAS PLACED
* SPRITE #0, A + SIGN ACTING AS THE DRAWING
* CURSOR, AT THE SPOT WHERE THE LINE IS TO START
* THE KEY HAS BEEN PRESSED TO INDICATE THAT,
* SO THE CODE BELOW STASHES AWAY THE COORDINATES
* AFTER ADDING OFFSETS SO THE POINT STORED IS
* THE CENTER OF THE + CHARACTER
*
       LI   R0,>3800     POINT AT START OF SPRITE POSITION TABLE
       BLWP @VSBR        READ Y OF SPRITE 0
       SRL  R1,8         RIGHT-JUSTIFY
       AI   R1,5         ADD OFFSET FOR CENTER OF +
       MOV  R1,@Y1       Y1=START Y POSITION
       INC  R0           POINT TO NEXT VDP BYTE
       BLWP @VSBR        READ X OF SPRITE 0
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       SRL  R1,8         RIGHT-JUSTIFY
       AI   R1,3         ADD OFFSET FOR CENTER OF +
       MOV  R1,@X1       X1=START X POSITION
*
* BETWEEN HERE AND THE CODE BELOW,
* THE "CURSOR" SPRITE HAS BEEN MOVED
* BY THE USER TO THE DESIRED END-POINT
* FOR THE LINE SEGMENT, AND A KEY HAS BEEN
* PRESSED TO INDICATE THIS IS THE ENDPOINT
* THE CODE BELOW, THEN, STARTS BY CAPTURING
* THE END-POINT COORDINATES
*
       LI   R0,>3800     POINT AT Y OF SPRITE 0
       BLWP @VSBR        READ THAT
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,5         ADD OFFSET
       MOV  R1,@Y2       Y2=END Y POSITION
       MOV  R1,R3        R3 HAS Y2
       INC  R0           POINT AHEAD TO NEXT VDP BYTE
       BLWP @VSBR        READ X OF SPRITE 0
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,3         ADD OFFSET
       MOV  R1,@X2       X2=END X POSITION
       MOV  R1,R4        R4 HAS X2
       S    @Y1,R3       R3 HAS DELTA Y
       JLT  LD40         IF BELOW ZERO, JUMP
       LI   R5,1         ELSE R5=1
       JMP  LD41         THEN JUMP
LD40   LI   R5,-1        R5 = -1
LD41   ABS  R3           R3 HAS ABS. VAL. DELTA Y
       MOV  R5,@ESSEYE   SAVE R5 TO ESSEYE
       MOV  R3,@DELY     SAVE R3 AT DELY
*
* AT THIS POINT, DELY HAS THE DIFFERENCE IN Y POSITIONS
* ESSEYE HAS THE SIGN (+1 OR -1) OF THAT DIFFERENCE
*
       S    @X1,R4       R4 HAS DELTA X
       JLT  LD50         IF BELOW ZERO JUMP
       LI   R6,1         ELSE LOAD R6 WITH 1
       JMP  LD51         THEN SKIP AHEAD
LD50   LI   R6,-1        LOAD R6 WITH -1
LD51   ABS  R4           R4 HAS ABS. VAL. DELTA X
       MOV  R6,@DEEEYE   SAVE R6 AT DEEEYE
       MOV  R4,@DELX     SAVE R4 AT DELX
*
* AT THIS POINT, DELX HAS THE DIFFERENCE IN X POSITIONS
* DEEEYE HAS THE SIGN (+1 OR -1) OF THAT DIFFERENCE
*
       MOV  @X1,R7       PUT START X POINT IN R7 (DOT-COLUMN)
       MOV  @Y1,R8       PUT START Y POINT IN R8 (DOT-ROW)
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       CLR  R9           CLEAR R9 (USED FOR COLOR OF LINE)
       CLR  R10          AND R10
STALG  C    @DELX,@DELY  COMPARE DELX,DELY
       JL   LSTEEP       IF DELX LOW, JUMP TO STEEP
LEASY  SRL  R4,1         ELSE SLOPE <45 , CUT R4 IN HALF
       MOV  R4,@HALFX    SAVE AT HALFX
       MOV  @DELX,R12    MOVE DELTA X TO R12
LDOT1  MOV  @ERSFLG,R3   CHECK FOR ERASE STATUS
       JNE  LEASE        IF ERASE, JUMP
       MOVB @LINCLR,R9   PUT LINE DRAW COLOR IN R9
       BL   @PLOT        PLOT A POINT AT COORDINATES IN R8,R7
       JMP  LDOT2        THEN JUMP AHEAD
LEASE  BL   @UNPLOT      ERASE A POINT AT R8,R7 LOCATION
LDOT2  A    @DEEEYE,R7   ADD + OR - 1 TO R7
       A    @DELY,R10    ADD DELTA Y TO R10
       C    R10,@HALFX   COMPARE TO HALF OF X
       JLT  LDOT3        IF LESS, JUMP
       JEQ  LDOT3        OR IF EQUAL, JUMP
       S    @DELX,R10    SUBTRACT DELTA X FROM R10
       A    @ESSEYE,R8   ADD PLUS OR MINUS 1 TO R8
LDOT3  DEC  R12          DECREMENT DELTA X IN R12
       JGT  LDOT1        IF POSITIVE, REPEAT
       JEQ  LDOT1        OR IF EQUAL, REPEAT
       JMP  LDREX        ELSE LINE FINISHED
LSTEEP SRA  R3,1         CUT R3 (DELTA Y) IN HALF
       MOV  R3,@HALFY    SAVE AT HALFY
       MOV  @DELY,R12    GET DELY INTO R12
LDOT4  MOV  @ERSFLG,R3   CHECK FOR ERASE
       JNE  LSTPE        IF ERASE, JUMP AHEAD
       MOVB @LINCLR,R9   ELSE PUT LINE DRAW COLOR IN R9
       BL   @PLOT        PLOT ONE POINT
       JMP  LDOT5        THEN JUMP AHEAD
LSTPE  BL   @UNPLOT      ELSE "UNPLOT" TO ERASE A POINT
LDOT5  A    @ESSEYE,R8   ADD + OR - 1 TO R8
       A    @DELX,R10    ADD DELTA X TO R10
       C    R10,@HALFY   COMPARE TO HALF OF DELTA Y
       JLT  LDOT6        IF LESS, JUMP AHEAD
       JEQ  LDOT6        IF EQUAL, JUMP AHEAD
       S    @DELY,R10    SUTRACT DELTA Y FROM R10
       A    @DEEEYE,R7   ADD DEEEYE TO R7
LDOT6  DEC  R12          DEC COUNT OF POINTS
       JGT  LDOT4        IF POSITIVE, REPEAT
       JEQ  LDOT4        OR IF EQUAL, REPEAT
LDREX  (END OF LINE DRAWING PROCESS)
       B    @KJSCAN      RETURN TO "NORMAL" DRAWING MODE
*
* SUBROUTINES PLOT AND UNPLOT - TO DRAW OR ERASE
* SELECTED PIXEL POSITION
*
* FOLLOWING WRITES ONE PIXEL TO SCREEN AT LOCATION POINTED BY



7(;$6�,167580(176
+20(�&20387(5

* R8 (DOT ROW) AND R7 (DOT COLUMN)
*
PLOT   MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
PLOTF  SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
PLOTF0 ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
       MOV  R9,R9        IS COLOR TO BE SET?
       JEQ  PLOTX        IF NOT, JUMP AHEAD
       ANDI R0,>3FFF     STRIP OFF "4" FROM R0
       AI   R0,>2000     ADD >2000 TO POINT AT COLOR TABLE ENTRY
       BLWP @VSBR        READ THAT BYTE INTO R1
       MOVB R1,R2        MOVE THE BYTE TO R2
       ANDI R2,>F000     STRIP ALL BUT LEFT NYBBLE
       CB   R2,R9        COMPARE TO LEFT BYTE R9
       JEQ  PLOTX        IF EQUAL, COLOR ALREADY SET
       ANDI R1,>0F00     ELSE STRIP OFF LEFT NYBBLE R1
       AB   R9,R1        REPLACE WITH LEFT NYBBLE R9
       BLWP @VSBW        THEN WRITE COLOR BYTE BACK
PLOTX  RT                RETURN
*
* FOLLOWING ERASES ONE PIXEL AT DOT ROW IN R8,
* DOT-COLUMN IN R7
*
UNPLOT MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
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       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
       INV  R1           INVERT ALL BITS IN R1
       SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
       INV  R1           RE-INVERT WITH ONE BIT CHANGED
       ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
       RT
*
* DATA SECTION
*
M      DATA >8040,>2010,>0804,>0201  MASK DATA
X1     DATA 0            STORAGE FOR START X
X2     DATA 0            STORAGE FOR END X
Y1     DATA 0            STORAGE FOR START Y
Y2     DATA 0            STORAGE FOR END Y
DELX   DATA 0            STORAGE FOR DELTA X
DELY   DATA 0            STORAGE FOR DELTA Y
HALFX  DATA 0            HALF VALUE DELTA X
HALFY  DATA 0            HALF VALUE DELTA Y
DEEEYE DATA 0            STORES SIGN DELTA X
ESSEYE DATA 0            STORES SIGN DELTA Y
ERSFLG DATA 0            ERASE MODE OFF - NON ZERO MAKES ERASE ON
LINCLR BYTE >10          DEFAULT COLOR - BLACK
*
* BELOW IS A TEST PROGRAM (BRESH)
* WRITTEN IN EXTENDED BASIC, TO SHOW
* HOW BRESENHAM'S ALGORITHM WOULD WORK
* FOR A LINE OF CURSORS FROM 24,10,
* GOING EIGHT UNITS RIGHT AND 6 UPWARD
* THE LISTING IS IN 28 COLUMNS
* R10 IS THE "ERROR TERM"
*
*
10 CALL CLEAR
20 DELX=8 :: DELY=6
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30 HALFX=4 :: HALFY=3
40 R12=8 :: R10=0
50 DEEEYE=+1 :: ESSEYE=-1
60 R8=24 :: R7=10
70 DISPLAY AT(1,1):"R12=";R1
2:"R10=";R10:"R8 (ROW)=";R8:
"R7 (COL)=";R7: : : :
80 DISPLAY AT(R8,R7):CHR$(30
)
90 R7=R7+DEEEYE
100 R10=R10+DELY
110 IF R12=0 THEN DISPLAY AT
(6,1):"FINISHED" :: GOTO 130
120 DISPLAY AT(5,1):"R10+DEL
Y=";R10:"HALFX=";HALFX
130 CALL KEY(0,K,S)
140 IF S<1 THEN 130
150 IF R10<=HALFX THEN 180
160 R10=R10-DELX
170 R8=R8+ESSEYE
180 R12=R12-1
190 IF R12>=0 THEN 70
*
* FOLLOWING IS AN XB PROGRAM (BRESH4)
* THAT EMULATES THE ACTION OF
* THE ASSEMBLY VERSION
* SO YOU CAN SEE MORE CLEARLY
* WHAT HAPPENS
*
10 CALL CLEAR
20 INPUT "DELTA X (0 - 27) "
:DELX :: IF DELX<0 OR DELX>2
7 THEN 20
30 INPUT "DELTA Y (0 - 23) "
:DELY :: IF DELY<0 OR DELY>2
3 THEN 30
40 CALL CLEAR
50 HALFX=INT(DELX/2):: HALFY
=INT(DELY/2):: R10=0 :: DEEE
YE=+1 :: ESSEYE=-1 :: R8=24
:: R7=1 :: IF DELX<DELY THEN
 110
60 R12=DELX
70 DISPLAY AT(R8,R7):CHR$(30
)
80 IF DELX<DELY THEN 110
90 R7=R7+DEEEYE :: R10=R10+D
ELY :: IF R10<=HALFX THEN 10
0 ELSE R10=R10-DELX :: R8=R8
+ESSEYE
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100 R12=R12-1 :: IF R12>=0 T
HEN 70 ELSE 150
110 R12=DELY
120 DISPLAY AT(R8,R7):CHR$(3
0)
130 R8=R8+ESSEYE :: R10=R10+
DELX :: IF R10<=HALFY THEN 1
40 ELSE R10=R10-DELY :: R7=R
7+DEEEYE
140 R12=R12-1 :: IF R12>=0 T
HEN 120
150 CALL KEY(0,K,S):: IF S<1
 THEN 150 ELSE IF K=ASC("R")
THEN 10
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1.47. The Art Of Assembly — Part 47. CALL FILES From XB

%\�%UXFH�+DUULVRQ

:H
YH�WDONHG�DERXW��&$//��RSHUDWLRQV�EHIRUH�LQ�WKLV�FROXPQ��EXW�WRGD\�ZH
UH�VKRZLQJ�D�UHDO�ZRUNLQJ
VROXWLRQ�WR�D�UHDO�SUREOHP��QRW�MXVW�SOD\LQJ�DURXQG��0DQ\�RI�XV�ZKR
YH�XVHG�7,�([WHQGHG�%DVLF�KDYH
ZLVKHG�WKDW�ZH�FRXOG�H[HFXWH�D�&$//�),/(6�IURP�ZLWKLQ�D�UXQQLQJ�SURJUDP��7,�GLG�QRW�DOORZ�WKDW�WR�EH
GRQH��DQG�IRU�JRRG�UHDVRQV��ZKLFK�ZH
OO�JHW�WR�VKRUWO\��7KHUH�DUH�WZR�UHDVRQV�ZK\�RQH�PLJKW�ZDQW�WR�XVH
&$//�),/(6�ZLWKLQ�D�SURJUDP��)LUVW��RQH�PLJKW�KDYH�D�SURJUDP�WKDW�QHHGV�WR�KDYH�PRUH�WKDQ�WKUHH�ILOHV
RSHQ�DW�VRPH�WLPH�GXULQJ�LWV�H[HFXWLRQ��6HFRQG��RQH�PLJKW�KDYH�D�SURJUDP�WKDW�XVHV�VR�PXFK�VWULQJ�VSDFH
�67$&.�PHPRU\��D�N�D��9'3�5$0��WKDW�LW�QHHGV�WR�KDYH�WKH�QXPEHU�RI�ILOHV�VHW�WR���RU���WR�DOORZ�PRUH
URRP�IRU�LWV�VWULQJ�RSHUDWLRQV�

1.47.1. TI Had Reasons

7,�([WHQGHG�%DVLF�XVHV�9'3�5$0�IRU�D�QXPEHU�RI�SXUSRVHV�ZKLOH�D�SURJUDP�LV�UXQQLQJ��$�SRUWLRQ�LV�XVHG
IRU�WKH�VFUHHQ�GLVSOD\�DQG�FKDUDFWHU�GHILQLWLRQV��VSULWH�WDEOHV��FRORU�WDEOHV�DQG�VXFK��7KLV�VWXII�LV�VWRUHG
LQ�WKH�ORZHU�SDUWV�RI�9'3�5$0�DW�DGGUHVVHV�EHORZ�!������$QRWKHU�SDUW��LQ�WKH�KLJKHU�DGGUHVVHV��LV�XVHG
IRU�ILOH�RSHUDWLRQV��7KDW�QRUPDOO\�H[WHQGV�IURP�!��'��WKURXJK�!�)))��ZKLFK�LV�WKH�HQG�RI�9'3�5$0�
7KH�SDUW�LQ�EHWZHHQ�!�����DQG�!��'��LV�XVHG�IRU�VWULQJ�YDULDEOHV��WKH�V\PERO�WDEOHV�IRU�VWULQJ�DQG
QXPHULF�YDULDEOHV��DQG�&$//V��:KHQ�D�SURJUDP�VWDUWV�UXQQLQJ��;%�SHUIRUPV�D�SUHVFDQ�RSHUDWLRQ��DQG
VHWV�XS�WKH�V\PERO�WDEOHV�IRU�YDULDEOHV�DQG�FDOOV�VWDUWLQJ�DW�!��'��DQG�ZRUNLQJ�GRZQZDUG�LQ�9'3
PHPRU\�XQWLO�DOO�WKH�YDULDEOHV�DQG�FDOOV�KDYH�EHHQ�DVVLJQHG�SODFHV�LQ�WKHVH�WDEOHV��7KLV�LV�WKH�FDVH�IRU�D
�QRUPDO��VLWXDWLRQ�ZKHUH�WKH�GHIDXOW�QXPEHU�RI�ILOHV�����LV�DOORZHG�IRU��,I�D�&$//�),/(6�ZLWK�DQ�DUJXPHQW
RWKHU�WKDQ���KDG�EHHQ�SHUIRUPHG�EHIRUH�WKH�SURJUDP�VWDUWHG��WKHQ�WKH�V\PERO�WDEOHV�ZRXOG�EH�IRUPHG�DW
VRPH�DGGUHVV�RWKHU�WKDQ�!��'���+HUH�LV�D�SDUWLDO��PDSSLQJ��IRU�9'3�5$0�LQ�WKH�GHIDXOW�FDVH�

9'3�$''5(66(6 &217(17

����������� 6FUHHQ��FKDUDFWHUV��VSULWHV��HWF�
�������[[[[ 5HVHUYHG�IRU�VWULQJV��HWF�
[[[[�����'� 6\PERO�WDEOHV
��'�����))) 5HVHUYHG�IRU�ILOH�RSHUDWLRQV

+HUH��ZH
YH�XVHG�[[[[�WR�LQGLFDWH�WKH�HQG�RI�WKH�VSDFH�XVHG�IRU�WKH�V\PERO�WDEOHV��:KHQ�VWULQJ�YDULDEOHV
DUH�XVHG�LQ�WKH�SURJUDP��WKHLU��FRQWHQW��JHWV�SODFHG�LQWR�WKH�VSDFH�EHJLQQLQJ�DW�[[[[��ZRUNLQJ�GRZQZDUG
WRZDUG�WKH�OLPLW�DW�DERXW�!�����

1RZ�OHW
V�VXSSRVH�WKDW�ZKLOH�WKLV�SURJUDP�LV�UXQQLQJ�ZH�H[HFXWH�D�&$//�),/(6�����7KDW�DFWLRQ�ZRXOG
ZLSH�RXW�����E\WHV�RI�9'3�EHIRUH�!��'���WKXV�GHVWUR\LQJ�DOO�RU�SDUW�RI�WKH�V\PERO�WDEOHV�WKDW�WKH
SURJUDP�QHHGV�WR�ILQG�LWV�YDULDEOHV��$IWHU�WKDW��WKH�SURJUDP�VLPSO\�FRXOG�QRW�UXQ��,W�ZRXOG�VWRS�ZLWK
6<17$;�(5525�PHVVDJHV�ZKHQ�LW�IDLOHG�WR�ILQG�D�YDULDEOH�LQ�WKH�V\PERO�WDEOH�
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1.47.2. The Dilemma

7KHUH�� LQ� D� QXWVKHOO�� LV� WKH� GLOHPPD�ZH� IDFH�� ,I�ZH� GHYLVH� DQ�$VVHPEO\� URXWLQH� WR� JHW� DURXQG�7,
V
SURKLELWLRQ�RI�&$//�),/(6�ZLWKLQ�D�SURJUDP��ZH�VWLOO�ZLQG�XS�ZLWK�D�SURJUDP�WKDW�ZLOO�QRW�UXQ�XQGHU
;%�DIWHU�WKH�&$//�/,1.�WR�RXU�$VVHPEO\�URXWLQH��+RZ�FDQ�ZH�WULFN�;%�LQWR�GRLQJ�ZKDW�ZH�ZDQW�LW�WR
GR"�7KH�VROXWLRQ�LV�DQRWKHU�RI�WKRVH�WKLQJV�WKDW�7,�IRUJRW�WR�WHOO�XV�

7KRVH�IDPLOLDU�ZLWK�7,�([WHQGHG�%DVLF�NQRZ�WKDW�RQH�FDQ�XVH�WKH�581�FRPPDQG�DV�D�VWDWHPHQW�LQ�D
SURJUDP��0RVW�FRPPRQO\�WKLV�LV�XVHG�ZLWK�D�ILOH�QDPH��DV�LQ�581��'6.��1(:352*���WR�ORDG�DQG�UXQ
DQRWKHU�SURJUDP��7,�WROG�XV�WKLV�ZRXOG�ZRUN��DQG�LW�GRHV��7,�DOVR�WROG�XV�WKDW�ZH�FDQ�VWDUW�WKH�UXQQLQJ
RI�D�SURJUDP�WKDW
V�FXUUHQWO\�LQ�PHPRU\�DW�D�VSHFLILF�OLQH�QXPEHU��DV�LQ�581�����IURP�&RPPDQG�PRGH�
:KDW�WKH�ERRNV�GLGQ
W�WHOO�XV� LV�WKDW�WKH�581�FRPPDQG�FDQ�EH�XVHG� LQ�DQ\�RI� LWV� IRUPV�ZLWKLQ�WKH
SURJUDP��:H�IRXQG�WKDW�RXW�RQO\�E\�WU\LQJ�LW��:H�KDOI�H[SHFWHG�WKDW�ZKHQ�D�SURJUDP�FRQWDLQHG�D�OLQH�OLNH
����581������ZH
G�JHW�D�6<17$;�(5525�,1�����PHVVDJH��7KDW�GLGQ
W�KDSSHQ��$IWHU�D�IHZ�FDUHIXOO\
FRQWUROOHG�H[SHULPHQWV��ZH�ZHUH�DEOH�WR�FRQYLQFH�RXUVHOYHV�WKDW�VXFK�D�VWDWHPHQW�LQ�DQ�;%�SURJUDP�GRHV
MXVW�ZKDW�ZH
G�KRSHG�LW�ZRXOG�GR��7KDW�LV��LW�VWDUWV�IURP�VFUDWFK��SHUIRUPV�LWV�SUHVFDQ�RSHUDWLRQ��DQG�WKHQ
VWDUWV�WKH�SURJUDP�DW�WKH�OLQH�QXPEHU�JLYHQ�LQ�WKH�VWDWHPHQW��<RX�FDQ�SURYH�WKLV�IRU�\RXUVHOI�E\�UXQQLQJ
WKH�IROORZLQJ�VKRUW�WHVW�SURJUDP�LQ�;%�

100 A=15
110 RUN 130
120 A=25
130 PRINT A

:KHQ�WKLV�SURJUDP�LV�UXQ��LW�ZLOO�SULQW�WKH�YDOXH�RI�$�DIWHU�H[HFXWLQJ�WKH�581�����FRPPDQG��VR�\RX
OO�VHH
��SULQWHG�DV�WKH�YDOXH�RI�$��7KDW
V�VR�EHFDXVH�WKH�SUHVFDQ�SURFHVV�WKDW�KDSSHQV�ZKHQ�OLQH�����H[HFXWHV�VHWV
DOO�QXPHULF�YDULDEOHV�WR�]HUR��WKXV�HOLPLQDWLQJ�WKH�YDOXH����WKDW�ZDV�DVVLJQHG�WR�$�LQ�OLQH������2QH�FDQ
WKHQ�SURYH�DQRWKHU�VPDOO�SRLQW�E\�W\SLQJ�LQ�581�����ENTER�IURP�&RPPDQG�PRGH��7KLV�WLPH�WKH�YDOXH
���ZLOO�JHW�SULQWHG��DV�\RX
G�H[SHFW��7KLV�VLPSO\�VKRZV�WKDW�LQ�WKH�ILUVW�UXQ��OLQH�����QHYHU�JRW�H[HFXWHG
DW�DOO��7KXV�WKH�VROXWLRQ�WR�RXU�GLOHPPD�ZDV�WR�FRPELQH�WKH�&$//�),/(6�$VVHPEO\�URXWLQH�ZLWK�D
VWDWHPHQW�WKDW�ZRXOG�581�DW�D�VSHFLILF�OLQH�QXPEHU�DIWHU�WKH�&$//�),/(6�KDG�H[HFXWHG�

%HIRUH�ZH�JR�DQ\�IDUWKHU��KHUH
V�D�ZDUQLQJ�IRU�DOO�WKRVH�ZKR�XVH�RWKHU�YHUVLRQV�RI�([WHQGHG�%DVLF�RU
WKLUG�SDUW\�GLVN�FRQWUROOHUV��:(�'2�127�+$9(�$1<�;%V�27+(5�7+$1�7,�(;7(1'('�%$6,&��125
'2�:(�+$9(�$1<�0<$5&�25�&25&203�&21752//(56��$OO�RI�ZKDW�ZH
UH�SUHVHQWLQJ�LQ�WRGD\
V
FROXPQ�KDV�EHHQ�WHVWHG�DQG�ZRUNHG��DV�DGYHUWLVHG�� LQ�7,�(;7(1'('�%$6,&��DQG�XVLQJ�D�7,�'LVN
&RQWUROOHU��1RQH� RI� LW� KDV� EHHQ� WHVWHG�ZLWK�0<$5&�;%�� 683(5�(;7(1'('�%$6,&��0<$5&� RU
&RU&RPS�GLVN�FRQWUROOHUV��RU�DQ\�RWKHU�YDULDQW��2I�FRXUVH�LW�PLJKW�ZRUN�ZLWK�WKRVH��EXW�SOHDVH�GRQ
W
FRPSODLQ�WR�XV�LI�LW�GRHVQ
W�
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1.47.3. The Sidebar

7RGD\
V�6LGHEDU�JLYHV�WKH�FRPSOHWH�VRXUFH�FRGH�IRU�RXU�XWLOLW\�URXWLQH�&$//)��SOXV�WKH�OLVWLQJ�RI�D�GHPR
SURJUDP�WKDW�ZLOO�VKRZ�WKDW�LW�ZRUNV��:H�KDYH�GLVWULEXWHG�D�3XEOLF�'RPDLQ�GLVN�FDOOHG�&$//),/(6�ZKLFK
FRQWDLQV�WKLV�VRXUFH�ILOH��DQ�REMHFW�ILOH��GHPR�SURJUDPV��DQG�FRPSOHWH�LQVWUXFWLRQV�IRU�XVLQJ�WKH�XWLOLW\
ZLWK�\RXU�RZQ�;%�SURJUDPV��7KDW
V�DYDLODEOH�WKURXJK�WKH�/LPD�8VHU�*URXS�IRU�D�QRPLQDO�IHH��6LQFH�LW
V
3XEOLF�'RPDLQ��\RX�RU�\RXU�XVHU�JURXS�FDQ�PDNH�FRSLHV�IRU�DQ\RQH�ZKR�QHHGV�LW��7KH�VRXUFH�FRGH�DV
VKRZQ�LQ�WKH�6LGHEDU�LV�GHVLJQHG�VROHO\�IRU�XVH�DV�D��&$//�/,1.��IURP�;%��)RU�WKRVH�GRLQJ�SXUH�$VVHPEO\
SURJUDPV��QXPEHU����LQ�WKLV�VHULHV�FRQWDLQV�DOO�\RX�VKRXOG�QHHG�WR�&$//�),/(6�LQ�WKRVH�SURJUDPV�

7KH�VRXUFH�FRGH�VWDUWV�LQ�WKH�QRUPDO�IDVKLRQ��E\�VHWWLQJ�WKH�:RUNVSDFH�3RLQWHU�WR�RXU�RZQ�ZRUNVSDFH�
,W�WKHQ�FOHDUV�RXU�5��LQ�SUHSDUDWLRQ�IRU�JHWWLQJ�WKH�SDUDPHWHUV�IURP�WKH�&$//�/,1.��%RWK�SDUDPHWHUV
JHW�FRQYHUWHG�LQWR�LQWHJHUV�E\�;0//1.�YHFWRU��7KH�ILUVW�SDUDPHWHU��ZKLFK�LV�WKH�QXPEHU�RI�ILOHV�WR�EH
SHUPLWWHG��LV�NHSW�LQ�5���ZKLOH�WKH�VHFRQG��ZKLFK�LV�D�OLQH�QXPEHU��JHWV�SODFHG�GLUHFWO\�LQWR�WKH�WZR�E\WHV
RI�GDWD�DW�)./����DQG�)./���

:H�IRXQG�WKURXJK�H[SHULPHQWDWLRQ�WKDW�WKH�),/(6�URXWLQH�LWVHOI�ZULWHV�WKLQJV�LQWR�DUHDV�LQ�5$0�3DG�
DQG�WKDW�WKLV�FDQ�PHVV�XS�WKH�UHWXUQ�WR�;%�LI�5$0�3DG�LV�QRW�UHWXUQHG�WR�LWV�RULJLQDO�VWDWH��7KHUHIRUH��ZH
WRRN�WKH��EUXWH�IRUFH��DSSURDFK�RI�VLPSO\�VWDVKLQJ�DOO�����E\WHV�RI�5$0�3DG�LQ�RXU�RZQ�URXWLQH
V�PHPRU\
VSDFH��DW�6$93$'��IRU�UHVWRUDWLRQ�ODWHU��7KH�URXWLQH�FRXOG�SUREDEO\�EH�PDGH�WR�ZRUN�E\�VDYLQJ�DQG
UHVWRULQJ�RQO\�D�SDUW�RI�WKDW�!�����DUHD��EXW�ZH�GLGQ
W�ZDQW�WR�SXW�LQ�DOO�WKH�KRXUV�UHTXLUHG�WR�ILQG�RXW
ZKDW�ZDV�WKH�PLQLPXP�QHFHVVDU\�SDUW�WR�VDYH�DQG�UHVWRUH�

1RZ�ZH�WDNH�WKH�QXPEHU�RI�ILOHV�SDUDPHWHU��VWLOO�VWRUHG�LQ�5���DQG�FRPSDUH�LW�WR�WKH�OLPLWV���DQG����,I�LW
V
RXWVLGH�WKRVH�OLPLWV��ZH�WDNH�D�VKRUWFXW�WR�DQ�HUURU�UHSRUWLQJ�SURFHVV��VR�WKH�XVHU�ZLOO�NQRZ�WKHUH
V�D�EDG
YDOXH�LQ�WKH�&$//�/,1.��:H�GR�WKDW�E\�VHWWLQJ�RXU�RZQ�5��WR�!�(����WKHQ�VLPSO\�%/:3�WR�WKH�(55
YHFWRU�DW�!������ZKLFK�WKHQ�JHQHUDWHV�WKH��%$'�9$/8(�,1�[[[��HUURU�UHSRUW�IRU�WKH�XVHU�

*LYHQ�WKDW�WKH�SDUDPHWHU�LV�LQ�WKH�FRUUHFW�UDQJH��ZH�DGG�WKH�YDOXH�!���WR�LW��VR�WKDW�LW
V�FRUUHFW�DV�D
�VWULQJ�� FKDUDFWHU� WR� UHSUHVHQW� WKH�QXPEHU�� DQG�SODFH� WKH� UHVXOW� �!��� WKUX�!���� LQ�RXU�3$%�GDWD�
UHSODFLQJ�WKH�
�
�DW�3$%'7����1RZ�WDNH�D�ORRN�DW�WKH�GDWD�DW�ODEHO�3$%'7��<RX
OO�QRWLFH�WKDW�WKLV�LV
PLVVLQJ�WKH�QRUPDO�ILUVW�HLJKW�E\WHV�RI�D�3$%�GDWD��:H�IRXQG��DJDLQ�E\�MXVW�WU\LQJ�LW�RXW��WKDW�RQO\�WKH
QDPH�OHQJWK��WKH�QDPH��DQG�WKH�SDUDPHWHU�SDUW�LQ��WRNHQL]HG��IRUP�DUH�UHTXLUHG��<RX
OO�QRWH�DOVR�WKDW�WKH
QDPH�OHQJWK�LV����VR�LW�UHSUHVHQWV�RQO\�WKH�OHQJWK�RI�WKH�ZRUG��),/(6���QRW�WKH�OHQJWK�RI�WKH�HQWLUH�EORFN�
7KH�OLQH�LQ�3$%'7�DIWHU�WKH�ZRUG��),/(6��LV�LQ�;%�WRNHQV��VR�WKDW�WKH�),/(6�URXWLQH�FDQ�XVH�LW�MXVW�DV
LI�LW�ZHUH�SDUW�RI�DQ�;%�FRPPDQG��7KXV�WKH�RSHQLQJ�SDUHQWKHVLV�LV�WKH�E\WH�!%���7KLV�LV�IROORZHG�E\�D
!&��WRNHQ��PHDQLQJ�WKDW�ZKDW�IROORZV�LV�DQ�XQTXRWHG�VWULQJ��7KH�QH[W�E\WH�LV�WKH�OHQJWK�RI�WKDW�VWULQJ�
�DOZD\V���IRU�&$//�),/(6��DQG�WKDW
V� IROORZHG�E\�WKH�QXPEHU� LQ�WKH�UDQJH�!���WKUX�!���WKDW�ZH
REWDLQHG�IURP�WKH�SDUDPHWHU��7KH�ODVW�E\WH�LV�D�!%���ZKLFK�LV�WKH�WRNHQ�IRU�FORVLQJ�SDUHQWKHVLV�
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:H�QRZ�ZULWH�WKLV�ZKROH�EORFN��IURP�ODEHO�3$%'7�WR�ODEHO�)./���LQWR�9'3�5$0�DW�WKH�3$%�ORFDWLRQ
!������1RZ�VLQFH�RXU�5��DOUHDG\�SRLQWV�WR�WKH��QDPH�OHQJWK��E\WH��ZH�SODFH�5��DW�!�����IRU�WKH�'65
RSHUDWLRQ��+RZHYHU��WKH�),/(6�URXWLQH� LWVHOI�EHJLQV�LWV�SDUVLQJ�RI�WKH�GDWD�SURYLGHG�DW�WKH�ORFDWLRQ
SRLQWHG�WR�E\�!���&��VR�ZH�DOVR�SODFH�RXU�5��LQWR�WKDW�SRLQWHU�EHIRUH�GRLQJ�WKH�'65/1.�RSHUDWLRQ��1RWH
WKDW�WKH�'65/1.�LV�IROORZHG�E\�D�'$7$�!$��QRW�WKH�'$7$���XVHG�IRU�ILOH�RSHUDWLRQV��7KLV�ZD\��'65/1.
ZLOO�ILQG�DQG�H[HFXWH�WKH�),/(6�URXWLQH�LQ�WKH�GLVN�FRQWUROOHU
V�520�

:KHQ�ZH�JHW�FRQWURO�EDFN��WKH�QHZ�YDOXH�IRU�WKH��KLJKHVW�DYDLODEOH�DGGUHVV�LQ�9'3�5$0��ZLOO�EH�DW�!�����
XQOHVV�WKHUH�ZDV�DQ�HUURU�GHWHFWHG��LQ�ZKLFK�FDVH�!�����ZLOO�EH�QRQ�]HUR��,I�WKHUH
V�QR�HUURU��ZH��FDSWXUH�
!�����LQWR�RXU�RZQ�5���UHVWRUH�WKH�FRQWHQWV�RI�5$0�3DG��SXW�WKH�QHZ�YDOXH�EDFN�LQWR�!������DQG�ZH
UH
ILQLVKHG�

1.47.4. The Tricky Part

1RZ�ZH
UH�DOPRVW�UHDG\�WR�UHWXUQ�FRQWURO�RI�WKH�FRPSXWHU�WR�([WHQGHG�%DVLF��EXW�LI�ZH�GLG�WKDW�ULJKW�DW
WKLV�SRLQW��RXU�;%�SURJUDP�PLJKW�QHYHU�EH�DEOH�WR�ILQG�DQ\�RI�LWV�YDULDEOHV��7KXV�ZH�PXVW�WULFN�;%�LQWR
VWDUWLQJ�WKH�SUHVFDQ�SURFHVV�RYHU�IURP�WKH�WRS��DQG�WKHQ�PDNH�LW�UH�VWDUW�WKH�SURJUDP�IURP�D�OLQH�EH\RQG
WKH�OLQH�FRQWDLQLQJ�WKH�&$//�/,1.��&$//)���������:H�GR�WKLV�E\�D�YHU\�VLPSOH�WULFN�JLYHQ�WR�XV�E\�RXU
JRRG�IULHQG�+DUU\�:LOKHOP��/RRN�DW�WKH�GDWD�DW�ODEHO�)./���7KDW�VWDUWV�ZLWK�!����ZKLFK�LV�WKH�WRNHQ�IRU
D�GRXEOH�FRORQ��7KLV�ZLOO�WHOO�;%�WKDW�ZKDW�IROORZV�LV�D�FRQWLQXDWLRQ�RI�WKH�FXUUHQW�SURJUDP�OLQH��:KDW
IROORZV�WKH�!���LV�!$���WKH�WRNHQ�IRU�581��IROORZHG�E\�WKH�WRNHQ�!&���ZKLFK�PHDQV��WKH�QH[W�WZR�E\WHV
DUH�D�SURJUDP�OLQH�QXPEHU��1RZ�UHPHPEHU�WKDW�ZH�SODFHG�WKH�VHFRQG�SDUDPHWHU�IURP�WKH�&$//�/,1.
LQWR�WKH�WZR�E\WHV�MXVW�DIWHU�WKDW�!&���/HW
V�VXSSRVH�WKH�VHFRQG�SDUDPHWHU�ZDV�����7KHQ�WKH�WRNHQV
VWDUWLQJ�DW�ODEHO�)./��ZLOO�EH�HTXLYDOHQW�WR�WKH�;%�VWDWHPHQW�����581������7KDW��RI�FRXUVH�LV�ZKDW�ZH�ZDQW
;%�WR�GR�QH[W��:H�WULFN�;%�LQWR�GRLQJ�ZKDW
V�DW�)./��E\�VLPSO\�SODFLQJ�WKH�DGGUHVV�RI�)./��DW�!���&�
ORDGLQJ� WKH�ZRUNVSDFH� SRLQWHU� WR� WKH�*3/�:RUNVSDFH� DW�!��(��� DQG� EUDQFKLQJ� EDFN� WR� WKH�*3/
,QWHUSUHWHU�DW�!���$��;%�ZLOO�WKHQ�GXWLIXOO\�H[HFXWH�D��581�����MXVW�DV�LI�ZH
G�W\SHG�WKDW�LQ�&RPPDQG
PRGH�DQG�SUHVVHG�ENTER�

1.47.5. Caution

7KH�&$//�/,1.�WR�&$//)�VKRXOG�EH�GRQH�YHU\�HDUO\�LQ�WKH�SURJUDP��EHIRUH�DQ\�YDOXHV�DUH�VHW�LQWR
YDULDEOHV��7KDW
V�LPSRUWDQW�EHFDXVH�WKH�&$//�/,1.�WR�&$//)�ZLOO�UHVXOW�LQ�DOO�YDULDEOHV�EHLQJ�]HUR��IRU
QXPHULFV��RU�QXOO��IRU�VWULQJV��DIWHU�WKH�&$//�/,1.�LV�FRPSOHWHG��,Q�WKH�'(02�;%�SURJUDP�WKDW
V
LQFOXGHG�LQ�WKH�6LGHEDU��ZH�VHW�D�YDOXH�RQ�WKH�YDULDEOH�$�EHIRUH�WKH�&$//�/,1.�MXVW�WR�LOOXVWUDWH�WKDW�$
EHFRPHV���DIWHU�WKH�&$//�/,1.�

7KH�ODVW�QXPEHU�SULQWHG�E\�WKH�GHPR�SURJUDP�LV�WKH�YDOXH�RI�WKH�ZRUG�DW�!�����DIWHU�WKH�&$//�),/(6�
7KLV�ZLOO�EH�FKDQJHG�LQ�LQFUHPHQWV�RI�����IRU�HDFK��ILOH��DOORZHG��DV�IROORZV�
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)LOHV 1XPEHU�IURP�!������GHFLPDO�

� �����
� �����
���GHIDXOW� �����
� �����
�����
� �����

:KHQ�D�SURJUDP�WKDW�XVHV�WKLV�&$//�/,1.�HQGV��WKH�ILOHV�DOORZDQFH�ZLOO�UHPDLQ�VHW�WR�ZKDWHYHU�WKH
SURJUDP�GLG�ZKHQ�LW�EHJDQ��7KDW�FRQGLWLRQ�PD\�RU�PD\�QRW�EH�GHVLUDEOH�IRU�ZKDWHYHU�\RX�GR�QH[W�ZLWK
;%��<RX�FDQ�FRUUHFW�WKDW�E\�LQFOXGLQJ�D�FRXSOH�RI�OLQHV�DW�WKH�HQG�RI�WKH�SURJUDP�OLNH�WKLV�

3500 CALL LINK("CALLF",3,3510)
3510 END

7KH�OLQH�QXPEHUV�ZRXOG�RI�FRXUVH�EH�FKDQJHG�WR�ZKDWHYHU�VXLWV�\RXU�SDUWLFXODU�SURJUDP��EXW�VHWWLQJ�WKH
QXPEHU�RI�ILOHV�EDFN�WR����ZKLFK�LV�WKH�GHIDXOW��VKRXOG�DOORZ�DQ\�RWKHU�;%�SURJUDP�WR�EHKDYH�DV�H[SHFWHG�

2XU�WHVWLQJ�ZDV�GRQH�RQ�RXU�PDLQ�7,�V\VWHP��ZKLFK�KDV�WKH�7,�'LVN�&RQWUROOHU��WZR�IORSS\�GULYHV��WZR
+RUL]RQ�5DPGLVN�FDUGV��DQG�D�3�*UDP�LQVWDOOHG��7KLV�ZKROH�WKLQJ�PLJKW�QRW�ZRUN�DW�DOO�ZLWK�0\DUF�RU
&RU&RPS�FRQWUROOHUV�SUHVHQW��DQG�ZH
G�EH�HVSHFLDOO\�FDXWLRXV�DERXW�WU\LQJ�WKLV�RQ�V\VWHPV�WKDW�FRQWDLQ
+DUG�'ULYHV�RI�DQ\�NLQG��:H
G�OLNH�WR�KHDU�IURP�DQ\�UHDGHUV�ZKR�KDYH�0\DUF�RU�&RU&RPS�FRQWUROOHUV�LI
WKH\�WU\�WKLV�RXW��HLWKHU�WKURXJK��5HDGHU�)HHGEDFN��RU�GLUHFWO\�

)RU�WKRVH�ZKR�ZDQW�WR�DSSO\� WKLV�WR�H[LVWLQJ�;%�SURJUDPV��\RX�VKRXOG�NQRZ�WKDW� LW�ZLOO�DOVR�ZRUN
FRUUHFWO\�LQ�WKRVH�FDVHV�ZKHUH�WKH�RULJLQDO�;%�SURJUDP�KDV�D��SUHVFDQ�DYRLGDQFH��IHDWXUH�LQ�LW��:H�ZHUH
QRW�VXUH�ZKHWKHU�WKDW�ZRXOG�PHVV�XS�RXU��581��OLQH�QXPEHU���VWDWHPHQW��EXW�KDYLQJ�WHVWHG�WKLV�E\
DGGLQJ�WKH�SUHVFDQ�DYRLGDQFH�IHDWXUH���#3���WR�RXU�GHPR�SURJUDPV�IURP�WKH�3XEOLF�'RPDLQ�GLVN��ZH�FDQ
DVVXUH�\RX�LW�ZRUNV���%H�VXUH�WR�LQFOXGH�&$//�/,1.�ZLWKLQ�WKH�SUHVFDQQHG�SDUW�RI�WKH�SURJUDP��7KH
DFWXDO�&$//�/,1.�WR�&$//)�FDQ�EH�EH\RQG�WKH�SUHVFDQQHG�SDUW�ZLWKRXW�FDXVLQJ�WURXEOH���,I�QHHGHG��WKH
SDUDPHWHUV�LQ�WKH�&$//�/,1.�FDQ�EH�JLYHQ�DV�YDULDEOHV��SURYLGHG�WKRVH�DUH�DVVLJQHG�VXLWDEOH�YDOXHV
EHIRUH�WKH�&$//�/,1.�LV�H[HFXWHG�

2QFH�DJDLQ�ZH
YH�IRXQG�D�ZD\�WR�WULFN�RXU�IDYRULWH�FRPSXWHU�LQWR�GRLQJ�VRPHWKLQJ�LQ�VSLWH�RI�LWVHOI��:H
KRSH�WKLV�ZLOO�SURYH�YDOXDEOH�WR�RXU�;%�SURJUDPPHUV��1H[W�PRQWK
V�WRSLF�LV�XQGHFLGHG��6HH�\RX�WKHQ�
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1.48. The Art Of Assembly — Part 48. Another Use For CALL FILES

%\�%UXFH�+DUULVRQ

)RUW\�HLJKW��7KLV�FDQ
W�EH��7KDW�PHDQV�ZH
YH�EHHQ�WXUQLQJ�RXW�WKHVH�FROXPQV�IRU�IRXU�\HDUV��:H�NHHS
ZRQGHULQJ�ZKHUH�WKH�WUDLO�ZLOO�HQG��EXW�MXVW�ZKHQ�LW�VHHPV�ZH
YH�H[KDXVWHG�DOO�WKH�SRVVLEOH�VXEMHFWV��RQH
RI�RXU�UHDGHUV�FRPHV�XS�ZLWK�D�QHHG�WKDW�ZH�ILQG�LPSRVVLEOH�WR�LJQRUH��7KLV�WLPH�LW�ZDV�0U��,DQ�-��+RZOH�
RI�6HDWWOH��:$��0U��+RZOH�QHHGHG�VRPH�KHOS�ZLWK�%LWPDS��DQG�LQ�WKH�FRXUVH�RI�RXU�FRUUHVSRQGHQFH�KH
PHQWLRQHG�WKDW�KH�FRXOGQ
W�ILQG�DQ\�VLPSOH�ZD\�WR�ORDG�7,�$UWLVW�SLFWXUHV��$QRWKHU�FKDOOHQJH�ZDV�ERUQ�

1.48.1. Our Confession

7,�$UWLVW�LV�D�YHU\�SRSXODU�FRPPHUFLDO�SURGXFW�ZKLFK�ZH
YH�QHYHU�RZQHG�RU�XVHG��:H
UH�WROG�WKDW�WKH
SURJUDP�LWVHOI�LV�H[FHOOHQW��EXW�WKH�GRFXPHQWDWLRQ�OHDYHV�VRPHWKLQJ�WR�EH�GHVLUHG��7KDW
V�QRW�D�IDFW�ZH�FDQ
YHULI\��EXW�PRUH�WKDQ�RQH�IULHQG�RI�RXUV�KDV�PDGH�WKDW�DVVHUWLRQ��2XU�RZQ�NQRZOHGJH��OLPLWHG�DV�LW�LV�
FRPHV�IURP�WZR�VRXUFHV��+DUU\�:LOKHOP�SURYLGHG�XV�ZLWK�VRPH�RI�WKH�VDOLHQW�IDFWV��VXFK�DV�ILOH�IRUPDWV
DQG�VL]HV��:H�WKHQ�REWDLQHG�D�FRS\�RI�1RWXQJ
V�'LVN�RI�WKH�2OG�:HVW��ZKLFK�KDV�VRPH�WUXO\�H[FHOOHQW
H[DPSOHV� RI� 7,�$UWLVW� SLFWXUHV�PDGH� E\� RXU� IULHQG� .HQ�*LOOLODQG�� $UPHG� ZLWK� WKLV� WKLQ� YHQHHU� RI
NQRZOHGJH��ZH�VHW�VRPH�JRDOV� IRU�RXUVHOYHV��)LUVW��ZH�PDGH�RXU�'UDZLQJ�DQG�9LGHR�7LWOHU�SURJUDPV
FDSDEOH�RI�XVLQJ�7,�$UWLVW�SLFWXUHV�DV� LQSXWV��7KDW�VXFFHVV�PHDQW�ZH�XQGHUVWRRG�WKH�ILOHV�DQG�WKHLU
UHODWLRQVKLS�WR�WKH�9'3�LQ�%LWPDS�0RGH�

1.48.2. But What If. . .

,Q�ERWK�WKH�'UDZLQJ�DQG�7LWOHU�FDVHV��ZH�EURXJKW�WKH�FRQWHQWV�RI�WKH�7,�$UWLVW�SLFWXUHV�LQWR�WKH���.�5$0
WKURXJK�D�'65/1.�DQG�90%5�SURFHVV��WKHQ�SXW�WKH�9'3�LQWR�%LWPDS�DQG�GLVSOD\HG�WKH�SLFWXUH�E\
ZULWLQJ�LW�IURP�WKH���.�LQWR�WKH�9'3�DJDLQ��0U��+RZOH
V�TXHVWLRQ�ZDV�KRZ�FRXOG�ZH�ORDG�7,�$UWLVW
SLFWXUHV�ZLWKRXW�W\LQJ�XS�ODUJH�FKXQNV�RI�WKH���.�5$0��&RXOG�ZH�SHUKDSV�ORDG�WKH�ILOHV�GLUHFWO\�LQWR�WKH
FRUUHFW�SODFHV�LQ�9'3�5$0�GLUHFWO\�IURP�WKH�GLVN��VR�WKDW�RQO\�WKH�9'3�5$0�ZRXOG�HYHU�QHHG�WR�VWRUH
WKRVH�ILOHV
�FRQWHQWV"�)LUVW��ZH�KDYH�WR�UHDOL]H�WKDW�WKH�7,�$UWLVW�SLFWXUH�PD\�EH�RQH�RU�WZR����VHFWRU�ILOHV�
7KH�HVVHQWLDO�RQH�LV�WKH�ILOH�HQGLQJ�ZLWK�B3��)RU�H[DPSOH��RQ�'LVN�RI�WKH�2OG�:HVW��WKHUH
V�D�VHW�RI�WZR�ILOHV
WKDW�FRPSULVH�WKH�0HQX��DV�D�7,�$UWLVW�SLFWXUH��7KH\�DUH�QDPHG�0(18B3�DQG�0(18B&��7KH�ILUVW�LV�MXVW
WKH��EODFN�DQG�ZKLWH��FRQWHQW��ZKLOH�WKH�VHFRQG�FRQWDLQV�WKH�FRORU�LQIRUPDWLRQ��0RVW�RI�WKH�SLFWXUHV�RQ
WKDW�GLVN�GRQ
W�KDYH�WKH�B&�ILOH��VR�WKH\�KDYH�QR�FRORU�SRUWLRQ�

1RZ�OHW
V�ORRN�IRU�D�PRPHQW�DW�KRZ�ZH
YH�VHW�XS�9'3�5$0�IRU�%LWPDS�RSHUDWLRQ�LQ�RXU�'UDZLQJ�DQG
7LWOHU�SURJUDPV��7KH�PDSSLQJ��DOO�QXPEHUV�LQ�KH[��ORRNV�OLNH�WKLV�

9'3�$GGUHVVHV 8VH

���������)) 3DWWHUQ�GHVFULSWRU�WDEOH
��������))) 6FUHHQ�,PDJH�7DEOH
���������)) &RORU�7DEOH
������� 6SULWH�$WWU�7DEOH��HWF�
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7KHUH�ZRXOG�EH�D�FRQIOLFW�LI�ZH�MXVW�WULHG�ILOH�RSHUDWLRQV�ZLWK�WKLV�VHWXS�RI�9'3�5$0��EHFDXVH�WKH�EORFN
UHVHUYHG�IRU�WKH�'65
V�XVH�EHJLQV�DW�!��'���DQG�WKDW�ZRXOG�EH�ZLWKLQ�WKH�%LWPDS
V�&RORU�7DEOH�DUHD��7KXV
ZH�QHHGHG�D�ZD\�WR�PRYH�WKH�'65�UHVHUYHG�EORFN�WR�DQ�DGGUHVV�DERYH�!������&$//�),/(6����GRHV�WKDW�
SODFLQJ�WKH�UHVHUYHG�DUHD�IRU�RQH�ILOH�DW�!�%(���6LQFH�ZH�GRQ
W�XVH�VSULWHV��WKLV�ZRXOG�EH�MXVW�ILQH��7KH
SURJUDP�QHYHU�KDV�WR�GHDO�ZLWK�PRUH�WKDQ�RQH�ILOH�DW�D�WLPH��VR�&$//�),/(6����PHW�DOO�RXU�FULWHULD�

1.48.3. Today's Sidebar

7KLV�LV�D�FRPSOHWH�SURJUDP��UHDG\�WR�EH�DVVHPEOHG��,W�XVHV�VRPH�VXEURXWLQHV�IURP�RXU�HDUOLHU�ZRUN�
LQFOXGLQJ�WKH�6(7%0�DQG�6(7*0�URXWLQHV�WR�JHW�XV�LQWR�DQG�RXW�RI�%LWPDS�0RGH��WKH�&56,1�URXWLQH
WR�DFFHSW�ILOH�QDPH�LQSXW��HWF��,I�\RX�JHW�0,&52SHQGLXP�RQ�GLVN��\RX�FDQ�MXVW�DVVHPEOH�WKH�ILOH�FDOOHG
6,'(%$5���GLUHFWO\�WR�DQ�REMHFW�ILOH��WKHQ�UXQ�LW�XQGHU�(�$�2SWLRQ���RU�IURP�)XQQHOZHE
V�/RDGHU��7KH
SURJUDP�RFFXSLHV�RQO\������E\WHV�LQ�KLJK�PHPRU\��,W�XVHV�DQRWKHU�EORFN�RI�����E\WHV�DW�!�����LQ�ORZ
PHPRU\�WR�VWDVK�JUDSKLFV�PRGH�FKDUDFWHU�GHILQLWLRQV��7KH�SURJUDP�VWDUWV�ZLWK�VRPH��KRXVHNHHSLQJ��WR
VHW�XS�WKH�QRUPDO�VFUHHQ�FRQGLWLRQV��$IWHU�WKH�FRORUV�DUH�VHW��ZH�FDSWXUH�WKH�FKDUDFWHU�GHILQLWLRQV�IURP
9'3�5$0��DQG�VWDVK�WKHP�DZD\�LQ�ORZ�PHPRU\�DW�!������7KLV�PDNHV�LW�HDVLHU�WR�JHW�EDFN�WR�*UDSKLFV
PRGH�ZKHQ�ZH�QHHG�WR�

1RZ��XVLQJ�HVVHQWLDOO\�WKH�VDPH�WHFKQLTXH�XVHG�LQ�ODVW�PRQWK
V�FROXPQ��ZH�SHUIRUP�D�&$//�),/(6����
$IWHU�WKDW��WKH�DGGUHVV�NHSW�DW�!�����ZLOO�EH�!�%(���:H
OO�XVH�WKDW�ODWHU��EXW�ILUVW�ZH
OO�JHW�D�ILOH�QDPH
IURP�WKH�XVHU��7KH�ILOH�QDPH�HQWHUHG�ZLOO�DSSHDU�LQ�PHPRU\�DW�63$%'7����DV�D�VWULQJ��)RU�7,�$UWLVW
SLFWXUHV��WKH�PDLQ�ILOH�QDPH
V�ODVW�WZR�FKDUDFWHUV�ZLOO�EH�B3��,Q�FDVH�WKHUH
V�D�FRUUHVSRQGLQJ�FRORU�ILOH��ZH
PDNH�D�FRS\�RI�WKH�URRW�ILOH�QDPH�ZLWK�WKH�B&�VXIIL[�DW�63$%'�����2QFH�WKDW
V�GRQH��ZH�SXW�WKH�9'3�LQWR
%LWPDS�0RGH�E\�%/�#6(7%0��1RZ�LW
V�WLPH�WR�JR�DQG�JHW�WKDW�B3�ILOH�GLUHFW�IURP�WKH�GLVN�LQWR�WKH
3DWWHUQ�'HVFULSWRU�7DEOH�IRU�%LWPDS�0RGH�

1RWLFH�WKDW�WKH�GDWD�OLQH�63$%'7�KDV�]HUR�LQ�LWV�VHFRQG�ZRUG��7KDW��\RX
OO�UHFDOO��LV�WKH�EXIIHU�ORFDWLRQ
IRU�D�/2$'�RSHUDWLRQ��7KXV�WKH�'HYLFH�6HUYLFH�5RXWLQH�ZLOO�SODFH�ZKDW�LW�ILQGV�LQ�WKH�GHVFULEHG�ILOH�LQWR
9'3�5$0�VWDUWLQJ�DW����DQG�WKDW
V�ZKHUH�WKH�%LWPDS�3DWWHUQ�'HVFULSWRU�7DEOH�LV�ORFDWHG�

%XW�RI�FRXUVH�ZH�KDYH�WR�SXW�RXU�3$%�GDWD�LQ�9'3�VRPHSODFH��WKHQ�XVH�'65/1.�WR�DFFHVV�WKH�ILOH��7R�GR
WKDW��ZH�ILUVW�VHW�5��WR�SRLQW�DW�63$%'7��JHW�WKH�OHQJWK�RI�WKH�ILOH�QDPH�IURP�63$%'7���LQWR�5���DGG
WHQ��WKHQ�JHW�WKDW�QXPEHU�IURP�!�����LQWR�5���1RZ�E\�VXEWUDFWLQJ�5��IURP�5���ZH�ZLOO�SODFH�WKH�3$%
LQWR�9'3�VR�WKDW�LW�ZRQ
W�RYHUODS�WKH�DUHD�UHVHUYHG�IRU�WKH�'65
V�XVH��7KXV�WKH�3$%�HQGV�DW�!�%(���DQG
WKH�UHVHUYHG�DUHD�IRU�'65�RSHUDWLRQV�EHJLQV�DW�WKH�QH[W�E\WH��!�%(���:H�GR�RXU�%/:3�#'65/1.��ZLWK
'$7$����DQG�WKH�ILOH�JHWV�SXW�ULJKW�ZKHUH�ZH�FDQ�VHH�LW��:KHQ�WKLV�LV�GRQH��\RX
OO�VHH�WKH�SLFWXUH�FRPH�RQWR
WKH�VFUHHQ�VHFWRU�E\�VHFWRU��$IWHU�WKH�%/:3�WR�'65/1.��ZH�SHUIRUP�D�-1(�/2'2.��VR�WKDW�LI�WKH�ILOH
ZDV�IRXQG�WKH�SURJUDP�ZLOO�MXPS�DKHDG��,I�WKH�ILOH�ZDV�QRW�IRXQG��ZH�UHSRUW�WKH�HUURU�DW�WKH�ERWWRP�RI�WKH
VFUHHQ��WKHQ�ZDLW�IRU�D�NH\SUHVV�
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,I�WKH�ILOH�ORDGHG�FRUUHFWO\��ZH�PRYH�RQ�WR�WKH�FRGH�DW�/2'2.��ZKLFK�VHWV�XS�WR�DFFHVV�WKH�B&�ILOH��LI�WKDW
H[LVWV��7KH�3$%�'DWD�DW�63$%'��KDV�!�����LQ�LWV�VHFRQG�ZRUG��VR�WKDW�WKH�FRQWHQW�RI�WKH�B&�ILOH�ZLOO�ORDG
GLUHFWO\�LQWR�WKH�9'3�DW�!������ZKLFK�LV�WKH�FRORU�WDEOH�IRU�%LWPDS�0RGH��+HUH�ZH�GRQ
W�KDYH�WR�WUDS�DQ\
HUURU��EHFDXVH�LI�WKH�ILOH�LV�QRW�IRXQG��WKH�FRORU�WDEOH�ZLOO�EH�OHIW�EODFN�RQ�ZKLWH��,I�WKH�ILOH�LV�IRXQG��LWV
FRQWHQWV�ZLOO�UHSODFH�WKH�SUHYLRXV�FRQWHQW�RI�WKH�FRORU�WDEOH��ZKLFK�LV�RI�FRXUVH�WKH�GHVLUHG�UHVXOW�

1RZ�WKH�SLFWXUH�LV�RQ�VFUHHQ��ZLWK�RU�ZLWKRXW�FRORU��DQG�FDQ�EH�YLHZHG��7KH�SURJUDP�NHHSV�FKHFNLQJ�WKH
NH\ERDUG�XQWLO�WKH�XVHU�SUHVVHV�D�NH\��:KHQ�D�NH\�JHWV�SUHVVHG��WKH�SURJUDP�XVHV�&3'7�WR�FOHDU�WKH
SLFWXUH�DZD\��WKHQ�JRHV�EDFN�WR�JUDSKLFV�PRGH�WKURXJK�6(7*0��,I�FCTN 9�ZDV�SUHVVHG��WKH�SURJUDP�ZLOO
MXPS�WR�(;,7��HOVH�LW�ZLOO�JR�EDFN�WR�/2$'��$W�WKDW�SURPSW��\RX�FDQ�HLWKHU�W\SH�D�ILOH�QDPH�RU�SUHVV
FCTN 9�WR�H[LW�

7KH�(;,7�URXWLQH�SXWV�D�
�
�LQWR�WKH�&$//�),/(6�GDWD�DW�3$%'7����WKHQ�H[HFXWHV�D�&$//�),/(6�WR�VHW
WKLQJV�EDFN�WR�WKH�GHIDXOW�FRQGLWLRQ�EHIRUH�EUDQFKLQJ�EDFN�WR�WKH�*3/�,QWHUSUHWHU��7KDW
V�DOO�IRU�WRGD\�
6,'(%$5���FDQ�EH�DVVHPEOHG�LQWR�DQ�REMHFW�ILOH��DQG�UXQ�IURP�2SWLRQ���ZLWK�WKH�SURJUDP�QDPH�67$57�
<RX�VXSSO\�WKH�7,�$UWLVW�3LFWXUHV��ZH
OO�SXW�WKHP�RQ�VFUHHQ��2QFH�DJDLQ�QH[W�PRQWK
V�WRSLF�ZLOO�EH�D
VXUSULVH��6HH�\RX�WKHQ�

* SIDEBAR 48
* A COMPLETE PROGRAM
* FOR SHOWING TI-ARTIST PICTURES
* PUBLIC DOMAIN
* CODE BY B. Harrison
       DEF  START        ENTRY POINT
       REF  VMBW,VWTR,VSBW,VSBR,VMBR
       REF  KSCAN,DSRLNK
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
KEYADR EQU  >8374        KEY-UNIT
KEYVAL EQU  >8375        KEY VALUE
STATUS EQU  >837C        GPL STATUS
PAB    EQU  >1000        PER. ACC. BLK
CHRTBL EQU  >2678        CHR DEF STASH
CALPNT EQU  >832C        PNTR FOR CALL
PABPNT EQU  >8356        FOR DSRLNK
*
* MAIN CODE SECTION
*
START  LWPI WS           LOAD WORKSPACE
       LI   R0,>0733     SCREEN GREEN
       BLWP @VWTR        WRITE VDP REG 7
       LI   R0,>380      COLOR TABLE
       LI   R1,SAVCLR    OUR COLORS
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE COLORS
       LI   R0,31*8+>800 EDGE CHARACTER
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       LI   R1,SPCURS    BOX PATTERN
       LI   R2,8         EIGHT BYTES
       BLWP @VMBW        WRITE THAT
       LI   R0,>8F0      CHARACTER 30
       LI   R1,CHRTBL    BUFFER STORAGE
       LI   R2,>308      CHR 30 THRU 126
       BLWP @VMBR        STASH DEFS
       CLR  @KEYADR      CLEAR KEY-UNIT
* FOLLOWING DOES A CALL FILES(1)
       LI   R0,>3100     SET '1'
       MOVB R0,@PABDT+9  IN PAB DATA
       LI   R0,PAB       POINT AT PAB
       LI   R1,PABDT     AND PAB DATA
       LI   R2,ENDPDT-PABDT LENGTH
       BLWP @VMBW        WRITE TO VDP
       MOV  R0,@PABPNT   R0 TO >8356
       MOV  R0,@CALPNT   AND TO >832C
       BLWP @DSRLNK      USE DSR LINK
       DATA >A           DATA FOR "CALL"
* FOLLOWING PUTS PROMPT ON SCREEN
LOAD   BL   @CLS         CLEAR SCREEN
       LI   R0,3*32+10   ROW 4, COL 11
       LI   R1,FILIN2    PROMPT STRING
       BL   @DISSTR      DISPLAY
LOADFN LI   R0,10*32+2   ROW 11, COL 3
       LI   R4,28        28 CHARS
       BL   @CRSIN       INPUT ROUTINE
       DATA SPABDT+9     IN PAB DATA
       CI   R8,15        FCTN-9?
       JNE  NAMOK        IF NOT, JUMP
       B    @EXIT        ELSE EXIT
* FOLLOWING SETS UP FILE NAME WITH _C
NAMOK  LI   R9,SPABDT+8  NAME LENGTH WRD
       LI   R10,SPABD2+8 SECOND PAB
       MOV  *R9,*R10+    MOVE THE WORD
       MOV  *R9+,R4      LENGTH INTO R4
       JEQ  LOAD         IF ZERO, BACK
       DECT R4           REDUCE R4 BY 2
       JLT  LOAD         IF < ZERO, BACK
MOVNAM MOVB *R9+,*R10+   MOVE A BYTE
       DEC  R4           DEC COUNT
       JNE  MOVNAM       NOT ZERO, RPT
       LI   R9,UNDC      _C TEXT
MOVUDC MOVB *R9+,*R10+   MOVE THE _
       MOVB *R9,*R10     AND THE C
       BL   @SETBM       BITMAP MODE
* FOLLOWING ACCESSES THE _P FILE, LOADS
* DIRECTLY TO THE VDP STARTING AT >0000
       LI   R1,SPABDT    PAB DATA FOR _P FILE
       MOV  @8(R1),R2    LENGTH INTO R2
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       AI   R2,10        10 FIXED DATA
       MOV  @>8370,R0    HIGH VDP ADDR
       S    R2,R0        SUBTRACT LENGTH
       BLWP @VMBW        WRITE TO VDP
       AI   R0,9         ADD 9 TO R0
       MOV  R0,@PABPNT   PUT AT >8356
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            FOR FILE ACCESS
       JNE  LODOK        IF NE, LOAD OK
       BL   @SETGM       ELSE GRAPHICS
       BL   @CLS         CLEAR SCREEN
       LI   R1,LERMSG    "LOAD ERROR"
       LI   R0,21*32+4   ROW 22, COL 5
       BL   @DISSTR      DISPLAY MSG
       LI   R0,23*32+4   ROW 24, COL 5
       LI   R1,PAK       "PRESS ANY KEY"
       BL   @DISSTR      DISPLAY THAT
       BL   @KEY         GET KEYSTROKE
       JMP  LOAD         BACK TO PROMPT
* FOLLOWING ATTEMPTS TO LOAD _C FILE
* DIRECTLY TO THE COLOR TABLE IN VDP
LODOK  AI   R0,-9        SUBTR 9 FROM R0
       LI   R1,SPABD2    _C PAB DATA
       BLWP @VMBW        WRITE THAT
       AI   R0,9         ADD THE 9 BACK
       MOV  R0,@PABPNT   PUT AT >8356
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            FOR LOADING
       BL   @KEY         SCAN KEYBOARD
       BL   @CPDT        CLEAR BITMAP
       BL   @SETGM       SET TO GRAPHICS MODE
       MOV  @KEYADR,R8   KEY INTO R8
       CI   R8,15        FCTN-9?
       JEQ  EXIT         IF SO, EXIT
       B    @LOAD        ELSE TO PROMPT
* FOLLOWING DOES A CALL FILES(3)
EXIT   LI   R0,>3300     SET '3'
       MOVB R0,@PABDT+9  IN PAB DATA
       LI   R0,PAB       POINT AT PAB
       LI   R1,PABDT     AND PAB DATA
       LI   R2,ENDPDT-PABDT LENGTH
       BLWP @VMBW        WRITE TO VDP
       MOV  R0,@PABPNT   R0 TO >8356
       MOV  R0,@CALPNT   AND TO >832C
       BLWP @DSRLNK      USE DSR LINK
       DATA >A           DATA FOR "CALL"
       LWPI GPLWS        GPL WORKSPACE
       B    @>6A         GPL INTERPRETER
*
* SUBROUTINES FOR IN AND OUT OF BITMAP
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*
* FOLLOWING SETS VDP INTO BITMAP MODE
*
SETBM  LI   R0,>206      REGISTER 2
       BLWP @VWTR        SIT TO >1800
       LI   R0,>403      REG. 4
       BLWP @VWTR        PDT TO >0000
       LI   R0,>3FF      REG. 3
       BLWP @VWTR        CT TO >2000
       LI   R0,>607      REG 6
       BLWP @VWTR        SDT to >3800
       LI   R0,>570      REG 5
       BLWP @VWTR        SAT to >3800
       LI   R0,>58       SIT AT >1800
       MOVB R0,@>8C02    LOW BYTE ADDR
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    HIGH BYTE ADDR
       LI   R0,3         THREE TABLES
       CLR  R1           START WITH ZERO
SIT    MOVB R1,@>8C00    WRITE TO VDP
       AI   R1,>100      INC HIGH BYTE
       JNE  SIT          NOT ZERO, RPT
       DEC  R0           ELSE DEC COUNT
       JNE  SIT          NOT ZERO, RPT
       MOV  R11,R14      STASH RET. ADDR
       BL   @CPDT        CLEAR PDT
       LI   R0,>3800     SPRITE 0
       LI   R1,>D000     USE >D0, DELETE
       BLWP @VSBW        ALL SPRITES
       CLR  @>837A       NO MOTION
       LI   R0,2         SET TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        VDP TO M3 MODE (BITMAP)
       B    *R14         RETURN
CPDT   LI   R0,>60       CT AT >2000
       MOVB R0,@>8C02    LOW BYTE ADDR
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    HIGH BYTE ADDR
       LI   R0,>1800     >1800 BYTES
       LI   R1,>1F00     BLACK ON WHITE
CT     MOVB R1,@>8C00    WRITE ONE BYTE
       DEC  R0           DEC COUNT
       JNE  CT           NOT ZERO, RPT
       LI   R0,>40       PDT AT >0000
       MOVB R0,@>8C02    LOW BYTE ADDR
       SWPB R0           SWAP
       MOVB R0,@>8C02    HIGH BYTE ADDR
       LI   R0,>1800     >1800 BYTES
       CLR  R1           ALL ZEROS
PDT    MOVB R1,@>8C00    WRITE ONE
       DEC  R0           DEC COUNT
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       JNE  PDT          NOT ZERO, RPT
       RT
*
* FOLLOWING SETS VDP TO GRAPHICS MODE
*
SETGM  LI   R0,>1E0      VDP REG 1
       BLWP @VWTR        WRITE
       LI   R0,>200      VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      COLOR TABLE
       LI   R1,SAVCLR    COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE COLORS
       LI   R0,>8F0      CURSOR
       LI   R1,CHRTBL    STORED PATS
       LI   R2,>308      30 THRU 126
       BLWP @VMBW        WRITE THOSE
       LI   R1,>D000     CANCEL SPRITES
       LI   R0,>300      ATTR TABLE
       BLWP @VSBW        WRITE THAT
       CLR  @>837A       STOP MOTION
       CLR  R0           VDP REG 0
       BLWP @VWTR        WRITE
       RT                RETURN
DISSTR MOVB *R1+,R2      GET STRING LEN
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  DISX         IF ZERO, SKIP
       BLWP @VMBW        WRITE STRING
       A    R2,R1        ADD LENGTH
DISX   RT                RETURN
*
CLS    CLR  R0           START OF VDP
       LI   R4,24        24 ROWS
       LI   R1,BLNKLN    SPACES
       LI   R2,32        32 PER ROW
LOOP   BLWP @VMBW        WRITE 32 SPACES
       A    R2,R0        ADD 32 TO ADDR
       DEC  R4           DEC ROW COUNT
       JNE  LOOP         NOT ZERO, RPT
       RT                ELSE RETURN
*
* FOLLOWING IS A MODIFIED VERSION
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* OF OUR CRSIN ROUTINE AND ITS KEY
* INPUTS KI2 AND KI2A
*
CRSIN
       MOV  R11,R15
       CLR  @INSFLG
       MOV  R0,@PGNUM
       DEC  R0
       MOVB @EDGE,R1
       BLWP @VSBW
       INC  R0
       A    R4,R0
       BLWP @VSBW
       MOV  R0,@ENDOC
       S    R4,R0
       MOV  R4,@SAV4
CRSI0A BLWP @VSBR
       MOVB R1,@ALTKEY
CRSI0  BL   @CURFRC
       BL   @KI2
       CI   R8,9
       JEQ  CRSRT
       CI   R8,8
       JEQ  CRSBK
       CI   R8,10
       JLT  CRSC4
       CI   R8,15
       JEQ  CRSDMY
       CI   R8,13
       JLT  CRSDMY
CRSC4  CI   R8,4
       JNE  CRSENT
       INC  @INSFLG
       JMP  CRSI0
CRSENT CB   @KEYVAL,@ENTERV
       JEQ  CRSDMY
       CI   R8,3
       JEQ  CRSDEL
       CI   R8,32
       JLT  CRSI0
       CI   R8,122
       JGT  CRSI0
       CI   R8,97
       JLT  CRSI1
       SB   @ANYKEY,@KEYVAL
CRSI1
       MOV  @INSFLG,R1
       JEQ  CRSI1A
       MOVB @ALTKEY,R1
       BLWP @VSBW
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       MOV  @ENDOC,R2
       S    R0,R2
       LI   R1,TEMSTR
       BLWP @VMBR
       DEC  R2
       JEQ  CRSI1A
       INC  R0
       BLWP @VMBW
       DEC  R0
CRSI1A MOVB @KEYVAL,R1
       BLWP @VSBW
       INC  R0
       BLWP @VSBR
       CB   R1,@EDGE
       JNE  CRSI0A
       DEC  R0
       JMP  CRSI0A
CRSRT  MOVB @ALTKEY,R1
       BLWP @VSBW
       CLR  @INSFLG
       INC  R0
       BLWP @VSBR
       CB   R1,@EDGE
       JEQ  CRSRT1
       MOVB R1,@ALTKEY
       BL   @CURFRC
       BL   @KI2A
       CB   @KEYVAL,@RITEV
       JEQ  CRSRT
       CB   @KEYVAL,@NOKEY
       JEQ  CRSRT2
CRSRT1 DEC  R0
CRSRT2 MOVB @ONOFF,@KI2A+2
       MOVB @ALTKEY,R1
       BLWP @VSBW
       JMP  CRSI0
CRSBK  MOVB @ALTKEY,R1
       BLWP @VSBW
       CLR  @INSFLG
       DEC  R0
       BLWP @VSBR
       CB   R1,@EDGE
       JEQ  CRSBK1
       MOVB R1,@ALTKEY
       BL   @CURFRC
       BL   @KI2A
       CB   @KEYVAL,@LEFTV
       JEQ  CRSBK
       CB   @KEYVAL,@NOKEY
       JEQ  CRSRT2
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CRSBK1 INC  R0
       JMP  CRSRT2
CRSDMY JMP  CRSIX
CRSDEL MOV  R0,R7
       CLR  @INSFLG
       MOV  @ENDOC,R2
       S    R0,R2
       INC  R0
       DEC  R2
       JEQ  CRSD1
       LI   R1,TEMSTR
       BLWP @VMBR
       MOV  R7,R0
       BLWP @VMBW
CRSD1  MOVB @ANYKEY,R1
       MOV  @ENDOC,R0
       DEC  R0
       BLWP @VSBW
       MOV  R7,R0
CRSD0  B    @CRSI0A
CRSIX  MOVB @ALTKEY,R1
       BLWP @VSBW
       MOV  @ENDOC,R0
       DEC  R0
       MOV  @SAV4,R2
CRSIX1 BLWP @VSBR
       CB   R1,@ANYKEY
       JNE  CRSIXX
       DEC  R0
       DEC  R2
       JGT  CRSIX1
CRSIXX MOV  @PGNUM,R0
       MOV  *R15+,R1
       SWPB R2
       MOVB R2,*R1+
       SWPB R2
       JEQ  CRIX
CRSIX2 BLWP @VMBR
CRIX   B    *R15
*
KI2    CLR  @STATUS
       BLWP @KSCAN
       LIMI 2
       LIMI 0
       DEC  R4
       JEQ  CHNG
       CB   @ANYKEY,@STATUS
       JNE  KI2
       MOV  @KEYADR,R8
       RT
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CHNG   CI   R1,>1E00
       JEQ  L1
       LI   R1,>1E00
       BLWP @VSBW
       MOVB @ONOFF,R4
       JMP  KI2
L1     MOVB @ALTKEY,R1
       MOVB @ONOFF+1,R4
       BLWP @VSBW
       JMP  KI2
*
KI2A   LI   R5,>0280
KI2B   CLR  @STATUS
       BLWP @KSCAN
       CB   @KEYVAL,@NOKEY
       JEQ  KI2C
       LIMI 2
       LIMI 0
       DEC  R5
       JNE  KI2B
       MOVB R5,@KI2A+2
KI2C   RT
*
CURFRC LI   R1,>1E00
       LI   R4,>0100
       BLWP @VSBW
       RT
*
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTERRUPTS ON
       LIMI 0            THEN OFF
       CB   @ANYKEY,@STATUS KEY STRUCK?
       JNE  KEY          NOT, SCAN AGAIN
       RT                ELSE RETURN
*
* END SUBROUTINES
* START DATA SECTION
*
WS     BSS  >20          OUR WORKSPACE
NOKEY  BYTE >FF          COMPARISON BYTE
SAV4   DATA 0            STORAGE FOR R4
TEMSTR BSS  30           TEMP STRING
LERMSG BYTE 21           LENGTH
       TEXT 'ERROR IN LOADING FILE'  MESSAGE
ANYKEY BYTE >20          COMPARISON BYTE
*
* SAVCLR IS JUST 32 BYTES OF >13 TO SET
* THE GRAPHICS COLORS TO BLACK ON GREEN
*
SAVCLR DATA >1313,>1313,>1313,>1313
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       DATA >1313,>1313,>1313,>1313
       DATA >1313,>1313,>1313,>1313
       DATA >1313,>1313,>1313,>1313
PGNUM  DATA 0
ENDOC  DATA 0
EDGE   BYTE 31           EDGE CHARACTER
FILIN2 BYTE 12
       TEXT 'INPUT NAME  '
PAK    BYTE 25
       TEXT 'PRESS ANY KEY TO CONTINUE'
ENTERV BYTE >0D          ENTER KEY
LEFTV  BYTE >08          FCTN-S
RITEV  BYTE >09          FCTN-D
UPKEY  BYTE 11           FCTN-E
DNKEY  BYTE 10           FCTN-X
DELKEY BYTE 3            FCTN-1
INSKEY BYTE 4            FCTN-2
INSFLG DATA 0            INSERT ON-OFF
UNDC   TEXT '_C'         UNDERLINE C
BLNKLN TEXT '                                        '
ONOFF  DATA >0201        CURSOR ON-OFF
ALTKEY BYTE 0            SAVED CHARACTER
SPABDT DATA >0500,>0000,0,>2A00,>0000
       BSS  28           FILE NAME SPACE
SPABD2 DATA >0500,>2000,0,>2A00,>0000
       BSS  28           FILE NAME SPACE
SPCURS DATA >007E,>4242,>4242,>7E00 BOX
PABDT  BYTE 5            NAME LENGTH
       TEXT 'FILES'      NAME
       BYTE >B7,>C8,1,'1',>B6 TOKEN (1)
ENDPDT EQU  $
       END
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1.49. The Art Of Assembly — Part 49. Gripes And Delays

%\�%UXFH�+DUULVRQ

,W
V�1RYHPEHU������DV�ZH�ZULWH��DQG�WKLQJV�GRQ
W�ORRN�VR�JRRG�IRU�WKH�IXWXUH�RI�WKH�7,�����$��2QH�E\�RQH�
YHQGRUV�DUH�GURSSLQJ�E\�WKH�ZD\VLGH��$VJDUG� LV�JRQH��DORQJ�ZLWK�PDQ\�VRIWZDUH�DXWKRUV��%XG�0LOOV
6HUYLFHV�VWLOO�H[LVWV��EXW�WKHUH�KDYH�EHHQ�QR�DGV�DSSHDULQJ�IRU�VRPH�PRQWKV�QRZ��:HVWHUQ�'LJLWDO�LV�VWLOO
�WDONLQJ�DERXW��WKH�6&6,�FDUG�DQG�KRZ�VRRQ�LWV�VRIWZDUH�ZLOO�EH�UHDG\��:H
UH�QRW�KROGLQJ�RXU�EUHDWK��2QH
PXVW�DVN���:KHQ�LW
V�UHDG\��ZLOO�WKHUH�EH�DQ\�FXVWRPHUV�OHIW"��3DUW�RI�WKH�SUREOHP�LV�WKH�SHQQ\�SLQFKLQJ
7,�RZQHU�KLPVHOI��,Q�UHFHQW�PRQWKV��'U��&KDUOHV�*RRG�KDV�RIIHUHG�PDQ\�RI�RXU�3XEOLF�'RPDLQ�GLVNV
WKURXJK� WKH�/LPD�8VHUV
�*URXS�DW�������SHU�GLVN��ZKLFK� LQFOXGHV� WKH�GLVN� LWVHOI�� WKH� VRIWZDUH�ZLWK
XQOLPLWHG�OLFHQVH��DQG�WKH�PDLOLQJ��6WLOO��SHRSOH�KDYH�FDOOHG�PH�GLUHFWO\�WR�DVN�LI�,�FDQ�RIIHU�WKHVH�GLVNV�IRU
OHVV��/(66�7+$1������"�,Q�DOO�SUREDELOLW\��LW�KDV�FRVW�PRUH�WKDQ�������WR�FDOO�PH�ORQJ�GLVWDQFH�MXVW�WR�DVN
WKH�TXHVWLRQ���12��,�'21
7���$W�WKH������/LPD�)DLUH��ZH�ZHUH�QRW�VHOOLQJ�DQ\WKLQJ��EXW�PHUHO\�DOORZLQJ
SHRSOH�WR�PDNH�FRSLHV�DW�RXU�WDEOH�LI�WKH\�EURXJKW�DORQJ�EODQN�GLVNV��%XVLQHVV�ZDV�EULVN�DOO�GD\��2EYLRXVO\
������ZDV�WKH�FRUUHFW�SULFH�IRU�RXU�JRRGV�

1.49.1. Could Be Wo rse. . .

,�OLNH�XVLQJ�OLQHV�IURP�ROG�PRYLHV��DQG�,
P�UHPLQGHG�KHUH�RI�RQH�IURP�WKH�PRYLH��<RXQJ�)UDQNHQVWHLQ��
,Q�WKLV�FDVH��WKH�\RXQJ�'RFWRU�DQG�KLV�DVVLVWDQW�,JRU�DUH�LQ�WKH�SURFHVV�RI�UREELQJ�D�JUDYH�IRU�WKH�ERG\
WKH\
OO� XVH� LQ� WKH� H[SHULPHQW�� 7KH\
UH� VWDQGLQJ� QHFN�GHHS� LQ� WKH� GXJ�XS� JUDYH�� 7KH� \RXQJ� 'RFWRU
)UDQNHQVWHLQ� �*HQH�:LOGHU�� UHPDUNV�ZKDW�D�KRUULEOH� VLWXDWLRQ� WKH\
UH� LQ�� DQG� ,JRU� �WKH� ODWH�0DUW\
)HOGPDQ��TXLSV���&RXOG�EH�ZRUVH���7KH�'RFWRU��DQQR\HG��SRLQWV�RXW�WKH�GHWDLOV�RI�WKHLU�VLWXDWLRQ�DQG�DVNV
�+RZ�FRXOG�LW�SRVVLEO\�EH�ZRUVH"��,JRU�DQVZHUV�LQ�D�YHU\�PDWWHU�RI�IDFW�WRQH���&RXOG�EH�UDLQLQJ���7KLV�LV
IROORZHG�LPPHGLDWHO\�E\�D�VWURNH�RI�OLJKWQLQJ��D�FODS�RI�WKXQGHU��DQG�D�GUHQFKLQJ�UDLQ�

%DG�DV�RXU�VLWXDWLRQ�LV��LW�FRXOG�EH�ZRUVH��$W�OHDVW�WKH�7,�FRPPXQLW\�VWLOO�KDV�DFWLYH�XVHU�JURXSV�ZKR
�NQRZ�DERXW��HDFK�RWKHU��DQG�RI�FRXUVH�DOVR�KDV�0,&52SHQGLXP�WR�NHHS�LQ�WRXFK�ZLWK�HYHQ�WKH��ORQH�
XVHU��%DFN�ZKHQ�,�DFTXLUHG�P\�ILUVW�5DGLR�6KDFN�&RORU�&RPSXWHU��&R&R���,�ZDV�ORRNLQJ�DURXQG�IRU�RWKHU
XVHUV�WR�DQVZHU�P\�PDQ\�TXHVWLRQV��2XU�IULHQG�%DUU\�7UDYHU�JRW�PH�D�SRLQW�RI�FRQWDFW�LQ�WKH�3KLODGHOSKLD
DUHD�IRU�D�&R&R�XVHUV�JURXS��7KH�PDQ�ZDV�DYDLODEOH�E\�SKRQH��DQG�HDJHUO\�KHOSHG�ZLWK�PDQ\�TXHVWLRQV�
EXW�ZKHQ�,�DVNHG�ZKHWKHU�WKHUH�ZDV�D�JURXS�LQ�WKH�:DVKLQJWRQ�'&�DUHD��KH�GLGQ
W�NQRZ��7KHUH
V�QR�IRUXP
IRU�WKH�&R&R�XVHUV�RI�WKH�ZRUOG��MXVW�LVRODWHG�SRFNHWV�RI�XVHUV��:H�7,�SHRSOH�VKRXOG�FRXQW�RXU�EOHVVLQJV�

1.49.2. Slowing It Down

6HYHUDO�WLPHV�LQ�WKLV�FROXPQ�ZH
YH�GLVFXVVHG�WKH�PDWWHU�RI�FUHDWLQJ�FRQWUROOHG�GHOD\V�LQ�DQ�$VVHPEO\
SURJUDP�� ,Q�PDQ\� FDVHV�$VVHPEO\
V�ELJJHVW� VWUHQJWK�� LWV� VSHHG�� LV� D� FXUVH�� ,Q� WRGD\
V�6LGHEDU��ZH
UH
VKRZLQJ�VRPH��QHDU�SHUIHFW��PHWKRGV�RI�GRLQJ�D�GHOD\�LQ�DQ\�$VVHPEO\�SURJUDP��7KH�ILUVW�SDUW�LV�D�VLPSOH
VXEURXWLQH�ZKLFK�XVHV�WKH�XVHU�LQWHUUXSW�SURFHVV�WR�FRQWURO�WKH�DPRXQW�RI�WKH�GHOD\��([FHSW�IRU�5HJLVWHU
����WKLV�PHWKRG�GRHV�QRW�FKDQJH�DQ\�UHJLVWHUV��VR�LW�ZLOO�QRW�LQWHUIHUH�ZLWK�ZKDW
V�KDSSHQLQJ�LQ�WKH�PDLQ
FRGH��,WV�RQO\�GUDZEDFN�LV�WKDW�LW�PDNHV�GHOD\V�RQO\�LQ�LQFUHPHQWV�RI�����WK�VHFRQG�
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$V�\RX
OO�VHH�LQ�WKH�6LGHEDU��WKH�VXEURXWLQH�LV�LQYRNHG�ZLWK�D�%/�#'(/$<�IROORZHG�E\�D�'$7$�OLQH��7KH
'$7$�LV�WKH�QXPEHU�RI�VL[WLHWKV�RI�D�VHFRQG�IRU�WKH�GHVLUHG�GHOD\��7KH�'$7$�QXPEHU�FDQ�UXQ�IURP��
WKURXJK��������7KDW�PHDQV�WKH�GHOD\�LWVHOI�FDQ�UDQJH�IURP������VHFRQG�WR�����VHFRQGV��ZKLFK�ZRUNV�RXW
WR�����PLQXWHV��,Q�WKH�ILUVW�H[DPSOH�VKRZQ�LQ�WKH�6LGHEDU��WKH�'$7$�LV�����VR�WKH�GHOD\�ZLOO�EH�����VHFRQG�
6LQFH�WKLV�GHOD\�XVHV�WKH�LQWHUUXSW�WLPLQJ��WKH�GHOD\�LV�LQGHSHQGHQW�RI�WKH�SURFHVVRU�RU�PHPRU\�VSHHG��VR
WKDW�WKH�GHOD\�ZLOO�EH�WKH�VDPH�RQ�EXV�PRGLILHG�7,�PDFKLQHV�RU�RQ�*HQHYHV�DV�LW�LV�RQ�D�VWDQGDUG�7,�

1.49.3. The European Problem

,I�\RXU�SURJUDP�LV�WR�EH�XVHG�SULPDULO\�LQ�(XURSH�RU�$XVWUDOLD��ZKHUH�WKH�YHUWLFDO�LQWHUYDO�LV�LQ���WKV�RI
D�VHFRQG��WKH�GHOD\�WLPLQJ�ZRXOG�KDYH�WR�EH�DGMXVWHG�LQ�WKH�VRXUFH�FRGH��DV�IRU�H[DPSOH����LQVWHDG�RI���
ZRXOG�EH�XVHG�LQ�WKH�'$7$�WR�PDNH�D�����VHFRQG�GHOD\��,I�WKDW
V�QRW�GRQH��DOO�GHOD\V�LQ�\RXU�SURJUDP
ZRXOG�DFWXDOO\�EHFRPH����WKV�RI�WKHLU�GHVLUHG�YDOXH�ZKHQ�UXQ�RQ�D����+]�PDFKLQH��,Q�VRPH�FDVHV��ZH
YH
PDGH�WZR�YHUVLRQV�RI�D�SURJUDP��RQH�IRU�8�6��XVH��DQG�DQRWKHU�IRU�(XURSHDQ�XVH�

1.49.4. Variations On The Theme

,Q�WKH�VHFRQG�SDUW�RI�WKH�6LGHEDU��WKHUH
V�D�YDULDWLRQ�RQ�WKH�VXEURXWLQH��ZKLFK�VKRZV�D�PHWKRG�E\�ZKLFK
WKH�PDFKLQH�FDQ�EH�PDGH�WR�GR�RWKHU�WKLQJV�ZKLOH�WKH�GHOD\�LV�UXQQLQJ��+HUH��ZH
YH�DGGHG�D�%/:3
#.6&$1�ZLWKLQ�WKH�ORRS��VR�WKDW�WKH�XVHU�FDQ�WHUPLQDWH�WKH�GHOD\�E\�SUHVVLQJ�D�NH\��7KLV�UHTXLUHV�RQH
PRUH�E\WH�DGGHG�WR�WKH�'$7$�VHFWLRQ�RI�WKH�SURJUDP�VR�D�FKHFN�FDQ�EH�PDGH�DIWHU�WKH�%/:3�#.6&$1�
8VLQJ�\RXU�LPDJLQDWLRQ��\RX�FDQ�VHH�KRZ�RWKHU�IXQFWLRQV�FRXOG�EH�FRPELQHG�LQWR�WKH�GHOD\�ORRS���$QRWKHU
�H[HUFLVH�IRU�WKH�VWXGHQW����*LYHQ�WKH�VSHHG�DW�ZKLFK�$VVHPEO\�H[HFXWHV��WKH�FRPSXWHU�FDQ�GR�ORWV�RI�WKLQJV
LQ�HDFK�����WK�VHFRQG��ZLWKRXW�DIIHFWLQJ�WKH�DFFXUDF\�RI�\RXU�GHOD\�

1.49.5. How It Works

7KH�NH\� WR� WKLV� LV� WKH� OLWWOH� VHFWLRQ�RI� FRGH�DW� ODEHO�865,17��7KDW�SHUIRUPV�RQO\�RQH� VLPSOH� WDVN�
LQFUHPHQWLQJ�WKH�ZRUG�RI�PHPRU\�DW�ODEHO�7,0&17��WKHQ�UHWXUQLQJ�WR�WKH�LQWHUUXSW�VHUYLFLQJ�URXWLQH�
7KH�LQWHUUXSW�VHUYLFLQJ�URXWLQH�LV�DOZD\V�WKHUH�LQ�WKH�FRQVROH��DQG�DFWLYDWHV�LWVHOI�RQFH�HDFK�����WK�VHFRQG
GXULQJ�WKH�YHUWLFDO�LQWHUYDO��SURYLGHG�RQO\�WKDW�D�/,0,���LV�EHLQJ�SHUIRUPHG�QRZ�DQG�WKHQ��7KXV�7,0&17
JHWV�LQFUHPHQWHG�RQFH�HDFK�����WK�RI�D�VHFRQG��ZKLFK�LV�RI�FRXUVH�WKH�GHVLUHG�FDVH��$W�WKH�ODEHO�'(/$<�
ZH�ILUVW�WDNH�WKH�'$7$�WKDW�IROORZV�WKH�%/�LQVWUXFWLRQ�LQWR�D�ZRUG�RI�PHPRU\�DW�'/<7,0��7KLV�VHWV�WKH
�WDUJHW��QXPEHU�IRU�WKH�GHOD\��1H[W��WKH�VXEURXWLQH�FOHDUV�WKH�ZRUG�DW�7,0&17��VR�ZH�VWDUW�ZLWK�]HUR�LQ
WKDW�YDULDEOH��7KH�WKLUG�RSHUDWLRQ�SXWV�WKH�DGGUHVV�RI�865,17�LQWR�WKH�ZRUG�DW�!��&���VR�WKLV�LQWHUUXSW
ZLOO�EH�VHUYLFHG�RQ�HDFK�YHUWLFDO�LQWHUYDO��7KH�,QWHUUXSW�VHUYLFLQJ�URXWLQH�XVHV�LWV�RZQ�ZRUNVSDFH��VR�WKH
57�LQ�865,17�UHWXUQV�WR�WKH�VHUYLFLQJ�URXWLQH��DQG�GRHV�QRW�DIIHFW�\RXU�PDLQ�FRGH�UHJLVWHUV�
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2QFH�WKRVH�WKLQJV�DUH�GRQH��WKH�VXEURXWLQH�HQWHUV�D�ORRS�DW�'/<���7KLV�ORRS�DOORZV�LQWHUUXSWV�EULHIO\
GXULQJ�HDFK�SDVV�E\�WKH�/,0,���DQG�/,0,���LQVWUXFWLRQV��,W�WKHQ�FRPSDUHV�WKH�ZRUGV�DW�7,0&17�DQG
'/<7,0�WR�VHH�ZKHWKHU�WKH�GHVLUHG�GHOD\�KDV�EHHQ�FRPSOHWHG��6R�ORQJ�DV�WKH�ZRUG�DW�7,0&17�LV�OHVV�WKDQ
WKH�ZRUG�DW�'/<&17�� WKH� ORRS� VLPSO\� UHSHDWV��2QFH�7,0&17�EHFRPHV�HTXDO� WR� �RU� JUHDWHU� WKDQ�
'/<7,0��WKH�VXEURXWLQH�FOHDUV�!��&��WR�GH�DFWLYDWH�865,17��WKHQ�UHWXUQV�WR�\RXU�PDLQ�FRGH�DIWHU�WKH
'$7$�LWHP�

1.49.6. What Have We Done?

7KH�,QWHUUXSW�GULYHQ�'(/$<�ZDV�LQVSLUHG�E\�WZR�WKLQJV��:H�KDG�SUHYLRXVO\�GRQH�D�7LPHRXW�URXWLQH�IRU
XVH�ZLWK�([WHQGHG�%DVLF��VR�WKDW�DQ�$&&(37�$7�FRXOG�EH�OLPLWHG�WR�D�FHUWDLQ�DPRXQW�RI�WLPH��PHDVXUHG
DFFXUDWHO\�LQ�����WK�VHFRQG�LQFUHPHQWV��7KDW�URXWLQH�XVHG�WKH�8VHU�,QWHUUXSW�WR�DGYDQFH�D�FRXQWHU��WKXV
PDNLQJ�DQ�DFFXUDWH�WLPHRXW�SRVVLEOH��:H
G�DOVR�EHHQ�ORRNLQJ�DW�VRPH�VRXUFH�FRGH�ZULWWHQ�E\�RQH�RI�RXU
UHDGHUV��7KH�VRXUFH�FRGH�ZDV�IRU�D�JDPH�SURJUDP�WKDW�QHHGHG�GHOD\�ORRSV��DQG�WKHUH�ZHUH�VHYHUDO�GLIIHUHQW
GHOD\�VXEURXWLQHV�EHFDXVH�GLIIHUHQW�UHJLVWHUV�QHHGHG�WR�EH�SUHVHUYHG�

$IWHU�JLYLQJ�LW�D�OLWWOH�WKRXJKW��ZH�ILJXUHG�WKDW�WKH�GHOD\�VXEURXWLQH�FRXOG�EH�PDGH�XVLQJ�WKH�,QWHUUXSW
LGHD��DQG�WKDW�RQO\�5HJLVWHU����RI�WKH�SURJUDP
V�ZRUNVSDFH�ZRXOG�EH�DIIHFWHG��7KLV�WDNHV�PRUH�PHPRU\
WKDQ�RQH�RI�RXU�UHDGHU
V�RULJLQDO�VXEURXWLQHV��EXW�LV�VWLOO�PRUH�HIILFLHQW�WKDQ�KDYLQJ�WKUHH�RU�IRXU�GLIIHUHQW
VXEURXWLQHV�MXVW�WR�GR�GHOD\V�

7KLV�PHWKRG�ZDV�WKHQ�XVHG�LQ�RQH�RI�RXU�3XEOLF�'RPDLQ��SURGXFWV���WR�VHUYH�DV�D�WLPHU��7KDW�SURGXFW�LV
D��6/,'(6+2:��SURJUDP�ZKLFK�XVHV�7,�$UWLVW�SLFWXUH�ILOHV��,Q�WKDW�DSSOLFDWLRQ��WKH�XVHU�FDQ�VHOHFW�WR
KDYH�HDFK�VOLGH�LQ�D�VHTXHQFH�DSSHDU�RQ�VFUHHQ�XQWLO�D�NH\�LV�SUHVVHG��RU�KH�PD\�FKRRVH�WR�XVH�D�WLPHG
VHTXHQFH��LQ�ZKLFK�FDVH�HDFK�VOLGH�DSSHDUV�IRU�D�SUHFLVH�DPRXQW�RI�WLPH�EHIRUH�EHLQJ�UHSODFHG��7KH�XVHU
RI�WKDW�SURJUDP�HQWHUV�KLV�QXPEHU�LQ�VHFRQGV��UDQJLQJ�IURP����VHFRQG�WKURXJK�����VHFRQGV��ILYH�PLQXWHV��
:H�DOVR�ZDQWHG�WR�JLYH�WKH�XVHU�WKH�DELOLW\�WR�VWRS�WKH�VKRZ�DW�DQ\�WLPH�E\�SUHVVLQJ�FCTN 9��7KXV�D
YDULDWLRQ�RI�WKH�VHFRQG�PHWKRG�LQ�WRGD\
V�6LGHEDU�ZDV�DSSOLHG�DQG�WHVWHG��,W�ZRUNHG�YHU\�QLFHO\�

1.49.7. But Then Again. . .

+DYLQJ�EHHQ�WUDLQHG�DV�DQ�(OHFWURQLFV�(QJLQHHU��DQG�KDYLQJ�ZRUNHG�LQ�WKDW�SURIHVVLRQ�IRU����\HDUV��,�FDQ
WHVWLI\� WR� WKH� IDFW� WKDW�(QJLQHHUV�DUH�QHYHU� FRQWHQW� WR� OHDYH�ZHOO� HQRXJK�DORQH��/HIW� WR� WKHPVHOYHV�
(QJLQHHUV�ZRXOG�UH�GHVLJQ�D�SURGXFW�IRU�����\HDUV�EHIRUH�VHQGLQJ�LW�LQWR�SURGXFWLRQ��%DFN�WKHQ��,�ZRXOG
KDYH� VDLG� WKDW� QRERG\� FRXOG� GR� PRUH� UH�WKLQNLQJ� RI� WKLQJV� WKDQ� (QJLQHHUV�� 7KHQ� ,� GLVFRYHUHG
3URJUDPPHUV��3URJUDPPHUV�FDQ�UH�ZRUN�RQH�SURGXFW�IRU�PXFK�ORQJHU�WKDQ�WKH�(QJLQHHUV�,
G�ZRUNHG
ZLWK��7KDW�LQFOXGHV�\RXU�DXWKRU��,Q�WKH�ILQH�WUDGLWLRQ�RI�QHYHU�OHDYLQJ�ZHOO�HQRXJK�DORQH��ZH
YH�DGGHG�3DUW
7KUHH�WR�WRGD\
V�6LGHEDU��7KLV�GRHV�QRW�QHHG�WKH�8VHU�,QWHUUXSW��EXW�VLPSO\�GHSHQGV�RQ�RQH�WKDW
V�DOUHDG\
WKHUH��LQ�WKH�IRUP�RI�WKH�VFUHHQ�WLPHRXW�FRXQWHU��)RU�LFLQJ�RQ�WKH�FDNH��ZH�PDGH�WKLV�RQH�VR�WKDW�LW�ZRUNV
DV�D�%/:3�YHFWRU��ZLWKRXW�DIIHFWLQJ�DQ\�RI�WKH�PDLQ�SURJUDP
V�UHJLVWHUV��/LNH�WKH�SUHYLRXV�RQHV��WKLV�XVHV
D�'$7$�LWHP�WKDW�FDQ�UDQJH�IURP���WKURXJK��������DQG�SURGXFHV�D�GHOD\�RI�WKDW�QXPEHU�RI���WKV�RI�D
VHFRQG��6LQFH�WKLV�LV�D�%/:3�RSHUDWLRQ��WKH�VXEURXWLQH�KDV�LWV�RZQ�ZRUNVSDFH��DQG�JHWV�WKH�GDWD�XVLQJ
LWV�RZQ�5����%HFDXVH�WKH�VFUHHQ�WLPHRXW�FRXQWHU�LQFUHPHQWV�E\�WZRV��ZH�KDYH�WR�GRXEOH�WKH�GHVLUHG
QXPEHU�EHIRUH�VWDUWLQJ�WKH�GHOD\�ORRS��2I�FRXUVH�ZH�DOVR�ZDQW�WR�VWDUW�ZLWK�WKH�FRXQWHU�DW�]HUR��VR�ZH�&/5
#!��'��EHIRUH�HQWHULQJ�WKH�ORRS�



7(;$6�,167580(176
+20(�&20387(5

)RU�WKH�FRQYHQLHQFH�RI�RXU�UHDGHUV��WKLV�3$57���RI�WKH�6LGHEDU�LV�D�FRPSOHWH�SURJUDP�WKDW�FDQ�EH�W\SHG
LQ��DVVHPEOHG��DQG�UXQ��,W
OO�VWDUW�E\�SXWWLQJ�WKH�PHVVDJH�'(/$<,1*�7(1�6(&21'6�RQ�WKH�VFUHHQ��,W
ZLOO�WKHQ�LQYRNH�WKH�GHOD\�E\�GRLQJ�D�%/:3�#'(/$<��IROORZHG�E\�'$7$������$IWHU�WKH�WHQ�VHFRQGV
GHOD\��WKH�SURJUDP�SXWV�D��'(/$<�,6�),1,6+('��PHVVDJH�RQ�WKH�VFUHHQ��WKHQ�DZDLWV�D�NH\VWURNH�DQG
H[LWV�ZKHQ�LW�JHWV�RQH��%\�P\�GLJLWDO�ZDWFK��WKLV�VHHPV�WR�EH�TXLWH�DFFXUDWH�

1RWH�WKDW�WKH�QXPEHU�KDV�WR�EH�GRXEOHG��ZKLFK�ZH�GR�E\�D�VLPSOH�6/$�5����RSHUDWLRQ��'RLQJ�LW�WKLV�ZD\
LQVXUHV�WKDW�WKH�QXPEHU�LQ�5��LV�DOZD\V�HYHQ��VR�LW�ZLOO�PDWFK�WKH�QXPEHU�DW�!��'��ZKHQ�WKH�GHVLUHG
WLPH�KDV�H[SLUHG��$OO�WKH�VXEURXWLQH�QHHGV�WR�GR��WKHQ��LV�MXVW�NHHS�DOORZLQJ�LQWHUUXSWV�RQFH�RQ�HDFK�SDVV
WKURXJK�WKH�ORRS��DQG�WKHQ�FRPSDUH�WKH�QXPEHU�LQ�5��WR�WKH�VFUHHQ�WLPHRXW�FRXQWHU�DW�!��'��

$V�LQ�WKH�SUHYLRXV�FDVH��ZH�FRXOG�LQFOXGH�D�%/:3�#.6&$1�ZLWKLQ�WKH�ORRS��VR�WKDW�WKH�GHOD\�ZRXOG�EH
VWRSSHG�E\�DQ\�NH\SUHVV��7KLV�PHWKRG��ZLWK�LWV�QHHG�IRU�DQRWKHU�VHW�RI�ZRUNVSDFH�UHJLVWHUV��LV�QRW�H[DFWO\
WKH�PRVW�HIILFLHQW�LQ�PHPRU\�XVH��EXW�LW�ZRUNV�DV�DGYHUWLVHG��VR�ZH
OO�IRUJLYH�RXUVHOYHV�IRU�WDNLQJ�DQ�H[WUD
���E\WHV�LQ�WKLV�FDVH��,W�FRXOG�WXUQ�RXW�WKDW�\RXU�SURJUDP�QHHGV�WR�SUHVHUYH�DOO�LWV�RZQ�UHJLVWHUV�ZKLOH�WKH
GHOD\�LV�KDSSHQLQJ��VR�WKRVH����E\WHV�FRXOG�EH�ZRUWK�KDYLQJ�

6R��RQFH�DJDLQ��GHDU�UHDGHUV��ZH�OHDYH�\RX�ZLWK�WKH�FKRLFHV�WR�PDNH�\RXUVHOI��3DUWV�RQH��WZR��DQG�WKUHH�RI
WKH�6LGHEDU�DOO�ZRUN��VR�\RX�FDQ�XVH�DQ\�RI�WKHP�WR�DGYDQWDJH�LQ�\RXU�SURJUDPV��<RX�FDQ�FRPELQH
IHDWXUHV��DGG�RWKHU�SRVVLELOLWLHV��DQG�FDUU\�WKLV�VWXII�EH\RQG�RXU�ZLOGHVW�GUHDPV��,Q�DQ\�FDVH��ZH�KRSH
\RX
UH�VXFFHVVIXO�LQ�\RXU�SXUVXLWV�

7KDW
V�DOO�IRU�WRGD\
V�OHVVRQ��7KH�SURJUDPV�ZH
UH�PDNLQJ�DUH�DOO�EHLQJ�PDGH�DYDLODEOH�WKURXJK�RXU�GHDU
IULHQG�'U��&KDUOHV�*RRG�DQG�WKH�/LPD�8VHUV
�*URXS��6R�ORQJ�DV�SHRSOH�DUH�VWLOO�LQWHUHVWHG��ZH
OO�NHHS�WU\LQJ
QHZ�WKLQJV��:H
UH�RSHQ�WR�VXJJHVWLRQV�IURP�UHDGHUV�DW�DQ\�WLPH��HLWKHU�IRU�QHHGHG��SURGXFWV��RU�IRU�KHOS
ZLWK�WKHLU�RZQ�ZRUN��1H[W�PRQWK
V�WRSLF�LV�DJDLQ�XQGHFLGHG��VR�ZDWFK�WKLV�VSDFH�IRU�DQRWKHU�VXUSULVH�
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* SIDEBAR49
*
* OTHER DELAY METHODS
* PART ONE - WITH A USER INTERRUPT
* USES NO REGISTERS EXCEPT R11
* MAKES POSSIBLE DELAYS FROM
* 1/60TH SECOND THROUGH 546 SECONDS (9.1 MINUTES)
* THE EXAMPLE SHOWN WOULD GIVE 1/2 SECOND
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    25 November 1994
* IN MAIN CODE, DELAY IS INVOKED THUS:
*      BL   @DELAY       USE DELAY SUBROUTINE
*      DATA 30           NUMBER OF 60THS OF A SECOND TO DELAY
* THE DATA ITEM ABOVE MAY RANGE FROM
* 1 THROUGH 32767
*
* THE DELAY SUBROUTINE IS:
*
DELAY  MOV  *R11+,@DLYTIM GET DESIRED DELAY
       CLR  @TIMCNT      CLEAR TIME COUNT
       MOV  @INTLOC,@>83C4 SET USER INTERRUPT
DLY1   LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       C    @TIMCNT,@DLYTIM  COMPARE TO DESIRED DELAY
       JLT  DLY1         IF LESS, REPEAT
       CLR  @>83C4       ELSE CLEAR USER INTERRUPT
       RT                THEN RETURN
*
* THE INTERRUPT ROUTINE IS THIS:
*
USRINT INC  @TIMCNT      INCREMENT TIME COUNT
       RT                THEN RETURN
*
* THE FOLLOWING GOES INTO THE DATA SECTION
*
TIMCNT DATA 0
DLYTIM DATA 0
INTLOC DATA USRINT
*
* PART TWO
* ANOTHER VERSION OF DELAY SUBROUTINE
* THIS TERMINATES AS SOON AS A KEY GETS PRESSED
*
DELAY2 MOV  *R11+,@DLYTIM GET DESIRED DELAY
       CLR  @TIMCNT      CLEAR TIME COUNT
       MOV  @INTLOC,@>83C4 SET USER INTERRUPT
DLY21  LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       BLWP @KSCAN       SCAN KEYBOARD
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       CB   @>8375,@NOKEY NO KEY PRESSED?
       JNE  DLYEX        IF NOT, TERMINATE SUBROUTINE
       C    @TIMCNT,@DLYTIM  COMPARE TO DESIRED DELAY
       JLT  DLY21        IF LESS, REPEAT
DLYEX  CLR  @>83C4       ELSE CLEAR USER INTERRUPT
       RT                THEN RETURN

* ADD THIS TO DATA SECTION WITH THAT
* SHOWN ABOVE
NOKEY  BYTE >FF          A BYTE OF -1
*
* PART THREE - YET ANOTHER METHOD
* USING BLWP VECTOR, AND AFFECTING NONE
* OF THE MAIN PROGRAM'S REGISTERS
* THIS USES THE SCREEN TIMEOUT COUNTER
* AT >83D6, WHICH COUNTS BY TWOS
*
* DELAY3/S
* WITHOUT USER INTERRUPT
* FOLLOWING IS A COMPLETE PROGRAM
* THAT CAN BE ASSEMBLED & TESTED AS IS
* PRODUCES A TEN SECOND DELAY
*
       REF  VMBW,KSCAN   REF UTILITIES
       DEF  START        DEFINE ENTRY
START  LWPI WS           LOAD WORKSPACE
       LI   R0,12*32+5   ROW 13, COL 6
       LI   R2,20        20 CHARACTERS
       LI   R1,DLYTXT    DELAY MESSAGE
       BLWP @VMBW        WRITE THAT
       BLWP @DELAY       USE VECTOR
       DATA 600          NUMBER OF 60THS OF A SECOND TO DELAY
*
* AS IN PREVIOUS CASES, THE DATA NUMBER
* MAY RANGE FROM 1 THROUGH 32767
* HERE, IT'S 600, FOR A 10 SECOND DELAY
*
       LI   R0,14*32+7   ROW 15, COL 8
       LI   R2,17        17 CHARACTERS
       LI   R1,DOVTXT    DELAY DONE MSG
       BLWP @VMBW        WRITE THAT
KEY    BLWP @KSCAN       SCAN KEYBOARD
       CB   @>837C,@ANYKEY KEY STRUCK?
       JNE  KEY          IF NOT, REPEAT
       LWPI >83E0        LOAD GPLWS
       B    @>6A         BACK TO E/A
*
* THE DELAY SUBROUTINE IS:
*
DELAY  DATA DLYWS,DLY0   BLWP VECTOR
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DLY0   MOV  *R14+,R0     GET DESIRED DELAY
       SLA  R0,1         DOUBLE THE NUMBER
*
* WE DOUBLE THE NUMBER BECAUSE THE COUNTER
* ADVANCES BY TWO EVERY 1/60th SECOND
*
       CLR  @>83D6       CLEAR TIMEOUT COUNTER
DLY1   LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       C    R0,@>83D6    COMPARE NUMBERS
       JNE  DLY1         IF NOT EQUAL, REPEAT
       RTWP              ELSE BACK TO MAIN PROGRAM
*
* DATA SECTION
*
WS     BSS  32           MAIN WORKSPACE
DLYWS  BSS  32           DELAY WORKSPACE
DLYTXT TEXT 'DELAYING TEN SECONDS'
DOVTXT TEXT 'DELAY IS FINISHED'
ANYKEY BYTE >20          KEYSTROKE COMPARISON BYTE
       END
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1.50. The Art Of Assembly — Part 50. Delays Again?

%\�%UXFH�+DUULVRQ

5HPHPEHU�ODVW�PRQWK"�:H�VDLG�VRPHWKLQJ�DERXW�3URJUDPPHUV�EHLQJ�OLNHO\�WR�UH�GHVLJQ�SURJUDPV�RYHU
DQG�RYHU��7UXH�WR�RXU�ZRUG��ZH
YH�PDGH�VWLOO�PRUH�YDULDWLRQV�RQ�WKH��GHOD\��WKHPH��VR�WKLV�PRQWK�ZH
OO�SLFN
XS�ZKHUH�ZH�OHIW�RII��7RGD\
V�6LGHEDU�KDV��DPRQJ�RWKHU�WKLQJV��DQRWKHU�FRPSOHWH�SURJUDP�WKDW�GRHVQ
W�GR
PXFK��EXW�VHUYHV�WR�LOOXVWUDWH�D�FRXSOH�RI�QLIW\�ZD\V�RI�GRLQJ�WKLQJV�

1.50.1. Delay With Option

7KH�SURJUDP�'(/$<��XVHV�D�PRGLILHG�YHUVLRQ�RI�WKH�GHOD\�VXEURXWLQH�XVHG�LQ�'(/$<��ODVW�PRQWK��7KLV
WLPH��WKH�SURJUDPPHU�XVLQJ�WKH�VXEURXWLQH�KDV�WKH�RSWLRQ�RI�DOORZLQJ�WKH�GHOD\�WR�EH�WHUPLQDWHG�E\�D
NH\VWURNH�RU�QRW��7KH��NH\VWURNH��RSWLRQ�LV�VLJQDOHG�E\�D�VHFRQG�ZRUG�RI�'$7$�IROORZLQJ�WKH�%/:3
#'(/$<�LQVWUXFWLRQ��$V�EHIRUH��WKH�ILUVW�ZRUG�RI�'$7$�WHOOV�'(/$<�KRZ�PDQ\���WKV�RI�D�VHFRQG�WR�UXQ�
7KH�VHFRQG�ZRUG�FDQ�EH�HLWKHU�]HUR�RU�DQ\�QRQ�]HUR�QXPEHU��,I�LW
V�]HUR��WKHQ�NH\VWURNHV�GXULQJ�WKH�GHOD\
SHULRG�ZLOO�KDYH�QR�HIIHFW��,I�LW
V�QRQ�]HUR��WKHQ�DQ\�NH\VWURNH�GXULQJ�WKH�GHOD\�ZLOO�FXW�WKH�GHOD\�VKRUW�
,Q�WKH�SURJUDP�VKRZQ��WKH�ILUVW�%/:3�#'(/$<�KDV�LWV�VHFRQG�'$7$�ZRUG�DV�]HUR��VR�ZKLOH�WKDW�PHVVDJH
�'(/$<,1*�7(1�6(&21'6��LV�RQ�WKH�VFUHHQ��SUHVVLQJ�NH\V��RWKHU�WKDQ�FCTN =��ZLOO�KDYH�QR�HIIHFW��DQG
WKH�XVHU�ZLOO�MXVW�KDYH�WR�ZDLW�IRU�WKH�WHQ�VHFRQGV�WR�H[SLUH��:KHQ�WKH�VHFRQG�GHOD\�VWDUWV�ZLWK�WKH�PHVVDJH
�$127+(5�7(1�6(&21'6��RQ�VFUHHQ��WKH��NH\VWURNH��DERUW�LV�DFWLYH��VR�SUHVVLQJ�D�NH\�ZLOO�WHUPLQDWH
WKH�GHOD\�HDUO\��2I�FRXUVH�LI�QR�NH\�LV�SUHVVHG��WKH�GHOD\�ZLOO�FRQWLQXH�XQWLO�WKH�IXOO�WHQ�VHFRQGV�KDV�SDVVHG�
7KDW
V�VR�EHFDXVH�WKH�VHFRQG�'$7$�ZRUG�RQ�WKLV�%/:3�#'(/$<�LV�QRQ�]HUR�

1.50.2. Another Potential Use

$IWHU�WKH�VHFRQG�GHOD\�LQ�WKLV�SURJUDP��ZH�XVH�WKH�GHOD\�URXWLQH�LQ�DQRWKHU�ZD\��WR�SURGXFH�D��VORZ�UHYHDO�
RI�D�PHVVDJH�RQ�WKH�VFUHHQ��+HUH��ZH�GHOD\�E\������VHFRQG�DIWHU�HDFK�FKDUDFWHU�LQ�WKH�PHVVDJH��XQOHVV�WKDW
FKDUDFWHU�ZDV�D�VSDFH��LQ�ZKLFK�FDVH�ZH�VNLS�RYHU�WKH�GHOD\��7KLV�KDV�D�NH\�GDWD�ZRUG�RI�]HUR��VR�WKDW
NH\VWURNHV�ZLOO�KDYH�QR�HIIHFW�GXULQJ�WKH�VORZ�SULQWLQJ�RI�WKH��35(66�$�.(<�72�(;,7��PHVVDJH�

7KH�VRXUFH�FRGH�LQ�WKH�6LGHEDU�LV�ZHOO�DQQRWDWHG��VR�RXU�OR\DO�UHDGHUV�VKRXOG�KDYH�QR�WURXEOH�IROORZLQJ
LWV�RSHUDWLRQV��7KHUH�DUH�VRPH�WULFNV�HPSOR\HG��VXFK�DV�WDNLQJ�DGYDQWDJH�RI�WKH�IDFW�WKDW�WKH�PHVVDJHV�DUH
ULJKW�DIWHU�RQH�DQRWKHU�LQ�PHPRU\��VR�ZH�FDQ�$�5��5��WR�PRYH�RXU�90%:�SRLQWHU�RQ�WR�WKH�QH[W�PHVVDJH�

:H�DOVR�WRRN�IXOO�DGYDQWDJH�KHUH�RI�WKH�OHQJWKV�RI�WKH�PHVVDJHV�EHLQJ�FORVH��VR�UDWKHU�WKDQ�/,�5��ZLWK�WKH
QHZ�OHQJWKV��ZH�ZHUH�DEOH�WR�MXVW�'(&�5���'(&7�5���DQG�,1&7�5���7KDW�VDYHV�VRPH�PHPRU\��EXW�RI
FRXUVH�FDQ�RQO\�EH�XVHG�LI�WKH�QH[W�PHVVDJH�LV�RQO\�RQH�RU�WZR�FKDUDFWHUV�GLIIHUHQW�LQ�OHQJWK�
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1.50.3. What About Extended Basic?

+DYLQJ�JRQH�WR�VXFK� OHQJWKV�WR�SURYLGH�GHOD\V�IRU�RXU�$VVHPEO\� UHDGHUV��ZH�IHOW�WKDW�ZH�VKRXOG�GR
VRPHWKLQJ�IRU�RXU�IULHQGV�ZKR�SURJUDP�LQ�([WHQGHG�%DVLF��7KH�FRPPRQ�ZD\�RI�GRLQJ�GHOD\V�LQ�;%�LV�RI
FRXUVH�ZLWK�D�VLPSOH�)25�1(;7�OLNH�WKLV�

FOR DELAY=1 TO 500 :: NEXT DELAY

7KDW�FDQ�EH�XVHG�LQ�D�VXEURXWLQH�RU�HYHQ�D�VXE�SURJUDP��DQG�D�YDULDEOH�FDQ�EH�XVHG�LQ�SODFH�RI�WKH����
VKRZQ��VR�WKDW�WKH�VXEURXWLQH�FDQ�SURGXFH�GLIIHUHQW�GHOD\V��7KLV�ZRUNV�RND\�VR�ORQJ�DV�LW
V�XVHG�RQ�WKH
VDPH�PDFKLQH�LW�ZDV�ZULWWHQ�RQ��,I��KRZHYHU��RQH�WDNHV�VXFK�D�SURJUDP�WR�D�*HQHYH��WKH�GHOD\V�ZLOO�DOO�EH
WRR�VKRUW��&RQYHUVHO\��LI�WKH�ZULWHU�RI�WKH�SURJUDP�XVHG�D�*HQHYH�RU�D�%XV�PRGLILHG�7,��DOO�WKH�GHOD\V�ZLOO
EH�WRR�ORQJ�ZKHQ�LW
V�UXQ�RQ�D�VWDQGDUG�7,�

2QFH�DJDLQ��$VVHPEO\�ODQJXDJH�FRPHV�WR�WKH�UHVFXH��:H
YH�PDGH�D�VSHFLDO�YHUVLRQ�RI�WKH�GHOD\�URXWLQH
WDLORUHG�IRU�XVH�ZLWK�;%�SURJUDPV��7KLV�YHUVLRQ�LV�VRUW�RI�D��GR�HYHU\WKLQJ��URXWLQH��VR�WKDW�WKH�;%
SURJUDPPHU�FDQ�FKRRVH�ZKLFK�IHDWXUHV�JHW�LPSOHPHQWHG�E\�FKDQJLQJ�WKH�ZD\�WKH�&$//�/,1.�LV�ZULWWHQ�
/HW
V�VWDUW�ZLWK�WKH�FDVH�ZKHUH�ZKDW
V�GHVLUHG�LV�D�VLPSOH�GHOD\�RI�IRXU�DQG�D�KDOI�VHFRQGV��7KH�OLQNDJH
ZRXOG�ORRN�OLNH�WKLV�

CALL LINK("DELAY",4.5)

7KLV�ZLOO�FDXVH�DQ�DEVROXWH�GHOD\�RI�����VHFRQGV��UHJDUGOHVV�RI�WKH�FRPSXWHU�LQ�XVH��1RWKLQJ�H[FHSW�FCTN =
(QUIT)�ZLOO�DERUW�WKH�GHOD\�

1RZ�VXSSRVH�WKH�;%�SURJUDPPHU�ZDQWV�WR�DOORZ�WKH�XVHU�WR�WHUPLQDWH�WKH�GHOD\�E\�SUHVVLQJ�DQ\�NH\��7R
GR�WKDW��MXVW�DGG�D�VHFRQG�SDUDPHWHU�WR�WKH�FDOO�OLQN�

CALL LINK("DELAY",4.5,1)

7KDW�VHFRQG�SDUDPHWHU�FDQ�EH�DQ\�QRQ�]HUR�QXPEHU��RU�HYHQ�D�YDULDEOH��,I�WKH�VHFRQG�SDUDPHWHU�KDSSHQV
WR�EH�]HUR��WKH�HIIHFW�LV�WKH�VDPH�DV�WKH�ILUVW�FDVH��DQG�SUHVVLQJ�NH\V�ZLOO�KDYH�QR�HIIHFW�

2ND\��OHW
V�FDUU\�WKLV�RQH�VWHS�IDUWKHU��6XSSRVH�\RX�ZDQW�WKH�DELOLW\�WR�KDYH�DQ\�NH\VWURNH�DERUW�WKH�GHOD\�
DQG�\RX�DOVR�ZDQW�\RXU�;%�SURJUDP�WR�NQRZ�ZKLFK�NH\�ZDV�SUHVVHG��)RU�WKDW��\RX�PDNH�VXUH�WKH�VHFRQG
SDUDPHWHU�LV�QRQ�]HUR��WKHQ�DGG�D�YDULDEOH�QDPH�DV�WKH�WKLUG�SDUDPHWHU�

CALL LINK("DELAY",4.5,1,K)

,Q�WKLV�FDVH�WKHUH�DUH�WZR�SRVVLEOH�RXWFRPHV��,I�WKH�XVHU�GRHV�QRW�SUHVV�D�NH\�GXULQJ�WKH�GHOD\��WKHQ�WKH
GHOD\�ZLOO�UXQ�LWV�IXOO�WLPH��DQG�WKH�YDULDEOH�.�ZLOO�EH�]HUR�DIWHU�WKH�GHOD\�LV�ILQLVKHG��,I�WKH�GHOD\�LV�DERUWHG
E\�D�NH\VWURNH��RWKHU�WKDQ�FCTN 4�RU�FCTN =��WKH�$6&,,�YDOXH�RI�WKDW�NH\�ZLOO�EH�LQ�WKH�YDULDEOH�.��,I�
IRU�H[DPSOH��WKH�XVHU�WHUPLQDWHG�WKH�GHOD\�E\�SUHVVLQJ�A��WKHQ�.�ZLOO�HTXDO����XSRQ�H[LW�IURP�&$//
/,1.��,I�WKH�XVHU�SUHVVHV�FCTN 6��.�ZLOO�HTXDO�����DQG�VR�RQ�
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$Q\�RI�WKH�WKUHH�SDUDPHWHUV�PD\�EH�D�YDULDEOH�LQVWHDG�RI�D�QXPEHU��EXW�WKH�WKLUG�RQH�PXVW�EH�D�YDULDEOH
LI�LW
V�LQFOXGHG��5DQJH�IRU�WKH�ILUVW�SDUDPHWHU�LV�IURP������WKURXJK�����VHFRQGV��7KH�ORZHVW�QXPEHU�
����WK��ZLOO�SUREDEO\�QHYHU�EH�QRWLFHG��7KH�KLJKHVW�QXPEHU�������ZLOO�UHVXOW�LQ�D���PLQXWH�DQG���VHFRQG
GHOD\��7KXV�ZH�GRQ
W�UHFRPPHQG�SXVKLQJ�WKH�OLPLWV�RQ�WKHVH�SDUDPHWHUV��)RU�RUGLQDU\�GHOD\V�LQ�WKH�UDQJH
RI��VD\����VHFRQG�WKURXJK����VHFRQGV��QR�SUREOHPV�VKRXOG�EH�QRWLFHG��:KHQHYHU�WKH�VHFRQG�SDUDPHWHU�LV
SUHVHQW�DQG�QRQ�]HUR��FCTN 4�ZLOO�EH�DFWLYH�WR�EUHDN�WKH�SURJUDP�GXULQJ�WKH�GHOD\��XQOHVV�WKH�SURJUDP
KDV�H[HFXWHG�21�%5($.�1(;7�EHIRUH�WKH�&$//�/,1.��,Q�WKDW�FDVH��SUHVVLQJ�FCTN 4�ZLOO�DERUW�WKH
GHOD\��DQG�.�ZLOO�HTXDO����ZKLFK�LV�WKH�YDOXH�RI�WKH�FCTN 4�NH\�

5HJDUGOHVV�RI�DQ\�SDUDPHWHUV��WKH�FCTN =�NH\�SUHVV�ZLOO�SHUIRUP�LWV�XVXDO�IXQFWLRQ�GXULQJ�WKH�GHOD\�
VHQGLQJ�WKH�FRPSXWHU�EDFN�WR�VWDUWXS�FRQGLWLRQV��7KLV�ZLOO�QRW�EH�DIIHFWHG�E\�DQ�21�%5($.�1(;7
VWDWHPHQW�LQ�WKH�SURJUDP�

1.50.4. The Source Code

3DUW�7ZR�RI�WRGD\
V�6LGHEDU�KDV�WKH�VRXUFH�FRGH�IRU�WKLV�OLWWOH�URXWLQH��ZKLFK�ZH�FDOO�WKH��XOWLPDWH�GHOD\��
7KLV�KDV�WKH�XVXDO�IHDWXUHV�\RX
G�ILQG�LQ�D�URXWLQH�ZULWWHQ�IRU�;%�XVH��LQFOXGLQJ�WKH�(48DWHV�DW�WKH
EHJLQQLQJ��WKH�XVH�RI�1805()�WR�JHW�SDUDPHWHUV��DQG�RI�180$6*�WR�DVVLJQ�WKH�NH\
V�YDOXH�LI�UHTXLUHG�
:H
YH�DOVR�XVHG�;0//1.�WR�SHUIRUP�PXOWLSOLFDWLRQ�RI�IORDWLQJ�SRLQW�QXPEHUV�DQG�WR�FRQYHUW�WKH�DQVZHU
WR�LQWHJHUV�IRU�RXU�XVH��1RWLFH�WKDW�ZH�ILQG�RXW�WKH�QXPEHU�RI�SDUDPHWHUV�SUHVHQW�E\�PRYLQJ�WKH�QXPEHU
IURP�!�����LQWR�5���WKHQ�XVH�WKDW�WR�JRYHUQ�ZKDW�WKH�URXWLQH�GRHV��,I�\RX�IRUJHW�WR�VXSSO\�DQ\�SDUDPHWHU�
WKH�URXWLQH�ZLOO�VLPSO\�H[LW�ZLWKRXW�DQ\�GHOD\��6R�ORQJ�DV�RQH�SDUDPHWHU�LV�SURYLGHG��DQG�LV�LQ�WKH�FRUUHFW
UDQJH��DOO�VKRXOG�JR�ZHOO�

$VVXPLQJ�WKHUH
V�RQH�SDUDPHWHU��WKH�URXWLQH�JHWV�WKH�ILUVW�RQH�ZLWK�1805()��6LQFH�WKLV�QXPEHU�LV�D
IORDWLQJ�SRLQW�TXDQWLW\�LQ�VHFRQGV��DQG�RXU�FRXQWLQJ�ZLOO�EH�GRQH�LQ���WKV��ZH�SODFH�WKH�IORDWLQJ�SRLQW
QXPEHU����LQ�WKH�HLJKW�E\WHV�VWDUWLQJ�DW�$5*��!���&���WKHQ�XVH�DQ�;0/�VHUYLFH�WR�PXOWLSO\�WKH�QXPEHU
LQ�VHFRQGV�E\�VL[W\��;0/�JHWV�XVHG�DJDLQ�WR�FRQYHUW�WKDW�UHVXOW��DW�)$&��WR�DQ�LQWHJHU�ZRUG��:H�WKHQ�PRYH
WKDW�ZRUG�WR�5��

-XVW�DIWHU�WKH�029�WR�5���ZH�FKHFN�WR�VHH�LI�WKH�QXPEHU�LQ�5��LV�]HUR�RU�QHJDWLYH��DQG�H[LW�LI�HLWKHU�LV�WKH
FDVH��VLQFH�ZH�QHHGQ
W�ERWKHU�GHOD\LQJ�E\�]HUR��DQG�ZH�FDQ
W�GHOD\�E\�D�QHJDWLYH�DPRXQW�RI�WLPH��*LYHQ�WKDW
ZH�KDYH�DQ�DFFHSWDEOH�QXPEHU�LQ�5���ZH�FKHFN�5��WR�VHH�ZKHWKHU�ZH�QHHG�WR�IHWFK�WKH�VHFRQG�SDUDPHWHU�
,I�WKHUH
V�RQO\�RQH��ZH�FOHDU�5��VR�ZH
OO��NQRZ��QRW�WR�ORRN�IRU�NH\V�EHLQJ�SUHVVHG�

,I�WKHUH
V�D�VHFRQG�SDUDPHWHU��ZH�IHWFK�WKDW�ZLWK�1805()��$V�DOZD\V��1805()�SODFHV�WKDW�SDUDPHWHU
DV�D�IORDWLQJ�SRLQW�QXPEHU�DW�)$&��6LQFH�ZH�GRQ
W�FDUH�DERXW�WKLV�QXPEHU�H[FHSW�ZKHWKHU�LW
V�]HUR�RU
QRQ�]HUR��ZH�WDNH�DGYDQWDJH�RI�WKH�IDFW�WKDW�WKH�)�3��UHSUHVHQWDWLRQ�RI�]HUR�PDNHV�WKH�ZRUG�DW�)$&�HTXDO
]HUR��7KXV�ZH�MXVW�029�#)$&�5���DQG�WKDW�JLYHV�XV�ZKDW�ZH�ZDQW�ZLWKRXW�QHHG�WR�FRQYHUW�WR�DQ�LQWHJHU�
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7KH�DFWXDO�GHOD\�VWDUWV�DW�ODEHO�'/<���ZKHUH�ZH�GRXEOH�WKH�QXPEHU�LQ�5��DQG�FOHDU�WKH�ZRUG�DW�!��'��
7KDW�ZRUG�LV�WKH�VFUHHQ�WLPHRXW�FRXQWHU��ZKLFK�JHWV�LQFUHPHQWHG�E\�WZR�RQ�HDFK�YHUWLFDO�LQWHUYDO���7KDW
V
QRW�ZKDW�WKH�(�$�PDQXDO�VD\V��EXW�LW�LV�ZKDW�KDSSHQV���1RZ�WKH�GHOD\�ORRS�VWDUWV�DW�ODEHO�'/<���(DFK�WLPH
WKURXJK�WKH�ORRS��ZH�DOORZ�LQWHUUXSWV�EULHIO\��VR�WKDW�WKH�FRXQWHU�FDQ�ZRUN��:H�WKHQ�FKHFN�5���WR�VHH
ZKHWKHU�ZH�DUH�VXSSRVHG�WR�FKHFN�WKH�NH\ERDUG�

,I�5��LV�]HUR��ZH�VNLS�DKHDG�WR�&.'/<��,I�5��LV�QRW�]HUR��ZH�VFDQ�WKH�NH\ERDUG��,I�D�NH\�KDV�EHHQ�SUHVVHG�
ZH�FDSWXUH�WKH�NH\
V�YDOXH�LQ�5���WKHQ�MXPS�DKHDG�WR�ODEHO�.(;,7��VR�ZH�FDQ�UHSRUW�RXW�WKH�NH\�YDOXH�LI
QHFHVVDU\��,I�QR�NH\�ZDV�SUHVVHG��ZH�JHW�WR�ODEHO�&.'/<��ZKHUH�ZH�FRPSDUH�WKH�QXPEHU�LQ�WKH�WLPHRXW
FRXQWHU�WR�RXU�GHVLUHG�GHOD\�DPRXQW�LQ�5���,I�WKRVH�QXPEHUV�DUH�QRW�HTXDO��ZH�MXPS�EDFN�WR�'/<��DQG
UHSHDW�WKH�SURFHVV��,I�WKH\�DUH�HTXDO��ZH�PRYH�RQ�WR�ODEHO�(;,7��ZKLFK�FOHDUV�5���7KDW�PHDQV�WKDW�LI�WKH
GHOD\�KDV�UXQ�LWV�IXOO�WLPH��WKH�NH\�YDOXH�ZLOO�VKRZ�XS�DV�]HUR�

/DEHO�.(;,7�ULJKW�MXVWLILHV�WKH�NH\�YDOXH�LQ�5���WKHQ�FKHFNV�WKH�QXPEHU�RI�SDUDPHWHUV�LQ�5���,I�WKDW
V�OHVV
WKDQ����LW�PHDQV�ZH�GRQ
W�KDYH�WR�UHSRUW�WKH�NH\�YDOXH�WR�;%��VR�ZH�VNLS�DKHDG��,I�5��ZDV���RU�PRUH��ZH
JR�DKHDG�DQG�SXW�5��DW�ODEHO�)$&��VHW�5��WR���IRU�WKH�WKLUG�SDUDPHWHU��FRQYHUW�WKH�QXPEHU�DW�)$&�WR
IORDWLQJ�SRLQW�IRUPDW��DQG�DVVLJQ�WKDW�WR�WKH�YDULDEOH�QDPHG�DV�WKH�WKLUG�SDUDPHWHU�

/DEHO�1.(;�VWDUWV�WKH�ODVW�SDUW�RI�WKH�FRGH��+HUH��ZH�FOHDU�WKH�VFUHHQ�WLPHRXW�FRXQWHU��WKHQ�ORDG�WKH�*3/
:RUNVSDFH��DQG�EUDQFK�WR�WKH�*3/�,QWHUSUHWHU�DW�!�$��7KDW�SXWV�;%�EDFN�LQ�FRQWURO�RI�WKH�FRPSXWHU�
DQG� RI� FRXUVH�ZKDW� KDSSHQV� QH[W� GHSHQGV� RQ�ZKDW
V� LQ� \RXU� SURJUDP� ULJKW� DIWHU� WKH�&$//�/,1.
VWDWHPHQW�

$V�ZLWK�VR�PDQ\�RWKHU�RI�WKHVH�XWLOLW\�LWHPV��ZH
YH�PDGH�WKLV�URXWLQH�'(/$<�DYDLODEOH�DV�SDUW�RI�D�3XEOLF
'RPDLQ�GLVN��DQG�KDYH�VHQW�D�FRS\�WR�RXU�IULHQG�'U��&KDUOHV�*RRG�DW�WKH�/LPD�8VHUV
�*URXS��7KXV�\RX
RU�\RXU�JURXS�FDQ�HDVLO\�REWDLQ�WKLV�URXWLQH��FRPSOHWH�ZLWK�LWV�VRXUFH�FRGH��LQVWUXFWLRQV�IRU�XVLQJ�LW��DQG
VR�RQ��7KDW�DGGUHVV�LV�

'U��&KDUOHV�*RRG
3�2��%R[����
9HQHGRFLD��2+�������

:H
YH�FDOOHG�WKLV�GLVN�7KH�8OWLPDWH�'HOD\��EHFDXVH�ZH�WKLQN�LW�RIIHUV�DOO�WKH�IOH[LELOLW\�DQ\RQH�FRXOG�DVN
IRU��DQG�EHFDXVH�LW�ZLOO�\LHOG�UHDVRQDEO\�DFFXUDWH�GHOD\�WLPLQJ�UHJDUGOHVV�RI�ZKHWKHU�LW
V�XVHG�RQ�D�7,�RU
*HQHYH��)RU�(XURSHDQ�XVHUV��ZKRVH�V\VWHPV�ZRUN�DW����+]�LQVWHDG�RI����+]��WKHUH
V�D�(XURSHDQ�YHUVLRQ
RQ�WKH�VDPH�GLVN���LQ�WKLV�FDVH��(XURSH�LQFOXGHV�WKH�8�.��DQG�$XVWUDOLD��

1H[W�PRQWK�ZH�SURPLVH�WKHUH�ZLOO�EH�QR�PRUH�GHOD\V��EXW�ZLOO�WU\�WR�VXUSULVH�\RX�ZLWK�VRPH�RWKHU�WRSLF�
6HH�\RX�WKHQ�
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* SIDEBAR 50
* PART ONE - A COMPLETE E/A PROGRAM
*
* DELAY4/S
* A FOURTH DELAY METHOD
* WITHOUT USER INTERRUPT
* WITH OR WITHOUT KEYSTROKE TERMINATE
* FOLLOWING IS A COMPLETE PROGRAM
* THAT CAN BE ASSEMBLED & TESTED AS IS
* ILLUSTRATES USE FOR SLOW REVEAL
* AND ORDINARY DELAY
*
*      Code by Bruce Harrison
*      27 November 1994
*      PUBLIC DOMAIN
*
       REF  VMBW,VSBW,KSCAN   REF UTILS
       DEF  START        DEFINE ENTRY
START  LWPI WS           LOAD WORKSPACE
       LI   R0,9*32+5    ROW 10, COL 6
       LI   R2,20        20 CHARACTERS
       LI   R1,DLYTXT    DELAY MESSAGE
       BLWP @VMBW        WRITE THAT
       BLWP @DELAY       USE VECTOR
       DATA 600          60THS TO DELAY
       DATA 0            NO KEY ABORT
       LI   R0,11*32+6   ROW 12, COL 8
       A    R2,R1        SECOND MESSAGE
       DEC  R2           19 CHARACTERS
       BLWP @VMBW        WRITE THAT
       BLWP @DELAY       USE DELAY
       DATA 600          60THS TO DELAY
       DATA 1            KEY ABORT ON
       LI   R0,13*32+7   ROW 14, COL 7
       A    R2,R1        "DELAY FINISHED"
       DECT R2           TWO SHORTER
       BLWP @VMBW        WRITE THAT
       AI   R0,63        DOWN 2 ROWS -1 COL
       A    R2,R1        "PRESS A KEY"
       INCT R2           TWO CHARS LONGER
       MOV  R1,R3        ADDRESS INTO R3
SLOWRV MOVB *R3+,R1      ONE BYTE TO R1
       BLWP @VSBW        WRITE THAT
       CB   R1,@ANYKEY   WAS IT A SPACE?
       JEQ  SLSK         IF SO, NO DELAY
       BLWP @DELAY       USE DELAY
       DATA 6            1/10 SECOND
       DATA 0            NO KEY ABORT
SLSK   INC  R0           NEXT SPOT ON SCREEN
       DEC  R2           DEC LENGTH
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       JNE  SLOWRV       IF NOT ZERO, RPT
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTERRUPTS ON
       LIMI 0            STOP THEM
       CB   @>837C,@ANYKEY KEY STRUCK?
       JNE  KEY          IF NOT, RPT
       LWPI >83E0        LOAD GPLWS
       B    @>6A         BACK TO E/A
*
* THE DELAY SUBROUTINE IS:
*
DELAY  DATA DLYWS,DLY0   BLWP VECTOR
DLY0   MOV  *R14+,R0     GET DESIRED DELAY
       SLA  R0,1         DOUBLE THE NUMBER
       MOV  *R14+,R1     GET KEY FLAG IN R1
       CLR  @>83D6       CLEAR TIMEOUT COUNTER
DLY1   LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       MOV  R1,R1        KEY TO STOP?
       JEQ  DLY2         IF NOT, JUMP
       BLWP @KSCAN       ELSE SCAN KYBRD
       CB   @>837C,@ANYKEY  KEY STRUCK?
       JEQ  DLYEX        IF SO, EXIT
DLY2   C    R0,@>83D6    COMPARE NUMBERS
       JNE  DLY1         IF NOT EQUAL, RPT
*      CLR  @>83D6       CLEAR TIMEOUT
DLYEX  RTWP              BACK TO CALLER
*
* DATA SECTION
*
WS     BSS  32           MAIN WORKSPACE
DLYWS  BSS  32           DELAY WORKSPACE
DLYTXT TEXT 'DELAYING TEN SECONDS'
SCND   TEXT 'ANOTHER TEN SECONDS'
DOVTXT TEXT 'DELAY IS FINISHED'
PAK    TEXT 'PRESS A KEY TO EXIT'
ANYKEY BYTE >20          KEYSTROKE COMPARISON BYTE
       END
*
* PART TWO - A COMPLETE SUBROUTINE
* FOR XB USERS TO MAKE DELAYS
*
* ULTDLY/S
* FOR PRECISE DELAYS FROM XB
* MAKES POSSIBLE DELAYS FROM
* 1/60TH SECOND THROUGH 546 SECONDS
* INVOKE FROM EXTENDED BASIC BY:
* CALL LINK("DELAY",T,U,K)
* WHERE T IS DESIRED DELAY IN SECONDS
*       U IS ZERO OR NON-ZERO
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*       K IS VARIABLE TO REPORT KEYVAL
* U AND K MAY BE OMITTED FOR PLAIN DELAY
* K MAY BE OMITTED IF KEYSTROKE TO ABORT
* BUT NOT REPORTED BACK TO XB
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    07 December 1994
*
       DEF  DELAY        DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
NUMASG EQU >2008         NUMERIC ASSIGN
NUMREF EQU >200C         NUMERIC REF
KSCAN  EQU >201C         KEYBOARD SCAN
XMLLNK EQU >2018         XML VECTOR
CFI    EQU >12B8         CONV F. P. TO INTEGER
CIF    EQU >20           CONV INTEGER TO F. P.
FAC    EQU >834A         FLOATING POINT ACCUM.
ARG    EQU >835C         FLOATING POINT ARGUMENT
STATUS EQU >837C         GPL STATUS BYTE
ARGNUM EQU >8312         NUM OF ARGS
FMUL   EQU >0E88         F. P. MULTIPLY
*
* MAIN CODE SECTION
*
DELAY  LWPI WS           LOAD OUR WORKSPACE
       MOVB @ARGNUM,R6   NUMBER OF ARGS TO R6
       SRL  R6,8         RIGHT JUSTIFY
       JEQ  EXIT         IF NO ARGUMENTS, EXIT
       LI   R1,1         FIRST PARAMETER
       BLWP @NUMREF      USE NUMREF
       LI   R9,SIXTY     POINT AT 60
       LI   R10,ARG      AND ARGUMENT
       LI   R4,8         EIGHT BYTES
MOVARG MOVB *R9+,*R10+   MOVE A BYTE
       DEC  R4           DEC COUNT
       JNE  MOVARG       IF NOT ZERO, RPT
       BLWP @XMLLNK      USE XML LINK
       DATA FMUL         MULTIPLY BY 60
       BLWP @XMLLNK      USE XML AGAIN
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R4      PUT DELAY # IN R4
       JEQ  EXIT         IF ZERO, EXIT
       JLT  EXIT         IF NEGATIVE, EXIT
       CI   R6,1         COMPARE ARGS TO 1
       JGT  GETTWO       IF GREATER, JUMP
       CLR  R5           ELSE CLEAR KEY FLAG
       JMP  DLY0         THEN JUMP AHEAD
GETTWO INC  R1           2ND PARAMETER



The Cyc: MICROpendium

       BLWP @NUMREF      GET NUMBER
       MOV  @FAC,R5      MOVE TO R5
DLY0   SLA  R4,1         DOUBLE R4
       CLR  @>83D6       CLEAR TIMEOUT COUNT
DLY1   LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       MOV  R5,R5        CHECK R5
       JEQ  CKDLY        IF ZERO, SKIP
       BLWP @KSCAN       ELSE SCAN KEYBOARD
       CB   @ANYKEY,@STATUS KEY PRESSED?
       JNE  CKDLY        IF NOT, JUMP AHEAD
       MOVB @>8375,R3    GET KEYVAL IN R3
       JMP  KEXIT        THEN JUMP AHEAD
CKDLY  C    @>83D6,R4    COMPARE TO DESIRED NO.
       JNE  DLY1         IF NOT EQUAL, RPT
EXIT   CLR  R3           CLEAR REG 3 - NO KEY
KEXIT  SRL  R3,8         RIGHT JUSTIFY KEYVAL
       CI   R6,3         COMPARE ARGS TO 3
       JLT  NKEX         IF LESS, SKIP AHEAD
       MOV  R3,@FAC      MOVE KEYVAL TO FAC
       BLWP @XMLLNK      USE XML
       DATA CIF          CONVERT TO F.P.
       LI   R1,3         3RD PARAMETER
       BLWP @NUMASG      ASSIGN VALUE
NKEX   CLR  @>83D6       CLEAR TIMEOUT COUNTER
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         GO TO GPL INTERPRETER
*
* DATA SECTION
*
WS     DATA 0            PRELOADED R0
       BSS  30           R1 THRU R15
SIXTY  BYTE 64,60,0,0,0,0,0,0  SIXTY AS F.P.
ANYKEY BYTE >20          COMPARISON BYTE
       END
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1.51. The Art Of Assembly — Part 51. Body Of Work

%\�%UXFH�+DUULVRQ

7RGD\�ZH
UH�WDNLQJ�D�GLIIHUHQW�WDFN��:H�WKRXJKW�LW�PLJKW�EH�RI�VRPH�LQWHUHVW�WR�RXU�UHDGHUV�WR�NQRZ�ZKDW
DOO�LV�DYDLODEOH�IURP�WKH�PDQ\�SURMHFWV�ZH
YH�GRQH�RQ�RXU�7,��6RPH�RI�WKHVH�KDYH�EHHQ�PHQWLRQHG�LQ�WKLV
FROXPQ��RI�FRXUVH��DQG�LQ�VRPH�FDVHV�ZH
YH�SXW�FRPSOHWH�SURJUDPV�DV�VRXUFH�FRGH�LQ�WKH�6LGHEDUV��6WLOO�
LW
V�EHHQ�QHDUO\����\HDUV�WKDW�ZH
YH�EHHQ�SHFNLQJ�DZD\�DW�WKH�7,��DQG�ORWV�RI��SURGXFWV��KDYH�FRPH�IURP
WKDW�ZRUN�� 6RPH� RI� WKRVH� SURGXFWV�ZHUH� SURGXFHG� IRU� WKH�&RPPHUFLDO�PDUNHW� XQGHU� WKH�+DUULVRQ
6RIWZDUH�ODEHO��([FHSW�IRU�WKH��$VVHPEO\�0XVLF��SURGXFWV��ZKLFK�KDYH�EHHQ�UHOHDVHG�WR�3XEOLF�'RPDLQ�
DOO�RI�WKDW�FRPPHUFLDO�VWXII�KDV�EHHQ�SXOOHG�IURP�WKH�PDUNHW��7KH��$VVHPEO\�0XVLF��SURGXFWV�ZHUH�DOO
UHOHDVHG�WKURXJK�-LP�3HWHUVRQ
V�7,�3'�FDWDORJ��6LQFH�-LP
V�SDVVLQJ��ZH�GRQ
W�NQRZ�H[DFWO\�ZKDW
V�WKH
VWDWXV�RI�WKDW�FDWDORJ��VR�ZH
UH�QRW�OLVWLQJ�WKRVH�SURGXFWV�KHUH�

1.51.1. The Public Domain Products

6LQFH�WKH�GHPLVH�RI�+DUULVRQ�6RIWZDUH�DV�D�FRPPHUFLDO�YHQWXUH�IRU�WKH�7,�&RPPXQLW\��ZH
YH�SURGXFHG
D�ODUJH�QXPEHU�RI�3XEOLF�'RPDLQ�GLVNV��0RVW�KDYH�VRPH�$VVHPEO\�/DQJXDJH�FRQWHQW��DQG�VRPH�DUH
FRPSOHWH�SURJUDPV��ZKLOH�RWKHUV�DUH�MXVW�VPDOO�XWLOLW\�URXWLQHV�IRU�([WHQGHG�%DVLF�SURJUDPPHUV��:H
YH
PDGH�VXUH�WKDW�DOO�RI�WKHVH�SURGXFWV�DUH�DYDLODEOH�WKURXJK�WZR�VRXUFHV��7KH�SULPDU\�GLVWULEXWLRQ�SRLQW
LV�WKH�/LPD�8VHUV
�*URXS��'U��&KDUOHV�*RRG�KDV�NHSW�DOO�RI�WKHVH�LQ�WKH�*URXS
V�3XEOLF�'RPDLQ�OLEUDU\�
DQG�PDNHV�WKHP�DYDLODEOH�E\�PDLO�RUGHU�DW�D�QRPLQDO�FRVW��&RQWDFW�WKH�JURXS�F�R�'U��&KDUOHV�*RRG��3�2�
%R[������9HQHGRFLD��2+��������)RU�WKRVH�ZLWK�PRGHPV��ZH
YH�DOVR�VXSSOLHG�WKHVH�GLVNV�WR�%DUU\�7UDYHU�
ZKR
V�PDGH�WKHP�DYDLODEOH�RQ�*HQLH���'LVNV�PD\�RU�PD\�QRW�EH�DYDLODEOH�WKHUH��DV�*HQLH�KDV�D�WLPH�OLPLW
RQ�GLVNV�NHSW�RQ�OLQH���)URP�WLPH�WR�WLPH�ZH
YH�PDGH�XSGDWHV��DQG�KDYH�SURYLGHG�'U��*RRG�DQG�%DUU\
7UDYHU�ZLWK�WKH�ODWHVW�YHUVLRQV�DV�DSSURSULDWH�

6RPH�RI�WKHVH�SURGXFWV�ZHUH�LQVSLUHG�RU�VXJJHVWHG�E\�RXU�IULHQGV�LQ�WKH�FRPPXQLW\�RI�7,�XVHUV��2WKHUV
ZHUH�SURGXFWV�RI�RXU�RZQ�LPDJLQDWLRQ��ZKLFK�ZH�KRSHG�VRPHERG\�ZRXOG�ILQG�XVHIXO��,Q�PRVW�FDVHV��ZH
YH
JRWWHQ�VRPH�IHHGEDFN��DW�OHDVW�IURP�%DUU\�7UDYHU�RU�'U��*RRG��WR�LQGLFDWH�WKDW�WKHUH
V�VRPH�QHHG�IRU�WKH
LWHPV��+HUH�WKHQ�LV�D�OLVWLQJ�DQG�GHVFULSWLRQ�RI�ZKDW
V�RXW�WKHUH�IRU�XVH�E\�DQ\ERG\�ZKR�QHHGV�LW��7KH
QXPEHU�DIWHU�HDFK�GHVFULSWLRQ�LV�WKH�'LVN�QXPEHU�IRU�WKDW�GLVN�LQ�/LPD
V�'LVN�/LEUDU\�

1.51.2. Extended Basic "Ut ilities"

8WLOLWLHV�9ROXPH���³�$�FROOHFWLRQ�RI� URXWLQHV� IRU�XVH�ZLWK�([WHQGHG�%DVLF�� LQFOXGHV�%RRW�7UDFNLQJ
URXWLQHV�VR�WKDW�DQ�;%�SURJUDP�FDQ�ILQG�RXW�ZKDW�GLVN�LW�ZDV�ORDGHG�IURP��DQG�FDQ�HYHQ�PRGLI\�DOO
UHIHUHQFHV�WR�'6.��ZLWKLQ�LWVHOI��$OVR�LQFOXGHV�VSHFLDO�IRUPV�RI�$&&(37�$7�IRU�QXPHULF�DQG�VWULQJ
YDULDEOHV������$
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8WLOLWLHV�9ROXPH���³�$�FROOHFWLRQ�RI�$VVHPEO\�URXWLQHV�WKDW�GHDO�ZLWK�'$7$�LQ�WKH�;%�SURJUDP��7KHVH
FDQ�PDNH�TXLFN�ZRUN�RI��IRU�H[DPSOH��DVVLJQPHQW�RI�'$7$�WR�DUUD\�YDULDEOHV��$OVR�LQFOXGHV�D�YHU\�IDVW
0(18�GULYHU�ZKLFK�ZRUNV�ZLWK�'$7$�IURP�WKH�;%�SURJUDP�DQG�SXWV�D�QLFHO\�FRPSRVHG�PHQX�RQ�VFUHHQ
LQ�D�KXUU\�������%�

7KH�8OWLPDWH�$FFHSW�$7�³�$�VSHFLDO�$&&(37�$7�DVVHPEO\�URXWLQH�ZKLFK�ZLOO�SURYLGH�D�SURPSW��DFFHSW
PRUH�WKDQ����FKDUDFWHUV�LQWR�VWULQJ�YDULDEOHV��HLWKHU�FOHDU�WKH�ILHOG�RU�QRW��DQG�VR�RQ�������$�

7LPH�&DOFXODWRU�³�$�SXUHO\�;%�SURJUDP�WKDW�FDOFXODWHV�WLPH�TXDQWLWLHV�LQ�+RXUV��0LQXWHV��6HFRQGV�
����%�

6KRUW�'DQQ\�³�$�PRGLILHG�YHUVLRQ�RI�WKH�ROG�'DQQ\�0LFKDHOV�6FUHHQ�'XPS���SURYLGHV�D�TXLFN�ORDGLQJ
SURFHVV�DQG�DOORZV�GXPS�WR�EH�DFWLYDWHG�YLD�FCTN 7�ZKLOH�SURJUDPV�DUH�UXQQLQJ�RU�LQ�&RPPDQG�PRGH�
����%�

7,0(287�³�3URYLGHV�D�ZD\�WR�KDYH�$&&(37�$7��&$//�.(<��RU�,1387�VWDWHPHQWV�UXQ�IRU�D�OLPLWHG
WLPH��WKHQ�H[LW�EDFN�WR�;%�SURJUDP��7LPLQJ�LV�GRQH�E\�DQ�,QWHUUXSW��VR�LW�GRHVQ
W�FKDQJH�ZLWK�VSHHG�RI�WKH
FRPSXWHU������$�

0XVLF�%DFNJURXQG�³�3URYLGHV�D�ZD\�WR�KDYH�PXVLF�SOD\��RQ�EDFNJURXQG��ZKLOH�WKH�FRPSXWHU�LV�GRLQJ
RWKHU�WKLQJV��&DQ�EH�DFWLYDWHG�ZKLOH�SURJUDPV�DUH�UXQQLQJ�RU�LQ�&RPPDQG�PRGH��'HPRV�VKRZ�KRZ�WR
SURYLGH�PXVLF�GXULQJ�DQ�$&&(37�$7�RSHUDWLRQ������%�

7KH�8OWLPDWH�'HOD\�³�$�GHOD\�WKDW
V�XQDIIHFWHG�E\�VSHHG�RI�WKH�SURFHVVRU��DQG�FDQ�RSWLRQDOO\�EH�DERUWHG
E\�D�NH\VWURNH�RU�QRW��7KLV�LQFOXGHV�D��(85��YHUVLRQ�IRU����+]�3$/�V\VWHPV�������%�

&KHFNWLPH�³�3URYLGHV�D�PHDQV�RI�PHDVXULQJ�WKH�VSHHG�RI�H[HFXWLRQ�IRU�;%�SURJUDPV��8VHV�DQ�LQWHUUXSW
WR�PHDVXUH�WLPH�ZKLOH�DQ�;%�SURJUDP�LV�UXQQLQJ��WKHQ�UHSRUWV�HODSVHG�WLPH�EDFN�WR�;%�YDULDEOHV�LQ
PLQXWHV�DQG�VHFRQGV���'RHV�QRW�UHTXLUH�D��UHDO�WLPH��FORFN���7KLV�LV�DOVR�DYDLODEOH�LQ�D��(85��YHUVLRQ�IRU
���+]�3$/�YLGHR�V\VWHPV��8�6��9HUVLRQ��������$��(85������$�

)RQW�&RQYHUWHU�³�7KLV�GRHV�QRW�XVH�$VVHPEO\�URXWLQHV��EXW�PDNHV�$VVHPEO\�VRXUFH�ILOHV�ZKLFK�DOORZ
FRQYHUVLRQ�RI�-LP�3HWHUVRQ
V�6FUHHQ�)RQWV�LQWR�&+$5$��W\SH�ILOHV�������

/RDGHU�³�7KLV�LV�D�FRPELQHG�;%�DQG�$VVHPEO\�SURGXFW�ZKLFK�FDQ�ORDG�DQG�UXQ�DOPRVW�DQ\�(�$�2SWLRQ
��ILOH�IURP�([WHQGHG�%DVLF������%�

&DOOILOHV�³�$Q�$VVHPEO\�URXWLQH�WKDW�DOORZV�DQ�;%�SURJUDP�WR�SHUIRUP�&$//�),/(6�ZKLOH�LW
V�UXQQLQJ�
�����%�

5DQGRPV�³�$�JURXS�RI�XWLOLWLHV�WR�SURYLGH�YHU\�IDVW�UDQGRP�QXPEHU�JHQHUDWLRQ�LQ�;%�SURJUDPV��,QFOXGHV
URXWLQHV�IRU�PDNLQJ�ERWK�LQWHJHU�DQG�IORDWLQJ�SRLQW�UDQGRP�QXPEHUV��������%�



7(;$6�,167580(176
+20(�&20387(5

1.51.3. The All-Assembly Pr oducts

5HIRUPDW�³�$VVHPEO\�SURJUDP�WKDW�WDNHV�'�9����WH[W�ILOHV�DV�FUHDWHG�E\�7,�:ULWHU�RU�)XQQHOZHE
V�7H[W
(GLWRU��DQG�DOORZV�WKH�XVHU�WR�UH�IRUPDW�YHU\�TXLFNO\�WR�DQ\�QXPEHU�RI�FKDUDFWHUV�SHU�OLQH��$OVR�SHUIRUPV
ULJKW�MXVWLILFDWLRQ�DQG�PDUJLQ�FKDQJH�DW�XVHU
V�RSWLRQ������$�

0LGL�7RROER[�³�7RROV�IRU�GRLQJ�WKLQJV�ZLWK�VRXUFH�ILOHV�IRU�0,',�0DVWHU��,QFOXGHV�PDQ\�XVHIXO�LWHPV�
LQFOXGLQJ�RQH�ZKLFK�ZLOO�GHWHUPLQH�LQ�DGYDQFH�ZKHWKHU�D�0,',�0DVWHU�PXVLF�ILOH�ZLOO�ILW�LQWR�PHPRU\
ZKHQ�FRPSLOHG��DQG�RQH�ZKLFK�ZLOO�FRQYHUW�WKH�GXUDWLRQV�RI�QRWHV�WR�JR�IURP�*HQHYH�WLPLQJ�WR�7,�RU�YLFH
YHUVD��������

0HWURQRPH�³�$�WRRO�IRU�WKH�PXVLFLDQ�RU�WKH�FKLOG�WDNLQJ�PXVLF�OHVVRQV��3URYLGHV�D�VWHDG\��WLFN��DW�D
VHOHFWHG�QXPEHU�RI�EHDWV�SHU�PLQXWH��5DQJH�LV�IURP����EHDWV�SHU�PLQXWH�WKURXJK�����EHDWV�SHU�PLQXWH�
7KLV�GLVN�DOVR�LQFOXGHV�D��(85��YHUVLRQ�IRU�XVH�ZLWK����+]�3$/�YLGHR�V\VWHPV������$�

6DQGZLFK�³�$�XWLOLW\�IRU�WKH�IUXVWUDWHG�(�$�SURJUDP�RZQHU��7KLV�ZLOO�DOORZ�WKH�XVHU�WR�FRQYHUW�DQ�(�$
2SWLRQ���REMHFW�ILOH�LQWR�WKH�PRUH�HIILFLHQW�DQG�TXLFNHU�ORDGLQJ�2SWLRQ���IRUPDW��ZLWKRXW�KDYLQJ�DFFHVV
WR�WKH�RULJLQDO�VRXUFH�ILOHV��,W�ZRQ
W�ZRUN�LQ�DOO�FDVHV��EXW�ZKHUH�LW�ZLOO��LW
V�ZRUWK�KDYLQJ������%�

([WHQGHG�%DVLF�&RPSLOHU�³�7KLV�LV�QRW�D�FXUH�DOO�IRU�HYHU\�([WHQGHG�%DVLF�SURJUDP�LQ�\RXU�OLEUDU\��EXW
FDQ�SURYLGH�LPSURYHG�VSHHG�RI�H[HFXWLRQ�IRU�PDQ\�;%�SURJUDPV��1RW�UHFRPPHQGHG�IRU�YHU\�ODUJH�;%
SURJUDPV���������6RXUFH�FRGH�������

'UDZLQJ�3URJUDP�³�$�SRRU�PDQ
V�ZD\�WR�GUDZ�%LWPDS�SLFWXUHV�RQ�\RXU�7,��$OVR�DOORZV�XVH�RI�7,�$UWLVW
,QVWDQFHV�DQG�)RQWV��,QFOXGHV�SULQWLQJ�FDSDELOLW\�������

9LGHR�7LWOHU�³�$OORZV�XVH�RI�HLWKHU�+DUULVRQ�'UDZLQJ�SURJUDP�SLFWXUHV�RU�7,�$UWLVW�SLFWXUHV�DV�WLWOHV�IRU
YLGHR�WDSLQJ��3URYLGHV�IRU�WZR�FRPSOHWH�SLFWXUHV�WR�EH�LQ�PHPRU\��DQG�DOORZV�VPRRWK��ZLSHV��IURP�RQH
SLFWXUH�WR�WKH�QH[W��������

)RQW�WXUQHU�³�$OORZV�XVHU�WR�URWDWH�WKH�FKDUDFWHUV�LQ�D�&+$5$��W\SH�ILOH�WR�WKH�OHIW��ULJKW��RU�XSVLGH
GRZQ��0DLQO\�LQWHQGHG�IRU�XVH�ZLWK�WKH�'UDZLQJ�3URJUDP�������%�

6OLGHVKRZ�³�$�SURJUDP�WKDW�DOORZV�XVH�RI�7,�$UWLVW�SLFWXUH�ILOHV�IRU�DQ�DXWRPDWHG��6OLGH�VKRZ���7KHUH�LV
DOVR�D��(85��YHUVLRQ�IRU����+]�3$/�YLGHR�V\VWHPV���������8�6��YHUVLRQ��RU�������(XURSHDQ�YHUVLRQ��

3DVVZRUG�³�$�YHU\�VSHFLDO�SURJUDP�IRU�WKRVH�ZKR�XVH�+RUL]RQ�5DPGLVNV��3URYLGHV�D�ZD\�WR�VHFXUH�\RXU
7,�V\VWHP�ZLWK�D�SULYDWH�SDVVZRUG�DOO�\RXU�RZQ������$�
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1.51.4. The "Extras" On The Disks

$OO�RI�WKH�GLVNV�LQ�WKLV��FROOHFWLRQ��LQFOXGH�LQVWUXFWLRQV��SOXV�DQ�([WHQGHG�%DVLF�SURJUDP�WR�SULQW�WKRVH
LQVWUXFWLRQV��0RVW�DOVR�LQFOXGH�WKH�VRXUFH�ILOHV�IRU�WKHLU�$VVHPEO\�FRQWHQW��DQG�WKH�SXUH�$VVHPEO\�RQHV
LQFOXGH�DQ�([WHQGHG�%DVLF�ORDGHU�VR�WKDW�XVHUV�ZKR�KDYH�RQO\�([WHQGHG�%DVLF�PD\�VWLOO�HQMR\�WKH�$VVHPEO\
SURJUDPV�

6RPH�RI�WKH�GLVNV�FRPH�LQ�PRUH�WKDQ�RQH�YHUVLRQ��7KDW
V�PRVWO\�WUXH�RI�WKH�RQHV�WKDW�LQYROYH�WLPLQJ�ZLWK
WKH�YHUWLFDO�LQWHUYDO��LQ�ZKLFK�FDVHV�WKHUH�LV�D�VHFRQG�YHUVLRQ�IRU�WKH��(XURSHDQ��PDUNHW�ZKLFK�XVHV�����WK
VHFRQG�WLPLQJ�

1.51.5. A Word Of Caution

7R�WKRVH�ZKR�KDYH�*HQHYH�FRPSXWHUV��1RW�DOO�RI�WKHVH�WKLQJV�ZLOO�ZRUN�FRUUHFWO\�RQ�WKH�*HQHYH��1RW
KDYLQJ�RQH��ZH�FDQ
W�WHVW�RQ�WKDW�PDFKLQH��VR�ZH�FDQ
W�JXDUDQWHH�WKDW�DQ\�RI�RXU�SURGXFWV�ZLOO�EH�XVHIXO
RQ�WKDW�PDFKLQH��7KH�VDPH�JRHV�IRU�WKH�RZQHUV�RI�7,�FRPSXWHUV�ZLWK�YDULRXV�WKLUG�SDUW\�KDUGZDUH
LQVWDOOHG��6RPH�ZRQ
W�ZRUN�ZLWK����FROXPQ�FDUGV��RU�ZLWK�0\DUF�RU�&RU&RPS�GLVN�FRQWUROOHUV��DQG�VR�RQ�
$OO�DUH�FRPSDWLEOH�ZLWK�+RUL]RQ�5DPGLVNV�DQG�WKH�+RUL]RQ�3�*UDP�

1.51.6. A Bud Mills Myst ery!

-XVW�UHFHQWO\��ZH�H[SHULHQFHG�D�SUREOHP�ZLWK�RQH�RI�RXU�+RUL]RQ�5DPGLVNV��6RPHWLPHV��WKH�SUREOHPV�LQ
RQH�5DPGLVN�ZLOO�DIIHFW�WKH�ZKROH�V\VWHP��DQG�WKDW�VHHPHG�WR�EH�WKH�FDVH��7KH�+RUL]RQ�&RQILJ�SURJUDP
ZDV�FDOOLQJ�WKLV�SDUWLFXODU�FDUG��XQUHFRJQL]DEOH���+DYLQJ�UXQ�LQWR�WKLV�NLQG�RI�WKLQJ�EHIRUH��DQG�NQRZLQJ
WKDW�ZKDW�ZDV�RQ�WKDW�FDUG�ZDV�VDIHO\�EDFNHG�XS�RQ�)ORSSLHV��ZH�WRRN�WKH�XOWLPDWH�VWHS�IRU�VXFK�FDVHV�
SXOOLQJ�RXW�RQH�RI�WKH�EDWWHULHV�IURP�WKDW�FDUG�IRU�D�IHZ�VHFRQGV�

:H�SXW�WKH�FDUG�EDFN�LQWR�WKH�V\VWHP��WXUQHG�RQ�WKH�FDUG�DQG�WKHQ�WKH�V\VWHP��IXOO\�H[SHFWLQJ�WR�KDYH�WR
UH�LQLWLDOL]H�RXU�GULYHV���	����127�62��)RU�UHDVRQV�ZH�FDQ
W�IDWKRP��WKH�FDUG�EHKDYHG�DV�LI�HYHU\WKLQJ�ZDV
VWLOO�WKHUH��:H�UH�ORDGHG�WKH�526�IURP�D�EDFNXS�GLVN��EXW�GLGQ
W�QHHG�WR�GR�DQ\WKLQJ�HOVH��+RZ�GLG�WKH�FDUG
VWLOO�UHWDLQ�DOO�WKH�GDWD�ZKHQ�LWV�EDWWHU\�KDG�EHHQ�UHPRYHG"�:H�ZHUH�XQGHU�WKH�LPSUHVVLRQ�WKDW�RQFH�D
EDWWHU\�KDG�EHHQ�UHPRYHG��WKH�FDUG�ZRXOG�SURPSWO\��IRUJHW��HYHU\WKLQJ�LW�RQFH��NQHZ���,I�DQ\ERG\�NQRZV�
SOHDVH�GRQ
W�WHOO�XV��VR�WKLV�FDQ�VWD\�D�P\VWHU\�IRUHYHU��0D\EH�ZH
OO�VXEPLW�WKH�FDVH�WR��8QVROYHG�0\VWHULHV�
DQG�VHH�KRZ�5REHUW�6WDFN�WHOOV�LW�

1.51.7. What Will We Do Next?

7KDW��GHDU�UHDGHUV��LV�ODUJHO\�XS�WR�\RX��:H�KDYH�EHHQ�NQRZQ�WR�FUHDWH�VSHFLDO�SURJUDPV�MXVW�WR�VROYH�RQH
SDUWLFXODU�SUREOHP�IRU�MXVW�RQH�SHUVRQ�LQ�RXU��FRPPXQLW\���:H
YH�DOVR�WDNHQ�RQ�FKDOOHQJHV�LVVXHG�E\�XVHUV�
DQG�GHYHORSHG�ZKROH�SURGXFWV� MXVW�WR�DQVZHU�D�FKDOOHQJH��:H�FRXOG�NHHS�RQ�GRLQJ�WKLV� IRUHYHU��EXW
VRPHWLPHV�D�OLWWOH�LQVSLUDWLRQ�KHOSV��,I�\RX�KDYH�D�SUREOHP�WKDW�\RX�WKLQN�ZH�VKRXOG�ZRUN�RQ��RU�LI�\RX�MXVW
QHHG�KHOS�ZLWK�RQH�RI�\RXU�RZQ�SURMHFWV��MXVW�GURS�XV�D�OLQH��HLWKHU�WKURXJK�0,&52SHQGLXP�RU�GLUHFW�WR�
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%UXFH�+DUULVRQ
�������WK�3ODFH
+\DWWVYLOOH�0'������
8�6�$�
3KRQH���������������

:H�ORRN�IRUZDUG�WR�KHDULQJ�IURP�\RX��3HUKDSV�\RXU�SUREOHP�ZLOO�EH�QH[W�PRQWK
V�FROXPQ�WRSLF�
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1.52. The Art Of Assembly — Part 52. Cheap And Dirty

%\�%UXFH�+DUULVRQ

:LWKRXW� IXUWKHU� GHOD\�� ZH� JHW� ULJKW� LQWR� D� QHZ� WRSLF�� 7KLV�PRQWK�� ZH
UH� UH�YLVLWLQJ� WKH� VXEMHFW� RI
SVHXGR�UDQGRP�QXPEHUV��:H
UH�DOVR�UHZRUNLQJ�SDUWV�RI�RXU�9LGHR�7LWOHU��LQ�UHVSRQVH�WR�D�UHTXHVW�IURP
RXU�IULHQG�'LFN�%XOPHU��RI�2PHPHH��2QWDULR��'LFN�IHOW�WKDW�RXU�7LWOHU�FRXOG�XVH�D�FRXSOH�PRUH��ZLSHV��
:H�VWDUWHG�SOD\LQJ�DURXQG�ZLWK�KLV�LGHD��DQG�DGGHG�VRPH�RI�RXU�RZQ��HQGLQJ�XS�ZLWK�HOHYHQ�QHZ��ZLSHV�
LQ�WKH�SURJUDP�

2QH�RI�WKRVH�LV�QRW�UHDOO\�D�ZLSH��EXW�D�UDQGRP�EORFN�UHSODFHPHQW�RI�RQH�SLFWXUH�ZLWK�WKH�RWKHU��7R�GR�WKLV
LQ�WKH�OLPLWHG�PHPRU\�DYDLODEOH��7KH�7LWOHU�SURJUDP�UHVLGHV�HQWLUHO\�LQ�ORZ�PHPRU\��ZH�KDG�WR�LQYHQW
D�VOLJKWO\�EHWWHU�PHWKRG�RI�GRLQJ�RXU�UDQGRP�QXPEHUV��+HQFH�WKH�WLWOH��&KHDS�DQG�'LUW\��IRU�WRGD\
V
FROXPQ��DV�WKH�UDQGRP�QXPEHU�URXWLQH�LQ�WKH�6LGHEDU�LV�QRW�HOHJDQW��QRU�GRHV�LW�VXSSO\�YHU\�KLJK�TXDOLW\
VHTXHQFHV�RI�UDQGRP�QXPEHUV��EXW�LW�GRHV�ZHOO�HQRXJK�IRU�WKH�LQWHQGHG�SXUSRVH�

1.52.1. The Seeding Pro cess

7R�JHW�RXU�VHTXHQFH�RI�SVHXGR�UDQGRP�QXPEHUV�VWDUWHG��ZH�QHHG�D��VHHG��QXPEHU�WKDW
V�XQSUHGLFWDEOH�
,Q�WKLV�FDVH��ZKHQ�ZH�HQWHU�WKH�SURFHVV��D��NH\�ORRS��KDV�EHHQ�UXQQLQJ��DQG�WKDW�ORRS�LQFOXGHV�WKH�/,0,��
DQG�/,0,���LQVWUXFWLRQV��7KXV�WKH�FRXQWHU�DW�!�����ZLOO�KDYH�EHHQ�LQFUHPHQWLQJ�HYHU\�VL[WLHWK�RI�D
VHFRQG��DQG�QHLWKHU�ZH�QRU�WKH�XVHU�ZLOO�EH�DEOH�WR�SUHGLFW�LWV�VWDWH��%HLQJ�RQO\�D�RQH�E\WH�FRXQWHU��WKLV
KDV�RQO\�����SRVVLEOH�VWDWHV��DQG�VR�FDQ�\LHOG�RQO\�����GLIIHUHQW�VHTXHQFHV�RI�UDQGRP�QXPEHUV��7KDW
V
HQRXJK��KRZHYHU��WR�JLYH�WKH�XVHU�WKH�LPSUHVVLRQ�RI�FRPSOHWH�UDQGRPQHVV�LQ�WKH�ZD\�RQH�SLFWXUH�UHSODFHV
WKH�RWKHU��:H
YH�DUUDQJHG�WKLQJV�LQ�WKLV�FDVH�VR�WKDW�QR�EORFN�LQ�WKH�SLFWXUH�LV�ZULWWHQ�WZLFH��DQG�WKDW�WKH
SURFHVV�DOZD\V�WDNHV�DERXW�WKH�VDPH�DPRXQW�RI�WLPH��UHJDUGOHVV�RI�WKH�SDUWLFXODU�VHHG�QXPEHU�XVHG��+RZ"
:HOO��WKDW�ZRXOG�EH�WHOOLQJ�

1.52.2. Okay, We'll Tell!

:H�ZDQW�WR�WDNH�HDFK�RI�WKH�QXPEHUV�IURP���WKURXJK�����RQFH�DQG�RQO\�RQFH��EXW�LQ�UDQGRP�RUGHU��:H
OO
ZULWH� WKH�QHZ�SLFWXUH� LQWR� SODFH�DV�����EORFNV�RI����E\WHV� HDFK��:H�ZDQW� WR�GR� WKLV�ZLWK�PLQLPDO
H[SHQGLWXUH�RI�WLPH�DQG�PHPRU\��1RZ�ORRN�DW�WKH�6LGHEDU��DQG�ZH�KRSH�LW�ZLOO�DOO�EH�FOHDU�DV�PXG�LQ�MXVW
D�PRPHQW��%XW�ILUVW��MXVW�D�ZRUG�RU�WZR�DERXW�KRZ�WKLQJV�DUH�VHW�XS�LQ�PHPRU\�ZKHQ�WKH�7LWOHU�LV�UXQQLQJ�
7KH�SURJUDP�LV�LQ�ORZ�PHPRU\��$VVXPLQJ�WZR�SLFWXUHV�KDYH�EHHQ�ORDGHG�DV�)UDPH���DQG�)UDPH����WKH\
UH
LQ�KLJK�PHPRU\�IURP�!$����WKURXJK�!))))��)UDPH��
V�SDWWHUQ�GHVFULSWLRQV��EODFN�DQG�ZKLWH�GDWD��UXQV
IURP�!$����WKURXJK�!%�))��7KDW�IUDPH
V�FRORU�GDWD�UXQV�IURP�!%����WKURXJK�!&)))�

)UDPH�WZR�LV�LQ�WZR�VLPLODU�EORFNV�VWDUWLQJ�DW�!'����DQG�UXQQLQJ�ULJKW�WR�WKH�HQG�RI�PHPRU\�DW�!))))�
,WV�FRORU�SDUW�VWDUWV�DW�!(�����:KHQ�RQH�RI�WKRVH�LV�SXW�LQWR�9'3�5$0�VR�ZH�FDQ�VHH�LW��LWV�SDWWHUQ�SDUW
VWDUWV�DW���LQ�9'3��DQG�LWV�FRORU�SDUW�DW�!�����
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7KH�ILUVW�OLQH�LQ�WKH�6LGHEDU�XVHV�D�VXEURXWLQH��QRW�VKRZQ��WR�VHW�5��WR�SRLQW�WR�WKH�SDWWHUQ�SDUW�RI
ZKLFKHYHU�IUDPH�LV�QRW�FXUUHQWO\�RQ�VFUHHQ��7KXV�DIWHU�WKDW�VXEURXWLQH��5��ZLOO�FRQWDLQ�HLWKHU�!$����RU
!'�����DV�QHHGHG��:H�PDGH�D�NLQG�RI�SUDFWLFDO�FKRLFH�WR�WDNH�RXU�UDQGRP�EORFNV�LQ�FKXQNV�RI����E\WHV
DW�D�WLPH��7KDW�PHDQV�WKH�ZKROH�SLFWXUH�LV�����VXFK�EORFNV��HDFK�RI�ZKLFK�RFFXSLHV�IRXU�FKDUDFWHU�VL]H
FKXQNV�RI�WKH�VFUHHQ�

1RZ�ZH�VWDVK�DZD\�5��LQWR�5����VR�ZH�FDQ�FKDQJH�5��DQG�VWLOO�JHW�LWV�RULJLQDO�YDOXH�EDFN�IURP�5���ZKHQ
ZH�QHHG�LW��:H�ZLOO�QRZ�FRQVWUXFW�LQ�PHPRU\�D�WDEOH�RI�QXPEHUV�IURP���WKURXJK������HDFK�RFFXS\LQJ�RQH
E\WH��:H�SXW�WKLV�WDEOH�VWDUWLQJ�DW�ODEHO�($87��7KDW
V�DQ�DUHD�ZKLFK�JHWV�XVHG�WR�VWRUH�WKH�(�$�XWLOLWLHV
IRU�RXU�SURJUDP��EXW�DW�WKLV�SRLQW�WKH�XWLOLWLHV�KDYH�DOUHDG\�EHHQ�PRYHG�LQWR�SODFH�LQ�ORZ�PHPRU\��VR�ZH
FDQ�VH�WKLV�SDUW�RI�PHPRU\�RYHU�DJDLQ��UDWKHU�WKDQ�VHWWLQJ�DVLGH�D�VHSDUDWH�EORFN��:KHQ�WKH�WDEOH�LV
ILQLVKHG��KH�OHIW�E\WH�RI�5��FRQWDLQV������DQG�ZH�ZDQW�WKDW�QXPEHU��EXW�LQ�WKH�ULJKW�E\WH��6LQFH�WKH�ULJKW
E\WH�LV�VWLOO�]HUR��ZH�6:3%�WR�JHW�5��WR�FRQWDLQ�����

1RZ�ZH�KDYH�WR�JHW�D�UDQGRP�VHHG��ZKLFK�ZH�GR�E\�VLPSO\�PRYLQJ�WKH�ZRUG�DW�!�����LQWR�!��&���7KDW
QXPEHU�ZLOO�EH�VRPHZKHUH�LQ�WKH�UDQJH�RI���WKURXJK������1H[W�ZH�XVH�D�PHWKRG�ERUURZHG�IURP�7,�
PXOWLSO\LQJ�WKH�QXPEHU�IURP�!��&��E\���������WKHQ�DGGLQJ��������WR�WKH�ORZ�RUGHU�ZRUG�RI�WKDW�SURGXFW
LQ�5���:H�PRYH�WKDW�ORZ�RUGHU�ZRUG�EDFN�WR�!��&��IRU�QH[W�WLPH��WKHQ�GLVFDUG�WKH�KLJK�RUGHU�ZRUG�RI�WKH
SURGXFW�E\�FOHDULQJ�5���$W�WKLV�VWDJH��WKH�UHJLVWHU�SDLU�5��5��FRQWDLQV�D��UDQGRP��QXPEHU�LQ�WKH�UDQJH
RI���WKURXJK���������:H�GRQ
W�FDUH�ZKDW�LW�LV��ZH
UH�JRLQJ�WR�GLYLGH�LW�E\�WKH�QXPEHU�LQ�5���)RU�WKLV�ILUVW
SDVV��5��FRQWDLQV������$IWHU�GLYLVLRQ��WKHUH�ZLOO�EH�D�UHPDLQGHU�LQ�5��WKDW�ZLOO�DOZD\V�EH�D�QXPEHU�LQ�WKH
UDQJH���WKURXJK������*HH��WKDW�VRXQGV�OLNH�ZKDW�ZH�ZHUH�DIWHU��GRHVQ
W�LW"�,QGHHG�LW�LV�

1RZ�ZH�WDNH�WKH�FRUUHVSRQGLQJ�QXPEHU�IURP�RXU�WDEOH��7KLV�ILUVW�WLPH��WKDW�ZLOO�EH�ZKDWHYHU�QXPEHU�ZH
KDG�LQ�5��WR�VWDUW�ZLWK��/HW
V�VD\�LW
V�����IRU�H[DPSOH��:H�PRYH�WKDW�E\WH�LQWR�WKH�OHIW�E\WH�RI�5��ZLWK
029%�#($87�5���5���7R�JHW�5��VHW�WR�WKDW�QXPEHU�DV�D�ZRUG��ZH�65/�5�����1RZ�5��HTXDOV�����EXW�ZH
ZDQW�WR�SRLQW�WR�D�EORFN�RI�E\WHV�RQ�D����E\WH�ERXQGDU\�LQ�9'3��VR�ZH�PXOWLSO\�WKDW�QXPEHU�LQ�5��E\���
ZLWK�6/$�5����

6WLOO�ZLWK�XV"�,W
V�JHWWLQJ�WULFN\�QRZ��:H�JHW�WKH�EDVH�RI�WKH��)UDPH��IURP�5���LQWR�5���WKHQ�DGG�WKH��RIIVHW�
E\�VLPSO\�DGGLQJ�5��WR�5���1RZ�EHIRUH�ZH�SURFHHG�WR�ZULWH�WKLV��OHW
V�UHYLHZ�ZKHUH�ZH�DUH��5��SRLQWV�WR
D�VSRW�LQ�WKH�SDWWHUQ�GHVFULSWRU�SDUW�RI�9'3�5$0��RQ�D����E\WH�ERXQGDU\��5��SRLQWV�WR�WKH�FRUUHVSRQGLQJ
SODFH�LQ�WKH�IUDPH�LQ�PHPRU\�WKDW
V�FXUUHQWO\�QRW�RQ�WKH�VFUHHQ��5��VWLOO�FRQWDLQV�����VR�ZKHQ�ZH�%/:3
#90%:��IRXU�DGMDFHQW�FKDUDFWHUV�ZLOO�JHW�QHZO\�GHILQHG�RQ�WKH�VFUHHQ��7KDW�WDNHV�FDUH�RI�WKH��EODFN�DQG
ZKLWH��IRU�WKRVH����E\WHV��VR�QRZ�ZH�KDYH�WR�JHW�WKH�FRUUHVSRQGLQJ�FRORU�LQIRUPDWLRQ�LQWR�SODFH�WR�JR�ZLWK
WKDW��7R�GR�WKDW��ZH�DGG�!�����WR�5���DGG�!�����WR�5���OHDYH�5��DORQH��DQG�%/:3�#90%:�DJDLQ�
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1.52.3. What Have We Done?

$W�WKLV�VWDJH��ZH�KDYH�WKH�VFUHHQ�PRVWO\�VKRZLQJ�RQH�SLFWXUH��EXW�VRPHZKHUH�LQ�WKH�VFUHHQ�WKHUH
V�D�IRXU
FKDUDFWHU�EORFN�IURP�WKH�QHZ�SLFWXUH��1RZ�KROG�RQWR�\RXU�KDW��EHFDXVH�KHUH
V�ZKHUH�LW�JHWV�HYHQ�WULFNLHU�
:H
UH�JRLQJ�WR�UHPRYH�WKH�QXPEHU�ZH�MXVW�SLFNHG�IURP�WKH�WDEOH�VR�WKDW�LW�ZRQ
W�EH�SLFNHG�DJDLQ��:H�GR
WKDW�LQ�WKH�OLQH�029%�#($87���5���#($87�5����7KH�QXPEHU�DW�($87���5���LV�RQH�WKDW�ZRQ
W�EH
DYDLODEOH�RQ�WKH�QH[W�SDVV��EHFDXVH�ZH
OO�'(&�5��EHIRUH�JRLQJ�WKURXJK�WKH�ORRS�DJDLQ��7KXV�WKH�QXPEHU
WKDW�ZH�WRRN�IURP�WKH�WDEOH�ZLOO�QR�ORQJHU�EH�WKHUH��7KH�SRVLWLRQ�IRUPHUO\�RFFXSLHG�E\����ZLOO�FRQWDLQ����
QRZ��7KXV�LI�RXU�UDQGRP�QXPEHU�SURFHVV�VKRXOG�DJDLQ�\LHOG�����LW�ZLOO�JR�WR�WKH���WK�SODFH�LQ�WKH�WDEOH�
EXW����ZRQ
W�EH�LQ�WKH�WDEOH�DQ\�PRUH�

1RZ�WKH�WDEOH�QR�ORQJHU�FRQWDLQV�����QXPEHUV��EXW�RQO\�����RI�WKHP����WKURXJK�����ZLWK����PLVVLQJ�DQG
����EHLQJ�LQ�WKH�SODFH�RI������VR�ZH�KDYH�WR�DGMXVW�IRU�WKDW�EHIRUH�JRLQJ�IRU�DQRWKHU�UDQGRP�QXPEHU��:H
WKXV�'(&5���VR�WKDW�LW�FRQWDLQV������6LQFH�5��LV�QRW�]HUR��ZH�JR�EDFN�IRU�DQRWKHU�UDQGRP�QXPEHU��7KLV
WLPH��ZKHQ�ZH�GLYLGH�E\�5���WKH�UHPDLQGHU�LQ�5��ZLOO�EH�D�QXPEHU�IURP���WKURXJK������DQG�RXU�UDQGRP
QXPEHU�ZLOO�EH�FKRVHQ�IURP�WKRVH�����QXPEHUV�VWLOO�LQ�WKH�WDEOH�

7KXV�ZH�PDNH�����SDVVHV�WKURXJK�WKH�ORRS�WKDW�VWDUWV�DW�ODEHO�5$1'1���(DFK�WLPH�ZH�WDNH�D�GLIIHUHQW
���E\WH�FKXQN�DQG�LWV�FRUUHVSRQGLQJ�FRORU�E\WHV�IURP�WKH�QHZ�IUDPH�LQ�KLJK�PHPRU\�DQG�ZULWH�WKRVH�LQWR
9'3��UHSODFLQJ�WKDW�SLHFH�RI�WKH�SLFWXUH�WKDW�ZDV�RQ�WKH�VFUHHQ��1RWH�WKDW�RQ�RXU�ODVW�SDVV�WKURXJK�WKH
SURFHVV��5�� FRQWDLQV���� VR� WKH�',9�RSHUDWLRQ�ZLOO� \LHOG�QR� UHPDLQGHU�� DQG�RXU� ODVW�QXPEHU�ZLOO� EH
ZKDWHYHU�ZDV� OHIW�DW�SRVLWLRQ�($87���7KDW�ZRQ
W�QHFHVVDULO\�EH�]HUR��EHFDXVH�]HUR�FRXOG�KDYH�EHHQ
UHPRYHG�IURP�WKH�WDEOH�HDUOLHU���:KHQ�5��GHFUHPHQWV�WR�]HUR��ZH
UH�ILQLVKHG��$OO�����EORFNV�RI�WKH�QHZ
SLFWXUH�DUH�RQ�VFUHHQ��DQG�ZH�FDQ�EUDQFK�EDFN�WR�D�SODFH�LQ�WKH�SURJUDP�WKDW�ZDLWV�IRU�WKH�XVHU
V�QH[W
NH\VWURNH�

-XVW�IRU�WKH�HGLILFDWLRQ�RI�WKRVH�ZKR�DUH�VWLOO�QRYLFHV�LQ�$VVHPEO\��ZH
YH�SXW�LQWR�WKH�6LGHEDU�WZR�VPDOO
([WHQGHG�%DVLF�SURJUDPV�WKDW�HPXODWH�ZKDW�RXU�$VVHPEO\�URXWLQH�GRHV��DW�OHDVW�DV�ZHOO�DV�;%�FDQ�GR�WKDW�
7KH�ILUVW�UXQV�RQO\�WKH�QXPEHUV�IURP���WKURXJK�����VR�LW�WDNHV�RQO\�WZR�VHFRQGV�WR�UXQ��7KH�VHFRQG�RQH
GRHV�����QXPEHUV��OLNH�WKH�$VVHPEO\�RQH�GRHV��EXW�WKDW�WDNHV�DERXW�WZHQW\�HLJKW�VHFRQGV�

7R�VHH�KRZ�IDVW�WKH�$VVHPEO\�FRGH�GRHV�WKLV��\RX
OO�QHHG�WR�JHW�RXU�GLVN��9LGHR�7LWOHU��IURP�RXU�IULHQG�'U�
*RRG��VHH�ODVW�PRQWK
V�FROXPQ�IRU�KLV�DGGUHVV���<RX
OO�VLPSO\�ORDG�LQ�WZR�SLFWXUHV���VDPSOHV�DUH�RQ�WKH
GLVN��WKHQ�YLHZ�HLWKHU�RI�WKHP��DQG�SUHVV�R�RQ�WKH�NH\ERDUG��,Q�OHVV�WKDQ�D�VHFRQG��DOO�����UDQGRP�EORFNV
ZLOO�KDYH�EHHQ�VHOHFWHG�DQG�ZULWWHQ�WR�WKH�9'3�5$0�
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1.52.4. Other Changes

7KH�7LWOHU�GLVN�KDV�EHHQ�XSGDWHG�DV�RI����'HFHPEHU������WR�LQFOXGH�WKH�IROORZLQJ�DGGLWLRQDO��ZLSHV��

.(< :LSH�DFWLRQ

- +RUL]RQWDO�ZLSH�IURP�HGJHV�WR�FHQWHU
& 9HUWLFDO�ZLSH�IURP�WRS�DQG�ERWWRP�WR�PLGGOH
, ,QZDUG�VSLUDO�IURP�RXWVLGH�WR�FHQWHU
2 2XWZDUG�VSLUDO�IURP�FHQWHU�WR�HGJHV
5 5DQGRP�VHTXHQFH�RI�����SLFWXUH�SLHFHV
< 9HQHWLDQ�EOLQG�ZLSH�GRZQZDUG
8 9HQHWLDQ�EOLQG�ZLSH�XSZDUG
� &RUQHU�IURP�XSSHU�OHIW�WR�ORZHU�ULJKW
 &RUQHU�IURP�XSSHU�ULJKW�WR�ORZHU�OHIW
= &RUQHU�IURP�ORZHU�OHIW�WR�XSSHU�ULJKW
� &RUQHU�IURP�ORZHU�ULJKW�WR�XSSHU�OHIW

2I�WKHVH��WKH�-�DQG�&�NH\V�ZHUH�DV�UHTXHVWHG�E\�'LFN�%XOPHU��WR�FRPSOHPHQW�WKH�+�DQG�9�NH\V�ZKLFK�JR
IURP�FHQWHU�WR�HGJHV�DQG�IURP�PLGGOH�WR�WRS�DQG�ERWWRP��UHVSHFWLYHO\��:KHQ�ZH�VWDUWHG�WKLV�DWWHPSW��ZH
ZHUHQ
W�VXUH�ZKHWKHU�WKH�-�DQG�&�NH\�DFWLRQV�ZRXOG�ILW�LQ�PHPRU\��EXW�IRXQG�WKRVH�VR�HDV\�WKDW�ZH�ZHQW
DKHDG�DQG�DGGHG�WKH�RWKHUV��:H�VWLOO�KDYH�VRPH�RI�ORZ�PHPRU\�OHIW��EXW�FDQ
W�WKLQN�RI�DQ\�PRUH�ZLSHV�ZH
G
OLNH�WR�WU\�MXVW�QRZ�

7KH�$VVHPEO\�FRGH�LQ�WRGD\
V�6LGHEDU�LV�RI�FRXUVH�MXVW�D�VPDOO�SDUW�RI�D�SURJUDP��DQG�\RX
G�KDYH�WR�PRGLI\
LW�WR�GR�\RXU�RZQ�SDUWLFXODU�MRE��,Q�PRVW�FDVHV��\RX
G�QHHG�D�EORFN�RI�PHPRU\�VHW�DVLGH�VRPHZKHUH�WR
FRQWDLQ�\RXU�WDEOH�RI�QXPEHUV��,I�WKDW�WDEOH�LV�WR�FRQWDLQ�PRUH�WKDQ�����QXPEHUV��\RX
OO�KDYH�WR�GRXEOH
LWV�VL]H�VR�WKDW�HDFK�QXPEHU�LV�D�ZRUG�LQVWHDG�RI�MXVW�D�E\WH��DQG�\RX
OO�KDYH�WR�PDNH�VXUH�LW�VWDUWV�RQ�DQ
HYHQ�DGGUHVV��7KHUH�ZH�JR�DJDLQ��FUHDWLQJ�\HW�DQRWKHU�H[HUFLVH�IRU�RXU�VHULRXV�UHDGHUV��7KDW�VKRXOG�NHHS
\RX�EXV\�
WLO�QH[W�PRQWK��ZKHQ�ZH
OO�WU\�WR�SURYLGH�DQRWKHU�SOHDVDQW�VXUSULVH��6HH�\RX�WKHQ�

* SIDEBAR 52
* CHEAP AND DIRTY RANDOM NUMBERS
*   Code by Bruce Harrison
*   22 December 1994
*   PUBLIC DOMAIN
*
* PART ONE - ASSEMBLY CODE
*
* THIS IS JUST A "SNIPPET",
* NOT A COMPLETE PROGRAM
*
RNDCHG BL   @STFRM       SET FRAME ADDRESS
RNDCH0 LI   R2,32        32 BYTE CHUNKS
       MOV  R1,R13       STASH R1 IN R13
       CLR  R3           START WITH 0 IN R3
       LI   R9,EAUT      POINT AT MEMORY AREA
BLDTBL MOVB R3,*R9+      MOVE LEFT BYTE R3
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       AI   R3,>100      INCREMENT LEFT BYTE
       CI   R9,EAUT+192  AT END OF TABLE?
       JLT  BLDTBL       IF LESS, REPEAT
       SWPB R3           SWAP SO R3=192
       MOV  @>8378,@>83C0 MOV TIMER TO SEED
RANDNO LI   R4,28645     LOAD A BIG NUMBER
       MPY  @>83C0,R4    MULTIPLY BY SEED
       AI   R5,31417     ADD A BIG NUMBER
       MOV  R5,@>83C0    MOV RESULT TO SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R3,R4        DIVIDE R4-R5 PAIR BY R3
       MOVB @EAUT(R5),R0 TAKE NUMBER FROM TABLE
       SRL  R0,8         RIGHT JUSTIFY
       SLA  R0,5         MULTIPLY BY 32
       MOV  R13,R1       GET R1 BACK
       A    R0,R1        ADD OFFSET FROM R0
       BLWP @VMBW        WRITE 32 BYTES
       AI   R0,>2000     POINT TO COLOR TABLE
       AI   R1,>1800     AND STORED COLOR
       BLWP @VMBW        WRITE COLOR PORTION
       MOVB @EAUT-1(R3),@EAUT(R5) REPLACE NUMBER
       DEC  R3           DECREMENT R3
       JNE  RANDNO       IF NOT ZERO, REPEAT
       B    @PXKEY       BRANCH TO "WAIT FOR KEY"

* PART TWO - AN XB PROGRAM
* THAT EMULATES THE ABOVE RANDOM NUMBER
* ALGORITHM FOR NUMBERS 0-10
* YOU CAN RUN THIS TO SEE THAT THE
* PROCESS REALLY WORKS

10 RANDOMIZE
20 CALL CLEAR :: DIM A(10)
30 FOR I=0 TO 10 :: A(I)=I
40 NEXT I
50 FOR I=10 TO 0 STEP -1
60 X=RND*I
70 PRINT " "&STR$(A(X));
90 A(X)=A(I)
100 NEXT I :: PRINT
110 CALL KEY(0,K,S)
120 IF S<1 THEN 110
130 IF K<>13 THEN 30
*
* PART THREE - ANOTHER XB PROGRAM
* THAT EMULATES THE ABOVE RANDOM NUMBER
* ALGORITHM FOR NUMBERS 0-191
*
10 RANDOMIZE
20 CALL CLEAR :: DIM A(191)
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30 FOR I=0 TO 191 :: A(I)=I
40 NEXT I
50 FOR I=191 TO 0 STEP -1
60 X=RND*I
70 PRINT " "&STR$(A(X));
80 A(X)=A(I)
90 NEXT I
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1.53. The Art Of Assembly — Part 53. Yes You Can!

%\�%UXFH�+DUULVRQ

,I�WKHUH
V�RQH�GDQJHU�LQ�EHFRPLQJ�D��JXUX��LQ�$VVHPEO\��LW
V�WKLV��3HRSOH�DUH�DOZD\V�DVNLQJ�PH�TXHVWLRQV�
DQG�H[SHFWLQJ�WKDW�,
OO�NQRZ�WKH�DQVZHUV��6RPHWLPHV�LW
V�HDV\�WR�DQVZHU��DQG�RWKHU�WLPHV�LW�WDNHV�ZKROH
GD\V�RI�H[SHULPHQWLQJ�ZLWK�WKH�7,�WR�ILQG�WKH�VROXWLRQ��7RGD\�ZH
OO�VWDUW�ZLWK�D��FDVH�LQ�SRLQW��RI�D�TXHVWLRQ
DQG�LWV�DQVZHU�

2XU�GHDU�IULHQG�'U��&KDUOHV�*RRG�DVNHG�D�TXHVWLRQ�DERXW�RXU�&RPSLOHU��+H�ZDQWHG�WR�NQRZ�ZKHWKHU�D
XVHU�FRXOG�PDNH�D�FRPSLOHG�SURJUDP�ZRUN�ZLWK�DGGLWLRQDO�$VVHPEO\�URXWLQHV��$W�ILUVW��ZH�WKRXJKW�QR��DQG
WROG�KLP�VR��7KDW�DQVZHU�WXUQHG�RXW�WR�EH�ZURQJ��EXW�ZH�GLGQ
W�NQRZ�WKDW�IRU�VRPH�PRQWKV�

1.53.1. Finding Out

6RPH�PRQWKV�DIWHU�DQVZHULQJ�WKH�TXHVWLRQ�IRU�'U��*RRG��ZH�IRXQG�D�QHHG�LQ�RXU�RZQ�ZRUN�WR�FRPSLOH�D
SURJUDP�WKDW�LQFOXGHG�WKH�ORDGLQJ�DQG�XVH�RI�DQ�$VVHPEO\�URXWLQH��7KH�SURJUDP�ZDV�D�GHPR�IRU�RQH�RI
RXU�$VVHPEO\�URXWLQHV��EXW�ZH�ZDQWHG�WR�NQRZ�KRZ�WKH�SURJUDP�ZRXOG�SHUIRUP�ZKHQ�&RPSLOHG��,W�KDG
EHHQ�PDQ\�PRQWKV�VLQFH�ZH
G�XVHG�WKH�&RPSLOHU��RU�ZRUNHG�RQ�LW��VR�ZH�ZHUHQ
W�VXUH�ZKDW�LW�ZRXOG�GR
ZLWK�D�OLQH�OLNH�

10 CALL INIT :: CALL LOAD("DSK1.ACCTIME/O")

:H�KDG�D�YDJXH�PHPRU\�RI�KDYLQJ�SXW�D�SURYLVLRQ�LQWR�WKH�&RPSLOHU�VR�LW�ZRXOG�VLPSO\�LJQRUH�&$//
,1,7��7KDW�ZDV�SXW�LQ�EHFDXVH�WKH�&RPSLOHG�SURJUDP�SHUIRUPV�D�&$//�,1,7�ZKHQ�LW�VWDUWV��DQG�ZRXOG
TXLW�ZRUNLQJ�LI�DQRWKHU�&$//�,1,7�JRW�SHUIRUPHG�ZKLOH�LW�ZDV�UXQQLQJ��6XUH�HQRXJK��WKH�&RPSLOHU�GLG
LQGHHG�LJQRUH�WKH�&$//�,1,7�SDUW�RI�OLQH�����,W�WKHQ�LQFOXGHG�WKH�UHVW�RI�OLQH����ZLWK�D�%/�#72*,
LQVWUXFWLRQ��VR�WKDW�WKH�&$//�/2$'������ZRXOG�EH�SHUIRUPHG�E\�WKH�*3/�,QWHUSUHWHU��7KDW�ORRNHG�DV�LI�LW
ZRXOG�ZRUN��DQG�LQGHHG�LW�GLG��:KHQ�WKH�&RPSLOHG�SURJUDP�VWDUWHG�UXQQLQJ��LW�OLW�XS�GULYH����ORDGHG�WKH
URXWLQH�$&&7,0(�2��DQG�WKHQ�ZHQW�RQ�ZLWK�LWV�MRE��7KH�&$//�/,1.V�ZLWKLQ�WKH�SURJUDP�WKDW�XVHG
$&&7,0(�2�DOVR�ZRUNHG�MXVW�DV�WKH\�KDG�LQ�WKH�RULJLQDO�;%�SURJUDP��1HDW�

1.53.2. Don't Thank Me!

7KDQN�+DUU\�:LOKHOP��ZKR�GHVLJQHG�WKH�YHU\�FOHYHU�+LJK�0HPRU\�/RDGHU�SURJUDP��$V�\RX�NQRZ��+DUU\
LV�WKH�JX\�,�FDOO�RQ�ZKHQ�,�QHHG�KHOS��DQG�KH�DOPRVW�DOZD\V�KDV�D�UHDG\�DQG�FRUUHFW�DQVZHU��+DUU\
GHVLJQHG�WKH�+0/�SURJUDP�VR�WKDW�WKLQJV�OLNH�P\�FRPSLOHG�SURJUDPV�FRXOG�FRQWDLQ�$VVHPEO\�FRQWHQW
ZLWKRXW�W\LQJ�XS�DQ\�RI�WKH�ORZ�PHPRU\�VSDFH��7KXV�ZKHQ�WKDW�&$//�/2$'�JRW�H[HFXWHG��WKH�FRQWHQW
RI�WKH�REMHFW�ILOH�JRW�SODFHG�LQWR�/RZ�0HPRU\��MXVW�DV�LI�D��QRUPDO��;%�SURJUDP�ZHUH�UXQQLQJ��+DUU\�DOVR
GHVLJQHG�KLV�+0/�VR�WKDW��LI�WKH�LWHP�QHHGHG�IRU�D�&$//�/,1.�ZDV�QRW�IRXQG�LQ�KLV�ORRNXS�OLVW�LQ�+LJK
0HPRU\��LW�ZRXOG�EH�VRXJKW�LQ�WKH��QRUPDO��'()�WDEOH�LQ�ORZ�PHPRU\�DQG�H[HFXWHG��7KDQNV��DJDLQ�
+DUU\��<RXU�JHQLXV�QHYHU�FHDVHV�WR�DPD]H�XV�
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1.53.3. Not Only That, But. . .

+DYLQJ�SURYHG�WKDW�WKLV�PHWKRG�ZRXOG�LQGHHG�ZRUN�SURYLGHG�WKDW�WKH�REMHFW�ILOH�ZDV�DYDLODEOH�RQ�WKH�ULJKW
GLVN��ZH�ZRQGHUHG�LI�ZH�FRXOG�WDNH�DGYDQWDJH�RI�DQRWKHU�RI�WKH�IHDWXUHV�RI�+DUU\
V�+0/��7KDW�LV�WKH
DELOLW\�WR�ORDG�PRUH�WKDQ�RQH�REMHFW�ILOH�LQWR�+LJK�0HPRU\��,Q�WKH�XVXDO�FDVH�ZLWK�WKH�FRPSLOHU��ZH�ORDG
RQO\�WKH�FRPSLOHU
V�REMHFW�ILOH��EXW�+0/�ZLOO�DOORZ�XV�WR�DGG�PRUH�REMHFW�ILOHV�WR�WKH�OLVW�EHIRUH�ORDGLQJ��:H
GHFLGHG�WKDW�WKLV�ZDV�ZRUWK�WU\LQJ��VR�ZH�UHPRYHG�OLQH����IURP�WKH�RULJLQDO�SURJUDP��&RPSLOHG�DQG
$VVHPEOHG� DV� XVXDO�� DQG� WKHQ� GXULQJ� WKH� +0/� RSHUDWLRQ�� ZH� DGGHG� $&&7,0(�2� DORQJ� ZLWK� WKH
&RPSLOHU
V�REMHFW�ILOH��6XUH�HQRXJK��+0/�ORDGHG�ERWK�ILOHV�LQWR�KLJK�PHPRU\��DQG�WKH�UHVXOWLQJ�SURJUDP
ZRUNHG�H[DFWO\�DV�ZH
G�KRSHG��1RZ�ZH�GRQ
W�KDYH�WR�ZRUU\�DERXW�KDYLQJ�$&&7,0(�2�RQ�WKH�GLVN��VLQFH
LWV�FRQWHQWV�DUH��HPEHGGHG��ULJKW�LQVLGH�WKH�FRPSLOHG�SURJUDP�

1.53.4. There Are Except ions!

7KLV�VHFWLRQ�FRXOG�EH�FDOOHG��12�<28�&$1
7���7KHUH�DUH�VRPH�$VVHPEO\�URXWLQHV�WKDW�ZRQ
W�ZRUN�ZLWK
FRPSLOHG�SURJUDPV��2QH�H[DPSOH�WKDW�LPPHGLDWHO\�FRPHV�WR�PLQG�LV�RQH�RI�RXU�RZQ�LQYHQWLRQV��QDPHO\
WKH�&$//�),/(6�URXWLQH�WKDW�ZH�ZURWH�WR�DOORZ�&$//�),/(6�WR�EH�GRQH�IURP�ZLWKLQ�DQ�;%�SURJUDP�
7KDW�ZRXOG�IDLO�WR�ZRUN�EHFDXVH�WKH�;%�SURJUDP�JHWV�WROG�E\�WKH�URXWLQH�WR�581��OLQH�QXPEHU���DQG�WKH
OLQH�QXPEHU�LQ�DOO�OLNHOLKRRG�ZLOO�QRW�EH�WKHUH��,W
V�SRVVLEOH�WR�XVH�WKH�&$//�),/(6�OLQNDJH�E\�FKDQJLQJ
WKH�VHFRQG�SDUDPHWHU�LQ�&$//�/,1.��&$//)��������WR�������EHIRUH�VDYLQJ�WKH�;%�SURJUDP�LQ�PHUJH
IRUPDW�� :H
YH� WULHG� WKDW�� DQG� LW� ZRUNHG� RQ� RXU� GHPR� SURJUDP�� $QRWKHU� FOHDU� H[FHSWLRQ� LV� RXU
ERRW�WUDFNLQJ�URXWLQH��75$&.����ZKLFK�VHDUFKHV�IRU�'6.��LQ�WKH�;%�SURJUDP��7KDW�ZRQ
W�ZRUN�EHFDXVH
LW�KDV�QR�ZD\�RI�VHDUFKLQJ�WKURXJK�WKH�$VVHPEO\�SDUW�RI�WKH�FRPSLOHG�SURJUDP��7KHUH�PD\�EH�RWKHU
$VVHPEO\�URXWLQHV�WKDW�ZRQ
W�ZRUN�ZLWK�D�&RPSLOHG�SURJUDP��EXW�ZH
YH�QR�ZD\�RI�NQRZLQJ�ZKDW�ZLOO�DQG
ZRQ
W�ZRUN�XQOHVV�SHRSOH�WU\�WKLQJV�DQG�OHW�XV�NQRZ�

1.53.5. Another Look At Things

$V�PRVW�RI�RXU�UHDGHUV�NQRZ��IURP�WLPH�WR�WLPH�ZH�WDNH�DQRWKHU�ORRN�DW�ROG�URXWLQHV�WKDW�ZH�GHVLJQHG�DQG
XSGDWH�WKHP��,Q�UHFHQW�PRQWKV��ZH
YH�EHHQ�SOD\LQJ�YDULRXV��JDPHV��ZLWK�WKH�FRQFHSWV�RI�8VHU�,QWHUUXSW
DQG�ZD\V�RI�FRXQWLQJ�WLPH�LQ���WKV�RI�D�VHFRQG��7KH�LGHD�FDPH�WR�XV�WKDW�ZH�FRXOG�SHUKDSV�PDNH�D�QHZ
DQG�LPSURYHG�YHUVLRQ�RI�RXU�VFUHHQ�LQSXW�URXWLQH�&56,1��7KDW�ZDV�SXEOLVKHG�PDQ\�PRRQV�DJR��DQG�ZH
VWLOO�XVH�LW�ZLWK�VOLJKW�YDULDWLRQV�LQ�PRVW�RI�RXU�SURJUDPV��,W�ZRUNV�ZHOO��EXW�ZKHQ�UXQ�RQ�D�*HQHYH�RU�D
EXV�PRGLILHG� 7,�� WKH� FXUVRU� EOLQNV�PXFK� WRR� IDVW�� &RXOG� ZH� XVH� WKH� NQRZOHGJH� ZH
G� JDLQHG� DERXW
LQWHUUXSWV�WR�FXUH�WKDW�SUREOHP"�<HV��ZH�FRXOG�

1.53.6. The New ACCEPT Routine

7KH�LGHD�ZDV�VLPSOH�HQRXJK��:H
G�XVH�D�865,17�WR�FKHFN�WKH�VWDWH�RI�WKH�FRXQWHU�DW�!������DQG�VZLWFK
IURP�FXUVRU�WR�VFUHHQ�FKDUDFWHU�DIWHU�HYHU\������WKV�RI�D�VHFRQG��,Q�RUGHU�WR�PDNH�WKLV�ZRUN�DV�ZH�ZDQWHG�
ZH�GLG�VRPH�WULFNV�WKDW�PD\�DSSHDU�VWUDQJH�DW�ILUVW�VLJKW��)RU�H[DPSOH��ZH�XVHG�D�%/:3�YHFWRU�RXW�RI�WKH
865,17�WKDW�XVHV�RXU�RZQ�ZRUNVSDFH�IRU�WKH�%/:3��7KLV�ZDV�SRVVLEOH�EHFDXVH�WKH�,QWHUUXSW�VHUYLFLQJ
KDSSHQV�LQ�DQRWKHU�ZRUNVSDFH��VR�WKHUH
V�QR�QHHG�WR�VXSSO\�DQRWKHU�VHW�RI�UHJLVWHUV�IRU�WKH�%/:3�WKDW
FKDQJHV�WKH�FKDUDFWHU�RQ�VFUHHQ��,Q�WRGD\
V�6LGHEDU�LV�D�FRPSOHWH�SURJUDP�WKDW�XVHV�$&&(37�WR�WDNH
LQSXW�IURP�WKH�VFUHHQ�LQWR�D�VWULQJ�LQ�PHPRU\��WKHQ�GLVSOD\V�WKDW�VWULQJ�
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1.53.7. While We're At It . . .

:KLOH�PDNLQJ�WKLV�QHZ�URXWLQH��ZH�DGGHG�VRPH�IHDWXUHV�WKDW�ZHUH�QRW�LQ�WKH�RULJLQDO��)RU�H[DPSOH��WKH
'$7$�IROORZLQJ�WKH�%/�#$&&(37�GHWHUPLQHV�WKH�VFUHHQ�SRVLWLRQ��WKH�ORFDWLRQ�LQ�PHPRU\�LQWR�ZKLFK
WKH�VWULQJ�LV�UHSRUWHG��DQG�ZKHWKHU�RU�QRW�WKH�ILHOG�LV�WR�EH�FOHDUHG�XSRQ�HQWU\��:H�DOVR�DGGHG�DQ�HUDVH
IHDWXUH�ZLWK�FCTN 3��RU�FCTN 8��WKDW�FDQ�FOHDU�WKH�ILHOG�ZKLOH�WKH�URXWLQH�LV�UXQQLQJ��:H�NHSW�WKH�LGHDV
RI�UHSHDW�NH\�DFWLRQ�IRU�PRYLQJ�WKH�FXUVRU�OHIW�DQG�ULJKW��ZLWK�D�GHOD\�EHIRUH�UHSHDW�VWDUWV��DQG�XVHG�WKH
LQWHUUXSW�FRXQW�IRU�WKDW�WRR��7KXV�WKH�GHOD\�EHIRUH�UHSHDW�VWDUWV�DQG�WKH�UHSHDW�UDWH�LWVHOI�DUH�LQGHSHQGHQW
RI�WKH�VSHHG�RI�WKH�SURFHVVRU�

7KH�UHVXOW�LV�D�EHWWHU�VXEURXWLQH��,W
V�VLPSOHU�WKDQ�WKH�ROG�RQH��GRHV�QRW�UHTXLUH�VHOI�PRGLI\LQJ�FRGH��DQG
UHDFWV�IDVWHU�WR�NH\VWURNHV��$V�EHIRUH��FCTN 1�DQG�FCTN 2�SHUIRUP�GHOHWH�DQG�LQVHUW��PXFK�WKH�ZD\�WKH
7,�EXLOW�LQ�OLQH�HGLWRUV�GR��H[FHSW�WKDW�WKH�GHOHWH�NH\�GRHV�QRW�UHSHDW��2XU�VWXGHQWV�PD\�ZDQW�WR�PDNH
VRPH�FKDQJHV��DQG�RI�FRXUVH�WKDW
V�ILQH��<RX�PLJKW��IRU�H[DPSOH��ZDQW�WR�PDNH�FCTN E�RU�FCTN X�H[LW
IURP�WKH�URXWLQH��E\�H[WHQGLQJ�WKH�)81&7�VHULHV�RI�ODEHOV��<RX�PLJKW�DOVR�ZDQW�FCTN 8�WR�H[LW�LQVWHDG
RI�MXVW�UHSOLFDWLQJ�ZKDW�FCTN 3�GRHV��7KHUH�\RX�JR��DQRWKHU�H[HUFLVH�IRU�WKH�VHULRXV�VWXGHQW��$W�SUHVHQW�
RWKHU�)&71�NH\�FRPELQDWLRQV��VXFK�DV�FCTN 4��5��6��RU�7�KDYH�QR�HIIHFW��6DPH�JRHV�IRU�FCTN E�DQG�X�

1.53.8. How Does It Work?

<RX�WKLQN�ZH�NQRZ��7DNH�D�ORRN�DW�WKH�6LGHEDU��ZKLFK�KDV�ORWV�RI�DQQRWDWLRQ��DQG�PD\EH�\RX�FRXOG�WHOO
XV��-XVW�NLGGLQJ��+HUH
V�KRZ�LW�ZRUNV��7KH�YHU\�ILUVW�WKLQJ�WKH�URXWLQH�GRHV�LV�WR�JHW�LWV��SDUDPHWHUV��IURP
WKH�'$7$�IROORZLQJ�WKH�%/��7KDW�VWDUWV�ZLWK�JHWWLQJ�WKH�GHVLUHG�VFUHHQ�SRVLWLRQ��029�5����5��JHWV�WKH
GHVLUHG�SRVLWLRQ�LQWR�5���6LQFH�WKLV�URXWLQH�LV�JRLQJ�WR�SXW�DQ�HGJH�FKDUDFWHU�MXVW�EHIRUH�WKH�ILUVW�LQSXW
SRVLWLRQ��LW�ZLOO�FKHFN�WR�VHH�LI�\RXU�GHVLUHG�SRVLWLRQ�LV�WKH�VFUHHQ�RULJLQ��DQG�ZLOO�PRYH�RQH�E\WH�WR�WKH
ULJKW�VR�WKHUH
V�URRP�IRU�WKH�HGJH�FKDUDFWHU�DKHDG�RI�WKH�ILUVW�FKDUDFWHU�DFFHSWDQFH�SRVLWLRQ��1H[W��LW�JHWV
WKH�PD[LPXP�QXPEHU�RI�FKDUDFWHUV�DOORZHG�LQWR�5���WKH��FOHDU�ILHOG��VLJQDO�LQWR�5���DQG�WKH�DGGUHVV�IRU
WKH�RXWSXW�VWULQJ�LQWR�5���7KH�DGGUHVV�XVHG�DV�WKH�IRXUWK�SDUDPHWHU�VKRXOG�KDYH�URRP�IRU�WKH�QXPEHU�RI
FKDUDFWHUV�DOORZHG�SOXV�RQH��IRU�WKH�OHQJWK�E\WH��+HUH��ZH
YH�DOORZHG�D�%66�RI����DW�7(0675��EXW���
ZRXOG�ZRUN��VLQFH�ZH
YH�OLPLWHG�WKH�LQSXW�ILHOG�WR����FKDUDFWHUV��1RZ�WKH�URXWLQH�FOHDUV�LWV�LQVHUW�IODJ��WKHQ
VWDVKHV�DZD\�WKH�SDUDPHWHUV�IRU�VWDUWLQJ�VFUHHQ�SRVLWLRQ�DQG�QXPEHU�RI�FKDUDFWHUV�LQWR�5��DQG�5���IRU
XVH�ODWHU��,W�QH[W�SRLQWV�EDFN�RQH�VSRW�RQ�WKH�VFUHHQ�DQG�SODFHV�DQ�HGJH�FKDUDFWHU�WKHUH��7KLV�LV�GRQH�VR
ZH�FDQ�SUHYHQW�WKH�FXUVRU�IURP�PRYLQJ�RXWVLGH�WKH�ILHOG��5��JHWV�,1&HG��WKHQ�5��DGGHG��DQG�DQRWKHU�HGJH
FKDUDFWHU�JHWV�SODFHG�RQH�VSRW�EH\RQG�WKH�ODVW�DOORZHG�LQSXW�VSRW��:H�VHW�5��VR�LW�SRLQWV�WR�WKDW�ODVW�VSRW
LQ�WKH�LQSXW�ILHOG��:H
OO�QHHG�WKDW�ODWHU��WRR��$W�&/5616��ZH�JHW�EDFN�WKH�VWDUWLQJ�SRVLWLRQ�LQWR�5���WKHQ
FKHFN�5���,I�5��LV�]HUR��ZH�ZRQ
W�FOHDU�WKH�LQSXW�ILHOG��,I�5��LV�DQ\WKLQJ�RWKHU�WKDQ�]HUR��ZH�ZLOO�FOHDU�WKH
ILHOG��7KDW
V�GRQH�XVLQJ�D�VLPSOH�ORRS��ZKLFK�\RX�FDQ�HDVLO\�GHFLSKHU�

$W�WKLV�SRLQW��ZH
UH�WKURXJK�ZLWK�DOO�WKH�SUHOLPLQDULHV��DQG�UHDG\�WR�DFWXDOO\�VWDUW�DFFHSWLQJ�NH\VWURNHV�
7KH�ILUVW�RUGHU�RI�EXVLQHVV��WKHQ��DW�ODEHO�.(<)5&��LV�WR�ILQG�RXW�ZKDW�FKDUDFWHU�LV�DOUHDG\�WKHUH�DW�WKH
ILUVW�SRVLWLRQ�LQ�WKH�ILHOG��:H
OO�VDYH�WKDW�FKDUDFWHU�DW�$/7.(<��VR�LW�FDQ�DOWHUQDWH�ZLWK�WKH�FXUVRU�ZKHQ
WKH�EOLQN�LV�KDSSHQLQJ��1RZ�ZH�SXW�WKH�FXUVRU
V�$6&,,�YDOXH������LQWR�WKH�OHIW�E\WH�RI�5���DQG�ZULWH�WKDW
WR�WKH�VFUHHQ��7R�PDNH�WKH�EOLQNLQJ�VWDUW��ZH�FOHDU�WKH�FRXQWHU�DW�!������WKHQ�HQDEOH�RXU�865,17
URXWLQH�E\�SODFLQJ�LWV�DGGUHVV�DW�!��&��
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1.53.9. The Magic Part

,Q�WKH�ILYH�OLQHV�VWDUWLQJ�DW�.(<,1��DOO�WKH�PDJLF�SDUW�KDSSHQV��1RWLFH�WKDW��DIWHU�VFDQQLQJ�WKH�NH\ERDUG�
ZH�XVH�/,0,���DQG�/,0,���WR�EULHIO\�DOORZ�LQWHUUXSWV�GXULQJ�HDFK�SDVV�WKURXJK�WKLV�ILYH�OLQH�ORRS��%HFDXVH
LQWHUUXSWV�DUH�EHLQJ�DOORZHG��WKH�WLPHU�DW�!�����JHWV�LQFUHPHQWHG�RQFH�HYHU\���WK�RI�D�VHFRQG��DQG�RXU
865,17�DOVR�H[HFXWHV�RQFH�HYHU\���WK�WR�FKHFN�WKH�VWDWH�RI�WKDW�FRXQWHU��:KHQ�865,17�ILQGV�WKDW�WKH
FRXQWHU�LV�HTXDO�WR�RU�JUHDWHU�WKDQ�����LW�ZLOO�LQYRNH�WKH�FKDQJLQJ�FRGH�E\�%/:3�#&+9(&7��7KDW�YHFWRU
XVHV�RXU�RZQ�ZRUNVSDFH��:6��DQG�WKH�FRGH�VWDUWLQJ�DW�&+*���7KHUH��ZH�UHDG�WKH�FKDUDFWHU�IURP�WKH
FXUUHQW�VFUHHQ�SRVLWLRQ��,I�WKDW
V�D�FXUVRU��ZH�UHSODFH�LW�ZLWK�WKH�FKDUDFWHU�IURP�$/7.(<��,I�LW
V�QRW�D
FXUVRU��ZH�SXW�WKH�FXUVRU�DW�WKDW�SRVLWLRQ��8VLQJ�RXU�RZQ�ZRUNVSDFH�IRU�WKLV�YHFWRU�PD\�VHHP�VWUDQJH��EXW
LW�VDYHV�RXU�KDYLQJ�WR�VHW�DVLGH�DQRWKHU�ZRUNVSDFH�MXVW�IRU�WKLV�SXUSRVH��7KH�RQO\�GUDZEDFN�LV�WKDW�ZKLOH
WKH�LQWHUUXSW�LV�DFWLYH��ZH�FDQ
W�XVH�5����5����DQG�5����VLQFH�WKRVH�JHW�FKDQJHG�E\�WKH�%/:3�DFWLRQ�

,I�\RX
G�OLNH��\RX�FRXOG�VHW�DVLGH�DQRWKHU�ZRUNVSDFH�VRPHZKHUH�LQ�WKH�GDWD�VHFWLRQ�OLNH�WKLV�

CHGWS BSS  32

7KHQ�\RX
G�KDYH�WR�FKDQJH�&+9(&7�WR�'$7$�&+*:6�&+*���DQG�FKDQJH�WKH�VWDUW�RI�&+*��OLNH�WKLV�

CHG1 MOV  @WS,R0
BLWP @VSBR

7KH�UHVW�FRXOG�VWD\�XQFKDQJHG��7KDW�ZRXOG�ZRUN�MXVW�DV�ZHOO�DV�ZKDW�ZH
YH�VKRZQ��DQG�WKHQ�\RX�FRXOG
NHHS�5����5����DQG�5���RI�WKH�ZRUNVSDFH�DW�:6�DYDLODEOH�IRU�RWKHU�WKLQJV��2I�FRXUVH�PRVW�RI�WKH�UHJLVWHUV
DW�&+*:6�ZRXOG�JR�XQXVHG��EXW�SHUKDSV�\RX�FRXOG�XVH�WKHP�LQ�VRPH�RWKHU�YHFWRU�ZLWKLQ�\RXU�SURJUDP�

7KDW
V�KRZ�WKH�PDJLF�KDSSHQV��7KH�FXUVRU�EOLQNLQJ�LV�FDUULHG�RXW�LQ�WKH�EDFNJURXQG��ZLWKRXW�QHHGLQJ
DWWHQWLRQ�IURP�WKH�PDLQ�SDUW�RI�WKH�VXEURXWLQH��-XVW�IRU�WKH�IXQ�RI�LW��ZH
YH�DGGHG�D�SDUW�WR�WKH�PDLQ
SURJUDP�LQ�WKH�6LGHEDU�VR�WKDW��DIWHU�\RX
YH��DFFHSWHG��D�VWULQJ�WKURXJK�WKH�URXWLQH�DQG�WKHQ�GLVSOD\HG
WKDW��ZH�DFWLYDWH�WKH�865,17�EHIRUH�WKH�%/�#.(</22�QHDU�WKH�HQG�RI�WKH�PDLQ�SURJUDP��6XUH�HQRXJK�
ZKLOH�WKH�SURJUDP�ZDLWV�IRU�D�NH\VWURNH��WKH�FXUVRU�EOLQNV�QHDU�WKH�ERWWRP�RI�WKH�VFUHHQ�

1.53.10. The Cautions

%H�D�ELW�FDUHIXO�DERXW�XVLQJ�WKLV�LGHD��1RWLFH�WKDW�LQ�VRPH�SODFHV�KHUH�ZH
YH�SXW�LQ�D�&/5�#!��&���7KDW
V
GRQH�WR�GH�DFWLYDWH�WKH�865,17�ZKLOH�ZH
UH�GRLQJ�WKLQJV� OLNH�� IRU�H[DPSOH��GHOD\LQJ�IRU�UHSHDW�NH\
RSHUDWLRQ���:H�GRQ
W�ZDQW�WKH�FXUVRU�EOLQNLQJ�E\�LWVHOI�GXULQJ�WKDW�WLPH���$OVR��ZH
YH�WDNHQ�FDUH�WR�GLVDEOH
865,17�EHIRUH�H[LWLQJ�EDFN�WR�(�$��,I�ZH�IRUJHW�WKDW��WKH�FXUVRU�ZLOO�VWD\�WKHUH�EOLQNLQJ�ZKLOH�WKH�35(66
(17(5�72�&217,18(�PHVVDJH�LV�RQ�VFUHHQ��DQG�HYHQ�DIWHU�WKDW�

:H
YH�IRXQG�WKDW�KDYLQJ�D�XVHU�LQWHUUXSW�DFWLYDWHG�FDQ�LQWHUIHUH�ZLWK�FHUWDLQ�RWKHU�IXQFWLRQV��SDUWLFXODUO\
LI�ZH
UH�LQ�WKH�([WHQGHG�%DVLF�HQYLURQPHQW��7KHUH��IRU�H[DPSOH�LW�PHVVHV�XS�WKH�DFWLRQ�RI�21�%5($.
1(;7��DPRQJ�RWKHU�WKLQJV��,Q�DOO�FDVHV��WKHQ��\RX�VKRXOG�PDNH�VXUH�WKDW�WKH�XVHU�LQWHUUXSW�LV�DFWLYDWHG
RQO\�ZKLOH�QHHGHG�
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1H[W�PRQWK��DQRWKHU�VXUSULVH�WRSLF��:H
UH�WDNLQJ�VRPH�WLPH�RII�IURP�ZULWLQJ�WKHVH��VR�ZH�FDQ�JHW�RWKHU
WKLQJV�GRQH��2QH�FRXOG�VD\�ZH
UH�EXV\�VHUYLFLQJ�DQ�LQWHUUXSW�

* SIDEBAR 53
*
* A STRING INPUT FIELD USING THE USER
* INTERRUPT TO CONTROL CURSOR BLINK.
* A COMPLETE PROGRAM
*   Code by Bruce Harrison
*   21 December 1994
*   PUBLIC DOMAIN
*
       REF  VSBW,VSBR,VMBW,VMBR,KSCAN  REF UTILS
       DEF  START        DEFINE ENTRY
*
* REQUIRED EQUATES
*
STATUS EQU  >837C        GPL STATUS BYTE
KEYADR EQU  >8374        KEY-UNIT
KEYVAL EQU  >8375        KEY VALUE
*
* MAIN CODE SECTION
*
START  LWPI WS           LOAD OUR WORKSPACE
       CLR  @KEYADR      CLEAR KEY-UNIT
RESTR  BL   @ACCEPT      USE ACCEPT SUBROUTINE
       DATA 11*32+2      SCREEN POSITION R12, C3
       DATA 28           FIELD LEN
       DATA 0            0 - DON'T CLEAR  1 - CLEAR FIELD
       DATA TEMSTR       STRING DESTINATION
       LI   R0,13*32+2   ROW 14, COL 3
       LI   R1,TEMSTR    STRING JUST ACCEPTED
       BL   @DISSTR      DISPLAY THAT
       LI   R0,19*32+5   ROW 20, COL 6
       LI   R1,PAK       "PRESS ANY KEY"
       BL   @DISSTR      DISPLAY THAT
       A    R2,R1        NEXT STRING
       LI   R0,21*32+4   ROW 22, COL 5
       BL   @DISSTR      DISPLAY "OR FCTN-8"
       LI   R0,23*32+15  ROW 24, COL 16
       CLR  @>8378       CLEAR TIMER
       MOVB @CURSOR,R1   CURSOR CHAR
       BLWP @VSBW        ON SCREEN
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
       MOVB @ANYKEY,@ALTKEY ALTERNATE SPACE
       BL   @KEYLOO      USE KEY LOOP
       CLR  @>83C4       STOP USRINT
       MOVB @ANYKEY,R1   SPACE IN R1
       BLWP @VSBW        WRITE THAT
       CI   R8,6         WAS FCTN-8 STRUCK?
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       JEQ  RESTR        IF SO, GO BACK
       LWPI >83E0        GPL WORKSPACE
       B    @>6A         TO GPL INTERPRETER
*
* SUBROUTINES
*
ACCEPT MOV  *R11+,R0     R0 HAS START POSITION
       JNE  GETLEN       IF NOT 0, JUMP
       INC  R0           ELSE POINT AT 1
GETLEN MOV  *R11+,R2     R2 HAS MAX LENGTH
       MOV  *R11+,R3     R3 HAS CLEAR FIELD SIGNAL
       MOV  *R11+,R9     R9 HAS STRING DESTINATION
       CLR  @INSFLG      NOT IN INSERT
       MOV  R0,R7        SAVE START POSITION
       MOV  R2,R4        SAVE LENGTH
       DEC  R0           POINT ONE BACK
       MOVB @EDGE,R1     EDGE CHARACTER
       BLWP @VSBW        WRITE A BYTE
       INC  R0           BACK TO START
       A    R2,R0        ADD LENGTH
       MOV  R0,R6        SAVE THAT POSITION
       DEC  R6           LAST ALLOWED
       BLWP @VSBW        WRITE EDGE CHAR
CLRSNS MOV  R7,R0        BACK TO START
       MOV  R3,R3        CHECK SIGNAL
       JEQ  KEYFRC       IF ZERO, JUMP
       MOV  R4,R2        GET LENGTH BACK IN R2
       MOVB @ANYKEY,R1   SPACE CHAR
CLRFLD BLWP @VSBW        WRITE ONE SPACE
       INC  R0           MOVE AHEAD ONE
       DEC  R2           DEC COUNT
       JNE  CLRFLD       IF NOT 0, RPT
       MOV  R7,R0        GET START BACK
*
* KEYFRC GETS THE CURRENT CHARACTER
* FROM THE SCREEN, FORCES THE CURSOR
* TO THAT POSITION, THEN ACTIVATES THE
* USER INTERRUPT TO BLINK CURSOR
*
KEYFRC BLWP @VSBR        READ BYTE AT R0 POSITION
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   PUT CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
       CLR  @>8378       CLEAR TIME COUNTER
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
*
* KEYIN IS THE PART THAT GETS KEYSTROKES
*
KEYIN  BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
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       LIMI 0            STOP THEM
       CB   @STATUS,@ANYKEY KEY STRUCK?
       JNE  KEYIN        IF NOT, REPEAT
*
* FOLLOWING CODE USES THE KEYSTROKE
*
       MOV  @KEYADR,R8   KEY AS WORD IN R8
       MOVB @ALTKEY,R1   OLD CHAR IN R1
       BLWP @VSBW        WRITE TO SCREEN
       CB   @KEYVAL,@ENTERV "ENTER" STRUCK?
       JEQ  KEYEX        IF YES, EXIT
       CB   @KEYVAL,@BACKUP FCTN-S?
       JNE  KEY0         IF NOT, JUMP
*
* FOLLOWING IS CODE THAT HANDLES FCTN-S
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       DEC  R0           DEC SCRN POSITION
       BLWP @VSBR        READ BYTE
       CB   R1,@EDGE     EDGE CHARACTER?
       JNE  BCKX         IF NOT, JUMP
       INC  R0           ELSE INC POSITION
       JMP  KEYFRC       THEN BACK
BCKX   B    @RPTKEY       AHEAD FOR REPEAT ACTION
KEY0   CB   @KEYVAL,@FWARD FCTN-D?
       JNE  KEY1         IF NOT, JUMP AHEAD
*
* FOLLOWING IS CODE THAT HANDLES FCTN-D
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       INC  R0           POINT AHEAD
       BLWP @VSBR        READ BYTE
       CB   R1,@EDGE     EDGE CHAR?
       JNE  FWKX         IF NOT, JUMP
       DEC  R0           ELSE POINT BACK
       B    @KEYFRC      THEN BRANCH BACK
FWKX   JMP  RPTKEY       AHEAD FOR REPEAT ACTION
KEY1   CI   R8,32        COMPARE TO SPACE BAR
       JLT  FUNCT        IF LESS, CHECK FOR FUNCT
*
* FOLLOWING HANDLES KEY VALUES 32 AND ABOVE
*
       MOV  @INSFLG,R1   INSERT MODE?
       JEQ  KEY1A        IF NOT, JUMP AHEAD
*
* FOLLOWING HANDLES INSERT IF IN INSERT MODE
*
       C    R0,R6        AT END OF FIELD?
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       JEQ  KEY1A        IF SO, NO INSERT
       MOV  R6,R2        GET LAST POSITION
       S    R0,R2        SUBTRACT CURRENT POSITION
       MOV  R9,R1        USE ASSIGNMENT SPACE
       BLWP @VMBR        PUT BYTES THERE
       INC  R0           POINT AHEAD ONE
       BLWP @VMBW        WRITE THERE
DEC0   DEC  R0           BACK TO OLD POSITION
       JMP  KEY1A        PUT IN THE KEYSTROKE
*
* FOLLOWING HANDLES FUNCTION KEYS WITH VALUES BELOW 32
*
FUNCT  CB   @KEYVAL,@DELKEY DELETE KEY?
       JNE  FUNCT2       IF NOT, JUMP
*
* FOLLOWING HANDLES DELETE WITH FCTN-1
*
       MOV  R0,R3        STASH AWAY R0
       MOV  R6,R2        GET END OF FIELD
       S    R0,R2        SUBTRACT CURRENT POSITION
       JEQ  NULDEL       IF ZERO, JUMP AHEAD
       INC  R0           ELSE POINT AHEAD ONE
       MOV  R9,R1        POINT AT ASSIGNMENT PLACE
       BLWP @VMBR        READ TO THERE
       DEC  R0           POINT BACK ONE
       BLWP @VMBW        WRITE TO THERE
NULDEL MOV  R6,R0        GET END OF FIELD
       MOVB @ANYKEY,R1   SPACE CHAR
       BLWP @VSBW        WRITE A SPACE
       MOV  R3,R0        GET OLD POSITION BACK
       JMP  KEYFRC       JUMP TO GET NEXT KEY
FUNCT2 CB   @KEYVAL,@INSKEY FCTN-2 PRESSED?
       JNE  FUNCT3       IF NOT, JUMP
*
* FOLLOWING SETS INSERT MODE ON FCTN-2
*
       INC  @INSFLG      SET INSERT FLAG
       JMP  KEYFRC       THEN BACK
FUNCT3 CB   @KEYVAL,@ERSKEY FCTN-3 PRESSED?
       JNE  FUNCT9       IF NOT, JUMP
*
* FOLLOWING ERASES FIELD IF FCTN-3 STRUCK
*
ERSFLD MOVB @ANYKEY,R3   SET R3 NON-ZERO
       B    @CLRSNS      BRANCH TO CLEAR FIELD
*
* FCTN-9 EXITS FROM ROUTINE
*
FUNCT9 CI   R8,15        FCTN-9?
       JEQ  KEYEX        IF SO, EXIT ROUTINE
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*
* FCTN-8 CAUSES ERASE OF FIELD
*
       CI   R8,6         FCTN-8?
       JEQ  ERSFLD       IF SO, ERASE
       B    @KEYFRC      ELSE IGNORE KEYSTROKE
*
* FOLLOWING PUTS CURRENT KEYSTROKE ON SCREEN
* THEN MOVES CURSOR TO NEXT SPOT
*
KEY1A  MOVB @KEYVAL,R1   GET KEY VALUE IN R1
       BLWP @VSBW        WRITE THAT
       INC  R0           POINT AHEAD
       BLWP @VSBR        READ A BYTE
       CB   R1,@EDGE     EDGE?
       JNE  KEY1X        IF NOT, OKAY
       DEC  R0           POINT BACK
KEY1X  B    @KEYFRC      THEN BRANCH BACK
*
* KEYEX IS THE EXIT FROM THIS ROUTINE
*
KEYEX  CLR  @>83C4       KILL USER INTERRUPT
       MOV  R4,R2        GET LENGTH
       MOV  R6,R0        AND LAST POSITION
RDBYT  BLWP @VSBR        READ A BYTE
       CB   R1,@ANYKEY   SPACE?
       JNE  RDSTR        IF NOT, JUMP
       DEC  R0           ELSE DEC POSITION
       DEC  R2           AND CHAR COUNT
       JNE  RDBYT        IF NOT ZERO, GO BACK
RDSTR  MOV  R9,R1        GET STRING LOCATION
       MOV  R7,R0        AND START POSITION
       SWPB R2           SWAP BYTES
       MOVB R2,*R1+      PUT LENGTH BYTE AT STRING LOCATION
       JEQ  NULSTR       IF ZERO, JUMP
       SWPB R2           SWAP R2 AGAIN
       BLWP @VMBR        READ STRING CONTENT
NULSTR RT                RETURN TO CALLER
*
* UPON EXIT, THE ENTRY IS PLACED AS A STRING WHERE ASSIGNED,
* AND REGISTER 8 HAS THE KEYSTROKE THAT CAUSED THE EXIT
*
*
* FOLLOWING IS THE REPEAT-KEY FUNCTION FOR LEFT AND RIGHT
* MOVEMENT OF THE CURSOR
*
RPTKEY BLWP @VSBR        READ CURRENT CHAR
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   GET CURSOR
       BLWP @VSBW        WRITE THAT
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       CLR  @INSFLG      CLEAR INSERT MODE
       CLR  @>8378       CLEAR TIMER
       CLR  @>83C4       DISABLE USRINT
*
* THE LOOP STARTING AT RPT1 DELAYS REPEAT MOTION FOR
* 32/60THS OF A SECOND UNLESS KEY IS RELEASED
*
RPT1   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       CB   @KEYVAL,@NOKEY NO KEY?
       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@ANYKEY COMPARE TO 32
       JLT  RPT1         IF LESS, JUMP
RPT1A  CLR  @>8378       CLEAR TIMER
       MOVB @ALTKEY,R1   GET ALTKEY BACK
       BLWP @VSBW        WRITE
       CB   @KEYVAL,@BACKUP BACKWARD?
       JNE  RPTF         IF NOT, JUMP
       DEC  R0           ELSE BACK ONE
       BLWP @VSBR        READ CHAR
       CB   R1,@EDGE     IS THAT EDGE CHAR?
       JNE  RPTF1        IF NOT, JUMP
       INC  R0           PUT POSITION BACK
       JMP  RPTEX        THEN EXIT
RPTF   INC  R0           AHEAD ONE
RPTF1  BLWP @VSBR        READ CHAR
       CB   R1,@EDGE     EDGE?
       JNE  RPTFA        IF NOT, JUMP
       DEC  R0           BACK ONE
       JMP  RPTEX        THEN EXIT
RPTFA  MOVB R1,@ALTKEY   STASH CURRENT CHAR
       MOVB @CURSOR,R1   CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
*
* THE LOOP AT RPT2 DELAYS 8/60THS UNLESS KEY IS RELEASED
*
RPT2   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            THEN OFF
       CB   @KEYVAL,@NOKEY NO KEY?
       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@BACKUP COMPARE TO 8
       JLT  RPT2         IF LESS, REPEAT
*
* AFTER 8/60THS, CURSOR ADVANCES ANOTHER STEP
*
       JMP  RPT1A        ELSE JUMP BACK
RPTEX  MOVB @ALTKEY,R1   OLD CHAR
       BLWP @VSBW        WRITE THAT



The Cyc: MICROpendium

       B    @KEYFRC      THEN BRANCH BACK
*
* FOLLOWING IS THE "BLINK", DONE WITH USER INTERRUPT
* EVERY 20 60THS, THIS WILL BLWP @CHVECT TO CHANGE
* FROM CURSOR TO CHARACTER OR VICE VERSA
*
USRINT CB   @>8379,@TWENTY TIMER=20?
       JLT  INTEX        IF LESS, EXIT
       BLWP @CHVECT      ELSE CHANGE CHAR
INTEX  RT                RETURN TO INTERRUPT HANDLER
*
* CHVECT CHANGES FROM CURSOR TO CHAR AND VICE VERSA
* EVERY 20/60THS OF A SECOND.  (THAT'S 1/3 SECOND)
*
CHVECT DATA WS,CHG1      OUR OWN WORKSPACE, CHANGE CODE
CHG1   BLWP @VSBR        READ CURRENT BYTE FROM SCREEN
       CB   R1,@CURSOR   IS THAT CURSOR?
       JEQ  CHG2         IF YES, JUMP
       MOVB @CURSOR,R1   ELSE GET CURSOR
       BLWP @VSBW        AND WRITE THAT
       JMP  CHGX         THEN EXIT
CHG2   MOVB @ALTKEY,R1   PUT OLD CHAR IN R1
       BLWP @VSBW        WRITE THAT
CHGX   CLR  @>8378       CLEAR TIMER
       RTWP              THEN RETURN
*
* DISSTR DISPLAYS A STRING ON SCREEN
*
DISSTR MOVB *R1+,R2      GET LENGTH BYTE
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  DISX         IF ZERO, EXIT
       BLWP @VMBW        ELSE WRITE STRING
DISX   RT                RETURN
*
* KEYLOO WAITS FOR A KEYSTROKE, THEN RETURNS
* IN THIS INSTANCE, WE'VE MADE THE CURSOR BLINK
* WHILE KEYLOO IS EXECUTING.
*
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            THEN STOP
       CB   @STATUS,@ANYKEY ANY KEY?
       JNE  KEYLOO       IF NOT, REPEAT
       MOV  @KEYADR,R8   KEY AS WORD INTO R8
       RT                THEN RETURN
*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
INTLOC DATA USRINT       USER INTERRUPT ADDRESS



7(;$6�,167580(176
+20(�&20387(5

INSFLG DATA 0            INSERT FLAG
DELKEY BYTE 3            FCTN-1 VALUE
INSKEY BYTE 4            FCTN-2 VALUE
ERSKEY BYTE 7            FCTN-3 VALUE
TEMSTR BSS  30           TEMPORARY STRING
ALTKEY BYTE 0            CURRENT CHARACTER FROM SCREEN
ENTERV BYTE 13           ENTER KEY VALUE
CURSOR BYTE 30           CURSOR CHAR
BACKUP BYTE 8            FCTN-S
FWARD  BYTE 9            FCTN-D
ANYKEY BYTE 32           SPACE OR COMPARISON BYTE
TWENTY BYTE 20           CURSOR BLINK NUMBER
NOKEY  BYTE >FF          NO KEY INDICATION
EDGE   BYTE 31           EDGE CHAR
PAK    BYTE 21
       TEXT 'PRESS ANY KEY TO EXIT'
OR8    BYTE 19
       TEXT 'OR FCTN-8 TO REPEAT'
       END
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1.54. The Art Of Assembly — Part 54. More Random Numbers

%\�%UXFH�+DUULVRQ

7KLV�ZLOO�PDNH�WKH�WKLUG�FROXPQ�LQ�WKLV�VHULHV�WKDW�GHDOV�ZLWK�5DQGRP�1XPEHUV��:H�NHHS�WU\LQJ�QHZ
WKLQJV�DOO�WKH�WLPH��WKRXJK��DQG�VKDULQJ�ZKDW�ZH�OHDUQ�ZLWK�\RX��VR�EHDU�ZLWK�XV��ZH�WKLQN�WKLV�ZLOO�EH
ZRUWKZKLOH��HVSHFLDOO\�IRU�WKRVH�ZKR�ZDQW�WR�XVH�5DQGRP�1XPEHUV�LQ�([WHQGHG�%DVLF��$V�\RX�QR�GRXEW
NQRZ��PDNLQJ�UDQGRP�QXPEHUV�LQ�;%�FDQ�WDNH�D�ORW�RI�WLPH��3URYLGHG�WKDW�ZKDW�\RX�ZDQW�LV�UDQGRP
LQWHJHUV�LQ�DQ�DUUD\�YDULDEOH��WKH�VRXUFH�LQ�WRGD\
V�6LGHEDU�ZLOO�EH�D�JUHDW�KHOS�

1.54.1. Without Repl acement

:KDW�GR�ZH�PHDQ�E\��ZLWKRXW�UHSODFHPHQW"�-XVW�WKLV��(DFK�QXPEHU�ZLOO�EH�LQFOXGHG�RQFH�DQG�RQO\�RQFH�
/HW
V�VD\�\RX�JUDE�D�GHFN�RI�FDUGV��VKXIIOH�WKHP��DQG�WKHQ�SLFN�D�FDUG�UDQGRPO\�IURP�WKH�GHFN��6D\�WKDW
V
WKH�WKUHH�RI�KHDUWV��,I�\RX�VHW�WKDW�DVLGH�DQG�SLFN�DQRWKHU�FDUG�IURP�WKH�GHFN��\RX�FDQ�EH�FHUWDLQ�LW�ZRQ
W
EH�WKH�WKUHH�RI�KHDUWV��,Q�WKH�FDVH�RI�WKH�ILUVW�WZR�URXWLQHV�LQ�WRGD\
V�6LGHEDU��LI�\RX�DVN�IRU�����QXPEHUV�
\RX�FDQ�EH�VXUH�WKDW�QR�QXPEHU�ZLOO�EH�UHSHDWHG��7ZR�PRQWKV�DJR��ZH�VKRZHG�D�YHUVLRQ�RI�WKLV�GHULYHG
IURP�RXU�7LWOHU�SURJUDP��7KDW�RQH�GHDOW�RQO\�ZLWK�VLQJOH�E\WH�QXPEHUV��VR�LW�ZRXOGQ
W�GR�DV�D�JHQHUDO
SXUSRVH�UDQGRP�QXPEHU�URXWLQH�

:KDW�ZH�VHW�RXW�WR�GR�KHUH�ZDV�WR�RIIHU�D�URXWLQH�WKDW�ZRXOG�PDNH�XS�WR�����UDQGRP�QXPEHUV�ZLWKRXW
UHSODFHPHQW��DQG�ZRXOG�DVVLJQ�WKHP�LQWR�DQ�;%�$UUD\�9DULDEOH��,W�KDG�WR�GR�WKLV�YHU\�TXLFNO\��DQG�LW�GRHV�
$Q�DUUD\�RI�GLPHQVLRQ�����FDQ�EH�ILOOHG�ZLWK�UDQGRP�QXPEHUV�LQ�OHVV�WKDQ�D�VHFRQG��(DFK�QXPEHU�IURP
��WKURXJK�����ZLOO�EH�WKHUH��MXVW�RQFH��,Q�FDVH�\RX
YH�DQ\�GRXEWV��WKHUH
V�D�VHFRQG�HQWU\�SRLQW�LQ�WKLV�ILUVW
URXWLQH�FDOOHG�&+(&.��ZKLFK�ZLOO�FKHFN�HDFK�QXPEHU�DJDLQVW�DOO�WKH�UHVW��MXVW�WR�LQVXUH�WKDW�QRQH�DUH
UHSHDWHG��&KHFNLQJ�WDNHV�ORQJHU�WKDQ�PDNLQJ��VR�\RX�ZRXOGQ
W�ZDQW�WR�OHDYH�WKH�&+(&.�LQ�D�ILQLVKHG
SURJUDP��EXW�LW
V�WKHUH�VR�\RX�FDQ�WHVW�ZLWK�LW��WR�EH�FRQILGHQW�LQ�WKH�UHVXOWV��,I�&+(&.�ILQGV�D�GXSOLFDWHG
QXPEHU�LQ�WKH�OLVW��LW�ZLOO�VWRS�WKH�;%�SURJUDP�ZLWK�D��%$'�9$/8(�,1�;;;��UHSRUW�DQG�WKH��%223�
VRXQG��MXVW�DV�LI�WKH�HUURU�ZHUH�LQ�WKH�;%�SDUW�RI�WKH�SURJUDP���,Q�KXQGUHGV�RI�WHVW�UXQV�WKLV�KDVQ
W
KDSSHQHG�WR�XV��

1.54.2. The CALL LINK

,Q�WKLV�FDVH��WKH�&$//�/,1.�PD\�KDYH�WZR��WKUHH��RU�IRXU�SDUDPHWHUV��GHSHQGLQJ�RQ�ZKDW�\RX�ZDQW�WR
GR� ZLWK� WKH� QXPEHUV�� DQG� RQ� ZKHWKHU� RU� QRW� \RX
UH� XVLQJ� 237,21� %$6(� ��� 7KH� WZR� PLQLPXP
SDUDPHWHUV�DUH�WKH�QXPEHU�RI�QXPEHUV�\RX�ZDQW�DQG�WKH�YDULDEOH�QDPH�IRU�WKH�DUUD\��/HW
V�VD\��IRU
H[DPSOH��WKDW�ZH�ZDQW����QXPEHUV��ZH
YH�',0HG�D�YDULDEOH�WR�����DQG�WKDW
V�FDOOHG�$����7R�SHUIRUP�WKH
DVVLJQPHQW��ZH�GR�WKLV�

CALL LINK("RANDOM",52,A())
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:KHQ�WKDW�ILQLVKHV��LQ�YHU\�OLWWOH�WLPH��WKH�DUUD\�PHPEHUV�IURP�$����WKURXJK�$�����ZLOO�FRQWDLQ�WKH
QXPEHUV���WKURXJK����LQ�UDQGRP�RUGHU��7KHVH�FRXOG�EH�XVHG�DV�D�VKXIIOHG�GHFN�RI�FDUGV��IRU�H[DPSOH��ZLWK
��WKURXJK���EHLQJ�DFHV����WKURXJK���EHLQJ�GHXFHV��DQG�VR�RQ��7KDW�FRXOG�UHDOO\�VSHHG�XS�PDQ\�FDUG�SOD\LQJ
JDPHV�LQ�;%��8VLQJ�WKH��WK�HOHPHQW�LQ�WKH�DUUD\�PDNHV�EHVW�XVH�RI�PHPRU\��DQG�WKDW
V�ZK\�ZH�RQO\�KDG
WR�',0�$�����LQVWHDG�RI������

%XW�VXSSRVH�\RX�KDYH�WURXEOH�GHDOLQJ�ZLWK�WKH�YDOXH����HYHQ�LI�RQO\�DV�D��PHQWDO�EORFN��EHFDXVH�SHRSOH
VWDUW�FRXQWLQJ�ZLWK����QRW�]HUR��<RX�PLJKW�VWLOO�ZDQW�WR�XVH�WKH��WK�HOHPHQW��EXW�ZDQW�WKH�QXPEHUV�LQ�WKH
YDULDEOH�WR�UXQ�IURP���WKURXJK�����QRW���WKURXJK�����&DQ�GR��7KDW
V�ZKDW�WKH�WKLUG�SDUDPHWHU�LV�IRU�LQ�WKH
&$//�/,1.��<RX�FDQ�GR�WKLV�

CALL LINK("RANDOM",52,A(),1)

6XUH�HQRXJK��WKH�QXPEHUV�LQ�\RXU�DUUD\�ZLOO�UDQJH�IURP���WKURXJK�����,I�\RX�OLNH��\RX�FRXOG�SXW������LQ
WKDW�WKLUG�SDUDPHWHU��DQG�WKH�QXPEHUV�LQ�$����WKURXJK�$�����ZLOO�EH�IURP������WKURXJK�������<RX�VD\
\RX
UH�VWLOO�QRW�KDSS\��DQG�\RX�ZDQW�WR�XVH�237,21�%$6(���OLNH�\RX�DOZD\V�GR"�<HV��9LUJLQLD��WKHUH�LV
D�6DQWD�&ODXV��<RX�FDQ�GR�WKLV�LQ�\RXU�;%�SURJUDP�

10 OPTION BASE 1
20 DIM A(52)
30 CALL LINK("RANDOM",52,A(),1,1)

7KH�IRXUWK�SDUDPHWHU�LV�QHFHVVDU\�LI�\RX
YH�GRQH�WKDW�237,21�%$6(���RSHUDWLRQ��7KH�WKLUG�SDUDPHWHU
PD\�EH�]HUR��VR�WKH�QXPEHUV�WKHPVHOYHV�ZRXOG�VWDUW�DW�]HUR��EXW�WKH�IRXUWK�SDUDPHWHU�KDV�WR�EH���IRU�WKH
237,21�%$6(���FDVH�

1.54.3. The Second Routine

,Q�FDVH�\RX
UH�UXQQLQJ�VKRUW�RI� ORZ�PHPRU\�IRU�$VVHPEO\�URXWLQHV��WKHUH
V�D�VKRUWHU�YHUVLRQ�ZKLFK
HOLPLQDWHV�WKH�&+(&.�FDSDELOLW\�DQG�DOVR�HOLPLQDWHV�D�EORFN�RI�����ZRUGV�LQ�PHPRU\��7KLV�URXWLQH��FDOOHG
5$1'���GRHV�H[DFWO\�WKH�VDPH�MRE�DV�WKH�ELJJHU�RQH�LQ�OHVV�PHPRU\��EHFDXVH�LW�GRHVQ
W�KDYH�WKH�&+(&.
URXWLQH�DQG�GRHVQ
W�QHHG�WR�NHHS�WKH�QXPEHUV�DYDLODEOH�IRU�FKHFNLQJ��7KH�&$//�/,1.�IRU�WKLV�ZRUNV
H[DFWO\�OLNH�WKH�SUHYLRXV�FDVH�

1.54.4. And Yet Another

,W�RFFXUUHG�WR�XV�WKDW�LQ�VRPH�FDVHV�\RX�MXVW�QHHG�D�EXQFK�RI�UDQGRP�QXPEHUV�LQ�D�VSHFLILF�UDQJH��DQG
GRQ
W�FDUH�LI�QXPEHUV�JHW�UHSHDWHG��)RU�WKDW�FDVH��ZH
YH�LQFOXGHG�5$1'���5$1'��FDQ�PDNH�DQ\�QXPEHU
RI�UDQGRP�QXPEHUV�\RX�PLJKW�ZDQW��SURYLGHG�RQO\�WKDW�WKH�DUUD\�YDULDEOH�KDV�EHHQ�',0HG�ODUJH�HQRXJK
WR�KROG�WKDW�PDQ\�QXPEHUV��7KLV�URXWLQH�QHHGV�PRUH�SDUDPHWHUV��DV�WKH�UDQJH�PXVW�EH�VSHFLILHG�E\�ORZHU
DQG�XSSHU�OLPLWV���,Q�WKH��ZLWKRXW�UHSODFHPHQW�FDVHV��WKH�UDQJH�ZDV�LQKHUHQWO\�VSHFLILHG���:LWK�5$1'��
\RX
UH�FRPSOHWHO\�IUHH��7KH�&$//�/,1.�PLJKW�ORRN�OLNH�WKLV�

CALL LINK("RANDOM",B,X,Y,A())
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:KHUH�%�LV�WKH�QXPEHU�RI�LQWHJHU�UDQGRP�QXPEHUV�WR�EH�FUHDWHG��;�LV�WKH�ORZHU�OLPLW�RI�WKH�UDQJH��<�LV
WKH�KLJKHU�OLPLW�RI�WKH�UDQJH��DQG�$���LV�WKH�DUUD\�YDULDEOH�LQWR�ZKLFK�WKH�QXPEHUV�ZLOO�JR��VWDUWLQJ�ZLWK
$����DQG�UXQQLQJ�WKURXJK�$�%�����7KH�OLPLWV�DUH�WKHVH��%�FDQQRW�EH�ODUJHU�WKDQ�WKH�',0�RI�$���SOXV����;
PXVW�EH�OHVV�WKDQ�<��(LWKHU�;�RU�<�RU�ERWK�FDQ�EH�QHJDWLYH�QXPEHUV��DV�ORQJ�DV�;�LV�D�VPDOOHU��RU�PRUH
QHJDWLYH��QXPEHU�WKDQ�<��7KHUH
V�QR�FKHFNLQJ�DYDLODEOH��EXW�\RX�FDQ�HDVLO\�FKHFN�WKH�QXPEHUV�LQ�;%��UXQ
D�IHZ�GR]HQ�WLPHV��WKHQ�WDNH�RXW�WKH�FKHFNLQJ�SDUW�ZKHQ�\RX
UH�FRQYLQFHG�WKH�URXWLQH�DOZD\V�ZRUNV�DV
DGYHUWLVHG��/LNH�LWV�FRPSDQLRQ�SLHFHV��WKLV�URXWLQH�ZRUNV�YHU\�IDVW��,Q�RXU�WHVW�SURJUDP��VHH�6LGHEDU��ZH
YH
PDGH�LW�DVVLJQ������UDQGRP�QXPEHUV��DQG�WKDW�KDSSHQV�LQ�OHVV�WKDQ�WZR�VHFRQGV��7KDW�WHVW�DOVR�LQFOXGHV
D�FKHFNLQJ�SURFHVV��ZKLFK�LQVXUHV�XV�WKDW�WKH�OLPLWV�JLYHQ�KDYH�QRW�EHHQ�H[FHHGHG��DQG�VKRZV�XV�ZKHUH
WKH�OLPLWLQJ�QXPEHUV�WKHPVHOYHV�VKRZHG�XS�LQ�WKH�VHTXHQFH��+DYLQJ�UXQ�WKLV�WHVW�PDQ\��PDQ\�WLPHV�
ZH
UH�FRQILGHQW�WKDW�QR�QXPEHU�OHVV�WKDQ�;�QRU�PRUH�WKDQ�<�JHWV�JHQHUDWHG��2I�FRXUVH�QRZ�DQG�WKHQ
QHLWKHU�OLPLW�ZLOO�VKRZ�XS��RU�HOVH�WKH�OLPLWV�PD\�VKRZ�XS�IRXU�RU�ILYH�WLPHV�LQ�DQ\�RQH�UXQ��EXW�WKDW
V�WR
EH�H[SHFWHG��7KH�LPSRUWDQW�WKLQJ�LV�WKDW�WKH�QXPEHUV�JHQHUDWHG�DUH�QLFHO\�VFDWWHUHG�DQG�QHYHU�H[FHHG�WKH
OLPLWV�

1.54.5. The Outer Limits

$V�IRU�DQ\�FDVH�LQYROYLQJ�RQH�ZRUG�LQWHJHUV��WKH�OLPLWLQJ�QXPEHUV�RQ�OLPLWV�DUH��������DQG���������,W
V
XQOLNHO\�\RX
G�XVH�WKRVH��EXW�WKH�URXWLQH�ZLOO�VWLOO�ZRUN�LI�\RX�GR��)RU�WKH�SUHYLRXV�FDVHV��ZKHUH�QXPEHUV
DUH�FKRVHQ�ZLWKRXW�UHSODFHPHQW��WKH�OLPLWV�RQ�WKDW�WKLUG�SDUDPHWHU�DUH�WKH�VDPH��H[FHSW�WKDW�WKH�KLJKHU
SRVLWLYH�OLPLW�PXVW�EH�������PLQXV�WKH�ILUVW�SDUDPHWHU��HOVH�\RX
OO�JHW�VFUHZ\�UHVXOWV��ZLWK�WKH�QXPEHUV
�ZUDSSLQJ�DURXQG��WR�QHJDWLYH�RQHV�

1.54.6. That Fifth Parameter

$V�ZLWK�WKH�RWKHU�URXWLQHV��WKLV�RQH�PD\�WDNH�DQ�H[WUD�SDUDPHWHU��,I�237,21�%$6(���LV�LQ�HIIHFW��WKHUH
PXVW�EH�D�ILIWK�SDUDPHWHU��DQG�LWV�YDOXH�PXVW�EH�DW�OHDVW����7KHUH�DUH�RWKHU�XVHV�IRU�WKLV�SDUDPHWHU��DV�LV
DOVR�WUXH�RI�WKH�IRXUWK�SDUDPHWHU�RQ�WKH�5$1'��DQG�5$1'��URXWLQHV��<RX�FDQ�XVH�WKLV�ILIWK��RU�IRXUWK�
DV�DSSURSULDWH��SDUDPHWHU�WR�SDUWLDOO\�ILOO�DQ�DUUD\��/HW
V�WDNH�DQ�H[DPSOH�WR�VKRZ�ZKDW�WKLV�PHDQV�
6XSSRVH�\RX�KDYH�D�FDVH�ZKHUH�WKH�DUUD\�LV�',0HG�DW������EXW�\RX�ZDQW�WR�ILOO�RQO\�����HOHPHQWV��VWDUWLQJ
DW�QXPEHU������ZLWK�QXPEHUV�LQ�WKH�UDQJH�RI������WR������LQFOXVLYH��7KLV�FDQ�EH�GRQH�DV�IROORZV�

CALL LINK("RANDOM",500,-250,250,A(),300)

$IWHU�WKLV�H[HFXWHV��WKH�$���DUUD\�ZLOO�KDYH�UDQGRP�QXPEHUV�LQ�LW��VWDUWLQJ�DW�$������DQG�UXQQLQJ�WKURXJK
$�������2WKHU�PHPEHUV�RI�WKH�DUUD\�ZLOO�EH�XQDIIHFWHG��7KH�VDPH�FDQ�EH�GRQH�ZLWK�WKH�HDUOLHU�URXWLQHV�
EXW�XVLQJ�WKH�IRXUWK�SDUDPHWHU�LQVWHDG�RI�WKH�ILIWK��7R�EH�SHUIHFWO\�KRQHVW�DERXW�WKLV��ZH
UH�QRW�HQWLUHO\
VXUH�ZK\�DQ\ERG\�ZRXOG�ZDQW�WR�GR�WKLV��EXW�VLQFH�WKH�H[WUD�SDUDPHWHU�ZDV�QHHGHG�LQ�WKH�FDVH�RI�237,21
%$6(����ZH�GHFLGHG�WR�PDNH�LW�GR�H[WUD�GXW\�E\�RIIVHWWLQJ�WKH�EDVH�WR�ZKLFK�QXPEHUV�JHW�DVVLJQHG�
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1.54.7. The DEMO Programs

7KHUH�DUH�IRXU�GHPR�SURJUDPV�OLVWHG�LQ�WKH�6LGHEDU��DQG�WKHVH�VKRXOG�EH�DYDLODEOH�DV�SURJUDPV��DORQJ�ZLWK
WKHLU�UHVSHFWLYH�REMHFW�ILOHV��RQ�WKH�GLVN�YHUVLRQ�RI�0,&52SHQGLXP��7KHVH�DUH�FDOOHG�&$5'6��&$5'6��
%,*5$1'���DQG�%,*5$1'��

1.54.8. The Finer Points

%HIRUH�XVLQJ�DQ\�RI�WKHVH��EH�VXUH�WR�KDYH�D�5$1'20,=(�VRPHZKHUH� LQ�WKH�EHJLQQLQJ�RI�\RXU�;%
SURJUDP��<RX
OO� VHH� WKHUH
V� D� �P\VWHU\�� LQVWUXFWLRQ� QHDU� WKH� EHJLQQLQJ� RI� HDFK� URXWLQH� WKDW� VD\V�$
#!�����#!��&���7KLV�ZDV�SXW�LQ�WR�LQVXUH�DJDLQVW�D�SKHQRPHQRQ�WKDW�FDQ�KDSSHQ�ZLWKRXW�LW��:H�IRXQG
LQ�WHVWLQJ�WKDW�VRPHWLPHV�ZKHQ�WKH�QXPEHU�RI�QXPEHUV�DVNHG�IRU�ZDV�HYHQ�������IRU�H[DPSOH��WKH�UDQGRP
QXPEHUV�ZRXOG�IDOO�LQWR�D�SDWWHUQ�ZKHUH�WKH�ILUVW�QXPEHU�ZRXOG�DOZD\V�EH�HYHQ��,W�ZRXOG�EH�GLIIHUHQW�IRU
HDFK�UXQ��EXW�DOZD\V�HYHQ��DQG�WKDW�PHDQW�WKDW�RXU��UDQGRPQHVV��ZDV�ODFNLQJ��$GGLQJ�WKH�QXPEHU�WKDW
KDSSHQV�WR�EH�DW�!�����HYHU\�WLPH�ZH�VWDUW�WKH�URXWLQH�DYRLGV�WKDW�SUREOHP��VR�WKDW�RQ�UHSHDWHG�UXQV��WKH
OLVW�ZLOO�VWDUW�ZLWK�RGG�RU�HYHQ�QXPEHUV��HDFK�DERXW�KDOI�RI�WKH�WLPH��7KH�QXPEHU�LQ�!�����KDV�D�OLPLWHG
UDQJH��EXW�LW�NHHSV�FKDQJLQJ�ZKLOH�;%�LV�UXQQLQJ��VR�LW�SURYLGHV�DQ�H[WUD�PHDVXUH�RI�UDQGRPQHVV�ZKHQ
DGGHG�WR�WKH�VHHG�QXPEHU�DW�!��&��

)RU�WKRVH�ZKR�FDUH�DERXW�VXFK�WKLQJV��KHUH
V�KRZ�WKH�PHPRU\�XVH�VWDFNV�XS��5$1'��2�WDNHV�XS�WKH�PRVW�
DV�LW�PXVW�WR�LQFOXGH�WKH��&+(&.��IHDWXUH��DW������E\WHV��7KDW�RI�FRXUVH�LQFOXGHV������E\WHV�IRU�WKH�WZR
WDEOHV�RI�����ZRUGV�HDFK��1H[W�LQ�OLQH�LV�5$1'��2��ZKLFK�KDV�QR�FKHFNLQJ��DQG�WDNHV�RQO\������E\WHV�
LQFOXGLQJ������IRU�LWV�RQH�WDEOH�RI�����ZRUGV��6PDOOHVW�RI�WKH�ORW�LV�5$1'��2��ZKLFK�GRHVQ
W�QHHG�WR�NHHS
WDEOHV�IRU�LWV�QXPEHUV��7KLV�WDNHV�D�PHUH�����E\WHV��)RU�PRVW�SXUSRVHV��ZH
G�XVH�5$1'��2�RU�5$1'��2�
GHSHQGLQJ�ZKHWKHU�ZH�QHHGHG�WKH��ZLWKRXW�UHSODFHPHQW��IHDWXUH��$Q\�RI�WKHVH�FDQ�EH��HPEHGGHG��LQWR
\RXU�;%�SURJUDP�LWVHOI�XVLQJ�HLWKHU�7RGG�.DSODQ
V�$/6$9(�RU�+DUU\�:LOKHOP
V�+0/�SURJUDP�

7KDW
V�DOO�IRU�WRGD\��7KH�VRXUFH�FRGH�LQ�WKH�6LGHEDU�LV�ZHOO�DQQRWDWHG��VR�\RX�VKRXOG�EH�DEOH�WR�IROORZ�ZKDW
LW
V� GRLQJ� ZLWKRXW� D� OHQJWK\� H[SODQDWLRQ�� ,I� \RX� GRQ
W� XQGHUVWDQG�� \RX� FDQ� JHW� ILUVW�KDQG� KHOS� DW
����������������DQ\�WLPH�IURP���$0�WKURXJK�0LGQLJKW�(DVWHUQ�WLPH��%\H�IRU�QRZ�

* SIDEBAR 54
* FIRST, THREE ROUTINES FOR
* USE WITH XB PROGRAMS
*
* PART ONE - AN ELEGANT VERSION
*
* RAND2/S
* ASSIGNS RANDOM NUMBERS
* WITHOUT REPLACEMENT
* INTO AN XB ARRAY VARIABLE
* CAN ASSIGN UP TO 500 NUMBERS
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    25 December 1994
*
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       DEF  RANDOM,CHECK DEFINE ENTRY POINTS
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
FAC    EQU  >834A        F. P. ACCUMULATOR
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
CIF    EQU  >20          CONVERT INTEGER TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INTEGER
ERR    EQU  >2034        ERROR REPORT
ARGNUM EQU  >8312        NUMBER OF ARGUMENTS
*
*
RANDOM LWPI WS           LOAD OUR WORKSPACE
       A    @>8378,@>83C0 ADJUST SEED NUMBER
       CLR  R0           CLEAR FOR NON-ARRAY
       CLR  R14          CLEAR START NUMBER
       CLR  R15          CLEAR BASE OPTION
       LI   R1,1         FIRST PARAMETER
       BLWP @NUMREF      GET PARAMETER
       BLWP @XMLLNK      USE XML LINK
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R13     STASH IN REG 13
       MOV  R13,R12      PUT IN R12 ALSO
       SLA  R12,1        DOUBLE R12
       CLR  R3           CLEAR COUNT
       CB   @ARGNUM,@THREE CHECK ARGUMENTS
       JLT  RAND2        LESS THAN 3, JUMP
       LI   R1,3         PARAMETER 3
       BLWP @NUMREF      GET THAT
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R14     PLACE AS START NUMBER
RAND1  CB   @ARGNUM,@FOUR CHECK FOR FOUR
       JLT  RAND2        IF LESS, SKIP
       LI   R1,4         PARAMETER 4
       BLWP @NUMREF      GET THAT
       BLWP @XMLLNK      USE XML
       DATA CFI          TO INTEGER
       MOV  @FAC,R15     STASH AS BASE NUMBER
RAND2  LI   R9,BUFF2     POINT AT BUFF2
       MOV  R9,R10       PLACE IN R10
       A    R12,R10      ADD DOUBLED NUMBER
BRAN0  MOV  R3,*R9+      PLACE A WORD IN TABLE
       INC  R3           INC COUNT
       C    R9,R10       COMPARE POINTER
       JLT  BRAN0        IF LESS, BACK
       MOV  R3,R6        PUT R3 INTO R6
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       SLA  R6,1         DOUBLE THAT
       LI   R10,BUFFER   POINT AT BUFFER
BRAN1  LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R3,R4        DIVIDE BY R3
       SLA  R5,1         DOUBLE REMAINDER
       MOV  @BUFF2(R5),*R10+ MOVE TABLE TO TABLE
       MOV  @BUFF2-2(R6),@BUFF2(R5) REMOVE USED ONE
       DECT R6           SUBTR. 2 FROM R6
       DEC  R3           SUBTR 1 FROM R3
       JNE  BRAN1        IF NOT ZERO, REPEAT
       LI   R10,BUFFER   POINT BACK AT BUFFER
       CLR  R0           NUMBER 0
       A    R15,R0       ADD BASE OPTION
       LI   R1,2         SECOND PARAMETER
       MOV  R13,R4       NUMBER OF NUMBERS
ASGLP  MOV  *R10+,@FAC   ONE NUMBER TO FAC
       A    R14,@FAC     ADD START NUMBER
       BLWP @XMLLNK      USE XML
       DATA CIF          TO FLOATING POINT
       BLWP @NUMASG      ASSIGN TO PARAMETER
       INC  R0           NEXT ARRAY MEMBER
       DEC  R4           DEC COUNT
       JNE  ASGLP        NOT ZERO, REPEAT
EXIT   LWPI GPLWS        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
CHECK  LWPI WS           LOAD OUR WORKSPACE
       CI   R13,3        COMPARE TO 3
       JLT  EXIT         IF LESS, EXIT
       LI   R9,BUFFER    POINT AT BUFFER
       MOV  R13,R4       NUMBER OF NUMBERS IN R4
       MOV  R13,R5       AND R5
       DECT R4           SUBTR 2 FROM R4
       DEC  R5           AND FROM R5
RECMP  MOV  R9,R10       PUT R9 IN R10
       INCT R10          ADD 2
CMP    C    *R9,*R10+    COMPARE
       JEQ  ERROR        IF EQUAL, ERROR
       DEC  R5           DEC COUNT
       JNE  CMP          IF NON-ZERO, REPEAT
       MOV  R4,R5        PUT R4 INTO R5
       INCT R9           ADD 2 TO R9
       DEC  R4           DEC COUNT 2
       JNE  RECMP        IF <>0, NEXT CYCLE
       JMP  EXIT         FINISHED, EXIT
ERROR  LI   R0,>1E00     "BAD VALUE" MESSAGE
       BLWP @ERR         REPORT ERROR
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*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
BUFF2  BSS  1000         SELECTION LIST
BUFFER BSS  1000         OUTPUT LIST
THREE  BYTE 3            JUST 3
FOUR   BYTE 4            JUST 4
       END
*
* PART TWO - A SIMPLER VERSION
*
*
* RAND3/S
* "COMPACT" VERSION
* ASSIGNS RANDOM NUMBERS
* WITHOUT REPLACEMENT
* INTO AN XB ARRAY VARIABLE
* CAN ASSIGN UP TO 500 NUMBERS
* NO "CHECK" FEATURE
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    26 December 1994
*
       DEF  RANDOM DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
FAC    EQU  >834A        F. P. ACCUMULATOR
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
CIF    EQU  >20          CONVERT INTEGER TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INTEGER
ARGNUM EQU  >8312        NUMBER OF ARGUMENTS
*
*
RANDOM LWPI WS           LOAD OUR WORKSPACE
       A    @>8378,@>83C0 ADJUST SEED NUMBER
       CLR  R0           CLEAR FOR NON-ARRAY
       CLR  R14          CLEAR START NUMBER
       CLR  R15          CLEAR BASE OPTION
       LI   R1,1         FIRST PARAMETER
       BLWP @NUMREF      GET PARAMETER
       BLWP @XMLLNK      USE XML LINK
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R12     STASH IN REG 12
       SLA  R12,1        DOUBLE R12
       CLR  R3           CLEAR COUNT
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       CB   @ARGNUM,@THREE CHECK ARGUMENTS
       JLT  RAND2        LESS THAN 3, JUMP
       LI   R1,3         PARAMETER 3
       BLWP @NUMREF      GET THAT
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R14     R14 IS START NUMBER
RAND1  CB   @ARGNUM,@FOUR CHECK FOR FOUR
       JLT  RAND2        IF LESS, SKIP
       LI   R1,4         PARAMETER 4
       BLWP @NUMREF      GET THAT
       BLWP @XMLLNK      USE XML
       DATA CFI          TO INTEGER
       A    @FAC,R0      ADD BASE TO R0
RAND2  LI   R9,BUFF2     POINT AT BUFF2
       MOV  R9,R10       PLACE IN R10
       A    R12,R10      ADD DOUBLED NUMBER
BRAN0  MOV  R3,*R9+      PLACE R3 IN TABLE
       INC  R3           INC COUNT
       C    R9,R10       COMPARE POINTER
       JLT  BRAN0        IF LESS, BACK
       MOV  R3,R6        PUT R3 INTO R6
       SLA  R6,1         DOUBLE THAT
       LI   R1,2         PARAMETER 2
BRAN1  LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R3,R4        DIVIDE BY R3
       SLA  R5,1         DOUBLE REMAINDER
       MOV  @BUFF2(R5),@FAC MOVE WORD TO FAC
       A    R14,@FAC     ADD START NUMBER
       BLWP @XMLLNK      USE XML
       DATA CIF          TO FLOATING POINT
       BLWP @NUMASG      ASSIGN TO PARAMETER
       INC  R0           NEXT ARRAY MEMBER
       MOV  @BUFF2-2(R6),@BUFF2(R5) REMOVE USED ONE
       DECT R6           SUBTR. 2 FROM R6
       DEC  R3           SUBTR 1 FROM R3
       JNE  BRAN1        IF NOT ZERO, REPEAT
EXIT   LWPI GPLWS        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.

*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
BUFF2  BSS  1000         SELECTION LIST
THREE  BYTE 3            JUST 3
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FOUR   BYTE 4            JUST 4
       END
*
* PART THREE - A "WITH REPLACEMENT"
* RANDOM NUMBER GENERATOR
*
* RAND4/S
* ASSIGNS RANDOM NUMBERS
* WITH REPLACEMENT
* INTO AN XB ARRAY VARIABLE
* CAN ASSIGN ANY NUMBER OF ELEMENTS
* NO "CHECK" FEATURE
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    26 December 1994
*
       DEF  RANDOM DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
FAC    EQU  >834A        F. P. ACCUMULATOR
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
CIF    EQU  >20          CONVERT INTEGER TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INTEGER
ARGNUM EQU  >8312        NUMBER OF ARGUMENTS
*
*
RANDOM LWPI WS           LOAD OUR WORKSPACE
       A    @>8378,@>83C0 ADJUST SEED NUMBER
       CLR  R0           CLEAR FOR NON-ARRAY
       LI   R1,1         FIRST PARAMETER
       BLWP @NUMREF      GET PARAMETER
       BLWP @XMLLNK      USE XML LINK
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R3      NUMBER OF NUMBERS IN R3
       INC  R1           2ND PARAMETER
       BLWP @NUMREF      GET PARAMETER
       BLWP @XMLLNK      USE XML LINK
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R15     LOWER LIMIT IN R15
       INC  R1           3RD PARAMETER
       BLWP @NUMREF      GET PARAMETER
       BLWP @XMLLNK      USE XML LINK
       DATA CFI          CONVERT TO INTEGER
       MOV  @FAC,R13     UPPER LIMIT IN R13
       INC  R13          INCREMENT FOR DIVIDES
       S    R15,R13      ADJUST BY LOWER LIMIT
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       CB   @ARGNUM,@FIVE CHECK FOR 5 ARGUMENTS
       JLT  RAND2        LESS THAN 5, JUMP
       INCT R1           FIFTH PARAMETER
       BLWP @NUMREF      GET NUMBER
       BLWP @XMLLNK      USE XML
       DATA CFI          CONVERT TO INTEGER
       A    @FAC,R0      SET BASE NUMBER
RAND2  LI   R1,4         PARAMETER 2
BRAN1  LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R13,R4       DIVIDE BY R13
       MOV  R5,@FAC      MOVE R5 TO FAC
       A    R15,@FAC     ADD START NUMBER
       BLWP @XMLLNK      USE XML
       DATA CIF          TO FLOATING POINT
       BLWP @NUMASG      ASSIGN TO PARAMETER
       INC  R0           NEXT ARRAY MEMBER
       DEC  R3           SUBTR. 1 FROM R3
       JNE  BRAN1        IF NOT ZERO, REPEAT
EXIT   LWPI GPLWS        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.

*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
FIVE   BYTE 5            JUST 5
       END
*
* PART FOUR
* AN XB PROGRAM TO DEMO RAND2/O
* INCLUDING THE "CHECK" FEATURE
* PROGRAM CALLED "CARDS"
*
10 CALL INIT :: CALL LOAD("D
SK1.RAND2/O")
20 OPTION BASE 1
30 RANDOMIZE :: CALL CLEAR :
: DIM A(52)
40 PRINT "STARTING ASSIGNMEN
T" :: CALL LINK("RANDOM",52,
A(),1,1):: PRINT "ASSIGNMENT
 DONE"
50 PRINT "CHECKING" :: CALL
LINK("CHECK"):: PRINT "LIST
OKAY":"HERE'S THE LIST"
60 FOR I=1 TO 52 :: PRINT A(
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I);:: NEXT I
*
* PART FIVE
* AN XB PROGRAM TO DEMO RAND3/O
* PROGRAM CALLED "CARDS2"
*
10 CALL INIT :: CALL LOAD("D
SK1.RAND3/O")
20 OPTION BASE 1
30 RANDOMIZE :: CALL CLEAR :
: DIM A(52)
40 PRINT "STARTING ASSIGNMEN
T" :: CALL LINK("RANDOM",52,
A(),1,1):: PRINT "ASSIGNMENT
 DONE"
50 PRINT "HERE'S THE LIST" :
: FOR I=1 TO 52 :: PRINT A(I
);:: NEXT I
*
* PART SIX
* AN XB PROGRAM THAT GETS
* 500 RANDOM NUMBERS
* WITHOUT REPLACEMENT
* PROGRAM CALLED "BIGRAND2"
*
10 CALL INIT :: CALL LOAD("D
SK1.RAND3/O")
20 RANDOMIZE :: CALL CLEAR :
: DIM A(499)
30 PRINT "STARTING ASSIGNMEN
T" :: CALL LINK("RANDOM",500
,A()):: PRINT "ASSIGNMENT DO
NE"
40 PRINT "HERE'S THE LIST" :
: FOR I=0 TO 499 :: PRINT A(
I);:: NEXT I
*
* PART SEVEN
* AN XB PROGRAM THAT GETS
* 1000 "WITH REPLACEMENT"
* RANDOM NUMBERS
* USING RAND4/O
* PROGRAM CALLED "BIGRAND4"
*
10 CALL INIT :: CALL LOAD("D
SK1.RAND4/O")
20 RANDOMIZE :: CALL CLEAR :
: DIM A(999)
30 N=1000 :: X=-250 :: Y=250
 :: PRINT "STARTING ASSIGNME



7(;$6�,167580(176
+20(�&20387(5

NT"
40 CALL LINK("RANDOM",N,X,Y,
A()):: PRINT "ASSIGNMENT DON
E"
50 PRINT "HERE'S THE LIST" :
: FOR I=0 TO N-1 :: PRINT A(
I);:: NEXT I :: PRINT
60 PRINT "CHECKING LIMITS"
70 FOR I=0 TO N-1 :: DISPLAY
 AT(24,1):I
80 IF A(I)=X THEN 90 ELSE IF
 A(I)=Y THEN 100 ELSE IF A(I
)<X OR A(I)>Y THEN 110 ELSE
120
90 PRINT X;"FOUND AT";I :: G
OTO 120
100 PRINT Y;"FOUND AT";I ::
GOTO 120
110 PRINT "ERROR";A(I);"AT";
I
120 NEXT I
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1.55. The Art Of Assembly — Part 55. We Need Those Digits

%\�%UXFH�+DUULVRQ

7RGD\
V�FROXPQ�LV�IRU�WKRVH�ZKR
YH�UHIXVHG�WR�EX\�D�3HQWLXP�SURFHVVRU�3&�EHFDXVH�WKH�7,�GRHV�IORDWLQJ
SRLQW�PDWK�PRUH�DFFXUDWHO\��:H
UH�QRW�VXUH�WKDW
V�WUXH��EXW�WKH�7,�GRHV�KDYH�DQ�XQFDQQ\�ZD\�RI�JHWWLQJ
FRUUHFW�DQVZHUV�WR�FRPSOLFDWHG�PDWK�SUREOHPV��/DVW�PRQWK�ZH�SURYLGHG�WZR�YHU\�TXLFN�ZD\V�WR�PDNH
UDQGRP�QXPEHUV�WKURXJK�$VVHPEO\�ODQJXDJH��EXW�ERWK�RI�WKRVH�PDGH�RQO\�LQWHJHU�QXPEHUV�LQ�WKH�UDQJH
�������WKURXJK��������:H�UHDOL]H�WKHUH�DUH�WKRVH�DPRQJ�RXU�UHDGHUV�ZKR�PLJKW�OLNH�WR�FRYHU�D�ZLGHU�VSDQ
WKDQ�WKDW��DQG�PLJKW�HYHQ�ZDQW�WR�KDYH�DOO�WKRVH�PDQ\�GLJLWV�DYDLODEOH��7RGD\�ZH
UH�ILOOLQJ�WKDW�QHHG��ZLWK
WZR�URXWLQHV�WKDW�FDQ�PDNH�WKH�IXOO�UDQJH�RI�UDQGRP�QXPEHUV�WR�DV�PXFK�SUHFLVLRQ�����VLJQLILFDQW�GLJLWV�
DV�WKH�7,�DOORZV��%RWK�RI�WKHVH�DUH�URXWLQHV�GHVLJQHG�IRU�XVH�ZLWK�([WHQGHG�%DVLF��WR�SURYLGH�H[FHOOHQW
UDQGRP�QXPEHUV�LQ�OHVV�WLPH�WKDQ�WKH�51'�IXQFWLRQ�

1.55.1. Filling An A rray

7KH�ILUVW�URXWLQH��FDOOHG�5$1'$5��LV�GHVLJQHG�WR�ILOO�DQ\�RU�DOO�PHPEHUV�RI�DQ�DUUD\�YDULDEOH�ZLWK�IORDWLQJ
SRLQW�UDQGRP�QXPEHUV�LQ�D�XVHU�VHOHFWHG�UDQJH��/HW
V�VWDUW�ZLWK�D�VLPSOH�FDVH�LQ�ZKLFK�ZH�ZDQW�WR�ILOO�DQ
DUUD\�ZLWK�����UDQGRP�QXPEHUV�EHWZHHQ��������DQG����������7KH�W\SLFDO�ZD\�WR�GR�WKDW�LQ�;%�LV�DV
IROORZV�

10 RANDOMIZE :: DIM A(299)
20 FOR I=0 TO 299 :: A(I)=RND*50000+50000 :: NEXT I

7KDW� ZLOO� ZRUN� QLFHO\�� DQG� ZLOO� LQFOXGH� DOO� WKH� GLJLWV� SRVVLEOH�� GRZQ� WR� VHYHUDO� GHFLPDO� SODFHV�
8QIRUWXQDWHO\��UXQQLQJ�WKLV�ORRS�ZLOO�WDNH�DERXW����VHFRQGV��7KDW�NLQG�RI�MRE�LV�ZKDW�5$1'$5�LV�IRU�
8VLQJ�WKDW�URXWLQH��ZH
G�DFFRPSOLVK�WKH�VDPH�WKLQJ�E\�

10 RANDOMIZE :: DIM A(299)
20 CALL LINK("RANDAR",A(),300,50000,50000)

7KDW�ZLOO�GR�WKH�VDPH�MRE��ILOOLQJ�DOO�PHPEHUV�RI�WKH�DUUD\�$���ZLWK�UDQGRP�QXPEHUV�LQ�WKH�UDQJH�������
WR����������EXW�LW�ZLOO�WDNH�RQO\�DERXW�WKUHH�VHFRQGV�WR�GR�LW��$V�ZLWK�WKH�51'�FDVH��WKH�IXOO�UDQJH�RI�GLJLWV
ZLOO�EH�SUHVHUYHG�LQ�WKH�QXPEHUV��6R�IDU�DV�ZH�FDQ�WHOO�IURP�KRXUV�RI�WHVWLQJ��WKH�UDQGRPQHVV�RI�WKH
QXPEHUV�ZLOO�EH�HYHU\�ELW�DV�JRRG�DV�WKRVH�SURYLGHG�E\�51'�

1.55.2. What Else Can It Do?

/LNH�WKH�LQWHJHU�URXWLQHV�ZH�SURYLGHG�ODVW�PRQWK��WKLV�FDQ�WDNH�DGGLWLRQDO�SDUDPHWHUV��,I�237,21�%$6(
��LV�LQ�HIIHFW��\RX�PXVW�DGG�RQH�PRUH�SDUDPHWHU��DQG�WKDW�PXVW�EH�DW�OHDVW����<RX�FDQ�PDNH�WKDW�SDUDPHWHU
PRUH�WKDQ�RQH�IRU�SDUWLDO�ILOOV��/HW
V�VD\�\RX�ZDQW�RQO\�ILIW\�VXFK�QXPEHUV�LQ�$����VWDUWLQJ�DW�$�������7KH
&$//�/,1.�ZRXOG�EH�

CALL LINK("RANDAR",A(),50,50000,50000,100)
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7KDW�ZLOO�ILOO�$������WKURXJK�$������ZLWK�UDQGRP�QXPEHUV��OHDYLQJ�DOO�RWKHU�PHPEHUV�RI�WKH�DUUD\�DORQH�
7KLV�LV�VLPLODU�WR�WKH�SDUWLDO�ILOO�IHDWXUH�ZH�LQFOXGHG�LQ�ODVW�PRQWK
V�FROXPQ�

,W�PD\�EH�WKDW�\RX�UHDOO\�GRQ
W�ZDQW�WKRVH�H[WUD�GLJLWV�SDVW�WKH�GHFLPDO�SRLQW��<HV��ZH
YH�FRYHUHG�WKDW�IRU
\RX�WRR��,Q�QRUPDO�;%��\RX
G�GR�LW�E\�$�,� ,17�51'��������������,Q�WKH�5$1'$5�OLQN��LW�ZRXOG�EH�

CALL LINK("RANDAR",A(),300,50000,50000,0,1)

+HUH�ZH
YH�PDGH�WKH�ILIWK�SDUDPHWHU����VR�WKDW�ILOOLQJ�RI�WKH�DUUD\�ZLOO�VWDUW�ZLWK�$�����EXW�DGGHG�D�VL[WK
SDUDPHWHU��7KH�YDOXH�RI�WKDW�SDUDPHWHU�LV�LUUHOHYDQW��DV�WKH�URXWLQH�MXVW�ORRNV�WR�VHH�ZKHWKHU�D�VL[WK
SDUDPHWHU�LV�SUHVHQW��DQG�GRHV�QRW�DFFHVV�WKH�YDOXH��*LYHQ�WKDW�VL[WK�SDUDPHWHU��WKH�URXWLQH�ZLOO�WUXQFDWH
WKH�QXPEHUV�WR�WKHLU�LQWHJHU�SDUW�RQO\��7KLV�WUXQFDWLRQ�ZLOO�ZRUN�D�ELW�GLIIHUHQWO\�IURP�WKH�,17�IXQFWLRQ
ZKHQ�QHJDWLYH�QXPEHUV�DUH�EHLQJ�XVHG��,Q�WKH�QRUPDO�,17�IXQFWLRQ��WKH�UHVXOW�RI�,17�������ZLOO�EH����
:LWK�WKLV�URXWLQH
V�WUXQFDWLRQ��WKH�UHVXOW�ZRXOG�EH�����)RU�SRVLWLYH�QXPEHUV��WKHUH�ZLOO�EH�QR�GLIIHUHQFH
IURP�DQ�,17�IXQFWLRQ�

1.55.3. How Does It Work?

2ND\��QRZ�LW
V� WLPH�WR� ORRN�DW�WRGD\
V�6LGHEDU��7KH�URXWLQH�VWDUWV� LQ�WKH�XVXDO� IDVKLRQ�� ORDGLQJ�RXU
ZRUNVSDFH��/LNH�ODVW�PRQWK
V�URXWLQHV��LW�PDNHV�DQ�DGMXVWPHQW�WR�WKH�UDQGRP�QXPEHU�VHHG��WKHQ�FOHDUV
5��IRU�WKH�QRQ�DUUD\�SDUDPHWHUV��1H[W�LW�JHWV�WKH�QXPEHU�RI�DUJXPHQWV�LQWR�5����DQG�ULJKW�MXVWLILHV�WKDW�
,I�WKDW�QXPEHU�LV�]HUR��ZH�H[LW�ZLWKRXW�GRLQJ�DQ\WKLQJ��*LYHQ�WKDW�WKHUH
V�DW�OHDVW�RQH�DUJXPHQW��WKH
URXWLQH�SURFHHGV�WR�FKHFN�IRU�DQG�JHW�RWKHU�DUJXPHQWV�LQWR�LWV�RZQ�VSDFH��7KRVH�LQFOXGH�WKH�QXPEHU�RI
QXPEHUV�WR�DVVLJQ��ZKLFK�JRHV�LQWR�5����DQG�WKH�PXOWLSOLHU�DQG�DGGLWLRQ�QXPEHUV�WKDW�JR�LQWR���E\WH
EORFNV�LQ�WKH�GDWD�VHFWLRQ�

7KH�UHDO�DFWLRQ�VWDUWV�DW�5$1'���+HUH�ZH�VHW�XS�IRU�WKH�ILUVW�SDUDPHWHU��SXW���LQWR�5��DV�D�FRXQWHU��VHW
5��WR�����IRU�GLYLVLRQ��WKHQ�SRLQW�5���DW�)$&����7KH�FRGH�GRZQ�WR�-1(�%5$1��QRZ�PDNHV�VHYHQ
UDQGRP�QXPEHUV�UDQJLQJ�IURP���WKURXJK�����DQG�SODFHV�WKRVH�LQWR�WKH�VHYHQ�E\WHV�VWDUWLQJ�DW�)$&���
7KXV�ZH�KDYH�D�5DGL[�����QXPEHU�HTXLYDOHQW�WR����GLJLWV�RI�UDQGRP�YDOXHV��:H�VHW�WKH�H[SRQHQW�DW����
UDLVHG�WR�WKH����SRZHU�E\�SODFLQJ�WKH�QXPEHU����LQ�WKH�E\WH�DW�)$&��1RZ�WKH�QXPEHU�UHSUHVHQWHG�LQ�WKH
HLJKW�E\WHV�VWDUWLQJ�DW�!���$�LV�LQ�WKH�UDQJH���WKURXJK������������������

1H[W��ZH�FKHFN�WR�VHH�LI�WKHUH
V�D�WKLUG�SDUDPHWHU��ZKLFK� LV�WKH�PXOWLSOLHU��,I�WKHUH�LV��ZH�PRYH�WKDW
QXPEHU
V�HLJKW�E\WHV�LQWR�$5*�DQG�PXOWLSO\�XVLQJ�DQ�;0//1.�VHUYLFH��,Q�VLPLODU�IDVKLRQ��ZH�FKHFN�IRU
WKH�SUHVHQFH�RI�WKH�IRXUWK�SDUDPHWHU��PRYH�WKDW�WR�$5*� LI� LW
V� WKHUH��DQG�XVH�;0/�WR�DGG� LW�WR�WKH
PXOWLSOLHG�QXPEHU�DW�)$&��7KLV�JHWV�XV�WR�ODEHO�%5$1��

$W�%5$1���ZH�FKHFN�IRU�WKH�SUHVHQFH�RI�WKH�VL[WK�SDUDPHWHU��DQG�LI�LW
V�WKHUH�ZH�WUXQFDWH�WKH�QXPEHU�LQ
)$&�WR�MXVW�LWV�LQWHJHU�SDUW��7KDW�JHWV�XV�WR�%5$1���ZKHUH�ZH�DVVLJQ�WKH�UHVXOWLQJ�QXPEHU�LQ�)$&�WR�WKH
FXUUHQW�PHPEHU�RI�WKH�DUUD\�YDULDEOH��WKHQ�,1&�5��WR�SRLQW�WR�WKH�QH[W�PHPEHU�RI�WKH�DUUD\��DQG�'(&
5����,I�5���EHFRPHV�]HUR��ZH
UH�ILQLVKHG��2WKHUZLVH��ZH�MXPS�EDFN�WR�5$1'��WR�VHW�DQG�VHQG�WKH�QH[W
PHPEHU�RI�WKH�DUUD\�
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%\�GRLQJ�WKH�ZKROH�MRE�LQ�MXVW�RQH�&$//�/,1.��ZH�VDYH�ORWV�RI�WLPH��&RPSDUHG�WR�GRLQJ�WKLV�NLQG�RI
UDQGRP�QXPEHU�ILOOLQJ�ZLWK�DQ�([WHQGHG�%DVLF�)25�1(;7�ORRS�XVLQJ�51'��ZH�JHW�DERXW�DQ�������VSHHG
DGYDQWDJH�

7KH�RWKHU�URXWLQH��5$1')3��LV�IRU�DVVLJQPHQW�RI�MXVW�D�VLQJOH�QXPEHU�LQWR�DQ�;%�YDULDEOH��6WULFWO\
VSHDNLQJ��WKLV� LVQ
W�UHDOO\�QHHGHG��DV�5$1'$5�FDQ�GR�WKH�VDPH�MRE�E\�VLPSO\�VHWWLQJ�WKH�QXPEHU�RI
QXPEHUV�WR�EH�DVVLJQHG�DW����DQG�XVLQJ�D�VLPSOH�YDULDEOH�RU�SDUWLFXODU�PHPEHU�RI�DQ�DUUD\�DV�SDUDPHWHUV�

7KH�RQO\�UHDO�DGYDQWDJHV�WR�5$1')3�DUH�WKDW�LW�QHHGV�RQH�IHZHU�SDUDPHWHUV�DQG�WKH�$VVHPEO\�FRGH�WDNHV
XS�OHVV�PHPRU\��/LNH�5$1'$5��WKLV�SHUIRUPV�IDVWHU�WKDQ�51'��EXW�LW
V�KDUG�WR�SLQ�GRZQ�WKH�H[DFW
DPRXQW�RI�GLIIHUHQFH��EHFDXVH�XVLQJ�D�)25�1(;7�WR�UHSHDW�WKH�RSHUDWLRQ�PDQ\�WLPHV��FRYHUV��WKH�DFWLRQ
RI�WKH�URXWLQH�LWVHOI��*HQHUDOO\��LI�ORWV�RI�UDQGRP�QXPEHUV�DUH�QHHGHG�LQ�WKH�;%�SURJUDP��LW�ZRXOG�EH
HDVLHU�DQG�TXLFNHU�WR�PDNH�WKHP�PHPEHUV�RI�DQ�DUUD\��DQG�ILOO�WKHP�XVLQJ�5$1'$5�

:H
YH� SXW� LQ� VRPH� PLQRU� SURWHFWLRQ� DJDLQVW� VWXSLG� HQWULHV� LQ� WKH� &$//� /,1.�� ,I� \RX� VXSSO\� QR
SDUDPHWHUV�WR�5$1'$5��RU�RQO\�RQH��WKHQ�LW�ZLOO�H[LW�ZLWKRXW�GRLQJ�DQ\WKLQJ��,I�\RX�VHW�WKH�QXPEHU�RI
QXPEHUV�UHTXLUHG�DW�D�QHJDWLYH�QXPEHU��WKH�URXWLQH�ZLOO�MXVW�WDNH�WKH�DEVROXWH�YDOXH�IRU�\RX�DQG�PDNH
WKDW�PDQ\�QXPEHUV�

%RWK�URXWLQHV�DUH�OLVWHG�LQ�WKH�6LGHEDU��VR�RXU�VHULRXV�VWXGHQWV�FDQ�VWXG\�WKHP��PDNH�FKDQJHV��DQG�VR�RQ�
$OVR�LQ�WKH�6LGHEDU�DUH�WZR�VKRUW�([WHQGHG�%DVLF�SURJUDPV�ZKLFK�\RX�FDQ�XVH�WR�VKRZ�WKH�GUDPDWLF
GLIIHUHQFH�EHWZHHQ�XVLQJ�51'�DQG�5$1'$5��2I�FRXUVH�\RX
G�QHHG�WR�DVVHPEOH�5$1'$5�WR�WHVW�WKLV�
:H
YH�SURYLGHG�WKH�REMHFW� ILOHV� IRU�WKRVH�ZKR�JHW�0,&52SHQGLXP�RQ�GLVN�� DQG� WKH�;%�SURJUDPV�DV
)$67$5�DQG�6/2:$5�

7KH�URXWLQHV�ZH
YH�VKRZQ�LQ�ERWK�ODVW�PRQWK
V�FROXPQ�DQG�WKLV�RQH�DUH�DYDLODEOH�RQ�D�3XEOLF�'RPDLQ�GLVN
FDOOHG�5$1'206��7KDW�FDQ�EH�REWDLQHG�IURP�WKH�/LPD�8VHUV
�*URXS�LQ�WKH�XVXDO�IDVKLRQ��,W�LQFOXGHV
FRPSOHWH�LQVWUXFWLRQV�DQG�WKH�WRROV�QHFHVVDU\�WR��HPEHG��WKH�URXWLQHV�LQWR�;%�SURJUDPV�

1H[W�PRQWK�SHUKDSV�ZH
OO�EH�RII�RI�UDQGRP�QXPEHUV��DQG�SHUKDSV�QRW��7RVV�D�FRLQ�IRU�\RXUVHOI�WR�IRUP
\RXU�RSLQLRQ�

* SIDEBAR 55
* TWO ROUTINES FOR USE UNDER
* TI EXTENDED BASIC
*
* PART ONE - FOR XB ARRAY VARIABLES
*
* RANDAR/S
* ASSIGNS RANDOM NUMBER
* IN F.P FORMAT
* INTO AN XB VARIABLE
*
*  INVOKE BY:
*  CALL LINK("RANDAR",V(),N,M,A,B,1)
*  WHERE:
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*    V() IS ANY ARRAY VARIABLE NAME
*      MUST HAVE DIM (N-1) MINIMUM
*    N IS NUMBER OF RANDOM NUMBERS
*    M IS THE DESIRED MULTIPLIER (RANGE)
*    A IS THE DESIRED ADDITION (START #)
*    B IS THE OPTION BASE FOR ARRAY
*    1 (OR ANY NUMBER) MEANS INTEGERS
* ONLY V() AND N ARE ALWAYS REQUIRED
* OTHER PARAMETERS ARE OPTIONAL
* (SEE TEXT FOR DETAILS)
*
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    27 December 1994
*
       DEF  RANDAR DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
FAC    EQU  >834A        F. P. ACCUMULATOR
FMUL   EQU  >0E88        F. P. MULTIPLY
FADD   EQU  >0D80        F. P. ADDITION
ARG    EQU  >835C        F. P. ARGUMENT
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
CIF    EQU  >20          CONVERT INTEGER TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INTEGER
ARGNUM EQU  >8312        NUMBER OF ARGUMENTS
*
*
RANDAR LWPI WS           LOAD OUR WORKSPACE
       A    @>8378,@>83C0 ADJUST SEED NUMBER
       CLR  R0           CLEAR FOR NON-ARRAY
       MOVB @ARGNUM,R12  GET NUMBER OF PARAMETERS
       SRL  R12,8        RT. JUSTIFY
       JEQ  EXIT         IF ZERO, EXIT
       CI   R12,2        2 PARAMETERS?
       JLT  EXIT         IF LESS, EXIT
       LI   R1,2         2ND PARAMETER
       BLWP @NUMREF      GET VALUE
       BLWP @XMLLNK      NUMBER OF NUMBERS
       DATA CFI          MAKE INTEGER
       MOV  @FAC,R13     INTO R13
       JEQ  EXIT         IF ZERO, EXIT
       ABS  R13          ABSOLUTE VALUE
       CI   R12,3        3 PARAMETERS?
       JLT  RAND2        IF LESS, JUMP
       INC  R1           3RD PARAMETER
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       BLWP @NUMREF      GET MULTIPLIER
       LI   R10,HILIM    POINT AT HILIM
       BL   @FRFAC       MOVE 8 BYTES
       CI   R12,4        4 PARAMETERS?
       JLT  RAND2        IF LESS, JUMP
       INC  R1           4TH PARAMETER
       BLWP @NUMREF      GET ADDITION NUMBER
       LI   R10,LOLIM    POINT AT LOLIM
       BL   @FRFAC       MOVE 8 BYTES THERE
       CI   R12,5        5 PARAMETERS?
       JLT  RAND2        IF LESS, SKIP
       INC  R1           5TH PARAMETER
       BLWP @NUMREF      GET BASE
       BLWP @XMLLNK      USE XML
       DATA CFI          TO INTEGER
       A    @FAC,R0      ADD TO R0
RAND2  LI   R1,1         PARAMETER 1
       LI   R7,7         7 BYTES IN F.P. MANTISSA
       LI   R6,100       100 FOR DIVISION
       LI   R10,FAC+1    ONE BYTE PAST >834A
BRAN1  LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R6,R4        DIVIDE BY 100
       SWPB R5           REMAINDER IN LEFT BYTE
       MOVB R5,*R10+     ONE BYTE TO FAC
       DEC  R7           SUBTRACT 1 FROM R7
       JNE  BRAN1        IF NOT ZERO, REPEAT
       MOVB @SIXTRE,@FAC PUT 63 IN EXPONENT BYTE
       CI   R12,3        3 PARAMETERS?
       JLT  BRAN2        JUMP IF LESS
       LI   R9,HILIM     POINT AT HILIM
       BL   @TOARG       MOVE 8 BYTES TO ARG
       BLWP @XMLLNK      USE XML
       DATA FMUL         MULTIPLY FAC BY ARG
       CI   R12,4        4 PARAMETERS?
       JLT  BRAN2        JUMP IF LESS
       LI   R9,LOLIM     POINT AT LOLIM
       BL   @TOARG       MOVE 8 BYTES TO ARG
       BLWP @XMLLNK      USE XML
       DATA FADD         ADD ARG TO FAC
BRAN2  CI   R12,6        SIX PARAMETERS?
       JLT  BRAN3        JUMP IF LESS
       CLR  R4           MAKE R4=0
       MOV  @FAC,R7      GET THE EXPONENT AND HIGH-ORDER BYTE OF NUMBER INTO R7
       JEQ  BRAN3        IF FAC=0 THEN NUMBER WAS ZERO, SKIP ALL THIS
       SRA  R7,8         SHIFT ARITHMETIC TO PRESERVE SIGN OF EXPONENT
       JGT  SUB62        IF POSITIVE, SKIP AHEAD
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       INV  R7           INVERSION GIVES THE CORRECT EXPONENT VALUE
SUB62  AI   R7,-62       REMOVE BIAS LESS 2
       CI   R7,1         CHECK RESULT AGAINST 1
       JGT  ADDFAC       IF GREATER, JUMP
       CLR  R7           ELSE SET R7=0
ADDFAC AI   R7,FAC       ADD FAC ADDRESS TO R7, SO R7 POINTS TO FIRST DECIMAL
INLOOP CI   R7,FAC+8     CHECK FOR END OF 8 BYTE FP NUMBER
       JGT  BRAN3        IF GREATER THAN, JUMP OUT
       JEQ  BRAN3        IF EQUAL, JUMP OUT
       MOVB R4,*R7+      MOVE ZERO BYTE INTO LOCATION, INCREMENT POINTER (R7)
       JMP  INLOOP       GO BACK FOR NEXT BYTE
BRAN3  BLWP @NUMASG      ASSIGN TO XB VARIABLE
       INC  R0           NEXT ARRAY MEMBER
       DEC  R13          SUBTR. 1 FROM R13
       JNE  RAND2        IF NOT ZERO, REPEAT
EXIT   LWPI GPLWS        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
*
* SUBROUTINES
*
TOARG  LI   R10,ARG      ARG IS DESTINATION
       JMP MOVBTS        MOVE BYTES
FRFAC  LI   R9,FAC       FAC IS SOURCE
MOVBTS LI   R4,8         8 BYTES TO MOVE
MOV1   MOVB *R9+,*R10+   MOVE ONE BYTE
       DEC  R4           SUBTR. 1 FROM R4
       JNE  MOV1         IF NOT ZERO, REPEAT
       RT                RETURN
*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
HILIM  BSS  8            MULTIPLIER
LOLIM  BSS  8            ADD-ON NUMBER
SIXTRE BYTE 63           EXPONENT (100 TO THE -1 POWER)
       END

* PART TWO - FOR SIMPLE VARIABLES
*

* RANDFP/S
* ASSIGNS RANDOM NUMBER
* IN F.P FORMAT
* INTO AN XB VARIABLE
*
*
*  INVOKE BY:
*  CALL LINK("RANDFP",X,M,A,1)
*  WHERE:
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*    X IS ANY VARIABLE NAME
*    M IS THE DESIRED MULTIPLIER (RANGE)
*    A IS THE DESIRED ADDITION (START #)
*    1 (OR ANY NUMBER) MEANS INTEGERS
* ONLY X IS ALWAYS REQUIRED
* OTHER PARAMETERS ARE OPTIONAL
* (SEE TEXT FOR DETAILS)
*
*    CODE BY:  Bruce Harrison
*    PUBLIC DOMAIN
*    26 December 1994
*
       DEF  RANDFP DEFINE ENTRY POINT
*
* REQUIRED EQUATES
*
GPLWS  EQU  >83E0        GPL WORKSPACE
FAC    EQU  >834A        F. P. ACCUMULATOR
FMUL   EQU  >0E88        F. P. MULTIPLY
FADD   EQU  >0D80        F. P. ADDITION
ARG    EQU  >835C        F. P. ARGUMENT
NUMREF EQU  >200C        NUMERIC REFERENCE
NUMASG EQU  >2008        NUMERIC ASSIGNMENT
XMLLNK EQU  >2018        XML LINK VECTOR
CIF    EQU  >20          CONVERT INTEGER TO F.P.
CFI    EQU  >12B8        CONVERT F.P. TO INTEGER
ARGNUM EQU  >8312        NUMBER OF ARGUMENTS
*
*
RANDFP LWPI WS           LOAD OUR WORKSPACE
       A    @>8378,@>83C0 ADJUST SEED NUMBER
       CLR  R0           CLEAR FOR NON-ARRAY
       MOVB @ARGNUM,R12  NUMBER OF PARAMETERS
       SRL  R12,8        RT. JUST.
       JEQ  EXIT         EXIT IF ZERO
       CI   R12,2        2 PARAMS?
       JLT  RAND2        JUMP LESS
       LI   R1,2         2ND PARAMETER
       BLWP @NUMREF      GET MULTIPLIER
       LI   R10,ARG      POINT AT ARG
       BL   @FRFAC       MOVE 8 BYTES
       CI   R12,3        3 PARAMS?
       JLT  RAND2        JUMP LESS
       INC  R1           3RD PARAMETER
       BLWP @NUMREF      GET ADDITION
       LI   R10,LOLIM    POINT AT LOLIM
       BL   @FRFAC       MOVE IT THERE
RAND2  LI   R1,1         PARAMETER 1
       LI   R7,7         7 BYTES
       LI   R6,100       100 DIVISOR
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       LI   R10,FAC+1    POINT AT >834B
BRAN1  LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R6,R4        DIVIDE BY 100
       SWPB R5           REMAINDER IN LEFT BYTE
       MOVB R5,*R10+     ONE BYTE TO FAC
       DEC  R7           SUBTR. 1
       JNE  BRAN1        NOT ZERO, RPT.
       MOVB @SIXTRE,@FAC MOVE EXPONENT IN
       CI   R12,2        TWO PARAMS?
       JLT  BRAN2        JUMP LESS
       BLWP @XMLLNK      USE XML
       DATA FMUL         MULTIPLY FAC BY ARG
       CI   R12,3        3 PARAMS?
       JLT  BRAN2        JUMP LESS
       LI   R9,LOLIM     LOLIM IS SOURCE
       BL   @TOARG       MOVE TO ARG
       BLWP @XMLLNK      USE XML
       DATA FADD         ADD ARG TO FAC
BRAN2  CI   R12,4        FOUR PARAMS?
       JLT  BRAN3        IF LESS, JUMP
       CLR  R4           MAKE R4=0
       MOV  @FAC,R7      GET THE EXPONENT AND HIGH-ORDER BYTE OF NUMBER INTO R7
       JEQ  BRAN3        IF FAC=0 THEN NUMBER WAS ZERO, SKIP ALL THIS
       SRA  R7,8         SHIFT ARITHMETIC TO PRESERVE SIGN OF EXPONENT
       JGT  SUB62        IF POSITIVE, SKIP AHEAD
       INV  R7           INVERSION GIVES THE CORRECT EXPONENT VALUE
SUB62  AI   R7,-62       REMOVE BIAS LESS 2
       CI   R7,1         CHECK RESULT AGAINST 1
       JGT  ADDFAC       IF GREATER, JUMP
       CLR  R7           ELSE SET R7=0
ADDFAC AI   R7,FAC       ADD FAC ADDRESS TO R7, SO R7 POINTS TO FIRST DECIMAL
INLOOP CI   R7,FAC+8     CHECK FOR END OF 8 BYTE FP NUMBER
       JGT  BRAN3        IF GREATER THAN, JUMP OUT
       JEQ  BRAN3        IF EQUAL, JUMP OUT
       MOVB R4,*R7+      MOVE ZERO BYTE INTO LOCATION, INCREMENT POINTER (R7)
       JMP  INLOOP       GO BACK FOR NEXT BYTE
BRAN3  BLWP @NUMASG      ASSIGN TO XB VARIABLE
EXIT   LWPI GPLWS        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
*
* SUBROUTINES
*
TOARG  LI   R10,ARG      ARG DESTINATION
       JMP MOVBTS        MOVE BYTES
FRFAC  LI   R9,FAC       FAC IS SOURCE
MOVBTS LI   R4,8         8 BYTES TO MOVE
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MOV1   MOVB *R9+,*R10+   MOVE ONE
       DEC  R4           SUBTR. 1
       JNE  MOV1         IF NOT ZERO, RPT
       RT                RETURN
*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
LOLIM  BSS  8            BOTTOM NUMBER
SIXTRE BYTE 63           EXPONENT (100 TO -1 POWER)
       END

* PART THREE - TWO XB PROGRAMS
* (LISTED IN 28 COLUMNS)
* FIRST USES RANDAR TO ASSIGN
* 300 RANDOM NUMBERS TO A()
*
10 CALL INIT :: CALL LOAD("D
SK1.RANDAR/O")
20 RANDOMIZE :: DIM A(299)
30 B=299 :: DISPLAY AT(24,1)
:"STARTING TAILORED";B+1
40 CALL LINK("RANDAR",A(),B+
1,50000,50000)
50 FOR I=0 TO B :: PRINT A(I
),:: NEXT I
60 CALL KEY(0,K,S):: IF S=0
THEN 60 ELSE IF K=13 THEN EN
D ELSE 30
*
* SECOND PROGRAM USES RND TO ASSIGN
* 300 RANDOM NUMBERS TO A()
*
10 ! RANDOM USING RND
20 RANDOMIZE :: DIM A(299)
30 B=299 :: DISPLAY AT(24,1)
:"STARTING TAILORED";B+1 ::
FOR I=0 TO B
40 A(I)=RND*50000+50000 :: N
EXT I
50 FOR I=0 TO B :: PRINT A(I
),:: NEXT I
60 CALL KEY(0,K,S):: IF S=0
THEN 60 ELSE IF K=13 THEN EN
D ELSE 30
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1.56. The Art Of Assembly — Part 56. Playing Cards

%\�%UXFH�+DUULVRQ

:HOO��DQRWKHU�PRQWK�DQG�PRUH�UDQGRP�QXPEHUV��7KLV�WLPH��KRZHYHU��ZH
UH�JRLQJ�D�FRXSOH�RI�VWHSV�EH\RQG
WKH�QXPEHUV�WKHPVHOYHV��DQG�JLYLQJ�\RX�D�VKXIIOHG�GHFN�RI�FDUGV�RQ�WKH�VFUHHQ��%HVLGHV�JLYLQJ�\RX�DQ
H[WUHPHO\�IDVW�VKXIIOH�URXWLQH��ZH
YH�SURYLGHG�D�YHU\�TXLFN�DQG�HDV\�ZD\�WR��PDS��WKH�QXPEHUV�LQWR�VXLWV�
FRPSOHWH�ZLWK�WKH�V\PEROV� IRU�6SDGHV��&OXEV��+HDUWV��DQG�'LDPRQGV��DQG�WKH�FDUG�YDOXHV�IURP�$FH
WKURXJK�.LQJ��,Q�WKH�VDPSOH�SURJUDP��ZH
YH�HYHQ�VHW�WKLQJV�XS�VR�WKDW�WKH�QXPEHUV�IRU�WKH�UHG�VXLWV�ZLOO
EH�LQ�UHG��ZKLOH�WKRVH�IRU�WKH�EODFN�VXLWV�ZLOO�EH�LQ�EODFN���<HV��WKH�+HDUW�DQG�'LDPRQG�V\PEROV�DUH�LQ�UHG�
WRR�

1.56.1. What's It For?

<RX�GHFLGH��:KDW
V�SURYLGHG�LQ�WRGD\
V�6LGHEDU�LV�D�FRPSOHWH�SURJUDP��,W�ZLOO�VWDUW�ZLWK�D��35(66�$1<
.(<�72�%(*,1��SURPSW��VR�WKDW�ZH�FDQ�SHUIRUP�D�SURSHU�VHHGLQJ�RI�WKH�UDQGRP�QXPEHU�JHQHUDWRU�
:KHQ�\RX�GR�WKDW��ORWV�RI�WKLQJV�ZLOO�KDSSHQ�LQ�MXVW�D�IHZ�PLOOLVHFRQGV��<RX
OO�VHH�D�GHFN�RI����FDUGV�DSSHDU
RQ�WKH�VFUHHQ�DOPRVW�LQVWDQWO\��7KH\
OO�EH�QLFHO\�VKXIIOHG��VR�ZH�FDQ
W�WHOO�\RX�ZKDW�RUGHU�WKH\
OO�EH�VKRZQ
LQ��2I�FRXUVH�WKHVH�DUH�QRW�D�VLPXODWLRQ�RI�UHDO�FDUGV��EXW�WKH�QXPEHUV�DQG�V\PEROV�LQ�WKHLU�FRUUHFW�FRORUV
RQ�D�JUD\�EDFNJURXQG��7KHUH�ZLOO�EH�HLJKW�URZV�RI�VL[�FDUGV�HDFK��WKHQ�D�ODVW�URZ�RI�IRXU��IRU�D�WRWDO�RI����
$W�WKH�ERWWRP�RI�WKH�VFUHHQ�ZLOO�EH�WKH�OHJHQGV�35(66�(17(5�72�(;,7�3*0�DQG�$1<�27+(5�.(<
72�5(3($7��7U\�WKLV�VHFRQG�RSWLRQ�E\�SUHVVLQJ�WKH�SPACE BAR ��$�QHZ��GHDO��RI�VKXIIOHG�FDUGV�ZLOO
DSSHDU�DOPRVW�LQVWDQWO\��7R�VHH�KRZ�IDVW��MXVW�VWDUW�SUHVVLQJ�NH\V�UDQGRPO\�DV�TXLFN�DV�\RX�FDQ��1HZ�GHFNV
ZLOO�DSSHDU�MXVW�DERXW�DV�IDVW�DV�\RX�FDQ�SUHVV�NH\V��,PSUHVVHG"�:H�KRSH�VR��2I�FRXUVH�WKLV�FRPSOHWH
SURJUDP�LVQ
W�D�FDUG�JDPH�SHU�VH��EXW�\RX�FDQ�XVH�ZKDW
V�KHUH�WR�PDNH�RQH��E\�WDNLQJ�SLHFHV�RI�WKLV�VRXUFH
FRGH�DQG�EXLOGLQJ�XSRQ�WKLV�EDVH�

1.56.2. From The Top

7KH�RSHQLQJ�LV�FRQYHQWLRQDO��VLPSO\�JHWWLQJ�XV�LQWR�RXU�RZQ�ZRUNVSDFH�DQG�SXWWLQJ�D�SURPSW�RQ�WKH
VFUHHQ��,QVWHDG�RI�MXVW�JHWWLQJ�D�NH\VWURNH��KRZHYHU��WKHUH
V�VRPH�WULFNHU\�GRQH�KHUH�ZLWK�WKH�6FUHHQ
7LPHRXW�DQG�9HUWLFDO�,QWHUYDO�WLPHUV�VR�WKDW�ZKHQ�ZH�ILQLVK�WKLV��NH\�LQSXW��ORRS��WKH�UDQGRP�QXPEHU
VHHG�DW�!��&��KDV�DQ�XQSUHGLFWDEOH�QXPEHU�LQ�WKH�UDQJH���WKURXJK���������,Q�VRPH�RI�RXU�RWKHU�URXWLQHV�
ZH
YH�XVHG�D�VKRUWFXW�PHWKRG�WR��VHHG��RXU�UDQGRP�QXPEHUV��EXW�WKH�ZD\�VKRZQ�KHUH�JLYHV�WKH�EHVW
SRVVLEOH�UHVXOWV�LQ�WHUPV�RI�UDQGRPQHVV�

:H�VHW�XS�WKH�FRORUV�IRU�FKDUDFWHU�VHWV���WKURXJK����WR�EODFN�RQ�JUD\��/DWHU��ZH
OO�VHW�FRORUV�IRU�VHWV���
WKURXJK����DW�UHG�RQ�JUD\�IRU�WKH�UHG�FDUG�VXLWV��7KLV�ZLOO�OHDYH�XV�ZLWK�D�JUD\�EDFNJURXQG�FRORU�DQG�D
JUHHQ�ERUGHU��DQG�DV�\RX
OO�VHH��WKH�UHG�FDUG�VXLWV�ZLOO�KDYH�UHG�QXPEHUV�DV�ZHOO�
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1RZ�ZH�VHW�XS�FKDUDFWHU�GHILQLWLRQV��)RU�WKLV��ZH�ERUURZ�VRPH�RI�WKH�RULJLQDO�7,�FKDUDFWHU�GHILQLWLRQV�
EXW�FRS\�WKHP�VR�WKDW�DOO�RI�WKH�FKDUDFWHUV�ZH
OO�EH�XVLQJ�ZLOO�EH�DERYH�WKH��QRUPDO��$6&,,�UDQJH��7KXV
RXU�ILUVW�FKDUDFWHU�ZLOO�EH�DW������7KDW�FKDUDFWHU�ZLOO�EH�DQ�$��%XW�ILUVW��ZH�JUDE�WKH�FKDUDFWHU�GHILQLWLRQV
IRU�����WKURXJK������DQG�FRS\�WKRVH�LQ�DV�GHILQLWLRQ�IRU�FKDUDFWHUV�����WKURXJK������1H[W�ZH�WDNH�WKH��$�
FKDUDFWHU�GHILQLWLRQ�DQG�SODFH�WKDW�DW����
V�GHILQLWLRQ��,Q�VLPLODU�IDVKLRQ��-��4�DQG�.�DUH�FRSLHG�LQWR�WKH
GHILQLWLRQV�IRU����������)LQDOO\��ZH�WDNH�D�VSHFLDO�FKDUDFWHU�GHILQLWLRQ�WKDW�PDNHV�WKH�QXPEHU����LQ�RQH
�;��EORFN��DQG�SXW�WKDW�LQ�FKDUDFWHU������7KLV�JLYHV�XV�D�VHW�RI����FKDUDFWHUV�VWDUWLQJ�ZLWK�����DQG�JRLQJ
WKURXJK�����WKDW�ZLOO�SULQW�DV�WKH�FDUG�QXPEHUV�$��������������-��4��.��,Q�RUGHU�WR�DOORZ�IRU�UHG�QXPEHUV�LQ
WKH�UHG�VXLWV��ZH
OO�QRZ�FRS\�WKLV�VHW�IURP���������LQWR���������FKDUDFWHU�GHILQLWLRQV��)LQDOO\��ZH�WDNH�WKH
�VXLW��V\PEROV��HDFK�RI�ZKLFK�KDV�IRXU�FKDUDFWHU�GHILQLWLRQV��DQG�SODFH�WKRVH�LQ�9'3�ZKHUH�FKDUDFWHUV����
WKURXJK�����GHILQLWLRQV�EHORQJ��:H�ILQLVK�WKH�SUHSDUDWLRQV�E\�VHWWLQJ�WKH�FRORU�E\WHV�IRU�FKDUDFWHU�VHWV
���WKURXJK����WR�UHG�RQ�JUD\�

1.56.3. Build And Shuffle

1RZ�LW
V�WLPH�IRU�WKH�UHDO�EXVLQHVV�RI�WKH�SURJUDP�WR�VWDUW��6WDUWLQJ�DW�ODEHO�6+8)/(��ZH�EXLOG�DQ�DUUD\
RI����E\WHV�ZLWK�WKH�YDOXHV���WKURXJK����VWDUWLQJ�DW�ODEHO�7%/��LQ�WKH�GDWD�VHFWLRQ��7KLV�DUUD\�ZLOO�EH�WKH
VRXUFH�RI�RXU��FDUGV���:H
OO�WDNH�WKHVH�QXPEHUV�RQH�DW�D�WLPH�LQ�UDQGRP�RUGHU�LQWR�WKH�DUUD\�7%/���ZKLFK
ZLOO�EH�RXU�VKXIIOHG�GHFN��:H
YH�GHVFULEHG�WKH�SURFHVV�RI�VHOHFWLRQ�ZLWKRXW�UHSODFHPHQW�SUHYLRXVO\��DQG
WKLV�VKXIIOH�ZRUNV�H[DFWO\�WKDW�ZD\�

1.56.4. Displaying The Cards

$W�WKLV�SRLQW��7%/��KDV�WKH����QXPEHUV�IURP���WKURXJK����LQ�UDQGRP�RUGHU��:H�WDNH�HDFK�QXPEHU�LQ
WXUQ��SODFH�WKDW�LQWR�5���WKHQ�ULJKW�MXVWLI\�LQ�WKDW�UHJLVWHU��VR�WKDW�5��KDV�D�YDOXH�RI���WKURXJK�����1RZ
ZH�FOHDU�5���VR�WKDW�WKH�UHJLVWHU�SDLU�5��5��KDV�WKDW�QXPEHU�LQ�LW��:H�WKHQ�GLYLGH�WKH�5��5��SDLU�E\���
�LQ�5����$IWHU�WKLV�GLYLVLRQ��5��FRQWDLQV�D�TXRWLHQW�WKDW
V���WKURXJK����DQG�5��KDV�D�UHPDLQGHU�WKDW
V��
WKURXJK�����/HW
V�WDNH�DQ�H[DPSOH�RU�IRXU��6XSSRVH�WKH�QXPEHU�LQ�5��ZHUH����:KHQ�GLYLGHG�E\�����WKLV
\LHOGV�D�TXRWLHQW�RI�]HUR��6SDGHV��DQG�D�UHPDLQGHU�RI����$FH���,I�LW�ZHUH�����ZH
G�JHW�TXRWLHQW����UHPDLQGHU
���ZKLFK�GLVSOD\V�DV�WKH���RI�&OXEV��)RU�����ZH
G�JHW�D�TXRWLHQW�RI����ZLWK���UHPDLQGHU��DQG�WKDW
V�WKH�$FH
RI�+HDUWV��)RU�����ZH�JHW�D�TXRWLHQW���DQG�UHPDLQGHU�RI�����ZKLFK�EHFRPHV�WKH�.LQJ�RI�'LDPRQGV��$OO�FOHDU
QRZ"

6LQFH�WKHUH�DUH�IRXU�SRVVLEOH�VWDWHV�IRU�5���WKH�QXPEHU�WKHUH�ZLOO�EH�WKH��VXLW��LQGLFDWRU��5��KDV����SRVVLEOH
YDOXHV��VR�WKDW�ZLOO�EH�XVHG�WR�UHSUHVHQW�WKH�FDUG�QXPEHUV�$FH�WKURXJK�.LQJ���1RWH�WKDW�WKH�YDOXH���LV
WDNHQ�DV�WKH�$FH��DQG����DV�WKH�.LQJ��,Q�VRPH�JDPHV��$FH�FDQ�EH�HLWKHU�EHORZ�GHXFH�RU�DERYH�.LQJ��ZKLOH
LQ�RWKHUV�LW
V�DOZD\V�DERYH�WKH�.LQJ��+RZ�LW
V�YDOXHG�LQ�D�SDUWLFXODU�JDPH�LV�LPPDWHULDO�WR�WKH�XV�LQ�WKLV
SURJUDP��

:H�FKHFN�WKH�YDOXH�LQ�5��DW�WKLV�SRLQW��WR�VHH�ZKHWKHU�WKH�VXLW�ZH
UH�GHDOLQJ�ZLWK�LV�EODFN�RU�UHG��7KH
QXPEHU���RU���LQ�5��PHDQV�D�EODFN�VXLW��ZKLOH�WKH�QXPEHU���RU���PHDQV�D�UHG�VXLW��7KH�VXLW�V\PEROV
WKHPVHOYHV�KDYH�EHHQ�SODFHG�LQ�9'3�VR�WKDW�WKH�ILUVW�WZR�DUH�LQ�RQH�FKDUDFWHU�VHW�WKDW
V�EODFN�DQG�WKH
RWKHU�WZR�DUH�LQ�D�FKDUDFWHU�VHW�WKDW
V�UHG��:H�FKHFN�KHUH�WR�VHH�ZKLFK�LV�WKH�FDVH��DQG�DGG�DQ�RIIVHW�RI���
WR�WKH�FDUG�QXPEHU�LQ�5��LI�WKH�VXLW�LV�D�UHG�RQH�
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7KH�QH[W�RUGHU�RI�EXVLQHVV�LQ�WKH�SURJUDP�LV�WR�SXW�WKH�VXLW�V\PERO�RQ�WKH�VFUHHQ��7KDW�SURFHVV�VWDUWV�DW
ODEHO�6+/��ZKHUH�WKH�QXPEHU�LQ�5��JHWV�PXOWLSOLHG�E\�IRXU�WR�DFFRXQW�IRU�WKH�IDFW�WKDW�HDFK�VXLW�V\PERO
LV�IRXU�FKDUDFWHUV��7KH�QXPEHU�LQ�5��QRZ��DIWHU�6+/�5����LV����������RU�����1RZ�ZH�DGG�WKH�RIIVHW�����
ZKLFK�LV�WKH�VWDUW�RI�WKH�VXLW�FKDUDFWHUV��VR�WKDW�5��FRQWDLQV�WKH�QXPEHU�RI�WKH�ILUVW�FKDUDFWHU�LQ�RQH�RI
WKH�VXLWV�

&RQIHVVLRQ�WLPH�DJDLQ��7KHVH�VXLW�V\PERO�FKDUDFWHUV�ZHUH�RULJLQDOO\�XVHG�LQ�DQ�ROG�;%�SURJUDP�ZH�ZURWH�
DQG�ZHUH�XVHG�ZLWK�PDJQLILHG�VSULWHV��7KXV�WKH�ILUVW�FKDUDFWHU�LQ�WKH�V\PERO�LV�WKH�XSSHU�OHIW�TXDUWHU��WKH
QH[W�LV�WKH�ORZHU�OHIW�TXDUWHU��WKH�WKLUG�LV�WKH�XSSHU�ULJKW�TXDUWHU��DQG�\RX�FDQ�JXHVV�ZKHUH�WKH�IRXUWK�RQH
JRHV��7KXV�WKLV�OLWWOH�VHFWLRQ�RI�VRXUFH�FRGH�ZULWHV�D�FKDUDFWHU��PRYHV�GRZQ�RQH�URZ��ZULWHV�WKH�QH[W�RQH�
WKHQ�PRYHV�XS�DQG�ULJKW�IRU�WKH�WKLUG��DQG�GRZQ�RQH�IRU�WKH�IRXUWK�

1H[W�WR�EH�ZULWWHQ�LV�WKH�FDUG�QXPEHU��ZKLFK�LV�VWLOO�WKHUH�LQ�5���,W�PD\�RU�PD\�QRW�KDYH�KDG����DGGHG�WR
LW��GHSHQGLQJ�RQ�WKH�VXLW��,Q�HLWKHU�FDVH��ZH�PRYH�LW�WR�5��DQG�DGG�WKH�RIIVHW�����WR�SRLQW�WR�RQH�RI�WKH�VHWV
RI�FDUG�QXPEHUV��:H�6875$&7����IURP�5��VR�WKH�FDUG�QXPEHU�ZLOO�EH�SODFHG�WR�WKH�OHIW�RI�WKH�XSSHU�OHIW
TXDUWHU�RI�WKH�V\PERO��VZDS�WKH�E\WHV�LQ�5���SHUIRUP�D�%/:3�#96%:��DQG�ZH
YH�JRW�WKH�FDUG�QXPEHU
DQG�VXLW�V\PERO�RQ�WKH�VFUHHQ��1RZ�ZH�PRYH�VL[�VSDFHV�WR�WKH�ULJKW��DQG�ZH
UH�LQ�SRVLWLRQ�WR�VWDUW�WKH�QH[W
FDUG�

%HIRUH�ZULWLQJ�WKH�QH[W�FDUG��WKRXJK��ZH�ILUVW�'(&�5���DQG�LI�WKDW
V�]HUR��ZH
YH�ZULWWHQ�DOO����FDUGV��VR�ZH
VNLS�DKHDG�WR�ODEHO�.(<��:H�DOVR�'(&�5��DQG�VHH�LI�WKDW
V�EHFRPH�]HUR��,I�QRW��ZH�FDQ�VWLOO�SXW�DQRWKHU
FDUG�RQ�WKLV�URZ��2WKHUZLVH�ZH�DGMXVW�WKH�VFUHHQ�SRVLWLRQ�WZR�URZV�GRZQ�IURP�WKH�VWDUW�RI�WKH�FXUUHQW�URZ
DQG�MXPS�EDFN�WR�1;7��WR�VWDUW�DQRWKHU�URZ�RI�VL[�FDUGV�

7KH�FRGH�VWDUWLQJ�DW�ODEHO�.(<�MXVW�SXWV�WKH��35(66�(17(5���������DQG��$1<�27+(5�.(<�������OHJHQGV
RQ�VFUHHQ��WKHQ�ZDLWV�IRU�D�NH\SUHVV��,I�ENTER�LV�SUHVVHG��ZH�H[LW��DQG�DQ\�RWKHU�NH\��H[FHSW�FCTN =��ZLOO
FDXVH�D�EUDQFK�EDFN�WR�ODEHO�6+8)/(��DQG�SXW�D�ZKROH�QHZ�VKXIIOHG�GHFN�RQ�VFUHHQ�

1.56.5. Variations On The Theme

,Q� WKH�SDUW� RI� WKH� VRXUFH� ILOH� MXVW� EHIRUH�DQG�DIWHU� ODEHO�.(<���\RX
OO� VHH� IRXU� OLQHV� WKDW�KDYH�EHHQ
�FRPPHQWHG�RXW��ZLWK�DQ�DVWHULVN��,I�\RX�HUDVH�WKH�DVWHULVNV�IURP�WKHVH�OLQHV��WKH�SURJUDP�ZRQ
W�ZDLW
IRUHYHU�IRU�\RX�WR�SUHVV�D�NH\�DIWHU�GLVSOD\LQJ�D�VKXIIOHG�GHFN��,W�ZLOO�ZDLW�SUHFLVHO\� IRXU�DQG�����WK
VHFRQGV��WKHQ�ZLOO�UH�VKXIIOH�DQG�GLVSOD\�DJDLQ��,I�\RX�GRQ
W�OLNH�IRXU�VHFRQGV��FKDQJH�WKH���LQ�WKH�OLQH�/,
5�������WR�VRPH�RWKHU�QXPEHU��DQG�WKDW
V�KRZ�PDQ\�VHFRQGV�WKH�SURJUDP�ZLOO�ZDLW�IRU�D�NH\VWURNH��7KH
OLPLW�LV�����LQ�WKLV�FDVH��ZKLFK�ZLOO�ZDLW�DERXW�������PLQXWHV��3UHVVLQJ�D�NH\�GXULQJ�WKLV�LQWHUYDO�ZLOO�KDYH
WKH�VDPH�HIIHFW�DV�EHIRUH��FDXVLQJ�D�QHZ�VKXIIOH�LPPHGLDWHO\��)RU�WKRVH�ZKR�JHW�0,&52SHQGLXP�RQ�GLVN�
ZH
YH�LQFOXGHG�WKH�ILOH�6+8))/(�2��VR�\RX�FDQ�WU\�WKLV�RXW�ZLWKRXW�KDYLQJ�WR�DVVHPEOH�LW�
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,Q�WKLV�SURJUDP��ZH
YH��ERUURZHG��WKH�VWDQGDUG�FKDUDFWHU�GHILQLWLRQV�IRU���WKURXJK����$��-��4��DQG�.��WKHQ
SXW�LQ�RXU�RZQ�VSHFLDO�FKDUDFWHU�IRU�����VR�WKDW����FDQ�JHW�SULQWHG�DV�MXVW�RQH�FKDUDFWHU��<RX�PLJKW�ZDQW
WR�GHVLJQ�\RXU�RZQ�FKDUDFWHUV�IRU�WKH�QXPEHUV�DQG�OHWWHUV��PDNLQJ�WKHP�D�ELW�QDUURZHU�VR�WKH\
OO�ORRN
EHWWHU�ZLWK�WKH����FKDUDFWHU��<RX�PLJKW�DOVR�ZDQW�WR�PDNH�VLQJOH�FKDUDFWHU�VXLW�V\PEROV�VR�WKH\�QHHGQ
W
WDNH�XS�VR�PXFK�VFUHHQ�VSDFH��DQG�\RX�PLJKW�ZDQW�WR�VKLIW�WKH�GHILQLWLRQV�DURXQG�VR�WKDW�WKH�QXPEHUV�JR
IURP�� ��WKURXJK��� $FH��,Q�VRPH�FDUG�JDPHV�WKDW�ZRXOG�PDNH�HYDOXDWLQJ�KDQGV�HDVLHU�WKDQ�WKH
PDSSLQJ�ZH
YH�XVHG�KHUH��DV�DQ�$FH�DW����ZRXOG��EHDW��D�.LQJ�DW����

7KH�UHVW�LV�XS�WR�\RX��GHDU�UHDGHU��8VLQJ�WKLV��EDVHOLQH��\RX�FRXOG�PDNH�VRPH�IDVFLQDWLQJ�JDPHV�WKDW�XVH
RUGLQDU\�GHFNV�RI�FDUGV��<RX�FRXOG�DGG���-RNHUV��PDNH�FDUG�RXWOLQHV��DQG�VR�RQ��)RU�D�UHDO�FKDOOHQJH��WU\
PDNLQJ�WKLV�RYHU�LQWR�D�3LQRFKOH�GHFN�ZLWK�LWV����FDUGV�DQG�PXOWLSOH�VDPH�VXLW�DQG�YDOXHV��<RX
YH�QRZ�JRW
\RXU�ZRUN�FXW�RXW�IRU�\RX��EXW�ZLWK�WKLV��OHJ�XS��LQ�WRGD\
V�6LGHEDU��LW�VKRXOG�EH�D�ELW�HDVLHU��0D\�WKH�OXFN
RI�WKH�GUDZ�JR�ZLWK�\RX�DOZD\V��
%\H�IRU�QRZ�

* SIDEBAR 56
* A COMPLETE PROGRAM
*
* SHUFFLE/S
* SHUFFLES 52 CARDS
* AND DISPLAYS THEM
*   Code by Bruce Harrison
*   PUBLIC DOMAIN
*   6 JANUARY 1995
*
       DEF START         ENTRY POINT
       REF VSBW,VMBW,VMBR,VWTR,KSCAN REF UTILS
START  LWPI WS           USE OUR WORKSPACE
       CLR  @>8374       CLEAR KEY-UNIT
*
* NEXT SECTION AWAITS KEYPRESS AND THEN
* PROPERLY SEEDS THE RANDOM NUMBER
*
       MOV  @>8378,R8    CAPTURE VERTICAL COUNT
       ANDI R8,1         JUST LEAST SIGNIFICANT BIT
       LI   R1,PAK       "PRESS ANY KEY..."
       LI   R0,11*32+4   ROW 12, COL 5
       LI   R2,22        22 CHARS
       BLWP @VMBW        WRITE THAT
KEY0   MOV  @>83D6,R10   SCRN TIMEOUT TO R10
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS.
       LIMI 0            STOP INTS.
       CB   @>837C,@ANYKEY KEY PRESSED?
       JNE  KEY0         IF NOT, REPEAT
       MOVB @>8379,R10   VERT TIME TO R10
       A    R8,R10       ADD 1 OR 0 FROM R8
       MOV  R10,@>83C0   R10 TO RAND SEED
       CLR  @>8378       CLEAR VERT TIMER
*
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* NEXT SECTION ERASES THE "PRESS ANY KEY"

       MOVB @ANYKEY,R1   >20 (SPACE) TO R1
CLR0   BLWP @VSBW        WRITE A SPACE
       INC  R0           MOVE ONE TO RIGHT
       DEC  R2           DEC COUNT
       JNE  CLR0         RPT IF NOT 0
*
* NEXT SECTION SETS COLORS FOR CHAR SETS
* 0 THROUGH 18 AT BLACK ON GRAY
*
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R4,19        19 BYTES
       LI   R1,>1E00     BLACK ON GRAY
COLOR  BLWP @VSBW        WRITE ONE
       INC  R0           POINT AHEAD
       DEC  R4           DEC COUNT
       JNE COLOR         RPT IF NOT 0
*
* NEXT SECTION MAKES CARD CHARACTER DEFINITIONS
* USING NUMBERS AND LETTERS WHERE NEEDED
*
       LI   R0,>32*8+>800 START AT DEF FOR "2"
       LI   R1,TBL1       TBL1 IS TEMP STORAGE
       LI   R2,64         8 CHARACTERS WORTH
       BLWP @VMBR         READ THOSE
       LI   R0,129*8+>800 START AT CHAR 129 DEF
       BLWP @VMBW         WRITE 2-9 DEFS THERE
       LI   R0,'A'*8+>800 CHAR DEF FOR "A"
       LI   R2,8         EIGHT BYTES
       BLWP @VMBR        READ CHAR PAT
       LI   R0,128*8+>800 CHAR DEF FOR 128
       BLWP @VMBW        WRITE 'A' CHARPAT THERE
       LI   R0,'J'*8+>800 CHAR DEF FOR "J"
       BLWP @VMBR        READ PATTERN
       LI   R0,138*8+>800 "J" CHAR IN CHR 138
       BLWP @VMBW        PUT "J" PAT THERE
       LI   R0,'Q'*8+>800 "Q" CHAR PAT
       BLWP @VMBR        READ THAT
       LI   R0,139*8+>800 139 CHAR
       BLWP @VMBW        WRITE "Q" PAT THERE
       LI   R0,'K'*8+>800 "K" CHAR PAT
       BLWP @VMBR         READ
       LI   R0,140*8+>800 140 CHAR PAT
       BLWP @VMBW        WRITE "K" PAT THERE
       LI   R0,137*8+>800 137 CHAR
       LI   R1,SPCHAR     SPECIAL CHAR "10"
       BLWP @VMBW         WRITE "10" PAT THERE
*
* NEXT SECTION COPIES 13 CARD NUMBERS INTO
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* AREA FROM CHR 160 - 172 DEFINITIONS
* FOR THE RED CARD CHARACTERS
*
       LI   R0,128*8+>800 128 CHAR PAT
       LI   R2,104        104 BYTES (13 CHARS)
       LI   R1,TBL1       TEMP STORAGE
       BLWP @VMBR         READ 13 CHAR PATS
       LI   R0,160*8+>800 CHAR 160 PAT
       BLWP @VMBW         WRITE 13 CHARS THERE
*
* NEXT SECTION DEFINES CHARS 144 THRU 159 AS
* SUIT SYMBOLS (4 CHARS EACH)
*
       LI   R0,144*8+>800 CHAR 144 PATTERN
       LI   R1,CHR144     SUIT CHARS
       LI   R2,128        16 CHAR PATS
       BLWP @VMBW         WRITE THOSE
*
* NEXT SETS COLORS FOR CHAR SETS 19, 20 & 21 TO RED ON GRAY
*
       LI   R1,>6E00      RED ON GRAY
       LI   R0,>380+19    CHAR SET 19 COLOR BYTE
       BLWP @VSBW         WRITE
       INC  R0            CHAR SET 20
       BLWP @VSBW         WRITE
       INC  R0            CHAR SET 21
       BLWP @VSBW         WRITE
*
* NEXT SECTION BUILDS DECK IN TBL1
* THEN SHUFFLES THAT INTO TBL2
*
SHUFLE CLR  R3            SET R3=0
       LI   R9,TBL1       POINT AT TBL1
       LI   R4,52         52 CARDS
       A    @>8378,@>83C0 ADJUST SEED
BLDTBL MOVB R3,*R9+       LEFT BYTE  R3 TO TABLE
       AI   R3,>100       INC LEFT BYTE R3
       DEC  R4            DEC COUNT
       JNE  BLDTBL        RPT IF NOT 0
       SWPB R3            SWAP BYTES IN R3
*
* R3 NOW CONTAINS 52
*
       LI   R10,TBL2      POINT AT TBL2
RANDNO LI   R4,28645      BIG NUMBER IN R4
       MPY  @>83C0,R4     MULTIPLY BY SEED
       AI   R5,31417      ADD BIG NUMBER
       MOV  R5,@>83C0     RESULT TO SEED
       CLR  R4            CLEAR HI WORD
       DIV  R3,R4         DIVIDE BY R3
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       MOVB @TBL1(R5),*R10+ GET BYTE FROM TBL1 TO TBL2
       MOVB @TBL1-1(R3),@TBL1(R5) REPLACE THE USED ONE
       DEC  R3            DEC COUNT IN R3
       JNE  RANDNO        RPT IF NOT 0
*
* AT THIS POINT TBL2 HAS 52 BYTES RANGING FROM 0 THROUGH 51
* IN RANDOM ORDER, EACH VALUE ONLY ONCE
*
* NEXT SECTION DISPLAYS ALL 52 CARDS ON SCREEN
*
       LI   R0,32+3       ROW 2, COL 4
       MOV  R0,R13        SAVE R0 IN R13
       LI   R9,TBL2       SHUFFLED DECK IN TBL2
       LI   R5,52         52 CARDS TO SHOW
       LI   R6,13         13 IN R6
NXT0   LI   R4,6          6 CARDS PER ROW
NEXT   MOVB *R9+,R2       GET CARD VALUE
       SRL  R2,8          RT. JUST.
       CLR  R1            R1=0
       DIV  R6,R1         DIV R1-R2 BY 13
*
* AT THIS POINT R1 CONTAINS QUOTIENT RANGING FROM 0 THRU 3
* THIS IS THE "SUIT" FOR THIS CARD WITH 0=SPADES, 1=CLUBS
* 2=HEARTS, 3=DIAMONDS
*
* R2 CONTAINS REMAINDER IN THE RANGE 0 THRU 12
* THIS IS THE NUMBER OF THE CARD, WHERE:
* 0=ACE, 1=DEUCE, 2=TREY ... 10=JACK, 11=QUEEN, 12=KING
*
       CI   R1,2          IS R1<2?
       JLT  SHL           IF LESS, JUMP
*
* IF SUIT IS BELOW 2, BLACK NUMBERS
* ELSE MOVE NUMBER TO RED CHARACTERS
*
       AI   R2,32         ELSE ADD OFFSET FOR RED
*
* FOLLOWING PUTS 4 CHARS OF SUIT SYMBOL ON SCREEN
*
SHL    SLA  R1,2          MULTIPLY R1 BY 4
       AI   R1,144        ADD 144
       SWPB R1            SWAP BYTES
       BLWP @VSBW         WRITE ONE BYTE
       AI   R0,32         DOWN ONE ROW
       AI   R1,>100       NEXT CHAR
       BLWP @VSBW         WRITE
       AI   R0,-31        UP ONE, ONE RT.
       AI   R1,>100       NEXT CHAR
       BLWP @VSBW         WRITE
       AI   R0,32         DOWN ONE
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       AI   R1,>100       NEXT CHAR
       BLWP @VSBW         WRITE
*
* FOLLOWING PUTS THE CARD NUMBER ON SCREEN
*
       MOV  R2,R1         GET CARD NUMBER
       AI   R1,128        ADD OFFSET 128
       AI   R0,-34        MOVE TO LEFT AND UP
       SWPB R1            SWAP BYTES
       BLWP @VSBW         WRITE CARD NUMBER
       AI   R0,6          MOVE 6 TO RIGHT
       DEC  R5            DEC R5 COUNT (52 CARDS)
       JEQ  KEY           IF ZERO, WE'RE FINISHED
       DEC  R4            DEC CARDS ON ONE ROW COUNT
       JNE  NEXT          JUMP TO NEXT IF NOT 0
       AI   R13,64        ADD 2 ROWS TO R13
       MOV  R13,R0        PUT THAT IN R0
       JMP  NXT0          THEN ANOTHER ROW
*
* NEXT SECTION PUTS LEGENDS AT BOTTOM, AWAITS KEY PRESS
*
KEY    LI   R0,20*32+4    ROW 21, COL 5
       LI   R1,ENTMSG     ENTER MESSAGE
       LI   R2,23         23 CHARS
       BLWP @VMBW         WRITE
       A    R2,R1         NEXT MSG
       AI   R0,64         TWO ROWS DOWN
       BLWP @VMBW         WRITE THAT
*      LI   R0,120*4      TIME IN 120THS SECOND
*      CLR  @>83D6        CLEAR TIMEOUT COUNT
KEY1   BLWP @KSCAN        SCAN KEYBRD
       LIMI 2             INT ON
       LIMI 0             INT OFF
*      C    @>83D6,R0     CHECK TIME
*      JGT  SHUFLE        IF UP, RE-SHUFFLE
       CB   @>837C,@ANYKEY KEY STRUCK?
       JNE KEY1           RPT IF NOT
       CB   @>8375,@ENTERV "ENTER" STRUCK?
       JEQ  EXIT          EXIT IF SO
       B    @SHUFLE       ELSE NEW SHUFFLE
EXIT   LWPI >83E0         LOAD GPL WORKSPACE
       B    @>6A          GO TO GPL INTERPRETER
*
* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
*
* CHR144 IS START OF DATA FOR SUIT SYMBOLS
* FOR SPADE, CLUB, HEART, AND DIAMOND
*
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CHR144 DATA >0103,>0707,>0F0F,>1F1F  \
       DATA >3F7F,>7F7D,>3101,>0307   | SPADE SYMBOL
       DATA >80C0,>E0E0,>F0F0,>F8F8   |
       DATA >FCFE,>FEBE,>8C80,>C0E0  /

       DATA >0103,>0707,>0331,>79FF  \
       DATA >FF79,>3101,>0103,>070F   | CLUB SYMBOL
       DATA >80C0,>E0E0,>C08C,>9EFF   |
       DATA >FF9E,>8C80,>80C0,>E0F0  /

       DATA >183C,>7EFF,>FFFF,>FF7F  \
       DATA >3F3F,>1F1F,>0F07,>0301   | HEART SYMBOL
       DATA >183C,>7EFF,>FFFF,>FFFE   |
       DATA >FCFC,>F8F8,>F0E0,>C080  /

       DATA >0103,>070F,>1F3F,>7FFF  \
       DATA >FF7F,>3F1F,>0F07,>0301   | DIAMOND SYMBOL
       DATA >80C0,>E0F0,>F8FC,>FEFF   |
       DATA >FFFE,>FCF8,>F0E0,>C080  /
*
* SPCHAR IS 10 AS ONE 8X8 CHARACTER
*
SPCHAR DATA >0046,>C949,>4949,>4946
TBL1   BSS  52           UNSHUFFLED DECK
TBL2   BSS  52           SHUFFLED DECK
ENTMSG TEXT 'PRESS ENTER TO EXIT PGM'
ANYMSG TEXT 'ANY OTHER KEY TO REPEAT'
PAK    TEXT 'PRESS ANY KEY TO BEGIN'
ENTERV BYTE 13           ENTER KEY VALUE
ANYKEY BYTE >20          HEX 20 TO COMPARE
       END



The Cyc: MICROpendium

1.57. The Art Of Assembly — Part 57. We Interrupt This Program. . .

%\�%UXFH�+DUULVRQ

:H�JHW�OHWWHUV�IURP�UHDGHUV��DQG�HYHQ�SKRQH�FDOOV�QRZ�DQG�WKHQ��7KLV�WLPH�0U��7HUU\�%ORYDV�FDOOHG�WR�DVN
DERXW�WKH�XVH�RI�8VHU�,QWHUUXSWV��+LV�JRDO�ZDV� WR�UHDG�WKH�&RU&RPS�UHDO�WLPH�FORFN�GXULQJ�D�8VHU
,QWHUUXSW�DQG�WR�SODFH�WKH�WLPH�RQ�VFUHHQ�ZKLOH�RWKHU�SURJUDPV�ZHUH�UXQQLQJ�LQ�WKH��IRUHJURXQG���7KH
UHDGLQJ�RI�WKH�FORFN�ZRXOG�KDYH�WR�EH�GRQH�E\�D�'65/1.�RSHUDWLRQ��DQG�KH�ZDV�FRQFHUQHG�DERXW�ZKHWKHU
WKH�'65/1.�FRXOG�EH�PDGH�WR�RSHUDWH�GXULQJ�D�8VHU�,QWHUUXSW�

1.57.1. It's Another YES, BUT!

7KH�DQVZHU�LV�\HV��\RX�FDQ�RSHUDWH�D�'56/1.�RSHUDWLRQ�GXULQJ�D�8VHU�,QWHUUXSW��EXW�WKHUH�DUH�VRPH
XQH[SHFWHG�VLGH�HIIHFWV�IURP�VXFK�DQ�RSHUDWLRQ��$IWHU�VHQGLQJ�RII�VRPH�TXLFN�KHOS�WR�0U��%ORYDV��ZH
VWDUWHG�GRLQJ�VRPH�H[SHULPHQWLQJ�ZLWK�WKH�FRPELQDWLRQ�RI�'65/1.�DQG�8VHU�,QWHUUXSW��7R�JLYH�\RX�DQ
DSSUHFLDWLRQ�IRU�WKH�VWUDQJH�LQWHUDFWLRQ��ZH
OO�VWDUW�WRGD\
V�FROXPQ�ZLWK�D�VLPSOHU�FDVH��LQ�ZKLFK�WKLQJV
EHKDYH�DV�ZH�H[SHFW�WKHP�WR�

7KH�ILUVW�SDUW�RI�WRGD\
V�6LGHEDU�LV�D�OLWWOH�H[SHULPHQW�WKDW�XVHV�WKH�8VHU�,QWHUUXSW�WR�ZULWH�WR�9'3�5$0�
7KLV�LV�MXVW�D��QRQVHQVH��SURJUDP�FDOOHG�$7(;��,W�VORZO\�ILOOV�WKH�VFUHHQ�ZLWK�WKH��#��V\PERO�E\�ZULWLQJ
RQH�SHU�����WK�VHFRQG�YLD�D�8VHU�,QWHUUXSW��:KHQ�WKDW
V�ILQLVKHG��LW�VZDSV�WKH�E\WHV�LQ�5���DQG�VWDUWV�DJDLQ
DW�WKH�WRS�RI�WKH�VFUHHQ��VR�WKDW�VSDFH�FKDUDFWHUV�JHW�ZULWWHQ�LQ�D�VLPLODU�IDVKLRQ��VORZO\�FOHDULQJ�WKH
VFUHHQ��-XVW�WR�VKRZ�LW�FDQ�EH�GRQH��WKH�LQWHUUXSW�WKHQ�SXWV�WKH�OHJHQG��),1,6+('�$�&<&/(��LQ�WKH
PLGGOH�RI�WKH�VFUHHQ��DQG�VWDUWV�RYHU�DJDLQ�ZLWK�WKH��#��V\PERO�

:KLOH�DOO�WKLV�LV�KDSSHQLQJ�GXULQJ�WKH�LQWHUUXSWV��WKH�PDLQ�SURJUDP�LV�MXVW�F\FOLQJ�HQGOHVVO\�WKURXJK�WKH
�.H\�ORRS��DW�ODEHO�.(<,1��6R�ORQJ�DV�QR�NH\�LV�SUHVVHG��WKLV�ZLOO�FRQWLQXH�DOO�GD\��,I�D�NH\�LV�SUHVVHG��WKH
PDLQ�SURJUDP�ZLOO�H[LW�LWV�ORRS��FOHDU�WKH�ZRUG�DW�!��&���ORDG�WKH�*3/�ZRUNVSDFH��DQG�WKHQ�JR�EDFN�WR
WKH�*3/�,QWHUSUHWHU��7KLV�DOO�ZRUNV�DV�SODQQHG��VR�WKH�NH\�ORRS�GRHV�VHQVH�D�NH\SUHVV��DQG�WKH�LQWHUUXSW
JRHV�DERXW�LWV�EXVLQHVV�EHFDXVH�WKH�ORRS�LQFOXGHV�/,0,���DQG�/,0,����0U��%ORYDV�ZDV�XQGHU�WKH�LPSUHVVLRQ
WKDW�\RX�FRXOGQ
W�ZULWH�WR�9'3�GXULQJ�DQ�LQWHUUXSW��VR�ZH�VHQW�DORQJ�D�FRS\�RI�$7(;�WR�VKRZ�KLP�WKDW
WKLV�FRXOG�LQGHHG�EH�GRQH��ERWK�E\�96%:�DQG�90%:���<RX�FDQ�DOVR�UHDG�IURP�9'3�E\�96%5�DQG�90%5
GXULQJ�DQ�LQWHUUXSW���7R�DGG�VRPH�H[FLWHPHQW��\RX�FDQ�FRPPHQW�RXW�WKH�LQVWUXFWLRQ�&/5�#!��&��MXVW
DIWHU�-1(�.(<,1��:KHQ�WKDW
V�DVVHPEOHG�DQG�UXQ��SUHVVLQJ�D�NH\�ZLOO�JHW�\RX�RXW�RI�WKH�SURJUDP�WR�(�$
V
35(66�(17(5�72�&217,18(��EXW�WKH�LQWHUUXSW�ZLOO�FRQWLQXH�GRLQJ�LWV�WKLQJ��HYHQ�DIWHU�\RX
YH�SUHVVHG
ENTER��REOLWHUDWLQJ�WKH�(�$�0DLQ�PHQX�LQ�GXH�FRXUVH�
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1.57.2. But With DSRLNK, . . .

,Q�WKH�VHFRQG�SDUW�RI�WKH�6LGHEDU�LV�DQRWKHU�SURJUDP��DQG�WKLV�RQH�XVHV�'65/1.�GXULQJ�WKH�LQWHUUXSW�
0U��%ORYDV�ZDV�XQGHU�WKH�LPSUHVVLRQ�WKDW�'65/1.�ZDV�LWVHOI�DQ�LQWHUUXSW��:H�DVVXUHG�KLP�WKDW�WKH�7,
'65/1.�LV�QRW�LWVHOI�DQ�LQWHUUXSW��DQG�WKDW�LW�VKRXOG�EH�DEOH�WR�RSHUDWH�GXULQJ�RQH��+HUH�ZH
YH�VHW�LW�XS
VR�WKDW�RQ�WKH�ILUVW�SDVV�WKURXJK�WKH�LQWHUUXSW�F\FOH��WKH�LQWHUUXSW�RSHQV�WKH�SURJUDP
V�VRXUFH�ILOH�IRU
LQSXW��WKHQ�RQ�HDFK�VXFFHVVLYH�F\FOH�LW�UHDGV�D�UHFRUG�IURP�WKDW�ILOH��7R�VDYH�RXUVHOYHV�WURXEOH��ZH�SODFHG
WKH�9'3�%XIIHU�IRU�WKLV�ILOH�DFFHVV�DW�WKH�VWDUW�RI�5RZ����LQ�WKH�VFUHHQ��7KLV�ZD\�ZH�JHW�WR�VHH�WKH�UHFRUGV
DV�WKH\�FRPH�LQ�IURP�WKH�GLVN�ZLWKRXW�KDYLQJ�WR�SXW�WKHP�RQ�VFUHHQ�RXUVHOYHV�

:H�LPPHGLDWHO\�UDQ�LQWR�VRPH�GLIILFXOW\��)LUVW��WKH�'65/1.�XVHV�SDUWV�RI�WKH�&38�5$0�3DG�WR�GR�LWV
ZRUN�� DQG� WKLV� WHQGHG� WR�PHVV�XS� WKH�RSHUDWLRQ�RI� WKH�PDLQ�SURJUDP��7KXV�ZH�SXW� LQ� ORRSV�DW� WKH
EHJLQQLQJ�DQG�HQG�RI�WKH�LQWHUUXSW
V�FRGH�WR�VWDVK�DZD\�WKH�����E\WHV�VWDUWLQJ�DW�!������WKHQ�WR�SXW�WKRVH
EDFN�EHIRUH�OHDYLQJ�WKH�LQWHUUXSW�FRGH��7KDW�DOORZHG�WKLQJV�WR�SURFHHG��DQG�VXUH�HQRXJK�WKH�VRXUFH�ILOH
V
FRQWHQWV�JHW�VKRZQ�RQ�VFUHHQ��RQH�UHFRUG�HDFK�����WK�RI�D�VHFRQG��7KHUH�ZDV�MXVW�RQH�KLWFK��:KLOH�WKLV�ILOH
ZDV�RSHQ��SUHVVLQJ�D�NH\�KDG�QR�HIIHFW�DW�DOO��2QO\�DIWHU�WKH�ILOH�ZDV�FORVHG�DQG�WKH�LQWHUUXSW�GLVDEOHG
ZRXOG�RXU�PDLQ�SURJUDP
V�%/:3�#.6&$1�KDYH�DQ\�HIIHFW��7KH�SURJUDP�EHKDYHV�DV�LI�.6&$1�ZHUH�D
FRXSOH�RI�123�LQVWUXFWLRQV�DV�ORQJ�DV�WKH�,QWHUUXSW�F\FOH�KDV�D�ILOH�RSHQHG��:H�NQRZ�WKDW�WKH�PDLQ
SURJUDP�LV�VWLOO�H[HFXWLQJ��EXW�.6&$1�MXVW�GRHVQ
W�ZRUN��7R�UH�DVVXUH�RXUVHOYHV��ZH�ZURWH�D�GLIIHUHQW
YHUVLRQ�RI�WKLV�SURJUDP��LQ�ZKLFK�WKH�'65/1.�KDSSHQV�LQ�WKH�PDLQ�SURJUDP��QRW�GXULQJ�DQ�LQWHUUXSW�
DQG�LQ�WKDW�FDVH�.6&$1�FRQWLQXHV�WR�IXQFWLRQ�DV�XVXDO�ZKLOH�WKH�ILOH�LV�RSHQ�

1RZ�EHIRUH�WKH�OHWWHUV�FRPH�LQ��ZH
OO�DGPLW�WKDW�ZH�GRQ
W�NQRZ�ZK\�WKLV�LV�VR��:H
YH�QRVHG�DURXQG�LQ
.6&$1�ZLWK�D�GLV�DVVHPEOHU��DQG�KDYHQ
W� IRXQG�DQ\�FOXHV�DV�WR�KRZ�.6&$1�FRXOG� �NQRZ�� WKDW�DQ
LQWHUUXSW�KDG�D�ILOH�RSHQHG��QRU�KRZ�WKDW�ZRXOG�DIIHFW�.6&$1
V�RSHUDWLRQ��7KHUH�SUREDEO\�LV�D�UHDVRQ�IRU
WKLV�EHKDYLRU��EXW�7,�LVQ
W�VD\LQJ��DQG�ZH�KDYHQ
W�ILJXUHG�RXW�HLWKHU�WKH�ZK\�RU�WKH�KRZ��,I�DQ\�RI�RXU
UHDGHUV�NQRZV��ZH
G�EH�YHU\�KDSS\�WR�KHDU�IURP�WKDW�UHDGHU�

1.57.3. It Gets Worse

8S�WR�WKLV�SRLQW��ZH
UH�WDONLQJ�DERXW�WKH�'65/1.�YHFWRU�WKDW
V�EXLOW�LQWR�WKH�(�$�PRGXOH��RSHUDWLQJ�IURP
ORZ�PHPRU\�XQGHU�(�$�2SWLRQ����,Q�DQWLFLSDWLRQ�RI�WKH�QHHG�WR�RSHUDWH�RXWVLGH�WKH�(�$�HQYLURQPHQW��ZH
WULHG�XVLQJ�WKH�:DUUHQ�0LOOHU�JHQHUDO�SXUSRVH�*3/�'65�OLQN�YHFWRUV��7KLV�FUHDWHG�\HW�DQRWKHU�SUREOHP�
7KH�:DUUHQ�0LOOHU�'65/1.�XVHV�LWV�*3//1.�WR�SHUIRUP�WKH�ILOH�RSHUDWLRQV��DQG�WKDW�LQWURGXFHV�DQRWKHU
FRPSOLFDWLRQ��LQ�WKDW�WKH�*3//1.�EUDQFKHV�WR�!�����LQ�WKH�&RQVROH�520��:KHQ�WKH�FRGH�VWDUWLQJ�DW
!�����UXQV��WKHUH
V�D�/,0,���DQG�/,0,���DW�!�����WKUX�!������7KLV�ZLOO�FDXVH�D�UH�HQWU\�LQWR�RXU�XVHU
LQWHUUXSW��ZKLFK�RI�FRXUVH�ZH�FDQ
W�KDQGOH��7KXV�LQ�WKH�FDVH�RI�WKH�:$55(1�0,//(5�'65/1.��ZH�KDYH
WR�LQVHUW�DQ�LQVWUXFWLRQ�LQWR�RXU�LQWHUUXSW�FRGH�LWVHOI�WR�VKXW�RII�WKH�XVHU�LQWHUUXSW�EHIRUH�SURFHHGLQJ�WR
WKH�'65/1.�SDUW��7KDW
V�VKRZQ�DV�D�FRPPHQWHG�RXW�OLQH�MXVW�DIWHU�-1(�3873$'�LQ�WKH�6LGHEDU��'RLQJ
LW�WKLV�ZD\�PHDQV�WKDW�DIWHU�WKH�LQWHUUXSW�FRGH�LV�ILQLVKHG�IRU�RQH�F\FOH��WKH�ORRS�DW�*(73$'�ZLOO�SXW�EDFN
WKH�SUHYLRXV�VWDWH�RI�!��&���WKXV�UH�DFWLYDWLQJ�WKH�XVHU�LQWHUUXSW�IRU�WKH�QH[W�F\FOH�
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7KLV�LV�JHWWLQJ�SUHWW\�PXGG\��LVQ
W�LW"�:HOO�OHW
V�MXVW�JR�RQ�ZLWK�ZKDW�KDSSHQV�ZKHQ�WKH�HQG�RI�ILOH�LV
UHDFKHG��7KH�FRGH�DW�ODEHO�&/6)��H[HFXWHV��ILUVW�FORVLQJ�WKH�RSHQ�ILOH��WKHQ�FOHDULQJ�WKH��ILOH�RSHQ��IODJ�
DQG�WKHQ�WKHUH
V�WKDW�P\VWHULRXV�LQVWUXFWLRQ�&/5�#6$93$'�!&���:KDW
V�7KDW"�%\�FOHDULQJ�WKH�ZRUG
DW�6$93$'�!&���ZH�DOORZ�WKH�FRGH�VWDUWLQJ�DW�&+(;�WR�SXW�EDFN�WKH�5$0�3DG�FRQWHQWV�DV�EHIRUH��EXW
ZKHQ�WKLV�LV�GRQH��WKH�ZRUG�DW�!��&��ZLOO�EH�FOHDUHG��VR�RXU�XVHU�LQWHUUXSW�ZLOO�QR�ORQJHU�EH�LQ�HIIHFW�

1.57.4. Other Things To Try

7KHUH�DUH�VRPH�QLIW\�OLWWOH�H[SHULPHQWV�\RX�FDQ�GR�ZLWK�WKH�VWXII�LQ�WRGD\
V�6LGHEDU��)RU�H[DPSOH��ZKHQ
WKH�ILOH�HQG�LV�UHDFKHG�LQ�UXQQLQJ�'65(;��SUHVVLQJ�WKH�SPACE BAR ��RU�DQ\�RWKHU�NH\�EXW�ENTER�ZLOO
FDXVH�WKH�ILOH�WR�EH�UH�RSHQHG�DQG�VKRZQ�DJDLQ��,I�\RX
UH�UHDOO\�FXULRXV��WU\�SUHVVLQJ�FCTN-= (QUIT)�ZKLOH
WKH�ILOH�UHFRUGV�DUH�IODVKLQJ�E\��7KH�ILOH�DFFHVV�ZLOO�VWRS�ZKLOH�\RX
UH�KROGLQJ�GRZQ�FCTN =��WKHQ�VWDUW�XS
IURP�ZKHUH�LW�OHIW�RII�ZKHQ�\RX�UHOHDVH�HLWKHU�RI�WKRVH�NH\V��,I�\RX
UH�TXLFN�DERXW�LW��\RX�FDQ�VWRS�DQG�VWDUW
WKH�ILOH�UHDGLQJ�VHYHUDO�WLPHV�EHIRUH�WKH�HQG�LV�UHDFKHG��6RPHWKLQJ��KRZHYHU��ZLOO��UHPHPEHU��WKDW�\RX
SUHVVHG�FCTN =��VR�ZKHQ�WKH�ILOH�HQGV��\RX
OO�JR�EDFN�WR�WKH�VWDUWXS� WLWOH�VFUHHQ�RU�5DPGLVN�0HQX�
GHSHQGLQJ�KRZ�\RX
UH�FRQILJXUHG��:H�FRXOG�HYHQ�PDNH�D��JDPH�RI�WKLV��VHHLQJ�ZKR�FDQ�VWRS�WKH�ILOH�WKH
PRVW�WLPHV�EHIRUH�LW�HQGV��3HUKDSV�RXU�IULHQG�0LFNH\�&HQGURZVNL"�%XW�VHULRXVO\��IRONV��KHUH
V�\HW�DQRWKHU
P\VWHU\�LQ�WKH�LQQHU�ZRUNLQJV�RI�RXU�IDYRULWH�FRPSXWHU��DQG�ZH�KDYHQ
W�D�FOXH�ZKDW
V�GRLQJ�WKLV�WR�XV�

2XU�DGYLFH�WR�0U��%ORYDV�ZDV�WR�PDNH�VXUH�WKDW�KH�FORVHV�WKDW�ILOH�IURP�ZKLFK�KLV�WLPH�LQIRUPDWLRQ�FRPHV
EHIRUH�WKH�57:3�HQGV�KLV�LQWHUUXSW��,I�KH�KHHGV�WKDW�DGYLFH��WKHQ�KH
OO�PRVW�OLNHO\�EH�DEOH�WR�DFKLHYH�KLV
JRDO��DW�OHDVW�ZKLOH�KLV�RZQ�SURJUDPV�DUH�UXQQLQJ��2I�FRXUVH�KH
OO�VWLOO�KDYH�VRPH�RWKHU�SUREOHPV�WR
RYHUFRPH��)RU�H[DPSOH��LI�WKH�FORFN�IXQFWLRQ�LV�WR�ZRUN�RQ�EDFNJURXQG�ZKLOH�RWKHU�SURJUDPV�DUH�UXQQLQJ�
KH
OO�KDYH�WR�ILQG�D��VDIH��SODFH�IRU�KLV�LQWHUUXSW�FRGH��VR�WKDW�WKH�SURJUDPV�KH�ORDGV�ZRQ
W�RYHUZULWH�KLV
LQWHUUXSW�FRGH��7KDW�FRXOG�WXUQ�RXW�WR�EH�D��NLOOHU���VLQFH�SHRSOH�ZKR�ZULWH�SURJUDPV�IRU�WKH�7,�XVXDOO\
GRQ
W�DQWLFLSDWH�KDYLQJ�WR�OHDYH�URRP�IRU�RWKHU�WKLQJV�LQ�WKH�H[SDQVLRQ�PHPRU\�

6LQFH�ZH�ZULWH�WKHVH�WKLQJV�VR�IDU�LQ�DGYDQFH��ZH
YH�VHQW�0U��%ORYDV�D�FRS\�RI�DOO�WKLV�ORQJ�EHIRUH�LW�DSSHDUV
KHUH�LQ�\RXU�0,&52SHQGLXP��3HUKDSV�E\�WKH�WLPH�\RX�VHH�WKLV��KH
OO�KDYH�KLV�EDFNJURXQG�FORFN�GLVSOD\
ZRUNLQJ��DW�OHDVW�RQ�KLV�RZQ�V\VWHP��:H�GRQ
W�KDYH�DQ\�UHDO�WLPH�FORFN�RQ�RXU�RZQ�V\VWHPV��VR�ZH�FDQ
W
HYHQ�WHVW�KLV�FRGH�IRU�KLP�

2QFH�DJDLQ�ZH
YH�GHPRQVWUDWHG�KRZ� IDU�ZH
OO� JR� WR�KHOS�RXW� DQ\� RI� RXU� UHDGHUV��<RX�� WRR� FDQ� WDNH
DGYDQWDJH�RI�RXU�QDWXUH�E\�VHQGLQJ�DQ\�SOHD�IRU�KHOS��HLWKHU�WKURXJK�5($'(5�72�5($'(5�RU�GLUHFW
WR�\RXU�DXWKRU��:H
OO�HYHQ�SURPLVH�WR�VSHOO�\RXU�QDPH�FRUUHFWO\��:H
UH�DYDLODEOH�DW�

%UXFH�+DUULVRQ
�������WK�3ODFH
+\DWWVYLOOH�0'������
8�6�$�
3KRQH���������������
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*
* SIDEBAR 57
* PLAYING WITH INTERRUPTS
*
*
* ATEX
* STORED AS ATEX/S
* EXPERIMENT WITH INTERRUPTS
* PUBLIC DOMAIN
*   CODE BY: Bruce Harrison
*
       REF VSBW,VMBW,KSCAN REF UTILITIES
       DEF START         DEFINE ENTRY POINT
*
* FIRST SECTION OF CODE JUST SETS THINGS UP
*
START  LWPI WS           LOAD OUR WORKSPACE
       MOV  @INTLOC,@>83C4 ACTIVATE INTERRUPT
       LI   R1,>2040     SPACE IN LEFT BYTE, @ IN RIGHT BYTE
*
* CODE AT SWAP1 GETS REPEATED AFTER SCREEN FINISHED
*
SWAP1  SWPB R1           SWAP SO WE START WITH @ IN LEFT BYTE R1
       CLR  R0           SCREEN ORIGIN
       LI   R2,768       768 TO GO
*
* MAIN PROGRAM CODE HERE JUST WAITS FOR A KEYPRESS,
* BUT KEEPS ALLOWING INTERRUPTS SO THE USER INTERRUPT
* WILL GET SERVICED
*
KEYIN  BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTERRUPTS ON
       LIMI 0            INTERRUPTS OFF
       MOV  R2,R2        IS R2 ZERO?
       JEQ  SWAP1        IF SO, BACK TO SWAP1
       CB   @>837C,@ANYKEY KEY PRESSED?
       JNE  KEYIN        IF NOT, REPEAT
       CLR  @>83C4       ELSE CLEAR USER INTERRUPT
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         BACK TO GPL INTERPRETER
*
* HERE'S THE INTERRUPT CODE
*
USRINT BLWP @CHVECT      USE CHVECT TO WRITE A CHARACTER
INTEX  RT                THEN RETURN TO INTERRUPT SERVICE ROUTINE
*
* THE VECTOR CHVECT DOES THE SCREEN WRITING
* IT USES THE MAIN CODE'S WORKSPACE
*
CHVECT DATA WS,CHG1      USES OUR OWN WORKSPACE, CODE AT CHG1
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CHG1   BLWP @VSBW        WRITE LEFT BYTE R1 TO SPOT POINTED BY R0
       INC  R0           POINT AT NEXT SPOT
       DEC  R2           DECREMENT COUNT IN R2
       JNE  CHEX         NOT FINISHED
       CB   R1,@ANYKEY   DOING SPACES?
       JNE  CHEX         IF NOT, JUMP
       MOV  R1,R3        STASH R1 FOR NOW
       LI   R0,11*32+5   ROW 12,COL 5
       LI   R1,FINMSG    FINISHED
       LI   R2,17        17 CHARACTERS
       BLWP @VMBW        WRITE THAT
       CLR  R2           THEN CLEAR REG 2
       MOV  R3,R1        GET OLD R1 BACK
CHEX   RTWP              RETURN WITH WORKSPACE POINTER
WS     BSS  32           OUR WORKSPACE
INTLOC DATA USRINT       INTERRUPT'S ADDRESS
FINMSG TEXT 'FINISHED A CYCLE'
ANYKEY BYTE >20          HEX 20 FOR COMPARISON
       END

* PART TWO
* THE DSR LINK PROBLEM
*
* DSREX
* STORED AS DSREX/S
* EXPERIMENT WITH INTERRUPTS
* PUBLIC DOMAIN
*   CODE BY: Bruce Harrison
*
       REF DSRLNK,VSBW,VSBR,VMBW,KSCAN
       DEF START         DEFINE ENTRY POINT
PAB    EQU  >1000        PAB LOCATION IN VDP RAM
BUF    EQU  11*32        BUFFER AT ROW 12, COL 1
PABPNT EQU  >8356        NAME LENGTH POINTER
STATUS EQU  >837C        GPL STATUS BYTE
*
* FIRST SECTION OF CODE JUST SETS THINGS UP
*
START  LWPI WS           LOAD OUR WORKSPACE
SETUI  MOV  @INTLOC,@>83C4 SET USER INTERRUPT
*
* MAIN PROGRAM CODE HERE JUST WAITS FOR A KEYPRESS,
* BUT KEEPS ALLOWING INTERRUPTS SO THE USER INTERRUPT
* WILL GET SERVICED
*
LIM    LIMI 2            INTERRUPTS ON
       LIMI 0            INTERRUPTS OFF
KEYIN  BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@STATUS KEY STRUCK?
       JNE  LIM          IF NOT, BACK TO LIM
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       CB   @>8375,@ENTERV "ENTER" PRESSED?
       JEQ  STPIT        IF SO, STOP
       JMP  SETUI        ELSE RE-SET USER INTERRUPT
STPIT  CLR  @>83C4       CLEAR USER INTERRUPT
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         BACK TO GPL INTERPRETER
*
* HERE'S THE INTERRUPT CODE
*
USRINT BLWP @DSVECT      USE DSVECT TO OPEN OR READ THE FILE
INTEX  RT                THEN RETURN TO INTERRUPT SERVICE ROUTINE
*
*
DSVECT DATA WS,DSRACT    USES OUR WORKSPACE, CODE AT DSRACT
DSRACT LI   R9,>8300     POINT AT RAM PAD
       LI   R10,SAVPAD   AND PLACE TO SAVE IT
       LI   R4,256       256 BYTES TO MOVE
PUTPAD MOVB *R9+,*R10+   MOVE A BYTE
       DEC  R4           DECREMENT COUNT
       JNE  PUTPAD       RPT IF NOT ZERO
*      CLR  @>83C4       KILL THE USRINT FOR NOW
       MOV  @F1FLG,R0    IS FILE OPEN?
       JNE  REDREC       IF YES, JUMP
FNOK   LI   R0,PAB       POINT AT PAB
       LI   R1,PABDT     AND PAB DATA
       MOV  @8(R1),R2    GET NAME LENGTH
       AI   R2,10        ADD 10
       BLWP @VMBW        WRITE PAB
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   PUT AT POINTER
       BLWP @DSRLNK      USE DSR LINKAGE
       DATA 8            FOR FILE ACCESS
F1OK   INC  @F1FLG       INDICATE FILE OPEN
REDREC LI   R0,PAB       POINT AT PAB
       MOVB @READF,R1    READ OPCODE
       BLWP @VSBW        WRITE THAT
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   PUT AT POINTER
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            DATA FOR FILE
       JNE  CLBU         IF NO ERROR, JUMP
       LI   R0,PAB+1     POINT AT PAB PLUS 1
       BLWP @VSBR        READ THE BYTE
       SRL  R1,13        SHIFT RIGHT
       CI   R1,5         "END OF FILE" ERROR?
       JEQ  CLSF1        IF SO, JUMP
       CLR  @SAVPAD+>C4  ELSE CLEAR USER INT
       JMP  CHEX         THEN JUMP
CLSF1  LI   R0,PAB       POINT AT PAB
       MOVB @CLSF,R1     CLOSE OPCODE
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       BLWP @VSBW        WRITE THAT
       AI   R0,9         ADD NINE
       MOV  R0,@PABPNT   TO POINTER
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            CLOSE FILE
       CLR  @F1FLG       CLEAR "OPEN" FLAG
       CLR  @SAVPAD+>C4  CLEAR USER INTERRUPT
       JMP  CHEX         THEN TO EXIT
CLBU   LI   R0,PAB+5     LENGTH OF RECORD
       BLWP @VSBR        READ THAT
       SRL  R1,8         RT. JUST.
       JEQ  CHEX         IF ZERO, JUMP
       LI   R2,80        MAX LENGTH
       S    R1,R2        SUBTRACT ACTUAL
       LI   R0,BUF       POINT AT BUFFER
       A    R1,R0        ADD ACTUAL
       MOVB @ANYKEY,R1   SPACE IN R1
CLRBUF BLWP @VSBW        WRITE A SPACE
       INC  R0           MOVE ONE SPOT
       DEC  R2           DEC COUNT
       JNE  CLRBUF       RPT. IF NOT ZERO
CHEX   LI   R9,SAVPAD    POINT AT SAVED RAMPAD
       LI   R10,>8300    AND AT RAMPAD
       LI   R4,256       256 BYTES
GETPAD MOVB *R9+,*R10+   MOVE ONE
       DEC  R4           DEC COUNT
       JNE  GETPAD       RPT. IF NOT ZERO
       RTWP              RETURN WITH WORKSPACE POINTER
WS     BSS  32           OUR WORKSPACE
SAVPAD BSS  256          SPACE TO SAVE RAMPAD
INTLOC DATA USRINT       INTERRUPT'S ADDRESS
F1FLG  DATA 0            "FILE OPEN" FLAG
PABDT  DATA >0014,BUF,>5000,>0000,>000C
       TEXT 'DSK1.DSREX/S'
ENTERV BYTE 13           ENTER KEY VALUE
READF  BYTE 2            READ OPCODE
CLSF   BYTE 1            CLOSE OPCODE
ANYKEY BYTE >20          HEX 20 FOR COMPARISON
       END
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1.58. The Art Of Assembly — Part 58. The Limits Of Randomness

%\�%UXFH�+DUULVRQ

7KLV�PRQWK�ZH
UH�WDNLQJ�\HW�DQRWKHU�ORRN�DW�WKH�VXEMHFW�RI�5DQGRP�1XPEHUV��<HV��LW�VHHPV�ZH
UH�GRLQJ
D�ORW�RI�WKDW��EXW�ZH�WKLQN�LW
V�LPSRUWDQW�WR�H[SORUH�VXFK�WRSLFV�WKRURXJKO\��HYHQ�LI�VRPH�RI�\RX�PLJKW
DFFXVH�XV�RI��EHDWLQJ�D�GHDG�KRUVH���7KH�VXEMHFW�WRGD\�LV�VRPH�OLPLWDWLRQV�ZH
YH�IRXQG�LQ�RXU�OLWWOH�5DQGRP
1XPEHU�DOJRULWKP�WKDW�ZH
YH�EHHQ�XVLQJ�IRU�VRPH�WLPH��:H�IRXQG�WKHVH�OLPLWV�PDLQO\�E\�GRLQJ�VRPH
H[SHULPHQWV�ZLWK��QRQVHQVH��SURJUDPV��WKUHH�RI�ZKLFK�DUH�SURYLGHG�LQ�WRGD\
V�6LGHEDU��7KHVH�SURJUDPV
DUH�QRW�JRLQJ�WR�FDXVH�DQ\�ELJ�VWLU�LQ�WKH�7,�&RPPXQLW\��EXW�ZLOO�VHUYH�WR�LOOXVWUDWH�RXU�OHVVRQ�

:H�VWDUWHG�WKLV�H[SHULPHQWLQJ�ZLWK�D�VLPSOH�LGHD��/HW
V�PDNH�D�SURJUDP�WKDW�UDQGRPO\�SXWV�WKH��#�
FKDUDFWHU�RQ�VFUHHQ�XQWLO�WKH�VFUHHQ�LV�ILOOHG�ZLWK�WKHP��WKHQ�HUDVH�WKHP�LQ�UDQGRP�IDVKLRQ�XQWLO�WKH
VFUHHQ�LV�FOHDUHG��7KDW�ZRUNHG�SUHWW\�PXFK�DV�H[SHFWHG��H[FHSW�WKDW�ZH�QRWLFHG�D�WHQGHQF\�IRU�FHUWDLQ
FROXPQV�WR�DOZD\V�JHW�ILOOHG�HDUO\�LQ�WKH�SURFHVV��7R�VHH�EHWWHU�ZKDW�ZDV�KDSSHQLQJ��ZH�WKHQ�FKDQJHG�RXU
SURJUDP�VR�WKDW�LQVWHDG�RI�WKH��#���ZH
G�XVH�D�UDQGRPO\�VHOHFWHG�FKDUDFWHU�LQ�WKH�UDQJH�RI����WKURXJK����
IRU�HDFK�UDQGRPO\�FKRVHQ�VFUHHQ�SRVLWLRQ��7KLV�PDNHV�D�QLFH��PHVV��RQ�WKH�VFUHHQ��:H�QRWLFHG��WKRXJK�
WKDW�RQ�DQ\�SDUWLFXODU�UXQ��ZH
G�JHW�RQO\�WKH�RGG�QXPEHUHG�FKDUDFWHUV�RU�RQO\�WKH�HYHQ�QXPEHUHG�RQHV�
:H�FRXOG�OHW�WKDW�UXQ�FRQWLQXH�DV�ORQJ�DV�ZH�ZDQWHG��DQG�VWLOO�VHH�RQO\�RGG�RU�RQO\�HYHQ�FKDUDFWHUV��:K\"
6WDUWLQJ�D�QHZ�UXQ�ZRXOG�FKDQJH�VRPHWLPHV�IURP�RGG�WR�HYHQ��EXW�ZH
G�QHYHU�VHH�ERWK�RGG�DQG�HYHQ�LQ
WKH�VDPH�UXQ�

1.58.1. The Even Divisor Problem

7R�H[DPLQH�WKLV�D�ELW�PRUH�VFLHQWLILFDOO\��ZH�GHYLVHG�D�GLIIHUHQW�WHVW�SURJUDP���3DUW���RI�WKH�6LGHEDU�
ZKLFK�MXVW�SXWV�WKH�UDQGRP�QXPEHUV�WKHPVHOYHV�RQ�WKH�VFUHHQ�XQWLO�ZH
YH�ILOOHG�LW�WR�WKH�ERWWRP��WKHQ
FOHDUV�WKH�VFUHHQ�DQG�VWDUWV�RYHU�DW�WKH�WRS��:H�SXW�D�GHOD\�LQWR�WKLV�SURJUDP�EHWZHHQ�HDFK�QXPEHU
V
VHOHFWLRQ��VR�ZH
G�KDYH�VRPH�WLPH�WR�ORRN�DW�WKH�QXPEHUV�EHIRUH�WKH\
G�GLVDSSHDU��:KDW�ZH�IRXQG�ZDV�WKDW
LI�ZH�XVHG�DQ�HYHQ�QXPEHU�LQ�5��DV�WKH�GLYLVRU��WKHQ�WKH�DOJRULWKP�ZRXOG�DOWHUQDWH�EHWZHHQ�RGG�DQG�HYHQ
QXPEHUV��/HW
V�VD\��IRU�H[DPSOH��ZH
YH�XVHG������7KH�QXPEHUV�SURGXFHG�ZRXOG�EH��UDQGRPO\��VFDWWHUHG
LQ�YDOXHV�EHWZHHQ���DQG�����EXW�WKH\�ZRXOG�DOWHUQDWH�EHWZHHQ�RGG�DQG�HYHQ�QXPEHUV�QR�PDWWHU�KRZ�ORQJ
WKH�UXQ�FRQWLQXHG��,I�ZH�FKDQJHG�WKH�GLYLVRU�WR�DQ�RGG�QXPEHU�������IRU�H[DPSOH��WKH�SUREOHP�ZHQW�DZD\�
DQG�RXU�UDQGRP�QXPEHUV�ZRXOG�VFDWWHU�QLFHO\�EHWZHHQ���DQG�����ZLWK�QR�DSSDUHQW�SDWWHUQ�RI�RGG�DQG
HYHQ�QXPEHUV��6RPHWLPHV�WKHUH�ZRXOG�EH�WKUHH�RU�IRXU�RGGV�EHIRUH�DQ�HYHQ��DQG�YLFH�YHUVD��EXW�WKHUH�ZDV
QR�GLVFHUQLEOH�SDWWHUQ�

1.58.2. It Gets Worse

,I�WKH�GLYLVRU�LV�D�VPDOO�QXPEHU��WKLV�JHWV�ZRUVH��)RU�H[DPSOH��XVLQJ���VLPSO\�PDNHV�DOWHUQDWLQJ���DQG��
YDOXHV��VLQFH�WKRVH�DUH�WKH�RQO\�QRQ�QHJDWLYH�QXPEHUV�OHVV�WKDQ����7KLV��IRONV��LV�QRW�UDQGRP��8VLQJ�IRXU
DOVR�FUHDWHV�D�UHSHDWLQJ�QRQ�UDQGRP�SDWWHUQ�WKDW�JRHV���������RYHU�DQG�RYHU��7KLV�PD\�VWDUW�RQ�DQ\�RI
WKRVH�QXPEHUV��EXW�WKH�UHSHDWLQJ�LV�WKH�VDPH�DV�ORQJ�DV�LW
V�OHIW�WR�UXQ��)LYH��KRZHYHU��VHHPV�WR�EH�RND\�
LQ�WKDW�WKH�QXPEHUV���WKURXJK���VHHP�WR�FRPH�XS�LQ�UDQGRP�RUGHU�
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1.58.3. Can We Fix This?

)RUWXQDWHO\��WKHUH�DUH�VROXWLRQV�WR�WKLV�SUREOHP��DQG�WKH�6LGHEDU�VKRZV�D�FRXSOH�RI�WKHP��,Q�WKH�VRXUFH
IRU�WKH�5$1'(;�SURJUDP��\RX
OO�QRWLFH�ULJKW�DIWHU�WKH�/:3,�:6�D�/,�5�����ZKLFK�VHWV�WKH�UDQJH�IRU
UDQGRP�QXPEHUV�WR���WKURXJK����EXW�ZLOO�FUHDWH�WKDW�UHSHDWLQJ�SDWWHUQ��-XVW�DIWHU�WKDW�LV�D��FRPPHQWHG
RXW��OLQH�WKDW�VD\V�/,�5�����$�ELW�IXUWKHU�GRZQ��MXVW�DIWHU�ODEHO�%8,/'���\RX
OO�VHH�WZR�FRPPHQWHG�RXW�OLQHV
WKDW�VD\�$,�5�����DQG�-/7�%8,/'���7KHVH�OLQHV�DUH�D�VROXWLRQ�WR�WKH�SUREOHP��,I�\RX�FKDQJH�WKH��WR�D
VSDFH�LQ�HDFK�RI�WKRVH�WKUHH�OLQHV��WKHQ�DVVHPEOH�DQG�UXQ�WKH�SURJUDP��\RX
OO�JHW�WKH�QXPEHUV�IURP��
WKURXJK���WKDW�\RX�ZHUH�DIWHU��EXW�WKH\
OO�EH�UDQGRP�OLNH�WKH\�VKRXOG�EH��QRW�LQ�D�IL[HG�SDWWHUQ��:KDW�ZH
YH
GRQH�LV�WR�XVH�DQ�RGG�QXPEHU�LQ�5���ZKLFK�JLYHV�XV�D�QXPEHU�LQ�5��DIWHU�%8,/'��WKDW�UDQJHV�IURP��
WKURXJK����:H�VXEWUDFW���IURP�WKDW��VR�LW�UDQJHV�IURP����WKURXJK����WKHQ�LI�WKH�UHVXOW�LV�OHVV�WKDQ�]HUR��ZH
VLPSO\�UHSHDW�WKH�%/�#5$1'12�DW�%8,/'���7KLV�ZLOO�PHDQ�WKDW��RQ�DYHUDJH��RQH�RXW�RI�ILYH�QXPEHUV
JHQHUDWHG�ZLOO�EH�UHMHFWHG��EXW�WKDW�ZLOO�QRW�PDNH�DQ\�QRWLFHDEOH�FKDQJH�LQ�WKH�VSHHG�RI�JHQHUDWLQJ�WKH
FRUUHFW�QXPEHUV��DQG�WKH�VHTXHQFH�ZLOO�EH�UDQGRP��ZKLFK�LV�WKH�GHVLUHG�UHVXOW��7KLV�PHWKRG�FDQ�EH�DSSOLHG
IRU�DQ\�VLWXDWLRQ�LQ�ZKLFK�WKH�QXPEHU�LQ�5��ZRXOG�EH�HYHQ��<RX�FDQ�XVH�WKH�QH[W�RGG�QXPEHU��WKHQ
VXEWUDFW���IURP�5��DIWHU�WKH�%/�#5$1'12��DQG�UHSHDW�WKH�%/�LI�WKDW
V�EHORZ�]HUR�

)RU�H[DPSOH��LI�WKH�GHVLUHG�UDQJH�LV���WKURXJK�����\RX�FRXOG�GR�VRPHWKLQJ�OLNH�WKLV�

LI   R3,101
GETRND BL   @RANDNO

AI   R5,-1
JLT  GETRND

7KDW�ZLOO�\LHOG�QLFHO\�VFDWWHUHG�QXPEHUV�EHWZHHQ���DQG����LQFOXVLYH��EXW�ZLWKRXW�WKH�DOWHUQDWLQJ�RGG�HYHQ
SUREOHP��2I�FRXUVH�LI�\RX�GRQ
W�FDUH�ZKHWKHU�RGG�DQG�HYHQ�QXPEHUV�DOWHUQDWH��\RX�FRXOG�MXVW�/,�5�����
DQG�RPLW�WKH�$,�5�����DQG�-/7�OLQHV�

1.58.4. Tossing A Fair Coin

:H�VDLG�HDUOLHU�WKDW�WKH�VLWXDWLRQ�IRU���DQG���ZDV�SDUWLFXODUO\�EDG��LQ�WKDW�ORDGLQJ�5��ZLWK���DQG�WKHQ
GRLQJ�WKH�%/�#5$1'12�ZRXOG�\LHOG�MXVW�DOWHUQDWLQJ�RQHV�DQG�]HURV��7UXH��EXW�WKDW�WRR�FDQ�EH�HDVLO\
VROYHG��-XVW�GR�WKLV�

LI   R3,5
BL   @RANDNO
ANDI R5,1

7KLV�ZLOO�JHQHUDWH�D�UDQGRP�VHTXHQFH�RI��
V�DQG��
V�ZLWKRXW�DQ\�QRWLFHDEOH�SDWWHUQ��7KHUH�ZLOO�RI�FRXUVH
EH�FDVHV�ZKHUH�VL[�RU�VR��
V�DSSHDU�LQ�D�URZ��DQG�YLFH�YHUVD��EXW�WKHUH�ZLOO�RYHU�WLPH�EH�DV�PDQ\�RQHV�DV
]HURV��DW�OHDVW�VR�IDU�DV�KXPDQ�SHUFHSWLRQ�FDQ�WHOO��$Q\�RGG�QXPEHU�JUHDWHU�WKDQ���FDQ�EH�XVHG�ZKHUH
ZH
YH�VKRZQ�/,�5�����7KH�UHVXOW�ZLOO�EH�DERXW�WKH�VDPH��7KH�FRPSXWHU�ZLOO�HIIHFWLYHO\�WRVV�D�FRLQ�IRU�\RX�
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1.58.5. More Than One Way. . .

7KDW�XVXDOO\�HQGV��WR�VNLQ�D�FDW���EXW�VLQFH�ZH�KDYH�FDWV�KHUH�LQ�WKH�KRXVH��ZH�GDUH�QRW�VD\�WKDW��2XU�FDWV
PLJKW�FRPH�XS�ZLWK�WKH�LGHD�WKDW�WKHUH
V�PRUH�WKDQ�RQH�ZD\�WR�VNLQ�D�KXPDQ��:H
UH�WDONLQJ�LQ�WKLV�FDVH
DERXW�WKH�VHFRQG�SDUW�RI�WKH�6LGHEDU��D�QRQVHQVH�SURJUDP�FDOOHG��5$1'6&���7KLV�LV�WKH�SURJUDP�WKDW
UDQGRPO\�VFDWWHUV�WKH�FKDUDFWHUV�IURP����WKURXJK�����DERXW�WKH�VFUHHQ�DW�UDQGRPO\�FKRVHQ�SODFHV��<RX
OO
QRWLFH�WKDW�D�IHZ�OLQHV�SDVW�ODEHO�&.5��WKHUH�DUH�WZR�VXFFHVVLYH�OLQHV�WKDW�%/�#5$1'12��,Q�WKH�RULJLQDO
SURJUDP�WKHUH�ZDV�MXVW�RQH��$OWRJHWKHU��WKHUH�DUH�WKUHH�%/
V�WR�5$1'12�LQ�WKH�PDLQ�ORRS��2ULJLQDOO\�
WKHUH�ZHUH�WZR��ZKLFK�PHDQW�WKDW�RQO\�WKH�RGG�RU�HYHQ�FKDUDFWHUV�ZRXOG�VKRZ�XS�LQ�DQ\�JLYHQ�UXQ��%\
DGGLQJ�D��GXPP\��%/�OLQH��ZH�PDNH�WKH�DOWHUQDWLRQ�FDVH�DJDLQ��EXW�ZH�UHDOO\�GRQ
W�FDUH�KHUH�EHFDXVH�LW
V
QRW�LPSRUWDQW�IRU�WKH�SURJUDP
V�SXUSRVH�

1.58.6. Why The Alternation?

,W
V�EXLOW�LQWR�WKH�SURFHVV�E\�ZKLFK�WKH�UDQGRP�QXPEHU�VHTXHQFH�LV�EHLQJ�JHQHUDWHG��7R�SURYH�WKLV��ZH
PRGLILHG�WKH�SURJUDP�LQ�3$57���LQWR�WKH�SURJUDP�LQ�3DUW����FDOOHG�5$:(;��7KLV�RQH�GRHVQ
W�ERWKHU�ZLWK
D�GLYLVRU��EXW�MXVW�GLVSOD\V�WKH��UDZ��UDQGRP�QXPEHU�WKDW
V�LQ�5���7KHVH�QXPEHUV�ZLOO�UDQJH�IURP�������
WKURXJK��������6XUH�HQRXJK��ZKHQ�5$:(;�UXQV��WKH�QXPEHUV�LW�JHQHUDWHV�ZLOO�EH�UDQGRPO\�VFDWWHUHG
RYHU�WKH�UDQJH��EXW�ZLOO�DOWHUQDWH�EHWZHHQ�RGG�DQG�HYHQ��QR�PDWWHU�KRZ�ORQJ�WKH�UXQ��:KHQ�ZH�VWDUW�D�QHZ
UXQ��WKH�VHTXHQFH�PD\�VWDUW�ZLWK�HLWKHU�DQ�RGG�RU�DQ�HYHQ�QXPEHU��GHSHQGLQJ�RQ�WKH�VWDUWLQJ�VHHG
QXPEHU�ZH�JRW�ZKHQ�ZH��35(66�$�.(<�72�67$57���EXW�WKH\
OO�DOWHUQDWH�EHWZHHQ�RGG�DQG�HYHQ�RU�YLFH
YHUVD�IURP�WKDW�SRLQW�RQ��7KXV�ZH�KDYH�WR�GR�VRPHWKLQJ�DERXW�LW�LI�WKLV�DOWHUQDWLRQ�LV�QRW�WR�EH�VHHQ�DV�D
SDWWHUQ�

1.58.7. Things They Never Taught

+DYLQJ�EHHQ�WKURXJK�PDQ\�\HDUV�RI�VFKRRO��IURP�ILUVW�JUDGH�WKURXJK�D�0DVWHU
V�GHJUHH��LQFOXGLQJ�WKH
%6((�ZRUN��ZKLFK�LQFOXGHG�ORWV�RI�PDWK��\RX
G�H[SHFW�\RXU�DXWKRU�WR�KDYH�D�UHDO�JUDVS�RI�PDWKHPDWLFDO
�IDFWV���EXW�LQ�WKH�ZRUN�OHDGLQJ�WR�WKLV�DUWLFOH��ZH
YH�XQFRYHUHG�D�PDWK�IDFW�WKDW�WKH\�QHYHU�WDXJKW�XV�

�W�JRHV�OLNH�WKLV��,I�\RX�GLYLGH�D�QXPEHU�E\�DQ�HYHQ�QXPEHU��WKH�UHPDLQGHU�ZLOO�WDNH�LWV�HYHQ�RU�RGG�TXDOLW\
IURP�WKH�QXPEHU�\RX�VWDUWHG�ZLWK��,I�\RX�GLYLGH�E\�DQ�RGG�QXPEHU��WKH�UHPDLQGHU�PD\�EH�RGG�RU�HYHQ�
QRW�QHFHVVDULO\�IROORZLQJ�WKH�RGG�RU�HYHQ�TXDOLW\�RI�WKH�RULJLQDO�QXPEHU��7KXV�ZKHQ�ZH�XVH�DQ�HYHQ
GLYLVRU�LQ�5���WKH�DOWHUQDWLRQ�EHWZHHQ�RGG�DQG�HYHQ�LQ�WKH��UDZ��QXPEHU�ZLOO�VKRZ�XS�LQ�WKH�UHPDLQGHUV�
,I�DQ�RGG�GLYLVRU�LV�XVHG��WKDW�DOWHUQDWLRQ�YDQLVKHV��0D\EH�WKDW
V�QRW�LPSRUWDQW�H[FHSW�LQ�WKLV�QDUURZ�ILHOG
RI�ZRUN��EXW�WKHUH�LW�LV�DQ\ZD\�
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1.58.8. A Free Extra " Goodie"

,Q�3DUW�RQH�RI�WKH�6LGHEDU��ZH
YH�SXW�LQ�D�QHZ�YHUVLRQ�RI�DQ�ROG�VXEURXWLQH��7KLV�LV�FDOOHG�6+:,17��DQG
XVHV�DQ�XQGRFXPHQWHG�*3//1.�VHUYLFH�WR�FRQYHUW�DQ�LQWHJHU�DW�!���(�WR�D�VWULQJ�IRU�GLVSOD\�RQ�WKH
VFUHHQ��7KH�*3//1.�VHUYLFH��'$7$�!�)�&��WUHDWV�WKH�LQWHJHU�DW�!���(�DV�DQ�XQVLJQHG�QXPEHU��VR�WKH
VWULQJ�ZLOO�UDQJH�IURP���WKURXJK��������+HUH��KRZHYHU��ZH
YH�DGGHG�D�IHZ�OLQHV�WR�WKH�EHJLQQLQJ�VR�WKDW
LW�ZLOO�UHFRJQL]H�WKH��VLJQ��ELW��DQG�GLVSOD\�WKH�QHJDWLYH�QXPEHUV�ZLWK�D�����VLJQ��7KXV�WKH�SRVLWLYH�QXPEHUV
ZLOO�VKRZ�XS�DV���WKURXJK��������ZKLOH�WKH�QHJDWLYH�RQHV�ZLOO�VKRZ�XS�DV����WKURXJK��������

7KLV�ZLOO�ZRUN�DV�VKRZQ�VR�ORQJ�DV�ZH
UH�LQ�WKH�(�$�2SWLRQ���PRGH��,I�\RX
UH�JRLQJ�WR�XVH�LW�LQ�DQ\�RWKHU
ZD\��IRU�H[DPSOH�LQ�DQ�2SWLRQ���SURJUDP��\RX�VKRXOG�XVH�WKH�:DUUHQ�0LOOHU�*3//1.�URXWLQH�LQ�WKH
SURJUDP�LQVWHDG�RI�WKH�5()�*3//1.�WKDW�ZH
YH�XVHG�KHUH��,Q�WKLV�SDUWLFXODU�SURJUDP��WKH�QXPEHUV�WR
EH�GLVSOD\HG�DUH�DOO�SRVLWLYH��EXW�ZH�OHIW�LQ�WKH��QHJDWLYH�KDQGOLQJ��SDUW�MXVW�WR�SURYLGH�RXU�UHDGHUV�ZLWK
DQRWKHU�XVHIXO�VXEURXWLQH�

7KHUH
V�RQH�RWKHU�WKLQJ�\RX�FDQ�GR�VRPHWLPHV�WR�LPSURYH�WKH�UDQGRPQHVV�RI�\RXU�QXPEHUV��,Q�PDQ\
SURJUDPV��WKHUH
V�D�NH\�ORRS�VRPHZKHUH�WR�ZDLW�IRU�WKH�XVHU
V�LQSXW��,I�WKDW�NH\�ORRS�LQFOXGHV�/,0,���DQG
/,0,����DV�RXUV�DOZD\V�GR��\RX�FDQ�SXW�LQ�DQ�LQVWUXFWLRQ�OLNH�$�#!�����#!��&��ULJKW�DIWHU�RQH�RI�WKRVH
%/�#.(</22�LQVWUXFWLRQ��DQG�WKDW�ZLOO�DGMXVW�WKH�VHHGLQJ�RI�WKH�UDQGRP�QXPEHU�SURFHVV�HDFK�WLPH�WKDW
XVHU�LQSXW�JHWV�WDNHQ��7KH�VDPH�FDQ�EH�GRQH�DIWHU�D�VWULQJ�RU�QXPEHU�LQSXW�URXWLQH�WKDW�XVHV�/,0,���DQG
/,0,����'RLQJ�WKLV�ZLOO�WKURZ�LQ�DQRWKHU�OD\HU�RI�XQSUHGLFWDELOLW\�WR�\RXU�UDQGRP�QXPEHU�VHTXHQFH��DV
QRERG\�FDQ�NQRZ�LQ�DGYDQFH�ZKDW�QXPEHU�ZLOO�EH�DW�!�����LQ�VXFK�FDVHV�

:H
UH�PDNLQJ�QR�SURPLVHV�DERXW�QH[W�PRQWK
V�FROXPQ��H[FHSW�WKDW�LW�ZRQ
W�FRQFHUQ�5DQGRP�1XPEHUV�
(YHQ�\RXU�DXWKRU�FDQ�JHW�WLUHG�RI�EHDWLQJ�D�GHDG�KRUVH�

* SIDEBAR 58
* THREE PROGRAMS
* EXPERIMENTS IN RANDOMNESS
*
* PART ONE
*
* RANDEX/S
* RANDOM NUMBERS
*
*  PUBLIC DOMAIN
*  Code by Bruce Harrison
*  10 FEB 1995
*
       REF  VSBW,VMBW,KSCAN,GPLLNK
       DEF  START
*
STATUS EQU  >837C
*
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R3,4         RANGE 0-3
*      LI   R3,5         RANGE 0-4
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       LI   R0,11*32+5   POINT ROW 12, COL 6
       LI   R1,PAK       "PRESS A KEY"
       LI   R2,20        20 CHARS
       BLWP @VMBW        WRITE THAT
SEED   MOVB @>83D7,R10   LOW BYTE TIMEOUT COUNTER
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       CB   @>837C,@ANYKEY KEY PRESSED?
       JNE  SEED         IF NOT, REPEAT
       A    @>8378,R10   ADD VERTICAL INT TIMER BYTE
       MOV  R10,@>83C0   PLACE R10 AT SEED
CLEAR  LI   R1,>2000     SPACE IN L.B. R1
       LI   R2,768       768 CHARS
       CLR  R0           SCREEN ORIGIN
CLRLP  BLWP @VSBW        WRITE ONE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRLP        RPT. IF NOT ZERO
       CLR  R0           SCREEN ORIGIN
BUILD  CI   R0,>2FE      COMPARE TO 2 BYTES BEFORE END
       JLT  BUILD1       IF LESS, PROCEED
       JMP  CLEAR        ELSE RE-CLEAR SCREEN
BUILD1 BL   @RANDNO      GET A RANDOM NUMBER
*      AI   R5,-1        SUBTRACT 1
*      JLT  BUILD1       RPT IF BELOW 0
       MOV  R5,@>835E    PLACE R5 AT >835E
       BL   @SHWINT      DISPLAY ON-SCREEN
       A    R2,R0        ADD LENGTH
       INC  R0           SKIP A SPACE
       MOV  R0,R1        PUT SCREEN ADDR IN R1
       ANDI R1,>001F     MASK OFF TO >1F
       CI   R1,>1E       NEAR END OF ROW?
       JLT  SCN          IF LESS, OKAY
       ANDI R0,>FFE0     MASK TO START OF ROW
       AI   R0,>20       MOVE DOWN ONE ROW
SCN    BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@>837C KEY PRESSED?
       JEQ  EXIT         IF SO, EXIT
STDLY  CLR  @>83D6       CLEAR TIMEOUT COUNTER
       LI   R4,12        12 = 6/60THS = 1/10 SECOND DELAY
DLY    LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       C    @>83D6,R4    COMPARE TIMEOUT TO 1/10
       JLT  DLY          IF LESS, REPEAT
       JMP  BUILD        ELSE JUMP BACK
EXIT   LWPI >83E0        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
RANDNO LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
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       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R3,R4        DIVIDE BY R3
       RT
*
* PUT INTEGER AT >835E, THEN BL HERE
* WILL DISPLAY AT CURRENT R0 POSITION
*
SHWINT MOV  @>835E,R2    GET NUMBER
       JEQ  SHWIN0       IF ZERO, JUMP
       JGT  SHWIN0       IF POSITIVE, JUMP
       NEG  R2           ELSE TAKE 2'S COMPLEMENT
       MOV  R2,@>835E    PLACE AT >835E
       LI   R1,>2D00     "-" IN L.B. R1
       BLWP @VSBW        DISPLAY -
       INC  R0           POINT TO NEXT SPOT
SHWIN0 CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPL LINK
       DATA >2F7C        CONVERT INTEGER TO STRING
       MOVB @>8361,R2    GET LENGTH
       SRL  R2,8         RIGHT JUST.
       MOVB @>8367,R1    GET L.B. ADDRESS
       SRL  R1,8         RIGHT JUST.
       AI   R1,>8300     ADD HIGH BYTE >83
       BLWP @VMBW        DISPLAY THE STRING
       RT                THEN RETURN
*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
PAK    TEXT 'PRESS A KEY TO START'
ANYKEY BYTE >20          HEX 20 FOR COMPARISON
       END
*
* PART TWO
*
* RANDSC/S
* RANDOM SCREEN
*
*  PUBLIC DOMAIN
*  Code by Bruce Harrison
*  10 FEB 1995
*
       REF  VSBW,VMBW,KSCAN
       DEF  START
*
*
*
START  LWPI WS           LOAD OUR WORKSPACE
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       LI   R0,11*32+5   ROW 12, COL 6
       LI   R1,PAK       "PRESS A KEY"
       LI   R2,20        20 CHARS
       BLWP @VMBW        WRITE
SEED   MOVB @>83D7,R10   L.B. SCRN TIMEOUT TO H.B. R10
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            INTS OFF
       CB   @>837C,@ANYKEY KEY PRESSED?
       JNE  SEED         RPT IF NOT
       A    @>8378,R10   ADD VERT TIMER TO R10
       MOV  R10,@>83C0   PLACE AT SEED
       LI   R1,>2040     SPACE AND "@" IN R1
BUILD  CLR  R3           REG 3 = 0
       SWPB R1           SWAP BYTES IN R1
       LI   R9,BUFF2     POINT AT BUFFER 2
BRAN0  MOV  R3,*R9+      PLACE A WORD IN TABLE
       INC  R3           INC COUNT
       CI   R3,>300      COMPARE POINTER
       JLT  BRAN0        IF LESS, BACK
       MOV  R3,R6        PUT R3 INTO R6
       SLA  R6,1         DOUBLE THAT
BRAN1  BL   @RANDNO      GET A RANDOM NUMBER
       SLA  R5,1         DOUBLE REMAINDER
       MOV  @BUFF2(R5),R0   MOVE WORD FROM TABLE TO FAC
       BLWP @VSBW        WRITE A CHARACTER
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            INTS OFF
       CB   @ANYKEY,@>837C KEY?
       JNE  CKR1         JUMP IF NOT
       JMP  EXIT         ELSE EXIT
CKR1   CB   R1,@ANYKEY   SPACE IN L.B. R1?
       JEQ  DEC6         IF SO, JUMP
       MOV  R3,R9        SAVE R3
       MOV  R5,R10       SAVE CURRENT R5
       LI   R3,127-33    RANGE = 94
       BL   @RANDNO      GET RANDOM NUMBER
       BL   @RANDNO      TWICE
       AI   R5,33        ADD BOTTOM TO R5
       SWPB R5           SWAP
       MOVB R5,R1        PLACE BYTE IN L.B. R1
       MOV  R9,R3        GET OLD R3 BACK
       MOV  R10,R5       AND OLD R5 BACK
DEC6   DECT R6           SUBTR. 2 FROM R6
       MOV  @BUFF2(R6),@BUFF2(R5) REPLACE WORD JUST TAKEN
       DEC  R3           SUBTR 1 FROM R3
       JNE  BRAN1        IF NOT ZERO, REPEAT
       CB   R1,@ANYKEY   SPACE IN R1?
       JNE  STDLY        IF NOT, JUMP
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SHWMSG MOV  R1,R3        STASH R1 IN R3
       LI   R2,16        16 CHARS
       LI   R1,FINMSG    "FINISHED ..."
       LI   R0,11*32+8   ROW 12, COL 9
       BLWP @VMBW        WRITE MESSAGE
       MOV  R3,R1        GET OLD R1 BACK
STDLY  CLR  @>83D6       CLEAR TIMEOUT
       LI   R4,240       TWO SECONDS DELAY
DLY    LIMI 2            INTS ON
       LIMI 0            INTS OFF
       C    @>83D6,R4    CHECK TIME
       JLT  DLY          IF LESS, REPEAT
       JMP  BUILD        ELSE TO BUILD
EXIT   LWPI >83E0        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
RANDNO LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
       CLR  R4           CLEAR HIGH WORD
       DIV  R3,R4        DIVIDE BY R3
       RT                THEN RETURN
*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
BUFF2  BSS  768*2        SELECTION LIST
FINMSG TEXT 'FINISHED A CYCLE'
PAK    TEXT 'PRESS A KEY TO START'
ANYKEY BYTE >20          HEX 20 FOR COMPARISON
       END
*
* PART THREE
*
* RAWEX/S
* RAW RANDOM NUMBERS
* ILLUSTRATES ODD/EVEN ALTERNATION
*
*  PUBLIC DOMAIN
*  Code by Bruce Harrison
*  10 FEB 1995
*
       REF  VSBW,VMBW,KSCAN,GPLLNK
       DEF  START
*
STATUS EQU  >837C
*
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R0,11*32+5   POINT ROW 12, COL 6
       LI   R1,PAK       "PRESS A KEY"
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       LI   R2,20        20 CHARS
       BLWP @VMBW        WRITE THAT
SEED   MOVB @>83D7,R10   LOW BYTE TIMEOUT COUNTER
       BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       CB   @>837C,@ANYKEY KEY PRESSED?
       JNE  SEED         IF NOT, REPEAT
       A    @>8378,R10   ADD VERTICAL INT TIMER BYTE
       MOV  R10,@>83C0   PLACE R10 AT SEED
CLEAR  LI   R1,>2000     SPACE IN L.B. R1
       LI   R2,768       768 CHARS
       CLR  R0           SCREEN ORIGIN
CLRLP  BLWP @VSBW        WRITE ONE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRLP        RPT. IF NOT ZERO
       CLR  R0           SCREEN ORIGIN
BUILD  CI   R0,>2FA      COMPARE TO 6 BYTES BEFORE END
       JLT  BUILD1       IF LESS, PROCEED
       JMP  CLEAR        ELSE RE-CLEAR SCREEN
BUILD1 BL   @RANDNO      GET A RANDOM NUMBER
       A    R2,R0        ADD LENGTH
       INC  R0           SKIP A SPACE
       MOV  R0,R1        PUT SCREEN ADDR IN R1
       ANDI R1,>001F     MASK OFF TO >1F
       CI   R1,>1A       NEAR END OF ROW?
       JLT  SCN          IF LESS, OKAY
       ANDI R0,>FFE0     MASK TO START OF ROW
       AI   R0,>20       MOVE DOWN ONE ROW
SCN    BLWP @KSCAN       SCAN KEYBOARD
       CB   @ANYKEY,@>837C KEY PRESSED?
       JEQ  EXIT         IF SO, EXIT
STDLY  CLR  @>83D6       CLEAR TIMEOUT COUNTER
       LI   R4,28        14/60THS DELAY
DLY    LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       C    @>83D6,R4    COMPARE TIMEOUT TO 1/10
       JLT  DLY          IF LESS, REPEAT
       JMP  BUILD        ELSE JUMP BACK
EXIT   LWPI >83E0        LOAD GPL WS
       B    @>6A         EXIT TO GPL INT.
RANDNO LI   R4,28645     BIG NUMBER IN R4
       MPY  @>83C0,R4    MULT. BY SEED
       AI   R5,31417     ADD BIG NUMBER
       MOV  R5,@>83C0    PUT BACK AT SEED
SHWINT MOV  R5,@>835E    GET NUMBER
       JEQ  SHWIN0       IF ZERO, JUMP
       JGT  SHWIN0       IF POSITIVE, JUMP
       NEG  R5           ELSE TAKE 2'S COMPLEMENT
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       MOV  R5,@>835E    PLACE AT >835E
       LI   R1,>2D00     "-" IN L.B. R1
       BLWP @VSBW        DISPLAY -
       INC  R0           POINT TO NEXT SPOT
SHWIN0 CLR  @STATUS      CLEAR GPL STATUS BYTE
       BLWP @GPLLNK      USE GPL LINK
       DATA >2F7C        CONVERT INTEGER TO STRING
       MOVB @>8361,R2    GET LENGTH
       SRL  R2,8         RIGHT JUST.
       MOVB @>8367,R1    GET L.B. ADDRESS
       SRL  R1,8         RIGHT JUST.
       AI   R1,>8300     ADD HIGH BYTE >83
       BLWP @VMBW        DISPLAY THE STRING
       RT                THEN RETURN

*
* DATA SECTION
*
WS     BSS  32           OUR OWN WORKSPACE
PAK    TEXT 'PRESS A KEY TO START'
ANYKEY BYTE >20          HEX 20 FOR COMPARISON
       END
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1.59. The Art Of Assembly — Part 59. Six And A Quarter Cents

%\�%UXFH�+DUULVRQ

7KH�VXEWLWOH�RI�WRGD\
V�FROXPQ�DQVZHUV�WKH�TXHVWLRQ��,I�D�4XDUWHU�LV�WZR�ELWV��ZKDW
V�KDOI�D�ELW"��7KDW
V�MXVW
RXU�VLOO\�ZD\�RI�WHOOLQJ�\RX�WKDW�WRGD\
V�FROXPQ�LV�RQ�D�QHZ�DQG�GLIIHUHQW�WRSLF��WKH�VR�FDOOHG�+DOI�%LWPDS
0RGH��:H
YH�DFWXDOO\�KDG�OHWWHUV�IURP�UHDGHUV�DVNLQJ�DERXW�WKLV�WRSLF��DQG�XQWLO�0DUFK�RI������ZH
YH�QHYHU
EHHQ�DEOH�WR�DQVZHU�WKRVH�TXHVWLRQV��%DFN�LQ�-DQXDU\�RI�
���ZH�JRW�VRPH�WHQWDWLYH�LQIRUPDWLRQ�DERXW�WKLV
VWUDQJH�PRGH�IURP�+DUU\�:LOKHOP��EXW�LW�ZDVQ
W�XQWLO�0U��2VFDU�$��5RV��RI�6\OPDU�&$��DVNHG�LQ�WKH
5HDGHU�WR�5HDGHU�FROXPQ��)HE����0,&52SHQGLXP��WKDW�ZH�GHFLGHG�WR�WU\�DQ�H[SHULPHQW�ZLWK�LW�

7R�VWDUW�ZLWK��WKH�WHUP��+DOI�%LWPDS��LV�PLVOHDGLQJ��<HV�WKHUH�DUH�FRPSXWHU�VFLHQWLVW�W\SHV�ZKR�KDYH�VRPH
FRQFHSW�RI�D�KDOI�RI�D�ELW��EXW�WKDW�KDV�QRWKLQJ�DW�DOO�WR�GR�ZLWK�WKLV�VSHFLDO�9'3�5$0�RSHUDWLQJ�PRGH�RQ
WKH�7,��+DUU\�:LOKHOP�VXJJHVWV�WKDW�WKLV�PRGH�VKRXOG�EH�FDOOHG��(QKDQFHG�*UDSKLFV�0RGH���DQG�ZH�WKLQN
WKDW
V�D�PXFK�EHWWHU�QDPH�IRU�ZKDW�LW�DOORZV�XV�WR�GR��)URP�KHUH�RQ�LQ�WKLV�FROXPQ��ZH
OO�XVH�+DUU\
V�WHUP�

,Q�WKH�QRUPDO�*UDSKLFV�PRGH�RQH�FDQ�GHILQH�D�WRWDO�RI�����FKDUDFWHUV�ZLWK�HLJKW�E\WH�SDWWHUQV�LQ�WKH
3DWWHUQ�7DEOH�RI�9'3�5$0��&RORU�GHILQLWLRQV��KRZHYHU��XVH�RQO\�RQH�E\WH�SHU�VHW�RI�HLJKW�FKDUDFWHUV��VR
ZH�GRQ
W�KDYH�WKH�IUHHGRP�WR��FRORU��D�VSHFLILF�FKDUDFWHU�WR�D�SDUWLFXODU�IRUHJURXQG�DQG�EDFNJURXQG�FKRLFH
ZLWKRXW�FKDQJLQJ�VHYHQ�RWKHU�FKDUDFWHUV
�FRORUV��,Q�(QKDQFHG�*UDSKLF�0RGH��ZH�FDQ�FKDQJH�WKH�FRORU
VFKHPH�IRU�MXVW�D�VLQJOH�FKDUDFWHU��DQG�FDQ�HYHQ�XVH�PRUH�WKDQ�RQH�FRORU�VFKHPH�ZLWKLQ�D�FKDUDFWHU��7KDW
V
VR�EHFDXVH�LQ�(QKDQFHG�*UDSKLFV�0RGH�HDFK�GHILQHG�FKDUDFWHU�KDV�HLJKW�E\WHV�DYDLODEOH�IRU�LWV�FRORU
VFKHPH��DV�ZHOO�DV�WKH�HLJKW�E\WHV�WR�GHILQH�WKH�FKDUDFWHU�

1.59.1. The Sidebar Program

7RGD\
V�6LGHEDU�KDV�D�FRPSOHWH�SURJUDP�WKDW�LOOXVWUDWHV�WKH�XVH�RI�(QKDQFHG�*UDSKLFV�0RGH��3DUWV�RI�WKLV
DUH�PRGLILHG�IURP�WKH�VRXUFH�FRGH�IRU�RXU�'UDZLQJ�SURJUDP��ZKLFK�RSHUDWHV�LQ�IXOO�%LWPDS�0RGH��%\
PDNLQJ�VRPH�VPDOO�FKDQJHV�LQ�WKH�6(7+%�VXEURXWLQH�IURP�WKDW�VRXUFH��ZH�ZHUH�DEOH�WR�H[SORUH�WKH
FDSDELOLWLHV�RI�(QKDQFHG�*UDSKLFV�0RGH��7KH�UHVXOWV�DUH�LQWHUHVWLQJ��WR�VD\�WKH�OHDVW��:H�FDQ�GR�VRPH
WKLQJV�WKDW�FRXOG�QRW�EH�GRQH�LQ�WKH�QRUPDO�JUDSKLFV�PRGH��)RU�H[DPSOH��ZH�FDQ�HYHQ�FKDQJH�WKH�FRORU
VFKHPH�RI�DQ�LQGLYLGXDO�FKDUDFWHU�LQWR�D�UDLQERZ�SDWWHUQ�ZKHUH�HDFK�URZ�RI�WKH�FKDUDFWHU�LV�LQ�D�GLIIHUHQW
FRPELQDWLRQ�RI�FRORUV�



The Cyc: MICROpendium

7KH�6LGHEDU�LV�VHW�XS�VR�WKDW�WKH�VHFWLRQ�WKDW�VHWV�XS�WKH�(QKDQFHG�*UDSKLFV�PRGH�LV�D�VXEURXWLQH��7KDW
VKRXOG�PDNH�LW�HDVLHU�IRU�\RX�WR�H[FHUSW�WKDW�SDUW�IRU�XVH�LQ�\RXU�RZQ�SURJUDPV��/LNH�WKH�IXOO�EORZQ
%LWPDS�0RGH��WKH�(QKDQFHG�*UDSKLFV�PRGH�QHHGV�WR�KDYH�WKH�FRORU�WDEOH��WKH�SDWWHUQ�WDEOH��DQG�WKH
VFUHHQ�LPDJH�WDEOH�UH�ORFDWHG�IURP�WKHLU�QRUPDO�SODFHV�LQ�WKH�9'3�0HPRU\��:H
YH�SXW�WKH�3DWWHUQ�7DEOH
DW�������WKH�&RORU�7DEOH�DW�!������DQG�WKH�6FUHHQ�,PDJH�7DEOH�DW�!������7KRVH�DUH�WKH�VDPH�ORFDWLRQV
ZH�XVHG�LQ�WKH�IXOO�%LWPDS�0RGH��EXW�WKH�OHQJWKV�RI�WKH�SDWWHUQ�DQG�FRORU�WDEOHV�LV�VKRUWHU�E\�!�����E\WHV
HDFK��7KH�3DWWHUQ�WDEOH�FRQWDLQV�������E\WH�FKDUDFWHU�SDWWHUQV��DQG�WKH�&RORU�WDEOH�FRQWDLQV�������E\WH
FRORU�GHILQLWLRQV��RQH�IRU�HDFK�FKDUDFWHU��7KXV�LQ�RXU�SUHVHQW�FDVH�WKH�SDWWHUQ�WDEOH�UXQV�IURP�!����
WKURXJK�!��))��WKH�VFUHHQ�LPDJH�WDEOH�UXQV�IURP�!�����WKURXJK�!�$))��DQG�WKH�FRORU�WDEOH�UXQV�IURP
!�����WKURXJK�!��))��7KLV�OHDYHV�VRPH�VLJQLILFDQW�EORFNV�RI�9'3�5$0�DYDLODEOH�IRU�RWKHU�SXUSRVHV��<RX
PLJKW�� IRU�H[DPSOH��XVH� WKH� VSDFH� IURP�!�����WKURXJK�!��))�IRU�3$%V�DQG�%XIIHUV�WR�KDQGOH� ILOH
RSHUDWLRQV��DQG�PLJKW�PDNH�RWKHU�XVH�RI�WKH�VSDFHV�IURP�!�%���WKURXJK�!�)))�DQG�!�����WKURXJK
!��))�

7KH�ZD\�(QKDQFHG�*UDSKLFV�LV�VHW�XS�LV�GLIIHUHQW�IURP�WKH�IXOO�%LWPDS�FDVH�LQ�RQO\�WZR�SODFHV�LQ�WKH
VXEURXWLQH�6(7+%��7KH�YDOXH�ZULWWHQ�WR�9'3�5HJLVWHU���LV�!���LQVWHDG�RI�!����DQG�WKH�YDOXH�ZULWWHQ�WR
9'3�5HJLVWHU���LV�!�)�LQVWHDG�RI�!))��:H�PDGH�RQH�RWKHU�FKDQJH�LQ�WKLV�VXEURXWLQH��DGGLQJ�D�9:75
WR�5HJLVWHU���ZLWK�YDOXH�!$���7KDW�FDXVHV�WKH�VFUHHQ�WR�EODQN��VR�WKDW�ZH�ZRQ
W�VHH�DOO�NLQGV�RI�JDUEDJH
RQ�WKH�VFUHHQ�XQWLO�HYHU\WKLQJ�KDV�EHHQ�VHW��8QEODQNLQJ�LV�GRQH�LQ�WKH�PDLQ�SURJUDP��DIWHU�WKH�FRORUV�DQG
SDWWHUQV�KDYH�EHHQ�SXW�LQ�SODFH�DQG�WKH�VFUHHQ�LPDJH�WDEOH�KDV�EHHQ�ILOOHG�ZLWK�VSDFHV��:H��XQEODQN��WKH
VFUHHQ�E\�ZULWLQJ�!(��WR�9'3�5HJLVWHU���

<RX
OO� UHFDOO� WKDW� LQ� WKH� IXOO� %LWPDS�0RGH��ZH� ILOOHG� WKH� 6FUHHQ� ,PDJH� WDEOH�ZLWK� WKUHH� VHWV� RI� WKH
FKDUDFWHUV�IURP���WKURXJK������+HUH�ZH�GRQ
W�GR�WKDW��EXW�VLPSO\�ZULWH�����VSDFHV�LQWR�WKH�VFUHHQ�LPDJH
WDEOH�WR�SURYLGH�D�FOHDUHG�VFUHHQ��:H�XVH�WKH�SDWWHUQ�WDEOH�LQ�WKH��QRUPDO��IDVKLRQ��SODFLQJ�HLJKW�E\WHV�RI
GHILQLWLRQ�IRU�HDFK�FKDUDFWHU��7KH�FRORU�WDEOH�JHWV�HLJKW�E\WHV�IRU�WKH�FRORU�FRUUHVSRQGLQJ�WR�HDFK�FKDUDFWHU
GHILQLWLRQ��:H�WKHQ�ZULWH�RQ�WKH�VFUHHQ�LQ��FRQYHQWLRQDO��PRGH��VLPSO\�SODFLQJ�RQH�E\WH�DW�WKH�URZ�DQG
FROXPQ�SRVLWLRQ�ZKHUH�ZH�ZDQW�WKH�FKDUDFWHUV�WR�DSSHDU���:H�GR�KDYH�WR�DGG�WKH�!�����RIIVHW��RI�FRXUVH�
WR�ZULWH�WR�WKH�VFUHHQ���7KLV�GLIIHUV�VKDUSO\�IURP�WKH�IXOO�%LWPDS�FDVH��ZKHUH�ZH�ZURWH�LQGLYLGXDO�ELWV�LQWR
WKH�SDWWHUQ�WDEOH�WR�SODFH�SL[HOV�RQ�WKH�VFUHHQ�

)RU�RXU�GHPR�SXUSRVHV��ZH�MXVW�XVHG�WKH�FKDUDFWHU�GHILQLWLRQV�WKDW�DUH�SURYLGHG�ZKHQ�WKH�SURJUDP�VWDUWV
XS��VR�ZH�KDYH�GHILQLWLRQV�IRU�WKH�FKDUDFWHUV�IURP����WKURXJK������:H�UHSOLFDWH�WKHVH�LQWR�SDWWHUQV�IRU
FKDUDFWHUV�����WKURXJK������VR�WKDW�ZH�FDQ�VKRZ�WZR�VHWV�RI�FKDUDFWHUV�LQ�WKH�LQLWLDO�VFUHHQ�GLVSOD\�

1.59.2. Walking Through It

7KH�LQLWLDO�SDUW�RI�WKH�SURJUDP�MXVW�GRHV�WKH�VDPH�VWHSV�WKDW�ZH�GLG�LQ�WKH�RSHQLQJ�RI�VRPH�RWKHU�%LWPDS
SURJUDPV��:H�VWDVK�DZD\�WKH�RULJLQDO�FRORU�WDEOH�DQG�FKDUDFWHU�GHILQLWLRQV��SOXV�WKH�VL[�E\WHV�IURP�WKH
DGGUHVV�SRLQWHG�WR�E\�!������,Q�WKLV�SDUWLFXODU�SURJUDP��WKRVH�WKLQJV�JHW�SXW�EDFN�LQ�SODFH�MXVW�EHIRUH�ZH
H[LW�� ,Q�D�QRUPDO� VWDUW� IURP�(�$�2SWLRQ���� WKH� FKDUDFWHU�GHILQLWLRQV�DUH�DYDLODEOH�RQO\�XS� WKURXJK
FKDUDFWHU������+HUH��ZH�WDNH�WKRVH�FKDUDFWHUV�WZLFH�LQWR�RXU�VWRUDJH�DW�&+57%/��VR�WKDW�FKDUDFWHUV�IURP
����WKURXJK�����FDQ�EH�XVHG�LQ�RXU�(QKDQFHG�*UDSKLFV�H[SHULPHQW��7KDW�WDNHV�XV�GRZQ�WR�WKH�OLQH�WKDW
VD\V�%/�#6(7+%�
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7KH�VXEURXWLQH�6(7+%�VWDUWV�E\�ZULWLQJ�!$��WR�9'3�5HJLVWHU����7KLV�PDNHV�WKH�VFUHHQ�EODQN�RXW��7KDW
V
IROORZHG�E\�D�ZKROH�VHULHV�RI�9:75�RSHUDWLRQV�WR�VHW�XS�WKH�RWKHU�9'3�UHJLVWHUV��,Q�WKLV�SURJUDP�ZH
ZRQ
W�EH�XVLQJ�VSULWHV��VR�ZH
YH�VHW�ERWK�WKH�VSULWH�DWWULEXWH�WDEOH�DQG�WKH�VSULWH�GHILQLWLRQ�WDEOH�WR�!�����
MXVW�WR�JHW�WKHP�RXW�RI�RXU�ZD\��:ULWLQJ�!���WR�9'3�UHJLVWHU���SXWV�XV�LQWR�WKH�(QKDQFHG�*UDSKLFV�PRGH�
7R�EH�VDIH��ZH�FOHDU�WKH�E\WH�DW�!���$�DQG�SODFH�D��GHOHWH��YDOXH�LQ�WKH�ILUVW�E\WH�RI�WKH�VSULWH�DWWULEXWH
OLVW�VR�WKDW�QR�VSULWHV�ZLOO�DSSHDU�

2Q�UHWXUQ�IURP�6(7+%��RXU�VFUHHQ�LV�VWLOO�EODQN�ZKLOH�ZH�SXW�VRPH�WKLQJV�LQWR�SODFH�LQ�9'3�5$0��)LUVW
ZH�SODFH�WKH�����FKDUDFWHU�GHILQLWLRQV�LQWR�WKH�3DWWHUQ�'HVFULSWRU�7DEOH��1H[W��ZH�SRLQW�DW�WKH�6FUHHQ
,PDJH�7DEOH��6&525*���SXW�WKH�VSDFH�FKDUDFWHU�LQ�5�
V�OHIW�E\WH��DQG�ZULWH�����VSDFHV�WR�FOHDU�WKH�VFUHHQ�

7KH�FRORU�WDEOH�JHWV�VHW�XS�LQ�WZR�KDOYHV��7KH�ILUVW�KDOI�LV�ILOOHG�ZLWK�%OXH�RQ�:KLWH��DQG�WKH�VHFRQG�KDOI
ZLWK�:KLWH�RQ�%OXH��:H�GLG�WKDW�LQ�WKLV�FDVH�MXVW�WR�PDNH�LW�HDV\�WR�VHH�RQ�WKH�VFUHHQ�ZKLFK�ZHUH�WKH
FKDUDFWHUV�IURP����WKURXJK�����DQG�ZKLFK�ZHUH�WKH��VHFRQG�VHW���IURP�����WKURXJK������$IWHU�ERWK�KDOYHV
RI�WKH�FRORU�WDEOH�DUH�ILOOHG��ZH�XQEODQN�WKH�VFUHHQ��ZKLFK�DW�WKLV�SRLQW�LV�FOHDUHG�WR�DOO�ZKLWH��1RZ�ZH
ZULWH�WKH�WZR�VHWV�RI�FKDUDFWHUV�RQWR�WKH�VFUHHQ��WZLFH�HDFK��$W�WKLV�SRLQW�WKH�VFUHHQ�VKRZV�WKH�F\FOH�IURP
��WKURXJK�a�UHSHDWHG�IRXU�WLPHV�LQ�DOWHUQDWLQJ�FRORU�VFKHPHV�

1RZ�WR�SURYH�ZH�FDQ�GR�ZKDW�ZH�VDLG��WKH�SURJUDP�FKDQJHV�WKH�FRORU�VFKHPHV�IRU�FHUWDLQ�FKDUDFWHUV��7KH
��DQG���RI�WKH�ILUVW�VHW�JHW�FKDQJHG�WR�:KLWH�RQ�*UHHQ��7KH���RI�WKH�ILUVW�VHW�JHWV�FKDQJHG�WR�D��5DLQERZ�
FRORU� VFKHPH�WKDW�JRHV� IURP�:KLWH�RQ�'DUN�5HG�WR�:KLWH�RQ�'DUN�%OXH� IURP�WRS�WR�ERWWRP�RI� WKH
FKDUDFWHU��7KHQ�MXVW�WR�VKRZ�ZH�FDQ�GR�WKLV�WR�WKH�VHFRQG�FKDUDFWHU�VHW��ZH�FKDQJH�WKH�]��ORZHU�FDVH��RI
WKH�VHFRQG�VHW�WR�0DJHQWD�RQ�:KLWH�

1RZ�ZH�GR�VRPHWKLQJ�D�ELW�PRUH�WULFN\��:H�SXW�WKH�OHJHQG��+$/)�%,70$3�02'(��DW�WKH�ERWWRP�RI�WKH
VFUHHQ�LQ�UDLQERZ�FRORUV��:H�GR�WKLV�E\��ERUURZLQJ��WKH�VSDFH�LQ�WKH�FKDUDFWHU�WDEOH�DQG�FRORU�WDEOH�WKDW
VHUYHV�IRU�FKDUDFWHUV���WKURXJK�����6LQFH�RXU�GLVSOD\�GRHVQ
W�QHHG�WKRVH�FKDUDFWHUV��ZH�FRS\�WKH�SDWWHUQV
IRU�WKH����FKDUDFWHUV�LQ�WKH�OHJHQG�DW�+%675�LQWR�WKH�3DWWHUQ�7DEOH�VWDUWLQJ�DW�������DQG�SXW�WKH��5%2:�
FRORU�VFKHPH�LQWR�WKH�FRORU�WDEOH�VSDFH�FRUUHVSRQGLQJ��2QFH�WKH�SDWWHUQV�DQG�FRORUV�DUH�LQ�WKRVH�SODFHV�
ZH�VHW�5��IRU�5RZ�����&RO���LQ�WKH�OLQH�/,�5���������6&525*��FOHDU�5��VR�ZH�VWDUW�ZLWK�FKDUDFWHU���
WKHQ�ZULWH�FKDUDFWHUV���WKURXJK����WR�WKH�VFUHHQ��7KXV�ZH�KDYH�D�OHJHQG�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�LQ
�UDLQERZ��FRORU�VFKHPH�

$IWHU�WKDW
V�DOO�GRQH��WKH�SURJUDP�HQWHUV�D�NH\�ORRS�VR�\RX
OO�EH�DEOH�WR�VHH�ZKDW�LW
V�GRQH�WR�WKH�VFUHHQ�
3UHVVLQJ�D�NH\�ZLOO�FDXVH�WKH�SURJUDP�WR�UH�VHW�HYHU\WKLQJ�EDFN�WR�WKH�QRUPDO�*UDSKLFV�0RGH��FOHDU�WKH
JUDSKLFV�VFUHHQ��DQG�WKHQ�H[LW�WR�(�$
V�35(66�(17(5�72�&217,18(�SURPSW�



The Cyc: MICROpendium

7KLV�SURJUDP��OLNH�PDQ\�RI�RXU�6LGHEDU�SURJUDPV��GRHVQ
W�GR�DQ\WKLQJ�XVHIXO��,W�VKRXOG��KRZHYHU��VHUYH
DV�D�VWDUWLQJ�SRLQW�IRU�\RXU�RZQ�ZRUN��<RX�FRXOG�FKDQJH�WKH�6(7+%�VXEURXWLQH�WR�WKDW�LW�LQFOXGHV�WKH
VFUHHQ�FOHDULQJ�SURFHVV��ZKLFK�ZH�SXW� LQ�WKH�PDLQ�SDUW�RI�RXU�SURJUDP��<RX�FRXOG�GHILQH�\RXU�RZQ
JUDSKLFV�FKDUDFWHUV�LQVWHDG�RI�MXVW��ERUURZLQJ��7,
V�FKDUDFWHU�GHILQLWLRQV�DV�ZH�GLG��+DUU\�:LOKHOP�LV�RI
WKH�RSLQLRQ�WKDW�ZLWK�VRPH�FDUH�RQH�FRXOG�HYHQ�JHW�DXWRPDWLF�VSULWH�PRWLRQ�WR�ZRUN�LQ�WKLV�PRGH��SURYLGHG
\RX�JLYH�XS�WKH�FKDUDFWHUV�IURP�����RQZDUGV��VR�WKDW�WKH�PRWLRQ�WDEOH�FDQ�EH�SODFHG�LQ�WKH�VSDFH�IURP
!�����WKURXJK�!��))��+DUU\
V�SUREDEO\�ULJKW�DV�XVXDO��EXW�ZH�KDYHQ
W�WULHG�WKDW�\HW���0D\EH�IRU�QH[W
PRQWK
V�FROXPQ"��,Q�DQ\�FDVH�RXU�GHHS�WKDQNV�JR�WR�+DUU\�RQFH�DJDLQ�IRU�SURYLGLQJ�XV�WKRVH�OLWWOH�WLGELWV
RI�LQIRUPDWLRQ�WKDW�PDGH�WKLV�PRQWK
V�FROXPQ�SRVVLEOH��2XU�WKDQNV�DOVR�JR�RXW�WR�0U��2VFDU�$��5RV�IRU
VSDUNLQJ�RXU�LQWHUHVW�LQ�WKH��+DOI�%LWPDS�0RGH��

1H[W�PRQWK
V�WRSLF�LV�DV�\HW�XQGHFLGHG��EXW�ZH
UH�OHDQLQJ�WRZDUG�PRUH�H[SHULPHQWLQJ�ZLWK�(QKDQFHG
*UDSKLFV�0RGH��XQOHVV�VRPH�RWKHU�YLWDO�WRSLF�SUHVHQWV�LWVHOI�

* SIDEBAR 59
* A COMPLETE PROGRAM
* TO DEMO THE ENHANCED GRAPHICS MODE
* (A.K.A. HALF-BITMAP MODE)
*
* 27 MAR 1995
* CODE BY BRUCE HARRISON
* PUBLIC DOMAIN
       DEF  START        DEFINE ENTRY
       REF  VMBW,VWTR,VSBW,VMBR,KSCAN REF UTILS
STATUS EQU  >837C        GPL STATUS BYTE
SCRORG EQU  >1800        SCREEN TABLE
START  LWPI WS           LOAD OUR WS
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT STORAGE SPACE
       LI   R2,32        32 BYTES TO GET
       BLWP @VMBR        READ COLOR TABLE
       MOV  @>8370,R0    GET VDP ADDR FROM >8370
       LI   R1,ANYKEY+1  POINT AT STORAGE BUFFER
       LI   R2,6         SIX BYTES TO READ
       BLWP @VMBR        READ THOSE
*
* THE FOLLOWING TAKES THE CHAR DEFS FOR CHARS
* 0 THROUGH 127 FROM EXISTING DEF TABLE, THEN
* PUTS THEM TWICE INTO OUR STORAGE AT CHRTBL
* THIS MAKES CHARS 128 THRU 255 THE SAME AS
* CHARS 0 THROUGH 127
*
       LI   R0,>800      POINT AT CHARACTER TABLE
       LI   R1,CHRTBL    AND AT BUFFER STORAGE
       LI   R2,128*8     128 CHARACTER DEFINITIONS
       BLWP @VMBR        STASH CHARACTER DEFS
       A    R2,R1        MOVE TO SECOND HALF CHRTBL
       BLWP @VMBR        DUPLICATE CHARS IN SECOND HALF
*
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* SETHB SETS THE VDP FOR ENHANCED GRAPHICS MODE
*
       BL   @SETHB       SET TO HALF-BITMAP
*
* THE FOLLOWING PUTS THE CHARACTER DEFINITIONS
* INTO THE VDP RAM FROM 0 THRU >800 AS TWO DUPLICATES
* OF THE CHARS 0 THRU 127
*
       CLR  R0           START OF CHAR DEF TABLE
       LI   R1,CHRTBL    THE SAVED CHARACTERS
       LI   R2,256*8     ALL 256 DEFINITIONS
       BLWP @VMBW        WRITE THOSE
*
* NEXT CLEARS THE EGM SCREEN IMAGE TABLE
*
       LI   R0,SCRORG    POINT AT SCREEN ORIGIN
       LI   R1,>2000     SPACE IN LB R1
       LI   R2,768       768 CHARS IN SCREEN
CLRLP  BLWP @VSBW        WRITE A SPACE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRLP        REPEAT IF NOT ZERO
*
* THIS SECTION SETS THE COLORS FOR CHARS 0 THRU 127
* TO BLUE ON WHITE, AND THOSE FOR CHARS 128 THRU 255
* TO THE OPPOSITE COLORS
*
       LI   R0,>2000     COLOR TABLE
       LI   R1,>4F00     BLUE ON WHITE
       LI   R2,>400      HALF OF COLOR TABLE
COLSET BLWP @VSBW        WRITE A BYTE
       INC  R0           NEXT POSITION
       DEC  R2           DEC COUNT
       JNE  COLSET       REPEAT IF NOT ZERO
       LI   R0,>2400     2ND HALF OF COLOR TABLE
       LI   R1,>F400     WHITE ON BLUE
       LI   R2,>400      HALF OF TABLE
COLSE2 BLWP @VSBW        WRITE
       INC  R0           NEXT BYTE
       DEC  R2           DEC COUNT
       JNE  COLSE2       LOOP IF NOT ZERO
*
* AFTER ALL THAT'S DONE, WE UNBLANK THE SCREEN
* AT THIS POINT THE SCREEN IS WHITE WITH GREEN BORDER
*
       LI   R0,>1E0      UNBLANK SCREEN
       BLWP @VWTR        BY VWTR
*
* THE NEXT PART PUTS TWO REPEATS OF THE TWO SETS OF
* CHARACTERS (33 - 126 AND 161 - 254) ON SCREEN
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* THE LOWER SET IS IN BLUE ON WHITE, THE UPPER IS
* IN WHITE ON BLUE
*
       LI   R0,SCRORG    POINT AT >1800
       LI   R4,2         TWO CYCLES
WRTOM  LI   R1,>2100     START WITH CHAR 33 (!)
       LI   R2,127-33    ALL DEFINED CHARS THRU 126 (~)
WRTCH  BLWP @VSBW        WRITE ONE
       AI   R1,>100      NEXT CHAR
       INC  R0           NEXT SCREEN LOCATION
       DEC  R2           DEC COUNT
       JNE  WRTCH        RPT TIL ZERO
       LI   R1,>A100     SET FOR SECOND SET'S (!)
       LI   R2,127-33    SAME COUNT
       INCT R0           MOVE TO START OF ROW
       AI   R0,64        SKIP TWO ROWS
WRTCH2 BLWP @VSBW        WRITE ONE
       AI   R1,>100      NEXT CHAR
       INC  R0           NEXT SCREEN LOCATION
       DEC  R2           DEC COUNT
       JNE  WRTCH2       RPT TIL ZERO
       AI   R0,66        ADD 66 TO R0
       DEC  R4           DEC R4 COUNT
       JNE  WRTOM        ANOTHER IF NOT ZERO
*
* FOLLOWING SELECTIVELY CHANGES COLORS FOR SOME OF THE
* CHARACTERS TO ILLUSTRATE COLORING SINGLE CHARACTERS
*
       LI   R0,33*8+>2000  COLOR FOR FIRST !
       LI   R1,NEWCOL    NEW COLOR SCHEME (WHITE ON GREEN)
       LI   R2,8         EIGHT BYTES
       BLWP @VMBW        RE-COLOR THE !
       LI   R0,48*8+>2000 POINT AT ZERO CHARACTER'S COLOR
       BLWP @VMBW        RE-COLOR THE 0
       LI   R0,57*8+>2000 POINT AT NINE CHAR'S COLOR
       LI   R1,RBOW      RAINBOW
       BLWP @VMBW        RE-COLOR THE 9
       LI   R0,122+128*8+>2000 SECOND SET'S L.C. Z COLOR
       LI   R1,MAG       MAGENTA
       BLWP @VMBW        COLOR THAT
*
* FOLLOWING SECTION PUTS THE LEGEND 'HALF-BITMAP MODE'
* ON THE SCREEN IN RAINBOW COLOR SCHEME
*
       LI   R3,HBSTR     TITLE STRING
       LI   R4,18        18 CHARACTERS
       LI   R2,8         8 BYTES PER DEF
       CLR  R13          START AT 0
LEGLP  MOVB *R3+,R1      GET A CHARACTER FROM STRING
       SRL  R1,8         RT. JUSTIFY
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       SLA  R1,3         MULT. BY 8
       AI   R1,CHRTBL    ADD TABLE OFFSET
       MOV  R13,R0       GET R13 INTO R0
       BLWP @VMBW        WRITE CHAR DEF
       LI   R1,RBOW      RAINBOW COLOR
       AI   R0,>2000     COLOR TBL OFFSET
       BLWP @VMBW        WRITE COLORS
       A    R2,R13       ADD 8 TO R13
       DEC  R4           DEC CHAR COUNT
       JNE  LEGLP        RPT IF NOT 0
       LI   R0,22*32+6+SCRORG ROW 23, COL 7
       CLR  R1           ZERO IN R1
       LI   R2,19        19 CHARACTERS
LEGWRT BLWP @VSBW        WRITE A CHAR
       AI   R1,>100      INC LB R1
       INC  R0           NEXT SPOT
       DEC  R2           DEC CNT
       JNE  LEGWRT       BACK IF NOT 0
*
* LAST WAITS FOR A KEYPRESS, THEN RE-SETS TO GRAPHICS
* MODE AND EXITS TO GPL INTERPRETER
*
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       CB   @ANYKEY,@STATUS  KEY PRESSED?
       JNE  KEY          IF NOT, RE-SCAN
       BL   @SETGM       RESET TO GRAPHICS MODE
       LI   R0,>1E0      UNBLANK SCREEN
       BLWP @VWTR        BY VWTR
       LWPI >83E0        GPL WORKSPACE
       B    @>6A         TO GPL INTERPRETER
*
* SUBROUTINES
*
* FOLLOWING SETS FOR HALF BITMAP MODE
SETHB  LI   R0,>01A0     BLANK SCREEN
       BLWP @VWTR        BY VWTR
       LI   R0,>206      SET TO WRITE VDP REGISTER 2
       BLWP @VWTR        SIT TO >1800  (SCREEN IMAGE TABLE)
       LI   R0,>400      SET TO WRITE TO VDP REG. 4
       BLWP @VWTR        PATTERN TABLE - SPECIAL VALUE
       LI   R0,>39F      SET TO WRITE TO VDP REG 3
       BLWP @VWTR        COLOR TABLE -SPECIAL VALUE
       LI   R0,>607      SET TO WRITE VDP REG 6
       BLWP @VWTR        Sprite descriptor table to >3800
       LI   R0,>570      SET TO WRITE VDP REG 7
       BLWP @VWTR        Sprite attribute list to >3800
       LI   R0,2         SET R0 TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        SET TO M3 MODE (BITMAP)



The Cyc: MICROpendium

       CLR  R1           CLEAR R1
       MOVB R1,@>837A    NO SPRITES IN MOTION
       LI   R1,>D000     SPRITE DELETE
       LI   R0,>3800     AT DESCRIPTOR TABLE
       BLWP @VSBW        WRITE THAT
       RT                RETURN
*
* FOLLOWING SETS COMPUTER BACK TO GRAPHICS MODE
*
SETGM  LI   R0,>1A0      SET TO WRITE VDP REG 1 (BLANK SCREEN)
       BLWP @VWTR        WRITE
       LI   R0,>200      SET TO WRITE VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      SET TO WRITE VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT SAVED COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE THE COLOR TABLE BACK
       LI   R0,>800      POINT AT GRAPHICS CHAR TABLE
       LI   R1,CHRTBL    AND AT STORED CHARACTER DATA
       LI   R2,256*8     256 CHARACTERS
       BLWP @VMBW        WRITE CHARACTER DEFS BACK
       LI   R1,>2000     SPACE IN LB R1
       LI   R2,768       768 CHARS
       CLR  R0           SCREEN ORIGIN
CLRGM  BLWP @VSBW        WRITE ONE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRGM        NOT 0, RPT
       MOV  @>8370,R0    ADDRESS FOR FILE STUFF
       LI   R1,ANYKEY+1  SAVED DATA
       LI   R2,6         SIX BYTES
       BLWP @VMBW        WRITE
       CLR  R0           PREP TO WRITE VDP REG 0
       BLWP @VWTR        WRITE THAT TO REMOVE BITMAP
       RT                RETURN
*
* DATA SECTION
*
CHRTBL BSS  8*256        CHAR DEF STORAGE
SAVCLR BSS  32           COLOR TBL STORAGE
WS     BSS  32           OUR WORKSPACE
NEWCOL DATA >FCFC,>FCFC,>FCFC,>FCFC
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MAG    DATA >DFDF,>DFDF,>DFDF,>DFDF
RBOW   DATA >F6F8,>F9F3,>F2FC,>F5F4
HBSTR  TEXT ' HALF-BITMAP MODE '
ANYKEY BYTE 32
       BSS  6
       END
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1.60. The Art Of Assembly — Part 60. A Moving Experience

%\�%UXFH�+DUULVRQ

7KLV�PRQWK�ZH�PDUN�\HW�DQRWKHU�\HDU
V�ZRUWK�RI�FROXPQV�ZLWK�ZKDW�ZH�FRQVLGHU�D�JHQXLQH��EUHDNWKURXJK�
LQ�$VVHPEO\�SURJUDPV��:H
YH�RYHUFRPH�DQRWKHU�RI�WKRVH��FDQ
W�EH�GRQH��WKLQJV�IURP�WKH�(GLWRU�$VVHPEOHU
PDQXDO��7KH�PDQXDO�VD\V�ZH�FDQ�XVH�6SULWHV�LQ�%LWPDS�0RGH��EXW�QRW�WKHLU�DXWRPDWLF�PRWLRQ��:HOO��ZH
YH
GRQH�WKDW�

1.60.1. The First Steps

:H�VWDUWHG�WKLV�HIIRUW�ULJKW�ZKHUH�ODVW�PRQWK
V�FROXPQ�OHIW�RII��LQ�WKH�(QKDQFHG�*UDSKLFV�0RGH��D�N�D�
+DOI�%LWPDS��� $W� ILUVW�� ZH� WULHG� XVLQJ� 7,
V� EXLOW�LQ� $XWRPDWLF� 6SULWH�PRWLRQ�� EXW� WKLV� VRRQ� SURYHG
WURXEOHVRPH��EHFDXVH�WKH�URXWLQH�LQ�WKH�FRQVROH�520�ZKLFK�SURYLGHV�WKDW�VHUYLFH�LV�KDUG�FRGHG�WR�ORRN
IRU�WKH�6SULWH�$WWULEXWH�7DEOH�DW�!�����DQG�WKH�6SULWH�0RWLRQ�7DEOH�DW�!�����LQ�9'3�5$0��%RWK�RI�WKRVH
ORFDWLRQV�DUH�ZLWKLQ�WKH�DUHD�ZH�ZHUH�XVLQJ�IRU�RXU�3DWWHUQ�'HVFULSWRU�7DEOH��:H�FRXOG�JHW�DXWRPDWLF
PRWLRQ�IRU�RXU�VSULWHV��EXW�RQO\�E\�JLYLQJ�XS�WKH�XVH�RI����FKDUDFWHU�GHILQLWLRQV�����RI�WKHP�DW�!������DQG
DQRWKHU����DW�!������7KDW��ZH�IHOW��ZDV�WRR�JUHDW�D�SULFH�WR�SD\��VLQFH�PDQ\�SURJUDPPHUV�ZRXOG�ZDQW�WR
EH�DEOH�WR�XVH�DOO�����FKDUDFWHU�GHILQLWLRQV�DW�ZLOO��7KHUH�MXVW�KDG�WR�EH�DQRWKHU�ZD\�

1.60.2. The Better Way

2XU�VROXWLRQ�ZDV�WR�LJQRUH�WKH�520
V�6SULWH�0RWLRQ�VHUYLFH��DQG�LQVWHDG�SURYLGH�RXU�RZQ�WKURXJK�D�8VHU
,QWHUUXSW��7R�GR�WKDW��ZH�GLV�DVVHPEOHG�7,
V�520�FRGH��WKHQ�UH�ZURWH�LW�VR�WKDW�LW�FRXOG�XVH�WKH�6SULWH
$WWULEXWH�7DEOH�DQG�6SULWH�0RWLRQ�7DEOH�WKDW�ZH
G�DVVLJQHG�LQ�RXU�RZQ�SURJUDP��7KLV�ZD\��ZH
UH�DEOH�WR
SXW�WKH�$WWULEXWH�DQG�0RWLRQ�7DEOHV�DW�DQ\�FRQYHQLHQW�ORFDWLRQ�LQ�9'3�5$0��,Q�WKH�+DOI�%LWPDS�FDVH�
ZH�VHW�WKH�3DWWHUQ�7DEOH�IRU�VSULWHV�DW�!������:KHQ�ZH�VWDUW�XS��WKH�VWDQGDUG�FKDUDFWHU�GHILQLWLRQV�DUH
DOUHDG\�LQ�SODFH�DW�!�����EXW�ZH�ZLOO�UH�GHILQH�VRPH�RI�WKHP�IRU�GHPR�SXUSRVHV�

7R�PDNH�VXUH�WKDW�WKH�520�VSULWH�PRWLRQ�LV�GLVDEOHG��ZH�VHW�WKH�E\WH�DW�!���$�WR�]HUR�EHIRUH�SXWWLQJ�RXU
VSULWHV�LQ�SODFH��:H�XVH�RXU�RZQ�PHPRU\�ORFDWLRQ��DW�ODEHO�63027��WR�LQGLFDWH�KRZ�PDQ\�VSULWHV�DUH�WR
EH�LQ�PRWLRQ��$IWHU�ZULWLQJ�WKH�GDWD�IRU�RXU�IRXU�VSULWHV�LQWR�9'3�5$0�WKURXJK�VXEURXWLQH�635,7(��ZH
DFWLYDWH�WKH�PRWLRQ�E\�SODFLQJ�WKH�DGGUHVV�RI�865,17�DW�!��&���$IWHU�WKDW��ZH�HQWHU�D��NH\�ORRS��WKDW
LQFOXGHV�/,0,���DQG�/,0,����DQG�WKH�XVHU�LQWHUUXSW�URXWLQH�WDNHV�FDUH�RI�WKH�GHVLUHG�PRWLRQ�IRU�RXU
VSULWHV�

7KH�,QWHUUXSW�URXWLQH��DW�ODEHO�865,17��SHUIRUPV�D�%/:3�WR�WKH�YHFWRU�DW�635,17��7KH�FRGH�VHFWLRQ
VWDUWV�DW�ODEHO�6359(/��DQG�WKHUH�LV�D�VHSDUDWH�ZRUNVSDFH�DW�ODEHO�,17:6�MXVW�IRU�WKDW�FRGH��7KLV�VDYHG
XV�VRPH�PHPRU\�E\�DOORZLQJ�5���5��DQG�5��RI�WKDW�:6�WR�EH�SUH�ORDGHG�ZLWK�DGGUHVVHV��,Q�WKLV�SDUWLFXODU
FDVH��ZH
YH�VHW�WKH�6SULWH�$WWULEXWH�7DEOH�DW�!�����DQG�WKH�6SULWH�0RWLRQ�7DEOH�DW�!������2WKHU�ORFDWLRQV
LQ�9'3�FDQ�EH�XVHG�IRU�WKRVH��EXW�WKHVH�ORFDWLRQV�DUH�KDQG\��'RLQJ�LW�WKLV�ZD\�OHDYHV�DOO�RI�9'3�5$0�IURP
!�����RQZDUG�DYDLODEOH�IRU�RWKHU�WKLQJV�
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1.60.3. In The Sidebar

2QFH�DJDLQ�WKH�6LGHEDU�LV�D�FRPSOHWH�SURJUDP��,W
V�YHU\�VLPLODU�LQ�WKH�HDUO\�SDUWV�WR�ODVW�PRQWK
V�6LGHEDU�
EXW�WKHUH�DUH�WZR�DGGHG�(48DWHV�IRU�WKH�$77/67��6SULWH�$WWULEXWH�7DEOH��DQG�WKH�027%/��6SULWH
0RWLRQ�7DEOH��2WKHUZLVH�LW
V�SUHWW\�PXFK�WKH�VDPH�GRZQ�WR�VL[�OLQHV�EHIRUH�ODEHO�&/5/3��7KHUH�ZH�SXW
D�VROLG�EORFN�FKDUDFWHU�GHILQLWLRQ�LQWR�WKH��WK�DQG����WK�VSRWV�LQ�WKH�6SULWH�'HILQLWLRQ�VSDFH��7KHVH�ZLOO
EH�XVHG�WR�VKRZ�WKDW�DOO�����6SULWH�&KDUDFWHU�3DWWHUQV�DUH�DYDLODEOH�IRU�RXU�XVH��$�OLWWOH�ODWHU�ZH�GLVSOD\
DQRWKHU�VWULQJ�RQ�WKH�VFUHHQ�WKDW�VD\V��:LWK�6SULWHV�LQ�0RWLRQ���-XVW�WR�LOOXVWUDWH�WKDW�LW�FDQ�EH�GRQH��ZH
YH
SXW�WKH�VSULWHV�LQ�PDJQLILHG�IRUP�E\�VHWWLQJ�5��WR�!��(��DQG�WKHQ�GRLQJ�D�9:75��7KLV�ZD\�HDFK�VSULWH
ZLOO�XVH�MXVW�RQH�FKDUDFWHU��EXW�ZLOO�EH�WZLFH�WKH�KHLJKW�DQG�ZLGWK�RI�WKH�QRUPDO�VFUHHQ�FKDUDFWHUV�

1RZ�WKH�SURJUDP�XVHV�WKH�VXEURXWLQH�635,7(�IRXU�WLPHV��)LUVW�LW�SODFHV�D�VSULWH�DW�GRW�URZ�����DQG
GRW�FROXPQ�����WKDW
V�D�UHG��$��PRYLQJ�XSZDUGV�DW�VSHHG����DQG�WR�WKH�ULJKW�DW�VSHHG�����1H[W�LW�VHWV
6SULWH���DW�WKH�VDPH�SRVLWLRQ��EXW�WKLV�WLPH�LW
V�D�\HOORZ��&��PRYLQJ�XSZDUGV�DW�VSHHG����DQG�WR�WKH�ULJKW
DW�VSHHG�����6SULWHV���DQG���DUH�VROLG�EORFNV�XVLQJ�WKH�FKDUDFWHUV���DQG�����DQG�WKHVH�PRYH�GRZQZDUG�DW
VSHHG�����1XPEHU���LV�JUHHQ��DQG���LV�PDJHQWD��$V�VRRQ�DV�WKH�GDWD�IRU�WKHVH�6SULWHV�KDV�EHHQ�VHQW�WR�9'3
E\�WKH�VXEURXWLQH��WKH�PDLQ�SURJUDP�HQDEOHV�WKH�8VHU�,QWHUUXSW�E\�SODFLQJ�WKH�DGGUHVV�IURP�,17/2&
DW�!��&���)URP�KHUH�RQ��ZH�MXVW�VLW�DW�WKH�NH\�ORRS�DQG�ZDLW�IRU�D�NH\SUHVV��:KLOH�ZDLWLQJ��\RX�JHW�WR�VHH
WKHVH�IRXU�VSULWHV�PRYLQJ�DURXQG�WKH�VFUHHQ�MXVW�DV�LI�ZH�ZHUH�LQ�UHJXODU�*UDSKLFV�PRGH��2I�FRXUVH�\RX
FDQ�WHOO�IURP�WKH�LQGLYLGXDOO\�FRORUHG�FKDUDFWHUV�RQ�WKH�VFUHHQ�WKDW�ZH
UH�DFWXDOO\�LQ�+DOI�%LWPDS��RU
(QKDQFHG�*UDSKLFV�PRGH��*LYHQ�D�NH\SUHVV��ZH�UH�VHW�HYHU\WKLQJ�WR��QRUPDO���NLOO�WKH�8VHU�,QWHUUXSW�E\
&/5�#!��&���WKHQ�H[LW�WR�WKH�*3/�,QWHUSUHWHU��7KDW�SXWV�XV�DW�WKH��35(66�(17(5�72�&217,18(�
SURPSW��)RU�WKRVH�RI�\RX�ZKR�JHW�0,&52SHQGLXP�RQ�GLVN��ZH
YH�LQFOXGHG�WKH�2EMHFW�ILOH�6,'(���2��VR
\RX�FDQ�WU\�WKLV�RXW�LPPHGLDWHO\�

1.60.4. That User Interrupt

$V�ZH�VDLG��WKH�FRGH�LQ�RXU�8VHU�,QWHUUXSW��VWDUWLQJ�DW�ODEHO�6359(/��ZDV�GHULYHG�SDUWO\�IURP�GLVDDVHPEO\
RI�WKH�520�FRGH�VWDUWLQJ�DW�!���&�DQG�JRLQJ�WKURXJK�!��(���7KLV�UHTXLUHG�H[WHQVLYH�PRGLILFDWLRQ�WR
JHW�RXW�WKH�+DUG�&RGHG�DGGUHVVHV�DQG�VHW�XS�WR�XVH�WKH�$WWULEXWH�/LVW�DQG�0RWLRQ�7DEOH�ZKHUH�ZH
G�SXW
WKHP��,W
V�ZULWWHQ�VR�WKDW�DV�ORQJ�DV�WKH�(TXDWHV�DUH�FRUUHFW��DQG�WKH�FRUUHFW�YDOXH�KDV�EHHQ�VHQW�WR�9'3
UHJLVWHU����WKH�PRWLRQ�RI�VSULWHV�ZLOO�SURFHHG�ZLWKRXW�WURXEOH��7KH�PDLQ�SURJUDP�KDV�WR�EH�H[HFXWLQJ�/,0,
��DQG�/,0,���IRU�WKH�VSULWHV�WR�UHPDLQ�LQ�PRWLRQ��EXW�WKDW
V�WKH�VDPH�LQ�QRUPDO�*UDSKLFV�PRGH�

:H�VWDUW�E\�SRLQWLQJ�5��DQG�5���DW�WKH�0RWLRQ�7DEOH�DQG�$WWULEXWH�/LVW��UHVSHFWLYHO\��1H[W�ZH�JHW�WKH
QXPEHU�RI�VSULWHV�WKDW�DUH�LQ�PRWLRQ�LQWR�5����,I�WKDW
V�]HUR��ZH�VNLS�WKH�UHVW�RI�WKH�VXEURXWLQH��,Q�WKLV
SDUWLFXODU�FDVH��WKH�QXPEHU�DW�63027�LV����VR�VSULWHV����������DQG���DUH�LQ�PRWLRQ��7KH�QXPEHU�LQ�PRWLRQ
LV�ULJKW�MXVWLILHG�LQ�5����1RZ�WKH�DGGUHVV�IURP�5��LV�SODFHG�LQ�5���WKHQ�LV�VHW�LQWR�SODFH�DV�WKH�9'3�DGGUHVV
LQ�WKH�0RWLRQ�7DEOH��7KH�URXWLQH�UHDGV�WKH�<�YHORFLW\�LQWR�5��DQG�WKH�;�YHORFLW\�LQWR�5���,W�UHDGV�WKH�ILUVW
DX[LOLDU\�E\WH�LQWR�5��DQG�WKH�VHFRQG�LQWR�5���(DFK�RI�WKHVH�IRXU�UHJLVWHUV�WKHQ�JHWV�VKLIWHG�ULJKW�E\�IRXU
ELWV��HIIHFWLYHO\�GLYLGLQJ�WKH�QXPEHUV�E\�����,W�DGGV�5��WR�5��DQG�5��WR�5��
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1RZ�WKH�URXWLQH�VKLIWV�RYHU�WR�WKH�$WWULEXWH�7DEOH��DQG�UHDGV�WKH�<�SRVLWLRQ�RI�WKH�VSULWH�LQWR�5��DQG�WKH
;�SRVLWLRQ�LQWR�5���5���ZKLFK�FRQWDLQV�WKH�VXP�RI�WKH�<�YHORFLW\�DQG�<�DX[LOLDU\�YDOXH��HDFK�GLYLGHG�E\
VL[WHHQ��LV�DGGHG�WR�WKH�SRVLWLRQ�LQ�5���7KH�YHUWLFDO�LV�FKHFNHG�E\�FRPSDULQJ�5��WR�FHUWDLQ�OLPLW�YDOXHV�
DQG�LWV�YDOXH�LV�DGMXVWHG�LI�QHFHVVDU\��7KLV�DOORZV�D�VSULWH�WR�ZUDS�DURXQG�FRUUHFWO\�IURP�WRS�WR�ERWWRP�DQG
YLFH�YHUVD�

1RZ�WKH�URXWLQH�ZULWHV�WKH�QHZ�SRVLWLRQ�E\WHV�WR�WKH�DWWULEXWH�WDEOH��DQG�WKH�QHZ�$X[LOLDU\�YDOXHV�WR�WKH
0RWLRQ�7DEOH��7KDW�ILQLVKHV�LWV�ZRUN�IRU�RQH�VSULWH��1RZ�ZH�XVH�D�WULFN�FRGH�WR�DGG�IRXU�WR�ERWK�5��DQG
5���� VR� WKDW� WKHVH� SRLQW� WR� WKH� ORFDWLRQV� LQ� WKH� WDEOHV� IRU� WKH� QH[W� VSULWH�� 7KH� WULFN� LV� ZULWWHQ� &
5���5����7KLV�MXVW�FDXVHV�5��WR�EH�LQFUHPHQWHG�E\�WZR�WZLFH��DQG�WKH�UHVXOWV�RI�WKH�FRPSDULVRQ�LWVHOI
DUH�LJQRUHG��)LQDOO\��ZH�'(&UHPHQW�5����DQG�JR�EDFN�WR�VHUYLFH�WKH�QH[W�VSULWH�LI�LW
V�QRW�]HUR��:KHQ�5��
EHFRPHV�]HUR��ZH�5HWXUQ�ZLWK�:RUNVSDFH�3RLQWHU�E\�57:3��7KDW�VHQGV�XV�EDFN�WR�WKH�VHFRQG�LQVWUXFWLRQ
DW�865,17��ZKLFK�UHWXUQV�WR�WKH�LQWHUUXSW�KDQGOHU�

1.60.5. Words Of Caution

,I�\RXU�SURJUDP�DFFHVVHV�ILOHV�GXULQJ�H[HFXWLRQ��\RX
OO�QHHG�WR�EH�YHU\�FDUHIXO�DERXW�WKH�SODFHPHQW�RI�WKH
YDULRXV�WDEOHV�LQ�9'3�5$0��<RX�PLJKW�HYHQ�QHHG�WR�UH�ORDG�WKHP�DIWHU�ILOH�DFFHVVHV��GHSHQGLQJ�ZKHUH
\RXU�3$%V�DQG�%XIIHUV�DUH�SODFHG��$OVR��EHIRUH�XVLQJ�D�ILOH��\RX
OO�QHHG�WR�SXW�EDFN�WKH�VL[�E\WHV�ZH�VWDVKHG
DW�$1<.(<���LQWR�WKH�ORFDWLRQ�SRLQWHG�WR�E\�!������RU�HOVH�ILOH�DFFHVV�ZRQ
W�KDSSHQ��,Q�HDUOLHU�FROXPQV�
ZH
YH�FRYHUHG�KRZ�WR�H[HFXWH�D�&$//�),/(6����IURP�$VVHPEO\��DQG�\RX�PD\�ZDQW�WR�GR�WKDW��7KDW�ZLOO
PHDQ�\RXU��ILOH��VSDFH�UHVHUYDWLRQ�ZLOO�PRYH�WR�!�%(����!�����ZLOO�FRQWDLQ�!�(%��

7KH�SURFHVV�DV�ZH
YH�VKRZQ�LW�KHUH�DOORZV�IRU�WKH�XVH�RI�XS�WR����VSULWHV��HDFK�KDYLQJ�D�FKRLFH�RI�DQ\�RI����
FKDUDFWHU�SDWWHUQV��,Q�RXU�RZQ�ZRUN��ZH
YH�QHYHU�IRXQG�LW�QHFHVVDU\�WR�XVH�WKDW�PDQ\�RI�HLWKHU�VSULWHV�RU
FKDUDFWHU�SDWWHUQV��EXW�\RX�VKRXOG�KDYH�WKH�PD[LPXP�FDSDELOLW\�DYDLODEOH��VR�ZH
YH�DUUDQJHG�LW�WKDW�ZD\
IRU�\RX�

7RGD\
V�FROXPQ�LV�EHLQJ�NHSW�VKRUW��EHFDXVH�WKH�6LGHEDU� LV�VR� ORQJ��7KLV�QHZ�FDSDELOLW\�PD\�EH�WKH
EUHDNWKURXJK�\RX
YH�DOO�EHHQ�ZDLWLQJ�IRU��1H[W�PRQWK��ZH
OO�GR�PRYLQJ�VSULWHV�LQ�)XOO�%LWPDS�0RGH��DJDLQ
ZLWK�D�FRPSOHWH�SURJUDP�IRU�\RX�WR�H[SHULPHQW�ZLWK��6HH�\RX�WKHQ�

* SIDEBAR 60
* A COMPLETE PROGRAM
* DEMOS ENHANCED GRAPHICS MODE
* WITH AUTOMATIC SPRITE MOTION
* 01 APR 1995
* MODIFIED VERSION FOR SPRITES
* PUBLIC DOMAIN
*    CODE BY Bruce Harrison
*
       DEF  START
       REF  VMBW,VWTR,VSBW,VMBR
       REF  KSCAN
STATUS EQU  >837C
SCRORG EQU  >1800        HALF BIT SCREEN



7(;$6�,167580(176
+20(�&20387(5

MOTBL  EQU  >1080        SPRITE MOTION TABLE
ATTLST EQU  >1000        SPRITE ATTRIBUTE TABLE
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT STORAGE SPACE
       LI   R2,32        32 BYTES TO GET
       BLWP @VMBR        READ COLOR TABLE INTO STORAGE
       MOV  @>8370,R0    GET VDP ADDR FROM >8370
       LI   R1,ANYKEY+1  POINT AT STORAGE BUFFER
       LI   R2,6         SIX BYTES TO READ
       BLWP @VMBR        READ THOSE INTO BUFFER
       LI   R0,>800      POINT AT CHARACTER TABLE
       LI   R1,CHRTBL    AND AT BUFFER STORAGE
       LI   R2,128*8     128 CHARACTER DEFINITIONS
       BLWP @VMBR        STASH CHARACTER DEFS
       A    R2,R1        MOVE TO SECOND HALF CHRTBL
       BLWP @VMBR        DUPLICATE CHARS IN SECOND HALF
       BL   @SETHB       SET TO HALF-BITMAP
       CLR  R0           START OF CHAR DEF TABLE
       LI   R1,CHRTBL    THE SAVED CHARACTERS
       LI   R2,256*8     ALL 256 DEFINITIONS
       BLWP @VMBW        WRITE THOSE
       LI   R0,>800      SPRITE PATTERN TABLE
       LI   R1,BLOCK     SOLID BLOCK PATTERN
       LI   R2,8         EIGHT BYTES
       BLWP @VMBW        WRITE THAT TO SPRITE CHAR 0
       LI   R0,255*8+>800 LAST PLACE IN SPRITE PAT. TBL.
       BLWP @VMBW        WRITE BLOCK TO SPRITE CHAR 255
       LI   R0,SCRORG    POINT AT SCREEN ORIGIN
       LI   R1,>2000     SPACE IN LB R1
       LI   R2,768       768 CHARS IN SCREEN
CLRLP  BLWP @VSBW        WRITE A SPACE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRLP        REPEAT IF NOT ZERO
       LI   R0,>2000     COLOR TABLE
       LI   R1,>4F00     BLUE ON WHITE
       LI   R2,>400      HALF OF COLOR TABLE
COLSET BLWP @VSBW        WRITE A BYTE
       INC  R0           NEXT POSITION
       DEC  R2           DEC COUNT
       JNE  COLSET       REPEAT IF NOT ZERO
       LI   R1,>F400     WHITE ON BLUE
       LI   R2,>400      2ND HALF OF TABLE
COLSE2 BLWP @VSBW        WRITE
       INC  R0           NEXT BYTE
       DEC  R2           DEC COUNT
       JNE  COLSE2       LOOP IF NOT ZERO
       LI   R0,>1E0      UNBLANK SCREEN
       BLWP @VWTR        BY VWTR
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       LI   R0,SCRORG    POINT AT >1800
       LI   R4,2         TWO CYCLES
WRTOM  LI   R1,>2100     START WITH CHAR 33 (!)
       LI   R2,127-33    ALL DEFINED CHARS THRU 126 (~)
WRTCH  BLWP @VSBW        WRITE ONE
       AI   R1,>100      NEXT CHAR
       INC  R0           NEXT SCREEN LOCATION
       DEC  R2           DEC COUNT
       JNE  WRTCH        RPT TIL ZERO
       LI   R1,>A100     SET FOR SECOND SET'S (!)
       LI   R2,127-33    SAME NUMBER
       AI   R0,66        DOWN 2, OVER 2
WRTCH2 BLWP @VSBW        WRITE ONE
       AI   R1,>100      NEXT CHAR
       INC  R0           NEXT SCREEN LOCATION
       DEC  R2           DEC COUNT
       JNE  WRTCH2       RPT TIL ZERO
       AI   R0,66        DOWN 2, OVER 2
       DEC  R4           DEC R4 COUNT
       JNE  WRTOM        ANOTHER IF NOT ZERO
       LI   R0,33*8+>2000  COLOR FOR FIRST !
       LI   R1,NEWCOL    NEW COLOR SCHEME (WHITE ON GREEN)
       LI   R2,8         EIGHT BYTES
       BLWP @VMBW        RE-COLOR THE !
       LI   R0,48*8+>2000 POINT AT ZERO CHARACTER'S COLOR
       BLWP @VMBW        RE-COLOR THE 0
       LI   R0,57*8+>2000 POINT AT NINE CHAR'S COLOR
       LI   R1,RBOW      RAINBOW
       BLWP @VMBW        RE-COLOR THE 9
       LI   R0,122+128*8+>2000 SECOND SET'S L.C. Z COLOR
       LI   R1,MAG       MAGENTA ON WHITE
       BLWP @VMBW        COLOR THAT
       LI   R3,HBSTR     TITLE STRING
       LI   R4,18        18 CHARACTERS
       LI   R2,8         8 BYTES PER DEF
       CLR  R13          START AT 0
LEGLP  MOVB *R3+,R1      GET A CHARACTER FROM STRING
       SRL  R1,8         RT. JUSTIFY
       SLA  R1,3         MULT. BY 8
       AI   R1,CHRTBL    ADD TABLE OFFSET
       MOV  R13,R0       GET R13 INTO R0
       BLWP @VMBW        WRITE CHAR DEF
       LI   R1,RBOW      RAINBOW COLOR
       AI   R0,>2000     COLOR TBL OFFSET
       BLWP @VMBW        WRITE COLORS
       A    R2,R13       ADD 8 TO R13
       DEC  R4           DEC CHAR COUNT
       JNE  LEGLP        RPT IF NOT 0
       LI   R0,20*32+6+SCRORG ROW 21, COL 7
       CLR  R1           ZERO IN R1
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       LI   R2,19        19 CHARACTERS
LEGWRT BLWP @VSBW        WRITE A CHAR
       AI   R1,>100      INC HIGH BYTE R1
       INC  R0           NEXT SPOT
       DEC  R2           DEC CNT
       JNE  LEGWRT       BACK IF NOT 0
       LI   R0,22*32+5+SCRORG ROW 23, COL 6
       LI   R1,SIMSTR    "SPRITES IN MOTION"
       LI   R2,22        22 CHARS
       BLWP @VMBW        WRITE THAT
       LI   R0,>01E1     ENLARGED SPRITES
       BLWP @VWTR        TO VDP REG 1
       LI   R1,>0400     FOUR SPRITES MOVING
       MOVB R1,@SPMOT    AT SPMOTION
       BL   @SPRITE      SET SPRITE
       DATA 0            NUMBER ZERO
       BYTE 148,120,65,6,-10,20  PARAMETERS (A RED "A")
       BL   @SPRITE      SET SPRITE
       DATA 1            NUMBER ONE
       BYTE 148,120,67,10,-10,-40 PARAMETERS (A YELLOW "C")
       BL   @SPRITE      SET SPRITE
       DATA 2            NUMBER TWO
       BYTE 148,120,0,3,20,20  PARAMETERS (GREEN BLOCK)
       BL   @SPRITE      SET SPRITE
       DATA 3            NUMBER THREE
       BYTE 148,120,255,13,20,-40 PARAMETERS (MAGENTA BLOCK)
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       CB   @ANYKEY,@STATUS  KEY PRESSED?
       JNE  KEY          IF NOT, RE-SCAN
       BL   @SETGM       RESET TO GRAPHICS MODE
       LI   R0,>1E0      UNBLANK SCREEN
       BLWP @VWTR        BY VWTR
       CLR  @>83C4       DISABLE USER INTERRUPT
       LWPI >83E0        GPL WORKSPACE
       B    @>6A         TO GPL INTERPRETER
*
* SETUP FOR HALF-BITMAP
* SUBROUTINES FOR HANDLING BITMAP
* OPERATIONS AND TRANSITIONS
*
* FOLLOWING SETS FOR HALF-BITMAP MODE
SETHB  LI   R0,>01A0     BLANK SCREEN
       BLWP @VWTR        BY VWTR
       LI   R0,>206      SET TO WRITE VDP REGISTER 2
       BLWP @VWTR        SIT TO >1800  (SCREEN IMAGE TABLE)
       LI   R0,>400      SET TO WRITE TO VDP REG. 4
       BLWP @VWTR        PATTERN TABLE - SPECIAL VALUE
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       LI   R0,>39F      SET TO WRITE TO VDP REG 3
       BLWP @VWTR        COLOR TABLE -SPECIAL VALUE
       LI   R0,>601      SET TO WRITE VDP REG 6
       BLWP @VWTR        Sprite descriptor table to >0800
       LI   R0,>520      SET TO WRITE VDP REG 5
       BLWP @VWTR        Sprite attribute table to >1000
       LI   R0,2         SET R0 TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        SET TO M3 MODE (BITMAP)
       CLR  R1           CLEAR R1
       MOVB R1,@>837A    NO SPRITES IN MOTION
       LI   R1,>D000     SPRITE DELETE
       LI   R0,>1000     AT ATTRIBUTE TABLE
       BLWP @VSBW        WRITE THAT
       RT                RETURN
*
* FOLLOWING SETS COMPUTER BACK TO NORMAL GRAPHICS MODE
*
SETGM  LI   R0,>1A0      SET TO WRITE VDP REG 1 (BLANK SCREEN)
       BLWP @VWTR        WRITE
       LI   R0,>200      SET TO WRITE VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      SET TO WRITE VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT SAVED COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE THE COLOR TABLE BACK
       LI   R0,>800      POINT AT GRAPHICS CHAR TABLE
       LI   R1,CHRTBL    AND AT STORED CHARACTER DATA
       LI   R2,256*8     256 CHARACTERS
       BLWP @VMBW        WRITE CHARACTER DEFS BACK
       LI   R1,>2000     SPACE IN LB R1
       LI   R2,768       768 CHARS
       CLR  R0           SCREEN ORIGIN
CLRGM  BLWP @VSBW        WRITE ONE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  CLRGM        NOT 0, RPT
       MOV  @>8370,R0    ADDRESS FOR FILE STUFF
       LI   R1,ANYKEY+1  SAVED DATA
       LI   R2,6         SIX BYTES
       BLWP @VMBW        WRITE
       CLR  R0           PREP TO WRITE VDP REG 0
       BLWP @VWTR        WRITE THAT TO REMOVE BITMAP
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       RT                RETURN
SPRITE LI   R0,ATTLST    POINT AT ATTR. TABLE
       MOV  *R11+,R3     GET SPRITE #
       SLA  R3,2         MULTIPLY BY 4
       A    R3,R0        ADD TO R0
       LI   R2,4         4 BYTES DATA
SPLP   MOVB *R11+,R1     GET A BYTE
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT BYTE
       DEC  R2           DEC COUNT
       JNE  SPLP         RPT IF NOT 0
       LI   R1,>D000     "DELETE" BYTE
       BLWP @VSBW        WRITE THAT
       LI   R0,MOTBL     POINT AT MOTION TABLE
       A    R3,R0        ADD NUMBER X 4
       MOVB *R11+,R1     GET Y VELOCITY
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT BYTE
       MOVB *R11+,R1     GET X VELOCITY
       BLWP @VSBW        WRITE THAT
       CLR  R1           ZERO IN R1
       INC  R0           FIRST AUX BYTE
       BLWP @VSBW        WRITE 0 TO 1ST AUX BYTE
       INC  R0           SECOND AUX BYTE
       BLWP @VSBW        WRITE 0 TO SECOND AUX BYTE
       RT                RETURN
USRINT BLWP @SPRINT      USE BLWP TO VECTOR
       RT                THEN RETURN
SPRINT DATA INTWS,SPRVEL WORKSPACE AND CODE
SPRVEL LI   R9,MOTBL     POINT AT MOTION TBL
       LI   R10,ATTLST   AND ATTR. TABLE
       MOVB @SPMOT,R12   HOW MANY IN MOTION?
       JEQ  INTEX        IF ZERO, EXIT
       SRL  R12,8        RIGHT-JUSTIFY
STR8   MOV  R9,R8        MOTION TABLE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       GET Y VELOCITY FROM TABLE
       CLR  R6           CLEAR REG 6
       MOVB *R2,R6       GET X VELOCITY FROM TABLE
       SRA  R4,4         SHIFT RIGHT 4 BITS WITH SIGN
       MOVB *R2,R5       GET AUX DATA BYTE
       SRA  R5,4         SHIFT RIGHT WITH SIGN
       A    R4,R5        ADD R4 TO R5
       MOVB *R2,R7       GET 2ND AUX BYTE
       SRA  R6,4         SHIFT RIGHT 4 WITH SIGN
       SRA  R7,4         SAME FOR R7
       A    R6,R7        ADD R6 TO R7
       MOV  R10,R8       ATTRIBUTE ADDR TO R8
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       MOVB @INTWS+17,*R1  LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       Y POSITION TO R4
       A    R5,R4        ADD R5 TO R4
       CI   R4,>C0FF     COMPARE TO LIMIT
       JLE  AC           JUMP IF LOW OR EQUAL
       CI   R4,>E000     COMPARE TO >E000
       JH   AC           JUMP IF HIGH
       MOV  R5,R5        MOVE R5 TO ITSELF
       JGT  AD           IF POSITIVE, JUMP
       AI   R4,>C000     ADD >C000 TO R4
AD     AI   R4,>2000     ADD >2000 TO R4
AC     CLR  R6           CLEAR REG 6
       MOVB *R2,R6       X POSITION TO R6
       A    R7,R6        ADD R7
       ORI  R8,>4000     SET >4000 BIT IN R8 (WRITING)
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       MOVB R4,*R3       WRITE NEW Y POSITION
       MOVB R6,*R3       WRITE NEW X POSITION
       MOV  R9,R8        GET MOTION ADDR
       INCT R8           ADD TWO FOR AUX BYTE
       ORI  R8,>4000     SET FOR WRITE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8
       SWPB R5           SWAP R5
       SRL  R5,4         SHIFT R5 LEFT 4 BITS
       MOVB R5,*R3       WRITE NEW AUX BYTE #1
       SWPB R7           SWAP R7
       SRL  R7,4         SHIFT LEFT 4
       MOVB R7,*R3       WRITE NEW AUX BYTE #2
       C    *R9+,*R9+    ADD 4 TO R9
       C    *R10+,*R10+  ADD 4 TO R10
       DEC  R12          DEC COUNT IN R12
       JGT  STR8         IF NOT ZERO, DO ANOTHER SPRITE
INTEX  RTWP              RETURN WITH WORKSPACE POINTER
*
* DATA SECTION
*
SPMOT  BYTE 0            NUMBER OF SPRITES IN MOTION
INTLOC DATA USRINT       ADDRESS OF USER INTERRUPT
CHRTBL BSS  8*256        CHAR DEF STORAGE
SAVCLR BSS  32           COLOR TBL STORAGE
WS     BSS  32           OUR WORKSPACE
INTWS  BSS  2            USER INTERRUPT WORKSPACE R0
       DATA >8C02,>8800,>8C00  PRE-LOADED R1, R2 AND R3
       BSS  24           R4 THRU R15
NEWCOL DATA >FCFC,>FCFC,>FCFC,>FCFC WHITE ON GREEN
MAG    DATA >DFDF,>DFDF,>DFDF,>DFDF MAGENTA ON WHITE



7(;$6�,167580(176
+20(�&20387(5

RBOW   DATA >F6F8,>F9F3,>F2FC,>F5F4 "RAINBOW" COLORS
BLOCK  DATA >FFFF,>FFFF,>FFFF,>FFFF BLOCK CHARACTER
HBSTR  TEXT ' HALF-BITMAP MODE ' MESSAGE 1
SIMSTR TEXT 'With Sprites in Motion' MESSAGE 2
ANYKEY BYTE 32           BYTE FOR COMPARISON
       BSS  6            STORAGE FOR FILE BYTES
       END
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1.61. The Art Of Assembly — Part 61. Full Bitmap Motion

%\�%UXFH�+DUULVRQ

$V�SURPLVHG��ZH
UH�JRLQJ�DOO�WKH�ZD\�WKLV�PRQWK��:H�DUH�RIIHULQJ�VRXUFH�FRGH�WKDW�JLYHV�\RX�MXVW�DERXW
HYHU\WKLQJ�\RX�FRXOG�DVN�IRU�LQ�WKH�)XOO�%LWPDS�0RGH��+RZ�DERXW����VSULWHV�ZLWK�WKHLU�RZQ�VHW�RI����
FKDUDFWHU�SDWWHUQV��DQG�DXWRPDWLF�VSULWH�PRWLRQ��,Q�WKH�GHPR��WKHUH�DUH�RQO\�IRXU�VSULWHV�XVHG��EXW�\RX
FDQ�H[WHQG�WKHP�WR�����DQG�HYHU\WKLQJ�ZLOO�VWLOO�ZRUN��<RX�FDQ�HYHQ�XVH�WKH�PDJQLILHG�VSULWHV��HLWKHU�WKH
VLQJOH�FKDUDFWHU�W\SH�RU�WKH�IRXU�FKDUDFWHU�W\SH��)RU�WKRVH�ZKR�JHW�0,&52SHQGLXP�RQ�GLVN��WKHUH
V�QRW
RQO\�WKH�VRXUFH�ILOH�DV�6,'(%$5����EXW�WKH�REMHFW�ILOH�6,'(���2��VR�\RX�FDQ�WU\�RXW�WKLV�SURJUDP�ULJKW
DZD\��7KH�SURJUDP�QDPH�LV�WKH�HYHU�SRSXODU�67$57�

/DVW�PRQWK��LQ�WKH�(QKDQFHG�*UDSKLFV�0RGH��D�N�D��+DOI�%LWPDS��ZH�WXFNHG�DZD\�WKH�6SULWH�3DWWHUQ
7DEOH��6SULWH�$WWULEXWH�7DEOH��DQG�6SULWH�0RWLRQ�WDEOH�LQ�WKH�ORZHU�SDUWV�RI�9'3�5$0��,Q�WKH�)XOO�%LWPDS
FDVH��ZH�VWLOO�PDQDJHG�WR�WXFN�DZD\�WKH�$WWULEXWH�DQG�0RWLRQ�WDEOHV�LQ�WKH�VSDFH�EHWZHHQ�WKH�6FUHHQ
,PDJH�7DEOH�DQG�WKH�&RORU�7DEOH��7KH�0RWLRQ�7DEOH�LV�DW�!�%����DQG�WKH�$WWULEXWH�7DEOH�LV�DW�!�%���
7KH�6SULWH�3DWWHUQ�7DEOH�KDG�WR�EH�SODFHG�DW�!������DQG�LW�RFFXSLHV�DOO�WKH�VSDFH�IURP�WKHUH�WR�WKH�HQG
RI�9'3�5$0��:H�FRSLHG�WKH�VWDQGDUG�FKDUDFWHU�VHW�LQWR�WKDW�VSDFH��WKHQ�SXW�D�VSHFLDO��EORFN��FKDUDFWHU
GHILQLWLRQ�LQWR�WKH�SDWWHUQV�IRU�FKDUDFWHUV���DQG����

7R�PDNH�WKLV�GHPR��ZH�ERUURZHG�VRPH�VRXUFH�FRGH�IURP�3DUW����RI�WKLV�VHULHV��VR�WKDW�D�QLIW\�OLWWOH
VLQJOH�SL[HO�VSLUDO�JHWV�GUDZQ�RQ�WKH�VFUHHQ��WKHQ�WKH�OHJHQG��%LWPDS�ZLWK�0RYLQJ�6SULWHV��LV�SODFHG�DW�WKH
ERWWRP��1RZ�WKH�PDLQ�HYHQW�EHJLQV��ZLWK�IRXU�VSULWHV�DSSHDULQJ�QHDUO\�GHDG�FHQWHU�RI�WKH�VFUHHQ��WKHQ
JRLQJ� LQWR� �DXWRPDWLF��PRWLRQ��$V� LQ� ODVW�PRQWK
V�FDVH��WKHLU�PRWLRQ� LV�FRQWUROOHG�E\�WKH�VDPH�8VHU
,QWHUUXSW�FRGH��7KLV�PRQWK
V�VRXUFH�FRGH�LQFOXGHV�WKH�3/27��&+$5��DQG�%,7675�URXWLQHV�WKDW�ILUVW
DSSHDUHG�LQ�3DUW�����$JDLQ��DV�LQ�ODVW�PRQWK
V�SURJUDP��ZH
YH�PDJQLILHG�WKH�VSULWHV�

7KHUH�DUH�VRPH�GLIIHUHQFHV� LQ�WKH�VXEURXWLQHV�ZH�ERUURZHG�IURP�3DUW�����7KH�6(7%0�URXWLQH�� IRU
H[DPSOH��VWDUWV�E\�EODQNLQJ�WKH�VFUHHQ��VR�WKDW�DOO�WKH�VHWWLQJ�XS�RSHUDWLRQV�DUH�LQYLVLEOH�WR�WKH�XVHU�
6(7*0��ZKLFK�UHVHWV�WR�WKH�*UDSKLFV�PRGH��DOVR�EODQNV�RXW�WKH�VFUHHQ��DQG�FOHDUV�WKH�JUDSKLFV�VFUHHQ
ZKLOH�LW
V�EODQNHG�

7KH�VXEURXWLQHV�3/27��&+$5��DQG�%,7675�DUH�XQFKDQJHG�IURP�3DUW�����DQG�WKH�VXEURXWLQHV�635,7(
DQG�635,17�DUH�LGHQWLFDO�WR�WKRVH�LQ�ODVW�PRQWK
V�6LGHEDU��7KH�63,5$/�URXWLQH�LV�DOVR�LGHQWLFDO�WR�WKH
RQH� LQ�6LGHEDU�����:H
YH�SXW�WKH�GDWD�LWHPV�WKDW�DUH�QHHGHG�E\�WKH�XVHU�LQWHUUXSW�LQWR�D�VHFWLRQ�E\
WKHPVHOYHV��MXVW�WR�PDNH�WKDW�GDWD�HDVLHU�WR�UHFRJQL]H�
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1.61.1. Today's Sidebar

<HV��LW
V�DQRWKHU�FRPSOHWH�EXW��QRQVHQVH��SURJUDP��$V�LQ�SUHYLRXV�H[DPSOHV��ZH
YH�VWDVKHG�DZD\�WKH�VWXII
IURP�WKH�JUDSKLFV�PRGH��LQFOXGLQJ�WKH�FRORU�WDEOH�DQG�SDWWHUQ�WDEOH��DQG�WKRVH�VL[�E\WHV�IURP�WKH�ORFDWLRQ
SRLQWHG�WR�E\�!������1H[W�ZH�ZULWH�WKH�FKDUDFWHU�GHILQLWLRQV�LQWR�WKH�6SULWH�3DWWHUQ�7DEOH�DW�!������DQG
WKHQ�VXSSOHPHQW�WKRVH�E\�SXWWLQJ�LQ�D�VROLG�EORFN�SDWWHUQ�IRU�FKDUDFWHUV���DQG�����

1RZ�ZH� XVH� 6(7%0� WR� SXW� XV� LQWR�%LWPDS�0RGH��7KLV� LV� VLPLODU� LQ� VRPH� UHVSHFWV� WR� WKH� 6(7+%
VXEURXWLQH�LQ�ODVW�PRQWK
V�6LGHEDU��H[FHSW�WKDW�WKLV�FOHDUV�WKH�%LWPDS�VFUHHQ�WR�DOO�ZKLWH�ZLWK�D�SUH�VHW
EODFN�IRUHJURXQG�FRORU��:H�FKDQJHG�WKLV�IURP�ZKDW�ZDV�LQ�3DUW����LQ�WZR�ZD\V��)LUVW��ZH�DGGHG�WKH�VFUHHQ
EODQNLQJ�LQ�WKH�ILUVW�WZR�LQVWUXFWLRQV��VR�WKH�WUDQVLWLRQ�ZRXOG�EH�LQYLVLEOH��6HFRQG��ZH��IROGHG�LQ��WKH
VXEURXWLQH�&3'7��ZKLFK�XVHG�WR�EH�D�VHSDUDWH�RQH��%\�WKH�ZD\��LI�\RX�OLNH�GLIIHUHQW�VWDUWLQJ�FRORUV��FKDQJH
WKH�/,�VWDWHPHQW�MXVW�EHIRUH�ODEHO�&7�LQ�WKH�6(7%0�VXEURXWLQH�WR�DQ\�FRPELQDWLRQ�\RX�OLNH�

8SRQ�UHWXUQ�IURP�6(7%0��RXU�PDLQ�SURJUDP�ZULWHV�!(��WR�9'3�5HJLVWHU����7KDW�XQEODQNV�WKH�VFUHHQ
DQG�DOVR�VHWV�XS�IRU�PDJQLILHG�VSULWHV��:H�SXW�D�FRS\�RI�WKDW�E\WH�!(��DW�!��'���ZKLFK�LVQ
W�UHDOO\
QHFHVVDU\�LQ�WKLV�SURJUDP��EXW�VKRXOG�EH�GRQH�LQ�\RXU�RZQ�SURJUDPV�VR�WKDW�D�NH\SUHVV�ZRQ
W�GHVWUR\
ZKDW�\RX
YH�GRQH�WR�9'3�5HJLVWHU����7KLV�OHYHO�RI�PDJQLILFDWLRQ�PHDQV�WKH�VSULWHV�XVH�RQO\�RQH�FKDUDFWHU�
EXW�WKH\
UH�WZLFH�WKH�QRUPDO�KHLJKW�DQG�ZLGWK�RI�D�VFUHHQ�FKDUDFWHU��7KH�RWKHU�OHYHOV�RI�PDJQLI\�ZLOO�ZRUN
MXVW�DV�ZHOO��EXW�\RX�FDQ�WU\�WKDW�RXW�IRU�\RXUVHOI�E\�SXWWLQJ�LQ�\RXU�RZQ�IRXU�FKDUDFWHU�VSULWH�GHILQLWLRQV�

1RZ�WKH�SURJUDP�XVHV�WKH�3/27�VXEURXWLQH�LQ�D�VHULHV�RI�ORRSV�WR�FUHDWH�D�VLQJOH�SL[HO�VSLUDO�VWDUWLQJ
QHDU�WKH�XSSHU�OHIW�FRUQHU�RI�WKH�VFUHHQ�DQG�ZRUNLQJ�LWV�ZD\�WR�D�VSRW�QHDU�WKH�FHQWHU�RI�WKH�VFUHHQ��:KHQ
WKDW�ILQLVKHV��ZH�XVH�WKH�%,7675�VXEURXWLQH�WR�SXW�WKH�OHJHQG��%LWPDS�ZLWK�0RYLQJ�6SULWHV��DW�WKH
ERWWRP�RI�WKH�VFUHHQ�LQ�ZKLWH�RQ�JUHHQ�

1.61.2. The Main Event

1RZ�ZH�VHW�RXU�RZQ�PHPRU\�ORFDWLRQ�WR�DOORZ�IRXU�VSULWHV�LQ�PRWLRQ��WKHQ�XVH�WKH�635,7(�VXEURXWLQH
IRXU�WLPHV�WR�SXW�D�UHG��$���D�\HOORZ��%���D�JUHHQ�EORFN�DQG�D�PDJHQWD�EORFN�RQ�WKH�VFUHHQ�DV�VSULWHV��7KHVH
VWDUW�RXW�QHDU�WKH�PLGGOH�RI�WKH�VFUHHQ��WKHQ�PRYH�RXWZDUG�LQ�IRXU�GLUHFWLRQV��7KH�%�DQG�WKH�0DJHQWD
EORFN�PRYH�WR�WKH�OHIW��ZKLOH�WKH�$�DQG�WKH�*UHHQ�EORFN�PRYH�WR�WKH�ULJKW��7KH�EORFNV�PRYH�GRZQZDUG�DQG
WKH�OHWWHUV�XSZDUG��7R�VWDUW�WKH�PRWLRQ�LWVHOI��ZH�SXW�WKH�DGGUHVV�RI�RXU�XVHU�LQWHUUXSW�DW�!��&���2XU�ER\
-HDQ�*X\�VD\V�WKLV�VWXII�RQ�WKH�VFUHHQ�FRXOG�K\SQRWL]H�KLP��0D\EH�VR��$IWHU�D�ZKLOH��WKH�IRXU�VSULWHV�ZLOO
DOO�FRQYHUJH�EDFN�DW�WKHLU�VWDUWLQJ�SRLQW��VR�\RX�FDQ�REVHUYH�WKDW�WKHLU�PRWLRQ�LV�DFFXUDWH�

1RZ�WKH�SURJUDP�MXVW�GRHV�D�%/�#.(<��VR�QRWKLQJ�KDSSHQV�XQWLO�\RX�SUHVV�D�NH\��:KHQ�\RX�GR��WKH
SURJUDP�ILUVW�FOHDUV�WKH�ZRUG�DW�!��&��WR�GLVDEOH�WKH�XVHU�LQWHUUXSW��WKHQ�XVHV�6(7*0�WR�SXW�WKH�9'3
EDFN�WR�WKH�QRUPDO�JUDSKLFV�PRGH��6(7*0�EODQNV�WKH�VFUHHQ�ILUVW��VR�\RX�ZRQ
W�VHH�DQ\�JOLWFKHV�GXULQJ
WKH�WUDQVLWLRQ��,W�DOVR�LQFOXGHV�D�ORRS�WR�FOHDU�WKH�JUDSKLFV�VFUHHQ�EHIRUH�LW�XQEODQNV�WKH�VFUHHQ��)LQDOO\�
WKH�PDLQ�SURJUDP�SXWV�EDFN�WKRVH�VL[�E\WHV�DW�WKH�ORFDWLRQ�SRLQWHG�WR�E\�!������VR�WKDW�ILOH�RSHUDWLRQV
ZLOO�ZRUN�ZKHQ�\RX
UH�EDFN�LQ�WKH�(GLWRU�$VVHPEOHU
V�FRQWURO�
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7KDW
V�LW��7KH�VXEURXWLQHV�KHUH�VKRXOG�SURYH�XVHIXO�WR�DQ\�UHDGHU�ZKR
V�WU\LQJ�WR�PDNH�SURJUDPV�WKDW
LQYROYH�%LWPDS�0RGH��,I�\RXU�SURJUDP�QHHGV�WR�KDYH�GLVN�DFFHVV��\RX
OO�SUREDEO\�KDYH�WR�JR�EDFN�WR�WKH
*UDSKLFV�PRGH�EHIRUH�GRLQJ�WKDW��DV�WKHUH�UHDOO\�LVQ
W�DQ\SODFH�WR�GR�ILOH�RSHUDWLRQV�LQ�9'3�5$0�ZLWKRXW
RYHUZULWLQJ�DW�OHDVW�SDUW�RI�\RXU�VSULWH�GHVFULSWRU�WDEOH��HYHQ�LI�\RX
YH�GRQH�D�&$//�),/(6����LQ�WKH
EHJLQQLQJ�� 2I� FRXUVH� WKHUH� LV� DQRWKHU� ZD\�� LI� \RX� FDQ� OLYH� ZLWK� KDYLQJ� RQO\� ���� VSULWH� FKDUDFWHU
GHILQLWLRQV��<RX�FRXOG�SODFH�WKH�6SULWH�'HVFULSWRU�7DEOH�DW�!������EXW�SXW�DFWXDO�GHILQLWLRQV�LQ�VWDUWLQJ
DW�!�&���� <RXU� VSULWH� FKDUDFWHU� QXPEHUV� ZRXOG� WKHQ� VWDUW� DW� QXPEHU� ���� DQG� UXQ� WKURXJK� ����
&RPELQLQJ�WKDW�ZLWK�D�&$//�),/(6����ZRXOG�DOORZ�\RX�WR�SHUIRUP�VRPH�ILOH�RSHUDWLRQV�HYHQ�ZKLOH�LQ
%LWPDS�0RGH��%H�ZDUQHG��WKRXJK��WKDW�\RXU�VSULWHV�ZLOO�VWRS�PRYLQJ�ZKLOH�ILOHV�DUH�UHDG�RU�ZULWWHQ�
EHFDXVH�WKH�'65�GRHV�QRW�DOORZ�LQWHUUXSWV��)RU�KHOS�RQ�GRLQJ�&$//�),/(6��VHH�6,'(%$5����VWDUWLQJ�DW
WKH�ERWWRP�RI�SDJH���LQ�WKH�)HEUXDU\������LVVXH�RI�0,&52SHQGLXP�

1H[W�PRQWK�ZH
OO�KDYH�DQRWKHU�VHW�RI�URXWLQHV�IRU�\RX��$PRQJ�RWKHU�WKLQJV��ZH
OO�VKRZ�D�TXLFN�DQG�HDV\
ZD\�WR�UHYHUVH�VLQJOH�FKDUDFWHUV�RU�IRXU�FKDUDFWHU�VSULWH�GHILQLWLRQV�IURP�OHIW�WR�ULJKW�DQG�YLFH�YHUVD��6HH
\RX�WKHQ�

* SIDEBAR 61
* A COMPLETE PROGRAM
* DEMONSTRATES FULL BITMAP MODE
* WITH AUTOMATIC SPRITE MOTION
* 02 APR 1995
* PUBLIC DOMAIN
*   CODE BY
*   Bruce Harrison
*
       DEF  START        DEFINE ENTRY POINT
       REF  VWTR,KSCAN,VMBW,VMBR,VSBW,VSBR
MOTBL  EQU  >1B00        SPRITE MOTION TABLE
ATTLST EQU  >1B80        SPRITE ATTRIBUTE TABLE
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT STORAGE SPACE
       LI   R2,32        32 BYTES TO GET
       BLWP @VMBR        READ COLOR TABLE INTO STORAGE
       MOV  @>8370,R0    GET VDP ADDR FROM >8370
       LI   R1,ANYKEY+1  POINT AT STORAGE BUFFER
       LI   R2,6         SIX BYTES TO READ
       BLWP @VMBR        READ THOSE INTO BUFFER
       LI   R0,>800      POINT AT CHARACTER TABLE
       LI   R1,CHRTBL    AND AT BUFFER STORAGE
       LI   R2,256*8     256 CHARACTER DEFINITIONS
       BLWP @VMBR        STASH CHARACTER DEFS
       LI   R0,>3800     SPRITE PATTERN TABLE
       BLWP @VMBW        WRITE CHAR DEFS THERE
       LI   R1,BLOCK     SOLID BLOCK PATTERN
       LI   R2,8         EIGHT BYTES
       BLWP @VMBW        SPRITE CHAR 0
       LI   R0,255*8+>3800 LAST SPRITE CHAR
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       BLWP @VMBW        A SOLID BLOCK
       BL   @SETBM       GO TO BITMAP
MAGNI  LI   R0,>01E1     UNBLANK AND ENLARGE SPRITES
       BLWP @VWTR        WRITE VDP REG 1
       MOVB @MAGNI+3,@>38D4 PUT >E1 AT >83D4
SPIRAL LI   R12,20       STARTING DOT-COL 20
       LI   R13,10       STARTING DOT-ROW 10
       LI   R14,180      STOP ROW 180
       LI   R15,240      STOP COLUMN 240
       MOV  R13,R8       PUT START ROW IN R8
LINE   MOV  R12,R7       STARTING COL IN R7
       AI   R12,10       ADD 10 TO START COL
       CLR  R9           COLORS BLACK ON WHITE
LOOP1  BL   @PLOT        DRAW ONE PIXEL
       INC  R8           MOVE DOWN ONE ROW
       C    R8,R14       COMPARE TO LIMIT
       JL   LOOP1        IF LOW, REPEAT
       LI   R9,>6000     COLOR DARK RED
LOOP2  BL   @PLOT        DRAW ONE PIXEL
       INC  R7           INC COLUMN
       C    R7,R15       COMPARE TO LIMIT
       JL   LOOP2        IF LOW, REPEAT
       CLR  R9           COLOR BLACK ON WHITE
LOOP3  BL   @PLOT        DRAW ONE PIXEL
       DEC  R8           DEC ROW
       C    R8,R13       COMPARE TO TOP LIMIT
       JH   LOOP3        IF HIGH, REPEAT
       MOV  R13,R8       PUT LIMIT IN R8
       AI   R13,10       ADD 10 TO TOP LIMIT
       LI   R9,>4000     COLOR DARK BLUE
LOOP4  BL   @PLOT        DRAW ONE PIXEL
       DEC  R7           DEC COL
       C    R7,R12       COMPARE TO LEFT LIMIT
       JH   LOOP4        IF HIGH, REPEAT
       AI   R14,-10      SUBTRACT 10 FROM LEFT LIMIT
       AI   R15,-10      AND FROM STOP COLUMN
       C    R13,R14      COMPARE TOP AND BOTTOM LIMITS
       JLT  LINE         IF LESS, BACK TO START
       LI   R8,24        ROW 24
       LI   R7,4         COL 4
       LI   R9,>FC00     COLOR WHITE ON DARK GREEN
       LI   R12,SPISTR   MESSAGE STRING
       BL   @BITSTR      DISPLAY THAT
       LI   R1,>0400     FOUR SPRITES MOVING
       MOVB R1,@SPMOT    AT SPMOTION
       BL   @SPRITE      SET SPRITE
       DATA 0            NUMBER ZERO
       BYTE 88,120,'A',6,-10,20  PARAMETERS (A RED "A")
       BL   @SPRITE      SET SPRITE
       DATA 1            NUMBER ONE
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       BYTE 88,120,'B',10,-10,-40 PARAMETERS (A YELLOW "B")
       BL   @SPRITE      SET SPRITE
       DATA 2            NUMBER TWO
       BYTE 88,120,0,3,20,20  PARAMETERS (GREEN BLOCK)
       BL   @SPRITE      SET SPRITE
       DATA 3            NUMBER THREE
       BYTE 88,120,255,13,20,-40 PARAMETERS (MAGENTA BLOCK)
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
       BL   @KEY         WAIT FOR KEYSTROKE
       CLR  @>83C4       DISABLE USER INTERRUPT
       BL   @SETGM       SET GRAPHICS MODE
EXIT   MOV  @>8370,R0    GET BACK >8370 ADDRESS
       LI   R1,ANYKEY+1  POINT AT BUFFER STORAGE
       LI   R2,6         SIX BYTES
       BLWP @VMBW        WRITE THOSE BACK TO VDP
       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
*
* SUBROUTINES FOR HANDLING BITMAP
* OPERATIONS AND TRANSITIONS
*
* FOLLOWING SECTION SETS COMPUTER INTO BITMAP MODE
*
SETBM  LI   R0,>1A0      SET FOR BLANK SCREEN
       BLWP @VWTR        WRITE TO VDP REG 1
       LI   R0,>206      SET TO WRITE VDP REGISTER 2
       BLWP @VWTR        SIT TO >1800  (SCREEN IMAGE TABLE)
       LI   R0,>403      SET TO WRITE TO VDP REG. 4
       BLWP @VWTR        PDT TO >0000  (PATTERN DESCRIPTOR TABLE)
       LI   R0,>3FF      SET TO WRITE TO VDP REG 3
       BLWP @VWTR        CT TO >2000   (COLOR TABLE)
       LI   R0,>607      SET TO WRITE VDP REG 6
       BLWP @VWTR        Sprite descriptor table to >3800
       LI   R0,>537      SET TO WRITE VDP REG 5
       BLWP @VWTR        Sprite attribute list to >1B80
       LI   R0,>58       INITIALIZE SCREEN IMAGE TABLE (SIT) (AT >1800)
       MOVB R0,@>8C02    WRITE LOW BYTE VDP ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE VDP ADDRESS
       LI   R0,3         THREE TABLES OF 256 BYTES EACH
       CLR  R1           START WITH ZERO
SIT    MOVB R1,@>8C00    WRITE TO VDP (SELF-INCREMENTING)
       AI   R1,>100      ADD 1 TO HIGH BYTE R1
       JNE  SIT          IF NOT ZERO, REPEAT
       DEC  R0           ELSE DEC COUNT
       JNE  SIT          IF NOT ZERO, REPEAT
       LI   R0,>60       INIT COLOR TABLE  (CT) AT >2000
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
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       LI   R0,>1800     >1800 BYTES TO WRITE
       LI   R1,>1F00     COLORS ALL BLACK ON WHITE
CT     MOVB R1,@>8C00    WRITE ONE BYTE
       DEC  R0           DEC COUNT
       JNE  CT           IF NOT ZERO, REPEAT
       LI   R0,>40       CLEAR PATTERN DESCRIPTOR TABLE  (PDT) AT >0000
       MOVB R0,@>8C02    WRITE LOW BYTE ADDR
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE ADDRESS
       LI   R0,>1800     >1800 BYTES TO WRITE
       CLR  R1           ALL ZEROS
PDT    MOVB R1,@>8C00    WRITE ONE
       DEC  R0           DEC COUNT
       JNE  PDT          IF NOT ZERO, REPEAT
       LI   R0,2         SET R0 TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        SET TO M3 MODE (BITMAP)
       CLR  R1           ZERO IN R1
       MOVB R1,@>837A    NO SPRITES IN MOTION
       LI   R1,>D000     "DELETE" Y-POSITION
       LI   R0,>1B80     TO SPRITE 0 IN ATTR. TABLE
       BLWP @VSBW        WRITE THAT
       RT                RETURN
*
* FOLLOWING SETS COMPUTER BACK TO NORMAL GRAPHICS MODE
*
SETGM  LI   R0,>01A0     SET TO WRITE VDP REG 1
       BLWP @VWTR        WRITE
       LI   R0,>200      SET TO WRITE VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      SET TO WRITE VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT SAVED COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE THE COLOR TABLE BACK
       LI   R0,>800      POINT AT GRAPHICS CHAR TABLE
       LI   R1,CHRTBL    AND AT STORED CHARACTER DATA
       LI   R2,256*8     256 CHARACTERS
       BLWP @VMBW        WRITE CHARACTER DEFS BACK
       CLR  R0           PREP TO WRITE VDP REG 0
       BLWP @VWTR        WRITE THAT TO REMOVE BITMAP
       LI   R1,>2000     SPACE IN HIGH BYTE R1
       LI   R2,768       768 SCREEN POSITIONS
CLRGM  BLWP @VSBW        WRITE ONE
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       INC  R0           NEXT POSITION
       DEC  R2           DEC COUNT
       JNE  CLRGM        RPT IF NOT ZERO
       LI   R0,>01E0     GRAPHICS MODE
       BLWP @VWTR        WRITE TO VDP REG 1
       RT                RETURN
*
* FOLLOWING WRITES ONE PIXEL TO SCREEN AT LOCATION POINTED BY
* R8 (DOT ROW) AND R7 (DOT COLUMN)
*
PLOT   MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
       SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
       ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
       MOV  R9,R9        IS COLOR TO BE SET?
       JEQ  PLOTX        IF NOT, JUMP AHEAD
       ANDI R0,>3FFF     STRIP OFF "4" FROM R0
       AI   R0,>2000     ADD >2000 TO POINT AT COLOR TABLE ENTRY
       BLWP @VSBR        READ THAT BYTE INTO R1
       MOVB R1,R2        MOVE THE BYTE TO R2
       ANDI R2,>F000     STRIP ALL BUT LEFT NYBBLE
       CB   R2,R9        COMPARE TO LEFT BYTE R9
       JEQ  PLOTX        IF EQUAL, COLOR ALREADY SET
       ANDI R1,>0F00     ELSE STRIP OFF LEFT NYBBLE R1
       AB   R9,R1        REPLACE WITH LEFT NYBBLE R9
       BLWP @VSBW        THEN WRITE COLOR BYTE BACK
PLOTX  RT                RETURN
BITSTR MOV  R11,R15      STASH R11
       MOV  R7,R13       SAVE COLUMN IN R13
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       MOVB *R12+,R4     GET STRING LENGTH BYTE IN R4
       JEQ  BITSX        IF ZERO, SKIP PROCESS
       SRL  R4,8         RIGHT JUSTIFY
BITST0 MOVB *R12+,R6     MOVE ONE BYTE OF STRING TO R6
       SRL  R6,8         RIGHT JUSTIFY
       BL   @CHAR        DISPLAY THAT CHARACTER
       INC  R7           INC COLUMN
       DEC  R4           DEC LENGTH COUNT
       JNE  BITST0       IF NOT ZERO, REPEAT
       MOV  R13,R7       PUT COLUMN BACK IN R7
BITSX  B    *R15         ELSE RETURN
CHAR   MOV  R8,R0        PUT ROW COUNT IN R0
       DEC  R0           DEC TO ZERO-BASE NUMBER
       LI   R2,8         PUT 8 IN R2
       SLA  R0,5         MULTIPLY R0 BY 32
       A    R7,R0        ADD COLUMN
       DEC  R0           DEC TO ZERO-BASE COLUMN
       SLA  R0,3         MULTIPLY R0 BY 8
       MOV  R6,R1        PUT CHARACTER FROM R6 INTO R1
       SLA  R1,3         MULTIPLY BY 8
       AI   R1,CHRTBL    ADD START OF STORED CHARACTER DEFINITIONS
       BLWP @VMBW        WRITE 8 BYTES TO VDP RAM
       MOV  R9,R9        CHECK FOR COLOR CHANGE
       JEQ  CHARX        IF NONE, SKIP AHEAD
       AI   R0,>2000     ELSE ADD COLOR TABLE OFFSET
       MOVB R9,R1        MOVE COLOR BYTE TO R1
CHCL   BLWP @VSBW        WRITE ONE BYTE
       INC  R0           POINT AT NEXT LOCATION
       DEC  R2           DEC COUNT IN R2
       JNE  CHCL         IF NOT ZERO, REPEAT
CHARX  RT                RETURN
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            THEN TURN THEM OFF
       CB   @ANYKEY,@>837C KEY STRUCK?
       JNE  KEY          IF NOT, SCAN AGAIN
       RT                ELSE RETURN
SPRITE LI   R0,ATTLST    POINT AT ATTR. TABLE
       MOV  *R11+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO ADDRESS
       LI   R2,4         FOUR ATTR BYTES
SPLP   MOVB *R11+,R1     GET ATTRIBUTE
       BLWP @VSBW        WRITE TO TABLE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  SPLP         RPT IF NOT ZERO
       LI   R1,>D000     "DELETE" NEXT SPRITE
       BLWP @VSBW        WRITE THAT
       LI   R0,MOTBL     MOTION TABLE
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       A    R3,R0        ADD OFFSET
       MOVB *R11+,R1     GET Y VELOCITY
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT SPOT
       MOVB *R11+,R1     GET X VELOCITY
       BLWP @VSBW        WRITE THAT
       CLR  R1           ZERO R1
       INC  R0           IST AUX BYTE
       BLWP @VSBW        WRITE A ZERO
       INC  R0           2ND AUX BYTE
       BLWP @VSBW        ZERO THERE TOO
       RT                RETURN
USRINT BLWP @SPRINT      USE BLWP TO VECTOR
       RT                THEN RETURN
SPRINT DATA INTWS,SPRVEL WORKSPACE AND CODE
SPRVEL LI   R9,MOTBL     POINT AT MOTION TBL
       LI   R10,ATTLST   AND ATTR. TABLE
       MOVB @SPMOT,R12   HOW MANY IN MOTION?
       JEQ  INTEX        IF ZERO, EXIT
       SRL  R12,8        RIGHT-JUSTIFY
STR8   MOV  R9,R8        MOTION TABLE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       GET Y VELOCITY FROM TABLE
       CLR  R6           CLEAR REG 6
       MOVB *R2,R6       GET X VELOCITY FROM TABLE
       SRA  R4,4         SHIFT RIGHT 4 BITS WITH SIGN
       MOVB *R2,R5       GET AUX DATA BYTE
       SRA  R5,4         SHIFT RIGHT WITH SIGN
       A    R4,R5        ADD R4 TO R5
       MOVB *R2,R7       GET 2ND AUX BYTE
       SRA  R6,4         SHIFT RIGHT 4 WITH SIGN
       SRA  R7,4         SAME FOR R7
       A    R6,R7        ADD R6 TO R7
       MOV  R10,R8       ATTRIBUTE ADDR TO R8
       MOVB @INTWS+17,*R1  LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       Y POSITION TO R4
       A    R5,R4        ADD R5 TO R4
       CI   R4,>C0FF     COMPARE TO LIMIT
       JLE  AC           JUMP IF LOW OR EQUAL
       CI   R4,>E000     COMPARE TO >E000
       JH   AC           JUMP IF HIGH
       MOV  R5,R5        MOVE R5 TO ITSELF
       JGT  AD           IF POSITIVE, JUMP
       AI   R4,>C000     ADD >C000 TO R4
AD     AI   R4,>2000     ADD >2000 TO R4
AC     CLR  R6           CLEAR REG 6



7(;$6�,167580(176
+20(�&20387(5

       MOVB *R2,R6       X POSITION TO R6
       A    R7,R6        ADD R7
       ORI  R8,>4000     SET >4000 BIT IN R8 (WRITING)
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       MOVB R4,*R3       WRITE NEW Y POSITION
       MOVB R6,*R3       WRITE NEW X POSITION
       MOV  R9,R8        GET MOTION ADDR
       INCT R8           ADD TWO FOR AUX BYTE
       ORI  R8,>4000     SET FOR WRITE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8
       SWPB R5           SWAP R5
       SRL  R5,4         SHIFT R5 LEFT 4 BITS
       MOVB R5,*R3       WRITE NEW AUX BYTE #1
       SWPB R7           SWAP R7
       SRL  R7,4         SHIFT LEFT 4
       MOVB R7,*R3       WRITE NEW AUX BYTE #2
       C    *R9+,*R9+    ADD 4 TO R9
       C    *R10+,*R10+  ADD 4 TO R10
       DEC  R12          DEC COUNT IN R12
       JGT  STR8         IF NOT ZERO, DO ANOTHER SPRITE
INTEX  RTWP              RETURN WITH WORKSPACE POINTER
*
* DATA SECTION FOR INTERRUPT
*
SPMOT  BYTE 0            SPRITES IN MOTION
INTLOC DATA USRINT       USER INTERRUPT ADDRESS
INTWS  BSS  2            REG 0
       DATA >8C02,>8800,>8C00  PRELOADED R1, R2 AND R3
       BSS  24           REGS 4 THRU 15
*
*
* DATA SECTION
*
WS     BSS  >20          OUR WORKSPACE
M      DATA >8040,>2010,>0804,>0201  MASK DATA
BLOCK  DATA >FFFF,>FFFF,>FFFF,>FFFF SOLID BLOCK PATTERN
SPISTR BYTE 26
       TEXT 'Bitmap with Moving Sprites'
ANYKEY BYTE >20          COMPARISON BYTE FOR KEYSTROKE
       BSS  6            STORAGE FOR DSR DATA FROM VDP RAM
SAVCLR BSS  32           STORAGE FOR GRAPHICS COLOR TABLE
CHRTBL BSS  256*8        STORAGE FOR GRAPHICS CHARACTER DEFINITIONS
       END
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1.62. The Art Of Assembly — Part 62. Book Wrong!

%\�%UXFH�+DUULVRQ

7RGD\
V�DUWLFOH�LV�DERXW�VSULWH�RSHUDWLRQV��EXW�ZH
UH�JRLQJ�WR�VWDUW�ZLWK�D�OLWWOH�DQHFGRWH�IURP�\RXU�DXWKRU
V
XQGHUJUDGXDWH�GD\V�DW�3HQQ�6WDWH��+RZ�ORQJ�DJR�ZDV�WKDW"�+HUH
V�D�KLQW��-RH�3DWHUQR�ZDV�DQ�$VVLVWDQW
FRDFK�IRU�WKH�IRRWEDOO�WHDP��XQGHU�+HDG�&RDFK�5LS�(QJOH���(DUO\�����
V��2XU�FROOHJH�URRPPDWH�ZDV�D
\RXQJ�PDQ�QDPHG�)UDQN�5XKPDQ��)UDQN�ZDV�VWXG\LQJ�0HFKDQLFDO�(QJLQHHULQJ��DQG�DOZD\V�SODFHG�JUHDW
IDLWK�LQ�WKH�DFFXUDF\�RI�KLV�WH[WERRNV��2QH�WLPH�)UDQN
V�IDLWK�LQ�WH[WERRNV�ZDV�VRUHO\�WHVWHG�ZKHQ�KH�JRW
EDFN�D�PLG�WHUP�H[DP�LQ�ZKLFK�RQH�RI�KLV�VROXWLRQV�ZDV�PDUNHG�ZURQJ��+H�FKHFNHG�KLV�VROXWLRQ�FDUHIXOO\�
DQG�IRXQG�WKDW�KLV�PHWKRG�H[DFWO\�PDWFKHG�ZKDW�WKH�WH[WERRN�VDLG��DQG�WKDW�KLV�PDWK�ZDV�DOO�GRQH
FRUUHFWO\��+H�ZHQW�WR�WKH�LQVWUXFWRU��D�\RXQJ�PDQ�IURP�,QGLD�RQ�VRPH�NLQG�RI�WHDFKLQJ�IHOORZVKLS��DQG
SRLQWHG�RXW�WKDW�KLV�VROXWLRQ�RQ�WKH�PLG�WHUP�H[DFWO\�PDWFKHG�WKH�ERRN��7R�WKDW��WKH�LQVWUXFWRU�JDYH�D
WZR�ZRUG�UHSO\���%RRN�ZURQJ��

1.62.1. How The Book Is WRONG

7KHUH�KDYH�EHHQ�D�IHZ�WLPHV�EHIRUH�LQ�WKLV�FROXPQ�ZKHUH�ZH
YH�VDLG�WKDW�DERXW�WKH�7,�(GLWRU�$VVHPEOHU
PDQXDO��DQG�KHUH
V�DQRWKHU�VXFK�FDVH��7KH�ERRN�VD\V�WKDW�LI�\RX�SODFH�WKH�YDOXH�!'��LQ�WKH�<�SRVLWLRQ�E\WH
IRU�DQ\�VSULWH��WKDW�ZLOO�GHOHWH�WKLV�VSULWH�DQG�DOO�KLJKHU�QXPEHUHG�VSULWHV�LQ�XVH��7R�TXRWH�IURP�3RUJ\�DQG
%HVV��WKDW��$LQ
W�1HFHVVDULO\�6R���,I�DOO�\RXU�VSULWHV�DUH�VWDWLRQDU\��LW
V�VR��,I��KRZHYHU��D�KLJKHU�QXPEHUHG
VSULWH�LV�LQ�PRWLRQ��WKDW�VSULWH�ZLOO�UHPDLQ�YLVLEOH�DQG�LQ�PRWLRQ�DIWHU�GHOHWLQJ�WKH�ORZHU�QXPEHUHG�RQH�
,I�\RX�UHDOO\�ZDQW�DOO�KLJKHU�QXPEHUHG�RQHV�WR�GLVDSSHDU��\RX
OO�DOVR�KDYH�WR�FKDQJH�WKH�E\WH�DW�!���$
WR�D�QXPEHU�HTXDO�WR�RU�ORZHU�WKDQ�WKH�VSULWH�\RX
YH�GHOHWHG��/HW
V�IRU�H[DPSOH�VD\�WKDW�\RX�KDG�WKUHH
VSULWHV�LQ�PRWLRQ��QXPEHUHG�������DQG����,I�\RX�GR�WKH�!'��GHOHWH�WR�QXPEHU���ZLWKRXW�FKDQJLQJ�WKH�YDOXH
DW�!���$��\RX
OO�VHH�WKDW�VSULWHV���DQG���ZLOO�VWD\�RQ�VFUHHQ�DQG�FRQWLQXH�WKHLU�PRWLRQ�

,I�VSULWHV�DUH�PDJQLILHG��HYHQ�WKH�GHOHWHG�RQH�PD\�VWLOO�EH�YLVLEOH�LQ�SDUW�DW�WKH�WRS�RU�ERWWRP�RI�WKH�VFUHHQ
XQOHVV�\RX
YH�FKDQJHG�LWV�FRORU�WR�WUDQVSDUHQW��)RU�WKH�EHQHILW�RI�RXU�UHDGHUV��ZH
YH�SXW�VRPH�VRXUFH�FRGH
LQ�WRGD\
V�6LGHEDU�WKDW�ZLOO�GR�DOO�WKLQJV�QHFHVVDU\�WR�UHDOO\�HOLPLQDWH�WKDW�VSULWH�DQG�DOO�WKDW�IROORZ�LW�LQ
WKH�QXPEHU�VHTXHQFH��7KH�URXWLQH�LV�FDOOHG�'(/635��DQG�JHWV�XVHG�YLD�D�%/:3�RSHUDWLRQ�

1.62.2. Sprite Subroutines

7RGD\
V�6LGHEDU�LV�D�ZKROH�VHULHV�RI�VXEURXWLQHV�IRU�GHDOLQJ�ZLWK�VSULWHV��,W�LQFOXGHV�RQH�WR��WXUQ�RQ�
VSULWHV��WR�GHOHWH�WKHP��DQG�WR�FKDQJH�WKHLU�SDWWHUQV�RU�PRWLRQV��HWF��:H�WULHG�WR�LQFOXGH�DOO�RI�WKH�&$//V
IURP�([WHQGHG�%DVLF�WKDW�ZRUN�IRU�VSULWHV��7KHVH�DUH�DOO�GHVLJQHG�DV�%/:3�YHFWRUV��VR�WKDW��ZLWK�MXVW�RQH
H[FHSWLRQ�WKH\�ZRQ
W�DIIHFW�\RXU�RZQ�UHJLVWHUV��7KDW�RQH�H[FHSWLRQ�LV�WKH�326,7�URXWLQH��ZKLFK�DIIHFWV
WKH�FDOOLQJ�SURJUDP
V�5HJLVWHU����2Q�UHWXUQ�IURP�326,7��\RXU�5��ZLOO�FRQWDLQ�WKH�<�DQG�;�SRVLWLRQV�RI
WKH�VSULWH��LQ�LWV�OHIW�DQG�ULJKW�E\WHV��UHVSHFWLYHO\��+HUH
V�WKH�OLVW�RI�URXWLQHV�WKDW�\RX�FDQ�%/:3�WR�
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635,7( ³�SXWV�D�VSULWH�RQ�VFUHHQ
027,21 ³�FKDQJHV�WKH�\�DQG�[�YHORFLWLHV
3$7751 ³�FKDQJHV�WKH�FKDUDFWHU�SDWWHUQ
/2&$7( ³�FKDQJHV�WKH�\�DQG�[�SRVLWLRQV
326,7 ³�UHSRUWV�WKH�\�DQG�[�SRVLWLRQV�LQ�5�
&2/25 ³�FKDQJHV�WKH�FRORU�RI�D�VSULWH
'(/635 ³�GHOHWHV�D�VSULWH�DQG�DOO�IROORZLQJ
0$*1,) ³�PDJQLILHV�DOO�VSULWHV
&2,1& ³�GHWHUPLQHV�FRLQFLGHQFH
5(902 ³�UHYHUVHV�PRWLRQ
5(9� ³�UHYHUVHV�D�VLQJOH�FKDUDFWHU�OHIW�ULJKW
5(9� ³�UHYHUVHV�IRXU�FKDUDFWHUV�OHIW�ULJKW

7KH�ODVW�WKUHH�RI�WKHVH�DUH�QRW�LQFOXGHG�LQ�WKH�VSULWH�VHUYLFHV�RI�([WHQGHG�%DVLF��5(902�VLPSO\�UHYHUVHV
WKH�PRWLRQ�RI�D�6SULWH�LQ�ERWK�YHUWLFDO�DQG�KRUL]RQWDO�D[HV��,I�D�PRWLRQ�E\WH�LV����WKDW�LV�XQDIIHFWHG�E\
5(902�� 5(9�� UHYHUVHV� D� VLQJOH� FKDUDFWHU� GHILQLWLRQ� IURP� OHIW� WR� ULJKW�� 5(9�� GRHV� WKDW� IRU� D
IRXU�FKDUDFWHU�VSULWH�GHILQLWLRQ�

$OO�RI�WKHVH�DUH�VHW�XS�IRU�WKH��QRUPDO��VSULWH�RSHUDWLRQV�LQ�*UDSKLFV�PRGH��0RVW�RI�WKHP�ZLOO�DOVR�ZRUN
IRU�WKH�%LWPDS�FDVHV��SURYLGHG�RQO\�WKDW�WKH�$77/67�DQG�027%/�HTXDWHV�DUH�VHW�FRUUHFWO\�IRU�WKRVH�WDEOH
ORFDWLRQV�LQ�\RXU�RZQ�SURJUDP
V�FRGH��EXW�'(/635�ZLOO�QHHG�WR�EH�PRGLILHG�DIWHU�WKH�OLQH�WKDW�VD\V�-1(
'(//23��7KH�FRGH�IURP�WKHUH�WR�'(/(;�VKRXOG�EH�UHSODFHG�ZLWK�WKH�IROORZLQJ�

MOV  @SPMOT,R1
JEQ  DELEX
C    R1,R4
JLT  DELEX
MOV  R4,@SPMOT

DELEX RTWP

7KDW�ZLOO�SHUIRUP�WKH�VDPH�IXQFWLRQ�IRU�\RX�DV�WKH�FRGH�VWDUWLQJ�ZLWK�029%�#!���$�5���7KLV�ZLOO�PDNH
WKH�GHOHWLRQ�RI�VSULWHV�ZRUN�MXVW�WKH�ZD\�WKH�ERRN�VD\V��LQ�VSLWH�RI�WKH�ERRN�EHLQJ�ZURQJ�DERXW�KRZ�WR
GHOHWH�VSULWHV��6SULWHV�VKRXOG�WKHUHIRUH�EH�DGGHG�LQ�QXPHULFDO�RUGHU�DQG�GHOHWHG�LQ�LQYHUVH�QXPHULFDO
RUGHU��7R�GHOHWH�DOO�VSULWHV��MXVW�SHUIRUP�D�%/:3�#'(/635�ZLWK�'$7$���

(DFK�RI�WKHVH�%/:3�URXWLQHV�UHTXLUHV�DW�OHDVW�RQH�'$7$�OLQH�IROORZLQJ�LW��,Q�PRVW�FDVHV��WKDW�GDWD�LWHP
PXVW�EH�WKH�QXPEHU�RI�D�VSULWH��6SULWH�QXPEHUV�LQ�$VVHPEO\�UXQ�IURP���WKURXJK�����7KH�H[FHSWLRQ�LV�WKH
FDVH�RI�0$*1,)��,Q�WKDW�FDVH�WKH�'$7$�IROORZLQJ�WKH�%/:3�LQVWUXFWLRQ�PXVW�EH�D�QXPEHU�IURP��
WKURXJK����DQG�WKLV�DIIHFWV�DOO�VSULWHV�LQ�XVH��7KH�PHDQLQJ�RI���WKURXJK���LV�H[DFWO\�OLNH�WKH�PHDQLQJ�RI�WKH
QXPEHUV���WKURXJK���XVHG�LQ�&$//�0$*1,)<�LQ�([WHQGHG�%DVLF���7KH�SLFWXUHV�LQ�WKH�;%�PDQXDO�DUH
LQFRUUHFW��%RRN�:URQJ�WKHUH��WRR��
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��PHDQV�VLQJOH�FKDUDFWHU��QRUPDO�VL]H
��PHDQV�VLQJOH�FKDUDFWHU��GRXEOH�VL]H
��PHDQV�IRXU�FKDUDFWHU��QRUPDO�VL]H
��PHDQV�IRXU�FKDUDFWHU��GRXEOH�VL]H�

,Q�WKH�IRXU�FKDUDFWHU�FDVHV��WKH�VSULWH�ZLOO�FRQVLVW�RI�IRXU�FKDUDFWHU�GHILQLWLRQV��ZKHUH�WKH�ILUVW�RQH�ZLOO
EH�D�FKDUDFWHU�QXPEHU�WKDW
V�HYHQO\�GLYLVLEOH�E\����7KDW�ILUVW�SDWWHUQ�ZLOO�IRUP�WKH�XSSHU�OHIW�SDUW�RI�WKH
VSULWH��WKH�VHFRQG�ZLOO�IRUP�WKH�ORZHU�OHIW�TXDUWHU��WKH�WKLUG�WKH�XSSHU�ULJKW�TXDUWHU��DQG�WKH�IRXUWK�WKH
ORZHU�ULJKW�TXDUWHU�� �7KLV� LV�H[DFWO\�WKH�VDPH�DV� LQ�WKH�([WHQGHG�%DVLF� IRXU�FKDUDFWHU�FDVHV��� ,I� WKH
FKDUDFWHU�YDOXH�JLYHQ�LQ�WKH�VHWXS�RI�WKH�VSULWH�LV�QRW�HYHQO\�GLYLVLEOH�E\�IRXU��WKHQ�WKH�XSSHU�OHIW�TXDUWHU
ZLOO�EH�WKH�QH[W�ORZHU�FKDUDFWHU�WKDW�LV�HYHQO\�GLYLVLEOH�E\����)RU�H[DPSOH��LI�\RX
YH�FDOOHG�IRU�WKH�VSULWH
FKDUDFWHU�WR�EH�$��%��RU�&��\RX
OO�JHW�H[DFWO\�WKH�VDPH�UHVXOW��ZLWK�WKH�#�V\PERO�LQ�WKH�XSSHU�OHIW�TXDUWHU�
WKH�$�LQ�WKH�ORZHU�OHIW��%�LQ�WKH�XSSHU�ULJKW��DQG�&�LQ�WKH�ORZHU�ULJKW��7KDW
V�VR�EHFDXVH�WKH�#�V\PERO
V
$6&,,�FRGH�RI�����!����LV�WKH�QH[W�ORZHU�QXPEHU�HYHQO\�GLYLVLEOH�E\���EHORZ�WKH�$6&,,�YDOXHV���������DQG
���IRU�$��%��RU�&�

7ZR�RWKHU�H[FHSWLRQV�WR�WKH�XVH�RI�D�6SULWH�QXPEHU�DV�WKH�'$7$�ZRUG�DUH�WKH�FKDUDFWHU�UHYHUVDO�URXWLQHV
5(9��DQG�5(9���7KHVH�HDFK�QHHG�RQH�GDWD�ZRUGV��WKDW�EHLQJ�WKH�$6&,,�YDOXH�RI�WKH�FKDUDFWHU�WR�EH
UHYHUVHG��7KXV�WR�UHYHUVH�WKH�IRXU�FKDUDFWHU�GHILQLWLRQ�VWDUWLQJ�DW�FKDUDFWHU������\RX�ZRXOG�GR�WKLV�

BLWP @REV4
DATA 128

7KH�VXEURXWLQH�ZLOO�ZRUN�MXVW�OLNH�WKH�VSULWH�LWVHOI��LQ�WKDW�LW�ZLOO�LQVXUH�WKDW�WKH�FKDUDFWHU�QXPEHU�LV
GLYLVLEOH�E\�IRXU��,I�WKH�'$7$�DERYH�LV�����������RU������WKH�VXEURXWLQH�ZLOO�JR�WR�WKH�DGGUHVV�IRU�FKDUDFWHU
����

7KH�VXEURXWLQH�KDV�EHHQ�VHW�XS�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�6SULWH�3DWWHUQ�WDEOH�KDV�EHHQ�VHW�WR�FRLQFLGH
ZLWK�WKH�QRUPDO�&KDUDFWHU�WDEOH�IRU�(�$�RSHUDWLRQV��:H�GR�WKDW�LQ�PDQ\�SURJUDPV�E\�/,�5��!����DQG
WKHQ�%/:3�#9:75��,I�\RXU�VSULWH�SDWWHUQ�WDEOH�LV�QRW�VHW�XS�WKDW�ZD\��\RX
OO�QHHG�WR�FKDQJH�WKDW�$,
5��!����MXVW�DIWHU�ODEHO�5(9�LQ�WKH�6LGHEDU�

,Q�ERWK�FDVHV��WKH�$VVHPEOHU�ZLOO�FDOFXODWH�WKH�DGGUHVV�LQ�9'3�5$0�RI�WKH�FKDUDFWHU�SDWWHUQ
V�DGGUHVV�
DQG�ZLOO�SXW�WKH�DSSURSULDWH�KH[�YDOXH�LQ�WKH�REMHFW�ILOH�
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1.62.3. Using The Sidebar

7RGD\
V�6LGHEDU�KDV�EHHQ�VHW�XS�VR�LW�FDQ�EH�XVHG�LQ�VHYHUDO�ZD\V��<RX�FDQ�VLPSO\�LQVHUW�WKLV�LQWR�\RXU�RZQ
SURJUDP�DV�LV��WDNLQJ�FDUH�WKDW�QR�ODEHOV�DUH�GXSOLFDWHG��,I�\RX�OLNH��\RX�FDQ�GR�LW��PRGXOH��IDVKLRQ�E\
DVVHPEOLQJ�WKH�6LGHEDU��WKHQ�LQVHUWLQJ�5()V�LQ�\RXU�RZQ�FRGH�VR�WKH�URXWLQHV�ZLOO�EH�WUHDWHG�DV�H[WHUQDO
WR�\RXU�RZQ�SURJUDP��$IWHU�DVVHPEOLQJ�\RXU�RZQ�FRGH��\RX
G�ORDG�\RXU�RZQ�REMHFW�ILOH��WKHQ�ORDG�WKH
REMHFW�ILOH�FUHDWHG�E\�DVVHPEOLQJ�WKH�6LGHEDU��7KDW�ZD\��WKH�OLQNLQJ�ORDGHU�ZLOO�UHVROYH�DOO�UHIHUHQFHV�IRU
\RX��DQG�WKH�SURJUDP�LQ�PHPRU\�ZLOO�KDYH�ERWK�\RXU�SURJUDP�DQG�WKHVH�VXEURXWLQHV��7KH�WKLUG�ZD\�WR
XVH�WKLV�LV�WR�MXVW�SXW�D�FRS\�GLUHFWLYH�LQWR�\RXU�RZQ�VRXUFH�ILOH��DV�LQ�&23<��'6.��6,'(%$5�����2I
FRXUVH�WKHQ�\RX�KDYH�WR�PDNH�VXUH�WKDW�WKH�6LGHEDU�LV�LQ�WKH�GLVN�GULYH�FDOOHG�IRU�LQ�WKH�FRS\�GLUHFWLYH
ZKHQ�\RX
UH�DVVHPEOLQJ�\RXU�SURJUDP�

(DFK�RI�WKHVH�URXWLQHV�LQ�WKH�6LGHEDU�LV�SUHFHGHG�E\�D��FRPPHQWHG�RXW��VHFWLRQ�WKDW�H[SODLQV�KRZ�WR
LQYRNH�WKDW�URXWLQH�IURP�WKH�PDLQ�FRGH��([FHSW�IRU�326,7��QRQH�RI�WKHVH�ZLOO�DIIHFW�DQ\�RI�\RXU�RZQ
ZRUNVSDFH�UHJLVWHUV��&2,1&�ZLOO�DIIHFW�WKH�VWDWXV�UHJLVWHU��VR�WKDW�RQ�UHWXUQ��\RX�FDQ�XVH�D�-(4�IRU�QR
FRLQFLGHQFH�RU�D�-1(�IRU�FRLQFLGHQFH��7KDW�ZRXOG�ORRN�VRPHWKLQJ�OLNH�WKLV�

BLWP @COINC
DATA 1,3
JNE  C13
(code to handle non-coincidence case)
...
C13 (code to handle coincidence case)
...

7KDW
V�DERXW�LW��:H�KRSH�WKLV�PDNHV�LW�HDVLHU�WR�KDQGOH�DOO�WKRVH�VSULWH�RSHUDWLRQV��1H[W�PRQWK
V�WRSLF�LV
XQGHFLGHG��EXW�ZH�KRSH�\RX
OO��WXQH�LQ��IRU�ZKDWHYHU�LW�LV�

* SIDEBAR 62
*
* HANDY SUBROUTINES FOR SPRITE
* OPERATIONS IN ASSEMBLY
* USING THE NORMAL GRAPHICS MODE
* CODE BY Bruce Harrison
* PUBLIC DOMAIN
* 14 MAY 1995
*
* FOLLOWING ARE THE DEFAULT EQUATES
* FOR GRAPHICS MODE - CHANGE THEM FOR
* USE WITH THE BITMAP MODES
*
ATTLST EQU  >300         SPRITE ATTRIBUTE TABLE
MOTBL  EQU  >780         SPRITE MOTION TABLE
*
* INSURE THE FOLLOWING REFS ARE IN YOUR PROGRAM
* UNLESS YOU USE THE "OBJECT MODULE" APPROACH
*
       REF  VSBW,VSBR,VWTR,VMBR
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*
* THE FOLLOWING CAN BE USED AS REFS IN YOUR
* PROGRAM IF YOU USE THIS AS A SEPARATE MODULE
*
       DEF  SPRITE,MOTION,POSIT,LOCATE,PATTRN
       DEF  COLOR,MAGNIF,REVMO,COINC,DELSPR
       DEF  REV1,REV4
*
* SUBROUTINES FOR SPRITES
* EXCEPT FOR POSIT, NONE OF THESE
* WILL CHANGE ANYTHING IN THE CALLER'S
* WORKSPACE REGISTERS
*
* INVOKE SPRITE BY:
*      BLWP @SPRITE
*      DATA SPRITE #   (0 THRU 31)
*      BYTE YPOS,XPOS  Y POSITION, X POSITION
*      BYTE CHAR,COLOR CHARACTER VALUE, COLOR
*      BYTE YVEL,XVEL  Y VELOCITY, X VELOCITY
*
SPRITE DATA SPWS,SPRCOD
SPRCOD LI   R0,ATTLST    POINT AT ATTR. TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO ADDRESS
       LI   R2,4         FOUR ATTR BYTES
SPLP   MOVB *R14+,R1     GET ATTRIBUTE
       BLWP @VSBW        WRITE TO TABLE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  SPLP         RPT IF NOT ZERO
       LI   R1,>D000     "DELETE" NEXT SPRITE
       BLWP @VSBW        WRITE THAT
       LI   R0,MOTBL     MOTION TABLE
       A    R3,R0        ADD OFFSET
       MOVB *R14+,R1     GET Y VELOCITY
       MOV  R1,R4        STASH IN R4
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT SPOT
       MOVB *R14+,R1     GET X VELOCITY
       MOV  R1,R5        STASH IN R5
       BLWP @VSBW        WRITE THAT
CLR1   CLR  R1           ZERO R1
       INC  R0           IST AUX BYTE
       BLWP @VSBW        WRITE A ZERO
       INC  R0           2ND AUX BYTE
       BLWP @VSBW        ZERO THERE TOO
       MOV  R4,R4        CHECK FOR R4=0
       JNE  SETMO        IF <>0, JUMP
       MOV  R5,R5        CHECK FOR R5=0
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       JEQ  SPREX        IF 0, EXIT
SETMO  SRL  R3,2         DIVIDE R3 BY 4
       INC  R3           ADD ONE
       SWPB R3           SWAP R3
       CB   R3,@>837A    CHECK AGAINST SPRITES IN MOTION
       JLT  SPREX        IF LESS, EXIT
       MOVB R3,@>837A    ELSE SET THIS NUMBER IN MOTION
SPREX  RTWP              RETURN
*
* INVOKE MOTION BY:
*      BLWP @MOTION
*      DATA SPRITE #
*      BYTE YVEL,XVEL  Y VELOCITY,X VELOCITY
*

MOTION DATA SPWS,MOTCOD

MOTCOD LI   R0,MOTBL     POINT AT MOTION TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULTIPLY BY 4
       A    R3,R0        ADD OFFSET
       CLR  R4           CLEAR R4
       CLR  R5           AND R5
       MOV  *R14+,R1     GET DESIRED VELOCITIES
       MOVB R1,R4        Y VEL TO R4
       BLWP @VSBW        WRITE Y VEL
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
       MOVB R1,R5        XVEL TO R5
       BLWP @VSBW        WRITE X VEL
       JMP  CLR1         JUMP TO END OF SPRITE
*
* INVOKE POSIT BY:
*      BLWP @POSIT
*      DATA SPRITE #
*
* ON RETURN, YOUR R1 WILL CONTAIN
* Y POSITION IN LEFT BYTE
* X POSITION IN RIGHT BYTE
*
POSIT  DATA SPWS,POSCOD

POSCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO R0
       BLWP @VSBR        READ Y POS
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
       BLWP @VSBR        READ X POS
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       SWPB R1           SWAP
       MOV  R1,@2(R13)   PUT R1 INTO CALLER'S R1
       RTWP              RETURN
*
* INVOKE LOCATE BY:
*      BLWP @LOCATE
*      DATA SPRITE #
*      BYTE YPOS,XPOS  Y POSITION, X POSITION
*
LOCATE DATA SPWS,LOCCOD

LOCCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE NUM
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD OFFSET
       MOV  *R14+,R1     GET POSITIONS
       BLWP @VSBW        WRITE Y POS
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE X POS
       LI   R0,MOTBL+2   2 PAST MOTION TABLE
       A    R3,R0        ADD OFFSET
       CLR  R1           0 IN R1
       BLWP @VSBW        WRITE AUX BYTE 1
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AUX BYTE 2
       RTWP              RETURN
*
* INVOKE PATTRN BY:
*      BLWP @PATTRN
*      DATA SPRITE #
*      DATA CHAR       CHARACTER ASCII
*
PATTRN DATA SPWS,PATCOD

PATCOD LI   R0,ATTLST+2  OFFSET TO CHAR
       MOV  *R14+,R3     GET SPRITE NUM
       SLA  R3,2         MULT BY 4
       A    R3,R0        ADD TO ADDR
       MOV  *R14+,R1     DESIRED CHAR
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       RTWP              RETURN
*
* INVOKE COLOR BY:
*      BLWP @COLOR
*      DATA SPRITE #     (0-31)
*      DATA COLOR        (0-15)
*
COLOR  DATA SPWS,COLCOD
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COLCOD LI   R0,ATTLST+3  OFFSET TO COLOR
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO ADDR
       MOV  *R14+,R1     GET DESIRED COLOR
       ANDI R1,>000F     INSURE RANGE 0->F
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       RTWP              RETURN
*
* INVOKE MAGNIF BY:
*      BLWP @MAGNIF
*      DATA MAGLEV     (0 THRU 3)
*
* WHERE:
* 0 MEANS UNMAGNIFIED
* 1 MEANS DOUBLE SIZE, SINGLE CHARACTER
* 2 MEANS NORMAL SIZE, FOUR CHARACTERS
* 3 MEANS DOUBLE SIZE, FOUR CHARACTERS
*
MAGNIF DATA SPWS,MAGCOD

MAGCOD MOV  *R14+,R0     DESIRED MAG
       ANDI R0,0003      INSURE 0-3
       ORI  R0,>01E0     ADD >1E0
       BLWP @VWTR        WRITE TO VDP REG 1
       SWPB R0           SWAP
       MOVB R0,@>83D4    PUT BYTE AT >83D4
       RTWP              RETURN
*
* REVMO REVERSES THE MOTION OF SPRITE
* BOTH HORIZONTAL AND VERTICAL
* MOTIONS WILL REVERSE
*
* INVOKE REVMO BY
*      BLWP @REVMO
*      DATA SPRITE #
*
REVMO  DATA SPWS,REVMC

REVMC  LI   R0,MOTBL     MOTION TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT BY 4
       A    R3,R0        ADD OFFSET
       BLWP @VSBR        READ Y MOTION
       SRA  R1,8         RIGHT JUST
       NEG  R1           MUL BY -1
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       INC  R0           NEXT ADDR
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       BLWP @VSBR        READ X MOTION
       SRA  R1,8         RIGHT JUST
       NEG  R1           MUL BY -1
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       INC  R0           NEXT ADDR
       CLR  R1           0 IN R1
       BLWP @VSBW        WRITE AUX BYTE 1
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AUX BYTE 2
       RTWP              RETURN
*
* INVOKE COINC BY:
*      BLWP @COINC
*      DATA SPR1,SPR2  SPRITE NUMBERS
*
* ON RETURN, STATUS WILL BE EQ IF NO COINC
* OR NE IF COINC FOUND
*
COINC  DATA SPWS,COINCD

COINCD CLR  R8           CLEAR A REGISTER
       MOV  *R14+,R3     GET 1ST SPRITE #
       BL   @GP0         GET SPRITE POS
       MOV  R4,R6        Y POS TO R6
       MOV  R5,R7        X POS TO R7
       MOV  *R14+,R3     GET 2ND SPRITE #
       BL   @GP0         GET POSITION
       AI   R4,10        ADD TOLERANCE
       AI   R5,10        TO BOTH
       C    R6,R4        COMPARE Y POSITIONS
       JGT  COINX        IF GREATER, EXIT
TST5   C    R7,R5        COMPARE X POSITIONS
       JGT  COINX        IF GREATER, EXIT
TST42  AI   R4,-20       SUBTRACT 2X TOLERANCE
       AI   R5,-20       FROM BOTH
       C    R6,R4        COMPARE Y POSITIONS
       JLT  COINX        IF LESS, EXIT
       C    R7,R5        COMPARE X POSITIONS
       JLT  COINX        IF LESS, EXIT
       INC  R8           ELSE INC R8
COINX  MOV  R8,R8        CHECK R8 FOR ZERO
       STST R15          STATUS REG TO R15
       RTWP              THEN RETURN

GP0    SLA  R3,2         MULT. BY 4
       LI   R0,ATTLST    LOAD ATTLST ADDR
       A    R3,R0        ADD OFFSET
       BLWP @VSBR        READ Y POS.
       MOVB R1,R4        MOVE TO R4
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       SRL  R4,8         RT. JUST.
       INC  R0           NEXT ADDR
       BLWP @VSBR        READ X POS.
       MOVB R1,R5        PUT IN R5
       SRL  R5,8         RT. JUST.
       RT                RETURN
*
* INVOKE DELSPR BY:
*      BLWP @DELSPR
*      DATA SPRITE #
*
* NOTE:
*        DELSPR WILL DELETE THE
*        SPRITE SPECIFIED AND
*        ALL HIGHER NUMBERED ONES
*

DELSPR DATA SPWS,DELCOD

DELCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE #
       MOV  R3,R4        STASH IN R4
       SLA  R3,2         MUL BY 4
       A    R3,R0        ADD OFFSET
       LI   R1,>D000     "DEL" CODE
       BLWP @VSBW        WRITE THAT
       CLR  R1           ZERO IN R1
       AI   R0,3         POINT AT COLOR BYTE
       BLWP @VSBW        TRANSPARENT COLOR
       LI   R0,MOTBL     MOTION TABLE
       A    R3,R0        ADD OFFSET
       LI   R5,4         FOUR BYTES
DELLOP BLWP @VSBW        WRITE ONE 0
       INC  R0           NEXT ADDR
       DEC  R5           DEC COUNT
       JNE  DELLOP       RPT IF NOT 0
       MOVB @>837A,R1    GET SPRITES IN MOTION
       JEQ  DELEX        EXIT IF 0
       SWPB R4           SWAP R4 (SPRITE #)
       CB   R1,R4        COMPARE
       JLT  DELEX        IF R1<R4, EXIT
       MOVB R4,@>837A    ELSE NEW NUM TO >837A
DELEX  RTWP              RETURN
*
* REV1 WILL REVERSE THE PATTERN OF A CHARACTER
* REV4 WILL REVERSE THE PATTERNS OF A 4-CHARACTER SET
*
* INVOKE REV1 OR REV4 BY:
*      BLWP @REV1      (OR REV4)
*      DATA CHAR       CHARACTER ASCII VALUE



The Cyc: MICROpendium

*
REV1   DATA SPWS,REV1CD
REV4   DATA SPWS,REV4CD

REV1CD LI   R2,8         EIGHT BYTES
       MOV  *R14+,R0     GET CHARACTER NUMBER
       JMP  REV          THEN JUMP AHEAD
REV4CD LI   R2,32        32 BYTES
       MOV  *R14+,R0     CHARACTER ASCII
       ANDI R0,>00FC     INSURE DIVISIBLE BY 4
REV    SLA  R0,3         MULTIPLY BY 8
       AI   R0,>800      ADD OFFSET TO CHAR TBL
*****************
*
* NOTE: THE >800 ABOVE ASSUMES YOU'VE SET THE
* SPRITE PATTERN TABLE TO THAT VALUE.
* IF YOU'VE LEFT THE DEFAULT 0 FOR VDP REG 6,
* THEN OMIT THAT LINE.  IF YOU'VE PUT THE SPRITE
* PATTERN TABLE SOMEWHERE ELSE BY WRITING TO
* VDP REG 6, THEN PUT THE APPROPRIATE VALUE
* IN PLACE OF >800.
*
******************
       LI   R1,CPBUFF    POINT AT BUFFER
       BLWP @VMBR        READ THE BYTES
       CI   R2,32        COMPARE R2 TO 32
       JLT  MOV19        JUMP IF LESS
       AI   R0,16        POINT R0 AT THIRD CHAR DEF
MOV19  MOV  R1,R9        POINT R9 AT BUFFER
       MOV  R2,R5        COPY R2 VALUE INTO R5
LD4    LI   R4,8         EIGHT BITS PER BYTE
       CLR  R1           R1=0
       MOVB *R9+,R3      GET ONE BYTE FROM BUFFER AND INC R9
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP INTERRUPTS
SHFT1  SRL  R1,1         SHIFT R1 TO RIGHT 1 BIT
       SLA  R3,1         SHIFT R3 TO LEFT ONE BIT
       JNC  DEC4         IF NO CARRY, JUMP AHEAD
       ORI  R1,>8000     ELSE SET MSB OF R1
DEC4   DEC  R4           DEC BIT COUNT
       JNE  SHFT1        IF NOT ZERO, REPEAT
       BLWP @VSBW        WRITE ONE BYTE
       INC  R0           POINT AHEAD ONE
       DEC  R5           DEC BYTE COUNT
       JEQ  DONE         IF ZERO, EXIT SUBROUTINE
       CI   R5,16        COMPARE R5 TO 16
       JNE  LD4          IF NOT EQUAL, JUMP BACK
       S    R2,R0        IF R5=16, SUBTRACT R2 FROM R0
       JMP  LD4          THEN JUMP BACK
DONE   RTWP              RETURN
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*
* DATA SECTION
*
SPWS   BSS  32           SPRITE WORKSPACE
CPBUFF BSS  32           CHAR PATTERN BUFFER
*
* TO ASSEMBLE THIS AS AN OBJECT MODULE,
* DELETE THE "*" FROM THE LINE BELOW
*       END
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1.63. The Art Of Assembly — Part 63. The C Connection

%\�%UXFH�+DUULVRQ

$QG�QRZ�IRU�VRPHWKLQJ�FRPSOHWHO\�GLIIHUHQW������:LWK�DSRORJLHV�WR�DOO�0RQW\�3\WKRQ�IDQV��RXU�WRSLF�IRU
WRGD\�LV�DOO�QHZ��:H
UH�JRLQJ�LQWR�WKH�P\VWHULRXV�ZRUOG�RI�&�SURJUDPPLQJ��DQG�PDNLQJ�VRPH�WKLQJV
KDSSHQ�WKDW�&�QRUPDOO\�ZRQ
W�DOORZ��)LUVW��RXU�WKDQNV�WR�&OLQW�3XOOH\��IRU�GHVLJQLQJ�&����DQG�WR�9HUQ
-HQVHQ��IRU�LQVSLULQJ�XV�WR�FUHDWH�VRPH�QHZ�OLEUDULHV�IRU�XVH�E\�WKH�&�SURJUDPPHUV�LQ�RXU�PLGVW��7KDQNV
DOVR�WR�7RP�6KRURFN��ZKRVH�GLVN�
2�6D\�&DQ�<RX�&
�SURYLGHG�VRPH�HDUO\�LQVLJKW�LQWR�RXU�H[SHULPHQWDO�&
SURJUDPPLQJ�HIIRUWV��DQG�WR�&KDUOHV�.LUNZRRG��ZKR�DOVR�SURYLGHG�VRPH�H[DPSOHV�RI�&�SURJUDPPLQJ��1R�
\RXU�$VVHPEO\�DXWKRU�LV�QRW�WXUQLQJ�LQWR�D�&�SURJUDPPHU��EXW�LI�RQH�LV�JRLQJ�WR�PDNH�OLEUDULHV�RI�URXWLQHV
WR�EH�FDOOHG�IURP�&��RQH�PXVW�KDYH�DW�OHDVW�D�OLWWOH�NQRZOHGJH�RI�WKDW�ODQJXDJH�LQ�RUGHU�WR�WHVW�WKH�URXWLQHV�

7KLV�DOO�VWDUWHG�ZLWK�D�OHWWHU�IURP�9HUQ�-HQVHQ��+H
V�GRLQJ�&�SURJUDPV��DQG�VRPH�RI�ZKDW�KH
V�WU\LQJ�WR
GR�LV�RXWVLGH�WKH�QRUPDO�UHDOP�RI�&��)RU�H[DPSOH��KH�ZDQWHG�WR�GR�VRPH�WULFNV�ZLWK�VFUROOLQJ�WKDW�VLPSO\
FDQ
W�EH�GRQH�RXWVLGH�RI�WKH�(QKDQFHG�*UDSKLFV��D�N�D��+DOI�%LWPDS��0RGH��)RU�WKRVH�ZKR�GRQ
W�&��WKH
QRUPDO�PRGH�IRU�&�SURJUDPV�LV�7(;7�PRGH��ZLWK�ZKLWH�RQ�GDUN�EOXH�DV�LWV�FRORU�VFKHPH��7KDW�ZRUNV
QLFHO\�IRU�PDQ\�SXUSRVHV��EXW�IRU�JDPHV�RI�DQ\�NLQG��RQH�QHHGV�WKH�*UDSKLFV�PRGHV��,Q�9HUQ
V�FDVH��ZH
ZHUH�VXUH�IURP�WKH�RXWVHW�WKDW�KH
G�QHHG�DW�OHDVW�WKH�(QKDQFHG�*UDSKLFV�PRGH��DQG�KH
G�DOVR�QHHG�VRPH
�WRROV��IRU�RSHUDWLQJ�LQ�WKDW�PRGH��LQFOXGLQJ�6SULWH�FDSDELOLW\�

1.63.1. Crossing The Bridge

$V�RXU�UHDGHUV�ZLOO�UHPHPEHU��ZH�MXVW�UHFHQWO\�FURVVHG�WKH�EULGJH�WR�(QKDQFHG�*UDSKLFV�ZLWK�VXEURXWLQHV
IRU�XVH�LQ�$VVHPEO\�SURJUDPV��7KRVH�JHW�LQYRNHG�E\�%/:3�YHFWRUV��ZKLFK� LV�YHU\�KDQG\�LQGHHG�IRU
$VVHPEO\�ZRUN��EXW�LVQ
W�DW�DOO�XVHIXO�ZLWK�&��7KXV�ZH�WRRN�RXU�RULJLQDO�+%68%�6�ILOH��SULQWHG�RXW�&OLQW
3XOOH\
V�0DQXDO�IRU�&����DQG�VHW�WR�ZRUN��,Q�WKH�RULJLQDOV��WKH�SDUDPHWHUV�ZHUH�SDVVHG�DV�'$7$�%<7(
VWDWHPHQWV�DIWHU�WKH�%/:3�LQVWUXFWLRQ��VR�RXU�JHWWLQJ�RI�SDUDPHWHUV�LQYROYHG�PRYLQJ�ZRUGV�RU�E\WHV�IURP
WKH�ORFDWLRQ�SRLQWHG�WR�E\�5����,Q�WKH�&�FDVH��5���LV�D�VWDFN�SRLQWHU��DQG�RXU�SDUDPHWHUV�JHW�SODFHG�RQ�&
V
VWDFN�EHIRUH�RXU�URXWLQH�LV�FDOOHG��7KXV�ZH�XVH�5���DV�D�EDVH�WR�JHW�RXU�SDUDPHWHUV��)RU�H[DPSOH��LI�WKHUH
V
MXVW�RQH�SDUDPHWHU��ZH�029�#��5����5��WR�JHW�RXU�SDUDPHWHU��,I�WKHUH�DUH�PRUH��ZH�SXOO�WKHP�IURP�WKH
VWDFN�ZLWK�029�#��5����5��HWF��7KDW�WXUQHG�RXW�WR�EH�HDV\�WR�KDQGOH��SURYLGHG�ZH�UHPHPEHU�WKDW�WKH
SDUDPHWHUV�DUH�RQ�WKH�VWDFN�LQ�LQYHUVH�RUGHU��VR�WKH�ODVW�RQH�LV�DW���E\WHV�DERYH�5����WKH�QH[W�WR�ODVW�DW��
E\WHV�DERYH�5����DQG�VR�RQ��,Q�RXU�RULJLQDO�$VVHPEO\�%/:3�URXWLQHV��ZH�UHWXUQ�WR�WKH�PDLQ�SURJUDP�E\
DQ�57:3�LQVWUXFWLRQ��,Q�WKH�FDVH�RI�&��ZH�UHWXUQ�WR�WKH�&�SURJUDP�E\�%�5����VLQFH�5���LV�ZKHUH�&�SXWV
WKH�UHWXUQ�DGGUHVV�ZKHQ�LW�EUDQFKHV�WR�RXU�FRGH��,Q�RXU�RZQ�FRGH��ZH�FDQ�XVH�5HJLVWHUV���WKURXJK���ZLWK
FRPSOHWH�IUHHGRP��VLQFH�&�XVHV�WKHP�RQO\�IRU�WHPSRUDU\�VWRUDJH��,I�ZH�KDYH�D�YDOXH�WR�SDVV�EDFN�WR�D�&
YDULDEOH��WKDW�JRHV�LQWR�5���DQG�&�SODFHV�LW�LQ�WKH�YDULDEOH�IRU�XV�XSRQ�UHWXUQ��2WKHUZLVH��ZH�OHDYH�5�
WKURXJK�5���DORQH��&�KDV�WKRVH�UHJLVWHUV��VSRNHQ�IRU���6LQFH�PRVW�RI�RXU�URXWLQHV�DOUHDG\�ZHUH�XVLQJ�WKH
ORZHU�QXPEHUHG�UHJLVWHUV��WKH�OLPLWDWLRQ�RI�5��WKURXJK�5��ZDV�QR�SUREOHP�
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1.63.2. The C Side Of The Bridge

(DFK�RI�RXU�URXWLQHV�JHWV�FDOOHG�IURP�&�E\�MXVW�D�VLPSOH�VWDWHPHQW��/HW
V�VD\��IRU�H[DPSOH��WKDW�ZH�ZDQWHG
WR�SXW�D�VWULQJ�RI�FKDUDFWHUV�RQ�WKH�+DOI�%LWPDS�VFUHHQ�XVLQJ�RXU�URXWLQH�+%675��:H�GR�LW�IURP�&�OLNH
WKLV�

hbstr(row,col,"This goes on the screen at Row, Col");

1RWH�WKDW�WKH�ORZHU�FDVH�LV�XVHG��DQG�WKDW�WKHUH
V�D�VHPLFRORQ�DW�WKH�HQG�RI�WKH�VWDWHPHQW��5RZ�DQG�&RO
PD\�EH�HLWKHU�QXPEHUV�RU�YDULDEOHV��7KH�VWULQJ�LV�SDVVHG�WR�XV�DV�DQ�DGGUHVV��DQG�LV�DFWXDOO\�VWRUHG�E\�&
DV�DQ�$6&,=�VWULQJ���:KDW
V�7+$7"���\RX�DVN��,W�PHDQV�WKDW�WKH�FKDUDFWHUV�LQ�WKH�VWULQJ
V�FRQWHQW�VWDUW
DW�WKH�DGGUHVV�SDVVHG�XV�E\�&��DQG�WKH�HQG�RI�WKH�VWULQJ�LV�PDUNHG�E\�D�E\WH�RI����7KXV�RXU�+%675�URXWLQH
KDV�WR�FKHFN�HDFK�FKDUDFWHU�EHIRUH�SXWWLQJ�LW�RQ�VFUHHQ��DQG�LI�LW�ILQGV�D����WKHQ�WKH�VWULQJ�LV�ILQLVKHG�
7KHUH
V�RQH�PRUH�WULFN�XS�&
V�VOHHYH�LQ�WKHVH�$6&,=�VWULQJV��,I�WKH�TXRWHG�VWULQJ�FRQWDLQV�D�?Q��&�FRPSLOHV
WKDW�WR�FKDUDFWHU�����!$���DQG�WKLV�LQGLFDWHV�WKDW�ZH
UH�WR�VWDUW�D�QHZ�OLQH�RQ�WKH�VFUHHQ��,Q�RXU�URXWLQH�
WKHQ��ZKHQHYHU�D�FKDUDFWHU����LV�IRXQG��ZH�$,�5�����DQG�WKHQ�$1',�5��!))(���ZKLFK�SXWV�RXU�ZULWLQJ
DGGUHVV�DW�WKH�VWDUW�RI�WKH�QH[W�+DOI�%LWPDS�VFUHHQ�URZ�

1.63.3. The Extra Goodies

,Q�RXU�XVXDO�IDVKLRQ��ZH�DGGHG�D�ZKROH�OLEUDU\�RI�URXWLQHV�WR�SXW�6SULWHV�RQ�WKH�+DOI�%LWPDS�VFUHHQ�
FRPSOHWH�ZLWK�DXWRPDWLF�PRWLRQ��DQG�IOHVKHG�RXW�WKH��QRUPDO��VWXII�ZLWK�D�VFUROO�VFUHHQ�URXWLQH��D�FOHDU
VFUHHQ�URXWLQH��DQG�VR�IRUWK��7KHUH
V�D�WKLUG�OLEUDU\�IRU�WDNLQJ�LQSXWV�IURP�WKH�+DOI�%LWPDS�VFUHHQ��7KH
PDLQ�+DOI�%LWPDS�OLEUDU\�DOVR�LQFOXGHV�URXWLQHV�WR�WDNH�\RX�VPRRWKO\�EDFN�WR�7H[W�PRGH��RU�LQWR�WKH
QRUPDO�*UDSKLFV�PRGH�IURP�(QKDQFHG�*UDSKLFV��VR�\RX�FDQ�PRGH�VZLWFK�JUDFHIXOO\�ZLWKLQ�D�&�SURJUDP�
$V�WLPH�JRHV�RQ��ZH
UH�DOZD\V�DGGLQJ�QHZ�WKLQJV�WR�WKH�OLEUDULHV��)RU�H[DPSOH��ZH�DGGHG�D��UDLQERZ�
FDSDELOLW\�WR�WDNH�PD[LPXP�DGYDQWDJH�RI�(QKDQFHG�*UDSKLFV�PRGH��7KXV�\RX�FDQ�FRORUL]H�RQH�RU�PRUH
FKDUDFWHUV�ZLWK�HLJKW�GLIIHUHQW�FRORU�VFKHPHV��RQH�IRU�HDFK�URZ�RI�WKH�FKDUDFWHU��7KHUH
V�D�VLPSOHU�URXWLQH
FDOOHG�+&2/25��ZKLFK�XVHV�RQO\�D�VLQJOH�IRUHJURXQG�DQG�EDFNJURXQG�FRORU��EXW�ZKLFK�FDQ�FRORU�D�QXPEHU
RI�VXFFHVVLYH�FKDUDFWHUV�RQ�MXVW�RQH�FDOO�
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1.63.4. Different Convent ions

,Q�RXU�QRUPDO�$VVHPEO\�ZRUN��HYHU\WKLQJ�LV��]HUR�EDVHG���&RORU�FRGHV�UXQ�IURP���WKURXJK�����URZV�IURP
��WKURXJK�����FROXPQV�IURP���WKURXJK�����DQG�VR�RQ��,Q�&�SDUODQFH��FRORUV�UXQ�IURP���WKURXJK�����URZV
IURP���WKURXJK�����DQG�FROXPQV�IURP���WKURXJK�����HWF��7KH�URXWLQHV�WKDW�ZH�GHVLJQHG�IRU�XVH�ZLWK�&
IROORZ�WKH�&�FRQYHQWLRQV�LQ�WKHVH�PDWWHUV��ZLWK�RQH�H[FHSWLRQ��7KH�QXPEHUV�IRU�6SULWHV�UXQ�IURP��
WKURXJK�����7KXV��H[FHSW�IRU�WKLV�FDVH��WKH�DYHUDJH�&�SURJUDPPHU�VKRXOG�IHHO�TXLWH�DW�KRPH�ZLWK�RXU
URXWLQHV��2I�FRXUVH�KH�RU�VKH�ZLOO�QHHG�WR�JHW�XVHG�WR�GHDOLQJ�ZLWK�WKH�LGHD�RI�KDYLQJ�WKH�(QKDQFHG
*UDSKLFV�PRGH�LWVHOI�WR�GHDO�ZLWK��SOXV�WKH�EXUGHQ�RI�GHDOLQJ�ZLWK�VSULWHV�DQG�VXFK��DOO�RI�ZKLFK�DUH�DOLHQ
WR�WKH�UXQ�RI�WKH�PLOO�&�SURJUDP��$V�ZH�GLG�IRU�$VVHPEO\�SURJUDPPHUV��ZH
YH�JLYHQ�WKH�&�SURJUDPPHU
ZRUNLQJ�LQ�(QKDQFHG�*UDSKLFV�PRGH�D�FRPSOHWH�VHW�RI�FKDUDFWHU�GHILQLWLRQV�IRU�WKH�VSULWHV��VHSDUDWH�IURP
WKH�FKDUDFWHU�GHILQLWLRQV�IRU�RUGLQDU\�VFUHHQ�SULQWLQJ��7KHUH�DUH�URXWLQHV�IRU�GRLQJ�D��&$//�&+$5��W\SH
RSHUDWLRQ�IRU�ERWK�WKH�QRUPDO�DQG�VSULWH�FKDUDFWHUV��7KHVH�XVH�WKH�FRQYHQWLRQDO�KH[�FKDUDFWHU�VWULQJ�MXVW
DV�\RX
G�XVH�LQ�%DVLF��H[FHSW�WKDW�HDFK�FDOO�FDQ�KDYH�QR�PRUH�WKDQ����KH[�FKDUDFWHUV��WKXV�RQH�FDQ�GHILQH
RQO\�RQH�FKDUDFWHU�SHU�FDOO�

1.63.5. The Choices Are Yours

7KHUH�DUH�WKUHH�OLEUDULHV�DYDLODEOH��7KH\
UH�FDOOHG�&+%68%�2��&+%,13�2��DQG�&+%635�2��7KH�VHFRQG
DQG�WKLUG�RQHV�FDQQRW�EH�XVHG�DORQH��EXW�PXVW�EH�XVHG�DORQJ�ZLWK�&+%68%�2��,I�\RXU�(QKDQFHG�*UDSKLFV
ZRUN�GRHVQ
W�QHHG�VSULWHV�RU�LQSXWV�IURP�WKH�VFUHHQ��WKHQ�\RX�FDQ�XVH�MXVW�&+%68%�2�ZLWKRXW�WKH�VHFRQG
RU�WKLUG�RQHV��3OHDVH�QRWH�WKDW�WKHVH�VXEURXWLQH�OLEUDULHV�DUH�GHVLJQHG�IRU�XVH�RQO\�ZLWK�&�SURJUDPV��DQG
FDQ
W�EH�XVHG�IURP�RUGLQDU\�$VVHPEO\�SURJUDPV��7KDW
V�VR�EHFDXVH�WKH\�GHSHQG�HQWLUHO\�RQ�WKH�&�PHWKRG
RI�SDUDPHWHU�SDVVLQJ�DQG�WKH�&�PHWKRG�RI�H[HFXWLQJ�D�UHWXUQ�WR�WKH�PDLQ�SURJUDP��)RUWXQDWHO\�IRU�XV�
&OLQW�3XOOH\�PDGH�WKH�ZKROH�SURFHVV�YHU\�VLPSOH�E\�SURYLGLQJ�IRU�VWDFNLQJ�SDUDPHWHUV�DQG�UHWXUQLQJ
YDOXHV�WR�WKH�&�SURJUDP�

1.63.6. For Whatever They're Worth

+HUH�DUH�RXU�RSLQLRQV�DERXW�&����&OLQW�3XOOH\�GLG�D�IDQWDVWLF�MRE�RI�GHVLJQLQJ�D��V\VWHP��WR�LPSOHPHQW�WKLV
ODQJXDJH�RQ�WKH�7,�����$��2UGLQDULO\��ZH
G�FRQVLGHU�WKLV�NLQG�RI�WKLQJ�LPSRVVLEOH��EXW�&OLQW�GLG�LW�DQG
PDGH�D�YHU\�HDV\�DQG�QDWXUDO� LQWHUIDFH�WR�WKH�$VVHPEO\�WKDW
V�WKH�PDFKLQH
V�QDWXUDO� ODQJXDJH��+LV
RQH�SDVV�FRPSLOHU�LV�HDV\��TXLFN��DQG�XVHU�IULHQGO\��2XU�RQO\�JULSH��DQG�WKLV�LV�WUXH�RI�DQ\�FRPSLOHG
ODQJXDJH��LV�WKDW�LW�WDNHV�D�ORW�RI�PHPRU\�VSDFH�WR�GR�HYHQ�D�OLWWOH�SURJUDP��:H�SODFH�WKH�VDPH�JULSH
DJDLQVW�RXU�RZQ�([WHQGHG�%DVLF�&RPSLOHU��ZKHUH�VPDOO�SURJUDPV�EHFRPH�TXLWH�ODUJH�ZKHQ�FRPSLOHG�

:H�KDYH�IRXQG�WZR�DUHDV�RI�LQFRPSDWLELOLW\�EHWZHHQ�&OLQW
V�&��V\VWHP��DQG�RXU�RZQ�(QKDQFHG�7,��7KHVH
LQYROYH�RXU�XVH�RI�+RUL]RQ�5DPGLVNV�DQG�+RUL]RQ
V�3�*UDP�FDUG��7KH�&�FRPSLOHU�LWVHOI�ZLOO�QRW�UXQ�ZKHQ
DQ\�RI�RXU�WKUHH�+RUL]RQ�5DPGLVNV�LV�WXUQHG�RQ��,W�ORDGV��EXW�WKHQ�OLJKWV�XS�RQH�RI�WKH�5DPGLVN�DFWLYLW\
OLJKWV�DQG�ORFNV�WKH�FRPSXWHU�XS��:H�WDONHG�WR�&OLQW�DERXW�WKLV��DQG�ZKLOH�KH
V�DZDUH�RI�LW��KH
V�JRW�QR
VROXWLRQ�
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7KH�VHFRQG�DUHD�RI�LQFRPSDWLELOLW\�LV�D�ELW�PRUH�VHULRXV��DV�LW�LQYROYHV�ERWK�WKH�&RPSLOHU�DQG�2SWLRQ��
SURJUDPV�JHQHUDWHG�IURP�&�VRXUFH��8SRQ�VWDUWXS��WKH�&�GHULYHG�2SWLRQ���SURJUDPV�FKHFN�IRU�WKH�SUHVHQFH
RI�WKH�(�$�XWLOLWLHV�LQ�ORZ�PHPRU\��,I�WKRVH�DUH�DOUHDG\�SUHVHQW��DOO�LV�ZHOO��,I�WKH�(�$�XWLOLWLHV�DUH�QRW
ORDGHG��WKH�&�VXSSRUW�WULHV�WR�ORDG�WKHP�GLUHFWO\�IURP�*520��DQG�WKHUH
V�ZKHUH�WKH�SUREOHP�H[KLELWV
LWVHOI��,Q�WKH��QRUPDO��FDVH�ZKHUH�DQ�(�$�PRGXOH�LV�SUHVHQW��WKH�XWLOLWLHV�DUH�WKHUH�LQ�WKH�!�����EORFN�RI
*520��DQG�WKH�&�SURJUDP�ILQGV�DQG�ORDGV�WKHP�SHUIHFWO\�ZHOO��,I��KRZHYHU��RQH�KDV�D�3�*UDP�VHWXS�OLNH
RXUV��([WHQGHG�%DVLF�LV�LQ�WKH�*520�VSDFH�XS�WKURXJK�WKH�!'����EORFN��DQG�(�$�LV�LQ�WKH�!(����DQG
!)����EORFNV��7KXV�LI�ZH�ORDG�XS�D�&�GHULYHG�2SWLRQ���SURJUDP�LQ�RXU�QRUPDO�FRQILJXUDWLRQ��ZH�JHW�D
V\VWHP�ORFNXS�DV�VRRQ�DV�LW�WULHV�WR�ORDG�WKH�XWLOLWLHV�

)RU�RXU�RZQ�SXUSRVHV��ZH�XVH�D�YHUVLRQ�RI�RXU�RZQ��VDQGZLFK��IRU�FRQYHUWLQJ�WKH�&�REMHFW�ILOH�V��LQWR
2SWLRQ����DQG�VLQFH�WKH��VDQGZLFK��ORDGV�WKH�(�$�XWLOLWLHV�IURP�PHPRU\�XVLQJ�WKH�6/$67�PHPRU\�VSDFH�
HYHU\WKLQJ�ZRUNV�RND\�HYHQ�ZLWK�RXU�3�*UDP�VHWXS��2I�FRXUVH�WKLV�ODWWHU�SUREOHP�FDQ�DOVR�EH�VROYHG�E\
VLPSO\�SXWWLQJ�RXU�(�$�FDUWULGJH�LQ�WKH�*520�SRUW��DQG�WKHQ�RXU�3�*UDP�HIIHFWLYHO\�UHPRYHV�LWVHOI�IURP
WKH�V\VWHP�

$V�ZH�DOPRVW�DOZD\V�GR��ZH
YH�PDGH�WKH�GLVN�FRQWDLQLQJ�WKHVH�&�XWLOLWLHV�IRU�RSHUDWLRQ�LQ�(QKDQFHG
*UDSKLFV��RU�+DOI�%LWPDS��DYDLODEOH�DV�3XEOLF�'RPDLQ�VRIWZDUH�WKURXJK�WKH�/LPD�8VHUV
�*URXS�OLEUDU\�
$V�DOZD\V��WKH�GLVN�FRQWDLQV�GHPRV�WKDW�VKRZ�RII�PRVW�RI�WKH�IHDWXUHV��D�VHW�RI�LQVWUXFWLRQV�IRU�XVLQJ�WKH
OLEUDULHV��DQG�VXFK��7KLV�GLVN�ZLOO�QRW�EH�RI�DQ\�XVH�WR�WKRVH�ZKR�DUH�QRW�LQWR�&�SURJUDPPLQJ��$GYDQFH
FRSLHV�KDYH�JRQH�WR�VRPH�RI�RXU�IULHQGV�ZKR�DUH�SURJUDPPLQJ�LQ�&���<RX�NQRZ�ZKR�\RX�DUH��

+HUH
V�D�OLVW�RI�WKH�URXWLQHV�FRQWDLQHG�LQ�WKHVH�OLEUDULHV��ZLWK�D�VKRUW�GHVFULSWLRQ�RI�ZKDW�HDFK�GRHV��:H
OO
VWDUW�ZLWK�WKH�&+%68%�2�ILOH�

sethb()
6HWV�FRPSXWHU�WR�+DOI�%LWPDS

setcc(fc,bc)
6HWV�FRORUV�IRU�DOO�+DOI�%LWPDS�VFUHHQ�FKDUDFWHUV�WR�IF�IRUHJURXQG�DQG�EF�EDFNJURXQG�

setgm()
6HWV�FRPSXWHU�WR�*UDSKLFV�PRGH

settm()
6HWV�EDFN�WR�7H[W�0RGH��&
V�GHIDXOW�

hbstr(row,col,"Quoted Sring")
'LVSOD\V�WKH�VWXII�EHWZHHQ�TXRWHV�DW�URZ��FRO���1RWH�WKDW�FRO�PXVW�EH����RU�OHVV�

hbchr(row,col,ascii)
'LVSOD\V�D�VLQJOH�FKDU�DW�URZ��FRO
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hbcls()
&OHDUV�WKH�KDOI�ELW�VFUHHQ

hbclf(row,col,rpts)
&OHDUV�D�SDUW�RI�WKH�VFUHHQ�VWDUWLQJ�DW�URZ��FRO��DQG�H[WHQGLQJ�USWV�ORFDWLRQV�KRUL]RQWDOO\

hcolor(char,foregrnd,backgnd,repeats)
6HWV�FRORU�VFKHPH�IRU�RQH�RU�PRUH�FKDUDFWHUV

hrbow(char,repeats,fc,bc,fc,bc...)
6HWV�D�PXOWL�FRORU�VFKHPH�IRU�RQH�RU�PRUH�FKDUDFWHUV

calchr(char,"pattern string")
6HWV�WKH�GHILQLWLRQ�RI�RQH�FKDUDFWHU�WR�WKH�FRQWHQWV�RI�WKH�VWULQJ���OLNH�&$//�&+$5�

hbscrl()
6FUROOV�WKH�KDOI�ELW�VFUHHQ�XS�RQH�URZ

hbvchr(row,col,char,repeats)
6LPLODU�WR�%DVLF�9&+$5

hbhchr(row,col,char,repeats)
6LPLODU�WR�%DVLF�+&+$5

hbdint(row,col,integer)
'LVSOD\V�DQ�LQWHJHU�QXPHULF�YDOXH�RU�YDULDEOH�RQ�WKH�VFUHHQ�DW�URZ�FRO

1H[W��WKH�FRQWHQWV�RI�&+%,13�2�

x=accnum(row,col,clrsig)
$FFHSWV�DQ�LQWHJHU�QXPEHU�IURP�WKH�VFUHHQ�DW�URZ��FRO��7KH�FOUVLJ�LQGLFDWHV�ZKHWKHU�RU�QRW�WR
FOHDU�WKH�ILHOG�EHIRUH�WDNLQJ�LQSXW�

accstr(row,col,maxlen,clrsig,buffer)
$FFHSWV�D�VWULQJ�RI�PD[OHQ�DW�URZ��FRO��SODFHV�WKDW�LQ�EXIIHU��$V�DERYH��FOUVLJ�LQGLFDWHV�FOHDULQJ�RI
WKH�ILHOG��RU�QRW�

k=hbgkf(row,col)
$FFHSWV�D�VLQJOH�NH\VWURNH�ZLWK�IODVKLQJ�FXUVRU��WKHQ�HFKRHV�WKH�NH\�WR�WKH�VFUHHQ�DW�URZ��FRO�

k=hbgk(row,col)
6DPH�DV�DERYH��EXW�QR�FXUVRU�

hbclf(row,col,rpts)
&OHDUV�D�SDUW�RI�WKH�VFUHHQ�VWDUWLQJ�DW�URZ��FRO��DQG�H[WHQGLQJ�USWV�FKDUDFWHUV�
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1RZ�WKH�FRQWHQWV�RI�&+%635�2��IRU�VSULWHV�

sprite(#,ypos,xpos,char,color,yvel,xvel)
3XWV�D�VSULWH�RQ�WKH�VFUHHQ�DW�\SRV��[SRV��ZLWK�&KDU�FKDUDFWHU��&RORU�FRORU��DQG�YHORFLWLHV�<YHO�
;YHO�

motion(#,yvel,xvel)
&KDQJHV�PRWLRQ�RI�VSULWH���WR�\YHO�[YHO

y=yposit(#)
6HWV�\�WR�WKH�VSULWH��
V�\�SRVLWLRQ

x=xposit(#)
6HWV�[�WR�WKH�VSULWH��
V�[�SRVLWLRQ

locspr(#,ypos,xpos)
6HWV�ORFDWLRQ�RI�VSULWH���WR�\SRV��[SRV

pattrn(#,char)
6HWV�FKDUDFWHU�YDOXH�VSULWH���WR�FKDU

color(#,color)
6HWV�FRORU�RI�6SULWH���WR�FRORU

magnif(maglev)
0DJQLILHV�DOO�VSULWHV�WR�PDJOHY������

revmo(#)
5HYHUVHV�PRWLRQ�RI�VSULWH��

k=coinc(a,b)
N�ZLOO�EH�RQH�LI�VSULWHV�D�DQG�E�DUH�LQ�FRLQFLGHQFH����LI�WKH\
UH�QRW

delspr(#)
'HOHWHV�VSULWH���DQG�DOO�KLJKHU�QXPEHUV

rev1(char)
5HYHUVHV�D�VSULWH�FKDUDFWHU�SDWWHUQ

rev4(char)
5HYHUVHV�D���FKDUDFWHU�VSULWH�SDWWHUQ

sprchr(char,"pattern string")
'HILQHV�SDWWHUQ�IRU�D�VSULWH�FKDUDFWHU�WR�FRQWHQWV�RI�VWULQJ��VLPLODU�WR�&$//�&+$5�
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7KDW
V�TXLWH�D�ORW��LVQ
W�LW��:KHUH�ZH
YH�XVHG���LQ�WKH�VSULWH�FDVHV��WKDW�ZRXOG�EH�D�QXPEHU�IURP������
FRUUHVSRQGLQJ�WR�WKH�IXOO�UDQJH�RI�VSULWHV�DYDLODEOH�IURP�$VVHPEO\�FRGH��7KH�OHYHOV�IRU�PDJQLI�DUH�����WR
FRUUHVSRQG�ZLWK�;%�QXPEHULQJ��ZKHUH���LV�QRUPDO�VL]H����LV�GRXEOH�VL]H��DQG���DQG���DUH���FKDUDFWHU
VSULWHV��3RVLWLRQV�DUH�LQ�GRW�URZ�DQG�GRW�FROXPQ�FRRUGLQDWHV�IRU�VSULWHV��)RU�RWKHU�WKLQJV��5RZ�DQG�&RO
QXPEHUV�DUH�LQ�WKH�JUDSKLFV�PRGH�UDQJHV������DQG�������UHVSHFWLYHO\���7KHVH�FRUUHVSRQG�WR�WKH�+&+$5�
9&+$5��*&+$5�FROXPQV�LQ�%DVLF�;%�SDUODQFH��

&���SURJUDPPHUV� VKRXOG� QRWH� WKDW�DOO� YDULDEOHV�ZLWK� WKH� H[FHSWLRQ�RI� WKH� VWULQJ�YDULDEOHV�XVHG� LQ
$&&675�DQG�+%675�PXVW�EH�RI�WKH�,17�W\SH��7KH�VWULQJ�YDULDEOHV�XVHG�ZLWK�$&&675�DQG�+%675�PXVW
EH�D�&+$5�W\SH�DUUD\��+%675�ZLOO�DFWXDOO\�ZRUN�ZLWK�HLWKHU�D�&+$5�DUUD\�RU�D�TXRWHG�VWULQJ��DV�&��
SDVVHV�XV�WKH�VWDUWLQJ�DGGUHVV�LQ�HLWKHU�FDVH��$&&675�SXWV�WKH�VWULQJ�LQWR�WKH�QDPHG�DUUD\�LQ�$6&,=
IRUPDW��DV�UHTXLUHG�E\�&���

7KHUH
V�QR�6LGHEDU�WKLV�PRQWK��DV�WKH�VRXUFH�FRGH�IRU�WKHVH�OLEUDULHV�ZRXOG�WDNH�XS�KDOI�DQ� LVVXH�E\
WKHPVHOYHV��:H�LQYLWH�RWKHUV�EHVLGHV�9HUQ�-HQVHQ�WR�DVN� IRU�KHOS�ZLWK�WKLQJV�UHODWHG�WR� LQWHUIDFLQJ
EHWZHHQ�&�DQG�$VVHPEO\��3HUKDSV�ZH
OO�WXUQ�RXW�D�VSHFLDO�URXWLQH�MXVW�IRU�\RX��1H[W�PRQWK�ZH
OO�WU\�WR
VXUSULVH�\RX�DJDLQ�ZLWK�DQ�RII�WKH�ZDOO�WRSLF�OLNH�WKLV�

* SIDEBAR 63
*
* HANDY SUBROUTINES
* FOR SPRITE OPERATIONS
* WITH BITMAP MODES
* CODE BY Bruce Harrison
* PUBLIC DOMAIN
* 13 APR 1995
*
* EQUATES FOR FULL BITMAP
*
ATTLST EQU  >1B80
MOTBL  EQU  >1B00
*
* FOR HALF-BITMAP MODE, CHANGE
* THE TWO EQUATES ABOVE TO
*ATTLST EQU  >1000
*MOTBL  EQU  >1080
*
* REQUIRED UTILITY REFERENCES
*
       REF  VSBW,VSBR,VWTR,VMBR
*
* DEFINED LABELS FOR EXTERNAL
* REFERENCE IN YOUR MAIN PROGRAM
*
       DEF  SPRITE,MOTION,POSIT,LOCATE,PATTRN
       DEF  COLOR,MAGNIF,REVMO,COINC,DELSPR
       DEF  REV1,REV4,CPBUFF,SPMOT,INTLOC
*
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* SUBROUTINES FOR SPRITES
* EXCEPT FOR POSIT, NONE OF THESE
* WILL CHANGE ANYTHING IN THE CALLER'S
* WORKSPACE REGISTERS
*
* INVOKE SPRITE BY:
*      BLWP @SPRITE
*      DATA SPRITE #   (0 THRU 31)
*      BYTE YPOS,XPOS  Y POSITION, X POSITION
*      BYTE CHAR,COLOR CHARACTER VALUE, COLOR
*      BYTE YVEL,XVEL  Y VELOCITY, X VELOCITY
*
SPRITE DATA SPWS,SPRCOD
SPRCOD LI   R0,ATTLST    POINT AT ATTR. TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO ADDRESS
       LI   R2,4         FOUR ATTR BYTES
SPLP   MOVB *R14+,R1     GET ATTRIBUTE
       BLWP @VSBW        WRITE TO TABLE
       INC  R0           NEXT SPOT
       DEC  R2           DEC COUNT
       JNE  SPLP         RPT IF NOT ZERO
       LI   R1,>D000     "DELETE" NEXT SPRITE
       BLWP @VSBW        WRITE THAT
       LI   R0,MOTBL     MOTION TABLE
       A    R3,R0        ADD OFFSET
       MOVB *R14+,R1     GET Y VELOCITY
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT SPOT
       MOVB *R14+,R1     GET X VELOCITY
       BLWP @VSBW        WRITE THAT
       CLR  R1           ZERO R1
       INC  R0           IST AUX BYTE
       BLWP @VSBW        WRITE A ZERO
       INC  R0           2ND AUX BYTE
       BLWP @VSBW        ZERO THERE TOO
       RTWP              RETURN
*
* INVOKE MOTION BY:
*      BLWP @MOTION
*      DATA SPRITE #
*      BYTE YVEL,XVEL  Y VELOCITY,X VELOCITY
*

MOTION DATA SPWS,MOTCOD

MOTCOD LI   R0,MOTBL     POINT AT MOTION TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULTIPLY BY 4
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       A    R3,R0        ADD OFFSET
       MOV  *R14+,R1     GET DESIRED VELOCITIES
       BLWP @VSBW        WRITE Y VEL
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE X VEL
       INC  R0           NEXT ADR
       CLR  R1           0 IN R1
       BLWP @VSBW        WRITE AUX BYTE 1
       INC  R0           NEXT ADR
       BLWP @VSBW        WRITE AUX BYTE 2
       RTWP              RETURN
*
* INVOKE POSIT BY:
*      BLWP @POSIT
*      DATA SPRITE #
*
* ON RETURN, YOUR R1 WILL CONTAIN
* Y POSITION IN LEFT BYTE
* X POSITION IN RIGHT BYTE
*
POSIT  DATA SPWS,POSCOD

POSCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO R0
       BLWP @VSBR        READ Y POS
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
       BLWP @VSBR        READ X POS
       SWPB R1           SWAP
       MOV  R1,@2(R13)   PUT R1 INTO CALLER'S R1
       RTWP              RETURN
*
* INVOKE LOCATE BY:
*      BLWP @LOCATE
*      DATA SPRITE #
*      BYTE YPOS,XPOS  Y POSITION, X POSITION
*
LOCATE DATA SPWS,LOCCOD

LOCCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE NUM
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD OFFSET
       MOV  *R14+,R1     GET POSITIONS
       BLWP @VSBW        WRITE Y POS
       SWPB R1           SWAP
       INC  R0           NEXT ADDR
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       BLWP @VSBW        WRITE X POS
       LI   R0,MOTBL+2   2 PAST MOTION TABLE
       A    R3,R0        ADD OFFSET
       CLR  R1           0 IN R1
       BLWP @VSBW        WRITE AUX BYTE 1
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AUX BYTE 2
       RTWP              RETURN
*
* INVOKE PATTRN BY:
*      BLWP @PATTRN
*      DATA SPRITE #
*      DATA CHAR       CHARACTER ASCII
*
PATTRN DATA SPWS,PATCOD

PATCOD LI   R0,ATTLST+2  OFFSET TO CHAR
       MOV  *R14+,R3     GET SPRITE NUM
       SLA  R3,2         MULT BY 4
       A    R3,R0        ADD TO ADDR
       MOV  *R14+,R1     DESIRED CHAR
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       RTWP              RETURN
COLOR  DATA SPWS,COLCOD

COLCOD LI   R0,ATTLST+3  OFFSET TO COLOR
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT. BY 4
       A    R3,R0        ADD TO ADDR
       MOV  *R14+,R1     GET DESIRED COLOR
       ANDI R1,>000F     INSURE RANGE 0->F
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       RTWP              RETURN
*
* INVOKE MAGNIF BY:
*      BLWP @MAGNIF
*      DATA MAGLEV     (0 THRU 3)
*
* WHERE:
* 0 MEANS UNMAGNIFIED
* 1 MEANS DOUBLE SIZE, SINGLE CHARACTER
* 2 MEANS NORMAL SIZE, FOUR CHARACTERS
* 3 MEANS DOUBLE SIZE, FOUR CHARACTERS
*
MAGNIF DATA SPWS,MAGCOD

MAGCOD MOV  *R14+,R0     DESIRED MAG
       ANDI R0,0003      INSURE 0-3



The Cyc: MICROpendium

       ORI  R0,>01E0     ADD >1E0
       BLWP @VWTR        WRITE TO VDP REG 1
       SWPB R0           SWAP
       MOVB R0,@>83D4    PUT BYTE AT >83D4
       RTWP              RETURN
*
* REVMO REVERSES THE MOTION OF SPRITE
* BOTH HORIZONTAL AND VERTICAL
* MOTIONS WILL REVERSE
*
* INVOKE REVMO BY
*      BLWP @REVMO
*      DATA SPRITE #
*
REVMO  DATA SPWS,REVMC

REVMC  LI   R0,MOTBL     MOTION TABLE
       MOV  *R14+,R3     GET SPRITE #
       SLA  R3,2         MULT BY 4
       A    R3,R0        ADD OFFSET
       BLWP @VSBR        READ Y MOTION
       SRA  R1,8         RIGHT JUST
       NEG  R1           MUL BY -1
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       INC  R0           NEXT ADDR
       BLWP @VSBR        READ X MOTION
       SRA  R1,8         RIGHT JUST
       NEG  R1           MUL BY -1
       SWPB R1           SWAP
       BLWP @VSBW        WRITE
       INC  R0           NEXT ADDR
       CLR  R1           0 IN R1
       BLWP @VSBW        WRITE AUX BYTE 1
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AUX BYTE 2
       RTWP              RETURN
*
* INVOKE COINC BY:
*      BLWP @COINC
*      DATA SPR1,SPR2  SPRITE NUMBERS
*
* ON RETURN, STATUS WILL BE EQ IF NO COINC
* OR NE IF COINC FOUND
*
COINC  DATA SPWS,COINCD

COINCD CLR  R8           CLEAR A REGISTER
       MOV  *R14+,R3     GET 1ST SPRITE #
       BL   @GP0         GET SPRITE POS
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       MOV  R4,R6        Y POS TO R6
       MOV  R5,R7        X POS TO R7
       MOV  *R14+,R3     GET 2ND SPRITE #
       BL   @GP0         GET POSITION
       AI   R4,10        ADD TOLERANCE
       AI   R5,10        TO BOTH
       C    R6,R4        COMPARE Y POSITIONS
       JGT  COINX        IF GREATER, EXIT
TST5   C    R7,R5        COMPARE X POSITIONS
       JGT  COINX        IF GREATER, EXIT
TST42  AI   R4,-20       SUBTRACT TWICE TOLERANCE
       AI   R5,-20       FROM BOTH
       C    R6,R4        COMPARE Y POSITIONS
       JLT  COINX        IF LESS, EXIT
       C    R7,R5        COMPARE X POSITIONS
       JLT  COINX        IF LESS, EXIT
       INC  R8           ELSE INC R8
COINX  MOV  R8,R8        CHECK R8 FOR ZERO
       STST R15          STATUS REG TO R15
       RTWP              THEN RETURN

GP0    SLA  R3,2         MULT. BY 4
       LI   R0,ATTLST    LOAD ATTLST ADDR
       A    R3,R0        ADD OFFSET
       BLWP @VSBR        READ Y POS.
       MOVB R1,R4        MOVE TO R4
       SRL  R4,8         RT. JUST.
       INC  R0           NEXT ADDR
       BLWP @VSBR        READ X POS.
       MOVB R1,R5        PUT IN R5
       SRL  R5,8         RT. JUST.
       RT                RETURN
*
* INVOKE DELSPR BY:
*      BLWP @DELSPR
*      DATA SPRITE #
*
* NOTE:
*        DELSPR WILL DELETE THE
*        SPRITE SPECIFIED AND
*        ALL HIGHER NUMBERED ONES
*

DELSPR DATA SPWS,DELCOD

DELCOD LI   R0,ATTLST    ATTRIB TABLE
       MOV  *R14+,R3     GET SPRITE #
       MOV  R3,R4        STASH IN R4
       SLA  R3,2         MUL BY 4
       A    R3,R0        ADD OFFSET
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       LI   R1,>D000     "DEL" CODE
       BLWP @VSBW        WRITE THAT
       CLR  R1           ZERO IN R1
       AI   R0,3         POINT AT COLOR BYTE
       BLWP @VSBW        TRANSPARENT COLOR
       LI   R0,MOTBL     MOTION TABLE
       A    R3,R0        ADD OFFSET
       LI   R5,4         FOUR BYTES
DELLOP BLWP @VSBW        WRITE ONE 0
       INC  R0           NEXT ADDR
       DEC  R5           DEC COUNT
       JNE  DELLOP       RPT IF NOT 0
       MOV  @SPMOT,R1    GET SPRITES IN MOTION
       JEQ  DELEX        EXIT IF 0
       SWPB R4           SWAP R4 (SPRITE #)
       CB   R1,R4        COMPARE
       JLT  DELEX        IF R1<R4, EXIT
       MOV  R4,@SPMOT    ELSE NEW NUM TO >837A
DELEX  RTWP              RETURN
*
* REV1 WILL REVERSE THE PATTERN OF A CHARACTER
* REV4 WILL REVERSE THE PATTERNS OF A 4-CHARACTER SET
*
* INVOKE REV1 OR REV4 BY:
*      BLWP @REV1 (OR REV4)
*      DATA VDPADR     ADDRESS OF CHAR PATTERN IN VDP RAM
*      DATA CPBUFF     BUFFER ADDRESS (32 BYTES IN MEMORY)
*
REV1   DATA SPWS,REV1CD
REV4   DATA SPWS,REV4CD

REV1CD LI   R2,8         EIGHT BYTES
       JMP  REV          THEN JUMP AHEAD
REV4CD LI   R2,32        32 BYTES
REV    MOV  *R14+,R0     POINT AT CHARACTER DEF
       MOV  *R14+,R1     POINT AT BUFFER
       BLWP @VMBR        READ THE BYTES
       CI   R2,32        COMPARE R2 TO 32
       JLT  MOV19        JUMP IF LESS
       AI   R0,16        POINT R0 AT THIRD CHAR DEF
MOV19  MOV  R1,R9        POINT R9 AT BUFFER
       MOV  R2,R5        COPY R2 VALUE INTO R5
LD4    LI   R4,8         EIGHT BITS PER BYTE
       CLR  R1           R1=0
       MOVB *R9+,R3      MOVE ONE BYTE TO R3 AND INC R9
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP INTERRUPTS
SHFT1  SRL  R1,1         SHIFT R1 TO RIGHT 1 BIT
       SLA  R3,1         SHIFT R3 TO LEFT ONE BIT
       JNC  DEC4         IF NO CARRY, JUMP AHEAD
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       ORI  R1,>8000     ELSE SET MSB OF R1
DEC4   DEC  R4           DEC BIT COUNT
       JNE  SHFT1        IF NOT ZERO, REPEAT
       BLWP @VSBW        WRITE ONE BYTE
       INC  R0           POINT AHEAD ONE
       DEC  R5           DEC BYTE COUNT
       JEQ  DONE         IF ZERO, EXIT SUBROUTINE
       CI   R5,16        COMPARE R5 TO 16
       JNE  LD4          IF NOT EQUAL, JUMP BACK
       S    R2,R0        IF R5=16, SUBTRACT R2 FROM R0
       JMP  LD4          THEN JUMP BACK
DONE   RTWP              RETURN
USRINT BLWP @SPRINT      USE BLWP TO VECTOR
       RT                THEN RETURN
SPRINT DATA INTWS,SPRVEL WORKSPACE AND CODE
SPRVEL LI   R9,MOTBL     POINT AT MOTION TBL
       LI   R10,ATTLST   AND ATTR. TABLE
       MOV  @SPMOT,R12   HOW MANY IN MOTION?
       JEQ  INTEX        IF ZERO, EXIT
STR8   MOV  R9,R8        MOTION TABLE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       GET Y VELOCITY FROM TABLE
       CLR  R6           CLEAR REG 6
       MOVB *R2,R6       GET X VELOCITY FROM TABLE
       SRA  R4,4         SHIFT RIGHT 4 BITS WITH SIGN
       MOVB *R2,R5       GET AUX DATA BYTE
       SRA  R5,4         SHIFT RIGHT WITH SIGN
       A    R4,R5        ADD R4 TO R5
       MOVB *R2,R7       GET 2ND AUX BYTE
       SRA  R6,4         SHIFT RIGHT 4 WITH SIGN
       SRA  R7,4         SAME FOR R7
       A    R6,R7        ADD R6 TO R7
       MOV  R10,R8       ATTRIBUTE ADDR TO R8
       MOVB @INTWS+17,*R1  LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP
       CLR  R4           CLEAR REG 4
       MOVB *R2,R4       Y POSITION TO R4
       A    R5,R4        ADD R5 TO R4
       CI   R4,>C0FF     COMPARE TO LIMIT
       JLE  AC           JUMP IF LOW OR EQUAL
       CI   R4,>E000     COMPARE TO >E000
       JH   AC           JUMP IF HIGH
       MOV  R5,R5        MOVE R5 TO ITSELF
       JGT  AD           IF POSITIVE, JUMP
       AI   R4,>C000     ADD >C000 TO R4
AD     AI   R4,>2000     ADD >2000 TO R4
AC     CLR  R6           CLEAR REG 6
       MOVB *R2,R6       X POSITION TO R6
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       A    R7,R6        ADD R7
       ORI  R8,>4000     SET >4000 BIT IN R8 (WRITING)
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8 TO VDP ADDR
       MOVB R4,*R3       WRITE NEW Y POSITION
       MOVB R6,*R3       WRITE NEW X POSITION
       MOV  R9,R8        GET MOTION ADDR
       INCT R8           ADD TWO FOR AUX BYTE
       ORI  R8,>4000     SET FOR WRITE
       MOVB @INTWS+17,*R1 LOW BYTE R8 TO VDP ADDR
       MOVB R8,*R1       HIGH BYTE R8
       SWPB R5           SWAP R5
       SRL  R5,4         SHIFT R5 LEFT 4 BITS
       MOVB R5,*R3       WRITE NEW AUX BYTE #1
       SWPB R7           SWAP R7
       SRL  R7,4         SHIFT LEFT 4
       MOVB R7,*R3       WRITE NEW AUX BYTE #2
       C    *R9+,*R9+    ADD 4 TO R9
       C    *R10+,*R10+  ADD 4 TO R10
       DEC  R12          DEC COUNT IN R12
       JGT  STR8         IF NOT ZERO, DO ANOTHER SPRITE
INTEX  RTWP              RETURN WITH WORKSPACE POINTER
*
* DATA SECTION FOR INTERRUPT
*
INTLOC DATA USRINT       USER INTERRUPT ADDRESS
INTWS  BSS  2            REG 0
       DATA >8C02,>8800,>8C00  PRELOADED R1, R2 AND R3
       BSS  24           REGS 4 THRU 15
SPMOT  DATA 0
SPWS   BSS  32           SPRITE WORKSPACE
CPBUFF BSS  32           CHAR PATTERN BUFFER
*
* TO ASSEMBLE AS AN OBJECT MODULE,
* DELETE THE "*" FROM THE LINE BELOW
*       END
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1.64. The Art Of Assembly — Part 64. Thank You Notes

%\�%UXFH�+DUULVRQ

2QFH�DJDLQ�ZH
UH�SDVVLQJ�RXW�WKDQNV��7RGD\
V�ILUVW�SHUVRQ�IRU�WKDQNV�LV�7RQ\�0F*RYHUQ��2QFH�DJDLQ
7RQ\
V�WDOHQWV�KDYH�PDGH�RXU�OLYHV�HDVLHU�WKDQ�ZH�KDYH�D�ULJKW�WR�H[SHFW��7KH�PDLQ�UHDVRQ�IRU�RXU�WKDQNV
WKLV�WLPH�LV�RI�FRXUVH�WKH�)XQQHOZHE�V\VWHP�RI�SURJUDPV��7KLV�VWRU\�VWDUWV�ZLWK�ODVW�PRQWK
V�SUREOHP
DERXW�XVLQJ�WKH�&���FRPSLOHU�ZKLOH�RXU�5DPGLVNV�ZHUH�WXUQHG�RQ��,W�WXUQHG�RXW�WKDW�WKHUH
V�DQ�H[FHSWLRQ�
,Q�RXU�VHWXS��WKHUH�DUH�WKUHH�+RUL]RQ�5DPGLVN�FDUGV��7KH�ILUVW�RQH�LV�DW�&58�DGGUHVV�!������DQG�WKDW�KDV
RQO\�'6.���7KH�VHFRQG�LV�DW�!������DQG�KDV�GULYHV�'6.������DQG����7KH�WKLUG�RQH�LV�DW�!������DQG�KDV
WKH�GULYHV�'6.��DQG�'6.��RQ�LW��7KURXJK�D�VHULHV�RI�FDUHIXOO\�FRQWUROOHG�H[SHULPHQWV���DFFLGHQWDOO\�OHIW
��DQG���FDUG�WXUQHG�RQ��ZH�IRXQG�WKDW�WKH�&���FRPSLOHU�ZRXOG�ZRUN�ZLWK�WKDW�5DPGLVN�WXUQHG�RQ�
$SSDUHQWO\�WKH�SUREOHP�ZLWK�&���LV�UHODWHG�WR�&58�DGGUHVVHV��:KDW�ZDV�LPSRUWDQW��WKRXJK��ZDV�WKDW�ZH
NHHS�)XQQHOZHE�RQ�'ULYH���DW�DOO�WLPHV��7KXV�ZH�FRXOG�JDLQ�DFFHVV�WR�HGLWLQJ�FDSDELOLW\�ZLWKRXW�KDYLQJ
WR�KDYH�(�$
V�(',7��RQ�D�GLVN�LQ�'ULYH����DQG�FRXOG�DOVR�XVH�'ULYH���IRU�RXU�&���VRXUFH�ILOHV�DQG�VXFK�
)XQQHOZHE�KDG�RQFH�PRUH�VDYHG�RXU�EDFRQ��EXW�WKDW
V�QRW�DOO�

1.64.1. What Is This Script Stuff?

7KHUH�DUH�D�ORW�RI�IHDWXUHV�SDFNHG�LQWR�)XQQHOZHE��PDQ\�RI�ZKLFK�ZH
YH�QHYHU�WULHG��0DLQO\�WKDW
V�EHFDXVH
ZH
UH�WRR�EXV\�FUHDWLQJ�QHZ�VWXII�WR�SURSHUO\�H[DPLQH�WKH�ROG�VWXII��:H
G�XVHG�VRPH�RI�7RQ\
V�ORDGHUV�WR
FKHFN�RXW�RXU�SURJUDPV��EXW�WKHUH�ZDV�RQH�RQ�WKDW�OLVW�FDOOHG�6FULSW�/RDGHU�WKDW�ZDV�D�P\VWHU\��,Q�RXU
UHFHQW�ZRUN��ZH
YH�EHHQ�XVLQJ�SUH�DVVHPEOHG�REMHFW�PRGXOHV�ZLWK�OLWWOH��GHPR��SURJUDPV��ERWK�IURP�&��
DQG�SXUH�$VVHPEO\��7KLV�PHDQV�WKDW�IRU�HDFK�WHVW�UXQ�ZH
YH�JRW�VHYHUDO�REMHFW�ILOHV�WR�ORDG�EHIRUH�ZH�FDQ
UXQ�DQ\WKLQJ��2Q�FRXQWOHVV�RFFDVLRQV��ZH
YH�JRW�SDUWZD\�WKURXJK�WKH�ORDGLQJ�DQG�FRXOGQ
W�UHPHPEHU
ZKHWKHU�WKH�RQH�MXVW�ORDGHG�ZDV�WKH�GHPR�SURJUDP�RU�WKH�VXSSRUW�ILOHV��(�$�KDV�WKDW�QDVW\�KDELW�RI
EODQNLQJ�WKH�LQSXW�ILHOG�DIWHU�D�ILOH�ORDGV��VR�LI�\RX
UH�GLVWUDFWHG�E\�VRPHWKLQJ��LW
V�HDV\�WR�ORVH�WUDFN��DQG
WKHQ�\RX
OO�VXUHO\�JHW�VRPH�NLQG�RI�VWXSLG�HUURU�UHSRUW�IURP�(�$��:KHQ�ZH�JHW�ORVW�OLNH�WKDW��ZH�MXVW
FCTN 9�EDFN�WR�WKH�0DLQ�0HQX�RI�(�$�DQG�VWDUW�RYHU�

7RQ\
V�RSWLRQ���ORDGHU�OHDYHV�WKH�SUHYLRXV�ILOH�QDPH�RQ�WKH�VFUHHQ��VFUROOHG�XS�VRPH��VR�\RX�FDQ�PXFK
PRUH�HDVLO\�WUDFN�ZKLFK�ILOHV�KDYH�DOUHDG\�EHHQ�ORDGHG��%XW�WKHUH�ZDV�VWLOO�WKDW�RSWLRQ���RQ�7RQ\
V�/RDGHU
PHQX��FDOOHG�6&5,37�/2$'(5��)LQDOO\��ZH�GHFLGHG�WR�WU\�WKDW�RXW��$IWHU�VRPH�IXPEOLQJ�DERXW��ZH�IRXQG
WKDW�RXU�ROG�IORSS\�FRS\�RI�)XQQHOZHE�KDG�D�VDPSOH�ILOH�RQ�LW�FDOOHG�6&5,37��%\�XVLQJ�WKDW�DV�D�VWDUWLQJ
SRLQW��ZH�ZHUH�DEOH�WR�SXW�WRJHWKHU�D�FRXSOH�RI�VFULSW�ILOHV�IRU�RXU�SURMHFWV��%R\�GLG�WKDW�KHOS��%\�KDYLQJ
D�FRXSOH�RI�WKRVH�RQ�'ULYH����ULJKW�DORQJ�ZLWK�WKH�REMHFW�ILOHV��ZH�FRXOG�JHW�LQWR�)XQQHOZHE��WKHQ�XVH�WKDW
VFULSW�ORDGHU�RSWLRQ��DQG�YHU\�TXLFNO\�ORDG�MXVW�WKH�ULJKW�ILOHV�IRU�RXU�WHVW��7RQ\�HYHQ�WKRXJKWIXOO\�SURYLGHG
IRU�DQ�DXWR�VWDUW�FDSDELOLW\�VR�WKDW�ZH�FDQ�HQWHU�DW�DQ\�GHILQHG�ODEHO�DIWHU�ORDGLQJ�DOO�QHFHVVDU\�ILOHV�
:2:��1HYHU�DJDLQ�ZLOO�ZH�IRUJHW�ZKDW�ZH
UH�GRLQJ�SDUW�ZD\�WKURXJK�D�ORDG�VHTXHQFH��DW�OHDVW�QRW�ZKHQ
ZH�FDQ�TXLFNO\�PDNH�XS�D�OLWWOH�6FULSW�ILOH��7RQ\�HYHQ�GHVLJQHG�KLV�VDPSOH�VR�WKDW�VXIILFLHQW�LQVWUXFWLRQV
IRU�XVLQJ�LW�DUH�EXLOW�ULJKW�LQ�
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1.64.2. Art's Artful Assembler

:H
YH�VDLG�WKDQNV�WR�$UW�*UHHQ�EHIRUH�IRU�KLV�ZRQGHUIXO�5$*$60�DVVHPEOHU��7KDW�ZDV�IRU�WKH�IDFW�WKDW
KLV�HUURU�UHSRUWLQJ�DSSURDFK�LV�VR�PXFK�EHWWHU�WKDQ�WKH�7,�$VVHPEOHU�JLYHV��1RZ�ZH
UH�WKDQNLQJ�$UW�DJDLQ
IRU�WKH�VDPH�SURGXFW��EXW�WKLV�WLPH�IRU�KRZ�VPDUW�WKH�$VVHPEOHU�LWVHOI�LV��:H�NHHS�WKDW�DVVHPEOHU�KDQG\
DW�DOO�WLPHV�RQ�5DPGLVN��LQFOXGLQJ�D�FRS\�RQ�RXU�'ULYH����7KH�FRSLHV�RI�5$*$60�WKDW�ZH�XVH�KDYH�DOO�EHHQ
WKURXJK�DQ�LQVWDOO�SURFHVV�VR�WKDW�WKH��5��RSWLRQ�LV�WKHUH�E\�GHIDXOW��VR�ZH�GRQ
W�KDYH�WR�DQVZHU�WKH
237,216�SURPSW�DW�DOO��7KDW� LQ� LWVHOI� LV�D�QHDW� IHDWXUH��<RX�FDQ� LQVWDOO�5$*$60�WDLORUHG�WR�\RXU
SDUWLFXODU�QHHGV�

5HFHQWO\�� DV� RXU� UHDGHUV� NQRZ�� ZH
YH� EHHQ� FRQGXFWLQJ� VRPH� H[SHULPHQWV� XVLQJ� &OLQW� 3XOOH\
V� &��
FRPSLOHU��7KDW�SURJUDP�SURGXFHV�$VVHPEO\�VRXUFH�FRGH�WKDW
V�ZLWKRXW�WKH��5��IRU�WKH�UHJLVWHUV��$JDLQ�E\
FDUHIXOO\�FRQWUROOHG�H[SHULPHQW��QDPHO\�MXVW�IRUJHWWLQJ�DERXW�LW��ZH�GLVFRYHUHG�WKDW�$UW�*UHHQ
V�5$*$60
FDQ�KDQGOH�QRQ��5��ILOHV�MXVW�WKH�VDPH�DV��5��ILOHV��HYHQ�ZKHQ�WKH��5��RSWLRQ�LV�VHW��,Q�DW�OHDVW�RQH�FDVH��ZH
HPEHGGHG�VRPH�RULJLQDO�DVVHPEO\�FRGH�RI�RXU�RZQ�ZLWKLQ�WKH�&���VRXUFH��VR�WKH�FRPSLOHG�ILOH�FRQWDLQHG
D�PL[WXUH�RI��5��DQG�QRQ��5��UHJLVWHU�UHIHUHQFHV��5$*$60�KDQGOHG�DOO�WKDW�ZLWKRXW�D�ZKLPSHU��7KH�7,
$VVHPEOHU�FDQ�ZRUN�WKLV�ZD\�WRR��EXW�KDYLQJ�WKLV�IHDWXUH�DYDLODEOH�LQ�RXU�IDYRULWH�YHUVLRQ�RI�DQ�$VVHPEOHU
LV�JUHDW��7KDQN�\RX��$UW�

1.64.3. Still More Thanks

7R�&OLQW�3XOOH\��IRU�PDNLQJ�D�WUXO\�PDUYHORXV�&�&RPSLOHU�RQ�RXU�OLWWOH�PDFKLQH��,Q�WKH�SURFHVV�RI�WU\LQJ
WR�PDNH�OLWWOH�WHVW�SURJUDPV�IRU�RXU�&���VXSSRUW�OLEUDULHV��ZH�JRW�D�QXPEHU�RI�ERRNV�RQ�&�IURP�WKH�ORFDO
OLEUDU\��5HDGLQJ�WKRVH�SURYLGHG�D�ZKROH�ORDG�RI�LGHDV�WKDW�ZH�ZDQWHG�WR�WU\�RXW��EXW�ZH�FRXOGQ
W�EH�VXUH
ZKHWKHU�WKHVH�VOLJKWO\�DGYDQFHG�WULFNV�ZRXOG�ZRUN��VR�ZH�MXVW�WULHG�WKHP�RXW��7KH\�:25.('�

)RU�H[DPSOH��LQ�WKH�&�YHUVLRQ�RI�D�)25�1(;7�ORRS��RQH�FDQ�XVH�PRUH�WKDQ�RQH�DUJXPHQW�LQ�WKH�)25
SDUW��WKXV�VHWWLQJ�LQLWLDO�YDOXHV�WR�RWKHU�YDULDEOHV�EHVLGHV�WKH�RQH�FRQWUROOLQJ�WKH�ORRS��,Q�IDFW��WKH�72�SDUW
FDQ�HYHQ�XVH�D�YDULDEOH�WKDW
V�QRW�SDUW�RI�WKH�)25��7KRXJK�WKH�72�SDUW�FDQ�RQO\�KDYH�RQH�WHVW�YDULDEOH�
WKH�67(3�SDUW�FDQ�LQFOXGH�PRUH�WKDQ�RQH�YDULDEOH�DV�ZHOO��7KDW�ORRNHG�OLNH�VRPHWKLQJ�WKDW�ZRXOG�EH
KDQG\�LQ�RQH�RI�RXU�WHVW�SURJUDPV��VR�ZH�WULHG�LW�WKLV�ZD\�

for(row=8,col=12,chr='0';chr<':';++col,++chr)
hbchr(row,col,chr);

7+$7�:25.('��1RWLFH�WKDW�WKHUH
V�QR�1(;7�UHTXLUHG��7KH�VHPLFRORQ�DW�WKH�HQG�RI�WKH�VHFRQG�OLQH
PDUNV�WKH�HQG�RI�WKH�ORRS��ZKLFK�NHHSV�UHSHDWLQJ�VR�ORQJ�DV�WKH�YDULDEOH�FKU�LV�OHVV�WKDQ�
�
�������1RWLFH�DOVR�
DV�LV�WKH�FDVH�LQ�$VVHPEO\��WKDW�ZH�FDQ�ORDG�FKU�ZLWK�WKH�QXPEHU����E\�SXWWLQJ�D�]HUR�EHWZHHQ�VLQJOH�TXRWH
PDUNV��DQG�FRXOG�PDNH�WKH�OLPLW����LQ�D�VLPLODU�IDVKLRQ�XVLQJ�D�FRORQ�EHWZHHQ�VLQJOH�TXRWHV��,Q�WKH�ODVW
SDUW�RI�WKH�)25�VWDWHPHQW���67(3��ZH�KDYH�PDGH�ERWK�FRO�DQG�FKU�LQFUHPHQW�E\�SODFLQJ�ERWK�YDULDEOHV
WKHUH�SUHFHGHG�E\�D�GRXEOH�SOXV�VLJQ��,Q�FDVH�\RX
UH�FXULRXV�DERXW�VXFK�WKLQJV��WKLV�ORRS�SXWV�WKH�QXPEHUV
IURP���WKURXJK���RQ�WKH�VFUHHQ�DW�URZ�����VWDUWLQJ�DW�FROXPQ����7KH�VDPH�WKLQJ�FRXOG�EH�GRQH�LQ�([WHQGHG
%DVLF�OLNH�WKLV�
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ROW=8:: COL=12:: FOR CHR=48 TO 57 :: CALL HCHAR(ROW,COL,CHR)
:: COL=COL+1 :: NEXT CHR

&OLQW�KDV�EXLOW�ORWV�RI�QLFH�IHDWXUHV�LQWR�KLV�&����LQFOXGLQJ�WKH�DELOLW\�WR�GLUHFWO\�HPEHG�$VVHPEO\�VRXUFH�
ZKLFK�LV�D�JUHDW�IHDWXUH�IRU�XV��$VVHPEO\�JX\V���7KDW
V�D�IHDWXUH�WKDW�WKH�3&�YHUVLRQV�RI�&�ODFN��$QG�VR�ZH
WKDQN�&OLQW�3XOOH\�IRU�LQFRUSRUDWLQJ�VXFK�QLIW\�WULFNV�LQWR�&���

1.64.4. For My Next Trick

1R��,�ZRQ
W�EH�OHDSLQJ�KLJKHU�WKDQ�0LFKDHO�-RUGDQ��,Q�WRGD\
V�6LGHEDU��KRZHYHU��LV�WKH�VRXUFH�IRU�DQ�REMHFW
PRGXOH�WKDW�WDNHV�VWULQJ��QXPHULF��DQG�VLQJOH�NH\�LQSXWV�IURP�WKH�VFUHHQ�ZKLOH�LQ�+DOI�%LWPDS�PRGH��7KLV
KDV�EHHQ�GHVLJQHG�VR�WKDW�WKH�VWULQJ�DQG�QXPHULF�LQSXW�SDUWV�URXJKO\�HTXDO�DQ�$&&(37�$7�DV�XVHG�LQ
([WHQGHG�%DVLF��7KXV� WKH� IXQFWLRQ�NH\V�KDYH� WKH� VDPH�DFWLRQV�DV�\RX
G� H[SHFW��FCTN 1� GHOHWHV� WKH
FKDUDFWHU�XQGHU�WKH�FXUVRU��PRYLQJ�WKH�UHVW�RI�WKH�ILHOG�WR�WKH�OHIW�E\�RQH��DQG�SXWWLQJ�D�VSDFH�DW�WKH�ODVW
FKDUDFWHU��FCTN 2�SXWV�\RX�LQWR�,QVHUW�PRGH��VR�WKDW�HDFK�NH\�W\SHG�PRYHV�DOO�WH[W�IROORZLQJ�LW�ULJKWZDUG
E\�RQH�FKDUDFWHU��WKHQ�DSSHDUV��FCTN 3�FOHDUV�WKH�LQSXW�ILHOG��FCTN S�PRYHV�WKH�FXUVRU�OHIW��DQG�FDQFHOV
LQVHUW��FCTN D�PRYHV�WKH�FXUVRU�WR�WKH�ULJKW�DQG�FDQFHOV�LQVHUW��%RWK�FCTN S�DQG�FCTN D�KDYH�D
SDXVH�WKHQ�UHSHDW�DFWLRQ��VR�\RX�FDQ�TXLFNO\�PRYH�PDQ\�SODFHV��ENTER�RU�FCTN E��FCTN X��FCTN 8�RU
FCTN 9�ZLOO�H[LW�WKH�URXWLQH�

7KHUH�DUH�WZR�QXPHULF�LQSXW�URXWLQHV��ZKLFK�VKDUH�PXFK�RI�WKH�VDPH�VRXUFH�FRGH��EXW�WDNH�QXPEHUV
LQVWHDG�RI�VWULQJV��2QH�RI�WKHVH�WDNHV�DQ�LQWHJHU�LQ�WKH�UDQJH��������WKURXJK��������7KH�RWKHU�WDNHV�D
IORDWLQJ�SRLQW�QXPEHU��ZKLFK�FDQ�VSDQ�WKH�ZKROH�UDQJH�RI�7,�IORDWLQJ�SRLQW�QXPEHUV��7KH�LQWHJHU�FDVH
JLYHV�\RX�DQ�LQSXW�ILHOG�RI�RQO\�VL[�VSDFHV��VR�LW�KDV�URRP�IRU���������7KH�IORDWLQJ�SRLQW�LQSXW�JLYHV�D���
VSDFH�ILHOG��ZKLFK�VKRXOG�EH�ODUJH�HQRXJK��,Q�HLWKHU�FDVH��WKH�UHVXOW�LV�OHIW�IRU�\RX�DW�!���$��WKH�IORDWLQJ
SRLQW�DFFXPXODWRU��,I�LW
V�DQ�LQWHJHU��LW�ZLOO�EH�MXVW�WKH�ZRUG�DW�WKDW�ORFDWLRQ��,I�LW
V�IORDWLQJ�SRLQW��LW�ZLOO
EH�HLJKW�E\WHV�VWDUWLQJ�DW�!���$��,Q�ERWK�FDVHV��VFLHQWLILF�QRWDWLRQ�LV�DFFHSWHG��DQG�LQ�ERWK�FDVHV�OHDYLQJ
WKH�ILHOG�EODQN�ZLOO�UHSRUW����,Q�WKH�LQWHJHU�FDVH��LI�\RX�HQWHU�VRPHWKLQJ�ZLWK�D�GHFLPDO��WKDW�ZLOO�EH
URXQGHG�WR�WKH�QHDUHVW�LQWHJHU���H�J������ZLOO�EHFRPH��������ZLOO�EHFRPH����1R��WKDW�ZDVQ
W�RXU�PDJLF��EXW
7,
V��LQ�WKH�&RQYHUW�)ORDWLQJ�3RLQW�WR�,QWHJHU�URXWLQH�WKDW�ZH�XVH�

)RU�VWULQJ�LQSXWV��\RX�VSHFLI\�WKH�QXPEHU�RI�VSDFHV�LQ�WKH�ILHOG��XS�WR�D�PD[LPXP�RI�����,QSXW�LQ�DOO�FDVHV
LV�WDNHQ�DW�WKH�URZ�DQG�FROXPQ�\RX�VSHFLI\��ZKHUH�URZ�UXQV�IURP���WKURXJK����DQG�FROXPQ�IURP��
WKURXJK�����$OO�WKUHH�URXWLQHV�FKHFN�WKH�YDOLGLW\�RI�URZ�DQG�FROXPQ��DQG�WKH�YDOLGLW\�RI�WKH�HQGSRLQW�DIWHU
WKH�ILHOG�OHQJWK�LV�DGGHG��,I�HLWKHU�WKH�VWDUW�RU�HQG�SRLQW�LV�RXW�RI�UDQJH��WKH�URXWLQH�ZLOO�H[LW�EDFN�WR�\RXU
FRGH�ZLWKRXW�GRLQJ�DQ\WKLQJ��,Q�RWKHU�ZRUGV��EH�FDUHIXO�ZKDW�\RX�VSHFLI\�IRU�URZ��FROXPQ��DQG�PD[�OHQJWK�
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,Q�DGGLWLRQ�WR�WKHVH�WKUHH�PXOWL�FKDUDFWHU�LQSXW�URXWLQHV��WKHUH�DUH�WZR�VLQJOH�NH\�LQSXWV��RQH�FDOOHG
+%*.��DQG�WKH�RWKHU�+%*.)��(DFK�UHTXLUHV�WKDW�URZ�DQG�FROXPQ�JHW�VSHFLILHG��+%*.�MXVW�DZDLWV�D
NH\VWURNH��WKHQ�HFKRHV�WKDW�NH\�DW�URZ��FRO��+%*.)�LV�D�ELW�IDQFLHU��LQ�WKDW�LW�SXWV�D�IODVKLQJ�FXUVRU�DW�URZ�
FROXPQ��DQG�FDQ�DFFHSW�D�GHIDXOW�UHVSRQVH�LI�\RX
YH�SXW�D�FKDUDFWHU�RQ�WKH�VFUHHQ�DW�URZ��FRO��/HW
V�VD\�IRU
H[DPSOH�WKDW�\RX
YH�SXW�D�<�DW��������DQG�WKHQ�XVHG�+%*.)�DW�WKDW�VSRW��3UHVVLQJ�ENTER�ZLOO�DFFHSW�WKH
<�DV�WKH�LQSXW��3UHVVLQJ�Y�ZLOO�GR�WKH�VDPH��EXW�DQ\�RWKHU�NH\�ZLOO�EH�DFFHSWHG��DV�LV��DQG�HFKRHG�WR�WKH
VFUHHQ�DW���������7KH�NH\�SUHVVHG��RU�WKH�GHIDXOW�UHVSRQVH�LI�ENTER�ZDV�SUHVVHG��ZLOO�EH�SODFHG�LQ�5��RI
\RXU�ZRUNVSDFH�DV�D�ZRUG��7KH�PDNHV�LW�HDVLHU�IRU�\RX�WR�FKHFN�ZKDW�WKH�UHVSRQVH�ZDV��)RU�H[DPSOH�\RX
FRXOG�&,�5��
1
�WR�VHH�ZKHWKHU�N�ZDV�SUHVVHG�

1.64.5. The Public Domain Disk

$V�XVXDO�ZLWK�WKLQJV�OLNH�WKLV��ZH
YH�SXW�WRJHWKHU�D�3XEOLF�'RPDLQ�GLVN�ZLWK�WKH�VWXII�LQ�WRGD\
V�6LGHEDU�
SOXV�D�FROOHFWLRQ�RI�RWKHU�URXWLQHV�IRU�GHDOLQJ�ZLWK�+DOI�%LWPDS�PRGH��7KHVH�LQFOXGH�FDSDELOLWLHV�IRU�XVLQJ
VSULWHV��IRU�GLVSOD\LQJ�VWULQJV�RU�QXPEHUV�RQ�WKH�+DOI�%LWPDS�VFUHHQ��DQG�VR�IRUWK��7KH�GLVN�LV�FDOOHG
$'9+%��DQG� LV� DYDLODEOH� WKURXJK� WKH�/LPD�8VHUV�*URXS��$OO� WKH� VRXUFH� FRGH� LV� LQFOXGHG��ZLWK� IXOO
DQQRWDWLRQ��VR�\RX�FDQ�VHH�KRZ�LW�ZRUNV��,QVWUXFWLRQV�DUH�DOVR�SURYLGHG��DQG�VHYHUDO��GHPR��SURJUDPV�WKDW
OHW�\RX�VHH�WKHVH�URXWLQHV�DW�ZRUN�ZLWKRXW�WRR�PXFK�HIIRUW�

1.64.6. The Little Details

<RX�PD\�QRWLFH�VRPHWKLQJ�SHFXOLDU�LQ�WKH�6LGHEDU��LQ�WKDW�ZH
YH�LQFOXGHG�LQVWUXFWLRQV�WKDW�VDYH�WKH�8VHU
,QWHUUXSW�IURP�!��&��EHIRUH�RXU�FXUVRU�VWDUWV�DQG�UHVWRUHG�LW�DIWHUZDUG��7KLV�ZDV�GRQH�VR�WKDW�WKHVH
URXWLQHV�ZRXOG�EH�FRPSDWLEOH�ZLWK�WKH�URXWLQHV�WKDW�SURYLGH�VSULWHV�RQ�WKH�+DOI�%LWPDS�VFUHHQ��,I�WKHUH
DUH�VSULWHV�LQ�PRWLRQ�ZKHQ�\RX�HQWHU�RQH�RI�WKHVH�IODVKLQJ�FXUVRU�LQSXW�URXWLQHV��WKH\�ZLOO�VLPSO\�VWRS�LQ
WKHLU�WUDFNV�ZKLOH�LQSXW�LV�DFFHSWHG��EXW�ZLOO�UHVXPH�WKHLU�PRWLRQ�ZKHQ�\RX�H[LW�WKH�LQSXW�URXWLQH��:H
WKRXJKW�WKLV�ZRXOG�EH�PRUH�GHVLUDEOH�WKDQ�MXVW�PDNLQJ�\RX�UH�VHW�DOO�WKH�VSULWHV�DIWHU�WKH�LQSXW�URXWLQHV�
7KH�VLPSOH�NH\�LQSXW�URXWLQH�+%*.�GRHV�QRW�GR�WKLV��VR�\RXU�VSULWHV�ZLOO�UHPDLQ�LQ�PRWLRQ�ZKLOH�WKDW
URXWLQH�LV�DZDLWLQJ�D�NH\VWURNH�

6LQFH�DOO�WKH�VRXUFH�FRGH�LV�SURYLGHG��\RX�FDQ�PRGLI\�VRPH�RI�WKLV�WR�VXLW�\RXU�RZQ�QHHGV��RU�MXVW�WDNH
H[FHUSWV�IRU�XVH�LQ�\RXU�RZQ�SURJUDP��1RWH�WKDW�QRQH�RI�WKLV�LV�XVHIXO�XQOHVV�\RX
UH�LQ�WKH�+DOI�%LWPDS
PRGH�DOUHDG\��7KH�3XEOLF�'RPDLQ�GLVN�$'9+%�LQFOXGHV�WKH�URXWLQHV�WR�JHW�\RX�VPRRWKO\�LQWR�DQG�RXW
RI�WKDW�PRGH�

:H�KRSH�WKDW�VRPH�RI�\RX�ZLOO�ILQG�WKLV�XVHIXO��1H[W�PRQWK�ZH
OO�QRVH�DURXQG�VRPH�RWKHU�GDUN�FRUQHU�RI
WKH�7,��DQG�ZULWH�ZKDW�ZH�ILQG�
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* SIDEBAR64
* A.K.A. HBINP/S
*
*   FOR INPUTS TO ASSEMBLY PROGRAM
*   USING HALF-BITMAP SCREEN
*   Code by Bruce Harrison
*   26 MAY 1995
*   PUBLIC DOMAIN
*
       REF  VSBW,VSBR,VMBW,VMBR,KSCAN  REF UTILS
       REF  XMLLNK
       DEF  ACCNUM,ACCSTR,HBGK,HBGKF,ACCFP
*
* REQUIRED EQUATES
*
STATUS EQU  >837C        GPL STATUS BYTE
KEYADR EQU  >8374        KEY-UNIT
KEYVAL EQU  >8375        KEY VALUE
FAC    EQU  >834A        FLOATING POINT ACCUMULATOR
FAC12  EQU  >8356        FAC + 12
CSN    EQU  >1000        CONVERT STRING TO NUMBER
CFI    EQU  >1200        CONVERT FLOATING TO INTEGER
*
* ACCNUM accepts an integer input
* INVOKE ACCUM by:
*      BLWP @ACCNUM
*      BYTE ROW,COL
*      DATA CLRSIG
* ON EXIT, INTEGER RESULT IS AT >834A
*
*
ACCNUM DATA WS,ACNCOD

ACNCOD LI   R2,6         LENGTH 6
       CLR  R5           R5=0
       CLR  R12          R12=0
       BL   @GRC         R0 HAS SCREEN ADDRESS
       MOV  @>83C4,R9    SAVE EXISTING USER INTERRUPT
       MOV  *R14+,R3     R3 HAS CLEAR FIELD FLAG
       JMP  ACCST2       JUMP AHEAD
*
* ACCFP  accepts a floating point number input
* INVOKE ACCFP by:
*      BLWP @ACCFP
*      BYTE ROW,COL
*      DATA CLRSIG
* ON EXIT, FLOATING POINT NUMBER IS AT >834A
* (EIGHT BYTES IN RADIX 100 FORMAT)
*
ACCFP  DATA WS,ACFCOD



The Cyc: MICROpendium

ACFCOD LI   R2,15        LENGTH 15
       CLR  R5           R5=0
       LI   R12,1        R12=1
       BL   @GRC         R0 HAS SCREEN ADDRESS
       MOV  @>83C4,R9    SAVE EXISTING USER INTERRUPT
       MOV  *R14+,R3     R3 HAS CLEAR FIELD FLAG
       JMP  ACCST2       JUMP AHEAD
*
* ACCSTR ACCEPTS A STRING INPUT
* INVOKE ACCSTR BY:
*      BLWP @ACCSTR
*      BYTE ROW,COL
*      BYTE MAXLEN,CLRSIG
*      DATA BUFFER ADDRESS
*
* ON EXIT, STRING IS AT BUFFER ADDRESS AS LENGTH,CONTENT
*
ACCSTR DATA WS,ACSCOD

ACSCOD BL   @GRC         R0 HAS SCREEN ADDRESS
       MOV  @>83C4,R9    SAVE INTERRUPT STATE
       MOVB *R14+,R2     R2 HAS MAX LEN
       SRL  R2,8         RT. JUST LEN
       MOVB *R14+,R3     R3 HAS CLEAR FLAG
       SRL  R3,8         RT. JUST CLRSIG
       MOV  *R14+,R5     R5 HAS ADDRESS OF BUFFER
       MOV  R2,R2        CHECK FOR ZERO LENGTH
       JEQ  EMEX         EXIT IF SO
       CI   R2,80        CHECK MAX ALLOWED
       JGT  EMEX         IF GREATER, EXIT
ACCST2 CLR  @INSFLG      NOT IN INSERT
       CLR  @KEYADR      KEY-UNIT 0
       MOV  R10,R10      CHECK POSITION ERROR
       JNE  EMEX         IF ERROR, EXIT
       MOV  R0,R7        SAVE START POSITION
       MOV  R2,R4        SAVE LENGTH
       A    R2,R0        ADD LENGTH
       CI   R0,>1B00     CHECK END OF SCREEN
       JLT  SAVEND       IF LESS, OKAY
EMEX   CLR  R8           EMERGENCY EXIT
       MOV  R5,R5        CHECK R5 FOR 0
       JEQ  EMEXX        IF SO, SKIP
       MOVB R8,*R5       ELSE NULL THE STRING
EMEXX  MOV  R9,@>83C4    PUT BACK OLD USER INTERRUPT
       RTWP              RETURN TO CALLER
SAVEND MOV  R0,R6        SAVE THAT POSITION
       DEC  R6           LAST ALLOWED
CLRSNS MOV  R7,R0        BACK TO START
       MOV  R3,R3        CHECK SIGNAL
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       JEQ  KEYFRC       IF ZERO, JUMP
       MOV  R4,R2        GET LENGTH BACK IN R2
       MOVB @ANYKEY,R1   SPACE CHAR
CLRFLD BLWP @VSBW        WRITE ONE SPACE
       INC  R0           MOVE AHEAD ONE
       DEC  R2           DEC COUNT
       JNE  CLRFLD       IF NOT 0, RPT
       MOV  R7,R0        GET START BACK
*
* KEYFRC GETS THE CURRENT CHARACTER
* FROM THE SCREEN, FORCES THE CURSOR
* TO THAT POSITION, THEN ACTIVATES THE
* USER INTERRUPT TO BLINK CURSOR
*
KEYFRC BLWP @VSBR        READ BYTE AT R0 POSITION
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   PUT CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
       CLR  @>8378       CLEAR TIME COUNTER
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
*
* KEYIN IS THE PART THAT GETS KEYSTROKES
*
KEYIN  BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       CB   @STATUS,@ANYKEY KEY STRUCK?
       JNE  KEYIN        IF NOT, REPEAT
*
* FOLLOWING CODE USES THE KEYSTROKE
*
       MOV  @KEYADR,R8   KEY AS WORD IN R8
       MOVB @ALTKEY,R1   OLD CHAR IN R1
       BLWP @VSBW        WRITE TO SCREEN
       CB   @KEYVAL,@ENTERV "ENTER" STRUCK?
       JEQ  KEYEX        IF YES, EXIT
       CB   @KEYVAL,@BACKUP FCTN-S?
       JNE  KEY0         IF NOT, JUMP
*
* FOLLOWING IS CODE THAT HANDLES FCTN-S
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       DEC  R0           BACK ONE
       C    R0,R7        CHECK FOR FIRST POS
       JGT  BCKX         IF GREATER, JUMP
       MOV  R7,R0        R7 TO R0
       B    @KEYFRC      BACK TO MAIN ENTRY
BCKX   B    @RPTKEY      AHEAD FOR REPEAT ACTION
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KEY0   CB   @KEYVAL,@FWARD FCTN-D?
       JNE  KEY1         IF NOT, JUMP AHEAD
*
* FOLLOWING IS CODE THAT HANDLES FCTN-D
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       INC  R0           POINT AHEAD
       C    R0,R6        LAST SPOT?
       JLT  FWKX         IF LESS, JUMP
       MOV  R6,R0        ELSE POINT BACK
       B    @KEYFRC      THEN BRANCH BACK
FWKX   B    @RPTKEY      AHEAD FOR REPEAT ACTION
KEY1   CI   R8,32        COMPARE TO SPACE BAR
       JLT  FUNCT        IF LESS, CHECK FOR FUNCT
*
* FOLLOWING HANDLES KEY VALUES 32 AND ABOVE
*
       MOV  @INSFLG,R1   INSERT MODE?
       JEQ  KEY1A        IF NOT, JUMP AHEAD
*
* FOLLOWING HANDLES INSERT IF IN INSERT MODE
*
       C    R0,R6        AT END OF FIELD?
       JEQ  KEY1A        IF SO, NO INSERT
       MOV  R6,R2        GET LAST POSITION
       S    R0,R2        SUBTRACT CURRENT POSITION
       LI   R1,TEMSTR    TEMP STORAGE SPACE
       BLWP @VMBR        PUT BYTES THERE
       INC  R0           POINT AHEAD ONE
       BLWP @VMBW        WRITE THERE
DEC0   DEC  R0           BACK TO OLD POSITION
       JMP  KEY1A        PUT IN THE KEYSTROKE
*
* FOLLOWING HANDLES FUNCTION KEYS WITH VALUES BELOW 32
*
FUNCT  CB   @KEYVAL,@DELKEY DELETE KEY?
       JNE  FUNCT2       IF NOT, JUMP
*
* FOLLOWING HANDLES DELETE WITH FCTN-1
*
       MOV  R0,R3        STASH AWAY R0
       MOV  R6,R2        GET END OF FIELD
       S    R0,R2        SUBTRACT CURRENT POSITION
       JEQ  NULDEL       IF ZERO, JUMP AHEAD
       INC  R0           ELSE POINT AHEAD ONE
       LI   R1,TEMSTR    TEMPORARY STORAGE
       BLWP @VMBR        READ TO THERE
       DEC  R0           POINT BACK ONE
       BLWP @VMBW        WRITE TO THERE
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NULDEL MOV  R6,R0        GET END OF FIELD
       MOVB @ANYKEY,R1   SPACE CHAR
       BLWP @VSBW        WRITE A SPACE
       MOV  R3,R0        GET OLD POSITION BACK
       JMP  KEYFRC       JUMP TO GET NEXT KEY
FUNCT2 CB   @KEYVAL,@INSKEY FCTN-2 PRESSED?
       JNE  FUNCT3       IF NOT, JUMP
*
* FOLLOWING SETS INSERT MODE ON FCTN-2
*
       INC  @INSFLG      SET INSERT FLAG
       JMP  KEYFRC       THEN BACK
FUNCT3 CB   @KEYVAL,@ERSKEY FCTN-3 PRESSED?
       JNE  FUNCTX       IF NOT, JUMP
*
* FOLLOWING ERASES FIELD IF FCTN-3 STRUCK
*
ERSFLD MOVB @ANYKEY,R3   SET R3 NON-ZERO
       B    @CLRSNS      BRANCH TO CLEAR FIELD
*
* FCTN-X OR FCTN-E
* OR FCTN-8 OR FCTN-9
* ALL EXIT PROGRAM
*
FUNCTX CI   R8,10        FCTN-X?
       JEQ  KEYEX        IF SO EXIT
       CI   R8,11        FCTN-E?
       JEQ  KEYEX        IF SO, EXIT
       CI   R8,15        FCTN-9?
       JEQ  KEYEX        IF SO, EXIT ROUTINE
       CI   R8,6         FCTN-8?
       JEQ  KEYEX        IF SO, EXIT
       B    @KEYFRC      ELSE IGNORE KEYSTROKE
*
* FOLLOWING PUTS CURRENT KEYSTROKE ON SCREEN
* THEN MOVES CURSOR TO NEXT SPOT
*
KEY1A  MOVB @KEYVAL,R1   GET KEY VALUE IN R1
       BLWP @VSBW        WRITE THAT
       INC  R0           POINT AHEAD
       C    R0,R6
       JLT  KEY1X
       MOV  R6,R0
KEY1X  B    @KEYFRC      THEN BRANCH BACK
*
* KEYEX IS THE EXIT FROM THIS ROUTINE
*
KEYEX  MOV  R9,@>83C4    PUT PREVIOUS USER INTERRUPT BACK
       MOV  R5,R5        NUMBER INPUT?
       JEQ  NUMOUT       IF SO, JUMP
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       MOV  R4,R2        GET LENGTH
       MOV  R6,R0        AND LAST POSITION
RDBYT  BLWP @VSBR        READ A BYTE
       CB   R1,@ANYKEY   SPACE?
       JNE  RDSTR        IF NOT, JUMP
       DEC  R0           ELSE DEC POSITION
       DEC  R2           AND CHAR COUNT
       JNE  RDBYT        IF NOT ZERO, GO BACK
RDSTR  MOV  R5,R1        GET STRING LOCATION
       MOV  R7,R0        AND START POSITION
       MOVB @WS+5,*R1+   PUT LENGTH AT STRING ADDRESS
       JEQ  KEYXX        IF NULL, EXIT
       BLWP @VMBR        READ STRING FROM SCREEN
KEYXX  RTWP              RETURN TO CALLER
NUMOUT MOV  R7,@FAC12    START POSITION TO >8356
       BLWP @XMLLNK      USE XML VECTOR
       DATA CSN          CONVERT STRING TO NUMBER
       MOV  R12,R12      FLOATING POINT?
       JNE  FPOUT        JUMP IF SO
       BLWP @XMLLNK      USE XML VECTOR
       DATA CFI          CONVERT FLOAT TO INT
FPOUT  MOV  @FAC,R1      GET NUMBER
       JNE  NUMOX        IF NOT ZERO, OKAY
       MOV  R7,R0        GET START POINT
       MOV  R4,R2        AND LENGTH
       LI   R1,SIXBLN    SIX SPACES
       BLWP @VMBW        WRITE THOSE
       LI   R1,>3000     '0' IN LEFT BYTE R1
       BLWP @VSBW        ECHO 0 TO SCREEN
NUMOX  RTWP              RETURN TO CALLER
*
*
* FOLLOWING IS THE REPEAT-KEY FUNCTION FOR LEFT AND RIGHT
* MOVEMENT OF THE CURSOR
*
RPTKEY BLWP @VSBR        READ CURRENT CHAR
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   GET CURSOR
       BLWP @VSBW        WRITE THAT
       CLR  @INSFLG      CLEAR INSERT MODE
       CLR  @>8378       CLEAR TIMER
       CLR  @>83C4       DISABLE USRINT
*
* THE LOOP STARTING AT RPT1 DELAYS REPEAT MOTION FOR
* 32/60THS OF A SECOND UNLESS KEY IS RELEASED
*
RPT1   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       CB   @KEYVAL,@NOKEY NO KEY?
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       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@ANYKEY COMPARE TO 32
       JLT  RPT1         IF LESS, JUMP
RPT1A  CLR  @>8378       CLEAR TIMER
       MOVB @ALTKEY,R1   GET ALTKEY BACK
       BLWP @VSBW        WRITE
       CB   @KEYVAL,@BACKUP BACKWARD?
       JNE  RPTF         IF NOT, JUMP
       DEC  R0           ELSE BACK ONE
       C    R0,R7        AT START OF FIELD?
       JGT  RPTFA        IF GREATER, OKAY
       JEQ  RPTFA        IF EQUAL, OKAY
       INC  R0           PUT POSITION BACK
       JMP  RPTEX        THEN EXIT
RPTF   INC  R0           AHEAD ONE
RPTF1  C    R0,R6        AT END OF FIELD?
       JLT  RPTFA        IF LESS, OKAY
       JEQ  RPTFA        IF EQUAL, OKAY
       DEC  R0           BACK ONE
       JMP  RPTEX        THEN EXIT
RPTFA  BLWP @VSBR        READ BYTE AT CURRENT POSITION
       MOVB R1,@ALTKEY   STASH CURRENT CHAR
       MOVB @CURSOR,R1   CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
*
* THE LOOP AT RPT2 DELAYS 8/60THS UNLESS KEY IS RELEASED
*
RPT2   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            THEN OFF
       CB   @KEYVAL,@NOKEY NO KEY?
       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@BACKUP COMPARE TO 8
       JLT  RPT2         IF LESS, REPEAT
*
* AFTER 8/60THS, CURSOR ADVANCES ANOTHER STEP
*
       JMP  RPT1A        ELSE JUMP BACK
RPTEX  MOVB @ALTKEY,R1   OLD CHAR
       BLWP @VSBW        WRITE THAT
       B    @KEYFRC      THEN BRANCH BACK
*
* FOLLOWING IS THE "BLINK", DONE WITH USER INTERRUPT
* EVERY 20 60THS, THIS WILL BLWP @CHVECT TO CHANGE
* FROM CURSOR TO CHARACTER OR VICE VERSA
*
USRINT CB   @>8379,@TWENTY TIMER=20?
       JLT  INTEX        IF LESS, EXIT
       BLWP @CHVECT      ELSE CHANGE CHAR
INTEX  RT                RETURN TO INTERRUPT HANDLER
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*
* CHVECT CHANGES FROM CURSOR TO CHAR AND VICE VERSA
* EVERY 20/60THS OF A SECOND.  (THAT'S 1/3 SECOND)
*
CHVECT DATA INTWS,CHG0
CHG0   MOV  @WS,R0       GET MAIN R0 INTO THIS R0
CHG1   BLWP @VSBR        READ CURRENT BYTE FROM SCREEN
       CB   R1,@CURSOR   IS THAT CURSOR?
       JEQ  CHG2         IF YES, JUMP
       MOVB @CURSOR,R1   ELSE GET CURSOR
       BLWP @VSBW        AND WRITE THAT
       JMP  CHGX         THEN EXIT
CHG2   MOVB @ALTKEY,R1   PUT OLD CHAR IN R1
       BLWP @VSBW        WRITE THAT
CHGX   CLR  @>8378       CLEAR TIMER
       RTWP              THEN RETURN
*
* HBGKF takes a single keystroke
* AT ROW,COL
* WITH FLASHING CURSOR

* and flashes the cursor
* INVOKE HBGKF by:
*      BLWP @HBGKF
*      BYTE ROW,COL
* ON EXIT, KEYSTROKE IS IN USERS R1
* AND IS ECHOED AT ROW, COL
HBGKF  DATA WS,HBF
HBGK   DATA WS,HBG
HBF    BL   @GRC         SET R0 TO SCREEN ADDRESS
       MOV  R10,R10      NO ERROR?
       JNE  EMERX2       IF ERROR, JUMP
       BLWP @VSBR        READ PRESENT CHAR
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   CURSOR
       BLWP @VSBW        WRITE THAT
       MOV  @>83C4,R9    SAVE USER INTERRUPT
       MOV  @INTLOC,@>83C4  ENABLE USER INT
       CLR  @>8378       CLEAR VDP TIMER
       BL   @KEYLOO      WAIT FOR KEYSTROKE
       CB   @KEYVAL,@ENTERV ENTER PRESSED?
       JNE  HBFX         IF NOT, JUMP
       MOVB @ALTKEY,@KEYVAL PUT PREVIOUS CHAR IN KEYVAL
       MOV  @KEYADR,R8   KEY AS WORD IN R8
HBFX   MOV  R9,@>83C4    PUT BACK OLD USER INT
       JMP  HBGKX        JUMP AHEAD
*
* HBGK accepts a single keystroke
* AND ECHOES AT ROW, COL
* WITHOUT CURSOR
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* INVOKE HBGK by:
*      BLWP @HBGK
*      BYTE ROW,COL
* ON EXIT, KEY VALUE IS IN CALLER'S R1
*
HBG    BL   @GRC         SCREEN LOCATION TO R0
       MOV  R10,R10      NO ERROR?
       JNE  EMERX2       IF ERROR, JUMP
       BL   @KEYLOO      GET KEYSTROKE
HBGKX  MOVB @KEYVAL,R1   KEY VALUE IN R1
       BLWP @VSBW        ECHO TO SCREEN
       MOV  @KEYADR,@2(R13)   PUT IN CALLER'S R1
       RTWP              RETURN TO CALLER

EMERX2 CLR  @2(R13)      CLEAR CALLER'S R1
       RTWP              RETURN
*
* KEYLOO WAITS FOR A KEYSTROKE, THEN RETURNS
* THE VALUE OF THE KEY STRUCK GOES INTO REG 8
*
KEYLOO CLR  @KEYADR      KEY-UNIT 0
KEYLO1 BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            THEN STOP
       CB   @STATUS,@ANYKEY ANY KEY?
       JNE  KEYLO1       IF NOT, REPEAT
       MOV  @KEYADR,R8   KEY AS WORD INTO R8
       RT                THEN RETURN
* GRC IS INTERNAL SUBROUTINE THAT GETS
* THE ROW, COL FROM CALLER'S DATA
* AND TRANSLATES THAT TO SCREEN ADDRESS IN R0
*
GRC    CLR  R10          CLEAR ERROR FLAG
       MOVB *R14+,R0     ROW IN R0
       MOVB *R14+,R1     COL IN R1
       SRL  R0,8         RT. JUST ROW
       SRL  R1,8         RT. JUST COL
       DEC  R0           ZERO BASE ROW
       DEC  R1           ZERO BASE COL
       SLA  R0,5         ROW * 32 IN R0
       A    R1,R0        ADD COL TO R0
       JLT  GRCERR       IF < 0, ERR
       CI   R0,>2FF      CHECK SCREEN LIMIT
       JGT  GRCERR       IF >, ERR
       AI   R0,>1800     ADD SCREEN OFFSET
       RT                RETURN
GRCERR INV  R10          SET ERROR FLAG
       RT                RETURN
*
* DATA SECTION
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*
WS     BSS  32           OUR WORKSPACE
INTWS  BSS  32
INTLOC DATA USRINT       USER INTERRUPT ADDRESS
NUMFLG DATA 0            NUMBER INPUT FLAG
INSFLG DATA 0            INSERT FLAG
DELKEY BYTE 3            FCTN-1 VALUE
INSKEY BYTE 4            FCTN-2 VALUE
ERSKEY BYTE 7            FCTN-3 VALUE
TEMSTR BSS  80           TEMPORARY STRING
ALTKEY BYTE 0            CURRENT CHARACTER FROM SCREEN
ENTERV BYTE 13           ENTER KEY VALUE
CURSOR BYTE 30           CURSOR CHAR
BACKUP BYTE 8            FCTN-S
FWARD  BYTE 9            FCTN-D
ANYKEY BYTE 32           SPACE OR COMPARISON BYTE
TWENTY BYTE 20           CURSOR BLINK NUMBER
NOKEY  BYTE >FF          NO KEY INDICATION
EDGE   BYTE 31           EDGE CHAR
SIXBLN TEXT '               '
       END
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1.65. The Art Of Assembly — Part 65. 3X5=1X1

%\�%UXFH�+DUULVRQ

7DON�DERXW�QHZ�PDWK��7KH�QRQ�HTXDWLRQ�LQ�WRGD\
V�VXEWLWOH�LV�QRW�D�MRNH��EXW�D�PDJLF�IRUPXOD�WKDW�ZH
DFWXDOO\�XVHG�LQ�WZR�RI�RXU�$VVHPEO\�SURJUDPV��7KH�IRUPXOD�DSSOLHV�IRU�WKH�FDVH�RI�SULQWLQJ�SLFWXUHV�IURP
WKH�7,�VFUHHQ��%LWPDS�ZLVH��RQ�D�GRW�PDWUL[�SULQWHU��,W�DOO�VWDUWHG�EDFN�ZKHQ�ZH�FUHDWHG�RXU�RZQ�GUDZLQJ
SURJUDP��:H�ZDQWHG�WR�KDYH�WKH�SULQWLQJ�IXQFWLRQ�NHHS�WKH�SURSRUWLRQV��RU�DVSHFW�UDWLR��WKH�VDPH�RQ
SDSHU�DV�LW�DSSHDUV�RQ�WKH�VFUHHQ��7KXV�WKH�LPDJH�DUHD�KDG�WR�EH�LQ�H[DFWO\�WKH�VDPH�UDWLR�KHLJKW�WR�ZLGWK
DV�WKH�VFUHHQ�LPDJH�DUHD��'RLQJ�WKLV�PHDQV�WKDW�FLUFOHV�RQ�WKH�VFUHHQ�DUH�FLUFOHV�RQ�WKH�SDSHU��DQG�VTXDUHV
DUH�VTXDUHV��HWF�

1.65.1. A Common Denominator

$OO�RI�RXU�GRW�PDWUL[�SULQWHUV�DUH�RI�WKH���SLQ�YDULHW\��VR�NHHS�LQ�PLQG�WKDW�WKLV�GLVFXVVLRQ�UHIHUV�WR�WKRVH�
DQG�QRW�WKH�PRUH�PRGHUQ����SLQ�W\SH��7KH�SULQWKHDG�RQ�VXFK�SULQWHUV�KDV�QLQH�SLQV�DUUDQJHG�YHUWLFDOO\�
VSDFHG�����QG�RI�DQ�LQFK�DSDUW��,Q�WKHLU�QRUPDO��JUDSKLFV��PRGH��WKHVH�SULQWHUV�PDNH�GRWV�DW�����WK�RI�DQ
LQFK�VSDFLQJ�DFURVV�WKH�SDSHU��:KDW�ZDV�QHHGHG�ZDV�VRPH�ZD\�WR�PDNH�WKH�KRUL]RQWDO�DQG�YHUWLFDO
GLPHQVLRQV�RI�HDFK�ELW�LQ�WKH�VFUHHQ�LPDJH�DV�D�VTXDUH�DUHD�RQ�WKH�SDSHU��2I�FRXUVH�WKLV�KDG�WR�EH�GRQH
LQ�D�ZD\�WR�DOORZ�����E\�����SL[HOV�WR�ILW�RQ�WKH�������E\����LQFK�SDSHU��WRR��7KH�DQVZHU�ZDV�WR�XVH�WKH
SULQWHU
V�GRXEOH�GHQVLW\�JUDSKLFV�PRGH��LQ�ZKLFK�LW�SXWV�WKH�GRWV�DW�����SHU�LQFK�DFURVV�

1.65.2. The Solution

)RU�HDFK�ELW�LQ�WKH�LPDJH��ZH�ILUH�WKUHH�SLQV�DW�WKH�WRS�RI�WKH�SULQWKHDG��WKHQ�UHSOLFDWH�WKDW�ILYH�WLPHV
KRUL]RQWDOO\��7KXV�RQH�SL[HO�IURP�WKH�VFUHHQ�LV�����QGV�LQ�KHLJKW�DQG������WKV�ZLGH��1RZ�JHW�RXW�\RXU
FDOFXODWRU�DQG�GLYLGH���E\�����:ULWH�WKDW�GRZQ��WKHQ�GLYLGH���E\������(XUHND��6LQFH�WKHVH�IUDFWLRQV�DUH
LGHQWLFDO�LQ�YDOXH��RXU�SL[HO�ZLOO�DSSHDU�VTXDUH�RQ�WKH�SDSHU��1RZ�RI�FRXUVH�ZH�KDYH�WR�VHH�LI�WKDW�ZLOO�ILW
RQ�WKH�SDSHU��,I�HDFK�SL[HO�LQ�WKH�KHLJKW�RI�WKH�VFUHHQ��ZLGWK�RI�WKH�SDSHU��RFFXSLHV������WKV��DQG�WKHUH�DUH
����VXFK��WKDW�HTXDOV�H[DFWO\���LQFKHV��VR�WKH�KHLJKW�GLPHQVLRQ�LV�RND\��1RZ�DORQJ�WKH�OHQJWK�RI�WKH�VKHHW�
ZH�QHHG�����SL[HOV��7KXV�ZH�JHW�RXW�WKH�FDOFXODWRU�DJDLQ�DQG�PXOWLSO\�����QGV�E\������7KDW�FRPHV�RXW�WR
�����������������������LQFKHV��VR�ZH
UH�VDIH�RQ�WKH����LQFK�SDSHU�OHQJWK�DV�ZHOO�

1.65.3. Why Do This?

,Q�FDVH�DQ\ERG\�PLVVHG�LW��ZH�GRQ
W�RZQ�7,�$UWLVW��:KDW�ZH�ZHUH�VHHNLQJ�LQ�RXU�PRVW�UHFHQW�H[SHULPHQW
ZDV�D�ZD\�WR�SULQW�7,�$UWLVW�SLFWXUH�ILOHV�ZLWKRXW�KDYLQJ�WKDW�SURJUDP��:H�KDG�DQRWKHU�LQFHQWLYH�WR�GR
WKLV��2XU�IULHQG�&KDUOHV�.LUNZRRG��-U��ZURWH�FRPSODLQLQJ�WKDW�KH�FRXOGQ
W�JHW�KLV�RZQ�7,�$UWLVW�SLFWXUHV
WR�SULQW�FRUUHFWO\��+H�VHQW�DORQJ�VRPH�H[DPSOHV��VR�ZH�VWDUWHG�H[SHULPHQWLQJ��2XU�RZQ�'UDZLQJ�SURJUDP
FDQ�SULQW�LWV�RZQ�SLFWXUHV��EXW�LW�FDQ
W�KDQGOH�DOO�RI�WKH�SLFWXUH�DUHD�RI�WKH�7,�$UWLVW�SLFWXUHV���,W�OHDYHV
RII����GRW�URZV���:KDW�ZH�ZDQWHG�WR�PDNH�IRU�RXU�RZQ�XVH�DQG�IRU�RXU�IULHQG�0U��.LUNZRRG�ZDV�D�YHU\
VLPSOH�SURJUDP�WKDW�ZRXOG�ERWK�VKRZ�WKH�SLFWXUHV�RQ�VFUHHQ�DQG�VHQG�WKHP�WR�WKH�SULQWHU�
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1.65.4. Borrowed Source Code

$V�ZH�RIWHQ�GR��ZH�ERUURZHG�IURP�RXUVHOYHV��:H�WRRN�VRPH�VRXUFH�FRGH�IURP�RXU��SLFWXUH�VKRZ��SURJUDP�
WR�FDWDORJ�D�GLVN�DQG�SURGXFH�D�OLVWLQJ�RI�WKH�7,�$UWLVW�SLFWXUH�ILOHV�WKDW�DUH�RQ�WKH�VHOHFWHG�GLVN��1RZ�ZKHQ
WKH�XVHU�VHOHFWV�RQH�IURP�WKDW�OLVW��WKH�SURJUDP�WDNHV�WKDW�SLFWXUH�IURP�WKDW�GLVN�DQG�GLVSOD\V�LW�RQ�WKH
VFUHHQ��7R�FRPSOHWH�WKH�SURJUDP��WKHQ��ZH�WRRN�WKH�VHFWLRQ�RI�RXU�'UDZLQJ�SURJUDP�WKDW�VHQGV�WKH�SL[HOV
WR�WKH�SULQWHU��PRGLILHG�LW�WR�XVH�WKH�HQWLUH�7,�$UWLVW�SLFWXUH��DQG�DGGHG�WKDW�WR�WKH�VHOHFWLRQ�VRXUFH�FRGH
IURP�RXU�3LFWXUH�6KRZ��:H�DGGHG�RQH�VPDOO�WKLQJ�LQ�WKH�EHJLQQLQJ��VR�WKDW�ZKHQ�WKH�SURJUDP�VWDUWV�XS�
LW�ZLOO�SURPSW�IRU�WKH�SULQWHU
V�ILOH�QDPH��ZLWK�D�GHIDXOW�HQWU\�RI�3,2�&5��7KLV�ZD\��PRVW�XVHUV�ZLOO�MXVW
KDYH�WR�SUHVV�ENTER�DW�WKH�SURPSW��EXW�IRU�WKRVH�ZKRVH�SULQWHU�LV�FRQQHFWHG�YLD�56������WKHUH
V�D�ZD\
WR��IL[��WKDW�IRU�WKH�GXUDWLRQ�RI�WKH�UXQ��1H[W�WKHUH
V�D�SURPSW�IRU�D�GULYH�QXPEHU��DQG�WKDW�ZLOO�DFFHSW�D
VLQJOH�NH\VWURNH�LQ�WKH�UDQJHV�����RU�$�=��*LYHQ�WKDW��WKH�SURJUDP�FDWDORJV�WKH�GLVN�LQ�WKH�GHVLJQDWHG
GULYH��,I�WKHUH
V�QR�VXFK�GULYH��RU�QR�GLVN�LQ�WKDW�GULYH��DQ�HUURU�JHWV�UHSRUWHG��,I�WKH�FDWDORJ�FRQWDLQV�QR
7,�$UWLVW�3LFWXUH�ILOHV��WKDW�ZLOO�EH�UHSRUWHG��*LYHQ�D�GLVN�WKDW�FRQWDLQV�RQH�RU�PRUH�SLFWXUH�ILOHV��WKH
VFUHHQ�ZLOO�VKRZ�D�OLVW�RI�WKH�SLFWXUH�ILOHV�RQ�WKDW�GLVN��ZLWK�D�VHOHFWLRQ�PDUNHU��7KH�XVHU�WKHQ�PRYHV�WKDW
PDUNHU�WR�DQ\�ILOH�QDPH�DQG�SUHVVHV�ENTER�

7KH�SURJUDP�DFFHVVHV�WKH�VHOHFWHG�GULYH�DQG�SXWV�WKH�VHOHFWHG�SLFWXUH�RQ�VFUHHQ��7KH�SURJUDP�QRZ�ZDLWV
IRU�D�NH\VWURNH�IURP�WKH�XVHU��3UHVVLQJ�P�RU�p�RQ�WKH�NH\ERDUG�ZLOO�VWDUW�WKH�SULQWLQJ�SURFHVV��DQ\�RWKHU
NH\�ZLOO�VLPSO\�SXW�EDFN�WKH�OLVW�RI�ILOHV��ZLWK�WKH�PDUNHU�ZKHUH�LW�ZDV��:H�ILJXUHG�WKDW�3�IRU�3ULQW�ZDV
DQ�HDV\�HQRXJK�PQHPRQLF�FRQQHFWLRQ�IRU�PRVW�DQ\ERG\��'XULQJ�SULQWLQJ��WKH�SLFWXUH�MXVW�UHPDLQV�RQ�WKH
VFUHHQ��:KHQ�SULQWLQJ�ILQLVKHV��WKH�OLVW�FRPHV�EDFN�

1.65.5. A Rave Review

:KHQ�ZH�VHQW�DQ�DGYDQFH�FRS\�RI�WKLV�QHZ�SURGXFW�WR�&KDUOHV�.LUNZRRG��ZH�JRW�D�YHU\�HQWKXVLDVWLF
UHVSRQVH��DQG�VRPH�H[DPSOHV�RI�KRZ�7,�$UWLVW�SULQWHG�KLV�SLFWXUHV��7KH�SLFWXUHV�LQ�TXHVWLRQ�ZHUH�DOO�RQ
D��UDLOURDG��WKHPH��LQFOXGLQJ�D�YHU\�QLFH�UHQGLWLRQ�RI�DQ�ROG�IDVKLRQHG�VWHDP�HQJLQH��6WHDP�HQJLQHV�KDYH
ODUJH�ZKHHOV�RQ�WKHP��DQG�WKRVH�DUH�VXSSRVHG�WR�EH�URXQG��&KDUOHV�PDGH�WKHP�VR�WKH\�DUH�QLFHO\�URXQG
RQ�WKH�VFUHHQ��EXW�RQ�WKH�7,�$UWLVW�SULQWRXWV�WKH\�FDPH�RXW�DV�RYDOV��2Q�SULQWRXWV�PDGH�ZLWK�RXU�QHZ
SURJUDP��WKH�ZKHHOV�DUH�URXQG��DV�WKH\�VKRXOG�EH�

:H�KDYH�LQ�RXU�FROOHFWLRQ�D�FRXSOH�RI�.HQ�*LOOLODQG
V��'LVN�2I�������SURGXFWV��7KHVH�FRQWDLQ�YHU\�QLFH
7,�$UWLVW�SLFWXUHV��LQFOXGLQJ�HYHQ�D�VHOI�SRUWUDLW�RI�.HQ��:H�WULHG�SULQWLQJ�WKHVH�ZLWK�RXU�QHZ�SURJUDP�
DQG�WKH�UHVXOWV�ZHUH�MXVW�ZKDW�ZH
G�KRSHG�IRU��LQ�WKDW�WKH�SULQWHG�LPDJH�QHDUO\�ILOOV�WKH�VKHHW�RI�SDSHU��DQG
ORRNV�H[DFWO\�OLNH�WKH�VFUHHQ�LPDJH�
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1.65.6. But Then Again . . .

2XU�OLWWOH�SURJUDP�LV�QRW�D�SDQDFHD�IRU�WKH�7,�$UWLVW�XVHUV�RI�WKH�ZRUOG��:H�KDYH�D�FROOHFWLRQ�RI�YHU\
FRORUIXO�SLFWXUHV�IURP�WKH�/LPD�OLEUDU\��EXW�QRQH�RI�WKHP�ZLOO�SULQW�RXW�DV�DQ\WKLQJ�EXW��JDUEDJH��LQ�EODFN
DQG�ZKLWH��6HHPV� WKDW� WKH� IRONV�ZKR� FUHDWHG� WKHVH� WRRN�DGYDQWDJH�RI� EHLQJ� DEOH� WR�PDQLSXODWH� WKH
IRUHJURXQG�DQG�EDFNJURXQG�FRORUV�WR�PDNH�WKHLU�SLFWXUHV�YHU\�SUHWW\�RQ�WKH�VFUHHQ��EXW�WKLV�PHDQV�WKDW
WKH�SDWWHUQ�SDUW�LV�QRW�D�EODFN�DQG�ZKLWH�UHQGHULQJ�RI�WKH�LPDJH�FRQWHQW��7KXV�ZH�UHFRPPHQG�WKDW�RXU
QHZ�SURGXFW�VKRXOG�RQO\�EH�XVHG�ZLWK�WKH�EODFN�DQG�ZKLWH�W\SH�RI�SLFWXUH��RI�WKH�VRUW�IRXQG�LQ�1RWXQJ
V
�'LVN�RI�������VHULHV�

7KH�RWKHU�TXHVWLRQ�WKDW�SODJXHV�XVHUV�RI�GRW�PDWUL[�SULQWHUV�LV�RI�FRXUVH�WKH�EXVLQHVV�RI�FRQWURO�FRGHV��:H
XVHG�YHU\�VLPSOH�FRQWURO�FRGHV�WKDW�DUH�FRPPRQ�WR�PRVW�PRGHOV�RI�WKH�(SVRQ�DQG�6WDU�0LFURQLFV�EUDQGV�
DQG�DOVR�PRVW���SLQ�3DQDVRQLF�SULQWHUV��7KXV�WKH�SURJUDP�ZRUNV�FRUUHFWO\�RQ�RXU�6WDU�1;�������RQ�RXU
*HPLQL���;��DQG�RQ�&KDUOHV
�(SVRQ�5;�����,W�ZLOO�SUREDEO\�ZRUN�MXVW�DV�ZHOO�RQ�WKH�(SVRQ�);�VHULHV��DQG
RQ�PDQ\�3DQDVRQLF�PRGHOV�

:H�KDYH�DV�XVXDO�UHOHDVHG�WKH�SURJUDP�DV�3XEOLF�'RPDLQ�VRIWZDUH��RQ�D�66�6'�GLVN�FDOOHG�7,$35,17�
7KDW
V�DYDLODEOH�WKURXJK�WKH�/LPD�XVHUV
�JURXS��7KH�GLVN�FRQWDLQV�LQVWUXFWLRQV��DQ�;%�SURJUDP�WR�SULQW
WKH�LQVWUXFWLRQV��DQ�;%�/2$'�SURJUDP�WR�UXQ�WKH�$VVHPEO\�SURJUDP�IURP�;%��DQG�WZR�VDPSOH�SLFWXUHV
NLQGO\�GRQDWHG�E\�&KDUOHV�.LUNZRRG��-U��:H�KRSH�\RX
OO�DOO�JHW�VRPH�SOHDVXUH�IURP�WKLV�

1.65.7. Today's Sidebar

,Q�WKH�6LGHEDU�LV�WKH��SULQWLQJ��SDUW�RI�WKH�VRXUFH�FRGH��ZLWK�LWV�VXEURXWLQHV�DQG�GDWD�VHFWLRQV��VR�\RX�ZKR
DUH�LQWHUHVWHG�FDQ�IROORZ�MXVW�KRZ�ZH�GLG�WKLV��;� �;��WULFN��,I�\RX
UH�XVLQJ�D����SLQ�SULQWHU��\RX
OO
SUREDEO\�VHH�WKDW�WKH�VDPH�FRQWURO�VHTXHQFHV�ZH
YH�XVHG�DUH�DYDLODEOH�RQ�\RXU�SULQWHU��EXW�WKDW�WKH\
SHUIRUP�GLIIHUHQWO\��2Q�WKH���SLQ�PRGHOV��IRU�H[DPSOH��WKH�(6&�$�Q�VHWV�XS�IRU�DQ�Q���QGV�OLQH�IHHG��DQG
ZKHQ�IROORZHG�E\�!$��WKH�SDSHU�DGYDQFHV�E\�����QGV�LI�Q�ZDV���

)RU�WKRVH�ZLWK����SLQ�SULQWHUV��WKRXJK��WKH�(6&��$��VHTXHQFH�ZRXOG�UHVXOW�LQ�D�OLQH�IHHG�PHDVXUHG�LQ���WKV
RI�DQ�LQFK��QRW���QGV��)RUWXQDWHO\��RXU�IULHQG�+DUOH\�5\DQ�VHQW�XV�DQ�H[WUD�FRS\�RI�WKH�PDQXDO�IRU�KLV
3DQDVRQLF�.;�3��������SLQ�PRGHO��,W�WXUQV�RXW�WKDW�RQ����SLQ�SULQWHUV�\RX�FDQ�XVH�(6&�����WR�VHW�OLQH
IHHG�DPRXQWV�LQ����WKV�RI�DQ�LQFK��$�OLWWOH�VLPSOH�PDWK�VKRZV�WKDW�����LV�H[DFWO\���WLPHV�����7KXV�E\
PXOWLSO\LQJ�RXU���E\����ZH�ZHUH�DEOH�WR�FUHDWH�D�YHUVLRQ�RI�WKH�SURJUDP�WKDW�PDNHV�OLQH�IHHGV�RI�������WKV�
ZKLFK�UHGXFHV�WR�����QGV��WKXV�NHHSLQJ�RXU��VTXDUH�SL[HO��LGHD�DOLYH�IRU�WKH����SLQ�SULQWHU��:H�VHQW�FRSLHV
RI�WKLV�QHZ�YHUVLRQ�RXW�WR�+DUOH\��DQG�KLV�WHVW�VKRZHG�WKDW�LW�ZRUNHG�H[DFWO\�DV�SODQQHG��,W
V�DOVR�EHHQ
WHVWHG�RQ�D����SLQ�(SVRQ�E\�(DUO�5DJXVH��DQG�ZRUNHG�SHUIHFWO\�WKHUH��WRR�
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7KXV�WKHUH�DUH�QHZ�YHUVLRQV�RI�RXU�'UDZLQJ�3URJUDP��'5$:����DQG�RXU�7,�$UWLVW�SULQWLQJ�SURJUDP
�7,$351����ZKLFK�KDYH�EHHQ�UHOHDVHG�WKURXJK�WKH�/LPD�8VHUV
�*URXS�IRU�XVH�E\�DQ\RQH�KDYLQJ�WKH���
SLQ�SUREOHP�

1H[W�PRQWK��ZH
OO�GLVFXVV�WKH�DGGLWLRQ�RI�FLUFOHV�WR�RXU�'UDZLQJ�SURJUDP��E\�XVH�RI�DQRWKHU�%UHVHQKDP
DOJRULWKP�

* SIDEBAR 65
* PRINTING PORTION - JUST A FRAGMENT
* (NOT ALL SUBROUTINES ARE SHOWN)
* CODE BY Bruce Harrison
* PRINTER OUTPUT
* 15 JUN 1995
PRNBUF EQU  >3800        BUFFER IN VDP RAM
PRNOUT LI   R1,PPABDT    PRINTER PAB DATA
       BL   @FILOP       OPEN THE FILE
       JNE  PRNSET       IF SUCCESS, JUMP
       BL   @CLOSE       ELSE CLOSE
       BL   @BLNK        BLANK SCREEN
       BL   @SETGM       BACK TO GRAPHICS
       BL   @CLS         CLEAR SCREEN
       BL   @UNBLNK      UNBLANK
       LI   R1,PNAMSG    PRINTER NOT AVAILABLE
       BL   @ERRRPT      REPORT ERROR
       B    @SAVE0       THEN BACK TO MAIN PROGRAM
PRNSET LI   R5,32        32 COLUMNS OF PICTURE
       LI   R12,>1707    START AT LOWER RIGHT CORNER
PRNOTL MOV  R12,R3       PUT ADDRESS IN R3
       LI   R4,24        24 ROWS
       CLR  R14          R14=0
       LI   R10,TEMSTR   TEMPORARY STRING
PRNMIL LI   R6,8         8 BYTES
PRNINL MOVB @PIXBUF(R3),*R10+ GET A BYTE
       JEQ  PDEC3        IF ZERO, JUMP
       INC  R14          ELSE INCREMENT R14
PDEC3  DEC  R3           BACK ONE BYTE
       DEC  R6           DONE 8?
       JNE  PRNINL       IF NOT, JUMP
       AI   R3,-248      NEXT CHAR IN COLUMN
       DEC  R4           DONE 24?
       JNE  PRNMIL       IF NOT, REPEAT
       MOV  R14,R14      CHECK R14
       JNE  PRLD8        IF NOT ZERO, JUMP
       LI   R0,PRNBUF    LOAD PRINT BUFFER
       LI   R1,SPLF      ADVANCE 24/72NDS
       BL   @DISSTR      PLACE STRING
       BL   @PRNSND      SEND TO PRINTER
       JMP  PRDEC5       THEN JUMP AHEAD
PRLD8  LI   R13,8        8 BITS/BYTE
PLRTS  LI   R4,4         FOUR GROUPS
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       LI   R0,PRNBUF    POINT AT BUFFER
       LI   R1,BGRSTR    BIT GRAPHICS CONTROL STRING
       BL   @DISSTR      PLACE IN BUFFER
       BL   @PRNSND      SEND TO PRINTER
       LI   R10,TEMSTR   POINT AT BYTES FOR 1 COLUMN
PRLBUF LI   R0,PRNBUF    PRINT BUFFER
       LI   R2,48        GROUP BY 48
PRMV1  MOVB *R10+,R1     GET A BYTE
       ANDI R1,>8000     MASK ONLY MSB
       SRA  R1,2         REPLICATE IN THREE MSBS
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE 5TH TIME
       INC  R0           NEXT ADDR
       DEC  R2           DONE 48?
       JNE  PRMV1        IF NOT, REPEAT
       LI   R2,240       240 BYTES IN BUFFER
       BL   @PRNSND      SEND THOSE TO PRINTER
       DEC  R4           DONE 4 GROUPS?
       JNE  PRLBUF       IF NOT, ANOTHER GROUP
PRCRLF LI   R0,PRNBUF    PRINT BUFFER
       LI   R1,CRLSTR    CR/LF (3/72NDS)
       BL   @DISSTR      PLACE IN BUFFER
       BL   @PRNSND      SEND
       LI   R10,TEMSTR   COLUMN STORED
       LI   R2,192       192 BYTES
PRNSHL MOVB *R10,R1      GET ONE
       SLA  R1,1         SHIFT LEFT BY ONE
       MOVB R1,*R10+     PUT BACK AND INC POINTER
       DEC  R2           DONE 192?
       JNE  PRNSHL       IF NOT, REPEAT
       DEC  R13          USED ALL 8 BITS?
       JNE  PLRTS        IF NOT, REPEAT FOR NEXT BIT
PRDEC5 AI   R12,8        NEXT COLUMN
       DEC  R5           DONE 32?
       JNE  PRNOTL       IF NOT, CONTINUE
       LI   R0,PRNBUF    POINT AT PRINT BUFFER
       LI   R1,FFSTR     FORM FEED
       BL   @DISSTR      PUT IN BUFFER
       BL   @PRNSND      PICTURE FINISHED
PRNCLS MOV  @PABLOC,R0   PAB LOCATION
       MOVB @ONE,R1      CLOSE OPCODE
       BLWP @VSBW        WRITE THAT
       BL   @FILOP3      CLOSE THE FILE
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       B    @SAVE0       BACK TO MAIN PROGRAM
*
PRNSND MOVB @DELKEY,R1   WRITE OPCODE
       MOV  @PABLOC,R0   GET PAB LOCATION
       BLWP @VSBW        WRITE ONE BYTE
       AI   R0,5         ADD FIVE
       SWPB R2           LENGTH TO LEFT BYTE
       MOVB R2,R1        PUT IN R1
       BLWP @VSBW        WRITE LENGTH
       AI   R0,4         ADD 4
       MOV  R0,@>8356    AT DSR POINTER
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            WRITE TO FILE
       JNE  PRNOK        IF NOT "EQUAL", NO ERROR
       BL   @BLNK        ELSE BLANK SCREEN
       BL   @SETGM       GO TO GRAPHICS MODE
       BL   @CLS         CLEAR THE SCREEN
       BL   @UNBLNK      UNBLANK
       LI   R1,PTMSTR    PRINT TERMINATED
       LI   R0,21*32+3   ROW 22, COL 4
       LI   R15,PRNCLS   LOAD RETURN ADDR
       JMP  ERRRP0       THEN JUMP TO ERROR TRAP
PRNOK  RT                RETURN
*
ERRRPT MOV  R11,R15      SAVE R11 IN R15
       LI   R0,21*32+4   ROW 22, COL 5
ERRRP0 BL   @DISSTR      DISPLAY STRING
       LI   R0,23*32+4   ROW 24, COL 5
       LI   R1,PAK       "PRESS ANY KEY"
       BL   @DISSTR      DISPLAY THAT
       BLWP @KSCAN       CHECK KEYBOARD
       BL   @KEY         THEN WAIT FOR KEYPRESS
       LI   R0,21*32     ROW 22, COL 1
       LI   R4,32*3      3 ROWS
       BL   @CLRFLD      CLEAR THE ERROR MESSAGE
       B    *R15         THEN RETURN
FILOP  MOV  @8(R1),R2    LENGTH INTO R2
       AI   R2,10        10 FIXED DATA
       MOV  @>8370,R0    HIGH VDP ADDR
       S    R2,R0        SUBTRACT LENGTH
       MOV  R0,@PABLOC   SAVE PAB VDP LOCATION
FILOP2 BLWP @VMBW        WRITE TO VDP
FILOP3 AI   R0,9         ADD 9 TO R0
       MOV  R0,@PABPNT   PUT AT >8356
       BLWP @DSRLNK      USE DSR LINK
       DATA 8            FOR FILE ACCESS
       RT
*
* DATA SECTION
*
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TEMSTR BSS  256
PNAMSG BYTE 21
       TEXT 'PRINTER NOT AVAILABLE'
PRNNAM BYTE 17
       TEXT 'PRINTER FILE NAME'
PTMSTR BYTE 19
       TEXT 'PRINTING TERMINATED'
FFSTR  BYTE 3,12,27,'@'
SAVBYT BYTE 6
LODBYT BYTE 5
HEX80  BYTE >80
PPABDT DATA >0012,PRNBUF,>FE00,0,>0006
       TEXT 'PIO.CR                      '
BGRSTR BYTE 4,27,'L',192,3
CRLSTR BYTE 5,13,27,'A',3,10
SPLF   BYTE 5,13,27,'A',24,10
*
* ALTERNATE DATA VERSIONS FOR
* 24 PIN PRINTERS
* THE FOLLOWING TWO LINES
* ARE USED IN PLACE OF THEIR
* COUNTERPARTS FOR 24 PIN PROGRAMS
* DRAW24 AND TIAPRN24
*
CRLSTR BYTE 5,13,27,'+',15,10
SPLF   BYTE 5,13,27,'+',120,10
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1.66. The Art Of Assembly — Part 66. R unning in Circles

%\�%UXFH�+DUULVRQ

6RPH�WLPH�EDFN��ZH�ZURWH�DERXW�GUDZLQJ�D�VWUDLJKW�OLQH�RQ�WKH�FRPSXWHU�VFUHHQ��DQG�SUHVHQWHG�D�PHWKRG
EDVHG�RQ�DQ�DOJRULWKP�GHYHORSHG�E\�D�PDQ�QDPHG�%UHVHQKDP��7KDW�DOJRULWKP�XVHV�RQO\�YHU\�VLPSOH
LQWHJHU�PDWK�WR�GUDZ�DQ�RSWLPDO�VWUDLJKW�OLQH�RQ�RXU�VFUHHQ��7KDW�DUWLFOH�FDXVHG�VRPH�UHDFWLRQ�DPRQJ�RXU
UHDGHUV� DERXW� ZKR� WKLV� IHOORZ� %UHVHQKDP�ZDV� DQG� KRZ� KLV�PHWKRG� DFWXDOO\� ZRUNHG��:H� UHFHLYHG
FRUUHVSRQGHQFH�IURP�-RKQ�+��%XOO�DQG�3KLO�9DQ�1RUGVWUDQG��ERWK�RI�ZKRP�VWDUWHG��VHDUFKLQJ��IRU�WKH
P\VWHULRXV�%UHVHQKDP��3KLO�9DQ�1RUGVWUDQG�IRXQG�D�UHIHUHQFH�LQ�'U��'REEV
�-RXUQDO�DERXW�D�FLUFOH
GUDZLQJ�DOJRULWKP�E\�WKH�YHU\�VDPH�%UHVHQKDP��1RZ�WKDW�UHDOO\�PDGH�XV�FXULRXV��&RXOG�WKLV�JHQLXV
%UHVHQKDP�KDYH�PDGH�D��VLPSOH�PDWK��ZD\�RI�JHQHUDWLQJ�FLUFOHV�DV�ZHOO"�+RZ�FRXOG�KH�DYRLG�XVLQJ�VLQHV
RU� FRVLQHV�RU� VTXDUH� URRWV�DQG� VWLOO� JHQHUDWH�D� FLUFOH"�<HV��KH� FRXOG�� DQG� LQ�D�ZD\� WKDW
V� HYHQ�PRUH
P\VWHULRXV�WKDQ�WKH�VWUDLJKW�OLQH�

3KLO�9DQ�1RUGVWUDQG�ZDV�DEOH�WR�ILQG�RQH�RI�WKH�ERRNV�UHIHUHQFHG�LQ�WKH�'U��'REEV�VRXUFH��LQ�WKH�+RXVWRQ
3XEOLF�/LEUDU\��+H�VHQW�DORQJ�FRSLHV�RI�D�IHZ�SDJHV��ZKLFK�KDG�WKH�DOJRULWKP�DV�LPSOHPHQWHG�LQ�3DVFDO
FRGH��$IWHU�VWXG\LQJ�WKLV�IRU�D�IHZ�PLQXWHV��LW�EHFDPH�HYLGHQW�WKDW�WKLV�ZRXOG�EH�HDV\�WR�WUDQVODWH�IURP
3DVFDO�WR�7,�$VVHPEO\��DQG�WKDW�LW�ZRXOG�H[HFXWH�IDLUO\�IDVW��7KH�DOJRULWKP�UHTXLUHV�WKDW�VRPH�QXPEHUV
EH�PXOWLSOLHG��EXW�DOZD\V�E\�SRZHUV�RI�WZR��DQG�WKXV�VLPSOH�6/$�LQVWUXFWLRQV�ZRXOG�DFFRPSOLVK�WKH
QHHGHG� PXOWLSOLFDWLRQV�� 2WKHU� WKDQ� WKDW� DOO� WKH� PDWK� LV� VLPSOH� LQWHJHU� FRPSDULVRQ�� DGGLWLRQ�� DQG
VXEWUDFWLRQ�

1.66.1. The Algorithm

:H�HQWHU�WKH�DOJRULWKP�ZLWK�WKUHH�QXPEHUV��7KHVH�DUH�WKH�;�DQG�<�FRRUGLQDWHV�RI�WKH�FLUFOH
V�FHQWHU�DQG
LWV�UDGLXV��7KH�DOJRULWKP�LWVHOI�FDOFXODWHV�SRLQWV�WR�EH�SORWWHG�RQO\�IRU�RQH�HLJKWK�RI�D�FLUFOH��VR�ZH�KDYH
WR�GHYLVH�RXU�RZQ�PHWKRG�RI�UHSOLFDWLQJ�WKH�SRLQWV�IRU�WKH�UHVW��7KH�DOJRULWKP�XVHV�D�VLQJOH�SDUDPHWHU
ZKLFK�LV�LQLWLDOO\�GHULYHG�IURP�WKH�UDGLXV�E\�WKLV�IRUPXOD�

P=3-2*R

)RU�WKH�PRPHQW��ZH
OO�LJQRUH�WKH�FHQWHU�FRRUGLQDWHV��7KH�ILUVW�SRLQW�WR�EH�SORWWHG�LV�DW�WKH�WRS�RI�WKH�FLUFOH�
VR�;�LV�]HUR�DQG�<�LV�HTXDO�WR�5���,Q�RXU�LPSOHPHQWDWLRQ��ZH�DGG�WKH�FHQWHU�FRRUGLQDWHV�IRU�HDFK�SRLQW�DV
LW�JHWV�SORWWHG���:H�QRZ�SORW�WKH�SRLQW�DW�WKH�WRS�RI�WKH�FLUFOH��$IWHU�HDFK�SORWWHG�SRLQW��ZH�H[DPLQH�WKH
SDUDPHWHU�3��DQG�DGMXVW�LWV�YDOXH�LQ�RQH�RI�WZR�ZD\V�

,I�3����ZH�GRQ
W�FKDQJH�<��EXW�DGMXVW�WKH�YDOXH�RI�3�E\�WKLV�IRUPXOD�

P=P+4*X+6

,I�3! ���ZH�FDOFXODWH�WKH�QHZ�YDOXH�RI�3�E\�WKH�IRUPXOD�

P=P+4*(X-Y)+10
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DQG�WKHQ�VXEWUDFW�RQH�IURP�<��1RWH�WKH�IRUPXOD�XVHV�WKH�YDOXHV�RI�;�DQG�<�IURP�WKH�SUHYLRXV�SRLQW��VR�<
LV�DGMXVWHG�DIWHU�FDOFXODWLQJ�WKH�QHZ�YDOXH�RI�3�

,Q�HLWKHU�FDVH��ZH�LQFUHPHQW�;�DIWHU�FDOFXODWLQJ�WKH�QHZ�YDOXH�RI�3��:H�FRQWLQXH�GRLQJ�WKLV�XQWLO�;�LV
JUHDWHU�WKDQ�<��ZKLFK�LQGLFDWHV�WKDW�ZH
YH�ILQLVKHG����WK�RI�D�FLUFOH��1RWLFH�WKDW�WKHUH�DUH�PXOWLSOLFDWLRQV
LQYROYHG�LQ�WKH�GHULYDWLRQ�DQG�DGMXVWPHQW�RI�3��EXW�WKHVH�DUH�E\���RU���LQ�DOO�FDVHV��VR�WKDW�LQ�RXU�$VVHPEO\
YHUVLRQ�ZH�FDQ�DFFRPSOLVK�WKH�PXOWLSO\�E\�VKLIWLQJ�D�UHJLVWHU�OHIW�E\�RQH�RU�WZR�ELWV�

1.66.2. Our Assembly Implementation

,Q� RXU� LPSOHPHQWDWLRQ�� ZKLFK� LV� LQ� WKH� 6LGHEDU� DW� ODEHO� %&,5&�� ZH
YH� VWDVKHG� DZD\� WKH� FHQWHU
V
FRRUGLQDWHV��VR�WKH�DOJRULWKP�RQO\�QHHGV�WR�GHDO�LQ��GHOWDV��IRU�;�DQG�<��$W�WKH�RXWVHW��ZH�HVWDEOLVK�IRXU
VXFK�GHOWDV��FDOOHG�'(/;3��'(/;0��'(/<3�DQG�'(/<0��7KH�'(/;
V�DUH�VHW�WR�]HUR��DQG�WKH�'(/<3
DQG�'(/<0�DUH�VHW�WR�SOXV�DQG�PLQXV�WKH�YDOXH�RI�WKH�5DGLXV��UHVSHFWLYHO\��)RU�HDFK�SDVV�WKURXJK�WKH
DOJRULWKP��WKHQ��ZH�SORW�IRXU�SRLQWV��WZR�LQ�WKH�WRS�TXDUWHU�FLUFOH�DQG�WZR�LQ�WKH�ERWWRP��7KXV�RXU�FLUFOH
JURZV�IURP�WRS�DQG�ERWWRP�FHQWHUV�ERWK�OHIW�DQG�ULJKW��VR�WKDW�ZKHQ�ZH�UHDFK�WKH����WK�FLUFOH�OLPLW��ZH
YH
JRW�D�KDOI�FLUFOH��RQH�TXDUWHU�DW�WKH�WRS�DQG�RQH�TXDUWHU�DW�WKH�ERWWRP��7R�FRPSOHWH�WKH�FLUFOH��ZH�UHSHDW
WKH�HQWLUH�SURFHVV��DW�ODEHO�+$/)���ZLWK�WKH�UROHV�RI�'(/;�DQG�'(/<�LQWHUFKDQJHG��VR�WKH�TXDUWHU�FLUFOHV
DW�HLWKHU�VLGH�JHW�GUDZQ��$OO�RI�WKLV�LV�EHLQJ�GRQH�LQ�%LWPDS�0RGH��VR�WKH�FLUFOH�LV�D�VLQJOH�SL[HO�WKLFNQHVV�
(DFK�SRLQW�JHWV� SORWWHG�E\� WKH�3/27�VXEURXWLQH��ZKLFK�GDWHV�EDFN� WR�RXU� ILUVW� FROXPQ�RQ�%LWPDS
RSHUDWLRQ��3DUW�����

$V�ZLWK�WKH�%UHVHQKDP�/LQH�DOJRULWKP��ZH�FDQ�VHH�WKDW�WKLV�ZRUNV��DQG�LW�PDNHV�RSWLPDOO\�URXQG�FLUFOHV
RQ�RXU�VFUHHQ��EXW�ZH�GRQ
W�NQRZ�ZK\�LW�ZRUNV��,I�ZH�NQHZ�ZKHUH�WR�UHDFK�KLP��ZH
G�DVN�%UHVHQKDP��EXW
SUREDEO\� ZRXOGQ
W� XQGHUVWDQG� KLV� DQVZHU�� -RKQ� %XOO� ZDV� DEOH� WR� GLVFRYHU� WKDW� %UHVHQKDP� ZDV� D
PDWKHPDWLFLDQ�ZKR�ZRUNHG�IRU�,%0��+H�DFWXDOO\�IRXQG�WKH�RULJLQDO�SDSHUV�FRQWDLQLQJ�GHULYDWLRQV�DQG
SURRIV�RI�WKH�DOJRULWKP
V�HIIHFWLYHQHVV��$V�-RKQ�DQG�,�VXVSHFWHG��WKHVH�DUH�SUHWW\�KHDY\�JRLQJ�

1.66.3. Today's Sidebar

<HV��LW
V�D�FRPSOHWH�SURJUDP�LQ�(�$�VRXUFH�FRGH��ZLWK�DV�PXFK�DQQRWDWLRQ�DV�ZH�FRXOG�VWDQG�WR�GR��7KLV
SURJUDP�XVHV�PRGLILHG�YHUVLRQV�RI�RXU�ROG�VWDQGE\�6(7%0�DQG�6(7*0�VXEURXWLQHV��WKH�ROG�3/27
VXEURXWLQH��DQG�RI�FRXUVH�WKH�%&,5&�VXEURXWLQH��ZKLFK�XVHV�3/27�WR�SODFH�WKH�SL[HOV�RQ�WKH�FLUFOHV��7KH
DFWLRQ�VWDUWV�ZLWK�D�FLUFOH�DW�WKH�FHQWHU�RI�WKH�VFUHHQ�ZLWK�UDGLXV�����WKHQ�NHHSV�DGGLQJ�WHQ�WR�WKH�UDGLXV
XQWLO�WKH�VFUHHQ�LV�ILOOHG�ZLWK�FRQFHQWULF�FLUFOHV��1RWH�WKDW�WKH�RXWHU�RQHV�ZRXOG�UXQ�RII�WKH�VFUHHQ�HGJHV�
EXW�ZH
YH�SXW�LQ�D�OLPLW�FKHFN�EHIRUH�DFWXDOO\�SORWWLQJ�HDFK�SRLQW��VR�WKH�RXWHU�FLUFOHV�JR�XS�WR�EXW�QRW�SDVW
WKH�VFUHHQ�HGJHV��,Q�VRPH�FDVHV�\RX�PLJKW�ZDQW�\RXU�FLUFOHV�WR��ZUDS�DURXQG��IURP�HGJH�WR�HGJH�RI�WKH
VFUHHQ��EXW�ZH
OO�OHDYH�WKH�PHWKRG�IRU�GRLQJ�VR�WR�WKH�VHULRXV�VWXGHQW�RI�$VVHPEO\���+LQW��WKLV�LV�HDVLHU�WKDQ
\RX�PLJKW�WKLQN��
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%HIRUH�WKH�PDLO�FRPHV��ZH
OO�FRQIHVV�WKDW�WKH�FRGH�LQ�WRGD\
V�6LGHEDU�LV�QRZKHUH�QHDU�RSWLPL]HG�LQ�DQ\
UHVSHFW��,W
V�WKH�UHVXOW�RI�D�TXLFN�DQG�HDV\�DWWHPSW�WR�WHVW�DQG�DSSO\�WKH�DOJRULWKP��VR�LW�PD\�HYHQ�DSSHDU
FUXGH�DQG�ZDVWHIXO�RI�PHPRU\��1RQHWKHOHVV��LW�VKRZV�WKDW�WKLV�ZRUNV��DQG�TXLWH�ZHOO��7KH�DOJRULWKP�LWVHOI
LV�FUDVK�SURRI��<RX�FDQ��IRU�H[DPSOH��VWDUW�ZLWK�UDGLXV ���DQG�WKH�VFUHHQ�ZLOO�MXVW�JHW�D�VLQJOH�SL[HO�SORWWHG
DW�WKH�FHQWHU��)RU�WKRVH�RI�\RX�ZKR�ZDQW�WR�WU\�WKLV��MXVW�JR�LQWR�WKH�6LGHEDU�DQG�ILQG�ODEHO�&,5&/(��0DNH
WKDW�ODEHO�VD\�HLWKHU�&/5�5��RU�/,�5�����WKHQ�DVVHPEOH�WKH�UHVXOW��:KHQ�UXQ��\RX
OO�VHH�D�VLQJOH�GRW�DW�WKH
FHQWHU�RI�WKH�IDPLO\�RI�FRQFHQWULF�FLUFOHV��7KDW
V�WKH�FLUFOH�RI�UDGLXV����5DGLXV���ZLOO�SURGXFH�D�VLQJOH�SL[HO
RSHQ�VSDFH�VXUURXQGHG�E\�IRXU�EODFN�SL[HOV�LQ�D��GLDPRQG��SDWWHUQ�

7KH�6LGHEDU�SURJUDP�GRHVQ
W�GR�PXFK��,W�SXWV�WKH�FRPSXWHU�LQWR�%LWPDS�0RGH��WKHQ�FUHDWHV�D�VHULHV�RI
FRQFHQWULF�FLUFOHV�VWDUWLQJ�ZLWK�UDGLXV����DQG�JURZLQJ�E\����RQ�HDFK�LWHUDWLRQ��2QO\�WKH�ILUVW���ZLOO�ILW
FRPSOHWHO\�RQ�WKH�VFUHHQ��7KH�UHVW�DUH�VKRZQ�SDUWLDOO\�RQO\�VR�IDU�DV�WKHLU�SL[HOV�ILW�RQ�WKH�VFUHHQ��7KH
FRGH�DW�ODEHO�&3/0�PDNHV�VXUH�WKDW�ZH�GRQ
W�WU\�SXWWLQJ�DQ\�SRLQWV�RII�WKH�HGJHV�RI�WKH�VFUHHQ�

)RU�WKH�EHQHILW�RI�WKRVH�ZKR�JHW�0,&52SHQGLXP�RQ�GLVN��ZH
YH�LQFOXGHG�WKH�REMHFW�ILOH�6,'(���2�DORQJ
ZLWK�WKLV�VXEPLVVLRQ��$V�LQ�WKH�FDVH�ZLWK�%UHVHQKDP
V�OLQH�GUDZLQJ�DOJRULWKP��ZH
YH�DOVR�GRQH�D�VLPSOH
([WHQGHG�%DVLF�LPSOHPHQWDWLRQ�RI�WKH�FLUFOH��DV�VKRZQ�LQ�WKH�6LGHEDU�LQ����FROXPQ�OLVWLQJ��7KLV�;%
SURJUDP�VKRXOG�DOVR�EH�RQ�\RXU�0,&52SHQGLXP�GLVN�DV�&,5&;%��7KLV�ZLOO�JLYH�\RX�D�FKDQFH�WR�SOD\
DURXQG�ZLWK�WKH�DOJRULWKP�ZLWKRXW�KDYLQJ�WR�XVH�$VVHPEO\�FRGH��6LQFH�WKLV�;%�YHUVLRQ�JRHV�VORZO\�DQG
SXWV�D�YHU\�FRDUVH�UHSUHVHQWDWLRQ�RQ�WKH�VFUHHQ�ZLWK�FXUVRU�FKDUDFWHUV��\RX
OO�EH�DEOH�WR�VHH�PRUH�FOHDUO\
ZKDW
V�KDSSHQLQJ�DV�WKH�FLUFOH�JHWV�JHQHUDWHG�

7KH�FLUFOH�DOJRULWKP��SUHWW\�PXFK�DV�VKRZQ�KHUH��KDV�EHHQ�LQFRUSRUDWHG�LQWR�RXU�'UDZLQJ�SURJUDP��LQ
ERWK�WKH���SLQ�DQG����SLQ�YHUVLRQV��$V�ZH�PHQWLRQHG�ODVW�PRQWK��WKRVH�SURJUDPV�DOORZ�FLUFOHV�IURP�WKH
VFUHHQ�WR�EH�SULQWHG�DV�FLUFOHV�RQ�SDSHU��,I�\RX
UH�XVLQJ�DQ�ROG�YHUVLRQ�RI�RXU�'UDZLQJ�SURJUDP��QRZ�PLJKW
EH�D�JRRG�WLPH�WR�RUGHU�DQ�XSGDWHG�FRS\�IURP�RXU�IULHQGV�LQ�/LPD��2KLR�

7KDW
V�LW�IRU�WKLV�WLPH��1H[W�WLPH�ZH
OO�EH�GLVFXVVLQJ�WKH�WRSLF�RI��VRXQG�OLVWV���DQG�VRPH�QHZ�LGHDV�DQG
SURJUDPV�WR�PDNH�WKDW�FRQFHSW�HDVLHU�WR�JUDVS�DQG�XVH��6HH�\RX�WKHQ�
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* SIDEBAR 66
* BITMAP CIRCLES
* CODE BY Bruce Harrison
* 20 JUL 1995
* PUBLIC DOMAIN
*
* A COMPLETE PROGRAM THAT PUTS THE COMPUTER
* INTO BITMAP MODE AND DRAWS A SERIES OF
* CONCENTRIC CIRCLES USING BRESENHAM'S ALGORITHM
*
       DEF  START        DEFINE ENTRY POINT
       REF  VWTR,KSCAN,VMBW,VMBR,VSBW,VSBR
START  LWPI WS           LOAD OUR WORKSPACE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT STORAGE SPACE
       LI   R2,32        32 BYTES TO GET
       BLWP @VMBR        READ COLOR TABLE INTO STORAGE
       MOV  @>8370,R0    GET VDP ADDR FROM >8370
       LI   R1,ANYKEY+1  POINT AT STORAGE BUFFER
       LI   R2,6         SIX BYTES TO READ
       BLWP @VMBR        READ THOSE INTO BUFFER
       LI   R0,>800      POINT AT CHARACTER TABLE
       LI   R1,CHRTBL    AND AT BUFFER STORAGE
       LI   R2,256*8     256 CHARACTER DEFINITIONS
       BLWP @VMBR        STASH CHARACTER DEFS
       BL   @SETBM       BITMAP MODE
CIRCLE LI   R0,10        RADIUS 10
       LI   R8,95        CENTER DOT-ROW
       LI   R7,127       CENTER DOT-COLUMN
       CLR  R9           BLACK ON WHITE
       MOV  R7,@SAVR7    STASH CENTER COLUMN
       MOV  R8,@SAVR8    STASH CENTER ROW
CIRCLP MOV  R0,@SAVR0    STASH RADIUS
       BL   @BCIRC       DRAW A CIRCLE
       MOV  @SAVR0,R0    GET RADIUS BACK
       MOV  @SAVR7,R7    GET CENTER COL
       MOV  @SAVR8,R8    GET CENTER ROW
       AI   R0,10        ADD 10 TO RADIUS
       CI   R0,160       COMPARE TO 160
       JLT  CIRCLP       IF LESS, REPEAT
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            INTS OFF
       CB   @ANYKEY,@>837C KEY PRESSED?
       JNE  KEYLOO       IF NOT, REPEAT
       BL   @SETGM       SET GRAPHICS MODE
EXIT   MOV  @>8370,R0    GET BACK >8370 ADDRESS
       LI   R1,ANYKEY+1  POINT AT BUFFER STORAGE
       LI   R2,6         SIX BYTES
       BLWP @VMBW        WRITE THOSE BACK TO VDP
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       LWPI >83E0        LOAD GPL WORKSPACE
       B    @>6A         RETURN TO GPL INTERPRETER
*
*
* SUBROUTINES FOR HANDLING BITMAP
* OPERATIONS AND TRANSITIONS
*
* FOLLOWING SECTION SETS COMPUTER INTO BITMAP MODE
*
SETBM  LI   R0,>1A0      SET TO BLANK
       BLWP @VWTR        BLANK OUT SCREEN
       LI   R0,>206      SET TO WRITE VDP REGISTER 2
       BLWP @VWTR        SIT TO >1800  (SCREEN IMAGE TABLE)
       LI   R0,>403      SET TO WRITE TO VDP REG. 4
       BLWP @VWTR        PDT TO >0000  (PATTERN DESCRIPTOR TABLE)
       LI   R0,>3FF      SET TO WRITE TO VDP REG 3
       BLWP @VWTR        CT TO >2000   (COLOR TABLE)
       LI   R0,>607      SET TO WRITE VDP REG 6
       BLWP @VWTR        Sprite descriptor table to >3800
       LI   R0,>570      SET TO WRITE VDP REG 7
       BLWP @VWTR        Sprite attribute list to >3800
       LI   R0,>58       INITIALIZE SCREEN IMAGE TABLE (SIT) (AT >1800)
       MOVB R0,@>8C02    WRITE LOW BYTE VDP ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE VDP ADDRESS
       LI   R0,3         THREE TABLES OF 256 BYTES EACH
       CLR  R1           START WITH ZERO
SIT    MOVB R1,@>8C00    WRITE TO VDP (SELF-INCREMENTING)
       AI   R1,>100      ADD 1 TO HIGH BYTE R1
       JNE  SIT          IF NOT ZERO, REPEAT
       DEC  R0           ELSE DEC COUNT
       JNE  SIT          IF NOT ZERO, REPEAT
       LI   R0,>60       INIT COLOR TABLE  (CT) AT >2000
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP R0
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       LI   R0,>1800     >1800 BYTES TO WRITE
       LI   R1,>1F00     COLORS ALL BLACK ON WHITE
CT     MOVB R1,@>8C00    WRITE ONE BYTE
       DEC  R0           DEC COUNT
       JNE  CT           IF NOT ZERO, REPEAT
CPDT   LI   R0,>40       CLEAR PATTERN DESCRIPTOR TABLE  (PDT) AT >0000
       MOVB R0,@>8C02    WRITE LOW BYTE ADDR
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE ADDRESS
       LI   R0,>1800     >1800 BYTES TO WRITE
       CLR  R1           ALL ZEROS
PDT    MOVB R1,@>8C00    WRITE ONE
       DEC  R0           DEC COUNT
       JNE  PDT          IF NOT ZERO, REPEAT
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       LI   R0,2         SET R0 TO WRITE 2 TO VDP REGISTER ZERO
       BLWP @VWTR        SET TO M3 MODE (BITMAP)
       LI   R0,>1E0      UNBLANK
       BLWP @VWTR        WRITE THAT
       RT
*
* FOLLOWING SETS COMPUTER BACK TO NORMAL GRAPHICS MODE
*
SETGM  LI   R0,>1A0      SET TO WRITE VDP REG 1 (BLANK SCREEN)
       BLWP @VWTR        WRITE
       LI   R0,>200      SET TO WRITE VDP REG 2
       BLWP @VWTR        WRITE
       LI   R0,>401      SET TO WRITE VDP REG 4
       BLWP @VWTR        WRITE
       LI   R0,>30E      VDP REG 3
       BLWP @VWTR        WRITE
       LI   R0,>600      VDP REG 6
       BLWP @VWTR        WRITE
       LI   R0,>506      VDP REG 5
       BLWP @VWTR        WRITE
       LI   R0,>380      POINT AT COLOR TABLE
       LI   R1,SAVCLR    AND AT SAVED COLOR DATA
       LI   R2,32        32 BYTES
       BLWP @VMBW        WRITE THE COLOR TABLE BACK
       LI   R0,>800      POINT AT GRAPHICS CHAR TABLE
       LI   R1,CHRTBL    AND AT STORED CHARACTER DATA
       LI   R2,256*8     256 CHARACTERS
       BLWP @VMBW        WRITE CHARACTER DEFS BACK
       LI   R2,768       768 BYTES
       LI   R1,>2000     SPACE CHAR
       CLR  R0           ZERO IN R0
       BLWP @VWTR        CANCEL BITMAP
       MOVB R0,@>837A    NO SPRITE MOTION
CLSLOP BLWP @VSBW        WRITE A SPACE
       INC  R0           NEXT ADDR
       DEC  R2           DEC COUNT
       JNE  CLSLOP       RPT IF NOT 0
       LI   R1,>D000     "DELETE" SPRITE #0
       BLWP @VSBW        BY VDP WRITE
       LI   R0,>1E0      GRAPHICS MODE
       BLWP @VWTR        UNBLANK SCREEN
       RT                RETURN
*
* Bresenham's Circle Algorithm
* in TI Assembly Language
* on entry, R8=Y POSITION OF CENTER
*           R7=X POSITION OF CENTER
*           R0=RADIUS
* WITH THANKS TO PHIL VAN NORDSTRAND
*
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BCIRC  MOV  R11,R13      SAVE RETURN ADDR
       MOV  R8,@CY       SAVE CENTER Y
       MOV  R7,@CX       SAVE CENTER X
       MOV  R0,@RADIUS   SAVE RADIUS
       MOV  R0,@DELYP    MAKE INITIAL TOP DELY=RADIUS
       NEG  R0           R0=-R0
       MOV  R0,@DELYM    MAKE INITIAL BOTTOM DELY=-RADIUS
       CLR  @DELXP       INITIAL DELXPLUS = 0
       CLR  @DELXM       INITIAL DELXMINUS = 0
       SLA  R0,1         DOUBLE R0 (R0=-2*RADIUS)
       AI   R0,3         ADD 3
       MOV  R0,@PARAM    INITIAL PARAM = 3 - 2*RADIUS
*
* FIRST LOOP DOES QUARTER CIRCLES AT THE
* TOP AND BOTTOM
*
PLACE  C    @DELXP,@DELYP CHECK DELTA X VS DELTA Y
       JGT  HALF2        IF GREATER, WE'RE DONE
       MOV  @DELYP,R8    GET TOP DELTA Y
       A    @CY,R8       ADD CENTER Y COORDINATE
       MOV  @DELXP,R7    GET POS DELTA X
       A    @CX,R7       ADD CENTER X COORDINATE
       BL   @CPLM        PLOT ONE POINT
       MOV  @DELXM,R7    GET NEGATIVE DELTA X
       A    @CX,R7       ADD CENTER X
       BL   @CPLM        PLOT LEFT POINT
       MOV  @DELYM,R8    GET BOTTOM DELTA Y
       A    @CY,R8       ADD CENTER Y
       BL   @CPLM        PLOT BOTTOM LEFT
       MOV  @DELXP,R7    GET POS DELTA X
       A    @CX,R7       ADD CENTER X
       BL   @CPLM        PLOT BOTTOM RIGHT
       MOV  @PARAM,R0    GET CURRENT PARAMETER
       JLT  ADJP         IF LESS THAN ZERO, JUMP
       MOV  @DELXP,R3    GET POS DELTA X
       S    @DELYP,R3    SUBTRACT POS DELTA Y
       SLA  R3,2         MULTIPLY RESULT BY 4
       A    R3,R0        ADD TO PREVIOUS PARAM
       AI   R0,10        THEN ADD 10
       MOV  R0,@PARAM    REPLACE PARAMETER WITH P+4(DELX-DELY)+10
       DEC  @DELYP       DEC POS DELY
       INC  @DELYM       INC NEG DELY
       JMP  ADDX         THEN JUMP
*
* CASE FOR PARAM <0
*
ADJP   MOV  @DELXP,R3    GET POS DELX
       SLA  R3,2         MULTIPLY BY 4
       A    R3,R0        ADD TO PARAM
       AI   R0,6         ADD 6 TO RESULT
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       MOV  R0,@PARAM    REPLACE PARAM WITH P+4*DELX+6
ADDX   INC  @DELXP       INC POS DELX
       DEC  @DELXM       DEC NEG DELX
       JMP  PLACE        DO ANOTHER SET OF POINTS
*
* HALF2 DOES THE QUARTER CIRCLES ON THE SIDES
* BY REPEATING THE ALGORITHM WITH X AND Y INTERCHANGED
*

HALF2  MOV  @RADIUS,R0   GET BACK RADIUS
       MOV  R0,@DELXP    MAKE INITIAL POS DELX=RADIUS
       NEG  R0           R0=-R0
       MOV  R0,@DELXM    MAKE INITIAL NEG DELX=-RADIUS
       CLR  @DELYP       INITIAL DELYPLUS = 0
       CLR  @DELYM       INITIAL DELYMINUS = 0
       SLA  R0,1         DOUBLE R0 (R0=-2*RADIUS)
       AI   R0,3         ADD 3
       MOV  R0,@PARAM    INITIAL PARAM = 3 - 2*RADIUS
PLACE2 C    @DELYP,@DELXP CHECK DELTA Y VS DELTA X
       JGT  CIRCX        IF GREATER, WE'RE DONE
       MOV  @DELYP,R8    GET POS DELTA Y
       A    @CY,R8       ADD CENTER Y COORDINATE
       MOV  @DELXP,R7    GET POS DELTA X
       A    @CX,R7       ADD CENTER X COORDINATE
       BL   @CPLM        PLOT UPPER RIGHT
       MOV  @DELYM,R8    GET NEGATIVE DELTA Y
       A    @CY,R8       ADD CENTER Y
       BL   @CPLM        PLOT LOWER RIGHT
       MOV  @DELXM,R7    GET LEFT DELTA X
       A    @CX,R7       ADD CENTER X
       BL   @CPLM        PLOT LOWER LEFT
       MOV  @DELYP,R8    GET POS DELTA Y
       A    @CY,R8       ADD CENTER Y
       BL   @CPLM        PLOT UPPER LEFT
       MOV  @PARAM,R0    GET CURRENT PARAMETER
       JLT  ADJP2        IF LESS THAN ZERO, JUMP
       MOV  @DELYP,R3    GET POS DELTA Y
       S    @DELXP,R3    SUBTRACT POS DELTA X
       SLA  R3,2         MULTIPLY RESULT BY 4
       A    R3,R0        ADD TO PREVIOUS PARAM
       AI   R0,10        THEN ADD 10
       MOV  R0,@PARAM    REPLACE PARAMETER WITH P+4(DELY-DELX)+10
       DEC  @DELXP       DEC POS DELX
       INC  @DELXM       INC NEG DELX
       JMP  ADDY         THEN JUMP
*
* CASE FOR PARAM <0
*
ADJP2  MOV  @DELYP,R3    GET POS DELY
       SLA  R3,2         MULTIPLY BY 4
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       A    R3,R0        ADD TO PARAM
       AI   R0,6         ADD 6 TO RESULT
       MOV  R0,@PARAM    REPLACE PARAM WITH P+4*DELY+6
ADDY   INC  @DELYP       INC POS DELY
       DEC  @DELYM       DEC NEG DELY
       JMP  PLACE2       DO ANOTHER SET OF POINTS
CIRCX  B    *R13         RETURN TO CALLER
*
* FOLLOWING CHECKS SCREEN LIMITS BEFORE
* ALLOWING A POINT TO BE PLOTTED ON SCREEN
*
CPLM   MOV  R7,R7        CHECK COL FOR <0
       JLT  NPLEX        IF <0, JUMP
       MOV  R8,R8        CHECK ROW FOR <0
       JLT  NPLEX        IF <0, JUMP
       CI   R7,255       CHECK UPPER COL LIMIT
       JGT  NPLEX        IF GREATER, JUMP
       CI   R8,191       CHECK UPPER ROW LIMIT
       JGT  NPLEX        IF GREATER, JUMP
       JMP  PLOT         ELSE PLOT THE POINT
NPLEX  RT                RETURN
*
* FOLLOWING WRITES ONE PIXEL TO SCREEN AT LOCATION POINTED BY
* R8 (DOT ROW) AND R7 (DOT COLUMN)
*
PLOT   MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
       SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
       ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
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       MOV  R9,R9        IS COLOR TO BE SET?
       JEQ  PLOTX        IF NOT, JUMP AHEAD
       ANDI R0,>3FFF     STRIP OFF "4" FROM R0
       AI   R0,>2000     ADD >2000 TO POINT AT COLOR TABLE ENTRY
       BLWP @VSBR        READ THAT BYTE INTO R1
       MOVB R1,R2        MOVE THE BYTE TO R2
       ANDI R2,>F000     STRIP ALL BUT LEFT NYBBLE
       CB   R2,R9        COMPARE TO LEFT BYTE R9
       JEQ  PLOTX        IF EQUAL, COLOR ALREADY SET
       ANDI R1,>0F00     ELSE STRIP OFF LEFT NYBBLE R1
       AB   R9,R1        REPLACE WITH LEFT NYBBLE R9
       BLWP @VSBW        THEN WRITE COLOR BYTE BACK
PLOTX  RT                RETURN
*
*
* DATA SECTION
*
WS     BSS  >20          OUR WORKSPACE
M      DATA >8040,>2010,>0804,>0201  MASK DATA
CX     DATA 0            CENTER X POSITION
CY     DATA 0            CENTER Y POSITION
RADIUS DATA 0            CIRCLE RADIUS
DELXP  DATA 0            POSITIVE DELTA X
DELYP  DATA 0            POSITIVE DELTA Y
DELYM  DATA 0            NEGATIVE DELTA Y
DELXM  DATA 0            NEGATIVE DELTA X
PARAM  DATA 0            PARAMETER
SAVR0  DATA 0            STORAGE FOR R0
SAVR7  DATA 0            STORAGE FOR R7
SAVR8  DATA 0            STORAGE FOR R8
ANYKEY BYTE >20          COMPARISON BYTE FOR KEYSTROKE
       BSS  6            STORAGE FOR DSR DATA FROM VDP RAM
SAVCLR BSS  32           STORAGE FOR GRAPHICS COLOR TABLE
CHRTBL BSS  256*8        STORAGE FOR GRAPHICS CHARACTER DEFINITIONS
       END

* FOLLOWING IS AN XB PROGRAM TO
* ILLUSTRATE THE CIRCLE ALGORITHM
* (LISTED IN 28 COLUMNS)

10 CALL CLEAR :: INPUT "RADI
US ":RADIUS :: RADIUS=INT(RA
DIUS):: IF RADIUS<0 OR RADIU
S>11 THEN 10
20 CALL CLEAR :: CX=14 :: CY
=12
30 P=3-2*RADIUS :: DELYP=RAD
IUS :: DELYM=-RADIUS :: DELX
P,DELXM=0
40 IF DELXP>DELYP THEN 100
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50 DISPLAY AT(CY+DELYP,CX+DE
LXP):CHR$(30);:: DISPLAY AT(
CY+DELYP,CX+DELXM):CHR$(30);
60 DISPLAY AT(CY+DELYM,CX+DE
LXP):CHR$(30);:: DISPLAY AT(
CY+DELYM,CX+DELXM):CHR$(30);
70 IF P<0 THEN P=P+(4*DELXP)
+6 :: GOTO 90
80 P=P+(4*(DELXP-DELYP))+10
:: DELYP=DELYP-1 :: DELYM=DE
LYM+1
90 DELXP=DELXP+1 :: DELXM=DE
LXM-1 :: GOTO 40
100 P=3-2*RADIUS :: DELXP=RA
DIUS :: DELXM=-RADIUS :: DEL
YP,DELYM=0
110 IF DELYP>DELXP THEN 170
120 DISPLAY AT(CY+DELYP,CX+D
ELXP):CHR$(30);:: DISPLAY AT
(CY+DELYP,CX+DELXM):CHR$(30)
;
130 DISPLAY AT(CY+DELYM,CX+D
ELXP):CHR$(30);:: DISPLAY AT
(CY+DELYM,CX+DELXM):CHR$(30)
;
140 IF P<0 THEN P=P+(4*DELYP
)+6 :: GOTO 160
150 P=P+(4*(DELYP-DELXP))+10
:: DELXP=DELXP-1 :: DELXM=DE
LXM+1
160 DELYP=DELYP+1 :: DELYM=D
ELYM-1 :: GOTO 110
170 DISPLAY AT(24,7):"PRESS
R TO REPEAT";
180 CALL KEY(0,K,S):: IF S<1
 THEN 180 ELSE IF K=82 OR K=
114 THEN 10
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1.67. The Art Of Assembly — Part 67. Sounds Good To Me!

%\�%UXFH�+DUULVRQ

,W
V�EHHQ�D�ZKLOH�VLQFH�ZH
YH�GRQH�DQ\WKLQJ�DERXW�WKH�7,�VRXQG�FKLS��2QFH�DJDLQ��KRZHYHU��ZH
YH�EHHQ
LQVSLUHG�E\�RWKHU�SURJUDPPHUV��9HUQ�-HQVHQ�DVNHG�DERXW�ZKHWKHU�WKH�VRXQG�OLVW�PHWKRG�WKDW
V�DYDLODEOH
WR�$VVHPEO\�SURJUDPPHUV�FRXOG�EH�PDGH�WR�ZRUN�IURP�&���SURJUDPV��<HV��LW�FDQ��DQG�LQ�FUHDWLQJ�VRPH
URXWLQHV�IRU�XVH�ZLWK�&����ZH�DOVR�DGGHG�QHZ�WULFNV�IRU�WKH�$VVHPEO\�SURJUDPPHU��DQG�HYHQ�DQ�HDVLHU
PHWKRG�IRU�SUHSDULQJ�WKH�VRXQG�OLVWV�WR�XVH�ZLWK�WKHVH�URXWLQHV�

1.67.1. Continuous Backgr ound

7KH�ILUVW�WKLQJ�ZH�ZDQWHG�WR�GR�ZDV�WR�PDNH�LW�SRVVLEOH�WR�KDYH�D��WKHPH�VRQJ��SOD\�FRQWLQXRXVO\�LQ�WKH
FRPSXWHU
V�LQWHUUXSW�F\FOH��ZKLOH�DOORZLQJ�WKH�PDLQ�SURJUDP�WR�FRQWLQXH��GRLQJ�LWV�WKLQJ���6LQFH�QR�VRXQG
OLVW�FDQ�ODVW�IRUHYHU��ZH�VHW�XS�D�8VHU�,QWHUUXSW�WR�VHQVH�ZKHQ�WKH�WXQH�LV�ILQLVKHG�DQG�VWDUW�LW�RYHU�DJDLQ�
$OO�WKDW�WKH�PDLQ�SURJUDP�QHHGV�WR�GR�LV�F\FOH�WKURXJK�/,0,���DQG�/,0,���QRZ�DQG�WKHQ��VR�WKDW�VRXQG
SURFHVVLQJ�FDQ�EH�GRQH�WKURXJK�WKH�FRGH�LQ�520�DQG�WKH�8VHU�,QWHUUXSW�

1.67.2. We Interrupt This Interrupt

2ND\��RQFH�ZH�KDG�WKH�WKHPH�SOD\LQJ�DOO�WKH�WLPH�DQG�WKH�SURJUDP�DEOH�WR�GR�RWKHU�VWXII�DV�WKH�WKHPH
SOD\HG�RQ��WKH�WKRXJKW�FDPH�WR�XV���:KDW�DERXW�VRXQG�HIIHFWV"��7KH�LGHD�WKHQ�ZDV�WR�KDYH�DQ�HIIHFW�VRXQG
OLVW�LQWHUUXSW�WKH�WKHPH�IRU�D�VKRUW�WLPH��WKHQ�KDYH�WKH�WKHPH�SLFN�XS�ZKHUH�LW�OHIW�RII��7KLV�LGHD�ZDV�DLPHG
DW�JDPHV��ZKHUH�VRPH�HYHQW�LQ�WKH�JDPH�PD\�QHHG�WR�VWDUW�D�VRXQG�HIIHFW�DQG�SHUKDSV�YLVXDO�HIIHFWV�DV
ZHOO��EXW�WKHQ�WKH�WKHPH�VKRXOG�SLFN�XS�DW�LWV�QH[W�QRWH��7KLV�OHG�WR�DQRWKHU�8VHU�,QWHUUXSW�WKDW�ZRXOG
�WLPH�RXW��WKH�VRXQG�HIIHFW�DQG�WKHQ�WXUQ�FRQWURO�EDFN�WR�WKH�WKHPH
V�8VHU�,QWHUUXSW�ZLWK�WKH�WKHPH�WKHQ
UHVXPLQJ�DW�ZKDWHYHU�ZDV�WKH�QH[W�QRWH�LQ�LWV�OLVW�

1.67.3. Two Other Things

7KHUH�DUH�WZR�RWKHU�ZD\V�WR�UXQ�WKH�VRXQG�OLVW��2QH�VKRXOG�EH�DEOH�WR�MXVW�UXQ�D�VRXQG�OLVW�RQH�WLPH
WKURXJK��WKHQ�KDYH�LW�VWRS��EXW�KDYH�WKH�PDLQ�SURJUDP�FRQWLQXH�XQKLQGHUHG��)LQDOO\��RQH�VKRXOG�KDYH�D
ZD\�WR�OHW�WKH�SURJUDP�EH�GHOD\HG�XQWLO�D�VRXQG�OLVW�ILQLVKHV��:H
YH�SXW�WKRVH�WZR�FDSDELOLWLHV�LQ�DV�ZHOO�

1.67.4. The Bouncing Ball

1R��ZH�GLGQ
W�UHDOO\�PDNH�D�EDOO�ERXQFH��EXW�ZH�SURYLGHG�D��SDFLQJ��FDSDELOLW\�VR�WKDW��ZKLOH�D�VRXQG�OLVW
LV�SOD\LQJ��ZH�FDQ�OHW�WKH�PDLQ�SURJUDP�FKHFN�RQ�LWV�SURJUHVV��7KXV�ZH�FDQ�KDYH�WKH�PDLQ�SURJUDP
SHUIRUP�DFWLRQV�WKDW�DUH��SDFHG��E\�WKH�QRWHV�LQ�WKH�PXVLF��\HW�VWLOO�EH�DEOH�WR�SHUIRUP�RWKHU�DFWLRQV��OLNH
NH\ERDUG�VFDQV��GXULQJ�WKH�PXVLF��:KLOH�ZH�ZHUH�DW�WKDW��ZH�DGGHG�D��TXLFN�FKHFN��VR�WKDW�LI�WKH�PXVLF�LV
RQ�D�RQH�WLPH�SOD\LQJ��WKH�PDLQ�SURJUDP�FDQ�GHWHUPLQH�ZKHWKHU�LW
V�ILQLVKHG�WKDW�SOD\�RU�QRW�
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1.67.5. Loading The Lists

7R�PDNH�WKH�SODFLQJ�RI�VRXQG�OLVWV�LQWR�9'3�5$0�TXLFN�DQG�HDV\��ZH�FUHDWHG�D�URXWLQH�WKDW�ZLOO�ORDG�XS
WR�WHQ�VRXQG�OLVWV�DW�RQH�ZKDFN��DQG�KDG�WKLV�URXWLQH�VWDVK�DZD\�WKH�9'3�ORFDWLRQV�RI�HDFK�LQ�D�ORRNXS
WDEOH��7KLV�ZD\��WKH�VRXQG�OLVWV�FDQ�EH�DFWLYDWHG�VHOHFWLYHO\�ZKHQHYHU�QHHGHG��7KH�OLVWV�WKHPVHOYHV�FDQ�EH
HLWKHU�ZLWKLQ�WKH�PDLQ�SURJUDP
V�REMHFW�ILOH�RU�LQ�VHSDUDWH�REMHFW�ILOHV�ZLWK�5()V�DQG�'()V�OLQNLQJ�WKHP
XS�DW�ORDG�WLPH��7KH�FDOOLQJ�RI�WKLV�URXWLQH�LV�GLIIHUHQW�IRU�&���DQG�$VVHPEO\��HYHQ�WKRXJK�WKH�LQWHUQDO
SURFHVV�LV�VLPLODU��/HW
V�VD\�ZH�ZDQW�WR�ORDG�WKUHH�OLVWV�FDOOHG�&+,0(��&5$6+��DQG�9,9��)URP�&����ZH
G
GR�WKLV�

setsou(0,chime,crash,viv);

)URP�$VVHPEO\��WKDW�ZRXOG�EH�

BLWP @SETSOU
DATA 3,CHIME,CRASH,VIV

,Q�HLWKHU�FDVH��WKH�OLVWV�ZRXOG�EH�ORDGHG�DQG�UHIHUHQFHG�LQ�WKH�RUGHU�JLYHQ��VR�WKDW�DFWLYDWLRQ�ZRXOG�EH�E\
QXPEHU��ZLWK���EHLQJ�&+,0(����EHLQJ�&5$6+��DQG���EHLQJ�9,9��,Q�WKH�&���FDVH��WKH�URXWLQH�ZRUNV
EDFNZDUGV�WKURXJK�WKH�&���VWDFN�XQWLO�LW�ILQGV�WKDW����ZKLFK�LV�KRZ�LW��NQRZV��KRZ�PDQ\�OLVWV�WR�ORDG��,Q
WKH�$VVHPEO\�FDVH��LW�MXVW�WDNHV�WKH�ILUVW�'$7$�DIWHU�WKH�%/:3�DV�WKH�QXPEHU�RI�OLVWV�WR�ORDG��,Q�HLWKHU
FDVH��LW
V�LPSRUWDQW�WKDW�HDFK�OLVW�LWVHOI�HQGV�ZLWK�D��QRWH��RI�]HUR�GXUDWLRQ��2XU�XVXDO�SUDFWLFH�LV�WR�PDNH
WKH�ODVW�QRWH�LQ�D�OLVW�EH�D��VLOHQFH��IRU�DOO�IRXU�JHQHUDWRUV��7KXV�WKH�ODVW�OLQH�LQ�RXU�VRXUFH�OLVW�ZRXOG�ORRN
OLNH�WKLV�

BYTE 4,>9F,>BF,>DF,>FF,0

7KDW�]HUR�GXUDWLRQ�LV�LPSRUWDQW�DQ\ZD\�EHFDXVH�LW�VLJQDOV�WKH�,QWHUUXSW�+DQGOHU�LQ�520�ZKHQ�D�VRXQG
OLVW�HQGV��2XU�ORDGLQJ�URXWLQH�XVHV�WKDW���GXUDWLRQ�WR�GHWHUPLQH�WKH�VL]H�RI�WKH�OLVW��VR�LW��NQRZV��KRZ�PDQ\
E\WHV�WR�GXPS�LQWR�9'3�5$0��7KH�ORDGLQJ�URXWLQH�GRHV�D�YHU\�TXLFN�VFDQQLQJ�RI�HDFK�OLVW��VWRSSLQJ�ZKHQ
LW�ILQGV���GXUDWLRQ��WKHQ�GXPSV�WKH�OLVW�LQWR�9'3�E\�D�90%:�RSHUDWLRQ��7KH�OLVWV�DUH�DFWXDOO\�ORDGHG
EDFNZDUGV�LQ�VHTXHQFH��ZLWK�WKH�ODVW�E\WH�RI�WKH�ILUVW�OLVW�EHLQJ�DW�WKH�DGGUHVV�SRLQWHG�WR�E\�!�����ZKHQ
WKH�URXWLQH�LV�FDOOHG��(DFK�VXFFHVVLYH�OLVW�LV�WKHQ�ORDGHG�DW�ORZHU�DGGUHVVHV��XQWLO�DOO�WKH�OLVWV�DUH�LQ�SODFH�
$V�LW�ORDGV�HDFK�OLVW��WKH�URXWLQH�XSGDWHV�WKH�ZRUG�DW�!������DQG�SXWV�HDFK�OLVW
V�9'3�DGGUHVV�LQWR�D�ORRNXS
WDEOH�LQ�LWV�RZQ�PHPRU\�VSDFH��/DWHU��WKH�DFWLYDWLRQ�URXWLQH�XVHV�WKDW�ORRNXS�WDEOH�WR�WHOO�WKH�VRXQG
SURFHVVRU�ZKHUH�WKH�VHOHFWHG�OLVW�VWDUWV�

1.67.6. Activating Sound Lists

:KHQ�WKH�OLVWV�JHW�ORDGHG��QR�VRXQG�VWDUWV��7KH�DFWXDO�SOD\LQJ�RI�WKH�OLVWV�LV�GRQH�E\�DFWLYDWLQJ�WKHP�
$FWLYDWLRQ�UHTXLUHV�WZR�SDUDPHWHUV��WKH�ILUVW�EHLQJ�WKH�QXPEHU�RI�WKH�SDUWLFXODU�OLVW�IURP�WKH�ORDGLQJ
SURFHVV��DQG�WKH�VHFRQG�EHLQJ�WKH�W\SH�RI�SOD\�IRU�WKDW�OLVW��7KH�QXPEHU�LV�MXVW���WKURXJK�Q��ZKHUH���LV�WKH
ILUVW�RQH�QDPHG�LQ�WKH�ORDGLQJ�SURFHVV�DQG�Q�WKH�ODVW��7KH�DFWLYDWLRQ�FKHFNV�WKH�QXPEHU�DJDLQVW�WKH
QXPEHU�DFWXDOO\�ORDGHG��DQG�ZLOO�GR�QRWKLQJ�LI�\RX
UH�DVNLQJ�WR�SOD\�QXPEHU���ZKHQ�\RX
YH�RQO\�ORDGHG
���,W�DOVR�ZLOO�UHMHFW���RU�DQ\�QHJDWLYH�QXPEHU�
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:H�PHQWLRQHG�HDUOLHU�WKDW�WKHUH�DUH�IRXU�ZD\V�WR�XVH�D�OLVW��+HUH�DUH�WKH�IRXU��W\SHV��RI�SOD\�

7\SH���³�3OD\�FRQWLQXRXVO\�ZLWK�UHSHDWV�ZKHQ�GRQH�
7\SH���³�3OD\�RQFH�WKURXJK�RQ�EDFNJURXQG��WKHQ�VWRS�
7\SH���³�,QWHUUXSW�SOD\LQJ�RI�D�W\SH���IRU�RQH�SOD\�
7\SH���³�3OD\�RQFH�EXW�GHOD\�PDLQ�SURJUDP�

,Q�DQ\�RI�WKHVH�FDVHV��WKH�FDOO�WR�WKH�DFWLYDWLRQ�URXWLQH�JHWV�WZR�SDUDPHWHUV��)URP�$VVHPEO\�

BLWP @STSOU
DATA NUMBER,TYPE

IURP�&���

stsou(number,type);

/HW
V�VXSSRVH�ZH
UH�XVLQJ�QXPEHU���VRXQG�OLVW�DV�D��WKHPH�VRQJ��WKDW�ZLOO�UXQ�DOO�WKH�WLPH�LQ�D�JDPH
SURJUDP��:H
G�VWDUW�WKDW�LQ�WKH�EHJLQQLQJ�RI�WKH�JDPH�E\�%/:3�#67628�ZLWK�'$7$������,W�ZRXOG�VWDUW
SOD\LQJ��UHSHDWLQJ�LWVHOI�ZKHQ�LW�ILQLVKHG��DQG�VR�FRQWLQXLQJ��IRUHYHU��LQ�WKH�EDFNJURXQG��/HW
V�WKHQ�VD\
ZH�UHDFKHG�D�SRLQW�LQ�WKH�JDPH�ZKHUH�VRPH�HYHQW��OLNH�D�VSULWH�FRLQFLGHQFH��RFFXUUHG��DQG�D�FUDVK�VRXQG
HIIHFW�ZDV�QHHGHG��:H
G�MXVW�%/:3�#67628�ZLWK�'$7$������7KH�FUDVK�ZRXOG�VWRS�WKH�WKHPH��SOD\�LWVHOI
LQ�WKH�EDFNJURXQG��WKHQ�WKH�WKHPH�ZRXOG�UHVXPH�DW�LWV�QH[W�QRWH�

2QH�YHU\�LPSRUWDQW��VHUYLFH��LV�SURYLGHG�LQ�WKH�URXWLQHV��FDOOHG�(1'61'��7KLV�QRW�RQO\�VWRSV�DQ\�VRXQGV
WKDW�ZHUH�SOD\LQJ��EXW�UHVWRUHV�WKH�RULJLQDO�VWDWH�RI�!�����DQG�LQ�HIIHFW�UHPRYHV�WKH�OLVWV�ORDGHG�LQWR�9'3
5$0��,W
V�LPSRUWDQW�WKDW�\RXU�SURJUDPV�XVH�%/:3�#(1'61'�EHIRUH�H[LWLQJ�

7KHUH
V�DOVR�DQ�HPHUJHQF\�VWRS��ZKLFK�ZLOO�VWRS�DQ\�VRXQG�WKDW
V�SOD\LQJ��EXW�ZRQ
W�DIIHFW�WKH�OLVWV�OLNH
(1'61'��7KLV�LV�FDOOHG�67361'��DQG�LV�LQYRNHG�E\�MXVW�%/:3�#67361'��ZLWK�QR�SDUDPHWHUV��7KLV
VWRSV�WKH�FXUUHQW�VRXQG��EXW�GRHV�QRW�DIIHFW�WKH�OLVWV�LQ�9'3�5$0��QRU�GRHV�LW�UHVWRUH�WKH�RULJLQDO�YDOXH
WR�!�����
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1.67.7. Making Sound Lists

7KLV�KDV�EHHQ�D�WHUULEOH�FKRUH��,I�\RX
UH�GRLQJ�DQ\WKLQJ�WKDW�LQYROYHV�PXVLFDO�QRWHV�LQVWHDG�RI�MXVW�QRLVHV�
LW
V�D�EHDU��1RW�RQO\�GR�\RX�KDYH�WR�KDYH�VRPH�NQRZOHGJH�RI�PXVLF��EXW�\RX�KDYH�WR�WUDQVODWH�PXVLF�LQWR
KH[�FRGH��0DQ\�RI�XV�OHDUQHG�LQ�*UDGH�6FKRRO�WKDW�WKH�VWDII�ZLWK�D�*�FOHI�FRXOG�EH�UHDG�E\�UHPHPEHULQJ
WZR�VLPSOH�PQHPRQLFV��7KH�OLQHV�VWDUWLQJ�DW�WKH�ERWWRP�DUH�(��*��%��'��DQG�)��7KHVH�FDQ�EH�UHPHPEHUHG
DV�WKH�LQLWLDOV�RI�(YHU\�*RRG�%R\�'RHV�)LQH��7KH�VSDFHV�DUH�)��$��&��DQG�(��7KHVH�FDQ�EH�UHPHPEHUHG�DV
VSHOOLQJ�WKH�ZRUG�)$&(���3OHDVH�GRQ
W�DVN�DERXW�OHJHU�OLQHV���*LYHQ�WKLV��\RXU�DXWKRU�FDQ�SORZ�WKURXJK
D�SLHFH�RI�PXVLF��UHDGLQJ�RQH�QRWH�DW�D�WLPH��7KH�KH[�SDUW�KDV�WR�EH�ORRNHG�XS�LQ�WKDW�JUHDW�ERRN��WKH�(�$
0DQXDO��DOVR�RQH�QRWH�DW�D�WLPH��1RZ�OHW
V�WDNH�D�WULS�GRZQ�PHPRU\�ODQH��$ERXW�WHQ�\HDUV�DJR��\RXU�DXWKRU
GHYLVHG�D�PHWKRG�ZKHUHE\�KLV�SDUWQHU�'RORUHV�3��:HUWKV��ZKR
V�D�PXVLFLDQ��FRXOG�WUDQVODWH�PXVLF�IURP
WKH�SULQWHG�VWDYHV� LQWR�D�TXDVL�PXVLFDO�QRWDWLRQ� LQ�VRXUFH� ILOHV��DQG�WKHQ�E\�XVLQJ�DX[LOLDU\�ILOHV�RI
(48DWHV��WKH�$VVHPEOHU�ZRXOG�JHQHUDWH�WKH�KH[��7KDW�WHFKQLTXH��LQ�PRGLILHG�IRUP��KDV�EHHQ�UH�LQYHQWHG
IRU�WKH�UHVW�RI�\RX��VR�WKDW�\RX�FDQ�ZULWH�\RXU�6RXQG�/LVW�VRXUFH�ILOHV�LQ�PXVLFDO�WHUPV��WKHQ�KDYH�WKH
$VVHPEOHU�FRQYHUW�\RXU�PXVLFDO�LQVWUXFWLRQV�LQWR�KH[�FRGHV�IRU�WKH�VRXQG�FKLS��-XVW�IRU�H[DPSOH��VXSSRVH
\RX�ZDQWHG�*HQHUDWRU���WR�SOD\�D�&�RI�WKH�IRXUWK�RFWDYH��DW�YROXPH�OHYHO����IRU�D�GXUDWLRQ�RI�RQH�TXDUWHU
QRWH��<RX
G�SXW�WKLV�LQWR�WKH�VRXUFH�ILOH�

BYTE 3,G1+C4A,C4B,G1V+3,Q

1RWLFH�WKDW�WKHUH�DUH�WZR�SLHFHV�RI�WKH�QRWH�&���D�SDUW�FDOOHG�&�$��ZKLFK�JHWV�DGGHG�WR�WKH�JHQHUDWRU
QXPEHU��*����DQG�D�VHFRQG�SDUW��ZKLFK�LV�D�E\WH�RI�LWV�RZQ�DV�&�%��7R�LQGLFDWH�D�YROXPH��\RX�WDFN�D�9�RQWR
*���WR�JHW�*�9��WKHQ�DGG�WKH�OHYHO�GHVLUHG��LQ�WKLV�FDVH����7KH�GXUDWLRQ�LV�MXVW�D�VLQJOH�OHWWHU�4�IRU�4XDUWHU
QRWH��7KH���DIWHU�WKH�ZRUG�%<7(�LV�MXVW�WR�WHOO�WKH�520�VRIWZDUH�WKDW�ZKDW�IROORZV�DUH�WKUHH�E\WHV�WR�EH
VHQW�WR�WKH�VRXQG�JHQHUDWRU��7KDW�LV��*��&�$��RQH�E\WH��&�%��D�VHFRQG��DQG�*�9����D�WKLUG��7KH�4�LV�RQH
E\WH��WRR��EXW�WKDW�E\WH�GRHVQ
W�JR�WR�WKH�VRXQG�JHQHUDWRU��7KH�520�VRIWZDUH�XVHV�WKDW�E\WH�WR�FRXQW�WKH
GXUDWLRQ�RI�WKLV�QRWH�LQ���WKV�RI�D�VHFRQG��7R�JHW�WKH�$VVHPEOHU�WR�WUDQVODWH�ZKDW�\RX�VHH�DERYH�LQWR�KH[�
ZH�XVH�WZR��&23<��ILOHV�WKDW�DUH�QRWKLQJ�EXW�(48DWHV��7KH�QRWH�IUHTXHQF\�DQG�YROXPH�HTXLYDOHQWV�DUH
LQ�127(6��DQG�WKH�GXUDWLRQV�LQ�7(032�

1.67.8. How Do I Get This Stuff?

(DV\�DV�D�������DSSOH�SLH���:KHUH�LQ�WKLV�ZRUOG�FRXOG�\RX�JHW�DQ�DSSOH�SLH�IRU������"��7KHUH�DUH�WKUHH�GLVNV
LQ�WKH�VHW��RI�ZKLFK�\RX
OO�RQO\�QHHG�WZR��)RU�HLWKHU�&���RU�$VVHPEO\�SURJUDPPHUV��\RX�JHW�WKH�GLVN
/,670$.(5��7KHQ�\RX�DGG�WR�WKDW�HLWKHU�WKH�&6281'�GLVN�RU�WKH�$606281'�GLVN�DV�DSSURSULDWH�WR
\RXU�FKRLFH�RI�SURJUDPPLQJ�ODQJXDJH��<RX�VHQG�������SHU�GLVN�WR�WKH�/LPD�8VHUV
�*URXS��F�R�'U��&KDUOHV
*RRG��3�2��%R[������9HQHGRFLD��2+���������(DFK�RI�WKRVH�GLVNV�FRQWDLQV�FRPSOHWH�LQVWUXFWLRQV��GHPR
SURJUDPV�ZULWWHQ�LQ�WKH�ODQJXDJH�RI�\RXU�FKRLFH��DOO�WKH�VRXUFH�ILOHV��REMHFW�PRGXOHV��DQG�HYHQ�VRPH
UHDG\�PDGH�VRXQG�OLVWV�WKDW�\RX�PD\�ILQG�XVHIXO�DQG�DPXVLQJ��:H�JXDUDQWHH�WKHVH�ZLOO�ODVW�ORQJHU�WKDQ
D�������DSSOH�SLH��WRR�
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1.67.9. Today's Sidebar

,Q� WKH�6LGHEDU� LV� WKH� VRXUFH� FRGH� IRU� WKH�$VVHPEO\�YHUVLRQ�RI� WKH� VRXQG� OLVW� ORDGLQJ�DQG�DFWLYDWLRQ
VXEURXWLQHV��:H
YH�DQQRWDWHG�WKLV�IDLUO\�FRPSOHWHO\��VR�DW�OHDVW�RXU�$VVHPEO\�SURJUDPPHUV�VKRXOG�EH�DEOH
WR�IROORZ�LW��,I�\RX�JHW�0,&52SHQGLXP�RQ�GLVN��,
YH�LQFOXGHG�LQ�WKH�PDLOLQJ�WR�-RKQ�DQG�/DXUD�WKH�WZR
GHPR�SURJUDPV�'(02�DQG�'(02��LQ�(�$�2SWLRQ���IRUP��DQG�WKH�6LGHEDU
V�VRXUFH�FRGH�DV�DQ�REMHFW
PRGXOH�FDOOHG�6,'(���2��IRU�LQFOXVLRQ�RQ�WKH�0,&52���2Q���'LVN��7KH�FRGH�DV�VKRZQ�LQ�WKH�6LGHEDU�LV
FRPSOHWH��DQG�ZLOO�$VVHPEOH�LQWR�DQ�REMHFW�PRGXOH��UHDG\�IRU�XVH��7KH�SURJUDPV�'(02�DQG�'(02��DUH
WKH�GHPRV�IURP�RXU�$606281'�GLVN��7KHUH�DUH�VLPLODU�GHPR�SURJUDPV�RQ�WKH�&6281'�GLVN��ZLWK�WKH
QDPHV�6281'�DQG�3$&('�

1H[W�PRQWK�ZH
UH�JRLQJ�EDFN�LQWR�WKH�%LWPDS��EXW�ZH
OO�EH�GHDOLQJ�ZLWK�7,�$UWLVW�,QVWDQFHV�

*  SIDEBAR67
*
*  A COMPLETE MODULE
*
*  PUBLIC DOMAIN SOFTWARE
*  SOUND LIST PROCESSING
*  USER MAY LOAD UP TO 10 SOUND LISTS
*  AND SELECTIVELY ACTIVATE THEM
*
*  by Bruce Harrison
*  01 SEP 1995
       DEF  SETSOU,STSOU,ENDSND,STPSND
       DEF  PACEIT,FINEPC,SETPAC,TESTSO
       REF  VMBW,VSBR
*
* SETSOU PLACES THE SOUND LISTS IN VDP RAM
* FOR ACTIVATION WHEN DESIRED
* INVOKE SETSOU BY:
* BLWP @SETSOU
* DATA (NUMBER OF LISTS TO FOLLOW)
* DATA LIST1,LIST2,LIST3,...LIST 10
*
SETSOU DATA SWS,SETSO
SETSO  MOV  *R14+,R8     NUMBER OF LISTS TO R8
       MOV  R8,@NOLST    PLACE AT NOLST
       MOV  @>8370,@OLD70 SAVE ADDRESS FROM >8370
       LI   R7,LISTBL    POINT AT TABLE OF ADDRESSES
STSOU0 MOV  *R14+,R4     GET NEXT CPU LIST ADDRESS
       MOV  R4,R1        ADDRESS IN R1
       CLR  R2           R2=0
SETSO2 MOVB *R4+,R6      LENGTH BYTE IN R6
       SRL  R6,8         MAKE A WORD
       A    R6,R2        ADD LENGTH TO R2
       INCT R2           ADD TWO FOR DURATION & LENGTH BYTES
       A    R6,R4        ADD LENGTH TO ADDRESS
       MOVB *R4+,R5      GET DURATION BYTE
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       JNE  SETSO2       IF NOT ZERO, REPEAT
* IF THE DURATION BYTE IS NOT 0, WE'RE
* NOT AT THE END OF THE SOUND LIST, SO WE
* KEEP ON GOING.  R4 POINTS TO LENGTH BYTE OF NEXT GROUP
       MOV  @>8370,R0    LAST AVAIL VDP ADDR TO R0
       S    R2,R0        SUBTRACT LENGTH OF SOUND LIST
       BLWP @VMBW        WRITE LIST TO VDP
       MOV  R0,*R7+      PUT VDP ADDRESS IN TABLE
       DEC  R0           ONE BYTE BACK
       MOV  R0,@>8370    NEW LAST AVAILABLE TO >8370
       DEC  R8           DEC COUNT OF LISTS
       JGT  STSOU0       IF > ZERO, DO ANOTHER
SETEX  RTWP              ELSE RETURN TO CALLER
*
* STSOU  STARTS A SOUND THAT WILL CONTINUE OR NOT
*  INVOKE BY :
*  BLWP @STSOU
*  DATA LIST#,TYPE
*  list # = number of list (1-10)
*  type = 1,2,3, or 4
*             1 means continue indefinitely, with repeat
*             2 means play once, then stop sound
*             3 means play and then continue previous list
*             4 means play and suspend other action until list finishes
STSOU  DATA SWS,STSO
STSO   MOV  *R14+,R4     LIST NUMBER TO R4
       MOV  *R14+,R7     TYPE OF PLAY TO R7
       CI   R7,1         COMPARE TYPE TO 1
       JLT  SETEX        IF LESS, EXIT
       CI   R7,4         COMPARE TO 4
       JGT  SETEX        IF >, EXIT
       C    R4,@NOLST    CHECK NUMBER OF LISTS LOADED
       JGT  SETEX        IF R4 >, EXIT
       DEC  R4           ZERO BASE
       JLT  SETEX        IF <0, EXIT
       SLA  R4,1         DOUBLE NUMBER IN R4
       LIMI 0            STOP INTERRUPTS
       CI   R7,3         TYPE 3?
       JNE  NOT3         JUMP IF NOT
       MOV  @>83CC,@SAVCON ELSE SAVE PRESENT PLACE
NOT3   MOV  @LISTBL(R4),R0 GET THE LIST'S ADDRESS
       MOV  R0,@>83CC    MOVE ADDRESS TO >83CC
       SOCB @H01,@>83FD  SET VDP FLAG
       MOVB @H01,@>83CE  TRIGGER SOUND PROCESSING
       CI   R7,4         TYPE 4?
       JEQ  TYPE4        IF SO, JUMP
       CI   R7,1         TYPE 1?
       JEQ  STCNT        IF SO, JUMP
       CI   R7,3         TYPE 3?
       JEQ  SET3         IF SO, JUMP
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CLRALL CLR  @>83C4       NO USER INTERRUPT
       CLR  @SAVCON      CLEAR SAVCON
       CLR  @RESADR      CLEAR RESET ADDRESS
       JMP  SETEX        THEN EXIT
SET3   MOV  @CK2ADR,@>83C4 IF TYPE 3, DIFFERENT INTERRUPT
       JMP  SETEX        THEN EXIT
STCNT  MOV  @CKADR,@>83C4  PUT INTERRUPT'S ADDRESS IN PLACE
       MOV  R0,@RESADR   SET FOR REPEATS
       JMP  SETEX        RETURN TO C99
TYPE4  CLR  @>83C4       CLEAR USER INTERRUPT
       CLR  @RESADR      CLEAR RESET ADDR
       CLR  @SAVCON      CLEAR CONTINUE ADDRESS
T4R    LIMI 2            ALLOW INTS
       LIMI 0            STOP THEM
       MOVB @>83CE,R1    CHECK COUNT BYTE
       JNE  T4R          IF NOT 0, REPEAT
       JMP  SETEX
*
* ENDSND MUST BE USED JUST BEFORE
* EXITING YOUR PROGRAM
* INVOKE ENDSND BY:
*   BLWP @ENDSND
*   stops all sound generation
*   (unconditional)
*   cancels all lists loaded
*
ENDSND DATA SWS,ENDSN
ENDSN  LI   R1,SNDOFF    SILENCE SOUND STRING
       MOVB *R1+,R2      LENGTH BYTE TO R4
       SRL  R2,8         RIGHT JUSTIFY
MOVLP  MOVB *R1+,@>8400  ONE BYTE TO SOUND CHIP
       DEC  R2           DEC COUNT
       JNE  MOVLP        IF NOT ZERO, REPEAT
       MOVB @ZERO,@>83CE CLEAR THE SOUND COUNT
       SZCB @HFE,@>83FD  AND THE SOUND FLAG
       MOV  @OLD70,@>8370 OLD ADDRESS BACK IN >8370
       CLR  @NOLST       CLEAR NUMBER OF LISTS
       JMP  CLRALL       THEN CLEAN UP
*
* STPSND SIMPLY STOPS ANY SOUND LIST INSTANTLY
* INVOKE BY:
*      BLWP @STPSND
*
STPSND DATA SWS,STOP
STOP   LI   R1,SNDOFF+1  SILENCE BYTES
       LI   R2,4         FOUR TO SEND
SILEN  MOVB *R1+,@>8400  SILENCE ONE
       DEC  R2           DEC COUNT
       JNE  SILEN        RPT IF NOT 0
       MOVB @ZERO,@>83CE ZERO COUNT
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       SZCB @HFE,@>83FD  RESET VDP FLAG BIT
       CLR  @>83C4       CLEAR USER INTERRUPT
       RTWP              RETURN
*
* CKS2 AND CKSND ARE USER INTERRUPTS
* FOR HANDLING CONTINUING SOUND LISTS
*
CKS2   MOVB @>83CE,@>83CE SOUND STILL PLAYING?
       JNE  QRET          IF SO, EXIT
       MOV  @RESADR,@RESADR ANY PREVIOUS LIST IN PLAY?
       JEQ  QRET          IF NOT, EXIT
       MOV  @SAVCON,@>83CC OLD LIST POSITION BACK
       MOV  @CKADR,@>83C4 SET OTHER USER INTERRUPT
       JMP  REST2         THEN JUMP AHEAD
CKSND  MOVB @>83CE,@>83CE  CHECK THE SOUND PROCESSING BYTE
       JNE  QRET         IF NOT ZERO, EXIT
RESET  MOV  @RESADR,@>83CC   ELSE RE-SET VDP ADDRESS
       JEQ  QRET         IF NO RESET, STOP
REST2  SOCB @H01,@>83FD  SET VDP FLAG
       MOVB @H01,@>83CE  TRIGGER SOUND PROCESSING
QRET   RT                RETURN TO INTERRUPT HANDLER
* PACEIT
* PACES BY A RUNNING SOUND LIST
* CAN BE USED TO TIME NOTE BY NOTE
* OR BY 1/60 SECOND INTERVALS
* PACEIT MEASURES BY NOTES
* FINEPC MEASURES BY 1/60THS
* SETPAC INITIALIZES STATES
*
* INVOKE PACEIT BY:
* BLWP @PACEIT
* on exit STATUS EQ IF SAME NOTE
*         STATUS NE IF NEW NOTE
*
PACEIT DATA SWS,PACE
PACE   MOVB @>83CE,R1    ANYTHING IN >83CE
       JEQ  PACEX        IF ZERO, NO SOUNDS PLAYING, EXIT
       C    @>83CC,@OLDCC COMPARE POINTER TO OLD VALUE
       JEQ  PACEX        IF EQUAL, SAME NOTE STILL PLAYING
       MOV  @>83CC,@OLDCC ELSE NEW NOTE STARTED
PACEX  STST R15          STATUS REGISTER TO R15
       RTWP              THEN RETURN
* FINEPC REPORTS WHETHER A 1/60 HAS PASSED
* SINCE LAST CALL
* INVOKE FINEPC BY:
* BLWP @FINEPC
* on exit STATUS EQ IF LESS THAN 1/60th ELASPSED
*         STATUS NE IF 1/60TH HAS PASSED
*
FINEPC DATA SWS,FINP
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FINP   CB   @>83CE,@OLDCE SAME 1/60TH INTERVAL?
       JEQ  PACEX        IF SO, EXIT
       MOVB @>83CE,@OLDCE ELSE REPLACE SAVED VALUE
       JMP  PACEX
* SETPAC STARTS THE PACING PROCESS
* INVOKE BY:
* BLWP @SETPAC
* DO THIS IMMEDIATELY AFTER STARTING SOUND LIST
*
SETPAC DATA SWS,SETPC
SETPC  MOV  @>83CC,@OLDCC GET EXISTING SOUND POINTER
       MOVB @>83CE,@OLDCC AND 60THS COUNT
       JMP  PACEX         THEN EXIT
*
*  TESTSO REPORTS WHETHER A SOUND LIST IS
*  CURRENTLY RUNNING
*  INVOKE BY:
*  BLWP @TESTSO
*  on return, STATUS EQ IF NO SOUND LIST RUNNING
*             STATUS NE IF SOUND LIST RUNNING
*
TESTSO DATA SWS,TESTS
TESTS  MOVB @>83CE,R1    MOVE THE COUNT BYTE
       JMP  PACEX        THEN JUMP
*
* DATA SECTION
*
OLDCE  BYTE 0            STORAGE FOR 60THS COUNT
OLDCC  DATA 0            STORAGE FOR POINTER
SWS    BSS  32           SOUND WORKSPACE
CK2ADR DATA CKS2         ADDRESS OF SPECIAL INTERRUPT
CKADR  DATA CKSND        ADDRESS OF OUR INTERRUPT
ZERO   BYTE 0            ZERO BYTE
H01    BYTE >01          BYTE OF 1
HFE    BYTE >FE          BYTE OF -2
NOLST  DATA 0            NUMBER OF LISTS LOADED
RESADR DATA 0            ADDR FOR CONTINUOUS SOUND PLAY
SAVCON DATA 0            CONTINUE SOUND ADDR
LISTBL DATA 0,0,0,0,0,0,0,0,0,0  TABLE OF SOUND LIST ADDRESSES
SNDOFF BYTE >04,>9F,>BF,>DF,>FF
OLD70  DATA 0
       END
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1.68. The Art Of Assembly — Part 68. The Ins And Outs Of Instances

%\�%UXFH�+DUULVRQ

0DQ\�PRRQV�DJR��ZH�JHQHUDWHG�VRPH�SURJUDPV�WR�GHDO�ZLWK�WKH�SUREOHPV�RI�GUDZLQJ�%LWPDS�LPDJHV�DQG
SULQWLQJ�WKHP��7KHVH�SURGXFWV�LQFOXGH�RXU�RZQ�'UDZLQJ�3URJUDP��DQG�RXU�7,$35,17��IRU�SULQWLQJ
7,�$UWLVW�SLFWXUH�ILOHV��%RWK�RI�WKRVH�DUH�QRZ�DYDLODEOH�LQ�YHUVLRQV�IRU�ERWK���SLQ�DQG����SLQ�SULQWHUV��$V
KDSSHQV��ZH�KDG�VRPH�FRUUHVSRQGHQFH�IURP�RXU�JRRG�IULHQG�&KDUOHV�.LUNZRRG��-U��+H�UDQ�LQWR�WKH�QHHG
WR�GHDO�ZLWK�SULQWLQJ�7,�$UWLVW�,QVWDQFHV��$W�ILUVW��RXU�UHDFWLRQ�ZDV�QRW�YHU\�SRVLWLYH��7UXH��ZH
G�PDGH�D
SURYLVLRQ� LQ� RXU� 'UDZLQJ� 3URJUDP� WR� EULQJ� LQ� 7,�$UWLVW� ,QVWDQFH� ILOHV� DQG� LQFRUSRUDWH� WKHP� LQWR
GUDZLQJV��EXW�RWKHUZLVH�KDGQ
W�GRQH�DQ\WKLQJ�ZLWK�WKHP��:KDW�&KDUOHV�ZDV�VHHNLQJ�ZDV�D�ZD\�WR�XVH
,QVWDQFHV�DV�D��OHWWHUKHDG��IRU�KLV�FRUUHVSRQGHQFH��7KDW�VHHPHG�D�UHDVRQDEOH�WKLQJ�WR�GR��VR�ZKHQ�VRPH
IUHH�WLPH�ZDV�DYDLODEOH��ZH�VDW�GRZQ�DW�RXU�IDLWKIXO�7,�DQG�VWDUWHG�ZULWLQJ�VRXUFH�FRGH�

1.68.1. The Formatter Problem

2WKHUV�LQ�RXU��FRPPXQLW\��KDYH�GHYLVHG�PHWKRGV�IRU�SULQWLQJ�,QVWDQFHV�DV�SDUW�RI�D�7,�:ULWHU�GRFXPHQW�
WKURXJK� WKH� )RUPDWWHU�� 7KLV� FUHDWHV� SUREOHPV� ZH� GRQ
W� QHHG�� PDLQO\� EHFDXVH� WKH� )RUPDWWHU� XVHV
�SULQWDEOH��FKDUDFWHUV�DV�FRQWURO�FRGHV��7KXV�LI�WKH�ELQDU\�FRQWHQW�RI�D�E\WH�LQ�WKH�,QVWDQFH�KDSSHQV�WR
HTXDO�WKH��#��V\PERO��WKH�IRUPDWWHU�ZLOO�WUDQVODWH�WKDW�LQWR�DQ�HVFDSH�VHTXHQFH�LQWHQGHG�WR�SXW�WKH�SULQWHU
LQWR�GRXEOH�VWULNH�PRGH��7KDW
V�GHILQLWHO\�QRW�D�JRRG�WKLQJ�WR�KDYH�KDSSHQ�LQ�WKH�PLGGOH�RI�D�SLFWXUH��$OVR�
WKH�)RUPDWWHU�FDQQRW�JUDFHIXOO\�KDQGOH�VWULQJV�RI�FKDUDFWHUV�ORQJHU�WKDQ�����DQG�ZH�WKRXJKW�WKDW�WKLV�WRR
ZRXOG�EH�D��NLOOLQJ��OLPLWDWLRQ�

1.68.2. The Standalone Solution

2XU�LGHD��WKHQ��ZDV�WR�NHHS�WKH�)RUPDWWHU��RXW�RI�WKH�ORRS��ZKHQ�SULQWLQJ�DQ�,QVWDQFH�DV�D�OHWWHUKHDG��:H
GHYLVHG�D�PHWKRG�WKDW�WDNHV�DQ�,QVWDQFH�ILOH��DXWRPDWLFDOO\�FHQWHUV�LW�RQ�WKH�SDSHU��UH�PDSV�WKH�ELWV�LQWR
WKH�FRUUHFW�ELW�JUDSKLFV�IRUP��DQG�SULQWV�LW�DV�VLQJOH�GHQVLW\�JUDSKLFV��8VLQJ�WKLV�VLPSOHVW�DSSURDFK�PHDQW
WKDW��DPRQJ�RWKHU�WKLQJV��RXU�SURJUDP�ZRXOG�EH�FRPSDWLEOH�ZLWK�D�EURDG�UDQJH�RI���SLQ�'RW�0DWUL[
SULQWHUV��7KDW�LQFOXGHV�PRVW�(SVRQ��6WDU�0LFURQLFV��DQG�3DQDVRQLF�PRGHOV�LQ�XVH�E\�RXU�7,��FRPPXQLW\��
6LQFH�RXU�VWDQGDORQH�SURJUDP�RSHQV�WKH�ILOH�WR�WKH�SULQWHU�DV�D�'�9�����ILOH��DQG�ZLWK�WKH��&5�RSWLRQ��ZH
KDYH�QR�SUREOHP�ZLWK�VHQGLQJ�WKH�E\WHV�ZH�QHHG�ZLWKRXW�VXIIHULQJ�DQ\�XQZDQWHG�FDUULDJH�UHWXUQV�RU�OLQH
IHHGV��7KXV�RQH�FDQ�WDNH�DQ\�LQVWDQFH�ILOH�DQG�VHQG�LW�WR�WKH�SULQWHU�ZLWKRXW�IHDU�

1.68.3. The Drawbacks

7KHUH�LV�RQH�PDMRU�GUDZEDFN��$IWHU�SULQWLQJ�WKH�,QVWDQFH��\RX�PXVW�WXUQ�RII�WKH�SULQWHU�DQG�UROO�WKH�SDSHU
EDFN�WR�WKH�VWDUW�RI�WKH�VKHHW�VR�WKDW�ZKDWHYHU�LV�SULQWLQJ�\RXU�WH[W�ZRQ
W�JHW�FRQIXVHG�DERXW�ZKHUH�SDJHV
EHJLQ�DQG�HQG��$OVR��RI�FRXUVH��WKH�WH[W�ILOH�PXVW�EHJLQ�ZLWK�VRPH�QXPEHU�RI�EODQN�OLQHV�RU�FDUULDJH
UHWXUQV�VR�WKDW�WKH�OHWWHUKHDG�ZRQ
W�JHW�RYHUSULQWHG�E\�WKH�WH[W��:H�IHOW��WKRXJK��WKDW�WKHVH�WZR�WKLQJV
ZRXOG�EH�IDLUO\�HDV\�WR�GR��VR�ZH
YH�JRQH�DKHDG�DQG�RIIHUHG�WKH�SURGXFW�FDOOHG�351,167�WR�WKH�7,��SXEOLF�
DV�3XEOLF�'RPDLQ�VRIWZDUH��7KH�GLVN�DOVR�LQFOXGHV�YHUVLRQV�IRU�GRXEOH�GHQVLW\�ELW�JUDSKLFV�DQG�IRU����SLQ
SULQWHUV��DV�351,167��DQG�351,167���
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1.68.4. But What About Editing?

:H
YH�QHYHU�LQYHVWHG�LQ�D�FRS\�RI�7,�$UWLVW��0RVW�RI�WKH�WLPH�ZH�GRQ
W�QHHG�LW�DQ\ZD\��VR�ZK\�ERWKHU"�7KHQ
ZH�VWDUWHG�SOD\LQJ�DURXQG�ZLWK�,QVWDQFHV��%DFN�VRPH�WLPH�DJR��'U��&KDUOHV�*RRG�VHQW�XV�DERXW�VL[�GLVNV
IXOO�RI�YHU\�QLFH�,QVWDQFHV�IURP�/LPD
V�3XEOLF�'RPDLQ�OLEUDU\��:H�VWDUWHG�SULQWLQJ�WKHVH�RXW�DV�SDUW�RI�WKH
WHVWLQJ�IRU�RXU�351,167�SURGXFW��,Q�GRLQJ�VR��ZH�GLVFRYHUHG�WKDW�VRPH�RI�WKHVH�KDG�VWUD\��DUWLIDFWV��LQ
WKHP��DQG�WKDW�WKH\�QHHGHG�VRPH�HGLWLQJ�WR�FRUUHFW�WKHVH�VPDOO�IODZV��:LWKRXW�7,�$UWLVW��ZH�KDG�QR�ZD\
RI�YLVXDOO\�HGLWLQJ�WKHVH�,QVWDQFH�ILOHV��,Q�VRPH�FDVHV��WKH�IODZV�ZHUH�LQ�REYLRXV�HQRXJK�SODFHV�WKDW�ZH
FRXOG�HGLW�WKHP�XVLQJ�WKH�(�$�(GLWRU��EXW�WKRVH�ZHUH�WKH�H[FHSWLRQV��:KDW�ZH�QHHGHG�ZDV�VRPH�PHWKRG
WR�VHH�ZKDW�ZH�ZHUH�GRLQJ�WR�DQ�LQVWDQFH�GLUHFWO\�RQ�WKH�VFUHHQ��WKHQ�VDYH�LW�EDFN�WR�GLVN�LQ�,QVWDQFH��'�9
����IRUPDW�

1.68.5. Back To The Dra wing Board

2U��UDWKHU��WKH�VRXUFH�FRGH�IURP�RXU�'UDZLQJ�SURJUDP��:H�ILJXUHG�WKDW�ZLWK�D�IHZ�FKDQJHV�KHUH�DQG
WKHUH��ZH�FRXOG�DGDSW�WKH�'UDZLQJ�SURJUDP�LQWR�DQ�HGLWRU�IRU�,QVWDQFH�ILOHV��,W�WRRN�D�IHZ�GD\V�DQG�QLJKWV
RI�KDUG�ZRUN��EXW�ZH�ZHUH�DEOH�WR�SURGXFH�DQ�HDV\�WR�XVH�HGLWRU�WKDW�ZRXOG�WDNH�FDUH�RI�LQVWDQFHV�VR�ORQJ
DV�WKH\�ZHUH����FKDUDFWHUV�RU�OHVV�LQ�KHLJKW��DQG����FKDUDFWHUV�RU�OHVV�LQ�ZLGWK��6LQFH�PRVW�LQVWDQFHV�DUH
LQ�WKDW�FDWHJRU\��ZH�IHHO�RXU�HIIRUW�ZDV�ZRUWKZKLOH��%HVLGHV�DOORZLQJ�WKH�GLUHFW�LQSXW�RI�,QVWDQFH�ILOHV��ZH
NHSW�WKH�DELOLW\�WR�ORDG�GUDZLQJV�LQ�HLWKHU�RXU�RZQ�IRUPDW�RU�LQ�WKH�7,�$UWLVW�3LFWXUH�ILOH�IRUPDW��7KDW
ZD\��ZH�FRXOG�H[WUDFW�VRPH�QHDW�SDUW�RI�DQ�H[LVWLQJ�SLFWXUH�LQWR�DQ�,QVWDQFH�WKDW�FRXOG�WKHQ�EH�XVHG�E\
LWVHOI�RU�LQFRUSRUDWHG�LQWR�VRPH�RWKHU�SLFWXUH�

,Q�WHVWLQJ��ZH�RI�FRXUVH�IRXQG�PDQ\�VPDOO�EXJV��DQG�KDYH�FRUUHFWHG�WKHP��VR�WKH�,167('�SURGXFW�ZDV
PDGH�DYDLODEOH�WKURXJK�WKH�XVXDO�FKDQQHOV��7KLV�SURJUDP��OLNH�WKH�'UDZLQJ�SURJUDP�WKDW�VSDZQHG�LW��LV
YHU\�YHUVDWLOH��2QH�FDQ��IRU�H[DPSOH��ORDG�LQ�IRQW�ILOHV��HLWKHU�RI�WKH�&+$5$��W\SH�RU�RI�WKH�7,�$UWLVW�W\SH�
DQG�XVH�WKRVH�WR�W\SH�WKLQJV�RQ�WKH�LQVWDQFHV��:H�PHQWLRQHG�WKH�DELOLW\�WR�EULQJ�LQ�SLFWXUHV��DQG�WKDW
WXUQHG�RXW�WR�EH�YHU\�XVHIXO��6RPH�RI�&KDUOHV�.LUNZRRG
V�SLFWXUHV�ZHUH�FRQYHUWHG��LQ�WRWR��IURP�SLFWXUH
ILOHV�LQWR�LQVWDQFHV��:H�FDQ�DOVR�XVH�WKLV�SURJUDP�WR�PDNH�QHZ�LQVWDQFHV�IURP�VFUDWFK�

1.68.6. The Saving Pro cess

6DYLQJ�%LWPDSSHG�LPDJHU\�DV�LQVWDQFHV�LV�D�QRQ�WULYLDO�PDWWHU��DV�\RX�PLJKW�JXHVV��,Q�WKH�ILUVW�SODFH��ZH
GRQ
W�ZDQW�WKH�VDYHG�,QVWDQFH�WR�EHFRPH����URZV�KLJK�E\����FROXPQV�ZLGH��7KXV�ZH�QHHG�WR�VFDQ�WKH
FRQWHQWV�RI�WKH�%LWPDS�SDWWHUQ�WDEOH�WR�GHWHUPLQH�WKH�UHTXLUHG�KHLJKW�DQG�ZLGWK�RI�WKH�LQVWDQFH��7R�GR
WKLV�TXLFNO\��ZH�GXPS�WKH�HQWLUH�SDWWHUQ�WDEOH��VWDUWLQJ�IURP�5RZ���RI�WKH�VFUHHQ��DQG�H[WHQGLQJ�WR�URZ
����LQWR�&38�PHPRU\��7KDW
V�DFWXDOO\�GRQH�ZKHQ�\RX�FRPH�RXW�RI�WKH�HGLWLQJ�PRGH��VR�WKDW�ZH�FDQ�SXW
WKH�SURJUDP
V�PHQX�RQ�WKH�VFUHHQ�ZLWKRXW�ORVLQJ�WKH�SLFWXUH��7KXV�ZKLOH�ZH
UH�ORRNLQJ�DW�WKH�PHQX��WKH
SDWWHUQ�WDEOH�LV�VWDVKHG�DZD\�DV�!�����E\WHV�LQ�WKH�KLJK�PHPRU\��7KH�VDYH�SURFHVV�VFDQV�WKURXJK�WKDW
PHPRU\��ORRNLQJ�ILUVW�IURP�ZKDW�ZRXOG�EH�WKH�WRS�RI�WKH�SLFWXUH��XQWLO�LW�ILQGV�D�E\WH�ZLWK�QRQ�]HUR
FRQWHQW��7KH�URZ�ZKHUH�D�QRQ�]HUR�E\WH�LV�IRXQG�JHWV�VWDVKHG�DZD\�DV�WKH�VWDUW�URZ�IRU�VDYLQJ��1RZ�WKH
SURJUDP�VFDQV�DJDLQ��WKLV�WLPH�VWDUWLQJ�IURP�WKH�ERWWRP�RI�WKH�VWDVKHG�SDWWHUQ�WDEOH��ZRUNLQJ�XSZDUGV
XQWLO�LW�ILQGV�D�QRQ�]HUR�E\WH��7KLV�WHOOV�XV�WKH�KHLJKW�RI�WKH�LQVWDQFH�
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7KLV�SURFHVV�RI�VFDQQLQJ�LV�WKHQ�UHSHDWHG�JRLQJ�VLGHZD\V�WR�ILQG�WKH�OHIWPRVW�FROXPQ�RI�LPDJH�FRQWHQW�
WKHQ�LWV�ZLGWK��1RZ�ZH�KDYH�DOO�WKH�QHHGHG�SDUDPHWHUV�RI�WKH�LPDJH�FRQWHQW�WR�VWDUW�DFWXDOO\�VDYLQJ�WKH
,QVWDQFH�ILOH�

1.68.7. Structure Of An Instance

([FHSW�IRU�WKH�ILUVW�UHFRUG�LQ�WKH�ILOH��ZKLFK�FRQWDLQV�WKH�ZLGWK�DQG�KHLJKW�RI�WKH�LQVWDQFH�LQ�FKDUDFWHU
URZV�DQG�FROXPQV��WKH�FRQWHQW�RI�WKH�ILOH�LV�LQ�JURXSV�RI�HLJKW�QXPEHUV��VR�WKDW�HDFK�UHFRUG�FRQWDLQV�WKH
QXPEHUV�IRU�RQH�FKDUDFWHU�GHILQLWLRQ��7KHVH�QXPEHUV�DUH�ZULWWHQ�LQWR�WKH�ILOH�LQ�KXPDQ�UHDGDEOH�IRUP�
VR�WKDW�WKH�ILOH�LV�HGLWDEOH��LQ�WKHRU\��ZLWK�WKH�(�$�HGLWRU�DV�ZLWK�DQ\�'�9����ILOH��7KXV�D�UHFRUG�LQ�WKH�ILOH
LV�HLJKW�QXPEHUV��VHSDUDWHG�E\�FRPPDV��6XFK�D�UHFRUG�ORRNV�OLNH�WKLV�

0,0,126,67,0,14,253,85

6LQFH�HDFK�QXPEHU�UHSUHVHQWV�D�E\WH��WKH�UDQJH�RI�WKHVH�QXPEHUV�JRHV�IURP���WKURXJK������.QRZLQJ�WKLV�
ZH
UH�UHDG\�WR�VDYH�RXU�,QVWDQFH�WR�GLVN�

7KH�ILUVW�RUGHU�RI�EXVLQHVV�LV�WR�ZULWH�WKDW�ILUVW�UHFRUG��ZKLFK�FRQWDLQV�WKH�ZLGWK�DQG�KHLJKW�RI�WKH�LQVWDQFH
WR�IROORZ��7R�GR�WKDW��ZH�WDNH�WKH�ZLGWK�ILUVW��FRQYHUW�LW�IURP�D�QXPEHU�WR�D�VWULQJ��DQG�ZULWH�WKDW�VWULQJ
LQWR�D�EXIIHU�LQ�9'3��)RU�WKLV��ZH�XVH�DQ��XQGRFXPHQWHG��*3//1.�IHDWXUH��JLYHQ�WR�XV�E\�0HUOH�9RJW�
6LQFH�WKHVH�DUH�DOO�VLQJOH�E\WH�QXPEHUV��ZH�FOHDU�WKH�E\WH�DW�!���(�DQG�SXW�WKH�E\WH�WR�EH�FRQYHUWHG�DW
!���)��:H�XVH�WKH�:DUUHQ�0LOOHU�*3//1.�URXWLQH��IROORZHG�E\�WKH�'$7$�!�)�&��7KDW�XQGRFXPHQWHG
IHDWXUH�SURYLGHV�XV�ZLWK�WKH�QXPEHU�LQ�WKH�IRUP�RI�D�VWULQJ��EXW�ZLWKRXW�WKH�OHDGLQJ�VSDFH�WKDW
V�XVXDOO\
UHVHUYHG�IRU�D�SOXV�VLJQ�LQ�WKH��QRUPDO��FRQYHUW�QXPEHU�WR�VWULQJ�URXWLQH��7KDW
V�D�IRUWXQDWH�FLUFXPVWDQFH�
VLQFH�WKDW�OHDGLQJ�VSDFH�LV�QHLWKHU�GHVLUHG�QRU�UHTXLUHG�

$IWHU�WKH�ZLGWK��ZH�ZULWH�D�FRPPD�WR�WKH�9'3�%XIIHU��WKHQ�WKH�VWULQJ�IRUP�RI�WKH�KHLJKW��1RZ�ZH
UH�UHDG\
WR�VHQG�WKH�ILUVW��DFWXDOO\��WK��UHFRUG�WR�WKH�ILOH��6RPHZKHUH�LQ�KHUH��RI�FRXUVH��ZH�KDG�WR�RSHQ�WKH�ILOH�DV
'�9�����IRU�RXWSXW��7KH�ILUVW�UHFRUG�JHWV�ZULWWHQ��0HDQZKLOH��ZH
YH�VWDVKHG�DZD\�WKH�SURGXFW�RI�KHLJKW�DQG
ZLGWK��DV�WKDW�WHOOV�XV�KRZ�PDQ\�WRWDO�UHFRUGV��DIWHU�WKH��WK�RQH��ZH�QHHG�WR�ZULWH�WR�WKLV�ILOH�

1H[W��ZH�JR�EDFN�LQWR�WKH�VWDVKHG�SDWWHUQ�WDEOH��DQG�WDNH�WKH�E\WHV�VWDUWLQJ�DW�WKH�WRS�URZ��OHIW�FROXPQ�
7KHVH�JHW�WUDQVODWHG�WR�VWULQJV�DQG�WKHQ�VHQW�RXW�LQ�JURXSV�RI�HLJKW��VHSDUDWHG�E\�FRPPDV�DV�VKRZQ�DERYH�
:H�FRQWLQXH�WKLV�IRU�:,'7+�UHSHDWV��WKHQ�PRYH�GRZQ�RQH�URZ�IURP�RXU�VWDUW�SRLQW�DQG�GR�DQRWKHU�VHW
RI�:,'7+�FKDUDFWHU�GHILQLWLRQV��:KHQ�ZH
YH�GRQH�+(,*+7�WLPHV�:,'7+�UHFRUGV�LQ�WKLV�IDVKLRQ��ZH
UH
GRQH��VR�ZH�FORVH�WKH�ILOH�DQG�UHWXUQ�WR�WKH�PDLQ�PHQX��$OO�RI�WKLV�WDNHV�WLPH��SDUWLFXODUO\�LI�ZH
UH�ZULWLQJ
WR�D�IORSS\�GLVN��7KXV�ZH�JLYH�WKH�XVHU�D��3/($6(�:$,7�3$7,(17/<��PHVVDJH�RQ�WKH�VFUHHQ�ZKLOH
VDYLQJ�WKH�,QVWDQFH�

1.68.8. A Small Caution

)RU�UHDVRQV�ZH
YH�QRW�EHHQ�DEOH�WR�GHWHUPLQH��VRPH�RI�WKH�,QVWDQFHV�ZH
YH�JRWWHQ�IURP�&KDUOHV�*RRG�FRPH
ZLWK�RQH�RU�PRUH�EODQN�URZV�DW�WKHLU�EHJLQQLQJ�DQG�RU�HQGLQJ��:H�GRQ
W�NQRZ�ZK\�WKH\�ZHUH�PDGH�WKDW
ZD\��DV�H[WUD�URZV�RI�DOO�]HURV�DGG�QRWKLQJ�WR�WKH�LQVWDQFH��EXW�MXVW�WDNH�XS�VSDFH�RQ�WKH�GLVN��,I�\RX�HGLW
VXFK�DQ�LQVWDQFH�ZLWK�RXU�SURJUDP��WKRVH�EODQN�URZV�ZLOO�EH�HOLPLQDWHG�IURP�WKH�VDYHG�LQVWDQFH�
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1.68.9. Today's Sidebar

7KH�6LGHEDU�VRXUFH�FRGH�WRGD\�LV�QRW�D�FRPSOHWH�SURJUDP��EXW�MXVW�D�VHFWLRQ�RI�WKH�FRGH�IURP�WKH�GRXEOH
GHQVLW\�ELW�JUDSKLFV�SULQWLQJ�SURJUDP�351,167���7KLV�VHFWLRQ�LV�WKH�YLWDO�LQJUHGLHQW�LQ�FRQYHUWLQJ�DQ
HLJKW�E\WH�FKDUDFWHU�SDWWHUQ�LQWR�VL[WHHQ�E\WHV�RI�%LW�*UDSKLFV�GDWD�IRU�WKH�SULQWHU��:H�WKRXJKW�WKLV
VHFWLRQ��LQFRPSOHWH�DV�LW�LV��PLJKW�SURYH�KHOSIXO�WR�WKRVH�WU\LQJ�WR�ZRUN�ZLWK�WKLV�NLQG�RI�WUDQVLWLRQ��7KLV
ZRUNV�E\�VKLIWLQJ�UHJLVWHUV��DQG�LQVHUWLQJ�D�ELW�LQWR�WKH�RXWSXW�E\WH�RQO\�LI�WKHUH
V�D��FDUU\��RQ�WKH�LQSXW
E\WH��,Q�RWKHU�ZRUGV��LI�WKH�PRVW�VLJQLILFDQW�ELW�RI�WKH�LQSXW�E\WH�ZDV�D���EHIRUH�WKH�VKLIW��WKHQ�D���JHWV
SODFHG�LQ�WKH�OHDVW�VLJQLILFDQW�ELW�RI�WKH�E\WH�EHLQJ�SUHSDUHG�IRU�RXWSXW��,W�WDNHV�HLJKW�SDVVHV�WKURXJK�DOO
��E\WHV�RI�RQH�FKDUDFWHU�SDWWHUQ�WR�SUHSDUH�RQH����E\WH�VHFWLRQ�RI�WKH�RXWSXW�WR�WKH�SULQWHU��(DFK�VXFK
RXWSXW�VHFWLRQ�PDNHV�������WKV��RU�����WKV��RI�DQ�LQFK�FKDUDFWHU�RQ�WKH�SDSHU��:H�VKRXOG�SRLQW�RXW�WKDW
RQ�WKH���SLQ�SULQWHUV�WKH�DVSHFW�UDWLR�LV�LQFRUUHFW��VR�FLUFOHV�RQ�\RXU�LQVWDQFH�ZLOO�EH�VOLJKWO\��RYDOHG��RQ
WKH�SDSHU��7KH\
OO�EH�D�ELW�ZLGHU�WKDQ�WKHLU�KHLJKW��2Q����SLQ�SULQWHUV��WKH�DVSHFW�UDWLR�ZLOO�EH�FRUUHFW�
VLQFH�WKH�VSHFLDO�OLQH�IHHGV�DUH�LQ���WKV�RI�DQ�LQFK�LQVWHDG�RI�LQ���QGV�

-XVW�UHFHQWO\��ZH�SXUFKDVHG�D�&DQRQ�%XEEOH�-HW�SULQWHU��DQG�WKH�351,167�VWXII�ZRUNV�EHDXWLIXOO\�ZLWK
WKDW�PDFKLQH��2GGO\��LW�PDNHV�QR�GLIIHUHQFH�ZKHWKHU�ZH�XVH�WKH�VLQJOH�RU�GRXEOH�GHQVLW\�YHUVLRQV��DV�WKH
SULQW�TXDOLW\�LV�GHWHUPLQHG�E\�WKH�PRGH�RI�WKH�SULQWHU��,Q�LWV�+4�PRGH��HLWKHU�WKH�VLQJOH�RU�GRXEOH�GHQVLW\
JUDSKLFV�ORRN�VXSHUE��ZKLOH�LQ�WKH�SULQWHU
V�+6�PRGH��WKH�JUDSKLFV�ORRN��WKLQQHG���)RU�QRUPDO���RU����SLQ
SULQWHUV��ZH
G�UHFRPPHQG�XVLQJ�WKH�GRXEOH�GHQVLW\�JUDSKLFV� �351,167��RU�351,167�����DV�WKHVH
SURGXFH�PXFK�EHWWHU�ORRNLQJ�UHQGLWLRQV�RI�WKH�,QVWDQFH�

1H[W�PRQWK��DPRQJ�RWKHU�WKLQJV��ZH
OO�GLVFXVV�VRPH�WKLQJV�RXWVLGH�WKH�UHDOP�RI�$VVHPEO\�SURJUDPPLQJ�
6HH�\RX�WKHQ�
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* SIDEBAR 68
* RE-MAPPING FRAGMENT
* WE ENTER WHERE A RECORD HAS JUST BEEN READ
* THE STRINGS IN THE RECORD MUST BE CONVERTED TO
* NUMBERS, WHICH ARE STASHED IN INPBUF
*
RNREC1 LI   R0,INPPAB+5  LENGTH OF RECORD
       BLWP @VSBR        READ THAT
       MOVB R1,R2        MOVE TO R2
       SRL  R2,8         RT. JUST
       CLR  R1           R1=0
       LI   R9,INPBUF    POINT TO CPU INPUT BUFFER
       LI   R0,IBUFF     AND TO VDP INPUT BUFFER
       A    R2,R0        ADD LENGTH TO ADDR
       MOV  R0,R7        COPY ADDR TO R7
       BLWP @VSBW        WRITE A 0 AFTER RECORD
       S    R2,R0        BACK TO START OF RECORD
GNNUM  BL   @CONVN       GET A NUMBER
*
* SUBROUTINE CONVN USES XMLLNK TO CONVERT THE STRING IN
* THE VDP RAM BUFFER INTO A NUMBER AT FAC, THEN USES
* XMLLNK TO CONVERT FLOATING POINT TO AN
* INTEGER AT FAC.  WE TAKE ONLY THE LOW ORDER BYTE
*
       MOVB @FAC+1,*R9+  PUT INTO CPU INPUT BUFFER
SKCOM1 BLWP @VSBR        READ A BYTE
       INC  R0           POINT AHEAD ONE
       CB   R1,@COMMA    IS THAT A COMMA?
       JEQ  GNNUM        IF SO, JUMP BACK
       C    R0,R7        CHECK END OF RECORD
       JLT  SKCOM1       IF LESS, REPEAT
*
* WHEN WE GET HERE, INPBUF WILL CONTAIN THE
* EIGHT BYTES REPRESENTING THE NUMBER STRINGS
* IN ONE INPUT RECORD
*
* CORE PROCESSING SECTION
* RE-MAPPING OF ONE CHARACTER DEFINITION
* FOR BIT GRAPHICS PRINTING
* THIS TAKES THE 8 BYTES THAT DEFINE
* A CHARACTER AND RE-MAPS THEM INTO
* 8 PAIRS OF BIT-GRAPHICS BYTES FOR THE PRINTER
* ON EACH PASS THROUGH INNER LOOP, THIS
* TAKES THE MSB OF EACH OF THE 8 BYTES
* IN INPBUF, PUTS THAT INTO R1, WHICH GETS
* SHIFTED LEFT BY ONE BIT ON EACH PASS
* THE INPUT BYTE ALSO GETS SHIFTED LEFT ONE BYTE,
* THEN PUT BACK IN INPBUF.
* WHEN INNER FINISHES, R1 HAS ONE BIT FROM EACH INPUT BYTE,
* EACH INPUT BYTE IS SHIFTED LEFT BY ONE BIT.
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* REPEATING ALL THIS 8 TIMES
* CREATES 16 BYTES IN OUTBUF
* WHICH REPRESENT CONTENT OF THE CHARACTER
* RE-MAPPED INTO PRINTER BIT GRAPHICS FORMAT
* SUITABLE FOR DOUBLE DENSITY GRAPHICS MODE
*
       LI   R4,8         8 BYTES TO DO
       LI   R10,OUTBUF   R10 TO OUTPUT CPU BUFFER
MAPLOP LI   R5,8         8 BITS TO MAP
       LI   R9,INPBUF    R9 POINTS TO INPUT
       CLR  R1           R1=0
INNER  MOVB *R9,R3       GET AN INPUT BYTE
       SLA  R1,1         SHIFT R1 LEFT 1 BIT
       SLA  R3,1         SHIFT INPUT BYTE LEFT 1 BIT
       JNC  NOCAR        IF NO CARRY, LEFT BIT WAS 0
       ORI  R1,1         IF A ONE, PLACE 1 IN LOW BIT OF R1
NOCAR  MOVB R3,*R9+      PUT BACK INPUT BYTE, INC POINTER
* AT THIS POINT THE INPUT BYTE, SHIFTED LEFT BY ONE BIT,
* HAS BEEN PUT BACK INTO THE INPUT BUFFER LOCATION
* AND R9 POINTS AT THE NEXT BYTE OF INPBUF
       DEC  R5           DEC BIT COUNT
       JNE  INNER        IF NOT DONE, REPEAT
       SWPB R1           SWAP SO RESULT IS IN LEFT BYTE R1
       MOVB R1,*R10+     PLACE IN OUTPUT
       MOVB R1,*R10+     REPLICATE IN NEXT BYTE
       DEC  R4           DEC BYTE COUNT
       JNE  MAPLOP       IF NOT DONE, REPEAT
       LI   R0,OBUFF     POINT AT OUTPUT VDP BUFFER
       LI   R1,OUTBUF    AND CPU OUTPUT BUFFER
       LI   R2,16        16 BYTES (ONE CHARACTER)
       BLWP @VMBW        WRITE TO BUFFER
       BL   @WRTREC      SEND 16 BYTES TO PRINTER
*
* THIS PROCESS CONTINUES FOR ALL THE RECORDS
* COMPRISING ONE ROW OF THE INSTANCE, THEN IF MORE
* RECORDS REMAIN, IT GOES BACK TO AN EARLIER POINT,
* SENDS THE CONTROL CODES AND MARGIN BYTES, THEN
* STARTS SENDING THE NEXT ROW OF THE INSTANCE.
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1.69. The Art Of Assembly — Part 69. Click On Icon!

%\�%UXFH�+DUULVRQ

,W
V�D�GLIIHUHQW�ZRUOG�ZH�OLYH�LQ�WRGD\�IURP�WKH�ZRUOG�ZH�OLYHG�LQ�ZKHQ�ILUVW�ZH�ERXJKW�RXU�7,�����$�EDFN
LQ�������1RW�RQO\�DUH�WKHUH�QR�PRUH�7,
V�RQ�WKH�PDUNHW��EXW�WKH�3&V�QRZ�DYDLODEOH�GZDUI�WKH�FDSDELOLW\
DYDLODEOH�RQO\�D�IHZ�\HDUV�EDFN�

1.69.1. A Rude Awakening

:H�JRW�D��ZDNHXS�FDOO��UHFHQWO\��ZKHQ�ZH�RUGHUHG�DQG�UHFHLYHG�RXU�QHZ�&DQRQ�%-����H�3ULQWHU��7KLV�ZDV
DFWXDOO\�QRW�D�QHZ�PDFKLQH��EXW�D��IDFWRU\�UHIXUELVKHG��RQH��FRVWLQJ�RQO\����������7KH�PDFKLQH�LV�JUHDW�
,W�PDNHV�RXU�SULQWHG�RXWSXW�ORRN�OLNH��ODVHU�TXDOLW\���,W�ZDV�WKH�SULQWHU
V�PDQXDO�WKDW�UHDOO\�RSHQHG�RXU
H\HV��,Q�WKH�SDVW��SULQWHU�PDQXDOV�DOZD\V�FRQWDLQHG�D�VHFWLRQ�H[SODLQLQJ�DOO�RI�WKH�HVFDSH�VHTXHQFHV�WKDW
FRXOG�EH�XVHG�ZLWK�WKDW�PDFKLQH��DQG�XVXDOO\�DOVR�FRQWDLQHG�RQH�RU�PRUH�WHVW�RU�VDPSOH�SURJUDPV�LQ�*:
%DVLF��ZKLFK�RQH�FRXOG�UXQ�IURP�DQ\��JDUGHQ�YDULHW\��3&��7KRVH�GD\V�DUH�*21(��7KH�%-�����ZDV�VXSSOLHG
ZLWK�WKUHH�������LQFK�GLVNV�RI�WKH�+LJK�'HQVLW\�W\SH��FRQWDLQLQJ�GULYHUV�DQG�IRQWV��,Q�WKH�PDQXDO��ZH�ZHUH
WROG�KRZ�WR�ORDG�WKHVH�GULYHUV�DQG�IRQWV�XVLQJ�:LQGRZV�����RU�KLJKHU��12�(6&$3(�&2'(6��12�6$03/(
352*5$06��7KH�IRONV�DW�&DQRQ�QRW�RQO\�DVVXPH�WKDW�\RX�KDYH�D�3&��EXW�WKDW�LW
V�D�PRGHUQ�RQH��FDSDEOH
RI�UXQQLQJ�:LQGRZV��7KDW�RI�FRXUVH�DOVR�PHDQV�WKH�SUHVHQFH�RI�RQH�RU�PRUH�+'�������LQFK�GULYHV��$PRQJ
RXU�HLJKW�FRPSXWHUV��WKUHH�DUH�RI�WKH�3&�W\SH��EXW�QRQH�LV�FDSDEOH�RI�XVLQJ�HLWKHU�:LQGRZV�RU�WKH�+LJK
'HQVLW\�GLVNV��7KXV�WKH�VXSSOLHG�GULYHUV�DQG�IRQWV�ZHUH�RI�XWWHUO\�QR�XVH�LQ�RXU�KRXVH�

1.69.2. The Help Line

)RUWXQDWHO\��&DQRQ�KDV�D�XVHU�KHOS�OLQH�DW�DQ�����QXPEHU��:H�ZHUH�D�ELW�VFDUHG�WR�FDOO��EHFDXVH�WKH
PDQXDO�VDLG�WKDW�IRU�WKRVH�ZKR�ZDQWHG�WKH�HVFDSH�FRGHV��&DQRQ�ZRXOG�)$;�WKHP�LQ�UHVSRQVH�WR�D�FDOO��:H
LPDJLQHG�RQH�RI�WKRVH��SUHVV���IRU��������UHFRUGLQJV�FRPLQJ�WKURXJK�RXU�SKRQH��DQG�WKDW�ZH
G�WKHQ�EH�DVNHG
WR�NH\�LQ�RXU�)$;�QXPEHU�RQ�WKH�SKRQH
V�WRXFK�WRQH�NH\V��1R��ZH�GRQ
W�KDYH�D�)$;�HLWKHU��EXW�&DQRQ
DVVXPHV�WKDW�ULJKW�DORQJ�ZLWK�RXU�����0HJDKHUW]�3HQWLXP�3&�ZLWK������0HJDE\WHV�RI�PHPRU\�DQG
��������0HJDE\WH�KDUG�GULYH��ZH
YH�DOVR�JRW�D�)$;��RU�D�)$;�5HFHLYLQJ�FDSDELOLW\�EXLOW�LQWR�RXU�3&�

/XFNLO\�IRU�XV��&DQRQ�LV�QRW�TXLWH�WKDW�PRGHUQ��2XU�SKRQH�FDOO�ZDV�DQVZHUHG��DIWHU�D�VOLJKW�GHOD\��E\�D
KXPDQ�RSHUDWRU��6KH�KHDUG�RXU�SOHD��WKHQ�SODFHG�XV�RQ�KROG�IRU�D�ZKLOH��XQWLO�D�WHFKQLFLDQ�ZDV�DYDLODEOH�
$IWHU�DERXW�WZHQW\�PLQXWHV�RI�HOHYDWRU�PXVLF��LQWHUUXSWHG�QRZ�DQG�WKHQ�E\�UHFRUGLQJV�WKDW�H[SUHVVHG
&DQRQ
V�UHJUHW�DERXW�RXU�KDYLQJ�WR�KROG��ZH�JRW�WR�WDON�WR�D�UHDO�SHUVRQ��7KLV�ODG\�ZDV�YHU\�SROLWH�DQG
KHOSIXO��1RW�RQO\�GLG�VKH�XQGHUVWDQG�WKDW�VRPH�SHRSOH�VWLOO�ZULWH�WKHLU�RZQ��GULYHUV���VKH�DOVR�TXLFNO\
DJUHHG�WR�VHQG�XV�WKH�FRPSOHWH�HVFDSH�FRGH�VXPPDU\�E\�PDLO��,W�WRRN�DERXW�D�ZHHN�WR�JHW�KHUH�IURP
&DOLIRUQLD��EXW�LW�GLG�DUULYH�VDIHO\��DQG�FRQWDLQHG�ZKDW�ZH�ZDQWHG�WR�NQRZ��LQFOXGLQJ�VRPH�LQIRUPDWLRQ
DERXW�OLPLWDWLRQV�RQ�WKH�HPXODWLRQ�RI�DQ�(SVRQ��7KLV�ZDV��KRZHYHU��RQO\�D�EULHI�VXPPDU\��DQG�GLG�QRW
H[SODLQ�LQ�DQ\�GHWDLO�KRZ�WKH�HVFDSH�VHTXHQFHV�DUH�XVHG��)RU�H[DPSOH��WKH�(6&��N��Q�VHTXHQFH��ZKLFK
VHOHFWV�DQ�/4�IRQW��ZDV�JLYHQ�DV�MXVW�WKDW��ZLWK�QR�LQGLFDWLRQ�RI�ZKDW�YDOXHV�RI�Q�FRUUHVSRQG�WR�ZKDW�/4
IRQWV��7KH�VDPH�ZDV�WUXH�IRU�WKH�(6&�T�Q�VHTXHQFH��HWF�
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6R�RQFH�DJDLQ�ZH�RZH�WKDQNV�WR�+DUOH\�5\DQ��+DUOH\�VHQW�XV�D�VSDUH�FRS\�RI�KLV�3DQDVRQLF�.;�3����
PDQXDO��7KDW�SULQWHU��DV�LW�WXUQV�RXW��HPXODWHV�DQ�(SVRQ�LQ�D�IDVKLRQ�YHU\�VLPLODU�WR�WKH�(SVRQ�HPXODWLRQ
PRGH�RQ�RXU�&DQRQ�%-����H��DQG�LWV�PDQXDO�JLYHV�UHDVRQDEO\�FRPSOHWH�GHVFULSWLRQV�RI�WKH�XVH�RI�DOO�LWV
HVFDSH�VHTXHQFHV��:LWK�YHU\�IHZ�H[FHSWLRQV�WKH�VHTXHQFHV�DV�JLYHQ�LQ�WKH�3DQDVRQLF�PDQXDO�ZRUNHG
SHUIHFWO\�RQ�WKH�&DQRQ��(YHQ�PRUH�H[RWLF�WKLQJV��OLNH�GRZQORDGLQJ�IRQWV��ZRUNHG�SHUIHFWO\�RQ�WKH�&DQRQ
XVLQJ�WKH�PHWKRGV�VKRZQ�LQ�WKH�3DQDVRQLF�PDQXDO��8VLQJ�WKDW�LQIRUPDWLRQ��ZH�ZHUH�DEOH�WR�GRZQORDG
VRPH�RI�WKH�ROG�-LP�3HWHUVRQ�VFUHHQ�IRQWV�IURP�RXU�7,�LQWR�WKH�%-����H��DQG�WKXV�SURYH�WKDW�WKLV�WRR�FRXOG
EH�GRQH��:H
YH�GRZQORDGHG�VHWV�RI�IRQWV�IURP�FKDUDFWHU����WKURXJK�����ZLWK�QR�SUREOHP��:H�ZHUH�DEOH�
DJDLQ�ZLWK�WKH�KHOS�RI�+DUOH\
V�PDQXDO��WR�DGDSW�RXU�RZQ�:RUG�3URFHVVRU�VR�WKDW�ZH�FDQ�XVH�DOO�RI�WKH
UHVLGHQW�IRQWV�LQ�WKH�%-�������7KHUH�DUH�HLJKW�YHU\�QLFH�IRQWV�DYDLODEOH��VHYHQ�RI�ZKLFK�DUH�RI�WKH�/HWWHU
4XDOLW\�NLQG���(YHQ� WKH� �VKDGRZ��DQG� �RXWOLQH��PRGHV�PHQWLRQHG� LQ� WKH�3DQDVRQLF�PDQXDO�ZRUNHG
SHUIHFWO\�RQ�WKH�&DQRQ��ZLWK�H[DFWO\�WKH�VDPH�(6&��T��VHTXHQFHV�

7KH�RQO\�VHTXHQFHV�ZKLFK�GRQ
W�ZRUN�RQ�WKH�&DQRQ�DUH�WKH�(6&��D��IRU�DXWR�FHQWHULQJ�DQG�WKH�(6&��&�
IRU�VHWWLQJ�SDJH�OHQJWK��7KH�&DQRQ�(VFDSH�6HTXHQFHV�6XPPDU\�PHQWLRQV�WKH�QRQ�DYDLODELOLW\�RI�WKH�(6&
�D���EXW�FODLPV�WKDW�WKH�(6&��&��VHTXHQFHV�ZLOO�ZRUN��7KH\�'21
7��$OO�LQ�DOO��KRZHYHU��ZH
UH�GHOLJKWHG�ZLWK
WKH�TXDOLW\�RI�WKH�SULQWLQJ�GRQH�E\�WKH�&DQRQ�%-����H��DQG�ZRXOG�UHFRPPHQG�LW�WR�DQ\RQH�ZKR
V�LQ�WKH
PDUNHW�IRU�D�QHZ�SULQWHU��%HVLGHV�SURYLGLQJ�IDVW�DQG�H[FHOOHQW�TXDOLW\�SULQWLQJ�RI�ERWK�WH[W�DQG�JUDSKLFV�
LW�LV�48,(7��7KHUH
V�D�EDUHO\�DXGLEOH��ZKRRVK��VRXQG�ZKLOH�SULQWLQJ��7KLV�LV�D�SOHDVDQW�FKDQJH�IURP�WKH
ORXG��EUDSS��EUDSS��EUDSS��VRXQG�RI�WKH�LPSDFW�GRW�PDWUL[�SULQWHUV�ZH
YH�XVHG�

1.69.3. CoCo Revisited

6RPH�WLPH�DJR��ZH�PHQWLRQHG�RXU�LQLWLDO�UHDFWLRQV�WR�WKH�5DGLR�6KDFN�&RORU�&RPSXWHU�WKDW�ZH�SLFNHG�XS
DW�D��WKULIW��VWRUH��6LQFH�WKHQ��ZH�DOVR�SLFNHG�XS�WKH�QHFHVVDU\�SDUWV�WR�DGG�GLVN�GULYH�FDSDELOLW\��DQG�DOVR
IRXQG�D�FRPSOHWH�&RORU�&RPSXWHU�,,,�PRGHO��$V�LV�RXU�QRUPDO�GHVLUH��ZH�ZDQWHG�WR�EH�DEOH�WR�SURJUDP�WKH
&R&R�LQ�$VVHPEO\�ODQJXDJH��VR�ZH�VKHOOHG�RXW�VRPH�PRQH\�WR�5DGLR�6KDFN�IRU�WKH�26���2SHUDWLQJ�V\VWHP�
,Q�WKH�7,�ZRUOG��ZH�NHHS�UXQQLQJ�DFURVV�WKLQJV�WKDW�DUHQ
W�FRPSDWLEOH�ZLWK�RQH�DQRWKHU��8VXDOO\�WKHVH
LQYROYH�0\DUF�SURGXFWV��VXFK�DV�WKH�+DUG�DQG�)ORSS\�'LVN�&RQWUROOHU��+)'&���,Q�WKH�FDVH�RI�RXU�&R&R
,,��ZH�GLGQ
W�QHHG�D��WKLUG�SDUW\��OLNH�0\DUF�WR�FUHDWH�WKH�ODFN�RI�FRPSDWLELOLW\�³�5DGLR�6KDFN�GLG�WKDW�DOO
E\�LWVHOI��6RRQ�DIWHU�FUDFNLQJ�WKH�ERRNV�RQ�RXU�QHZ�26����ZH�GLVFRYHUHG�WKDW�GLVNV�LQLWLDOL]HG�WKURXJK�WKH
QRUPDO��EDVLF��EXLOW�LQWR�WKH�&R&R�ZHUH�FRPSOHWHO\�LQFRPSDWLEOH�ZLWK�WKRVH�LQLWLDOL]HG�E\�26����DQG�YLFH
YHUVD��26���RUJDQL]HV�LWV�GLVNV�LQ�D�81,;�OLNH�IDVKLRQ���VLPLODU�WR�D�3&�'26�GLVN��ZKLOH�&R&R�%DVLF�XVHV
LWV�RZQ�SHFXOLDU�PLG�GLVN�PHWKRG��ZKHUH�WKH�FDWDORJ�LQIRUPDWLRQ�LV�RQ�WUDFN�����7KXV�DQ\WKLQJ�GRQH�ZLWK
26���FDQ
W�EH�XVHG�ZLWK�%DVLF��QRU�FDQ�DQ\�GLVN�XVHG�ZLWK�%DVLF�EH�XVHG�XQGHU�26����7KHUH�LV�DQRWKHU
SURGXFW�RIIHUHG�E\�5DGLR�6KDFN�FDOOHG�%$6,&����ZKLFK�LQFOXGHV�D�FRPSLOHU��VR�WKDW�RQH�FDQ��FURVV�WKH
EULGJH��LQ�VRPH�IDVKLRQ��EXW�VWLOO�RQH�FDQ
W��LPSRUW��DQ�ROG�%DVLF�SURJUDP�LQWR�%$6,&���HLWKHU��VLQFH�WKH
GLVN�IRUPDWV�DUH�LQFRPSDWLEOH�



The Cyc: MICROpendium

8QGDXQWHG�E\�WKLV��ZH�VWXGLHG�VRPH�ERRNV�RQ�26���$VVHPEO\�SURJUDPPLQJ��WKHQ�FUHDWHG�VRPH�VLPSOH
�VWDUWHU��SURJUDPV�RQ�RXU�&R&R�,,�WKDW�ZRXOG�UXQ�XQGHU�26����7KHVH�ZRUNHG��DQG�TXLWH�QLFHO\��EXW�VWLOO
ZH�ZHUH�MXVW�EHJLQQLQJ�WR�OHDUQ�WKH�&R&R
V�UDWKHU�SHFXOLDU�$VVHPEO\�ODQJXDJH��,W�ZDV�OLNH�VWDUWLQJ�WR�OHDUQ
$VVHPEO\�DOO�RYHU�DJDLQ��7KH�0RWRUROD������FKLS
V�LQVWUXFWLRQV�DUH�VLPLODU�LQ�VRPH�ZD\V�WR�WKH�,QWHO�����
WKDW
V�XVHG�LQ�RXU�3&V��DQG�LQ�VRPH�ZD\V�VLPLODU�WR�WKH�=���FKLS�WKDW�ZH
G�KDG�VRPH�VPDOO�H[SHULHQFH�ZLWK�

,W�ZDV�DW�DERXW�WKLV�WLPH��ZKHQ�ZH�ZHUH�MXVW�JHWWLQJ�VWDUWHG�ZLWK�$VVHPEO\�RQ�WKH�&R&R�,,��WKDW�ZH�IRXQG
DQG�SXUFKDVHG�WKH�&R&R�,,,��7KLV�FDPH�IURP�WKH�VDPH��WKULIW��VWRUH��EXW�DV�D�FRPSOHWH�SDFNDJH�GHDO�
LQFOXGLQJ�D�YHU\�QLFH�5*%�0RQLWRU��WZR�SULQWHUV��RQH�'RW�0DWUL[�DQG�RQH�'DLV\�:KHHO���SOXV�D�WRQ�RI
VRIWZDUH�DQG�PDQXDOV��DOO�IRU�RQO\����������(YHU\WKLQJ�ZDV�LQ�SHUIHFW�ZRUNLQJ�RUGHU��7KH�5*%�PRQLWRU
XVHV�D�VSHFLDO�LQWHUIDFH�FDEOH��VXSSOLHG��WR�SOXJ�LQWR�D�FRQQHFWRU�RQ�WKH�ERWWRP�RI�WKH�&R&R�,,,��7KLV�FDQ
W
EH�XVHG�ZLWK�WKH�&R&R�,,��KRZHYHU��ZKLFK�KDV�RQO\�5)�RXWSXW��/LNH�WKH�&R&R�,,��WKH�,,,�KDV�QR�SDUDOOHO
SRUW��VR�WKH�SULQWHUV�KDYH�WR�EH�FRPSDWLEOH�ZLWK�WKH�VWUDQJH���SLQ�56�����SRUW�RI�WKH�&R&R��7KH�&R&R�,,,
RIIHUV�DGGLWLRQDO�IHDWXUHV�LQ�LWV�%DVLF��VR�WKDW�RQH�PD\�XVH�����FRORUV����DW�D�WLPH��DQG�RQH�PD\�XVH�D���
FKDUDFWHU�VFUHHQ�PRGH��2I�FRXUVH�WKLV�PHDQV�WKDW�SURJUDPV�ZULWWHQ�LQ�&R&R�,,,�%DVLF�ZRQ
W�DOZD\V�ZRUN
RQ�WKH�&R&R�,,�

1.69.4. The Really Big Shock

2QH�RI�WKH�WKLQJV�ZH�ZDQWHG�WR�GR�VRRQ�DIWHU�JHWWLQJ�RXU�&R&R�,,,�ZDV�WR�WU\�RXW�WKRVH�OLWWOH�$VVHPEO\
WKLQJV�ZH
G�GRQH�XQGHU�26����:H�GXWLIXOO\�KRRNHG�XS�WKH�&R&R�,,,�WR�LWV�GLVN�GULYH��SXW�LQ�WKH�GLVN�ZLWK
26���DQG�VRPH�RI�RXU�H[SHULPHQWV��WKHQ�WULHG�WR��ODXQFK��26����7KH�GLVN�GULYH�ZKLUUHG�IRU�D�ELW��EXW�WKHQ
127+,1*��7KH�&R&R� ,,,� MXVW�SODLQ� ORFNHG�XS��$� OLWWOH� FRQVXOWDWLRQ�ZLWK�RXU� IULHQGO\�5DGLR�6KDFN
PDQDJHU�LQGLFDWHG�WKDW�LQGHHG�WKH�26���WKDW�ZH
G�VKHOOHG�RXW��������IRU�ZDV�IRU�XVH�RQO\�ZLWK�&R&R�,,�
DQG�WKDW�WKH�GLIIHUHQW�YHUVLRQ�RI�26���IRU�WKH�&R&R�,,,�ZRXOG�FRVW�XV�DQRWKHU����������7KH�%$6,&���IRU
WKH�&R&R�,,,�ZDV�DOVR�DYDLODEOH�DW�D�VLPLODU�SULFH��7DON�DERXW��$FWLRQ�)LJXUHV�6ROG�6HSDUDWHO\���:H
G�QHHG
WR�OD\�RXW�DQRWKHU���������WR�JHW�DQ\�UHDO�YDOXH�RXW�RI�RXU�&R&R�,,,��WKHQ�OHDUQ�DQRWKHU�YHUVLRQ�RI�%DVLF
DQG�$VVHPEO\��DQG�VR�RQ�

6LQFH�WKHQ��RXU�&R&R�,,,�DQG�&R&R�,,�KDYH�EHHQ�SODFHG��LQ�VWRUDJH���SUREDEO\�IRUHYHU��1LFH�PDFKLQHV��ZLWK
YHU\� DGYDQFHG� IHDWXUHV� IRU� WKHLU� WLPH�� EXW� QRZ�PHUHO\� UHOLFV� WKDW� FOXWWHU� XS� RXU� FRPSXWHU� URRP�
0HDQZKLOH�7DQG\�KDV�VWRSSHG�PDNLQJ�FRPSXWHUV�DOWRJHWKHU��7KH�3&V�RIIHUHG�DW�5DGLR�6KDFN�QRZ�DUH�DOO
PDGH�E\�3DFNDUG�%HOO��$67��DQG�HYHQ�,%0��EXW�QRW�7DQG\��2XU�7DQG\�����)'�ODSWRS�LV�VWLOO�LQ�XVH��EHLQJ
XVHG�WR�FUHDWH�WKLV�DUWLFOH��0RVW�RI�WKH�WLPH��KRZHYHU��ZH
UH�SHFNLQJ�DZD\�DW�WKH�7,�FRQVROH��ILQGLQJ�QHZ
DQG�GLIIHUHQW�WKLQJV�WKDW�SHRSOH�WKRXJKW�ZHUH�LPSRVVLEOH�WR�GR�RQ�WKDW��RUSKDQ���6WLOO��ZH�KDYHQ
W�WKURZQ
DZD\�WKH�&R&RV��0D\EH�VRPH�GD\�5DGLR�6KDFN�ZLOO�FXW�WKH�SULFH�RQ�WKH�26���DQG�%$6,&���IRU�WKH�&R&R
,,,��DQG�WKHQ������
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1.69.5. Let This Be A Lesson

2QH�GD\��SHUKDSV�ZH
OO�LQYHVW�LQ�D�QHZ�3HQWLXP�3&��:LQGRZV�����DQG�DOO�WKDW�RWKHU�VWXII��EXW�QR�PRUH
RUSKDQV��2I�FRXUVH�E\�WKH�WLPH�ZH�JHW�DURXQG�WR�EX\LQJ�D�QHZ�3&��ZH�H[SHFW�LW�WRR�ZLOO�EH�PDGH�REVROHWH
VRRQ�DIWHU�ZH�EX\�LW��$V�ZH�ZULWH�WKLV��LW
V�LPSRVVLEOH�WR�EX\�DQ\�VRIWZDUH�WKDW�ZLOO�ZRUN�RQ�RXU�WKUHH
�GLQRVDXU��3&V��VLQFH�QRQH�RI�WKHP�KDV�ZLQGRZV�RU�+'�GLVN�FDSDELOLW\��,Q�D�IHZ�\HDUV��ZH�SUHGLFW��WKH
SUHVHQW� KLJK� HQG�3&V�ZLOO� IDFH� D� VLPLODU� IDWH��ZLWK� WKH� QHZ�+RORJUDSKLF�3LOO� UHSODFLQJ� GLVN� GULYHV
FRPSOHWHO\��DQG�ZLWK�PLOOLRQV�RI�0HJDE\WHV�UHTXLUHG�WR�UXQ�:LQGRZV�������1R�PDWWHU��VR�ORQJ�DV�ZH�VWLOO
KDYH�RXU�ROG�'26���[[�3&V�UXQQLQJ�WKH�ROG�VRIWZDUH��ZH
OO�VWLOO�KDYH�DOO�WKH�FRPSXWHU�SRZHU�ZH�QHHG��DQG
WKHQ�VRPH�

1.69.6. In The Meantime . . .

:H
OO�VWLOO�XVH�RXU�7,�WR�DQVZHU�FRUUHVSRQGHQFH�DQG�WR�VHUYH�DV�DQ�RXWOHW�IRU�RXU�FUHDWLYLW\��:LWK�WKH�QHZ
SULQWHU��RXU�RXWSXW�ZLOO�ORRN�MXVW�DV�JRRG�DV�DQ\WKLQJ�ZH�FRXOG�GR�ZLWK�HYHQ�WKH�PRVW�PRGHUQ�3&��DW�D
VPDOO�IUDFWLRQ�RI�WKH�FRVW��1H[W�PRQWK��PD\EH�ZH
OO�VWDUW�ZRUNLQJ�RQ�VRPHWKLQJ�QHZ��OLNH�D��PRXVH�
RULHQWHG�*8,�V\VWHP�IRU�WKH�7,���:KDW�HYHU�KDSSHQHG�WR�-RH�5RVV�DQG�KLV�&�6KHOO"�
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1.70. The Art Of Assembly — Part 70. The Bathtub Curve

%\�%UXFH�+DUULVRQ

7RGD\�ZH
UH� VWDUWLQJ�ZLWK� D� VXEMHFW� WKDW
V� LQYROYHG�PRUH�ZLWK� SUREDELOLW\� DQG� VWDWLVWLFV� WKDQ�ZLWK
SURJUDPPLQJ��7KLV�VKRXOG�EH�RI�LQWHUHVW�WR�WKH�PRUH�JHQHUDO�VHJPHQW�RI�WKH�UHDGHUV�RI�0,&52SHQGLXP

WKDQ�WR�WKH�$VVHPEO\��EXIIV���7R�PDNH�LW�HYHQ�PRUH�H\H�FDWFKLQJ��ZH
YH�LQFOXGHG�D�SLFWXUH��VKRZQ�DV
)LJXUH���

1.70.1. The Picture Explained

1R��ZH�GLGQ
W�PDNH�WKH�SLFWXUH�LQ�)LJXUH���XVLQJ�VRPH�H[RWLF�HTXDWLRQ�ZLWK�RXU�3ORWWHU�SURJUDP��7KHUH
SUREDEO\�LV�DQ�HTXDWLRQ�IRU�WKLV�FXUYH��EXW�ZH�VLPSO\��IXGJHG��WKH�FXUYH�XVLQJ�RXU�'UDZLQJ�SURJUDP��7KLV
FXUYH� LV� QRUPDOO\� XVHG� LQ� FRQQHFWLRQ�ZLWK� WKH� OLIH� F\FOH� RI� VRPH� SURGXFW� RU� RWKHU�� DQG� GHSLFWV� WKH
IUHTXHQF\�RI�IDLOXUHV�IRU�WKH�SURGXFW�RYHU�WLPH��1RWLFH�WKDW�QHLWKHU�WLPH�QRU�IDLOXUH�UDWH�LV��TXDQWLILHG�
RQ�WKH�JUDSK��7KH�WLPH�VSDQ�PD\�EH�MXVW�D�IHZ�\HDUV�RU�D�ZKROH�OLIHWLPH��EXW�WKH�JHQHUDO�VKDSH�RI�WKH�FXUYH
LV�ZKDW
V�LPSRUWDQW��7KH�ILUVW�SDUW�RI�D�OLIH�F\FOH�VKRZV�WKDW�IDLOXUH�UDWHV�DUH�LQLWLDOO\�YHU\�KLJK�ZKLOH�WKH
�SURGXFW��LV�LQ�GHYHORSPHQW��)DLOXUHV�FRPH�GRZQ�GXULQJ�WKLV�HDUO\�SHULRG��DV�WKH�SURGXFW�JHWV�LPSURYHG
XSRQ��7KXV�WKH�HDUO\�SDUW�RI�WKH�FXUYH�LV�UHIHUUHG�WR�DV�D�OHDUQLQJ�FXUYH��$IWHU�WKLV�OHDUQLQJ�SDUW��WKH
IDLOXUH�UDWH�OHYHOV�RII�LQWR�ZKDW
V�FDOOHG�WKH�UDQGRP�IDLOXUHV�SRUWLRQ��ZLWK�D�UHODWLYHO\�FRQVWDQW�ORZ�IDLOXUH
UDWH��'XULQJ�WKLV�IODW�SDUW�RI�WKH�FXUYH��WKLQJV�IDLO�DW�UDQGRP�LQWHUYDOV��EXW�QRW�WRR�PDQ\�IDLOXUHV�RFFXU�
$V�\RX�FDQ�VHH��WKH�ELJJHVW�SDUW�RI�WKH�FXUYH�LQ�WHUPV�RI�WLPH�LV�WKLV�UDQGRP�IDLOXUH�SDUW��)LQDOO\��WKRXJK�
WLPH��FDWFKHV�XS��ZLWK�RXU�SURGXFW��DQG�IDLOXUH�UDWH�LQFUHDVHV�UDSLGO\�LQ�ZKDW
V�FDOOHG�WKH��ZHDURXW��SKDVH
RI�WKH�SURGXFW
V�OLIH�F\FOH�

7KLV�PD\�ZHOO�EH�ZKDW�DZDLWV�XV�LQ�WKH�QHDU�IXWXUH�ZLWK�RXU�EHORYHG�7,�����$��:H
YH�EHHQ�HQMR\LQJ�WKDW
IODW�SDUW�RI�WKH�FXUYH�IRU�PRUH�WKDQ�WHQ�\HDUV�QRZ��EXW�ZH�DUH�DERXW�WR�EH�VODSSHG�LQ�WKH�IDFH�E\�WKH�RWKHU
HQG�RI�WKH�EDWKWXE��7KDW
V�WKH�WKLQNLQJ�ZKLFK�KDV�LQVSLUHG�RXU�IULHQG�0LNH�:ULJKW�DQG�RWKHUV�WR�FUHDWH
D�IXOO�EORZQ�HPXODWLRQ�RI�WKH�7,�����$�RQ�PRGHUQ�3&�FRPSXWHUV��,Q�WKHRU\��DW�OHDVW��ZH�FDQ�WUDQVIHU�RXU
EHORYHG�FRPSXWHU� LQWR�D�SURGXFW�WKDW
V� LQ�WKH�HDUO\�SDUW�RI� WKH� UDQGRP�IDLOXUH�SKDVH��DQG�WKXV�FDQ
FRQWLQXH�WR�HQMR\�WKH�7,
V�XQLTXH�FDSDELOLWLHV�ZKLOH�WKH�PDFKLQHV�WKHPVHOYHV�DUH�G\LQJ�RXW�YHU\�UDSLGO\�

1.70.2. Other Applications

7KH�%DWKWXE�&XUYH�FDQ�DOVR�DSSO\�WR�RWKHU�WKLQJV��OLNH�IRU�H[DPSOH�WKH�OLIH�F\FOH�RI�D�SURJUDPPHU��:KHQ
ILUVW�ZH�VWDUW�SURJUDPPLQJ�D�FRPSXWHU��ZH�VXIIHU�IUHTXHQW�IDLOXUHV�RI�RQH�NLQG�RU�DQRWKHU�GXULQJ�WKH
OHDUQLQJ�SHULRG��$V�ZH�OHDUQ��RXU�IDLOXUHV��OHYHO�RII���VR�WKHUH�DUH�OLWWOH�PLVWDNHV�RU�EXJV�KHUH�DQG�WKHUH�
EXW�WKHVH�EHFRPH�LQIUHTXHQW�DQG�HDVLO\�FRUUHFWHG��6RRQHU�RU�ODWHU��KRZHYHU��ZH�UHDFK�WKH�ZHDURXW�SKDVH�
,Q�KXPDQV��WKLV�PD\�DIIHFW�HLWKHU�WKH�PLQG�RU�WKH�ERG\��)RU�PRVW�RI�XV��LQFOXGLQJ�\RXU�DXWKRU��LW�VHHPV
WKH�ERG\�VWDUWV�WR�IDOO�DSDUW�ILUVW��7KXV�WKH�ILQJHUV�GRQ
W�DOZD\V�KLW�WKH�ULJKW�NH\V��WKH�H\HV�JHW�PRUH
P\RSLF��DQG�WKH�HQHUJ\�UHTXLUHG�HYHQ�WR�W\SH�VLPSOH�SURJUDPV�JHWV�KDUGHU�WR�PXVWHU��7KXV�ZKLOH�WKH�PLQG
LV�VWLOO��SURGXFWLYH��RI�VRXQG�LGHDV��WKH�ERG\�ZRQ
W�DOORZ�WKHP�WR�EH�UHDOL]HG�DV�SURJUDPV��,Q�RWKHU�ZRUGV�
WKDW�VWHHS�EDFN�HQG�RI�WKH�EDWKWXE�LV�FDWFKLQJ�XS�ZLWK�XV�
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1.70.3. Colorful Filling

7RGD\
V�6LGHEDU�KDV�QRWKLQJ�WR�GR�ZLWK�EDWKWXEV��EXW�GHDOV�ZLWK�D�TXHVWLRQ�SRVHG�PDQ\�PRRQV�DJR�E\�DQ
DQRQ\PRXV�UHDGHU��:H�DQVZHUHG�D�OHWWHU�IURP�WKDW�UHDGHU�D�ORQJ�WLPH�DJR��EXW�WKH�IDFW�WKDW�KH�ZDV
FRQFHUQHG�HQRXJK�WR�ZULWH�XV�WULJJHUHG�RXU�SXWWLQJ�VRPH�VRXUFH�FRGH�LQ�WRGD\
V�FROXPQ��7KH�TXHVWLRQ�ZDV
ILUVW�SXW�WR�XV�WKURXJK�/DXUD�%XUQV�DV��KRZ�GR�\RX�ILOO�DQ�DUHD�ZLWK�FRORU"��7KDW�ZDV�ODWHU�H[SDQGHG�LQ
D�OHWWHU�IURP�WKH�UHDGHU�WR�\RXU�DXWKRU�DV��KRZ�GR�ZH�ILOO�D�ERXQGHG�DUHD�LQ�D�ELWPDS�VFUHHQ�ZLWK�VRPH
VHOHFWHG�FRORU"��7KRVH�ZKR
YH�XVHG�RXU�'UDZLQJ�SURJUDP�NQRZ�WKDW�WKLV�FDSDELOLW\�LV�LQFOXGHG�LQ�WKDW
SURJUDP��VR�WKH�VRXUFH�FRGH�IRU�WRGD\
V�6LGHEDU�ZDV�UHDGLO\�DYDLODEOH�IURP�WKDW�GLVN��7KH�FRGH�LQ�WRGD\
V
6LGHEDU�LV�MXVW�D�IUDJPHQW��VR�LW�FDQ
W�EH�DVVHPEOHG�RU�UXQ��DV�LV���:H�VHQW�DORQJ�D�FRS\�RI�WKH�'UDZLQJ
SURJUDP��FRPSOHWH�ZLWK�DOO�LWV�VRXUFH�FRGH��WR�RXU�UHDGHU��+HUH��WKRXJK��ZH
UH�JRLQJ�WR�OHDG�\RX�WKURXJK
WKH�ILOOLQJ�SURFHVV�LQ�VRPH�GHWDLO�

)RU�RSHQHUV��WKH�FRPSXWHU�PXVW�EH�RSHUDWLQJ�LQ�LWV�%LWPDS�0RGH��DQG�WKHUH�PXVW�EH�DQ�HQFORVHG�DUHD
GUDZQ�LQ�SL[HOV�RQ�WKH�VFUHHQ��7KH�DUHD�FDQ�EH�RI�QHDUO\�DQ\�VKDSH��EXW�OHW
V�IRU�SXUSRVHV�RI�GLVFXVVLRQ
DVVXPH�LW
V�D�VTXDUH��7KH�ILUVW�WKLQJ�ZH�KDYH�WR�GR�LQ�WKLV�IUDJPHQW�LV�WR�GHWHUPLQH�WKH�SRVLWLRQ�RI�RXU
GUDZLQJ�FXUVRU��7KH�FXUVRU�LQ�WKLV�FDVH�LV�D�VSULWH�LQ�WKH�VKDSH�RI�D�����VLJQ��7KH�VSULWH�DWWULEXWH�WDEOH�KDV
EHHQ�VHW�WR�!������VR�DV�QRW�WR�LQWHUIHUH�ZLWK�WKH�%LWPDS�VFUHHQ��7KXV�WR�JHW�WKH�SRVLWLRQ�FRRUGLQDWHV�IRU
VSULWH�����RXU�FXUVRU���ZH�VHW�5��WR�!������5HDGLQJ�WKH�E\WH�DW�!�����JLYHV�XV�WKH�\�SRVLWLRQ�RI�WKH
VSULWH
V�XSSHU�OHIW�FRUQHU�LQ�GRW�URZV��:H�RIIVHW�WKLV�QXPEHU�E\���VR�WKDW�ZH
YH�JRW�WKH�SRVLWLRQ�RI�WKH
FHQWHU�RI�WKH������:H�UHDG�WKH�QH[W�E\WH�IURP�9'3�5$0�WR�JHW�WKH�[�SRVLWLRQ��WKHQ�RIIVHW�WKDW�E\���WR�JHW
WR�WKH�FHQWHU�RI�WKH������7KXV�ZH�KDYH�LQ�5��WKH�GRW�URZ�SRVLWLRQ�RI�WKH�FHQWHU�RI�RXU�FXUVRU�DQG�LQ�5��WKH
GRW�FROXPQ�SRVLWLRQ�RI�WKH�FHQWHU�RI�RXU�FXUVRU�

7KH�ILUVW�WKLQJ�WKDW�WKH�URXWLQH�GRHV�DIWHU�JHWWLQJ�LWV�SRVLWLRQ�LQIRUPDWLRQ�LV�WR�VWDUW�ORRNLQJ�RQ�WKH
FXUUHQW�URZ�IRU�D��ILOOHG��SL[HO��7KDW�LV��LW
V�H[DPLQLQJ�WKH�SDWWHUQ�WDEOH�LQ�9'3�5$0��PRYLQJ�OHIW�XQWLO
LW�ILQGV�D�SL[HO�WKDW
V��RQ���,W�GRHV�WKDW�E\�XVLQJ�WKH�VXEURXWLQH�3/27&.��7KDW�VXEURXWLQH�ORRNV�DW�WKH
SL[HO�SRLQWHG�WR�E\�5��DQG�5���DQG�UHWXUQV�ZLWK�VWDWXV�(4�LI� WKH�SL[HO� LV�RQ��,I� WKH�SL[HO�DW�5���5�
FRRUGLQDWHV�LV�RII��VWDWXV�ZLOO�UHWXUQ�ZLWK�DQ�1(�LQGLFDWLRQ��7KXV�WKH�LQVWUXFWLRQ�MXVW�IROORZLQJ�6./)7
ZLOO�FDXVH�WKH�URXWLQH�WR�VWRS�PRYLQJ�OHIW�DV�VRRQ�DV�LW�ILQGV�D�WXUQHG�RQ�SL[HO��$W�WKDW�SRLQW��ODEHO�106/�
ZH�VDYH�WKH�GRW�FROXPQ�SRVLWLRQ�IURP�5��LQWR�5����WKHQ�PRYH�WKH�RULJLQDO�VWDUWLQJ�GRW�FROXPQ�SRVLWLRQ
EDFN�LQWR�5��DQG�VWDUW�PRYLQJ�WR�WKH�ULJKW��7KH�ORRS�VWDUWLQJ�DW�6.57�PRYHV�5��WR�WKH�ULJKW�XQWLO�D�ILOOHG
SL[HO�LV�IRXQG��WKHQ�H[LWV�LWV�ORRS�WR�ODEHO�1065��$W�WKDW�SRLQW��ZH�VDYH�WKH�ULJKW�VLGH�SRVLWLRQ�LQWR�5���
7KH�VHFWLRQ�RI�FRGH�MXVW�DIWHU�1065�VHWV�5��WR�WKH�FHQWHU�RI�WKH�FXUUHQW�URZ�RI�WKH�HQFORVHG�DUHD��WKHQ
PRYHV�XS�RQH�URZ��,I�WKDW�WDNHV�LW�EH\RQG�RXU�SLFWXUH�DUHD��ZH�KDYH�UHDFKHG�WKH�WRS�RI�RXU�HQFORVHG�ILJXUH�
,I�WKH�SL[HO�DW�WKH�FHQWHU�RI�WKH�QH[W�XSZDUG�URZ�LV�RQ��WKDW�DOVR�LQGLFDWHV�WKDW�ZH
YH�UHDFKHG�WKH�WRS�RI�WKH
HQFORVHG�DUHD��,Q�RXU�GUDZLQJ�SURJUDP��GRW�URZV�IURP���WKURXJK���DUH�XVHG�WR�GLVSOD\�LQIRUPDWLRQ��DQG
DUH�QRW�SDUW�RI�WKH�SLFWXUH�DUHD��KHQFH�WKH�FKHFNLQJ�RI�5��DJDLQVW����DQG�WKH�-/7�*2/)7���,I�WKH�SL[HO�ZH
FKHFNHG�LQ�WKH�QHZ�URZ�LV�QRW�WXUQHG�RQ��WKHQ�ZH�VWDUW�RYHU�VFDQQLQJ�WKLV�QHZ�URZ�DW�ODEHO�67/)7�
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$W�ODEHO�*2/)7���ZH�VWDUW�VFDQQLQJ�GRZQZDUG��PRYLQJ�OHIW�DQG�ULJKW��DQG�ILOOLQJ�WKH�SL[HOV�ZLWK�ZKDWHYHU
FRORU�LV�FXUUHQWO\�VHW�IRU�GUDZLQJ��7KLV�VHFWLRQ�RI�FRGH�ILUVW�ILQGV�WKH�OHIW�ERXQGDU\�RQ�HDFK�URZ��WKHQ�WXUQV
RQ�DQG�FRORUV�WKH�SL[HOV�PRYLQJ�ULJKW�XQWLO�LW�UHDFKHV�WKH�ULJKW�ERXQGDU\�RI�WKDW�URZ�RI�WKH�ILJXUH��,W�DOVR
FHQWHU�VHHNV�RQ�HDFK�URZ��WKXV�LQVXULQJ�WKDW�ZKHQ�ZH�PRYH�GRZQZDUG��ZH
UH�LQ�WKH�FHQWHU�RI�WKH�URZ�MXVW
DERYH��7KLV�SURFHVV�FRQWLQXHV�XQWLO�ZH
YH�UHDFKHG�HLWKHU�WKH�ERWWRP�RI�WKH�HQFORVHG�DUHD�RU�WKH�ERWWRP
RI�WKH�SLFWXUH�DUHD�DW�URZ������:KHQ�WKH�ZKROH�DUHD�LV�ILOOHG��ZH�MXPS�WR�WKH�FRGH�DW�),//;��UH�VHW
FRQGLWLRQV�IRU�WKH�FXUVRU��DQG�WKHQ�JR�EDFN�WR�VFDQQLQJ�WKH�NH\ERDUG�DQG�MR\VWLFN�IRU�XVHU�LQSXW�

$ORQJ�WKH�ZD\�GXULQJ�RXU�OHIW�ULJKW�VFDQQLQJ��ZH�DOVR�FKHFN�WR�VHH�ZKHQ�ZH
YH�UHDFKHG�WKH�OHIW�DQG�ULJKW
ERXQGDULHV�RI�WKH�SLFWXUH�DUHD��7KXV�D��FORVHG��DUHD�PD\�DFWXDOO\�EH�RSHQ�RQ�RQH�VLGH��ERXQGHG�E\�WKH�HGJH
RI�WKH�VFUHHQ��DQG�WKH�ILOO�SURFHVV�ZLOO�VWLOO�ZRUN�FRUUHFWO\��6LPLODUO\��WKH�FORVHG�DUHD�FDQ�EH�ERXQGHG�E\
WKH�WRS�RU�ERWWRP�RI�WKH�SLFWXUH�DUHD�

,Q�\RXU�RZQ�SURJUDPPLQJ��\RX�PLJKW�ZDQW�WR�XVH�WKH�ZKROH�VFUHHQ�IRU�\RXU�SLFWXUH�DUHD��LQVWHDG�RI
KDYLQJ�RXU�WRS�DQG�ERWWRP�OLPLWV��,Q�VXFK�D�FDVH�LQ�WKH�VHFWLRQ�IROORZLQJ�1065��DIWHU�'(&�5���\RX
G
VLPSO\�RPLW�WKH�&,�5����OLQH��VR�\RXU��VHHN�WRS��ZRXOG�FRQWLQXH�WKURXJK�GRW�URZ����,Q�WKH�VHFWLRQ�RI�FRGH
DIWHU�1057��IROORZLQJ�WKH�,1&�5���\RX
G�ZDQW�WR�&,�5������LQVWHDG�RI�WKH�&,�5������WKDW
V�WKHUH��7KLV
ZRXOG�DOORZ�\RXU�ILOOLQJ�WR�JR�DOO�WKH�ZD\�WR�WKH�ERWWRP�URZ�RI�WKH�VFUHHQ�

1.70.4. Nobody's Perfect

7KLV�PHWKRG�ZRUNV�YHU\�QLFHO\�IRU�PRVW�VKDSHV��EXW�RQ�RFFDVLRQ�JHWV�IRROHG��&LUFOHV��UHFWDQJOHV��DQG
VTXDUHV�JHW�ILOOHG�SHUIHFWO\��7ULDQJOHV�FDQ�EH�WULFN\��DQG�VRPHWLPHV�WKH\�ZLOO�ZLQG�XS�ZLWK�D�QDUURZ�FRUQHU
XQILOOHG��,Q�WKH�'UDZLQJ�SURJUDP��ZH
YH�SURYLGHG�D�ZD\�WR�ILOO�WKRVH�WLQ\�JDSV�E\�MXVW�SXWWLQJ�WKH�SURJUDP
LQWR��3(1�'2:1��FRQGLWLRQ�DQG�PRYLQJ�WKH�FXUVRU�WKURXJK�WKH�XQILOOHG�DUHD�

1.70.5. Some Cautions

7KLV�PHWKRG�ZRQ
W�ZRUN�LI�\RX�WU\�ILOOLQJ�KRUL]RQWDOO\�DGMDFHQW�DUHDV�ZLWK�GLIIHUHQW�FRORUV��7KDW
V�QRW
EHFDXVH�RI�WKH�SURJUDP�SHU�VH��EXW�EHFDXVH�RI�WKH�ZD\�WKH�FRORU�E\WHV�WKHPVHOYHV�DUH�RUJDQL]HG�LQ�WKH�9'3
PHPRU\��2QH�E\WH�RI�FRORU�DIIHFWV�DQ�DUHD�RI�HLJKW�SL[HOV�LQ�WKH�KRUL]RQWDO�GLUHFWLRQ��7KXV�ZKHQ�\RX�ILOO
DQRWKHU�DUHD�WKDW
V�ZLWKLQ�WKH�HLJKW�SL[HO��]RQH��RI�DQ�DOUHDG\�ILOOHG�DUHD��WKH�QHZ�FRORU�ZLOO�EOHHG�LQWR�WKH
DOUHDG\� ILOOHG� DUHD�� 3UHVXPDEO\�� \RX� FRXOG� FRUUHFW� IRU� WKLV� E\� XVLQJ� D� EDFNJURXQG� FRORULQJ� LQ� WKH
RYHUODSSHG�DUHD��EXW�WKDW
V�EH\RQG�WKH�VFRSH�RI�RXU�FXUUHQW�GLVFXVVLRQ�



7(;$6�,167580(176
+20(�&20387(5

1.70.6. The Subroutines

<RX
OO�QRWLFH�WKDW�ZH
YH�VKRZQ�WKH�HQWLUH�3/27�VXEURXWLQH��EXW�WKDW�WKH�PDLQ�URXWLQH�GRHVQ
W�XVH�DOO�RI
WKDW�VXEURXWLQH��,QVWHDG��LW�XVHV�RQO\�WKH�SDUW�VWDUWLQJ�DW�ODEHO�3/27)��7KDW
V�GRQH�EHFDXVH�WKH�QHFHVVDU\
ZRUN�RI�WKDW�ILUVW�SDUW�RI�3/27�KDV�DOUHDG\�EHHQ�SHUIRUPHG�E\�WKH�3/27&.�URXWLQH��VR�ZH�VDYH�VRPH
WLPH�E\�MXPSLQJ�LQ�DW�3/27)�WR�DFWXDOO\�SXW�D�SL[HO�RQ�WKH�VFUHHQ�DQG�FRORU�LW��7KHVH�VXEURXWLQHV�DUH�QRW
HQWLUHO\�RI�RXU�RZQ�GHVLJQ��EXW�ZHUH�GHULYHG�IURP�PDWHULDO�JLYHQ�XV�E\�-RKQ�&��-RKQVRQ�RI�&HGDU�5DSLGV�
,RZD��:H
UH� QRW� FRPSOHWHO\� VXUH� WKDW� WKH� DQQRWDWLRQV� LQ� WKHVH� DUH� FRUUHFW�� EXW� ZH� NQRZ� WKDW� WKH
VXEURXWLQHV�ZRUN�DV�LQWHQGHG��DQG�WKDW
V�DOO�WKDW�PDWWHUV��:H�KRSH�WKLV�VWXII�ZLOO�EH�KHOSIXO�WR�DQ\�RI�RXU
UHDGHUV�ZKR�DUH�VWUXJJOLQJ�ZLWK�%LWPDS�0RGH�

1H[W�PRQWK��ZH
UH�WDNLQJ�WKH�SOXQJH�LQWR�WKH�GHHS�GDUN�ZDWHU�RI�IORDWLQJ�SRLQW�PDWK��:H�KRSH�\RX
OO�EH
WKHUH�WR�IORDW�DORQJ�ZLWK�XV�

* SIDEBAR 70
* A FRAGMENT FOR FILLING A CLOSED AREA
* WITH COLOR IN BITMAP MODE
* Code by Bruce Harrison
* PUBLIC DOMAIN
* 9 MAR 1995
*
FILL   LI   R0,>3800     POINT AT SPRITE 0
       BLWP @VSBR        READ Y-POSITION
       MOVB R1,R8        PLACE IN R8
       MOV  R8,@OLDROW   STASH IN MEMORY
       SRL  R8,8         RIGHT JUSTIFY
       AI   R8,5         ADD 5 DOT ROWS
       INC  R0           NEXT VDP ADDRESS
       BLWP @VSBR        READ X-POSITION
       MOVB R1,R7        MOVE TO R7
       MOV  R7,@OLDCOL   STASH IN MEMORY
       SRL  R7,8         RIGHT JUSTIFY
       AI   R7,3         ADD 3 DOT COLUMNS
STLFT  MOV  R7,@ENDOC    STASH R7
SKLFT  BL   @PLOTCK      CHECK PIXEL AT R8,R7 POSITION
       JEQ  NMSL         IF SET, JUMP
       DEC  R7           ELSE MOVE LEFT ONE DOT COLUMN
       JLT  NMSL         IF PAST LEFT EDGE, JUMP
       JMP  SKLFT        ELSE REPEAT MOVING LEFT
NMSL   MOV  R7,R13       STASH AWAY COL
       MOV  @ENDOC,R7    PUT ORIGINAL COLUMN BACK
SKRT   BL   @PLOTCK      CHECK PIXEL
       JEQ  NMSR         IF SET, JUMP
       INC  R7           MOVE RIGHT ONE COLUMN
       CI   R7,255       CHECK FOR RIGHT EDGE
       JGT  NMSR         IF GREATER, JUMP
       JMP  SKRT         ELSE CONTINUE MOVING RIGHT
NMSR   MOV  R7,R14       STASH AWAY R7
       S    R13,R14      GET DIFFERENCE IN COLUMNS
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       CI   R14,2        CHECK FOR 2
       JLT  GOLFT0       IF LESS, JUMP
       SRL  R14,1        TAKE HALF OF RIGHT COL
       A    R14,R13      ADD TO LEFT COL
       MOV  R13,R7       PUT CENTER POSITION IN R7
       DEC  R8           MOVE UP ONE ROW
       CI   R8,8         COMPARE TO TOP OF PICTURE AREA
       JLT  GOLFT0       IF LESS, JUMP
       BL   @PLOTCK      CHECK PIXEL
       JNE  STLFT        IF NOT SET, JUMP
*
* WHEN WE REACH HERE, WE'VE FOUND THE TOP CENTER OF THE AREA
*
GOLFT0 INC  R8           DOWN ONE ROW
       MOV  @ENDOC,R7    GET OLD COLUMN
GOLFT  BL   @PLOTCK      CHECK PIXEL
       JEQ  GORT0        IF SET, JUMP
       DEC  R7           ELSE LEFT ONE COLUMN
       JLT  GORT0        IF <0, JUMP
       JMP  GOLFT        ELSE KEEP MOVING LEFT
GORT0  MOV  R7,R13       SAVE R7
GORT   INC  R7           RIGHT ONE COLUMN
       CI   R7,255       CHECK FOR EDGE
       JGT  NMRT         IF GREATER, JUMP
       BL   @PLOTCK      CHECK PIXEL
       JEQ  NMRT         IF SET, JUMP
       MOVB @LINCLR,R9   PUT LINE COLOR BYTE IN R9
       BL   @PLOTF       PLOT AND COLOR ONE PIXEL
       JMP  GORT         THEN REPEAT
NMRT   MOV  R7,R14       STASH R7
       S    R13,R14      TAKE DIFFERENCE
       CI   R14,2        CHECK FOR 2
       JLT  FILLX        IF LESS, EXIT
       SRL  R14,1        HALVE R14
       A    R14,R13      ADD TO R13
       MOV  R13,R7       CENTER COLUMN
       INC  R8           NEXT ROW
       CI   R8,175       CHECK BOTTOM OF PICTURE AREA
       JGT  FILLX        IF GREATER, JUMP
       BL   @PLOTCK      ELSE CHECK PIXEL
       JNE  GOLFT        IF NOT SET, REPEAT FOR THIS ROW
FILLX  CLR  R4           CLEAR REG 4
       CLR  R10          CLEAR REG 10
       MOV  @OLDCOL,R7   OLD COLUMN BACK
       MOV  @OLDROW,R8   OLD ROW BACK
       BL   @NODRW       RESET THE SPRITE
       B    @KJSCAN      BACK TO SCANNING MODE
*
* SUBROUTINES
*



7(;$6�,167580(176
+20(�&20387(5

*
* FOLLOWING WRITES ONE PIXEL TO SCREEN AT LOCATION POINTED BY
* R8 (DOT ROW) AND R7 (DOT COLUMN)
*
PLOT   MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       NOP               WASTE TIME
       MOVB @>8800,R1    READ THE BYTE
PLOTF  SOCB @M(R3),R1    OVERLAY MASK FROM TABLE M
PLOTF0 ORI  R0,>4000     SET THE 4000 BIT IN R0
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE LOW BYTE OF ADDRESS
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH BYTE OF ADDRESS
       NOP               WASTE TIME
       MOVB R1,@>8C00    WRITE MODIFIED BYTE BACK TO VDP
       MOV  R9,R9        IS COLOR TO BE SET?
       JEQ  PLOTX        IF NOT, JUMP AHEAD
       ANDI R0,>3FFF     STRIP OFF "4" FROM R0
       AI   R0,>2000     ADD >2000 TO POINT AT COLOR TABLE ENTRY
       BLWP @VSBR        READ THAT BYTE INTO R1
       MOVB R1,R2        MOVE THE BYTE TO R2
       ANDI R2,>F000     STRIP ALL BUT LEFT NYBBLE
       CB   R2,R9        COMPARE TO LEFT BYTE R9
       JEQ  PLOTX        IF EQUAL, COLOR ALREADY SET
       ANDI R1,>0F00     ELSE STRIP OFF LEFT NYBBLE R1
       AB   R9,R1        REPLACE WITH LEFT NYBBLE R9
       BLWP @VSBW        THEN WRITE COLOR BYTE BACK
PLOTX  RT                RETURN
PLOTCK MOV  R7,R3        MOVE DOT COLUMN TO R3
       MOV  R8,R4        AND DOT ROW TO R4
       MOV  R4,R5        DOT ROW ALSO IN R5
       ANDI R5,7         R5 HAS DOT ROW MODULO 8
       SZC  R5,R4        SO DOES R4
       SLA  R4,5         MULTIPLY R4 BY 32
       A    R5,R4        ADD R5, SO R4 HAS DR MOD. 8 * 32 + DR MOD 8
       MOV  R3,R0        MOVE DOT COL TO R0
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       ANDI R0,>FFF8     R0 HAS DC - DC MOD 8
       S    R0,R3        R3 HAS DC MOD 8
       A    R4,R0        ADD R4
       SWPB R0           SWAP BYTES
       MOVB R0,@>8C02    WRITE LOW ADDRESS BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    WRITE HIGH ADDRESS BYTE
       CLR  R1           CLEAR REGISTER 1
       CLR  R2           CLEAR REGISTER 2
       MOVB @>8800,R1    READ THE BYTE
       MOVB @M(R3),R2    GET MASK BIT INTO R2
       COC  R2,R1        SEE IF R1 HAS A ONE AT MASK BIT
       RT
*
* DATA SECTION
*
M      DATA >8040,>2010,>0804,>0201  MASK DATA
LINCLR BYTE >10          LINE DRAWING COLOR
OLDROW DATA 0            OLD DOT-ROW
OLDCOL DATA 0            OLD DOT-COLUMN
ENDOC  DATA 0            STORAGE WORD
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1.71. The Art Of Assembly — Part 71. Floating Points

%\�%UXFH�+DUULVRQ

/DVW�PRQWK�ZH�OHG�RII�ZLWK�D�EDWKWXE��DQG�WKLV�PRQWK�ZH
UH�IORDWLQJ��EXW�QRW�RQ�WKH�ZDWHU�LQ�D�EDWKWXE�
%DFN�LQ�2FWREHU�RI�������ZH�UHFHLYHG�D�OHWWHU�IURP�0U��*UHJ�.QLJKWHV��RI�&RUDO�6SULQJV��)ORULGD��+H�KDG
QRWLFHG�WKDW�WKH�VXEMHFW�RI�)ORDWLQJ�3RLQW�PDWK�RSHUDWLRQV�KDG�EHHQ�VRUHO\�ODFNLQJ�LQ�RXU�FROXPQV��$
TXLFN�FKHFN�VKRZHG�WKDW�KH�ZDV�ULJKW��:KLOH�ZH
G�PHQWLRQHG�WKH�VXEMHFW�QRZ�DQG�WKHQ��WKHUH�ZDV�QR�IXOO
GLVFXVVLRQ�DERXW�XVLQJ�WKH�IORDWLQJ�SRLQW�RSHUDWLRQV�LQ�DQ\�RI�RXU�FROXPQV��$V�LV�RXU�XVXDO�SUDFWLFH��ZH
DQVZHUHG�0U��.QLJKWHV
�OHWWHU�LQ�D�FRXSOH�RI�GD\V��DQG�LQFOXGHG�D�GLVN�IRU�KLP�ZLWK�DQQRWDWHG�VRXUFH�FRGH
WR�LOOXVWUDWH�WKH�XVH�RI�IORDWLQJ�SRLQW�PDWK��7KDW��GHPR��SURJUDP�IRUPV�WKH�KHDUW�RI�WRGD\
V�6LGHEDU�

1.71.1. Getting the Numb ers In

7KH�ILUVW�WKLQJ�WKDW�ZH�KDG�WR�DGGUHVV�LV�KRZ�WR�LQSXW�IORDWLQJ�SRLQW�QXPEHUV�WKURXJK�$VVHPEO\�URXWLQHV�
7KHUH�DUH�SUREDEO\�PDQ\�ZD\V�WR�GR�WKLV��EXW�WKH�HDVLHVW�ZD\�LV�WR�XVH�D�IDLUO\�VLPSOH�PHWKRG�WKDW
V
SURYLGHG�E\�DQ�LQWHUQDO�520�URXWLQH�DYDLODEOH�WR�XV�WKURXJK�;0//1.��7KDW�URXWLQH��ZKLFK�ZH�FDOO�&61�
IRU�&RQYHUW�6WULQJ�WR�1XPEHU��LV�YHU\�SRZHUIXO��7R�XVH�WKH�URXWLQH��ZH�ILUVW�HPSOR\�DQ\�RI�RXU��VWULQJ
LQSXW��URXWLQHV��VXFK�DV�WKH�&56,1�URXWLQH�WKDW�ZH�GHYHORSHG�ORQJ�DJR��RU�WKH�$&&(37�URXWLQH�WKDW�ZH
VKRZHG�LQ�3DUW����RI�WKLV�VHULHV��7KLV�VLPSO\�DOORZV�WKH�XVHU�WR�W\SH�RQ�WKH�VFUHHQ�LQ�D�PDQQHU�DNLQ�WR�DQ
$&&(37�$7�RSHUDWLRQ�LQ�([WHQGHG�%DVLF��2XU�$&&(37�URXWLQH�LQFOXGHV�LQVHUW�DQG�GHOHWH�FKDUDFWHU
FDSDELOLWLHV��ILHOG�FOHDULQJ�ZLWK�FCTN 3��DQG�VR�RQ��7KH�NH\�WR�XVLQJ�LW�IRU�IORDWLQJ�SRLQW�QXPEHUV�LV�WKDW
ZKHQ�LW�H[LWV��5HJLVWHU���RI�RXU�ZRUNVSDFH�SRLQWV�WR�WKH�9'3�DGGUHVV�RI�WKH�ILUVW�FKDUDFWHU�HQWHUHG�E\�WKH
XVHU��,I�ZKDW
V�W\SHG�WKHUH�LV�D�QXPEHU��ZH�FDQ�WDNH�WKDW�QXPEHU�E\�VLPSO\�SXWWLQJ�WKH�DGGUHVV�IURP�5�
LQWR�WKH�5$0�3DG�DW�!������WKHQ�LQYRNLQJ�WKH�&61�URXWLQH�WKURXJK�;0//1.��7KH�&61�URXWLQH�UHDGV
WKH�QXPEHU�IURP�WKH�VFUHHQ�LPDJH�LQ�9'3�5$0��DQG�FUHDWHV�IURP�WKDW�D�IORDWLQJ�SRLQW�QXPEHU�LQ�WKH
HLJKW�E\WH�DUHD�VWDUWLQJ�DW�!���$��7KDW�DUHD�RI�5$0�3DG�LV�FDOOHG�WKH�)ORDWLQJ�3RLQW�$FFXPXODWRU��RU
)$&��IRU�VKRUW�

1.71.2. The Rules Of Input

7KH�QXPEHU�PXVW�VWDUW�DW�WKH�EHJLQQLQJ�RI�WKH�LQSXW�ILHOG�ZLWK�HLWKHU�D�QXPHULF�FKDUDFWHU��������D�PLQXV
VLJQ��D�GHFLPDO�SRLQW��RU�D�SOXV�VLJQ��,I�QRQH�RI�WKRVH�LV�IRXQG�DW�WKH�EHJLQQLQJ�RI�WKH�ILHOG��WKH�UHVXOW
UHSRUWHG�WR�)$&�ZLOO�EH�]HUR��7R�SXW�WKDW�DQRWKHU�ZD\��WKH�QXPHULF�HQWU\�PXVW�EH�OHIW�MXVWLILHG�LQ�WKH
HQWU\�ILHOG��,I�WKH�ILHOG�LV�EODQN�RU�KDV�OHDGLQJ�VSDFHV��WKH�UHVXOW�ZLOO�EH�]HUR�DW�)$&��2SHUDWRUV�SOXV�RU
PLQXV�ZLOO�EH�DFFHSWHG�DV�WKH�ILUVW�FKDUDFWHU��EXW�QRW�ODWHU�LQ�WKH�HQWU\�ILHOG��H[FHSW�DV�SDUW�RI�DQ�H[SRQHQW�
7KH�PXOWLSO\��UDLVH�WR��DQG�GLYLGH�RSHUDWRUV�ZLOO�QRW�EH�DFFHSWHG�DQ\ZKHUH�LQ�WKH�HQWU\��,Q�RWKHU�ZRUGV�
WKH�HQWU\�PXVW�EH�SXUHO\�QXPEHUV��7KH�RQH�H[FHSWLRQ�WR�WKLV�UXOH�LV�WKH�(�IRU�H[SRQHQW�RSHUDWLRQ��DV�LQ
VFLHQWLILF�QXPEHU�QRWDWLRQ��,I�IRU�H[DPSOH�WKH�ILHOG�FRQWDLQV��(���WKH�(��ZLOO�EH�FRUUHFWO\�LQWHUSUHWHG�DV
PHDQLQJ�WKDW�WKH�WZR�JHWV�PXOWLSOLHG�E\����UDLVHG�WR�WKH��UG�SRZHU��VR�WKH�QXPEHU�UHSRUWHG�WR�)$&�ZLOO
EH������LQ�IORDWLQJ�SRLQW�QRWDWLRQ��7KH�(�PXVW�EH�XSSHU�FDVH��DQG�PD\�EH�IROORZHG�E\�D���RU���WR�LQGLFDWH
WKH�VLJQ�RI�WKH�H[SRQHQW��,Q�WKH�YHUVLRQ�RI�$&&(37�VKRZQ�LQ�WRGD\
V�6LGHEDU��ZH
YH�LQFOXGHG�FRGH�WKDW
ZLOO�PDNH�DQ\�DOSKD�FKDUDFWHU�LQWR�XSSHU�FDVH��VR�\RXU�(�IRU�H[SRQHQW�PD\�EH�W\SHG�DV�ORZHU�FDVH��EXW�ZLOO
DSSHDU�LQ�XSSHU�FDVH�RQ�WKH�VFUHHQ�
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1.71.3. Differences From XB INPUT

,I�ZH�XVH�WKH�%DVLF�RU�([WHQGHG�%DVLF�,1387�URXWLQH�IRU�D�QXPHULF�YDOXH��DV�LQ�,1387�1��WKH�RSHUDWLRQ
LV�GLIIHUHQW�IURP�ZKDW�KDSSHQV�LQ�RXU�$VVHPEO\�FDVH��7R�VWDUW�ZLWK��RXU�QXPEHU�PD\�EH�SUHFHGHG�E\
OHDGLQJ�VSDFHV�LQ�%DVLF�RU�;%��EXW�WKH�QXPEHU�ZLOO�VWLOO�EH�UHFRJQL]HG�DQG�UHSRUWHG�FRUUHFWO\�WR�WKH
QXPHULF�YDULDEOH�LQ�IORDWLQJ�SRLQW�QRWDWLRQ��,I�WKH�LQSXW�ILHOG�LQ�%DVLF�RU�;%�LV�OHIW�EODQN��D�:$51,1*
ZLOO�EH�LVVXHG��DQG�WKH�YDOXH�RI�WKH�YDULDEOH�ZLOO�QRW�EH�DIIHFWHG��,Q�RXU�$VVHPEO\�FDVH��D�EODQN�ILHOG�ZLOO
VLPSO\�EH�DFFHSWHG�DV�]HUR��2I�FRXUVH�\RX�FRXOG�SXW�LQ�VRPH�$VVHPEO\�FRGH�WR��VWULS�RII��DQ\�OHDGLQJ�VSDFHV
LQ�\RXU�LQSXW�ILHOG�EHIRUH�XVLQJ�WKH�&61�URXWLQH��DQG�WKXV�PDNH�\RXU�LQSXW�EHKDYH�OLNH�WKH�%DVLF�,1387
LQ�WKDW�UHVSHFW��7KH�IORDWLQJ�SRLQW�QXPEHU�JHQHUDWHG�E\�&61�ZLOO�EH�FRUUHFW�WR����VLJQLILFDQW�GLJLWV��ZLWK
WKH�ODVW�GLJLW�URXQGHG�LI�QHHG�EH��7KH�QXPEHU�LV�SODFHG�DW�)$&�DV�HLJKW�E\WHV�LQ�UDGL[�����QRWDWLRQ��7KH
ILUVW�RI�WKRVH�HLJKW�E\WHV�LV�WKH�SRZHU�RI�����E\�ZKLFK�WKH�UHPDLQLQJ�VHYHQ�E\WHV�DUH�PXOWLSOLHG��(DFK�RI
WKH�UHPDLQLQJ�VHYHQ�E\WHV�LV�HTXDO�WR�WZR�VLJQLILFDQW�GLJLWV��UDQJLQJ�IURP���WKURXJK�����GHFLPDO��LQ�YDOXH�
7KH�SRZHU�RI�����LQ�WKH�ILUVW�E\WH�LV�RIIVHW�E\�!����VR�WKDW�ERWK�SRVLWLYH�DQG�QHJDWLYH�SRZHUV�RI�����FDQ
EH�KDQGOHG��,Q�RWKHU�ZRUGV��WKH�ILUVW�E\WH�EHLQJ�!���PHDQV�WKH�QXPEHU�LV�PXOWLSOLHG�E\�����WR�WKH��WK
SRZHU��!���PHDQV�WKH�QXPEHU�LV�PXOWLSOLHG�E\�����WR�WKH��VW�SRZHU��!�)�PHDQV�WKH�QXPEHU�LV�PXOWLSOLHG
E\�����WR�WKH����SRZHU��HWF��7KLV�ZD\��WKH�SRZHUV�RI�����FDQ�UDQJH�IURP��!���WKURXJK�!�)��7KH�PRVW
VLJQLILFDQW�ELW��!����LQ�WKLV�ILUVW�E\WH�LV�XVHG�IRU�WKH�VLJQ�RI�WKH�QXPEHU��VR�LI�WKH�06%�LV�VHW��WKH�QXPEHU
LWVHOI�LV�QHJDWLYH�

7KLV�ZD\�RI�GRLQJ�IORDWLQJ�SRLQW�QXPEHUV�LV�UDGLFDOO\�GLIIHUHQW�IURP�WKH�ZD\�IORDWLQJ�SRLQW�QXPEHUV�DUH
KDQGOHG�E\�PRVW�RWKHU�FRPSXWHUV��2Q�3&�FRPSXWHUV��IRU�H[DPSOH��WKH�IORDWLQJ�SRLQW�QXPEHUV�DUH�KDQGOHG
LQ�RQO\�IRXU�E\WHV�LQ�ELQDU\�QRWDWLRQ��7KH�PHWKRG�XVHG�LQ�WKH�7,�\LHOGV�PXFK�PRUH�DFFXUDWH�QXPEHUV�WKDQ
WKH�3&�PHWKRG��2I�FRXUVH�LW�WDNHV�WZLFH�DV�PDQ\�E\WHV�WR�VWRUH�D�QXPEHU��EXW�KDYLQJ����GLJLW�DFFXUDF\
FDQ�FRPH�LQ�KDQG\��<RXU�7,�GRHV�PRUH�DFFXUDWH�PDWK�WKDQ�WKH�3&�

1.71.4. Today's Sidebar

,W
V�YHU\�ORQJ��EXW�LV�D�FRPSOHWH�SURJUDP�WKDW�GHPRQVWUDWHV�WKH�XVH�RI�IORDWLQJ�SRLQW�QXPEHUV�RQ�\RXU�7,�
7KH�SURJUDP�DFFHSWV�WZR�QXPEHUV�IURP�WKH�XVHU��VWDVKHV�WKHP�DZD\�LQ�PHPRU\��WKHQ�SHUIRUPV�YDULRXV
PDWK�RSHUDWLRQV�RQ�WKHP��%HIRUH�HDFK�RSHUDWLRQ��LW�FRSLHV�WKH�QXPEHUV�EDFN�LQWR�WKH�5$0�3DG�PHPRU\
DW�ORFDWLRQV�FDOOHG�)$&�DQG�$5*��)$&�LV�WKH�HLJKW�E\WHV�VWDUWLQJ�DW�!���$��DQG�$5*�LV�WKH�HLJKW�E\WHV
VWDUWLQJ�DW�!���&��$IWHU�WKH�QXPEHUV�DUH�LQ�WKHVH�WZR�SODFHV��ZH�FDQ�SHUIRUP�D�ZLGH�YDULHW\�RI�RSHUDWLRQV
RQ�WKHP��)RU�H[DPSOH��ZH�FDQ�XVH�;0//1.�WR�DGG��VXEWUDFW��PXOWLSO\��GLYLGH��RU�FRPSDUH�WKH�QXPEHUV�
)RU�WKH�IRXU�PDLQ�RSHUDWLRQV��WKH�UHVXOW�RI�WKH�RSHUDWLRQ�LV�D�QXPEHU�DW�)$&��DQG�WKH�QXPEHU�DW�$5*�LV
PHDQLQJOHVV�DIWHU�WKH�RSHUDWLRQ��)RU�WKH�FRPSDUH�RSHUDWLRQ��ERWK�)$&�DQG�$5*�QXPEHUV�UHPDLQ�LQWDFW
DIWHU�WKH�FRPSDUH��DQG�WKH�UHVXOW�LV�LQGLFDWHG�E\�WKH�VWDWH�RI�WKH�*3/�6WDWXV�E\WH�DW�!���&��3OHDVH�QRWH
WKDW�WKH�FRPSXWHU
V�VWDWXV�UHJLVWHU�LV�QRW�VHW�E\�WKLV�FRPSDUH��VR�ZH�KDYH�WR�H[DPLQH�WKH�E\WH�DW�!���&
WR�ILJXUH�RXW�WKH�UHVXOW�RI�WKH�FRPSDULVRQ��,I��IRU�H[DPSOH��WKH�QXPEHUV�DUH�HTXDO��WKH�E\WH�DW�!���&�ZLOO
HTXDO�!����,I�WKH\
UH�QRW�HTXDO��WKHQ�ZH�KDYH�WR�LVRODWH�WKH�ELWV�RI�WKDW�E\WH�WR�GHWHUPLQH�ZKHWKHU�WKH
QXPEHU�DW�$5*�LV�JUHDWHU�WKDQ�RU�OHVV�WKDQ�WKH�QXPEHU�DW�)$&��,Q�RXU�H[DPSOH��ZH
YH�SXW�WKH�VWDWXV�E\WH
LQWR�5���WKHQ�PDVNHG�5��ZLWK�!������ZKLFK�OHDYHV�MXVW�WKH��JUHDWHU�WKDQ��ELW�LQ�5���,I�WKH��JUHDWHU�WKDQ�
ELW�ZDV�]HUR��WKHQ�WKH�QXPEHU�DW�$5*�ZDV�OHVV�WKDQ�WKH�QXPEHU�DW�)$&�
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1.71.5. Nasty Little Details

,I�\RX�H[DPLQH�WKH�6LGHEDU�FORVHO\��\RX
OO�VHH�VRPH�RGG�OLWWOH�WKLQJV�GRQH��ZKLFK�ZH
G�EHWWHU�H[SODLQ�QRZ�
$PRQJ�WKH�(48DWHV��\RX
OO�VHH�RQH�FDOOHG�967$&.��VHW�WR�!������7KDW
V�XVHG�LQ�WKH�FRGH�VRRQ�DIWHU�ODEHO
67$57�WR�SXW�WKH�QXPEHU�!�����LQWR�WKH�ZRUG�DW�!���(��,I�ZH�ZHUH�GRLQJ�RQO\�WKH�PDWK�RSHUDWLRQV�WKDW
XVH�;0//1.��ZH�ZRXOG�QRW�KDYH�WR�VHW�D�YDOXH�LQ�!���(��:H�VHW�WKLV�QXPEHU�EHFDXVH�ODWHU�LQ�RXU
SURJUDP��ZH�SHUIRUP�D�6,1�IXQFWLRQ�XVLQJ�*3//1.��7KDW�IXQFWLRQ��DQG�SUHVXPDEO\�RWKHUV�WKDW�DUH�XVHG
WKURXJK�*3//1.��XVHV�D��YDOXH�VWDFN��LQ�9'3�5$0�WR�GR�LWV�FDOFXODWLRQV��,I�ZH�GRQ
W�LQLWLDOL]H�WKH�9DOXH
6WDFN�3RLQWHU�DW�!���(��WKH�6,1�RSHUDWLRQ�ZLOO�PHVV�XS�SDUW�RI�RXU�GLVSOD\�VFUHHQ�E\�ZULWLQJ�VWXII�LQWR
WKH�VFUHHQ�LPDJH�SRUWLRQ�RI�9'3�5$0�

1.71.6. Operat ion Of The Program

7KH�6LGHEDU�LV�D�FRPSOHWH�SURJUDP�ZKLFK�LOOXVWUDWHV�PDQ\�WKLQJV��)LUVW��LW�SURPSWV�IRU�DQG�DFFHSWV�WZR
IORDWLQJ�SRLQW�QXPEHUV��7KHVH�JHW�SODFHG�LQWR�PHPRU\�DV�HLJKW�E\WHV�HDFK�DW�ODEHOV�180��DQG�180��
:H
YH�PDGH�D�OLWWOH�VXEURXWLQH�FDOOHG�029180�WR�PDNH�LW�HDVLHU�WR�PRYH�HLJKW�E\WH�QXPEHUV�IURP�RQH
SODFH�WR�DQRWKHU��)RU�H[DPSOH��ZKHQ�ZH�ZLVK�WR�PRYH�180��LQWR�WKH�HLJKW�E\WHV�DW�$5*��ZH�VLPSO\�/,
5��180���/,�5���$5*��WKHQ�%/�#029180�

<RX
OO�QRWLFH�WKDW�ZH�GR�WKLV�HDFK�WLPH�EHIRUH�DQ�RSHUDWLRQ��DQG�WKDW�H[FHSW�IRU�WKH�ILUVW�FDVH��ZH�KDYH�WR
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* SIDEBAR 71
* A COMPLETE PROGRAM
*
* DEMO OF FLOATING POINT OPERATIONS
* PUBLIC DOMAIN
* 10/31/95
* BY Bruce Harrison
*
       REF  VSBW,VSBR,VMBW,VMBR,KSCAN,XMLLNK  REF UTILS
       DEF  START        DEFINE ENTRY
*
* REQUIRED EQUATES
*
STATUS EQU  >837C        GPL STATUS BYTE
KEYADR EQU  >8374        KEY-UNIT
KEYVAL EQU  >8375        KEY VALUE
FAC    EQU  >834A        F.P. ACCUMULATOR (8 BYTES)
FAC11  EQU  >8355        F.P. ACCUM +11
FAC12  EQU  >8356        F.P. ACCUM +12
ARG    EQU  >835C        F.P. ARGUMENT (8 BYTES)
CNS    EQU  >0014        CONVERT F.P. TO STRING W/GPLLNK
CSN    EQU  >1000        CONV. STRING (IN VDP) TO F.P. W/XMLLNK
FADD   EQU  >0600        ADD F.P.NUMBERS W/XMLLNK
FSUB   EQU  >0700        SUBTRACT FAC FROM ARG F.P. W/XMLLNK
FMUL   EQU  >0800        MULTIPLY F.P. NUMBERS W/XMLLNK
FDIV   EQU  >0900        DIVIDE ARG BY FAC F.P. W/XMLLNK
FCOM   EQU  >0A00        COMPARE ARG TO FAC F.P. W/XMLLNK
SINE   EQU  >002E        SINE OF FAC F.P. W/GPLLNK
VSTACK EQU  >1000        OUR VDP STACK
GPLWS  EQU  >83E0        GPL WORKSPACE
GR4    EQU  GPLWS+8      GPL REG 4
GR6    EQU  GPLWS+12     GPL REG 6
STKPNT EQU  >8373        STACK POINTER
LDGADD EQU  >60          LOAD GPL ADDRESS
XTAB27 EQU  >200E        XTABLE 27
GETSTK EQU  >166C        GET STACK
*
* MAIN CODE SECTION
*
START  LWPI WS           LOAD OUR WORKSPACE
       CLR  @KEYADR      CLEAR KEY-UNIT
       LI   R0,VSTACK    VALUE STACK ADDRESS
       MOV  R0,@>836E    SET VALUE STACK POINTER
RESTR  LI   R0,3         ROW 1, COL 4
       LI   R1,N1STR     'ENTER FIRST NUMBER'
       BL   @DISSTR      DISPLAY
       BL   @ACCEPT      USE ACCEPT SUBROUTINE
       DATA 32+2         SCREEN POSITION R2, C3
       DATA 28           FIELD LEN
       DATA 1            0 - DON'T, 1 - CLEAR FIELD
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       DATA TEMSTR       STRING DESTINATION
       MOV  R0,@FAC12    VDP ADDRESS TO FAC12
       BLWP @XMLLNK      USE XML LINKAGE
       DATA CSN          CONVERT STRING FROM VDP TO NUMBER
       LI   R9,FAC       POINT AT FLOATING POINT ACCUMULATOR
       LI   R10,NUM1     MEM ADDRESS FOR 1ST NUMBER
       BL   @MOVNUM      PLACE THE NUMBER AT NUM1
       LI   R0,3*32+3    ROW 4, COL 4
       LI   R1,N2STR     'ENTER SECOND NUMBER'
       BL   @DISSTR      DISPLAY
       BL   @ACCEPT      USE ACCEPT SUBROUTINE
       DATA 4*32+2       SCREEN POSITION R5, C3
       DATA 28           FIELD LEN
       DATA 1            0 - DON'T, 1 - CLEAR FIELD
       DATA TEMSTR       STRING DESTINATION
       MOV  R0,@FAC12    VDP ADDRESS TO FAC12
       BLWP @XMLLNK      USE XML
       DATA CSN          CONVERT STRING TO F.P.
       LI   R9,FAC       POINT AT ACCUM.
       LI   R10,NUM2     MEM LOCATION FOR NUM2
       BL   @MOVNUM      PLACE THE NUMBER
       LI   R0,7*32+1    ROW 8, COL 2
       LI   R1,ADDSTR    PLUS
       BL   @DISSTR      DISPLAY
       LI   R9,NUM1      NUM1
       LI   R10,ARG      TO ARGUMENT
       BL   @MOVNUM      PLACE NUM1
       BLWP @XMLLNK      USE XML
       DATA FADD         ADD ARG TO FAC
       A    R2,R0        ADD LENGTH TO ADDRESS
       LI   R4,18        18 CHARS
       BL   @BLNFLD      CLEAR THE 18 CHARS
       BL   @DISNUM      DISPLAY THE NUMBER AT FAC
       LI   R9,NUM1      POINT AT NUM1
       LI   R10,ARG      AND ARG
       BL   @MOVNUM      PUT NUM1 AT ARG
       LI   R9,NUM2      POINT AT NUM2
       LI   R10,FAC      AND FAC
       BL   @MOVNUM      MOVE NUM2 TO FAC
       LI   R0,9*32+1    ROW 10, COL 2
       LI   R1,SUBSTR    SUBTRACT
       BL   @DISSTR      DISPLAY
       BLWP @XMLLNK      USE XML
       DATA FSUB         SUBTRACT FAC FROM ARG
       A    R2,R0        ADD LENGTH
       LI   R4,18        18 CHARS
       BL   @BLNFLD      BLANK FIELD
       BL   @DISNUM      DISPLAY THE NUMBER
*
* FOLLOWING REPEATS THE PROCESS FOR MULTIPLY AND DIVIDE
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*
       LI   R9,NUM1
       LI   R10,ARG
       BL   @MOVNUM
       LI   R9,NUM2
       LI   R10,FAC
       BL   @MOVNUM
       LI   R0,11*32+1
       LI   R1,MULSTR
       BL   @DISSTR
       BLWP @XMLLNK
       DATA FMUL
       A    R2,R0
       LI   R4,18
       BL   @BLNFLD
       BL   @DISNUM
       LI   R9,NUM1
       LI   R10,ARG
       BL   @MOVNUM
       LI   R9,NUM2
       LI   R10,FAC
       BL   @MOVNUM
       LI   R0,13*32+1
       LI   R1,DIVSTR
       BL   @DISSTR
       BLWP @XMLLNK
       DATA FDIV
       A    R2,R0
       LI   R4,18
       BL   @BLNFLD
       BL   @DISNUM
*
* FOLLOWING COMPUTES AND SHOWS SIN(NUM1)
*
       LI   R9,NUM1      1ST NUMBER
       LI   R10,FAC      TO FAC
       BL   @MOVNUM      MOVE THAT
       BLWP @GPLLNK      USE GPLLNK
       DATA SINE         TO COMPUTE SIN(NUM1)
       LI   R0,15*32+1   ROW 16, COL 2
       LI   R1,SINSTR    "SIN OF NUM1"
       BL   @DISSTR      DISPLAY THAT
       A    R2,R0        MOVE POINTER
       LI   R4,18        18 CHARS
       BL   @BLNFLD      BLANK FIELD
       BL   @DISNUM      DISPLAY THE NUMBER
*
* FOLLOWING COMPARES NUM1 AND NUM2
*
       LI   R9,NUM1      1ST NUMBER
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       LI   R10,ARG      TO ARGUMENT
       BL   @MOVNUM      MOVE
       LI   R9,NUM2      2ND NUMBER
       LI   R10,FAC      TO FAC
       BL   @MOVNUM      MOVE
       BLWP @XMLLNK      USE XML LINK
       DATA FCOM         COMPARE F.P. NUMBERS
       CB   @STATUS,@ANYKEY IS STATUS BYTE = >20?
       JEQ  SEQ          THEN NUMBERS EQUAL
       MOVB @STATUS,R3   MOV TO R3
       ANDI R3,>4000     MASK TO > BIT
       JEQ  SLT          IF ZERO, JUMP
SGR    LI   R1,GRTSTR    ELSE SET GREATER
       JMP  SHWCMP       THEN JUMP
SEQ    LI   R1,EQUSTR    ARG = FAC
       JMP  SHWCMP       THEN JUMP
SLT    LI   R1,LESSTR    NUM1 < NUM2
SHWCMP LI   R0,17*32+1   ROW 18, COL2
       BL   @DISSTR      DISPLAY STRING
       LI   R0,19*32+5   ROW 20, COL 6
       LI   R1,PAK       "PRESS ANY KEY"
       BL   @DISSTR      DISPLAY THAT
       A    R2,R1        NEXT STRING
       LI   R0,21*32+4   ROW 22, COL 5
       BL   @DISSTR      DISPLAY "OR FCTN-8"
       LI   R0,23*32+15  ROW 24, COL 16
       CLR  @>8378       CLEAR TIMER
       MOVB @CURSOR,R1   CURSOR CHAR
       BLWP @VSBW        ON SCREEN
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
       MOVB @ANYKEY,@ALTKEY ALTERNATE SPACE
       BL   @KEYLOO      USE KEY LOOP
       CLR  @>83C4       STOP USRINT
       MOVB @ANYKEY,R1   SPACE IN R1
       BLWP @VSBW        WRITE THAT
       CI   R8,6         WAS FCTN-8 STRUCK?
       JNE  EXIT         IF NOT, EXIT
       B    @RESTR       ELSE RE-START
EXIT   LWPI >83E0        GPL WORKSPACE
       B    @>6A         TO GPL INTERPRETER
*
* SUBROUTINES
*
ACCEPT MOV  *R11+,R0     R0 HAS START POSITION
       JNE  GETLEN       IF NOT 0, JUMP
       INC  R0           ELSE POINT AT 1
GETLEN MOV  *R11+,R2     R2 HAS MAX LENGTH
       MOV  *R11+,R3     R3 HAS CLEAR FIELD SIGNAL
       MOV  *R11+,R9     R9 HAS STRING DESTINATION
       CLR  @INSFLG      NOT IN INSERT
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       MOV  R0,R7        SAVE START POSITION
       MOV  R2,R4        SAVE LENGTH
       DEC  R0           POINT ONE BACK
       MOVB @EDGE,R1     EDGE CHARACTER
       BLWP @VSBW        WRITE A BYTE
       INC  R0           BACK TO START
       A    R2,R0        ADD LENGTH
       MOV  R0,R6        SAVE THAT POSITION
       DEC  R6           LAST ALLOWED
       BLWP @VSBW        WRITE EDGE CHAR
CLRSNS MOV  R7,R0        BACK TO START
       MOV  R3,R3        CHECK SIGNAL
       JEQ  KEYFRC       IF ZERO, JUMP
       MOV  R4,R2        GET LENGTH BACK IN R2
       MOVB @ANYKEY,R1   SPACE CHAR
CLRFLD BLWP @VSBW        WRITE ONE SPACE
       INC  R0           MOVE AHEAD ONE
       DEC  R2           DEC COUNT
       JNE  CLRFLD       IF NOT 0, RPT
       MOV  R7,R0        GET START BACK
*
* KEYFRC GETS THE CURRENT CHARACTER
* FROM THE SCREEN, FORCES THE CURSOR
* TO THAT POSITION, THEN ACTIVATES THE
* USER INTERRUPT TO BLINK CURSOR
*
KEYFRC BLWP @VSBR        READ BYTE AT R0 POSITION
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   PUT CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
       CLR  @>8378       CLEAR TIME COUNTER
       MOV  @INTLOC,@>83C4 ENABLE USER INTERRUPT
*
* KEYIN IS THE PART THAT GETS KEYSTROKES
*
KEYIN  BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTERRUPTS
       LIMI 0            STOP THEM
       CB   @STATUS,@ANYKEY KEY STRUCK?
       JNE  KEYIN        IF NOT, REPEAT
*
* FOLLOWING CODE USES THE KEYSTROKE
*
       MOV  @KEYADR,R8   KEY AS WORD IN R8
       MOVB @ALTKEY,R1   OLD CHAR IN R1
       BLWP @VSBW        WRITE TO SCREEN
       CB   @KEYVAL,@ENTERV "ENTER" STRUCK?
       JEQ  KEYEX        IF YES, EXIT
       CB   @KEYVAL,@BACKUP FCTN-S?
       JNE  KEY0         IF NOT, JUMP
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*
* FOLLOWING IS CODE THAT HANDLES FCTN-S
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       DEC  R0           DEC SCRN POSITION
       BLWP @VSBR        READ BYTE
       CB   R1,@EDGE     EDGE CHARACTER?
       JNE  BCKX         IF NOT, JUMP
       INC  R0           ELSE INC POSITION
       JMP  KEYFRC       THEN BACK
BCKX   B    @RPTKEY       AHEAD FOR REPEAT ACTION
KEY0   CB   @KEYVAL,@FWARD FCTN-D?
       JNE  KEY1         IF NOT, JUMP AHEAD
*
* FOLLOWING IS CODE THAT HANDLES FCTN-D
* IT MOVES CURSOR ONE SPOT, THEN GOES TO
* RPTKEY, WHICH DELAYS BEFORE ALLOWING REPEAT
*
       INC  R0           POINT AHEAD
       BLWP @VSBR        READ BYTE
       CB   R1,@EDGE     EDGE CHAR?
       JNE  FWKX         IF NOT, JUMP
       DEC  R0           ELSE POINT BACK
       B    @KEYFRC      THEN BRANCH BACK
FWKX   JMP  RPTKEY       AHEAD FOR REPEAT ACTION
KEY1   CI   R8,32        COMPARE TO SPACE BAR
       JLT  FUNCT        IF LESS, CHECK FOR FUNCT
       CI   R8,122       CHECK L.C. z
       JGT  CHKINS       IF GREATER, JUMP
       CI   R8,97        CHECK L.C. a
       JLT  CHKINS       IF LESS, JUMP
       SB   @ANYKEY,@KEYVAL ELSE CONVERT TO U.C.
*
* FOLLOWING HANDLES KEY VALUES 32 AND ABOVE
*
CHKINS MOV  @INSFLG,R1   INSERT MODE?
       JEQ  KEY1A        IF NOT, JUMP AHEAD
*
* FOLLOWING HANDLES INSERT IF IN INSERT MODE
*
       C    R0,R6        AT END OF FIELD?
       JEQ  KEY1A        IF SO, NO INSERT
       MOV  R6,R2        GET LAST POSITION
       S    R0,R2        SUBTRACT CURRENT POSITION
       MOV  R9,R1        USE ASSIGNMENT SPACE
       BLWP @VMBR        PUT BYTES THERE
       INC  R0           POINT AHEAD ONE
       BLWP @VMBW        WRITE THERE
DEC0   DEC  R0           BACK TO OLD POSITION
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       JMP  KEY1A        PUT IN THE KEYSTROKE
*
* FOLLOWING HANDLES FUNCTION KEYS WITH VALUES BELOW 32
*
FUNCT  CB   @KEYVAL,@DELKEY DELETE KEY?
       JNE  FUNCT2       IF NOT, JUMP
*
* FOLLOWING HANDLES DELETE WITH FCTN-1
*
       MOV  R0,R3        STASH AWAY R0
       MOV  R6,R2        GET END OF FIELD
       S    R0,R2        SUBTRACT CURRENT POSITION
       JEQ  NULDEL       IF ZERO, JUMP AHEAD
       INC  R0           ELSE POINT AHEAD ONE
       MOV  R9,R1        POINT AT ASSIGNMENT PLACE
       BLWP @VMBR        READ TO THERE
       DEC  R0           POINT BACK ONE
       BLWP @VMBW        WRITE TO THERE
NULDEL MOV  R6,R0        GET END OF FIELD
       MOVB @ANYKEY,R1   SPACE CHAR
       BLWP @VSBW        WRITE A SPACE
       MOV  R3,R0        GET OLD POSITION BACK
       JMP  KEYFRC       JUMP TO GET NEXT KEY
FUNCT2 CB   @KEYVAL,@INSKEY FCTN-2 PRESSED?
       JNE  FUNCT3       IF NOT, JUMP
*
* FOLLOWING SETS INSERT MODE ON FCTN-2
*
       INC  @INSFLG      SET INSERT FLAG
       JMP  KEYFRC       THEN BACK
FUNCT3 CB   @KEYVAL,@ERSKEY FCTN-3 PRESSED?
       JNE  FUNCT9       IF NOT, JUMP
*
* FOLLOWING ERASES FIELD IF FCTN-3 STRUCK
*
ERSFLD MOVB @ANYKEY,R3   SET R3 NON-ZERO
       B    @CLRSNS      BRANCH TO CLEAR FIELD
*
* FCTN-9 EXITS FROM ROUTINE
*
FUNCT9 CI   R8,15        FCTN-9?
       JEQ  KEYEX        IF SO, EXIT ROUTINE
*
* FCTN-8 CAUSES ERASE OF FIELD
*
       CI   R8,6         FCTN-8?
       JEQ  ERSFLD       IF SO, ERASE
       B    @KEYFRC      ELSE IGNORE KEYSTROKE
*
* FOLLOWING PUTS CURRENT KEYSTROKE ON SCREEN
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* THEN MOVES CURSOR TO NEXT SPOT
*
KEY1A  MOVB @KEYVAL,R1   GET KEY VALUE IN R1
       BLWP @VSBW        WRITE THAT
       INC  R0           POINT AHEAD
       BLWP @VSBR        READ A BYTE
       CB   R1,@EDGE     EDGE?
       JNE  KEY1X        IF NOT, OKAY
       DEC  R0           POINT BACK
KEY1X  B    @KEYFRC      THEN BRANCH BACK
*
* KEYEX IS THE EXIT FROM THIS ROUTINE
*
KEYEX  CLR  @>83C4       KILL USER INTERRUPT
       MOV  R4,R2        GET LENGTH
       MOV  R6,R0        AND LAST POSITION
RDBYT  BLWP @VSBR        READ A BYTE
       CB   R1,@ANYKEY   SPACE?
       JNE  RDSTR        IF NOT, JUMP
       DEC  R0           ELSE DEC POSITION
       DEC  R2           AND CHAR COUNT
       JNE  RDBYT        IF NOT ZERO, GO BACK
RDSTR  MOV  R9,R1        GET STRING LOCATION
       MOV  R7,R0        AND START POSITION
       SWPB R2           SWAP BYTES
       MOVB R2,*R1+      PUT LENGTH BYTE AT STRING LOCATION
       JEQ  NULSTR       IF ZERO, JUMP
       SWPB R2           SWAP R2 AGAIN
       BLWP @VMBR        READ STRING CONTENT
NULSTR RT                RETURN TO CALLER
*
* UPON EXIT, THE ENTRY IS PLACED AS A STRING WHERE ASSIGNED,
* AND REGISTER 8 HAS THE KEYSTROKE THAT CAUSED THE EXIT
*
*
* FOLLOWING IS THE REPEAT-KEY FUNCTION FOR LEFT AND RIGHT
* MOVEMENT OF THE CURSOR
*
RPTKEY BLWP @VSBR        READ CURRENT CHAR
       MOVB R1,@ALTKEY   PLACE AT ALTKEY
       MOVB @CURSOR,R1   GET CURSOR
       BLWP @VSBW        WRITE THAT
       CLR  @INSFLG      CLEAR INSERT MODE
       CLR  @>8378       CLEAR TIMER
       CLR  @>83C4       DISABLE USRINT
*
* THE LOOP STARTING AT RPT1 DELAYS REPEAT MOTION FOR
* 32/60THS OF A SECOND UNLESS KEY IS RELEASED
*
RPT1   BLWP @KSCAN       SCAN KEYBOARD
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       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       CB   @KEYVAL,@NOKEY NO KEY?
       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@ANYKEY COMPARE TO 32
       JLT  RPT1         IF LESS, JUMP
RPT1A  CLR  @>8378       CLEAR TIMER
       MOVB @ALTKEY,R1   GET ALTKEY BACK
       BLWP @VSBW        WRITE
       CB   @KEYVAL,@BACKUP BACKWARD?
       JNE  RPTF         IF NOT, JUMP
       DEC  R0           ELSE BACK ONE
       BLWP @VSBR        READ CHAR
       CB   R1,@EDGE     IS THAT EDGE CHAR?
       JNE  RPTF1        IF NOT, JUMP
       INC  R0           PUT POSITION BACK
       JMP  RPTEX        THEN EXIT
RPTF   INC  R0           AHEAD ONE
RPTF1  BLWP @VSBR        READ CHAR
       CB   R1,@EDGE     EDGE?
       JNE  RPTFA        IF NOT, JUMP
       DEC  R0           BACK ONE
       JMP  RPTEX        THEN EXIT
RPTFA  MOVB R1,@ALTKEY   STASH CURRENT CHAR
       MOVB @CURSOR,R1   CURSOR IN R1
       BLWP @VSBW        WRITE CURSOR
*
* THE LOOP AT RPT2 DELAYS 8/60THS UNLESS KEY IS RELEASED
*
RPT2   BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            INTS ON
       LIMI 0            THEN OFF
       CB   @KEYVAL,@NOKEY NO KEY?
       JEQ  RPTEX        IF SO, EXIT
       CB   @>8379,@BACKUP COMPARE TO 8
       JLT  RPT2         IF LESS, REPEAT
*
* AFTER 8/60THS, CURSOR ADVANCES ANOTHER STEP
*
       JMP  RPT1A        ELSE JUMP BACK
RPTEX  MOVB @ALTKEY,R1   OLD CHAR
       BLWP @VSBW        WRITE THAT
       B    @KEYFRC      THEN BRANCH BACK
*
* FOLLOWING IS THE "BLINK", DONE WITH USER INTERRUPT
* EVERY 20 60THS, THIS WILL BLWP @CHVECT TO CHANGE
* FROM CURSOR TO CHARACTER OR VICE VERSA
*
USRINT CB   @>8379,@TWENTY TIMER=20?
       JLT  INTEX        IF LESS, EXIT
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       BLWP @CHVECT      ELSE CHANGE CHAR
INTEX  RT                RETURN TO INTERRUPT HANDLER
*
* CHVECT CHANGES FROM CURSOR TO CHAR AND VICE VERSA
* EVERY 20/60THS OF A SECOND.  (THAT'S 1/3 SECOND)
*
CHVECT DATA WS,CHG1      OUR OWN WORKSPACE, CHANGE CODE
CHG1   BLWP @VSBR        READ CURRENT BYTE FROM SCREEN
       CB   R1,@CURSOR   IS THAT CURSOR?
       JEQ  CHG2         IF YES, JUMP
       MOVB @CURSOR,R1   ELSE GET CURSOR
       BLWP @VSBW        AND WRITE THAT
       JMP  CHGX         THEN EXIT
CHG2   MOVB @ALTKEY,R1   PUT OLD CHAR IN R1
       BLWP @VSBW        WRITE THAT
CHGX   CLR  @>8378       CLEAR TIMER
       RTWP              THEN RETURN
*
* BLNFLD CLEARS A SCREEN AREA
* STARTING AT R0 POSITION, EXTENDING R4 SPACES
*
BLNFLD MOV  R0,R3        SAVE R0 IN R3
       MOVB @ANYKEY,R1   SPACE CHAR IN R1
       MOV  R4,R2        COPY R4 TO R2
BLN1   BLWP @VSBW        WRITE A SPACE
       INC  R0           MOVE POINTER
       DEC  R2           DEC COUNT
       JNE  BLN1         IF NOT ZERO, RPT
       MOV  R3,R0        GET OLD R0 BACK
       RT                THEN RETURN
*
* DISSTR DISPLAYS A STRING ON SCREEN
*
DISSTR MOVB *R1+,R2      GET LENGTH BYTE
       SRL  R2,8         RIGHT JUSTIFY
       JEQ  DISX         IF ZERO, EXIT
       BLWP @VMBW        ELSE WRITE STRING
DISX   RT                RETURN
*
* DISNUM CONVERTS A FLOATING POINT NUMBER TO A STRING,
* THEN DISPLAYS THAT STRING
*
DISNUM CLR  @FAC11       SET FOR BASIC FORMAT
       BLWP @GPLLNK      USE GPL LINK
       DATA CNS          CONVERT F.P. AT FAC TO STRING
       MOVB @FAC12,R2    STRING LENGTH TO R2
       SRL  R2,8         RIGHT JUSTIFY
       MOVB @FAC11,R1    STRING ADDRESS TO R1
       SRL  R1,8         RIGHT JUSTIFY
       AI   R1,>8300     ADD >8300 OFFSET
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       BLWP @VMBW        DISPLAY THE STRING
       RT                RETURN
*
* KEYLOO WAITS FOR A KEYSTROKE, THEN RETURNS
* IN THIS INSTANCE, WE'VE MADE THE CURSOR BLINK
* WHILE KEYLOO IS EXECUTING.
*
KEYLOO BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            THEN STOP
       CB   @STATUS,@ANYKEY ANY KEY?
       JNE  KEYLOO       IF NOT, REPEAT
       MOV  @KEYADR,R8   KEY AS WORD INTO R8
       RT                THEN RETURN
*
* MOVNUM MOVES A FLOATING POINT NUMBER FROM
* THE LOCATION POINTED BY R9 TO
* THE LOCATION POINTED BY R10
*
MOVNUM LI   R4,8          EIGHT BYTES TO MOVE
MOVBYT MOVB *R9+,*R10+    MOVE ONE, INC POINTERS
       DEC  R4            DECREMENT COUNT
       JNE  MOVBYT        IF NOT ZERO, REPEAT
       RT                 RETURN

*  GENERAL PURPOSE GPL LINK
*  BY WARREN/MILLER

GPLLNK DATA GLNKWS
       DATA GLINK1
RTNAD  DATA XMLRTN
GXMLAD DATA >176C
       DATA >50
GLNKWS EQU  $->18
       BSS  >08
GLINK1 MOV  *R11,@GR4
       MOV  *R14+,@GR6
       MOV  @XTAB27,R12
       MOV  R9,@XTAB27
       LWPI GPLWS
       BL   *R4
       MOV  @GXMLAD,@>8302(R4)
       INCT @STKPNT
       B    @LDGADD
XMLRTN MOV  @GETSTK,R4
       BL   *R4
       LWPI GLNKWS
       MOV  R12,@XTAB27
       RTWP
*
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* DATA SECTION
*
WS     BSS  32           OUR WORKSPACE
INTLOC DATA USRINT       USER INTERRUPT ADDRESS
INSFLG DATA 0            INSERT FLAG
NUM1   BSS  8            STORAGE FOR FIRST NUMBER
NUM2   BSS  8            STORAGE FOR SECOND NUMBER
DELKEY BYTE 3            FCTN-1 VALUE
INSKEY BYTE 4            FCTN-2 VALUE
ERSKEY BYTE 7            FCTN-3 VALUE
TEMSTR BSS  30           TEMPORARY STRING
ALTKEY BYTE 0            CURRENT CHARACTER FROM SCREEN
ENTERV BYTE 13           ENTER KEY VALUE
CURSOR BYTE 30           CURSOR CHAR
BACKUP BYTE 8            FCTN-S
FWARD  BYTE 9            FCTN-D
ANYKEY BYTE 32           SPACE OR COMPARISON BYTE
TWENTY BYTE 20           CURSOR BLINK NUMBER
NOKEY  BYTE >FF          NO KEY INDICATION
EDGE   BYTE 31           EDGE CHAR
N1STR  BYTE 18
       TEXT 'ENTER FIRST NUMBER'
N2STR  BYTE 19
       TEXT 'ENTER SECOND NUMBER'
ADDSTR BYTE 11
       TEXT 'NUM1+NUM2= '
SUBSTR BYTE 11
       TEXT 'NUM1-NUM2= '
MULSTR BYTE 11
       TEXT 'NUM1*NUM2= '
DIVSTR BYTE 11
       TEXT 'NUM1/NUM2= '
SINSTR BYTE 13
       TEXT 'SIN OF NUM1= '
EQUSTR BYTE 24
       TEXT 'NUM1 IS EQUAL TO NUM2   '
GRTSTR BYTE 24
       TEXT 'NUM1 IS BIGGER THAN NUM2'
LESSTR BYTE 24
       TEXT 'NUM1 IS LESS THAN NUM2  '
PAK    BYTE 21
       TEXT 'PRESS ANY KEY TO EXIT'
OR8    BYTE 19
       TEXT 'OR FCTN-8 TO REPEAT'
       END
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1.72. The Art Of Assembly — Part 72. Still Afloat

%\�%UXFH�+DUULVRQ

7KLV�PRQWK
V�FROXPQ�LV�D�FRQWLQXDWLRQ�RI�ODVW�PRQWK
V��<RX
OO�QHHG�WR�JHW�WKH�6LGHEDU�IURP�ODVW�PRQWK�LQ
IURQW�RI�\RX�WR�XQGHUVWDQG�ZKDW�ZH
UH�ZULWLQJ�DERXW��*RW�LW"�2ND\��UHDG\�RU�QRW��KHUH�ZH�JR�

6LGHEDU����LV�D�FRPSOHWH�SURJUDP�WR�GHPR�VRPH�W\SLFDO�IORDWLQJ�SRLQW�PDWK�RSHUDWLRQV��<RX
OO�QRWLFH�WKDW
WKH�VRXUFH�VWDUWV�RII�ZLWK�PRUH�WKDQ�WKH�XVXDO�(48DWHV��7KHVH�DUH�RI�FRXUVH�QRW�DEVROXWHO\�QHFHVVDU\��EXW
DUH�XVHG�VR�WKDW�WKHUH�ZLOO�EH�PQHPRQLFV�DYDLODEOH�WR�PDNH�WKH�EXON�RI�WKH�VRXUFH�FRGH�D�ELW�HDVLHU�WR
JUDVS��)$&�VWDQGV�IRU�WKH�)ORDWLQJ�SRLQW�$&FXPXODWRU��7KLV�LV�D�YHU\�LPSRUWDQW�PHPRU\�ORFDWLRQ�IRU�DQ\
RI�WKH�IORDWLQJ�SRLQW�RSHUDWLRQV��,W�UHIHUV�WR�WKH�HLJKW�E\WHV�VWDUWLQJ�DW�DGGUHVV�!���$�LQ�WKH�5$0�3DG�
7KDW
V�ZKHUH�IORDWLQJ�SRLQW�QXPEHUV�JHW�SODFHG�E\�WKH�520�DQG�*520�IORDWLQJ�SRLQW�PDWK�URXWLQHV�WKDW
ZH
OO�XVH�LQ�WKLV�SURJUDP��$5*��ZKLFK�VWDQGV�IRU�IORDWLQJ�SRLQW�$5*XPHQW��LV�DQRWKHU�HLJKW�E\WH�SRUWLRQ
RI�5$0�3DG��VWDUWLQJ�DW�!���&��7KLV� LV�XVHG�IRU�D�VHFRQG�IORDWLQJ�SRLQW�QXPEHU��)RU�H[DPSOH��WKH
DGGLWLRQ�URXWLQH�DGGV�WKH�QXPEHU�LQ�)$&�WR�WKH�RQH�LQ�$5*��DQG�SXWV�WKH�UHVXOW�DW�)$&��7KH�VXEWUDFWLRQ
URXWLQH� VXEWUDFWV� WKH�QXPEHU�DW�)$&� IURP� WKH�RQH�DW�$5*��DQG�SXWV� WKH�GLIIHUHQFH�DW�)$&��6RPH
RSHUDWLRQV��VXFK�DV�WKH�FRPSXWDWLRQ�RI�WKH�VLQH��XVH�RQO\�WKH�QXPEHU�DW�)$&��EXW�DOVR�XVH�D�VWDFN�DUHD�LQ
9'3�5$0�WR�VWRUH�LQWHUPHGLDWH�UHVXOWV��7R�DFFRPPRGDWH�WKRVH�RSHUDWLRQV��ZH
YH�VHW�XS�D�VWDFN�DGGUHVV
�967$&.��LQ�9'3�5$0�XVLQJ�!�����DV�WKH�VWDUW�RI�WKH�VWDFN�

1.72.1. Starting Up

7KH�FRGH�VHFWLRQ��ZKLFK�EHJLQV�DW�ODEHO�67$57��ILUVW�VHWV�WKH�ZRUNVSDFH�SRLQWHU�WR�RXU�RZQ�ZRUNVSDFH
DW�ODEHO�:6��1H[W�LW�FOHDUV�WKH�ZRUG�DW�!������.(<$'5��WR�LQVXUH�WKDW�ZH
UH�XVLQJ�NH\�XQLW�]HUR��1H[W
ZH�VHW�5��WR�WKH�YDOXH�RI�RXU�9'3�6WDFN��!�������WKHQ�VWDVK�WKDW�QXPEHU�LQ�5$0�3DG�DW�!���(��ZKLFK
VHUYHV�DV�WKH�SRLQWHU�IRU�VWDFN�XVH�E\�VRPH�URXWLQHV��7KXV�WKRVH�URXWLQHV�ZLOO�SXW�VWXII�LQWR�9'3�5$0�DW
D�SODFH�ZKLFK�ZRQ
W�LQWHUIHUH�ZLWK�RXU�VFUHHQ�GLVSOD\V�RU�FKDUDFWHU�GHILQLWLRQV�

1.72.2. Getting The Numbers

$W�ODEHO�5(675��VHW�XS�IRU�JHWWLQJ�RXU�ILUVW�QXPEHU�LQSXW�IURP�WKH�XVHU��)LUVW�ZH��SRLQW��5��DW�URZ���
FROXPQ����WKHQ�SXW�D�SURPSW�RQ�WKH�VFUHHQ��1RZ�ZH�%/�#$&&(37�WR�DOORZ�XVHU�LQSXW��$&&(37�XVHV
IRXU�GDWD�OLQHV�IROORZLQJ�WKH�%/�WR�GHWHUPLQH�LWV�SDUDPHWHUV��7KH�ILUVW�ZRUG�DIWHU�WKH�%/�GHWHUPLQHV�WKH
VFUHHQ�SRVLWLRQ�IRU�DFFHSWLQJ�NH\ERDUG�LQSXW��,Q�WKLV�FDVH��WKDW
V�URZ����FROXPQ����7KH�QH[W�GDWD�ZRUG�LV
WKH�ILHOG�OHQJWK��LQ�WKLV�FDVH����FKDUDFWHUV��ZKLFK�LV�DFWXDOO\�PRUH�WKDQ�HQRXJK�IRU�QXPHULF�LQSXWV��7KH
WKLUG�GDWD�ZRUG�LV�D�VLJQDO�WR�WKH�URXWLQH�WKDW�GHWHUPLQHV�ZKHWKHU�RU�QRW�WR�FOHDU�RXW�WKH�LQSXW�ILHOG�EHIRUH
DFFHSWLQJ�LQSXW��,Q�WKLV�FDVH��LW
V����VR�WKH�ILHOG�ZLOO�EH�FOHDUHG�E\�WKH�$&&(37�URXWLQH��$Q\�QXPEHU�KHUH
RWKHU�WKDQ�]HUR�ZLOO�PDNH�WKH�ILHOG�FOHDU��=HUR�ZLOO�DOORZ�DQ\�SUHYLRXV�FRQWHQW�WR�UHPDLQ�LQ�WKH�ILHOG��7KH
IRXUWK�SDUDPHWHU�LV�RI�QR�LPSRUWDQFH�LQ�WKLV�FDVH��EXW�LV�WKH�DGGUHVV�RI�D�EORFN�RI�PHPRU\�WR�VWRUH�WKH
XVHU
V�LQSXW�DV�D�VWULQJ��+HUH��ZH
YH�VHW�WKDW�WR�WKH�DGGUHVV�RI�7(0675��D�EORFN�RI����E\WHV�LQ�RXU�GDWD
VHFWLRQ��7KH�VWULQJ�SODFHG�WKHUH�ZRQ
W�DFWXDOO\�EH�XVHG�LQ�WKLV�SURJUDP��EXW�WKHUH�KDV�WR�EH�D�EORFN�RI�DW
OHDVW�RQH�E\WH�PRUH�WKDQ�WKH�ILHOG�OHQJWK��7KLV�ZD\��ZH�FDQ�XVH�WKH�VDPH�$&&(37�URXWLQH�IRU�HLWKHU
VWULQJV�RU�QXPEHUV�
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$IWHU�WKH�IRXU�GDWD�ZRUGV��ZH�WDNH�WKH�FRQWHQW�RI�5���DQG�SODFH�LW�DW�ORFDWLRQ�)$&����!�������7KLV
KDSSHQV�MXVW�DIWHU�ZH
YH�H[LWHG�IURP�WKH�$&&(37�URXWLQH��5��DW�WKLV�SRLQW�FRQWDLQV�WKH�9'3�DGGUHVV�RI
WKH�ILUVW�E\WH�RI�WKH�LQSXW�ILHOG��3ODFLQJ�WKDW�DGGUHVV�DW�!�����LV�QHFHVVDU\�WR�DOORZ�XV�WR�XVH�WKH�&RQYHUW
6WULQJ�WR�1XPEHU��&61��URXWLQH�YLD�;0//1.��7KDW�URXWLQH�H[DPLQHV�WKH�FRQWHQWV�RI�9'3�5$0�VWDUWLQJ
DW�WKH�DGGUHVV�WKDW�ZH
YH�SXW�LQ�)$&����!�������DQG�FRQYHUWV�ZKDW
V�WKHUH�LQWR�D�IORDWLQJ�SRLQW�QXPEHU
DW�)$&��,I�ZKDW
V�WKHUH�GRHV�QRW�UHSUHVHQW�D�QXPEHU��)$&�ZLOO�FRQWDLQ�]HUR�LQ�LWV�ILUVW�WZR�E\WHV��PHDQLQJ
WKH�LQSXW�LV�UHJDUGHG�DV�]HUR��7KH�URXWLQH�&61�NHHSV�UHDGLQJ�WKH�VWULQJ�XQWLO�HLWKHU�LW�UXQV�RXW�RI�GLJLWV
RU�LW�ILQGV�D�FKDUDFWHU�WKDW
V�QRW�SDUW�RI�WKH�QXPHULF�VHW��)RU�WKLV�URXWLQH��WKH�QXPHULF�VHW�FRQVLVWV�RI�WKH
QXPEHUV������WKH�SOXV�RU�PLQXV�VLJQ��DQG�WKH�FDSLWDO�(��IRU�H[SRQHQW���$Q\�RWKHU�FKDUDFWHU�IRXQG�LQ�WKH
LQSXW�VWULQJ�ZLOO�EH�UHJDUGHG�DV�QRQ�QXPHULF��DQG�ZLOO�WHUPLQDWH�WKH�FRQYHUVLRQ�URXWLQH��7KXV�LI�ZH�SXW
D�QXPEHU��OLNH��������LQWR�WKH����E\WH�LQSXW�ILHOG��WKH�FRQYHUVLRQ�URXWLQH�ZLOO�VWRS�ZKHQ�LW�ILQGV�WKH�VSDFH
MXVW�DIWHU�WKH����,W�ZLOO�FRUUHFWO\�UHSRUW�WKH�QXPEHU�������LQWR�)$&�LQ�IORDWLQJ�SRLQW�IRUPDW���:H�H[SODLQHG
WKDW�IRUPDW�ODVW�PRQWK���7KH�ZD\�ZH
YH�ZULWWHQ�WKLV�SURJUDP��WKH�QXPEHU�LQSXW�PXVW�EH�OHIW�MXVWLILHG�LQ
WKH�LQSXW�ILHOG��$Q\�OHDGLQJ�VSDFHV�EHIRUH�WKH�QXPEHU�VWDUWV�ZLOO�FDXVH�WKH�FRQYHUVLRQ�WR�\LHOG�]HUR�

2QFH�WKLV�ILUVW�QXPEHU�KDV�EHHQ�DFFHSWHG��ZH�ZDQW�WR�VDYH�LW�WR�RXU�RZQ�GDWD�PHPRU\��VR�WKDW�DFFHSWLQJ
DQRWKHU�QXPEHU�FDQ�EH�GRQH�ZLWKRXW�ORVLQJ�WKLV�RQH��)RU�WKDW��ZH�XVH�D�VSHFLDO�OLWWOH�VXEURXWLQH�FDOOHG
029180��7R�XVH�WKDW��ZH�ORDG�5��ZLWK�WKH�DGGUHVV�)$&��DQG�5���ZLWK�WKH�DGGUHVV�180���ZKLFK�LV�D
EORFN�RI�HLJKW�E\WHV�VHW�DVLGH�LQ�RXU�'DWD�6HFWLRQ��029180�WKHQ�FRSLHV�WKH�HLJKW�E\WHV�IURP�)$&�WR�WKH
EORFN�DW�180��

$OO�RI�WKLV�QRZ�UHSHDWV�IRU�WKH�VHFRQG�QXPEHU�LQSXW��H[FHSW�WKDW�QXPEHU�JHWV�FRSLHG�LQWR�WKH�EORFN�RI�E\WHV
DW�ODEHO�180���1RZ�WKH�ILUVW�PDWK�RSHUDWLRQ�ZH�ZDQW�WR�SHUIRUP�LV�MXVW�WR�DGG�WKHVH�WZR�IORDWLQJ�SRLQW
QXPEHUV��)LUVW�ZH�SXW�D�VWULQJ�RQ�WKH�VFUHHQ�WR� ODEHO�WKLV�DV�WKH� VXP�RI�WKH�QXPEHUV��WKHQ�ZH�XVH
029180�WR�WDNH�WKH�QXPEHU�ZH�SODFHG�DW�180��LQWR�WKH�$5*�EORFN��7KH�QXPEHU�DW�180��LV�VWLOO
SUHVHQW�LQ�)$&��VR�ZH�GRQ
W�QHHG�WR�SXW�LW�WKHUH�IRU�WKH�DGGLWLRQ��7KXV�ZH�KDYH�WZR�IORDWLQJ�SRLQW�QXPEHUV
DW�$5*�DQG�)$&��WKHVH�EHLQJ�180��DQG�180���UHVSHFWLYHO\��:H�QRZ�XVH�WKH�520�URXWLQH�)$''
WKURXJK�;0//1.�WR�DGG�WKHVH�WZR�QXPEHUV��;0//1.�ILQGV�DQG�H[HFXWHV�WKH�)$''�URXWLQH��ZKLFK
SODFHV�WKH�UHVXOW�DW�ORFDWLRQ�)$&�DV�HLJKW�E\WHV��1RZ�ZH�FOHDU�DQ����FKDUDFWHU�DUHD�MXVW�DIWHU�WKH�ODEHO�RQ
WKH�VFUHHQ��DQG�WKHQ�XVH�RXU�VXEURXWLQH�',6180�WR�GLVSOD\�WKH�QXPEHU�WDNHQ�IURP�)$&��7KH�VXEURXWLQH
',6180�XVHV�D�*3/�URXWLQH�FDOOHG�&RQYHUW�1XPEHU�WR�6WULQJ��&16��WKURXJK�*3//1.��7KDW�URXWLQH
WDNHV�WKH�IORDWLQJ�SRLQW�QXPEHU�DW�)$&�DQG�FRQYHUWV�LW�WR�D�VWULQJ�ORFDWHG�LQ�5$0�3DG��:KHQ�WKDW�URXWLQH
H[LWV��WKH�E\WH�DW�)$&����!������FRQWDLQV�WKH� OHQJWK�RI�WKH�VWULQJ��DQG�WKH�E\WH�DW�)$&����!�����
FRQWDLQV�WKH�ORZ�RUGHU�SDUW�RI�WKH�DGGUHVV�DW�ZKLFK�WKH�VWULQJ�LV�WR�EH�IRXQG��7R�JHW�WKLV�VWULQJ�RQ�WKH
VFUHHQ��ZH�WDNH�WKH�E\WH�DW�)$&���LQWR�5���ULJKW�MXVWLI\�LW��DQG�WKHQ�WDNH�WKH�E\WH�IURP�)$&���LQWR�5��
ULJKW�MXVWLI\�WKDW��WKHQ�DGG�!�����WR�5��VR�LW�SRLQWV�DW�WKH�VWULQJ
V�ORFDWLRQ�LQ�5$0�3DG��7KH�GHVLUHG
DGGUHVV�RQ�WKH�VFUHHQ�LV�DOUHDG\�LQ�5���VR�D�VLPSOH�90%:�RSHUDWLRQ�SXWV�WKH�QXPEHU�VWULQJ�RQ�WKH�VFUHHQ
DW�WKH�FRUUHFW�ORFDWLRQ��7KH�VWULQJ�ZLOO�DOZD\V�KDYH�D�OHQJWK�RI�DW�OHDVW�RQH��VR�ZH�QHHGQ
W�FKHFN�IRU�D�]HUR
OHQJWK�VWULQJ��,I�WKH�QXPEHU�ZDV�]HUR�RU�SRVLWLYH��WKHUH�ZLOO�EH�D�VSDFH�LQ�WKH�ILUVW�FKDUDFWHU�RI�WKLV�VWULQJ�
,I�WKH�QXPEHU�LV�QHJDWLYH��WKH�ILUVW�FKDUDFWHU�ZLOO�EH�D�PLQXV�VLJQ�
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1.72.3. Other Math Operat ions

:H�SURFHHG�QRZ�WR�SHUIRUP�RWKHU�PDWK�RSHUDWLRQV�RQ�WKH�WZR�QXPEHUV�ZH�DFFHSWHG��7KH\�KDYH�EHHQ�OHIW
XQVXOOLHG�DW�WKH�ORFDWLRQV�180��DQG�180��LQ�PHPRU\��VR�ZH�FDQ�UH�XVH�WKHP�DW�ZLOO��,Q�DOO�FDVHV�IURP
KHUH�RQ��ZH�KDYH�WR�DVVXPH�WKDW�ZKDWHYHU�ZDV�OHIW�DW�$5*�DQG�)$&�KDYH�EHHQ�FRUUXSWHG��VR�RXU�ILUVW
RUGHU�RI�EXVLQHVV�EHIRUH�DQ\�PRUH�PDWK�RSHUDWLRQV�LV�WR�XVH�029180�WR�SODFH�180��DW�$5*�DQG
180��DW�)$&��5HPHPEHU�WKDW�IRU�VXEWUDFWLRQ��WKH�QXPEHU�DW�)$&�JHWV�VXEWUDFWHG�IURP�WKH�QXPEHU�DW
$5*��7KXV�ZKHQ�RXU�)68%�ILQLVKHV��YLD�;0//1.��)$&�ZLOO�FRQWDLQ�$5*�)$&��:H�JR�WKURXJK�WKLV
SURFHVV�D�FRXSOH�PRUH�WLPHV��SXWWLQJ�WKH�SURGXFW�RI�180���180��RQ�WKH�VFUHHQ��DQG�WKH�UHVXOW�RI
180����180��RQ�WKH�VFUHHQ�

7KH�QH[W�WR�ODVW�RSHUDWLRQ�ZH�SHUIRUP�LV�WR�WDNH�WKH�6LQH�RI�WKH�QXPEHU�DW�180���7KLV�FRPSXWDWLRQ�XVHV
D�URXWLQH�LQ�*520��VR�ZH�KDYH�WR�XVH�*3//1.�LQVWHDG�RI�;0//1.��,Q�RXU�VRXUFH��ZH
YH�LQFOXGHG�WKH
:DUUHQ�0LOOHU�*3//1.��PDLQO\�WR�DYRLG�WKH�ZHOO�NQRZQ�SUREOHPV�WKDW�7,
V�*3//1.�SUHVHQWV��:H�GRQ
W
KDYH�WR�SXW�DQ\WKLQJ�LQWR�$5*�LQ�WKLV�FDVH��EXW�MXVW�SXW�WKH�QXPEHU�IURP�180��LQWR�)$&��7KLV�URXWLQH
XVHV� WKDW� 9'3� VWDFN� ZH�PHQWLRQHG� DW� WKH� EHJLQQLQJ�� SXWWLQJ� �*RG�NQRZV�ZKDW�� LQWR� WKH� VWDFN� DV
LQWHUPHGLDWH�UHVXOWV��:KHQ�LW
V�ILQLVKHG��WKHUH
V�D�IORDWLQJ�SRLQW�QXPEHU�DW�)$&�WKDW�HTXDOV�WKH�6LQH�RI
ZKDWHYHU�QXPEHU��LQ�UDGLDQV��ZDV�DW�)$&�ZKHQ�ZH�FDOOHG�WKH�*3//1.�URXWLQH��7KLV�UHVXOW�LV�DOZD\V�D
QXPEHU�EHWZHHQ����DQG����LQFOXVLYH�

7KH�ILQDO�RSHUDWLRQ�LV�D�FRPSDULVRQ�RI�WKH�WZR�QXPEHUV��)RU�WKLV��ZH�SODFH�180��DW�$5*�DQG�180��DW
)$&�DV�XVXDO��$IWHU�WKH�;0//1.�SHUIRUPV�WKH�)&20�URXWLQH��ZH�KDYH�WR�H[DPLQH�WKH�*3/�VWDWXV�E\WH
�!���&��WR�VHH�WKH�UHVXOW��:H�FKHFN�ILUVW�WR�VHH�LI�WKH�QXPEHUV�DUH�HTXDO��VLQFH�WKDW
V�WKH�HDVLHVW�WHVW��:H
MXVW�GR�&%�#67$786�#$1<.(<��DQG�LI�WKRVH�WZR�E\WHV�DUH�HTXDO��VR�DUH�WKH�QXPEHUV�DW�)$&�DQG�$5*�
,I�WKH\
UH�QRW�HTXDO��ZH�SXW�WKH�67$786�E\WH�LQ�D�UHJLVWHU��H�J��5����WKHQ�VWULS�RII�DOO�EXW�WKH�!�����ELW�
,I�WKDW�UHVXOW�LV�QRW�]HUR��WKHQ�WKH�QXPEHU�DW�$5*�ZDV�JUHDWHU�WKDQ�WKH�RQH�DW�)$&��,I�WKH�UHVXOW�LV�]HUR�
JLYHQ�WKDW�WKH�QXPEHUV�DUH�QRW�HTXDO��WKHQ�WKH�RQH�DW�$5*�PXVW�EH�OHVV�WKDQ�WKH�RQH�DW�)$&��7KH�FRGH
LQ�WKH�6LGHEDU�SHUIRUPV� MXVW�WKLV�ZD\��DQG�SXWV�RQH�RI�WKUHH�PHVVDJHV�RQ�WKH�VFUHHQ�WR�LQGLFDWH�WKH
UHODWLRQVKLS�EHWZHHQ�180��DQG�180���2QH�FDQ�DOVR�WHVW�IRU�D��ORJLFDO�KLJK��UHODWLRQVKLS�XVLQJ�WKH
!�����ELW��EXW�ZH�FDQ
W�VHH�DQ\�VHQVH�LQ�GRLQJ�WKDW�IRU�IORDWLQJ�SRLQW�QXPEHUV�

1.72.4. Variations You Can Try

,Q�\RXU�RZQ�ZRUN��\RX�PLJKW�ZDQW�WR�WU\�RXW�WKH�LGHD�RI�DOORZLQJ�OHDGLQJ�VSDFHV�WR�EH�SUHVHQW�LQ�WKH�LQSXW
ILHOG��7KLV�PLJKW�FRPH�LQ�KDQG\�LI��IRU�H[DPSOH��D�GHIDXOW�SRVLWLYH�QXPEHU�VWULQJ�ZHUH�LQ�WKH�LQSXW�ILHOG
WR�VWDUW�ZLWK��6XFK�D�VWULQJ�VWDUWV�ZLWK�D�VSDFH��ZKLFK�PXVW�WKHQ�EH�VNLSSHG�RYHU�DIWHU�DQ�$&&(37
RSHUDWLRQ��7KH�IROORZLQJ�GLVFXVVLRQ�DVVXPHV�WKDW�RXU�RZQ�YHUVLRQ�RI�$&&(37��DV�LQFOXGHG�LQ�ODVW�PRQWK
V
6LGHEDU��LV�EHLQJ�XVHG��$PRQJ�RWKHU�WKLQJV��WKDW�PHDQV�WKDW�WKH�OHQJWK�RI�WKH�VWULQJ�W\SHG�LQ�WKH�ILHOG�
H[FOXGLQJ�WUDLOLQJ�VSDFHV��LV�LQ�5��XSRQ�UHWXUQ�IURP�WKH�URXWLQH��:H
OO�VKRZ�KHUH�WKH�FRGH�WKDW�ZRXOG�DOORZ
\RXU�URXWLQH�WR�VNLS�RYHU�DQ\�OHDGLQJ�VSDFHV�
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BL   @ACCEPT Use Accept subroutine
DATA 32*5+2 Row 6, Col 3
DATA 28 Field Length 28
DATA 0 Don't Clear field
DATA TEMSTR String Buffer

READ1 BLWP @VSBR Read byte from field
CB   R1,@ANYKEY Is that a space?
JNE  GNUM1 If Not, jump
INC  R0 Next spot on screen
DEC  R2 Dec string length count
JGT  READ1 If positive, repeat read

GNUM1 MOV  R0,@FAC12 Put R0 at >8356
BLWP @XMLLNK Use XML linkage vector
DATA CSN Convert string to number

7KLV�PHWKRG�ZLOO�ZRUN�HYHQ�LI�WKH�ILHOG�ZDV�OHIW�EODQN��,Q�VXFK�D�FDVH��DIWHU�WKH�'(&�5���5��ZLOO�EHFRPH
D�QHJDWLYH�QXPEHU��DQG�WKH�-*7�WHVW�ZLOO�IDLO��VR�WKH�&61�URXWLQH�ZLOO�EH�XVHG�ULJKW�DZD\��DQG�ZLOO�UHSRUW
]HUR�DW�)$&��1R�GRXEW�VRPH�RI�RXU�UHDGHUV�ZLOO�ILQG�D�PRUH�HIILFLHQW�ZD\�WR�GR�WKLV��EXW�WKH�ZD\�ZH
YH
VKRZQ�LV�FHUWDLQ�WR�ZRUN��(DFK�WLPH�D�OHDGLQJ�VSDFH�LV�IRXQG�LQ�D�QRQ�QXOO�HQWU\��WKH�SRLQWHU�LQ�5�
DGYDQFHV�RQH�VSRW�DQG�DQRWKHU�UHDG�LV�GRQH�XQWLO�D�QRQ�VSDFH�FKDUDFWHU�LV�IRXQG�

1.72.5. The "Caret" Case

:H
YH�IRROHG�DURXQG�ZLWK�WKH�RWKHU�RSHUDWLRQV�DOORZHG�WKURXJK�*3//1.��DQG�IRXQG�WKDW�RWKHU�IXQFWLRQV
ZRUN�DV�JLYHQ�LQ�WKH�(�$�0DQXDO��ZLWK�RQH�QRWDEOH�H[FHSWLRQ��7KDW�H[FHSWLRQ�LV�WKH��5DLVH�QXPEHU�WR
SRZHU��URXWLQH��$A%�LQ�%$6,&�RU�;%���7KH�(�$�0DQXDO�VD\V�WKDW�\RX�FDQ�XVH�WKLV�URXWLQH��ZKLFK�ZH�FDOO
WKH��FDUHW��URXWLQH��E\�SODFLQJ�WKH�ILUVW�QXPEHU�DW�$5*��WKH�SRZHU�WR�ZKLFK�LW
V�WR�EH�UDLVHG�DW�)$&��WKHQ
XVLQJ�*3//1.��7KLV�GRHVQ
W�VHHP�WR�ZRUN��7KH�URXWLQH�VHHPV�WR�ORVH�LWV�ZD\�VRPHZKHUH�DORQJ�WKH�OLQH�
UHWXUQLQJ�WR�RXU�FRGH�ZLWK�D�PHDQLQJOHVV�QXPEHU�SODFHG�LQ�)$&��+HUH�WKHQ�LV�DQRWKHU�SOHD�WR�RXU�UHDGHUV�
,I�DQ\�RI�\RX�KDV�GLVFRYHUHG�VRPH�WULFN�WR�PDNH�WKH��FDUHW��URXWLQH�ZRUN�IURP�$VVHPEO\�FRGH��SOHDVH�OHW
XV�NQRZ��DQG�ZH
OO�SDVV�WKDW�RQ�WR�RWKHUV�

:H�KRSH�WKHVH�WZR�DUWLFOHV�ZLOO�VDWLVI\�\RXU�KXQJHU�RQ�WKH�VXEMHFW�RI�IORDWLQJ�SRLQW�QXPEHUV�IRU�D�ZKLOH�
1H[W�PRQWK
V�WRSLF� LV�XQGHFLGHG�DW�SUHVHQW��EXW�VLQFH�ZH
UH�QRZ�ZULWLQJ�PRUH�WKDQ�D�\HDU�DKHDG�RI
SXEOLFDWLRQ��ZH
YH�JRW�SOHQW\�RI�WLPH�WR�GHFLGH�RQ�WKDW�WRSLF�



The Cyc: MICROpendium

1.73. The Art Of Assembly — Part 73. Where Is Bryn Mawr?

%\�%UXFH�+DUULVRQ

'HSHQGLQJ�RQ�ZKLFK�VLGH�RI�WKH�$WODQWLF�\RX
UH�RQ��LW
V�HLWKHU�LQ�6RXWK�:DOHV�RU�RQ�3KLODGHOSKLD
V��0DLQ
/LQH���2I�FRXUVH�LQ�RXU�FDVH�LW
V�D�WULFN�TXHVWLRQ��EHFDXVH�WRGD\
V�FROXPQ�GHDOV�ZLWK�WKH�VXEMHFW�RI�D�:RUG
6HDUFK�SURJUDP��QRW�GLUHFWO\�ZLWK�*HRJUDSK\��$V�ZH
OO�H[SODLQ��KRZHYHU��WKLV�SURJUDP�FRXOG�EH�XVHG�WR
KHOS�LQ�WHDFKLQJ�WKDW�VXEMHFW�

7KLV�SURMHFW�ZDV�WKH�GLUHFW�UHVXOW�RI�D�FDOO�IRU�KHOS�IURP�(G�0RUVH��RI�3KRHQL[��$=��(G�KDG�EHHQ�WU\LQJ�WR
PRGLI\�DQ�ROG�7,�%DVLF�SURJUDP�ZKLFK�JHQHUDWHG�:RUG�6HDUFK�SX]]OHV�WR�VXLW�KLV�RZQ�QHHGV��)RU�WKRVH
XQIDPLOLDU�ZLWK�WKH�FRQFHSW��D�:RUG�6HDUFK�SX]]OH��RU�:RUG�)LQG�SX]]OH��LV�D�UHFWDQJXODU�PDWUL[�RI�OHWWHUV
LQ�ZKLFK�ZRUGV�DUH��KLGGHQ���7KH�ZRUGV�FDQ�UXQ�KRUL]RQWDOO\��YHUWLFDOO\��RU�GLDJRQDOO\��LQ�D�WRWDO�RI�HLJKW
GLUHFWLRQV�WKURXJK�WKH�PDWUL[��7KHUH�DUH�DOVR�OHWWHUV�LQ�WKH�PDWUL[�ZKLFK�GRQ
W�EHORQJ�WR�DQ\�RI�WKH�ZRUGV�

(G�0RUVH�ZDV�WU\LQJ�WR�XVH�WKLV�ROG�%DVLF�SURJUDP�WR�FUHDWH�SX]]OHV�FRQWDLQLQJ�WKH�QDPHV�RI�PHPEHUV�RI
KLV�IDPLO\��+H�KDG�����QDPHV�LQ�DOO��DQG�WKH�PDWUL[�RI�RQO\����E\����ZDV�QRZKHUH�QHDU�ODUJH�HQRXJK�IRU
WKDW�SXUSRVH��)XUWKHU��WKH�%DVLF�SURJUDP�UHTXLUHG�KLP�WR�W\SH�LQ�HDFK�QDPH�RQ�HDFK�UXQ��7KDW
V�RQH
ZKDOH�RI�D�ORW�RI�W\SLQJ��(G�KDG�H[SDQGHG�WKH�RULJLQDO�SURJUDP
V�PDWUL[��EXW�VWLOO�IRXQG�WKDW�QRW�DOO�WKH
QDPHV�ZRXOG�ILW�

2XU�ILUVW�SUREOHP�ZDV�WR�GHDO�ZLWK�DOO�WKDW�W\SLQJ�RQ�HDFK�UXQ��:K\�ZRXOG�DQ\RQH�GHVLJQ�VXFK�D�SURJUDP
WR�UHTXLUH�W\SLQJ�LQ�HDFK�QDPH�HDFK�WLPH"�3HUKDSV�WKLV�ZDV�GRQH�IRU�D��FRQVROH�EDVLF��FDVH�LQ�ZKLFK�QR
GLVN�GULYH�ZDV�DYDLODEOH��2XU�ILUVW�RUGHU�RI�EXVLQHVV��WKHQ��ZDV�WR�IL[�WKH�LQSXW�VHFWLRQ�VR�WKDW�RQH�FRXOG
KDYH�WKH�QDPHV�LQ�D�'�9����ILOH��ZKLFK�RQO\�QHHGHG�WR�EH�W\SHG�RQFH��WKHQ�KDYH�WKH�SURJUDP�UHDG�WKH
QDPHV�IURP�WKH�ILOH��:H�PDGH�WKDW�DQG�D�FRXSOH�RWKHU�VPDOO�FKDQJHV��PDNLQJ�WKH�PDWUL[����E\����OHWWHUV�
DQG�SDVVHG�D�FRS\�EDFN�WR�(G�0RUVH��6WLOO��WKLV�%DVLF�SURJUDP�ZRXOG�QRW�DOZD\V�ILW�DOO�RI�KLV�����QDPHV
LQWR�WKH�SX]]OH��DQG�LW�ZDV�SDLQIXOO\�VORZ�LQ�WU\LQJ�

1.73.1. Assembly To The Rescue!

+DYLQJ�IDLOHG�WR�FRPSOHWHO\�XQGHUVWDQG�ZK\�WKH�%DVLF�SURJUDP�FRXOGQ
W�GR�WKH�MRE��ZH�VHW�RXW�WR�PDNH�DQ
$VVHPEO\�YHUVLRQ�WKDW�ZRXOG��7R�GR�WKLV��ZH��ERUURZHG��VRXUFH�FRGH�IURP�VRPH�RI�RXU�RWKHU�SURJUDPV�
WKHQ�GHYLVHG�RXU�RZQ�DOJRULWKP�IRU�SODFLQJ�WKH�ZRUGV��/LNH�WKH�%DVLF�YHUVLRQ��RXUV�XVHG�UDQGRP�QXPEHUV
WR�GHFLGH�LQ�ZKLFK�GLUHFWLRQ�HDFK�ZRUG�ZRXOG�EH�SODFHG��6LQFH�WKHUH�DUH�HLJKW�VXFK�GLUHFWLRQV��WKH�UDQGRP
QXPEHU�KDG�WR�UDQJH�RQO\�IURP���WKURXJK����7KDW�PXFK�ZDV�HDV\��:H�GHYLVHG�RXU�VFKHPH�VR�WKDW���PHDQW
VWUDLJKW�DFURVV�OHIW�WR�ULJKW����PHDQW�GRZQZDUG�DQG�ULJKW����PHDQW�VWUDLJKW�GRZQZDUG��DQG�VR�RQ�WKURXJK
���ZKLFK�PHDQW�XSZDUG�DQG�WR�WKH�ULJKW��)RU�HDFK�RI�WKRVH�GLUHFWLRQV��ZH�ZRXOG�HVWDEOLVK�D��ODVW�URZ��DQG
�ODVW�FROXPQ��IRU�SODFHPHQW��EDVHG�RQ�WKH�OHQJWK�RI�WKH�ZRUG�EHLQJ�SODFHG��,Q�RWKHU�ZRUGV�WKH�SURJUDP
ZRXOG�QRW�WU\�WR�SODFH�WKH�ZRUG�ZKHUH�WKHUH�ZDV�QRW�HQRXJK�URRP��%XW�ZH
UH�DOUHDG\�JHWWLQJ�DKHDG�RI�WKH
VWRU\�
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1.73.2. The Matrix Structure

,Q�WKH�VSHFLDO�FDVH�IRU�(G�0RUVH
V�IDPLO\��WKH�PDWUL[�KDV�WR�KDYH����URZV�RI����FROXPQV��,Q�RXU�$VVHPEO\
YHUVLRQ��WKLV�LV�VLPSO\�D�EORFN�RI����������WLPHV�����E\WHV�ZKLFK�DUH�DOO�VHW�WR��V�EHIRUH�ZH�VWDUW�SODFLQJ
ZRUGV��7R�SODFH�D�ZRUG��ZH�VWDUW�ZLWK�LWV�ILUVW�OHWWHU�DQG�D�VWDUWLQJ�SRLQW�LQ�WKH�PDWUL[��,I�WKDW�HOHPHQW�RI
WKH�PDWUL[�LV�D�]HUR�RU�LI�LW
V�JRW�D�PDWFKLQJ�OHWWHU��WKHQ�ZH�SURFHHG�WR�H[DPLQH�WKH�QH[W�DSSURSULDWH�VSRW
LQ�WKH�PDWUL[��7KLV�FRQWLQXHV�XQWLO�ZH
YH�IRXQG�WKH�HQG�RI�WKH�ZRUG
V�OHQJWK�RU�ZH
YH�IRXQG�D�OHWWHU�WKDW
GRHVQ
W�PDWFK�WKH�ZRUG��,I�ZH�JRW�WKURXJK�WKH�ZKROH�ZRUG��WKHQ�WKH�OHWWHUV�RI�WKDW�ZRUG�DUH�SODFHG�LQWR
WKH�PDWUL[��DQG�ZH�FDQ�PRYH�RQ�WR�WKH�QH[W�ZRUG��,I�WKDW�ZRUG�ZRXOGQ
W�ILW�LQ�WKDW�SODFH��ZH�WU\�DQRWKHU
VWDUWLQJ�SRLQW�DQG�UHSHDW�WKH�SURFHVV��,I�ZH�ILQG�WKDW�WKLV�ZRUG�FDQ
W�EH�ILWWHG�LQ�WKDW�GLUHFWLRQ��WKHQ�ZH
JR�EDFN�DQG�WU\�WKH�QH[W�GLUHFWLRQ��:H�PDNH�HLJKW�GLUHFWLRQ�WULDOV��VR�WKH�ZRUG�KDV�HYHU\�SRVVLEOH�FKDQFH
WR�EH�SODFHG��(DFK�WLPH�D�ZRUG�LV�ILWWHG�LQWR�WKH�PDWUL[��LW�JHWV�DGGHG�WR�D�OLVW�RI�XVHG�ZRUGV�LQ�PHPRU\�
7KLV�OLVW�JHWV�XVHG�ODWHU�E\�WKH�SURJUDP��WR�SULQW�RXW�WKH�OLVW�RI�ZRUGV�WR�EH�IRXQG��7KH�XVHG�OLVW�LV�NHSW
VHSDUDWH�IURP�WKH�OLVW�DV�UHDG�LQ�IURP�WKH�GLVN��7KDW
V�LPSRUWDQW�LQ�FDVH�WKHUH�DUH�RQH�RU�PRUH�ZRUGV�WKDW
ZRQ
W�ILW�LQWR�WKH�PDWUL[��,Q�WKLV��VSHFLDO�IRU�(G�0RUVH��YHUVLRQ��WKDW�ZDVQ
W�D�SUREOHP��DV�DOO�����QDPHV
ZRXOG�ILW�QLFHO\�LQWR�WKH����ð����PDWUL[�

1.73.3. The Public Domain V ersion

)RU�WKH�PRUH�JHQHUDO�SXUSRVH�UHOHDVH�YHUVLRQ��ZH�XVHG�WKH�RULJLQDO����ð����PDWUL[�VL]H�DV�LQ�WKH�ROG�%DVLF
SURJUDP��7KH�SURJUDP�VWDUWV�E\�VKRZLQJ�D�WLWOH�VFUHHQ��ZKLFK�VWD\V�RQ�VFUHHQ�XQWLO�D�NH\�LV�SUHVVHG��7KH
GHOD\�EHWZHHQ�VWDUWXS�DQG�WKH�SUHVVLQJ�RI�D�NH\�LV�XVHG�WR��VHHG��WKH�UDQGRP�QXPEHU�SURFHVV��2QFH�D�NH\
KDV�EHHQ�SUHVVHG��WKH�XVHU�LV�DVNHG�WR�VXSSO\�D�ILOH�QDPH��7KHUH�DUH�D�QXPEHU�RI��UHDG\�PDGH��ZRUG�ILOHV
VXSSOLHG�RQ�WKH�GLVN��VR�WKH�XVHU�FDQ�WU\�RXW�WKH�SURJUDP�LPPHGLDWHO\��(DFK�LV�D�VKRUW�'�9����ILOH����RU
��VHFWRUV��ZLWK�ZRUGV�UHODWHG�WR�D�VLQJOH�WRSLF��)RU�H[DPSOH��WKH�ILOH�$1,0$/6�FRQWDLQV�WKH�QDPHV�RI
DQLPDOV��&28175,(6�FRQWDLQV�WKH�QDPHV�RI�FRXQWULHV�IURP�DURXQG�WKH�ZRUOG��)22'6�FRQWDLQV�QDPHV
RI�WKLQJV�ZH�HDW��DQG�VR�RQ��(DFK�ILOH�FRQWDLQV�EHWZHHQ����DQG����ZRUGV��GHSHQGLQJ�SDUWO\�RQ�WKH�OHQJWK
RI�ZRUGV�LQYROYHG��)LOHV�ZLWK�PDQ\�ORQJ�ZRUGV�PD\�KDYH�DV�IHZ�DV����HQWULHV��ZKLOH�WKRVH�ZLWK�PRVWO\
VKRUWHU�ZRUGV�PD\�KDYH����RU�PRUH�HQWULHV�

*LYHQ�D�FRPSOHWH�ILOH�QDPH��H�J��'6.��)22'6���WKH�SURJUDP�SURFHHGV�WR�RSHQ�WKDW�ILOH�DQG�UHDG�HDFK
ZRUG��$V�WKH\
UH�UHDG��WKH�ZRUGV�DSSHDU�RQ�WKH�VFUHHQ�DQG�VFUROO�XS�TXLFNO\��:KHQ�WKH�HQG�RI�WKH�ILOH�LV
IRXQG��WKH�SURJUDP�UHSRUWV�RQ�WKH�VFUHHQ�KRZ�PDQ\�ZRUGV�ZHUH�IRXQG��WKHQ�SXWV�WKH�OHJHQG��3/$&,1*
7+(�:25'6��RQ�WKH�VFUHHQ��,Q�WKH�QH[W�FRXSOH�RI�VHFRQGV��DOO�RI�WKH�ZRUGV�JHW�SODFHG�LQWR�WKH�PDWUL[�
&RPSDUHG� WR� WKH� %$6,&� YHUVLRQ�� ZKLFK� WDNHV� D� YHU\� ORQJ� WLPH� WR� SODFH� ZRUGV�� WKLV� LV� SUDFWLFDOO\
LQVWDQWDQHRXV�



The Cyc: MICROpendium

1.73.4. The First Eleven

-XVW�WR�PDNH�WKH�SX]]OHV�D�ELW�WRXJKHU�WR�VROYH��ZH�WDNH�DGGLWLRQDO�UDQGRP�QXPEHUV�IRU�WKH�ILUVW�HOHYHQ
ZRUGV�LQ�WKH�OLVW��(DFK�RI�WKHP�JHWV�D�UDQGRPO\�FKRVHQ�URZ�DQG�FROXPQ�IRU�LWV�VWDUWLQJ�SRLQW��7KXV�WKHVH
HOHYHQ�ZRUGV�DUH��LQ�JHQHUDO��PRUH��KLGGHQ��WKDQ�WKH�RWKHUV��$IWHU�WKH�ILUVW�HOHYHQ�DUH�SODFHG��WKH�RWKHUV
DUH�ILWWHG�LQ�DFFRUGLQJ�WR�DQ�DOJRULWKP�WKDW�SODFHV�WKHLU�LQLWLDO�VWDUWLQJ�SRLQWV�EDVHG�VROHO\�RQ�WKH�GLUHFWLRQ
WKH�ZRUG�LV�WR�JR��)RU�H[DPSOH��LI�D�ZRUG�LV�EHLQJ�SODFHG�GRZQ�DQG�ULJKW��LWV�ILUVW�WULDO�SODFHPHQW�ZLOO�EH
DW�WKH�XSSHU�OHIW�FRUQHU��,I�XS�DQG�OHIW��LWV�ILUVW�WULDO�SRVLWLRQ�ZLOO�EH�DW�WKH�ORZHU�ULJKW�FRUQHU��DQG�VR�RQ�
7KH�SURJUDP�WKHQ�F\FOHV�WKURXJK�DOO�SRVVLEOH�SRVLWLRQV�ZKHUH�WKLV�SDUWLFXODU�ZRUG�FDQ�ILW��XQWLO�HLWKHU�WKH
ZRUG�LV�SODFHG�RU�LW
V�IRXQG�WKDW�WKHUH
V�QRW�URRP�IRU�WKLV�ZRUG�LQ�WKLV�GLUHFWLRQ��7KH�SURJUDP�ZLOO�WKHQ
WU\�SODFLQJ�WKLV�ZRUG�LQ�VHYHQ�RWKHU�GLUHFWLRQV��DQG�ZLOO�XVXDOO\�ILQG�D�SODFH�IRU�LW��/HWWHUV�SODFHG�LQ�WKH
PDWUL[�FDQ�RI�FRXUVH�EHORQJ�WR�PRUH�WKDQ�RQH�ZRUG�ZKHUH�WKH\�PDWFK�XS��,Q�PDQ\�FDVHV��IRU�H[DPSOH��\RX
PD\�ILQG�D�&�DW�WKH�XSSHU�OHIW�FRUQHU�WKDW
V�WKH�ILUVW�OHWWHU�RI�WKUHH�ZRUGV��RQH�JRLQJ�DFURVV�OHIW�WR�ULJKW�
RQH�JRLQJ� VWUDLJKW�GRZQ�� DQG� RQH�RQ� WKH�GLDJRQDO�GRZQ�DQG� ULJKW��7KH� VDPH� VKDULQJ�PD\�KDSSHQ
DQ\ZKHUH��DV�ZRUGV�JRLQJ�LQ�GLIIHUHQW�GLUHFWLRQV�PD\�VKDUH�D�OHWWHU�ZKHUH�WKH\�FURVV�RYHU�HDFK�RWKHU��,Q
PRVW�FDVHV��DOO�RI�WKLV�JHWV�GRQH�LQ�DERXW�WZR�VHFRQGV��WKHQ�WKH�SX]]OH�LV�DOPRVW�UHDG\�IRU�SULQWLQJ�

7KH�ODVW�VWHS�LQ�IRUPLQJ�WKH�PDWUL[�LV�WKH��UDQGRP�ILOO��SURFHVV��LQ�ZKLFK�WKH�SURJUDP�H[DPLQHV�HDFK�RI
WKH�����E\WHV�LQ�WKH�PDWUL[��)RU�HDFK�RQH�WKDW�VWLOO�FRQWDLQV�]HUR��WKH�SURJUDP�LQVHUWV�D�UDQGRPO\�FKRVHQ
XSSHU�FDVH�OHWWHU��7KLV�WDNHV�HVVHQWLDOO\�QR�WLPH�EHFDXVH�RI�WKH�UDSLG�DQG�HIILFLHQW�ZD\�WKH�SURJUDP
JHQHUDWHV�UDQGRP�QXPEHUV�

1.73.5. The Except ional Case

6RPHWLPHV�D�ZRUG�OLVW�ZLOO�FRQWDLQ�ORQJ�ZRUGV�WRZDUG�WKH�HQG��DQG�LW
V�SRVVLEOH�WKDW�RQH�RI�WKHVH�ZRQ
W�EH
DEOH�WR�EH�SODFHG�EHFDXVH� HDUOLHU�SODFHPHQWV�KDYH�QRW� OHIW�D�VXLWDEOH�VSRW� IRU�WKLV�ZRUG��:KHQ�WKDW
KDSSHQV��WKH�SURJUDP�VWRSV�DQG�RIIHUV�WKH�XVHU�WKUHH�RSWLRQV�RQ�ZKLFK�WR�SURFHHG��2SWLRQ���LV�WR�UH�VWDUW
SODFHPHQW��2SWLRQ���LV�WR�VNLS�WKLV�SDUWLFXODU�ZRUG�DQG�FRQWLQXH�ZLWK�WKH�QH[W�RQH��2SWLRQ���LV�WR�MXVW�VWRS
DQG�SULQW�WKH�PDWUL[�ZLWK�WKRVH�ZRUGV�DOUHDG\�SODFHG�

,I�WKH�XVHU�FKRRVHV�2SWLRQ����KH�DFWXDOO\�KDV�WZR�SRVVLEOH�ZD\V�WR�JR�DIWHU�PDNLQJ�WKDW�FKRLFH��7KH
SURJUDP�DVNV�ZKHWKHU�WKH�XVHU�ZDQWV�WR�PDNH�D�QHZ�WU\�ZLWK�WKH�VDPH�GDWD��,I�\HV��WKH�SURJUDP�UH�FOHDUV
WKH�PDWUL[�WR�DOO�]HURV��WKHQ�VWDUWV�WKH�SODFHPHQW�SURFHVV�DJDLQ��XVLQJ�WKH�ZRUG�OLVW�WKDW
V�DOUHDG\�LQ
PHPRU\�IURP�WKH�ILOH��7KLV�LV�ZK\�WKH�OLVW�RI��XVHG��ZRUGV�LV�NHSW�VHSDUDWH�IURP�WKH�RULJLQDO�OLVW�UHDG�IURP
WKH�ILOH��VR�WKDW�WKH�SODFHPHQW�SURFHVV�PD\�VWDUW�DJDLQ�ZLWKRXW�UH�UHDGLQJ�WKH�ILOH��,I�WKH�XVHU�DQVZHUV�WKLV
�VDPH�GDWD��SURPSW�ZLWK�DQ\�NH\SUHVV�RWKHU�WKDQ�Y�RU�y��WKH�SURJUDP�JRHV�EDFN�WR�WKH�ILOH�QDPH�LQSXW
SURPSW�VR�D�GLIIHUHQW�ILOH�PD\�EH�WULHG�

8VXDOO\�HYHQ�D��GLIILFXOW��ZRUG�OLVW�FDQ�DOO�EH�SODFHG�LQ�RQH�RU�WZR�PRUH�WULHV��VLPSO\�EHFDXVH�D�GLIIHUHQW
VHW�RI�UDQGRP�QXPEHUV�FUHDWHV�D�QHZ�VLWXDWLRQ�IRU�HDFK�SODFHPHQW�DWWHPSW��2Q�UDUH�RFFDVLRQV�D�ZRUG�OLVW
PD\�EH�IRXQG�WKDW�PD\�WDNH�ILYH�RU�VL[�WULHV�WR�JHW�SODFHG��:KHQ�WKDW�KDSSHQV�WR�XV��ZH�JR�EDFN�DQG�UH�HGLW
WKDW�ZRUG�ILOH��OHDYLQJ�IHZHU�RU�VKRUWHU�ZRUGV�LQ�WKH�OLVW�
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1.73.6. The Printing Pro cess

2QFH�WKH�SURJUDP�KDV�ILOOHG�WKH�PDWUL[�LQ�PHPRU\��ZH
UH�UHDG\�WR�SULQW��7KH�XVHU�JHWV�D�SURPSW�IRU�WKH
SULQWHU�ILOH�QDPH��ZLWK�WKH��3,2��RSWLRQ�DOUHDG\�LQ�SODFH�DV�D�GHIDXOW�HQWU\��,I�WKDW
V�WKH�XVHU
V�GHVLUH��MXVW
SUHVVLQJ�ENTER�ZLOO� VWDUW� WKH�SULQWLQJ�SURFHVV��:KHQ�ZH� ILUVW�GLVWULEXWHG�D� IHZ� WHVW� FRSLHV�RI� WKLV
SURJUDP��ZH�KDG�JRRG�UHDFWLRQ�IURP�DOPRVW�HYHU\�WHVWHU��EXW�JRW�RQH�VXUSULVH�DQVZHU��7KDW�ZDV�IURP�-RKQ
+��%XOO��RI�.QR[YLOOH��71��6HHPV�ZKDW�KH�ZDQWHG�ZDV�WR�PDNH�PDQ\�LGHQWLFDO�FRSLHV�RI�MXVW�RQH�SX]]OH�
7R�GR�WKDW��KH�VDYHG�WKH�SX]]OH�WR�D�GLVN�ILOH�LQVWHDG�RI�VHQGLQJ�LW�WR�WKH�SULQWHU��,Q�WKDW�HDUO\�YHUVLRQ��WKLV
LGHD�ZRUNHG��EXW�WKH�UHVXOWLQJ�GLVN�ILOH�FRQWDLQHG�XQZDQWHG�FDUULDJH�UHWXUQV�DQG�OLQH�IHHGV��,Q�WKH�ODWHVW
XSGDWH��WKDW�FRQGLWLRQ�KDV�EHHQ�FRUUHFWHG��VR�WKDW�LI�WKH�SX]]OH�LV�VHQW�WR�GLVN��QR�FDUULDJH�UHWXUQV�RU�OLQH
IHHGV�ZLOO�EH�LQFOXGHG�

7KH�PDWUL[�LWVHOI�JHWV�SULQWHG�FHQWHUHG�LQ�WKH�HLJKW\�FROXPQV�RQ�WKH�SDSHU��ZLWK�D�VSDFH�EHWZHHQ�HDFK
OHWWHU�JRLQJ�DFURVV�WKH�SDSHU��$Q�HVFDSH�VHTXHQFH�JHWV�VHQW�RXW�EHIRUH�WKH�PDWUL[��WR�VHW�WKH�OLQH�IHHG�VR
WKDW�WKH�VSDFLQJ�EHWZHHQ�OHWWHUV�ZLOO�EH�WKH�VDPH�LQ�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQV��7KDW�PDNHV
LW�HDVLHU�WR�ILQG�ZRUGV�DORQJ�WKH�GLDJRQDOV��$V�ZH�DOO�NQRZ�E\�QRZ��VHWWLQJ�D�GLIIHUHQW�OLQH�IHHG�DPRXQW
IRU���SLQ�SULQWHUV�DQG�IRU����SLQ�SULQWHUV�LV�D�WULFN\�SURFHVV��7KXV�RQ�WKH�3XEOLF�'RPDLQ�UHOHDVH�GLVN�WKHUH
DUH�WZR�YHUVLRQV�RI�WKH�PDLQ�SURJUDP��VR�WKDW�WKH�GLVN�FDQ�EH�XVHG�ZLWK�HLWKHU�W\SH�RI�SULQWHU�DQG�JLYHV
VDWLVIDFWRU\�UHVXOWV�LQ�ERWK�FDVHV��$QRWKHU�HVFDSH�VHTXHQFH�LV�VHQW�EHIRUH�WKH�ZRUG�OLVW�JHWV�SULQWHG��WR�VHW
WKH�YHUWLFDO�VSDFLQJ�EDFN�WR�WKH�QRUPDO�����LQFK��7KHVH�HVFDSH�VHTXHQFHV�DUH�DOVR�LQFOXGHG�LI�WKH�ILOH�JRHV
WR�GLVN��VR�WKDW�D�SX]]OH�VDYHG�WR�DQG�WKHQ�SULQWHG�IURP�GLVN�ZLOO�ORRN�QR�GLIIHUHQW�IURP�RQH�SULQWHG
GLUHFWO\�IURP�WKH�SURJUDP�

7KH�OLVW�RI�ZRUGV�JHWV�SULQWHG�LQ�FROXPQV��DIWHU�WKH�SURJUDP�GHWHUPLQHV�KRZ�PDQ\�FROXPQV�DUH�QHHGHG
DQG�KRZ�PDQ\�ZRUGV�DUH�WR�EH�LQFOXGHG�LQ�HDFK�FROXPQ��%HWZHHQ�WKH�PDWUL[�DQG�WKH�ZRUG�OLVW��WKH
SURJUDP�SULQWV�D�OLQH�ZKLFK�VD\V��),1'�7+(6(�;;�:25'6�,1�7+(�38==/(�$%29(���7KH�;;�LV�RI
FRXUVH�WKH�QXPEHU�RI�ZRUGV�DFWXDOO\�SODFHG�LQ�WKH�PDWUL[��ZKLFK�PD\�QRW�EH�WKH�VDPH�DV�WKH�QXPEHU�RI
ZRUGV�LQ�WKH�RULJLQDO�ZRUG�ILOH���5HPHPEHU�WKDW�WKH�XVHU�FDQ�VNLS�RYHU�ZRUGV�WKDW�GLGQ
W�ILW���7KLV�ZD\�
WKH�XVHU�LV�DVVXUHG�WKDW�DOO�ZRUGV�SULQWHG�LQ�WKH�OLVW�DUH�DFWXDOO\�VRPHZKHUH�LQ�WKDW�SX]]OH�DERYH��KDUG
WKRXJK� LW�PD\� EH� WR� ILQG� WKHP�� 2Q� UDUH� RFFDVLRQV�� �LQFOXGHG��ZRUGV�PD\� JHW� SODFHG� RYHU� D� ORQJHU
�LQFOXGLQJ��ZRUG��6XSSRVH�WKDW�D�OLVW�LQFOXGHG�ERWK�WKH�ZRUGV�-21(6�DQG�-21(6%252��,W
V�SRVVLEOH�
WKRXJK�XQOLNHO\��WKDW�WKH�ZRUG�-21(6�ZLOO�JHW�SODFHG��WKHQ�-21(6%252�SODFHG�ULJKW�RQ�WRS�RI�WKDW��VR
WKDW�QRZKHUH�LQ�WKH�SX]]OH�ZLOO�-21(6�DSSHDU�E\�LWVHOI��,Q�KXQGUHGV�RI�WHVW�UXQV�ZLWK�YDULRXV�ZRUG�ILOHV�
WKLV�KDV�RQO\�KDSSHQHG�WR�XV�RQFH��EXW�EH�ZDUQHG�WKDW�LW�FDQ�KDSSHQ��DQG�FDQ�GULYH�WKH�VROYHU�FUD]\�

1.73.7. The Finishing Touch

$IWHU�WKH�PDWUL[�DQG�ZRUG�OLVW�DUH�SULQWHG��WKH�SURJUDP�SODFHV�WKH�QDPH�RI�WKH�RULJLQDO�ZRUG�ILOH�DW�WKH
ERWWRP�RI�WKH�VKHHW��7KLV�DOORZV�WKH�XVHU�WR�TXLFNO\�GHWHUPLQH�ZKDW�NLQG�RI�ZRUGV�KH
V�ORRNLQJ�IRU��DV�ZHOO
DV� MXVW� NQRZLQJ� ZKHUH� WKH� OLVW� FDPH� IURP�� )RU� H[DPSOH�� RQH� ZRXOGQ
W� EH� ORRNLQJ� IRU� 52%,1� RU
0($'2:/$5.�LI�WKH�ILOH�QDPH�ZDV�&$56��2I�FRXUVH�WKHUH�DUH�VRPH�FDVHV�ZKHUH�D�ZRUG�PD\�DSSHDU�LQ
PRUH�WKDQ�RQH�OLVW��&28*$5��IRU�H[DPSOH��LV�LQ�WKH�OLVW�ILOH�FDOOHG�&$56��DQG�DOVR�LQ�WKH�RQH�FDOOHG
$1,0$/6��7KHUH� DUH� ���ZRUG� ILOHV� VXSSOLHG� RQ� WKH� GLVN�� LQFOXGLQJ�PDQ\� WRSLFV�� 7KH\� UDQJH� IURP
$1,0$/6�WKURXJK�75((6��DQG�LQFOXGH�VXFK�WKLQJV�DV�)22'6��632576��HWF�
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1.73.8. The Geography Lessons

$PRQJ�WKH�ILOHV�VXSSOLHG�DUH�RQHV�WKDW�FRXOG�EH�XVHG�DV�SDUW�RI�*HRJUDSK\�OHVVRQV��)RU�H[DPSOH��WKHUH
V
D�ILOH�FDOOHG�&,7,(6��ZKLFK�LQFOXGHV�QDPHV�RI�FLWLHV�ODUJH�DQG�VPDOO�LQ�WKH�8QLWHG�6WDWHV��)RU�RXU�IULHQGV
RYHUVHDV��WKHUH�DUH�RQHV�FDOOHG�&$1&,7<��IRU�&DQDGD���%5,7&,7<��IRU�WKH�8�.����DQG�,5(/$1'�DQG
*(50$1<�IRU�WKRVH�FRXQWULHV��7KHUH�DUH�DOVR�RWKHU�*HRJUDSK\�RULHQWHG�ILOHV�VXFK�DV�/$.(6��RI�1RUWK
$PHULFD���5,9(56��RI�WKH�:RUOG���DQG�02817$,16��RI�WKH�ZRUOG���8VLQJ�WKHVH��D�VWXGHQW�FRXOG�ILUVW�ILQG
WKH�ZRUGV� LQ� WKH�SX]]OH�� WKHQ�JR� WR� WKH�$WODV�DQG� ILQG� WKH� ORFDWLRQV��$OH[�7UHEHN� >RI� WKH�79�VKRZ
-HRSDUG\@�ZRXOG�EH�SURXG�RI�\RX�IRU�GRLQJ�WKLV�

-XVW�IRU�WKH�IXQ�RI�LW��WKHUH�DUH�ILOHV�VXFK�DV�)22'6��ZKLFK�PD\�KDYH�WKH�VLGH�HIIHFW�RI�PDNLQJ�\RX�KXQJU\�
DQG�632576��ZKLFK�LQFOXGHV�HVRWHULF�RQHV�OLNH�FXUOLQJ��ELDWKORQ��DQG�VR�RQ��2I�FRXUVH�WKLV�LV�DOO�LQWHQGHG
MXVW�WR�VSDUN�\RXU�RZQ�LPDJLQDWLRQ��-RKQ�%XOO��IRU�H[DPSOH��PDGH�D�ILOH�RI�ZRUGV�IRU�KLV�ZLIH
V�KREE\�RI
PDNLQJ�PLQLDWXUHV��2YHU�LQ�'RUVHW��(QJODQG��0U��-RKQ�0XUSK\�PDGH�ILOHV�RI�WRZQV�LQ�(QJODQG��6FRWODQG�
DQG�:DOHV�

<RX
OO�QRWLFH�WKDW�WKHUH
V�QR�6LGHEDU�WKLV�PRQWK��0DLQO\�WKDW
V�EHFDXVH�WKH�ZKROH�SURJUDP�LV�PXFK�WRR
ODUJH�WR�SXEOLVK�DOO�LWV�VRXUFH�FRGH��EXW�DOVR�EHFDXVH�QRWKLQJ�H[RWLF�ZDV�GRQH�WKDW�KDVQ
W�EHHQ�FRYHUHG
EHIRUH�LQ�WKLV�FROXPQ��7KH�FRPSOHWH�VRXUFH�FRGH�LV�LQFOXGHG�RQ�WKH�3XEOLF�'RPDLQ�GLVN�IRU�WKRVH�ZKR�FDUH�
DOWKRXJK�LW
V�QRW�FRPSOHWHO\�DQQRWDWHG��$V�DOZD\V��WKH�GLVN�FRQWDLQLQJ�WKLV�SURJUDP�KDV�EHHQ�PDGH
DYDLODEOH�WKURXJK�WKH�/LPD�XVHU�JURXS��VR�LW
V�DFFHVVLEOH�WR�WKH�ZKROH�FRPPXQLW\��&RQWDFW�'U��&KDUOHV
*RRG�DW�3�2��%R[������9HQHGRFLD��2+�������

1.73.9. Extra Added Attraction

:KHQ�ZH�DUH�PDNLQJ�XS�ZRUG�ILOHV�IRU�XVH�ZLWK�WKLV�SURJUDP��ZH�GRQ
W�QHFHVVDULO\�WKLQN�XS�ZRUGV�LQ
DOSKDEHWLFDO�RUGHU��EXW�WKDW
V�KRZ�ZH�ZDQW�WKHP�LQ�WKH�ILOH��7KXV�ZH�ZHQW�EDFN�D�ORQJ�ZD\�LQ�WKLV�VHULHV
�WR�3DUW�����DQG�IRXQG�WKH�VRXUFH�IRU�RXU�)LOH�6RUWHU��:H�PRGLILHG�WKDW�VOLJKWO\��DQG�VDYHG�LW�DV�DQ�2SWLRQ
��SURJUDP�ILOH�FDOOHG�VLPSO\�6257��6257�LV�VXSSOLHG�RQ�WKLV�3�'��GLVN��VR�WKDW�RQFH�\RX
YH�PDGH�D�ILOH�RI
ZRUGV��\RX�FDQ�VRUW�WKDW�ILOH�LQ�D�FRXSOH�RI�VHFRQGV�XVLQJ�WKLV�6257�SURJUDP��7KH�ILOH�JHWV�VRUWHG�ZKLOH
LW
V�EHLQJ�UHDG�IURP�GLVN��VR�WKDW�DV�VRRQ�DV�WKH�ILOH�FORVHV�RQ�LQSXW��LW
V�UHDG\�WR�EH�VDYHG�EDFN�WR�GLVN�LQ
VRUWHG�IRUP��DQG�LWV�H[LVWLQJ�ILOH�QDPH�LV�DOUHDG\�WKHUH�LQ�WKH�LQSXW�ILHOG�IRU�287387�1$0(��7KLV�VRUW
SURJUDP�FDQ�DFWXDOO\�EH�XVHG�IRU�RWKHU�SXUSRVHV��DV�LW�ZLOO�FRUUHFWO\�VRUW�DQ\�'�9����ILOH�WKDW
V�����VHFWRUV
RU�OHVV�LQ�OHQJWK�

7KH�OLPLWV�RQ�ZRUG�ILOHV�DUH�IDLUO\�VLPSOH��7KH�SURJUDP�ZLOO�DFFHSW�ZRUGV�RI�DQ\�OHQJWK�IURP���WKURXJK
���OHWWHUV��,I�WKHUH�DUH�EODQN�OLQHV�LQ�WKH�ILOH��WKH�SURJUDP�ZLOO�LJQRUH�WKHP��DV�LW�ZLOO�ZRUGV�ORQJHU�WKDQ
���RU�VKRUWHU�WKDQ���OHWWHUV��$OO�ZRUGV�VKRXOG�EH�LQ�8SSHU�&DVH�RQO\��EXW�WKH�SURJUDP�GRHVQ
W�FKHFN�WKDW�
7KLV�FRXOG�EH�D�ZD\�WR�FKHDW��E\�XVLQJ�ZRUG�ILOHV�DOO�LQ�ORZHU�FDVH��DV�WKH�UDQGRP�ILOO�OHWWHUV�DUH�DOO�XSSHU
FDVH���:H�GRQ
W�UHFRPPHQG�FKHDWLQJ��EXW�LW�LV�SRVVLEOH��

1H[W�PRQWK�ZH
OO�RSHQ�D�ZKROH�QHZ�ZRUOG��FRQFHUQLQJ�XVH�RI�FRORU�SULQWHUV�WR�SULQW�7,�$UWLVW�3LFWXUH�ILOHV�
6HH�\RX�WKHQ�
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1.74. The Art Of Assembly — Part 74. A Colorful Experiment

%\�%UXFH�+DUULVRQ

$V�ZH�SURPLVHG� LQ�RXU� ODVW�FROXPQ��WRGD\�ZH�WDNH�XS�D�QHZ�VXEMHFW�� WKDW�RI�SULQWLQJ� LQ�FRORU� IURP
7,�$UWLVW�3LFWXUH�ILOHV��7KH�GHYHORSPHQW�RI�D�SURJUDP�WR�SHUIRUP�WKDW�IXQFWLRQ�ZDV�QR�HDV\�WDVN��SDUWO\
EHFDXVH�ZH�KDYH�QR�FRORU�SULQWHU�KHUH�DW�WKH�+DUULVRQ�UHVLGHQFH�RQ�ZKLFK�WR�WHVW�UHVXOWV��7KXV�ZH�H[SUHVV
VLQFHUH�WKDQNV�WR�/HZ�.LQJ�RI�,QGXVWU\��3$�DQG�WR�*DU\�&R[�RI�0HPSKLV��71�IRU�WKHLU�KHOS�ZLWK�WKLV
SURMHFW��/HZ�DQG�*DU\�ZHUH�WKH��JXLQHD�SLJV��IRU�WKLV�GHYHORSPHQW��DQG�WKDQNV�WR�WKHP�ZH�KDYH�WZR
YHUVLRQV�RI�WKH�7,$&2/25�SURGXFW��RQH�IRU�XVH�ZLWK����SLQ�GRW�PDWUL[�FRORU�SULQWHUV��DQG�RQH�IRU�XVH
ZLWK�&DQRQ�%XEEOH�-HW�FRORU�SULQWHUV�

7KH�LGHD�VWDUWHG�ZKHQ�/HZ�.LQJ�PHQWLRQHG�WKDW�KLV�SULQWHU�ZDV�D�6WDU�0LFURQLFV����3LQ�FRORU�XQLW��+H
VHQW�DORQJ�WKH�OLVW�RI�HVFDSH�FRGHV�DQG�WKHLU�FRUUHVSRQGLQJ�FRORUV��7KDW�KDSSHQHG�WR�PDWFK�H[DFWO\�WKH
FRORU�FRQWURO�FRGHV�IURP�D�3DQDVRQLF�SULQWHU�PDQXDO�ZKLFK�ZH�KDYH�FRXUWHV\�RI�+DUOH\�5\DQ��*LYHQ�WKLV
PDWFK��LW�RFFXUUHG�WR�XV�WKDW�WKLV�PLJKW�EH�FRPPRQ�WR�DOO��(SVRQ�&RPSDWLEOH��FRORU�PRGHOV��2XU�ILUVW�VWHS�
WKHQ��ZDV�WR�PDNH�XS�D�VKRUW�WHVW�SURJUDP�LQ�([WHQGHG�%DVLF��WKHQ�VKLS�WKDW�RII�WR�ERWK�/HZ�.LQJ�DQG
*DU\�&R[��5HVXOWV�ZHUH�VLPLODU��H[FHSW�WKDW�*DU\
V�%XEEOH�-HW�PRGHO�PDNHV�D�EHWWHU�UHG�WKDQ�WKH�LPSDFW
PRGHO�PDNHV�

1.74.1. How Do They Work?

,Q�WKH�LPSDFW�FDVH��WKH�ULEERQ�KDV�IRXU�FRORUV��WKHVH�EHLQJ�PDJHQWD��F\DQ��\HOORZ��DQG�EODFN��,Q�WKH�%XEEOH
-HW�FDVH��WKHUH�DUH�IRXU�VHSDUDWH�LQNV�LQ�RQH�FDUWULGJH��ZLWK�WKRVH�VDPH�WKUHH�VXEWUDFWLYH�SULPDULHV�SOXV
EODFN��7DNHQ�ZLWK�FRPELQDWLRQV��WKHVH�IRXU�FRORUV�UHVXOW�LQ�D�WRWDO�RI�VHYHQ�FRORUV�DYDLODEOH��LQFOXGLQJ
EODFN���5HG�LV�PDGH�E\�FRPELQLQJ�PDJHQWD�DQG�\HOORZ��JUHHQ�LV�PDGH�E\�FRPELQLQJ�F\DQ�DQG�\HOORZ��DQG
EOXH�E\�FRPELQLQJ�F\DQ�DQG�PDJHQWD��7KHVH�VDPH�IRXU�FRORUV�DUH�XVHG�WR�SULQW�FRORU�JORVV\�PDJD]LQHV�DQG
VXFK��5HVXOWV�RI�RXU�WHVW�ZLWK�([WHQGHG�%DVLF�VKRZHG�WKDW�WKH�UHG�RQ�WKH�LPSDFW�SULQWHU�ZDV�PRUH�OLNH
RUDQJH��DQG�LWV�EOXH�PRUH�OLNH�SXUSOH��2Q�WKH�%XEEOH�-HW��WKH��FRPELQHG��FRORUV�UHG�DQG�EOXH�ZHUH�MXVW
DERXW�ZKDW�ZH
G�H[SHFW��$SSDUHQWO\�&DQRQ�XVHV�YHU\�KLJK�TXDOLW\�LQNV�

1.74.2. The Mapping Problem

2Q�LWV�VFUHHQ��RXU�IDLWKIXO�ROG�7,�SURGXFHV�VL[WHHQ�FRORUV��6L[WHHQ�LV�PRUH�WKDQ�VHYHQ��VR�ZH�KDG�WR�GHYLVH
D��PDSSLQJ��VFKHPH�VR�WKDW�WKHVH�VL[WHHQ�FRORUV�ZRXOG�UHGXFH�JUDFHIXOO\�WR�VHYHQ�IRU�WKH�SULQWHU��%ODFN
ZDV�RI�FRXUVH�QR�SUREOHP��DQG�ZKLWH�LV�PDGH�E\�SULQWLQJ�QRWKLQJ��EXW�WKH�7,�KDV�WKUHH�VKDGHV�RI�UHG�DQG
WKUHH�RI�JUHHQ��WZR�RI�EOXH�DQG�\HOORZ��DQG�VR�RQ�

7KXV�ZDV�ERUQ�D�ORRNXS�WDEOH��ZKHUHE\�WKH�FRORUV�RQ�WKH�7,�DUH�PDWHG�XS�DQG�FRPELQHG�LQWR�VHYHQ�FRORUV
IRU�WKH�SULQWHU��7KLV�RI�FRXUVH�OLPLWV�WKH�DFFXUDF\�RI�FRORU�UHQGLWLRQ��VR�WKDW�WKLQJV�ZKLFK�DUH�LQ�GLIIHUHQW
VKDGHV�RI�UHG�RU�EOXH�ZLOO�DSSHDU�H[DFWO\�DOLNH�RQ�SDSHU��$OVR��ZLWKRXW�JHWWLQJ�LQWR�KDOI�WRQH�UHQGHULQJ�
ZH�DOORZHG�JUD\�WR�VLPSO\�DSSHDU�DV�ZKLWH�
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7KHUH�DUH�WZR�WDEOHV�XVHG��RQH�RI�ZKLFK�KDV�WKH�QXPEHUV�RI�VFUHHQ�FRORUV�ZKLFK�PDS�WR�HDFK�SULQWHG�FRORU�
ZKLOH� WKH�RWKHU�KDV� WKH� VFUHHQ� FRORU� FRGHV� IRU� FRPSDULVRQ��6LQFH�ZH
UH�JRLQJ� WR�KDYH� WR�GR�D� ORW� RI
FRPSDULQJ�DQG�PRYLQJ�RI�E\WHV�IURP�ERWK�WKH�SDWWHUQ�DQG�FRORU�WDEOHV��RXU�SURJUDP�ILUVW�FRSLHV�WKRVH
WDEOHV�IURP�9'3�5$0�LQWR�WKH���.�PHPRU\��7KLV�LV�GRQH�E\�WZR�90%5�RSHUDWLRQV�EHIRUH�WKH�DFWXDO
SULQWLQJ�VWDUWV�

1.74.3. Multiple P asses

,Q�RUGHU�WR�SULQW�D�%LWPDS�LPDJH�LQ�FRORU��ZH�PXVW�H[DPLQH�HDFK�SL[HO�ILUVW�IRU�LWV�FRORU��WKHQ�WR�VHH
ZKHWKHU�WKDW�SL[HO�LV�RQ�RU�RII��7KH�FRORUV�IRU�WKH�SULQWHU�VWDUW�ZLWK�EODFN��VR�WKDW
V�WKH�ILUVW�FRORU�LQ�RXU
ORRNXS�WDEOH��:H�VWDUW�DW�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�LPDJH��DQG�JHW�WKH�FRORU�E\WH�WKDW�FRUUHVSRQGV�WR
WKLV�E\WH��6LQFH�ZH
UH�ORRNLQJ�DW�WKH�IRUHJURXQG�FRORU�LQ�WKLV�ILUVW�SDVV��ZH�WDNH�WKH�FRORU�E\WH�LQWR�D
UHJLVWHU�DQG�WKHQ�VKLIW�LW�IRXU�ELWV�WR�WKH�ULJKW��VR�WKDW�WKH�OHIW�E\WH�RI�WKH�UHJLVWHU�FRQWDLQV�WKH�IRUHJURXQG
FRORU�IRU�WKH�E\WH��1RZ�ZH�FRPSDUH�WKDW�WR�WKH�ILUVW�E\WH�LQ�RXU�ORRNXS�WDEOH�������DQG�LI�LW�PDWFKHV��WKHQ
ZH
OO�H[DPLQH�WKH�FRUUHVSRQGLQJ�E\WH�IURP�WKH�SDWWHUQ�WDEOH��,Q�RWKHU�ZRUGV��LI�WKLV�SL[HO
V�IRUHJURXQG
FRORU�LV�QRW�D�PDWFK��ZH�LJQRUH�WKLV�E\WH�HQWLUHO\��,I�WKH�FRORU�PDWFKHV��WKHQ�ZH�H[DPLQH�WKH�KLJK�ELW�RI�WKLV
E\WH��DQG�LI�WKDW
V�D����ZH�VDYH�WKLV�E\WH�LQ�RXU�WHPSRUDU\�VWRUDJH�IRU�SULQWLQJ��:H�SURFHHG�LQ�OLNH�PDQQHU
XQWLO�HDFK�SL[HO�LQ�WKH�OHIW�KDQG�GRW�FROXPQ�KDV�EHHQ�DFFRXQWHG�IRU��WKHQ�VHQG�RXW�(6&��U����WR�VHW�WKH
SULQWHU�IRU�EODFN�DQG�SULQW�WKLV�RQH�GRW�FROXPQ�WR�WKH�SDSHU��1RWH�WKDW�DIWHU�SULQWLQJ�WKLV�RQH�FROXPQ�LQ
EODFN��ZH�LVVXH�D�FDUULDJH�UHWXUQ�ZLWKRXW�OLQH�IHHG�WR�WKH�SULQWHU��EHFDXVH�ZH�KDYH�VL[�PRUH�FRORUV�WR�SULQW
LQ�WKLV�VDPH�GRW�FROXPQ�

7KH�QH[W�FRORU�LQ�WKH�PDS�LV�PDJHQWD��ZKLFK�FRUUHVSRQGV�WR�(6&��U����FRQWURO�VHTXHQFH��$V�ZLWK�EODFN�
WKH�7,�KDV�RQO\�RQH�VKDGH�RI�PDJHQWD��VR�WKLV�LV�D�RQH�SDVV�SURFHVV��ZRUNLQJ�RQ�WKDW�VDPH�GRW�FROXPQ�IURP
WKH�VFUHHQ��$V�EHIRUH��HDFK�FRORU�E\WH�LV�H[DPLQHG�IRU�D�PDWFK�ZLWK�PDJHQWD��WKHQ�WKRVH�E\WHV�WKDW�KDYH
WKH�PRVW�VLJQLILFDQW�ELW�WXUQHG�RQ�JHW�VDYHG�LQ�RXU�WHPSRUDU\�EXIIHU��:KHQ�ZH
YH�DJDLQ�ILQLVKHG�WKLV
GRW�FROXPQ��ZH�VHW�WKH�SULQWHU�IRU�PDJHQWD�DQG�SULQW�DQ\WKLQJ�ZKRVH�IRUHJURXQG�ZDV�PDJHQWD�DQG�OHIW
ELW����:KHQ�ZH�UHDFK�FRORUV�OLNH�EOXH��WKHUH�DUH�WZR�VXFK�PDWFKLQJV�GRQH��RQH�IRU�HDFK�VKDGH�WKDW�ZH
OO
SULQW�DV�EOXH��$OO�RI�WKLV�JHWV�UHSHDWHG�XQWLO�ZH
YH�GRQH�DOO�VHYHQ�SULQWHU�FRORUV�IRU�WKLV�RQH�GRW�FROXPQ�
:KHQ�WKDW
V�GRQH��ZH
UH�UHDG\�WR�UHSHDW�WKH�ZKROH�SURFHVV�DJDLQ��EXW�WKLV�WLPH�H[DPLQLQJ�WKH�EDFNJURXQG
FRORU�HDFK�WLPH��DQG�SULQWLQJ�ZLWK�WKH�SDWWHUQ�E\WH�LQYHUWHG��VR�WKDW�ZH�SULQW�VRPHWKLQJ�RQO\�LI�WKH
EDFNJURXQG�FRORU�PDWFKHV�DQG�WKH�OHIW�ELW�ZDV�D�]HUR��ZKLFK�EHFDPH���ZKHQ�LQYHUWHG��/LNH�WKH�IRUHJURXQG�
WKLV�EDFNJURXQG�SULQWLQJ�F\FOHV�WKURXJK�HDFK�RI�WKH�VHYHQ�FRORUV�ZLWK�MXVW�D�FDUULDJH�UHWXUQ�VHQW�WR�WKH
SULQWHU�RQ�HDFK�SDVV��)LQDOO\��DIWHU�WKH�EDFNJURXQG�FRORUV�KDYH�EHHQ�SULQWHG�IRU�WKLV�ILUVW�GRW�FROXPQ�
ZH
UH�UHDG\�WR�VHQG�D�VSHFLDO�OLQHIHHG�DQG�VWDUW�SURFHVVLQJ�WKH�QH[W�GRW�FROXPQ�RI�WKH�SLFWXUH�

7R�GR�WKLV��ZH�DFFHVV�WKH�YHU\�VDPH�E\WHV�IURP�WKH�VWDVKHG�FRORU�DQG�SDWWHUQ�WDEOHV��EXW�ZH�VKLIW�HDFK�E\WH
OHIW�E\�RQH�ELW��VR�WKDW�ZH
UH�SURFHVVLQJ�WKH�VHFRQG�GRW�FROXPQ��:H�SHUIRUP�WKH�VDPH�SURFHVVLQJ��PRYLQJ
WKURXJK�WKH�FRORUV�LQ�ERWK�IRUHJURXQG�DQG�EDFNJURXQG��,Q�OLNH�PDQQHU��ZH�WDNH�WKHVH�VDPH�E\WHV�VL[�PRUH
WLPHV�� VKLIWLQJ� E\� WZR� WKURXJK� VHYHQ�ELWV��XQWLO� DOO� HLJKW�ELWV� RI� HDFK�E\WH�KDYH�EHHQ�SULQWHG��7KLV
FRPSOHWHV�RQH�RI�WKH����FKDUDFWHU�FROXPQV�LQ�WKH�SLFWXUH�
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$OO�RI�WKH�DERYH�JHWV�GRQH����WLPHV��ZKLFK�FRPSOHWHV�RQH�SLFWXUH��7KHQ�DQG�RQO\�WKHQ�GR�ZH�VHQG�D�IRUP
IHHG�DQG�UHVHW�FRGH�WR�WKH�SULQWHU��VR�LW
V�EDFN�LQ�LWV��QRUPDO��SRZHUXS�FRQGLWLRQ��UHDG\�IRU�ZKDWHYHU
V�QH[W
IURP�WKH�FRPSXWHU�

1.74.4. Today's Sidebar shows. . .

7KH�6LGHEDU�LV�RQO\�D��VQLSSHW��RI�WKH�VRXUFH�FRGH��SOXV�D�SRUWLRQ�RI�WKH�GDWD�VHFWLRQ��7KH�ILOH�LV�FDOOHG
35102'(��DQG�DV�\RX�PD\�JXHVV��WKLV�LV�WKH�SDUW�RI�WKH�FRGH�WKDW�WDNHV�WKH�SLFWXUH�GDWD�IURP�PHPRU\
DQG�SURFHVVHV�LW�IRU�RXWSXW�WR�WKH�SULQWHU��$OWKRXJK�LW
V�QRW�LPPHGLDWHO\�REYLRXV��WKH�EXON�RI�WKLV�FRGH�LV
D�VHW�RI�QHVWHG�ORRSV��7KH�QHVWLQJ�LV�LQWULFDWH��WR�VD\�WKH�OHDVW��EHFDXVH�YDULRXV�VWDUW�DQG�HQG�SRLQWV�RYHUODS
HDFK�RWKHU�GHSHQGLQJ�ZKHWKHU�ZH
UH�DW�FRORU��ELW��RU�E\WH�ERXQGDULHV�LQ�WKH�SURFHVVLQJ�

,Q�WKLV�FRGH�ZH�KDYH�XVHG�DQ�LQVWUXFWLRQ�WKDW�ZH
YH�QHYHU�XVHG�EHIRUH�LQ�WKLV�VHULHV��DQG�ZH�OHDUQHG
VRPHWKLQJ�DERXW�WKLV�LQVWUXFWLRQ
V�XVH��7KH�LQVWUXFWLRQ�LV�6/$�5����MXVW�EHIRUH�WKH�ODEHO�$1',��LQ�WKH
VRXUFH�FRGH��7KLV�LQVWUXFWLRQ�PHDQV�WKDW�WKH�FRQWHQW�RI�UHJLVWHU���JHWV�VKLIWHG�OHIW�E\�WKH�QXPEHU�LQ�WKH
ORZ�Q\EEOH�RI�5HJLVWHU����:KDW�ZH�OHDUQHG�LV�WKDW�WKLV�GRHVQ
W�ZRUN�LI�5��FRQWDLQV����7KXV�ZKHQ�ZH�PRYH
WKH�GDWD�ZRUG�6)747<�LQWR�5���ZH�VNLS�RYHU�WKH�6/$�LQVWUXFWLRQ�LI�WKH�GDWD�ZRUG�ZDV�]HUR��ZKLFK
KDSSHQV�ZKHQ�ZH
UH�SURFHVVLQJ�WKH�KLJK�RUGHU�ELW�LQ�DQ\�E\WH��%\�LQFUHPHQWLQJ�WKH�QXPEHU�DW�ODEHO
6)747<��ZH�ZDON�WKURXJK�WKH�ELWV�LQ�HDFK�E\WH�IRU�WKH�SULQWLQJ�SURFHVV��7KH�GDWD�ZRUG�DW�6)747<�JHWV
LQFUHPHQWHG�DIWHU�HDFK�GRW�FROXPQ�MXVW�DIWHU�ODEHO�&.%,7��7KXV�LW�UDQJHV�IURP���WKURXJK���DV�WKH�FRXQWHU
%,7&17�GHFUHPHQWV�IURP���WR����:KHQ�RQH�FKDUDFWHU�FROXPQ�KDV�EHHQ�FRPSOHWHG��WKH�FRGH�ORRSV�EDFN
WR�ODEHO�35167���DW�ZKLFK�WKH�ORRNXS�WDEOH�LQGH[LQJ�UH�VWDUWV�DQG�6)747<�JRHV�EDFN�WR�]HUR�

1.74.5. The Public Domain Disk

7KH�GLVN�FRQWDLQLQJ�WKLV�VRIWZDUH�KDV�EHHQ�UHOHDVHG�DQG�PDGH�DYDLODEOH�WKURXJK�WKH�XVXDO�FKDQQHO��WKH
/LPD�8VHUV�*URXS�OLEUDU\��2Q�WKH�GLVN�DUH�WZR�YHUVLRQV�RI�WKH�SURJUDP�ILOH��RQH�IRU����SLQ�LPSDFW�FRORU
SULQWHUV��DQG�RQH�IRU�WKH�%XEEOH�-HW�W\SH��7KH\�DUH�FDOOHG�&2/25���DQG�&2/25%-��UHVSHFWLYHO\��7KH
VRXUFH�FRGH�VXSSOLHG�RQ�WKH�GLVN�LV�IRU�WKH����SLQ�YHUVLRQ�RQO\��VR�WKDW�XVHUV�ZRQ
W�JHW�FRQIXVHG��,I�DQ\�RI
RXU�UHDGHUV�ZRXOG�OLNH�WR�VHH�WKH�VRXUFH�IRU�WKH�%XEEOH�-HW�YHUVLRQ��MXVW�UHTXHVW�WKDW�GLVN�IURP�\RXUV�WUXO\�

1.74.6. Caveat Emptor

:KLOH�ZH�ZHUH�SHFNLQJ�DZD\�DW�WKH�VRXUFH�FRGH�IRU�WKLV�SURGXFW��ZH�JRW�D�SOHD�IURP�DQRWKHU�7,�RZQHU�LQ
3HQQV\OYDQLD��FRQFHUQLQJ�WKH�XVH�RI�RXU�'UDZLQJ�SURJUDP��7KLV�XVHU�KDG�REWDLQHG�D�FRS\�RI�WKDW�3XEOLF
'RPDLQ�GLVN��DQG�ZDV�WU\LQJ�WR�XVH�LW�ZLWK�KLV�QHZ�+HZOHWW�3DFNDUG�'HVNMHW�SULQWHU��+H�ZDV�JHWWLQJ��WRWDO
QRQVHQVH��UHVXOWV��VR�KH�VHQW�DORQJ�D�FRS\�RI�WKH�HVFDSH�FRGH�SDJHV�IURP�LWV�PDQXDO��7KHVH�VHTXHQFHV�ERUH
QR�UHVHPEODQFH�DW�DOO�WR�WKH�VHTXHQFHV�ZH
UH�XVHG�WR�ILQGLQJ�RQ�WKH��(SVRQ�&RPSDWLEOH��SULQWHUV�WKDW�PRVW
7,�RZQHUV�KDYH��(YHQ�WKH�ZRUGV�XVHG�WR�GHVFULEH�WKH�DFWLRQV�RI�WKHVH�HVFDSH�VHTXHQFHV�ZHUH�YHU\�GLIIHUHQW
IURP�WKH�GHVFULSWLRQV�XVHG�LQ�WKH�XVXDO�SULQWHU�PDQXDOV��:KDW��IRU�H[DPSOH��GRHV��5DVWHU�*UDSKLFV��PHDQ"
7KXV�ZH�ZHUH�XQDEOH�HYHQ�WR�XQGHUVWDQG�ZKDW�WKH�VHTXHQFHV�ZRXOG�DFFRPSOLVK��:H�DGYLVHG�WKLV�XVHU�WR
ORRN�FDUHIXOO\�LQ�WKH�PDQXDO�DQG�RQ�WKH�SULQWHU�WR�VHH�ZKHWKHU�WKH�SULQWHU�KDG�D�'LS�6ZLWFK�VHWWLQJ��DV
GR�PDQ\�SULQWHUV��WR�SXW�LW�LQWR�DQ�(SVRQ�&RPSDWLEOH�PRGH��12�68&+�/8&.�
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7KH�HVFDSH�VHTXHQFHV�XVHG�E\�KLV�+HZOHWW�3DFNDUG�SULQWHU�DUH�LQ�D�ZKROH�QHZ��ODQJXDJH��FDOOHG�3&/�
ZKLFK�+3�FRQVLGHUV�WKH�QHZ�VWDQGDUG�IRU�SULQWHUV��,W�VHHPV�WKDW�+3�GHFLGHG�WKDW�DOO�XVHUV�ZRXOG�KDYH
PRGHUQ�3&�FRPSXWHUV�ZLWK�:LQGRZV�FDSDELOLW\�DQG�WKH�DELOLW\�WR�LQVWDOO�VSHFLDO�GULYHUV�IRU�WKLV�QHZ
ODQJXDJH��DQG�WKDW�WKXV�WKHUH�ZDV�QR�QHHG�IRU�FDWHULQJ�WR�WKH�ROGHU�FURZG��OLNH�\RXU�DXWKRU��ZKR�VWLOO
GHSHQG�RQ�XVLQJ�(SVRQ�W\SH�HVFDSH�VHTXHQFHV�WR�FRQWURO�SULQWHUV��&DYHDW�(PSWRU�LV�/DWLQ�IRU�%X\HU
%HZDUH��DQG�WKDW�FHUWDLQO\�DSSOLHV�LQ�WKLV�FDVH��,I�\RX�SODQ�WR�EX\�D�QHZ�SULQWHU��ZH�UHFRPPHQG�\RX�DYRLG
+HZOHWW�3DFNDUG�OLNH�WKH�%ODFN�3ODJXH��2XU�IHDU��WKRXJK��LV�WKDW�RWKHU�PDNHUV�RI�SULQWHUV�ZLOO�IROORZ�+3
V
OHDG�LQ�WKLV�PDWWHU��VR�ZH
G�EHWWHU�NHHS�RXU��(SVRQ�&RPSDWLEOHV��LQ�JRRG�FRQGLWLRQ��HOVH�JLYH�XS�XVLQJ�D
SULQWHU�ZLWK�RXU�7,�IRU�DQ\WKLQJ�EXW�VWUDLJKW�WH[W�DSSOLFDWLRQV��:KHQ�,�SXUFKDVHG�WKH�&DQRQ�%XEEOH�-HW
PRGHO�WKDW�,�QRZ�XVH��,�ILUVW�FKHFNHG�WKH�GHVFULSWLRQ�FDUHIXOO\�WR�EH�VXUH�WKDW��(SVRQ�(PXODWLRQ��ZDV
DPRQJ�LWV�IHDWXUHV��7KDW
V�RXU�EHVW�DGYLFH�WR�DQ\RQH�EX\LQJ�D�QHZ�SULQWHU�

2XU�WRSLF�IRU�QH[W�WLPH�LV�XQGHFLGHG��,W�ZLOO�LQ�DOO�OLNHOLKRRG�GHSHQG�RQ�ZKDW�SUREOHPV�UHDGHUV�WKURZ�RXU
ZD\��VR�LI�WKHUH
V�VRPHWKLQJ�\RX
G�OLNH�WR�VHH��MXVW�DVN�

* SIDEBAR 74
*
* PRINTER OUTPUT SECTION
* 24 PIN IMPACT COLOR VERSION
*
* CODE BY Bruce Harrison
* PUBLIC DOMAIN
* NOTE: THIS IS NOT A COMPLETE PROGRAM
*
PRNOUT LI   R1,PPABDT    PRINTER PAB DATA
       BL   @FILOP       OPEN THE FILE
       JNE  PRNSET       IF SUCCESS, JUMP
       BL   @CLOSE       ELSE CLOSE
       BL   @BLNK        BLANK SCREEN
       BL   @SETGM       BACK TO GRAPHICS
       BL   @CLS         CLEAR SCREEN
       BL   @UNBLNK      UNBLANK
       LI   R1,PNAMSG    PRINTER NOT AVAILABLE
       BL   @ERRRPT      REPORT ERROR
       B    @SAVE0       THEN BACK TO MAIN PROGRAM
PRNSET CLR  @BGFLG       CLEAR BACKGROUND FLAG
       LI   R0,PRNBUF    PRINT BUFFER
       LI   R1,RSTSTR    RESET STRING (ESC '@')
       BL   @DISSTR      PUT IN VDP BUFFER
       BL   @PRNSND      SEND TO PRINTER
PRNST1 LI   R5,32        32 COLUMNS OF PICTURE
       LI   R12,>1707    START AT LOWER RIGHT CORNER
*
* LABEL PRNST2 IS THE START OF ONE CHARACTER COLUMN
* EACH CHARACTER COLUMN HAS EIGHT DOT COLUMNS
*
PRNST2 LI   R9,MAPLUT    COLOR MAPPING
       LI   R13,QTYLUT   NUMBER OF MAPPED COLORS
       CLR  @SFTQTY      START WITH NO SHIFT
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       MOV  @EIGHT,@BITCNT EIGHT BITS PER CHAR COLUMN
*
* LABEL PRNOTL IS THE START POINT FOR ONE DOT COLUMN
*
PRNOTL MOV  R12,R3       PUT ADDRESS IN R3
       MOV  R3,@SAV3     STASH AWAY R3
       MOV  @SEVEN,@CLRCNT SEVEN COLORS
       MOVB @PPABDT,@COLSTR+3 START WITH BLACK (27)"r"(0)
*
* LABEL NXTCLR IS THE START POINT FOR ONE PRINTED COLOR
* IN ONE DOT-COLUMN
* THE LOOP AT CLST1 CLEARS THE MEMORY BUFFER
*
NXTCLR MOV  *R13+,@MAPCNT NUMBER OF MAPPED COLORS FOR THIS PRINT COLOR
       CLR  R14          R14=0
       LI   R0,TEMSTR    TEMPORARY STRING
       LI   R2,192       192 COUNT IN R2
CLTS1  MOVB R14,*R0+     ZERO A BYTE
       DEC  R2           DEC COUNT
       JNE  CLTS1        RPT IF NOT ZERO
*
* LABEL LTEM10 IS THE START POINT FOR ONE SCREEN COLOR
* R9 POINTS AT ONE SCREEN COLOR BYTE IN A LOOKUP TABLE
* R4 COUNTS DOWN THE 24 CHARACTER ROWS TO BE DONE
*
LTEM10 LI   R10,TEMSTR   TEMPORARY STRING
       LI   R4,24        24 CHAR ROWS
       MOV  @SAV3,R3     PUT R3 BACK
*
* LABEL PRNMIL IS THE START A GROUP OF EIGHT DOT-COLUMNS
*
PRNMIL LI   R6,8         8 BYTES
*
* LABEL PRNMIL IS THE START OF PROCESSING FOR ONE PIXEL
*
PRNINL MOVB @PIXBUF+>1800(R3),R7 COLOR BYTE TO R7
       MOV  @BGFLG,R0    BACKGROUND PASS?
       JNE  NOSRL        IF SO, JUMP
       SRL  R7,4         ELSE MOVE FOREGROUND NYBBLE BY 4 BITS
NOSRL  ANDI R7,>0F00     MASK TO ONE NYBBLE
       CB   R7,*R9       COLOR MATCH?
       JEQ  GPB          IF SO, GET BYTE FROM PATTERN
       JMP  PDEC3        THEN JUMP
GPB    MOVB @PIXBUF(R3),R7 GET A BYTE
*      JEQ  PDEC3        IF ZERO, JUMP
       MOV  @BGFLG,R0    TEST BACKGROUND FLAG
       JEQ  MOVR7        IF ZERO, FOREGROUND PASS
       INV  R7           ELSE INVERT THE 1'S AND 0'S
MOVR7  MOV  @SFTQTY,R0   SHIFT AMOUNT TO REG 0
       JEQ  ANDI7        IF ZERO, SKIP THE SHIFT
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       SLA  R7,0         SHIFT LEFT BY THE NUMBER IN R0
ANDI7  ANDI R7,>8000     MASK TO MSB ONLY
       JEQ  PDEC3        IF ZERO, JUMP
       MOVB R7,*R10      ELSE PUT BYTE IN TABLE
       INC  R14          AND INCREMENT R14
PDEC3  INC  R10          ADD ONE TO TABLE INDEX
PDEC3A DEC  R3           BACK ONE BYTE
       DEC  R6           DONE 8?
       JNE  PRNINL       IF NOT, JUMP
       AI   R3,-248      NEXT CHAR IN COLUMN
       DEC  R4           DONE 24?
       JNE  PRNMIL       IF NOT, REPEAT
       INC  R9           NEXT MAPPED COLOR
       DEC  @MAPCNT      USED ALL MAPPED COLORS?
       JNE  LTEM10       IF NOT, REPEAT FOR NEXT MAPPED
*
* R14 INDICATES WHETHER ANY PIXELS WERE FOUND FOR THIS PRINT COLOR
* IF NONE WERE FOUND, THEN WE CAN SKIP SENDING ANYTHING TO PRINTER
*
       MOV  R14,R14      CHECK REG 14
       JEQ  ADDBYT       IF ZERO, NO NEED TO PRINT
       LI   R0,PRNBUF    POINT AT PRINT BUFFER
       LI   R1,COLSTR    COLOR ESCAPE STRING
       BL   @DISSTR      PLACE IN BUFFER
       BL   @PRNSND      SEND TO PRINTER
*
* CODE STARTING AT PLRTS SENDS BIT GRAPHICS DATA TO PRINTER
*
PLRTS  LI   R4,4         FOUR GROUPS
       LI   R0,PRNBUF    POINT AT BUFFER
       LI   R1,BGRSTR    BIT GRAPHICS CONTROL STRING
       BL   @DISSTR      PLACE IN BUFFER
       BL   @PRNSND      SEND TO PRINTER
       LI   R10,TEMSTR   POINT AT BYTES FOR 1 COLUMN
PRLBUF LI   R0,PRNBUF    PRINT BUFFER
       LI   R2,48        GROUP BY 48
PRMV1  MOVB *R10+,R1     GET A BYTE
       ANDI R1,>8000     MASK ONLY MSB
       SRA  R1,2         REPLICATE IN THREE MSBS
       BLWP @VSBW        WRITE THAT
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE AGAIN
       INC  R0           NEXT ADDR
       BLWP @VSBW        WRITE 5TH TIME
       INC  R0           NEXT ADDR
       DEC  R2           DONE 48?
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       JNE  PRMV1        IF NOT, REPEAT
       LI   R2,240       240 BYTES IN BUFFER
       BL   @PRNSND      SEND THOSE TO PRINTER
       DEC  R4           DONE 4 GROUPS?
       JNE  PRLBUF       IF NOT, ANOTHER GROUP
*
* CODE AT PRCRLF SENDS ONLY A CARRIAGE RETURN TO PRINTER
*
PRCRLF LI   R0,PRNBUF    PRINT BUFFER
       LI   R1,CROSTR    CR ONLY (NO LINE FEED)
       BL   @DISSTR      PLACE IN BUFFER
       BL   @PRNSND      SEND
*
* ADDBYT ADDS ONE TO PRINTER COLOR ESCAPE CODE
*
ADDBYT AB   @BYTONE,@COLSTR+3 SET NEXT PRINTING COLOR
       DEC  @CLRCNT      DEC COUNT OF COLORS PRINTED
       JNE  NXTCLR       IF NOT ZERO, NEXT LOOP
       LI   R9,MAPLUT    RESET MAP LOOKUP POINTER
       LI   R13,QTYLUT   AND MAPPED COLORS POINTER
       MOV  @BGFLG,R0    CHECK BACKGROUND FLAG
       JNE  CKBIT        IF NOT ZERO, JUMP
       INC  @BGFLG       ELSE SET BGFLG
       B    @PRNOTL      THEN START BACKGROUND PRINT
CKBIT  CLR  @BGFLG       CLEAR BGFLG FOR NEXT PASS
       INC  @SFTQTY      ADD ONE TO SHIFT QUANTITY
       LI   R0,PRNBUF    POINT AT PRINTER BUFFER
       LI   R1,CRLSTR    CARRIAGE RETURN AND SPECIAL LINE FEED
       BL   @DISSTR      SEND TO BUFFER
       BL   @PRNSND      THEN TO PRINTER
       DEC  @BITCNT      EIGHT DOT COLUMNS DONE?
       JEQ  PRDEC5       IF SO, JUMP AHEAD
       B    @PRNOTL      ELSE BACK FOR NEXT DOT COLUMN
PRDEC5 AI   R12,8        NEXT CHAR COLUMN
       DEC  R5           DONE 32?
       JEQ  PRFF         IF SO, AHEAD TO FORM FEED
       B    @PRNST2      IF NOT, CONTINUE
PRFF   LI   R0,PRNBUF    POINT AT PRINT BUFFER
       LI   R1,FFSTR     FORM FEED/RESET
       BL   @DISSTR      PUT IN BUFFER
       BL   @PRNSND      THEN TO PRINTER
PRNCLS MOV  @PABLOC,R0   PAB LOCATION
       MOVB @ONE,R1      CLOSE OPCODE
       BLWP @VSBW        WRITE THAT
       BL   @FILOP3      CLOSE THE FILE
       B    @SAVE0       BACK TO MAIN PROGRAM
*
* DATA - AN EXCERPT
*
QTYLUT DATA 1,1,1,2,2,3,3
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MAPLUT BYTE 1,>0D,>07,>04,>05,>0A,>0B,>06,>08,>09,>02,>03,>0C
BGFLG  DATA 0
COLSTR BYTE 3,27,'r',0
FFSTR  BYTE 3,12,27,'@'
RSTSTR BYTE 2,27,'@'
LSPSTR BYTE 3,27,'+',5
BGRSTR BYTE 4,27,'L',192,3
CRLSTR BYTE 5,13,27,'+',15,10
CROSTR BYTE 1,13
SPLF   BYTE 5,13,27,'+',120,10
MARSTR BYTE 3,27,'@',13
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1.75. The Art Of Assembly — Part 75. Reading Disk Sectors

%\�%UXFH�+DUULVRQ

7KLV�WLPH�ZH
UH�LQWR�VRPH�UHDOO\�GHHS�VWXII��UHDGLQJ�WKLQJV�GLUHFWO\�E\�VHFWRUV�IURP�GLVNV��1RUPDOO\��RI
FRXUVH��ZKHQ�ZH�GHDO�ZLWK�ILOHV�RQ�GLVNV��ZH�OHW�WKH�GULYH�FRQWUROOHU�KDQGOH�DOO�WKH�KDUG�VWXII��OLNH�ILQGLQJ
WKH�FRQWHQWV�RI�WKH�ILOH�DQG�SXWWLQJ�UHFRUGV�LQWR�D�EXIIHU�LQ�9'3�5$0��:K\��WKHQ��VKRXOG�ZH�KDYH�WR�UHDG
D�GLVN�VHFWRU�E\�VHFWRU"�7R�KHOS�D�IULHQG�LQ�QHHG�LV�WKH�DQVZHU�

%DFN�LQ�������\RXU�DXWKRU�ORRNHG�DW�WKH�YLGHR�WDSHV�IURP�WKH�08*�FRQIHUHQFH�LQ�&OHYHODQG��2Q�WKRVH�ZDV
D�OHFWXUH�DQG�GHPR�E\�0LFNH\�&HQGURZVNL��VKRZLQJ�KHU�/RDG�0DVWHU�SURJUDP��7KLV�SURJUDP�ZDV�RQH�RI
WKRVH�LQVSLUHG�E\�0LFNH\
V�RZQ�QHHG�IRU�VRPH�ZD\�WR�PDNH�VHQVH�RI�WKH�:HVW�3HQQ�8VHU�*URXS
V�GLVN
OLEUDU\��6KH�ZDQWHG��DPRQJ�RWKHU�WKLQJV��WR�KDYH�D�SURJUDP�WKDW�ZRXOG�LGHQWLI\�FOHDUO\�PDQ\�GLIIHUHQW
ILOH�W\SHV�WKDW�DUH�DYDLODEOH�IRU�WKH�7,��7KH�SURJUDP�ZDV�ZULWWHQ�LQ�([WHQGHG�%DVLF��DQG�SHUIRUPHG�YHU\
ZHOO�EXW�VORZO\��7KH�ELJJHVW�SUREOHP�VHHPHG�WR�EH�WKDW�ILOHV�RI�WKH�3URJUDP��D�N�D�0HPRU\�,PDJH��W\SH
KDG�WR�EH�OXPSHG�LQWR�ODUJH�FDWHJRULHV�EHFDXVH�WKHUH
V�QR�ZD\�LQ�([WHQGHG�%DVLF�WR�WHOO�WKH�GLIIHUHQFH
EHWZHHQ�(�$�2SWLRQ���ILOHV�DQG�WKRVH�FUHDWHG�E\�%DVLF�RU�([WHQGHG�%DVLF��0LFNH\�KDG�GRQH�WKH�EHVW�VKH
FRXOG��EXW�IRU�SURJUDP�ILOHV�XQGHU����VHFWRUV�LQ�VL]H��/RDG�0DVWHU�FRXOG�QRW�GHWHUPLQH�ZKDW�ZDV�%DVLF�RU
;%DVLF�DQG�ZKDW�ZDV�(�$�

1.75.1. Headers The Answer

7KH�GLIIHUHQFH�EHWZHHQ�%DVLF�;%�SURJUDPV�DQG�(�$�2SWLRQ���SURJUDPV�LV�LQ�WKH�FRQWHQW�RI�WKH�ILOH�KHDGHU�
7KLV�LV�WKH�ILUVW�VL[�E\WHV�RI�WKH�ILOH
V�FRQWHQW��:KHQ�HLWKHU�%DVLF�RU�(�$�ORDGV�D��SURJUDP��ILOH��WKH�ORDGHU
H[DPLQHV�WKLV�KHDGHU�LQIRUPDWLRQ��DQG�FDQ�WHOO�LI�WKH�ZURQJ�W\SH�LV�EHLQJ�ORDGHG��7KDW�LGHD�ZRXOGQ
W�EH
XVHIXO��KRZHYHU��VLQFH�WU\LQJ�WR�ORDG�WKH�SURJUDP�ILOH�ZRXOG�GHVWUR\�WKH�/RDG�0DVWHU�SURJUDP�LWVHOI�

7KH�RQO\�ZD\�WR�UHDG�WKH�KHDGHU�LQ�D�FRQWUROOHG�PDQQHU�ZDV�WR�UHDG�E\�VHFWRUV�IURP�WKH�GLVN��7KH�HQG
SURGXFW��WKHQ��ZRXOG�KDYH�WR�EH�DEOH�WR�ILQG�WKH�GLUHFWRU\�VHFWRU�IRU�HDFK�ILOH�RQ�WKH�GLVN��ILQG�IURP�WKDW
WKH�VHFWRU�QXPEHU�RI�WKH�ILOH
V�KHDGHU��UHDG�WKDW�VHFWRU��DQG�WKHQ�H[DPLQH�LWV�FRQWHQW�

1.75.2. The Keys To The Disk

7KH�NH\V�WKDW�XQORFN�DOO�WKLV�DUH�LQ�6HFWRU���RQ�WKH�GLVN��,Q�WKDW�VHFWRU�DUH�WKH�VHFWRU�QXPEHUV�IRU�WKH
GLUHFWRU\�VHFWRUV�RI�DOO�WKH�ILOHV�RQ�WKH�GLVN��6HFWRU���FRQWDLQV�XS�WR�����ZRUGV��WZR�E\WHV�HDFK��WKDW�JLYH
WKH�VHFWRU�QXPEHUV�IRU�WKH�ILOHV�RQ�WKH�GLVN�LQ�VRUWHG�RUGHU��7KDW�LV��LI�WZR�ILOHV�DUH�QDPHG�$$$�DQG�$$%�
WKH�$$$�ILOH
V�GLUHFWRU\�VHFWRU�QXPEHU�ZLOO�FRPH�EHIRUH�WKDW�IRU�$$%�LQ�VHFWRU����:KHQ�QHZ�ILOHV�DUH�SXW
RQWR�D�GLVN��WKH�FRQWHQWV�RI�VHFWRU���JHW�VRUWHG�VR�WKDW�WKH�QHZ�ILOH�LV�LQ�WKH�FRUUHFW�SODFH�E\�DQ�$6&,,�VRUW�
8QOLNH�VRPH�RWKHU�WKLQJV�ZH
OO�JHW�WR�VKRUWO\��WKHUH
V�QR�P\VWHU\�DERXW�UHDGLQJ�WKH�VHFWRU�QXPEHUV�LQ
VHFWRU����(DFK�SDLU�RI�E\WHV��UHDG�DV�D�ZRUG�YDOXH��LV�WKH�QXPEHU�RI�WKH�VHFWRU�FRQWDLQLQJ�WKH�GLUHFWRU\
LQIRUPDWLRQ�IRU�RQH�ILOH��,I�WKDW�QXPEHU�LV�]HUR��LW�PHDQV�ZH
UH�SDVW�WKH�QXPEHU�RI�ILOHV�VWRUHG�RQ�WKLV�GLVN�
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1.75.3. Some Assembly Re quired

/LNH�LW�VD\V�RQ�WKH�ER[HV�DW�7R\V�5�8V��VRPH�$VVHPEO\�LV�UHTXLUHG�WR�DFWXDOO\�DFFHVV�WKH�GLUHFWRU\�VHFWRUV
DQG�WKHQ�WKH�ILOHV
�KHDGHUV��,W
V�LPSRVVLEOH�RQ�WKH�7,�WR�UHDG�GLVN�VHFWRUV�IURP�([WHQGHG�%DVLF��H[FHSW�RI
FRXUVH�E\�XVLQJ�&$//�/,1.�WR�DQ�$VVHPEO\�URXWLQH�ZKLFK�UHDGV�WKH�VHFWRUV��,W�ZDV�REYLRXV�WKDW�0LFNH\
V
SURJUDP�ZRXOG�QHHG�VXFK�FDSDELOLW\��VR�\RXU�DXWKRU�RIIHUHG�WR�KHOS�LQ�WKDW�HIIRUW��0LFNH\�VHQW�PH�WKH
9HUVLRQ�����GLVN��DQG�DZD\�ZH�ZHQW��7KHUH�ZHUH�VRPH�$VVHPEO\�URXWLQHV�LQ�9HUVLRQ�����DOUHDG\��HPEHGGHG
E\�7RGG�.DSODQ
V�$/6$9(�PHWKRG��,W�EHFDPH�REYLRXV�IDLUO\�TXLFNO\�WKDW�WKH�DPRXQW�RI�$VVHPEO\�VWXII
WKDW�ZRXOG�QHHG�WR�EH�DGGHG�ZRXOG�H[FHHG�WKH�VSDFH�DYDLODEOH�LQ�ORZ�PHPRU\��VR��PHWKRG�WZR��EHFDPH�WKH
PHWKRG�RI�FKRLFH��7KLV�PHDQV�WKDW�ZH�NHHS�D�SURJUDP�FDOOHG�/2$'�RQ�WKH�GLVN��EXW�LW�RQO\�SODFHV�WKH
SUHYLRXV� $VVHPEO\� URXWLQHV� �SOXV� RQH�� LQWR� ORZ�PHPRU\� EHIRUH� 581QLQJ� DQRWKHU� SURJUDP� FDOOHG
/2$'0$67(5��7KDW�VHFRQG�SURJUDP�FRQWDLQV�WKH�([WHQGHG�%DVLF�VWXII�SOXV�D�ORW�RI�$VVHPEO\�FRGH
HPEHGGHG�YLD�+DUU\�:LOKHOP
V�+LJK�0HPRU\�/RDGHU��7KLV�ZD\��ZH�JHW�WR�KDYH�WZR�VHWV�RI�$VVHPEO\
URXWLQHV�LQ�XVH�DW�WKH�VDPH�WLPH��7KH��ROG��URXWLQHV�SOXV�%RRW�7UDFNLQJ�DUH�NHSW�LQ�ORZ�PHPRU\��ZKLOH�WKH
URXWLQHV�WR�UHDG�WKH�FDWDORJ�E\�VHFWRUV�DQG�LGHQWLI\�YDULRXV�ILOH�W\SHV�VLWV�LQ�+LJK�0HPRU\�DORQJ�ZLWK�WKH
/2$'0$67(5�SURJUDP��7KHUH�ZDV�VWLOO�VRPH�OHIWRYHU�VSDFH�LQ�/RZ�0HPRU\��DQG�VRPH�RI�WKDW�ZDV�XVHG
IRU�WHPSRUDU\�VWRUDJH�E\�WKH�URXWLQHV�LQ�+LJK�0HPRU\��7KXV�ZH
YH�PDGH�YHU\�HIILFLHQW�XVH�RI�WKH�ZKROH
H[SDQVLRQ�PHPRU\�

1.75.4. Thanks To Travis Watford

7KURXJK�RXU�IULHQG�%DUU\�7UDYHU��ZH�KDG�D�GLVN�LQ�RXU�FROOHFWLRQ�WKDW�FRQWDLQHG�7UDYLV�:DWIRUG
V�7�6KHOO
VRXUFH�FRGH��$PRQJ�RWKHU�WKLQJV��WKDW�VRXUFH�FRGH�FRQWDLQHG�D�FRPSOHWH�'65/1.�DQG�WKH�FRGH�WR�UHDG
VHFWRUV�LQ�DQ�([WHQGHG�%DVLF�HQYLURQPHQW��:H�KDG�WR�PRGLI\�7UDYLV
�'65/1.�VOLJKWO\�IRU�RXU�SXUSRVHV�
EXW�WKH�FRGH�WKDW�DFWXDOO\�UHDGV�WKH�VHFWRUV�LV�ODUJHO\�KLV��,Q�WRGD\
V�6LGHEDU�DUH�SRUWLRQV�RI�WKDW�FRGH�DV
PRGLILHG�� 7UDYLV
� '65/1.� DV� PRGLILHG� LV� D� YHU\� JHQHUDO�SXUSRVH� RQH�� ZKLFK� FDQ� EH� XVHG� LQ� DQ\
HQYLURQPHQW�DQG�FDQ�SHUIRUP�OLQNDJH�WR�MXVW�DERXW�DQ\�GHYLFH�VHUYLFH�URXWLQH��7KDQN�\RX��7UDYLV�

7KH�GHYLFH�VHUYLFH�URXWLQH�WKDW�ZH
UH�XVLQJ�WR�UHDG�WKH�VHFWRUV�LV�RI�WKH��FDOO��YDULHW\��LQ�WKDW�WKH�%/:3
WR�'65/1.�LV�IROORZHG�E\�'$7$�!$�LQVWHDG�RI�WKH�XVXDO�'$7$����7KH�3$%�XVHG�LV�MXVW�WZR�E\WHV�LQ
OHQJWK��WKDW�EHLQJ�RQH�E\WH�RI����OHQJWK��DQG�D�E\WH�RI�!���WR�FDOO�WKH�VHFWRU�VHUYLFH��7KH�VSHFLILFV�DV�WR�WKH
VHFWRU�QXPEHU��ZKHWKHU�WR�UHDG�RU�ZULWH��HWF��DUH�SODFHG�LQ�VSHFLILF�ORFDWLRQV�LQ�5$0�3DG�EHIRUH�WKH
'65/1.�FDOO��7KH�UHVXOW�RI�WKH�FDOO��EDUULQJ�HUURU��LV�D�GXPS�RI�����E\WHV�DW�RXU�FKRVHQ�EXIIHU�ORFDWLRQ
LQ�9'3�5$0��:H�IRXQG�LW�OHVV�WURXEOHVRPH�WR�SXW�ERWK�WKH�3$%�DQG�WKH�%XIIHU�LQ�WKH�DUHD�DERYH�!��'�
LQ�9'3��7KLV�ZD\�LW�GRHVQ
W�JHW�LQ�WKH�ZD\�RI�DQ\�RWKHU�ILOH�DFFHVVHV��QRU�GRHV�LW�LQWHUIHUH�ZLWK�WKH�XVH�RI
9'3�5$0�IRU�WKH�ORRNXS�WDEOHV�DQG�VWULQJ�YDULDEOHV�WKDW�;%�SXWV�WKHUH��,Q�RWKHU�ZRUGV��ZH�IRXQG�D��VDIH
DUHD��LQ�9'3�5$0�WR�GR�RXU�VHFWRU�UHDGV�

%HIRUH�DFWXDOO\�WU\LQJ�WR�LQWHJUDWH�RXU�$VVHPEO\�VWXII�LQWR�0LFNH\
V�SURJUDP��ZH�UDQ�D�VHULHV�RI�WHVWV�RQ
WKLV�SURFHVV��DQG�IRXQG�D�UHDO�SUREOHP�WKDW�ZH�KDGQ
W�DQWLFLSDWHG��,Q�RXU�V\VWHP�ZH�KDYH�WZR��QRUPDO�
IORSS\�GULYHV�RI�WKH�'6�6'�YDULHW\��SOXV�D�QXPEHU�RI�+RUL]RQ�5DPGLVNV��,Q�RXU�ILUVW�WULDOV��ZH�IRXQG�WKDW
RXU�VHFWRU�UHDGLQJ�ZRXOG�ZRUN�ILQH�IRU�'ULYHV�������DQG����EXW�IRU�GULYHV���DQG�DERYH�LW�ZRXOGQ
W�ZRUN�
,QVWHDG�RI�D�VHFWRU�EHLQJ�UHDG��ZH
G�JHW�WKH�LQIDPRXV�
,�*27&+$
�UHSRUW��7KLV�GLG�QR�KDUP��EXW�VWLOO�LW�ZDV
PDGGHQLQJ�WR�VHH�WKDW�RQ�WKH�VFUHHQ�
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:H�FRQVXOWHG�ZLWK�%XG�0LOOV��ZKR�TXLFNO\�VXUPLVHG�WKDW�WKH�SUREOHP��DOWKRXJK�EHLQJ�UHSRUWHG�IURP�RXU
5DPGLVN�FDUGV��ZDV�DFWXDOO\�D�UHVXOW�RI�VRPHWKLQJ�KDSSHQLQJ�LQ�RXU�7,�'LVN�&RQWUROOHU��+H�ZDV�5,*+7�

7KURXJK�D�VHULHV�RI�FDUHIXOO\�FRQWUROOHG�H[SHULPHQWV��ZH�IRXQG�WKDW�LI�RQH�DVNV�WKH�7,�&RQWUROOHU�WR
VHFWRU�UHDG�D�GLVN�ZLWK�D�QXPEHU�KLJKHU�WKDQ����WKH�7,�&RQWUROOHU�UHSRUWV�DQ�HUURU�LQ�ORFDWLRQ�!�����RI
WKH�5$0�3DG��7KURXJK�RXU�H[SHULPHQWV��ZH�ZHUH�DEOH�WR�GHWHUPLQH�WKDW�WKH�HUURU�FRGH�UHSRUWHG�LQ�VXFK
D�FDVH�LV�XQLTXH�DQG�GLIIHUHQW�IURP�WKH��QR�GLVN��RU�DQ\�RWKHU�FRPPRQ�SUREOHP��7KXV�ZH�SXW�LQ�D�WHVW�DIWHU
DQ�HUURU� LQ�WKH�'65/1.�SURFHVV��DQG� LI� WKLV�XQLTXH�HUURU�FRGH� VKRZHG�XS�ZKHQ�ZH�ZHUH�DFFHVVLQJ
WKURXJK�&58�������ZH�FRXOG�EH�VXUH�LW�ZDV�VLPSO\�WKH�7,�&RQWUROOHU
V�SUREOHP��$W�WKDW�SRLQW��ZH�PRGLI\
WKH�VWDUWLQJ�&58�DGGUHVV�VR�WKDW�WKH�'65/1.�ZLOO�VWDUW�ORRNLQJ�DW�&58�DGGUHVV�!������DQG�UH�WU\�WKH
'65/1.�SURFHVV��7KLV�PDNHV�IRU�DQRWKHU�XVH�RI�WKH�FRQWURYHUVLDO�VHOI�PRGLI\LQJ�FRGH�LGHD��EXW�LW�ZRUNV
DV�LQWHQGHG��2XU�'ULYH���5DPGLVN��E\�WKH�ZD\��LV�DW�&58�DGGUHVV�!������VR�ZH�KDG�QR�WURXEOH�UHDGLQJ
VHFWRUV�IURP�WKDW��VLQFH�WKH�'65/1.�IRXQG�GULYH���EHIRUH�LW�JRW�URXQG�WR�WKH�!�����7,�'LVN�&RQWUROOHU�
5DPGLVNV���DQG�DERYH�ZHUH�DOO�DW�&58�DGGUHVVHV�DERYH�!������DQG�VR�IHOO�YLFWLP�WR�WKH�HUURU�

+DYLQJ�FOHDUHG�WKDW�KXUGOH��ZH�ZHUH�UHDG\�WR�SURFHHG�ZLWK�LQWHJUDWLRQ�RI�WKH�$VVHPEO\�ZLWK�0LFNH\
V
([WHQGHG�%DVLF�SURJUDP��(DUO\�LQ�WKDW�SURFHVV��ZH�GHFLGHG�WR�SXW�DOO�RI�WKH�SURFHVV�RI�LGHQWLI\LQJ�ILOH�W\SHV
LQWR�WKH�$VVHPEO\�FRGH��VR�WKDW�FDWDORJLQJ�DQG�LGHQWLILFDWLRQ�ZRXOG�EHFRPH�D�VLQJOH�SURFHVV�LQVWHDG�RI�WZR
VHSDUDWH�RQHV��'RLQJ�WKLV�LQ�$VVHPEO\�PDGH�WKH�ZKROH�SURFHVV�HDVLHU�WR�PDQDJH�DQG�PDGH�H[HFXWLRQ�PXFK
IDVWHU�WKDQ�LW�ZDV�LQ�WKH�9HUVLRQ�����RI�/RDG�0DVWHU��7KLV�PHDQW�WKDW�WRQV�RI�0LFNH\
V�RULJLQDO�;%�FRGH
ZHUH�HOLPLQDWHG�IURP�WKH�ILQLVKHG�SURGXFW��UHSODFHG�E\�D�FRXSOH�RI�ZHOO�FKRVHQ�&$//�/,1.V�

1.75.5. The Catlog/Ident Pro cess

7R�GR�D�FRPSOHWH�FDWDORJLQJ�MRE��ZH�KDYH�WR�VWDUW�E\�NQRZLQJ�ZKLFK�GLVN�GULYH�LV�GHVLUHG��DQG�KDYH�WR�UHDG
6HFWRU�QXPEHU���RI�WKH�GLVN��6HFWRU���FRQWDLQV�WKH�QDPH�RI�WKH�GLVN��WKH�WRWDO�QXPEHU�RI�VHFWRUV�LQLWLDOL]HG
RQ�WKDW�GLVN��DQG�WKH�VHFWRU�XVH�PDS��ZKLFK�WHOOV�XV�ZKLFK�VHFWRUV�KDYH�EHHQ�DOORFDWHG�WR�ILOHV�RQ�WKH�GLVN�
:H�WDNH�WKH�GLVN�QDPH�DQG�DVVLJQ�WKDW�WR�D�VWULQJ�YDULDEOH�LQ�WKH�([WHQGHG�%DVLF�UHDOP��:H�XVH�WKH�WRWDO
FDSDFLW\�DQG�XVH�PDS�DQG�FUHDWH�IURP�WKHP�WKH�QXPHULF�YDULDEOHV�WKDW�LQGLFDWH�WKH�XVHG�DQG�DYDLODEOH
VHFWRUV��7KLV�DOO�JHWV�UHSRUWHG�EDFN�WR�;%�YDULDEOHV�LQ�RQH�&$//�/,1.��%HIRUH�H[LWLQJ�EDFN�WR�;%��WKLV
&$//�/,1.�DOVR�UHDGV�VHFWRU���IURP�WKH�GLVN��DQG�SODFHV�WKDW�����E\WHV�LQ�VRPH�OHIWRYHU�VSDFH�LQ�ORZ
PHPRU\�

7KH�QH[W�&$//�/,1.�LV�D��ELJJLH���,W�VWDUWV�ZLWK�WKH�VHFWRU���GDWD�IURP�WKH�SUHYLRXV�/,1.��)RU�HDFK�ILOH�
ZH�WDNH�WKH�WZR�E\WHV�IURP�WKH�VHFWRU���GDWD�WKDW�JLYH�XV�WKH�GLUHFWRU\�VHFWRU�ORFDWLRQ�IRU�WKDW�ILOH��,I�WKLV
QXPEHU�LV�]HUR��ZH
UH�SDVW�WKH�ODVW�ILOH��2WKHUZLVH��ZH�JR�DKHDG�DQG�UHDG�WKH�GLUHFWRU\�VHFWRU�IRU�RQH�ILOH
LQWR�RXU�9'3�5$0�EXIIHU��6LQFH�ZH�GRQ
W�QHHG�DOO�����E\WHV�RI�WKDW��ZH�UHDG�RQO\�D�SRUWLRQ�LQWR�D�VWRUDJH
ORFDWLRQ�LQ�ORZ�PHPRU\��7KH�ILUVW�WHQ�RU�IHZHU�E\WHV�DUH�WKH�QDPH�RI�WKH�ILOH��VR�ZH�H[WUDFW�WKDW��7KH�ILOH
V
SULQFLSDO�FKDUDFWHULVWLFV��H�J��W\SH��VL]H��SURWHFWLRQ��DUH�FRQWDLQHG�HDUO\�RQ�LQ�WKH�GLUHFWRU\�VHFWRU��:H�KDYH
WR�VHSDUDWH�WKDW�GDWD�RQ�D�ELW�E\�ELW�EDVLV�WR�GHWHUPLQH�ZKDW�NLQG�RI�ILOH�ZH
UH�GHDOLQJ�ZLWK�
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,I�WKH�W\SH�LQGLFDWHV�3URJUDP��WKHQ�ZH�KDYH�WR�GR�PRUH�ZRUN�EHIRUH�ZH�FDQ�VSHFLI\�ZKDW�NLQG�RI��SURJUDP�
ILOH�WKLV�LV��$JDLQ�ZH�WDNH�VRPH�GDWD�ELW�E\�ELW�WR�ILQG�WKH�QXPEHU�RI�WKH�ILUVW�VHFWRU�RI�ILOH�FRQWHQW��WKHQ
UHDG�WKDW�VHFWRU��DQG�WDNH�HLJKW�E\WHV�RI�LW�LQWR�ORZ�PHPRU\�IRU�H[DPLQDWLRQ��,Q�PRVW�FDVHV�WKH�ILUVW�VL[
E\WHV�DOORZ�D�FRPSOHWH�LGHQWLILFDWLRQ�RI�WKH�SURJUDP�ILOH��)RU�H[DPSOH��LI�WKH�ILUVW�WZR�E\WHV�DUH�!))))�
WKHQ�WKLV�LV�DQ�(�$�2SWLRQ���SURJUDP�ILOH��,I�WKH�ILUVW�WZR�E\WHV�DUH�]HUR��WKHQ�WKLV�FRXOG�EH�HLWKHU�DQ�(�$
2SWLRQ���RU�D�&+$5$��W\SH�ILOH��,I�WKH�ILIWK�DQG�VL[WK�E\WHV�DUH�!��)$��WKHQ�WKLV�LV�D�&+$5$��ILOH��QRW
D�SURJUDP��2I�FRXUVH�LI�WKH�ILOH�LV�ELJJHU�WKDQ����VHFWRUV��LW
V�DXWRPDWLFDOO\�QRW�DQ�(�$�2SWLRQ���QRU�D
&+$5$��

,Q�RUGHU�QRW�WR�WDNH�XS�WKLV�ZKROH�LVVXH�ZLWK�RXU�6LGHEDU��ZH
YH�RPLWWHG�ODUJH�SDUWV�RI�WKH�VRXUFH�FRGH�
LQFOXGLQJ�DOO�WKH�GHWDLOHG�FRGH�WKDW�LGHQWLILHV�ILOH�W\SHV��,I�\RX
UH�YLWDOO\�LQWHUHVWHG��VHQG�PH�������DQG�DVN
IRU�WKH�/RDG�0DVWHU�VRXUFH�FRGH��DQG�,
OO�VHQG�WKH�FRPSOHWH�VRXUFH�DQG�LWV�GDWD�ILOHV�

1.75.6. The Sidebar Code

7RGD\
V�6LGHEDU�VWDUWV�ZLWK�WKH�SDUW�WKDW�UHDGV�VHFWRU�]HUR�RI�WKH�GLVN��:KHQ�ZH�HQWHU�WKLV�FRGH��5HJLVWHU
��DOUHDG\�KDV�WKH�GULYH�QXPEHU�LQ�LWV�KLJK�E\WH��DQG�WKDW�UHJLVWHU�GRHVQ
W�JHW�FKDQJHG�XQWLO�WKH�ZKROH
FDWDORJLQJ�DQG�LGHQWLI\LQJ�SURFHVV�LV�ILQLVKHG��(UURU�FKHFNLQJ�LV�GRQH�IRU�HDFK�VHFWRU�UHDG�DW�WKH�HQG�RI�WKH
VXEURXWLQH�8'65�E\�PRYLQJ�WKH�E\WH�DW�!������,I�WKDW�E\WH�KDV�EHHQ�FOHDUHG��WKHQ�WKH�VHFWRU�UHDG�ZDV
VXFFHVVIXO��,I�QRW��WKHQ�DQ�HUURU�KDV�RFFXUUHG��:KHQ�ZH�JHW�WKDW�HUURU�IURP�WKH�7,�'LVN�&RQWUROOHU�IRU�DQ
DWWHPSW�WR�UHDG�D�VHFWRU�IURP�GULYH����ZH�FKHFN�WR�VHH�LI�WKH�&58�DGGUHVV�LQ�!��'��LV�!������DQG�LI�WKDW
V
WUXH�ZKHWKHU�WKH�HUURU�FRGH�LQ�!�����LV����,I�ERWK�FRQGLWLRQV�DUH�WUXH��ZH�PRGLI\�WKH�'65/1.�FRGH�DW�WZR
E\WHV�SDVW�ODEHO�'65�$��WKHQ�WU\�DJDLQ��7KLV�WLPH�WKH�'65/1.�ZLOO�VWDUW�DW�&58�$GGUHVV�!������VR�LW
ZLOO�ILQG�D�5DPGLVN�DW�RU�DERYH�WKDW�&58�DGGUHVV�

7KH�FRGH�DW�ODEHO�8'65�ZLOO�ORRN�VWUDQJH��(YHQ�WKRXJK�ZH
UH�XVLQJ�D�'56/1.�SURFHVV��WKH�3$%�WDNHV
RQO\�WZR�E\WHV��DQG�RWKHU�SDUDPHWHUV�IRU�WKH�&$//�SURFHVV�DUH�SODFHG�LQ�ORFDWLRQV�LQ�WKH�5$0�3DG�EHIRUH
WKH�%/:3��7KH�ZRUG�DW�!���&�ILUVW�JHWV�VHW�WR�DOO�RQHV�WR�LQGLFDWH�D�UHDG�RSHUDWLRQ��WKHQ�LWV�OHIW�E\WH�LV
VHW�WR�WKH�GULYH�QXPEHU��7KH�VHFWRU�QXPEHU��DV�D�ZRUG��LV�SDVVHG�DORQJ�WR�!������7KH�ORFDWLRQ�RI�WKH�QDPH
OHQJWK�E\WH�IRU�WKH�3$%�LV�SDVVHG�WR�!�����DV�XVXDO��EXW�WKH�3$%�FRQVLVWV�RI�RQO\�WZR�E\WHV��RQH�EHLQJ
WKH�QDPH�OHQJWK��DQG�WKH�RWKHU�WKH��QDPH���FRQVLVWLQJ�RQO\�RI�D�E\WH�VHW�WR�!����7KH�EXIIHU�DGGUHVV�
LQVWHDG�RI�EHLQJ�SDUW�RI�WKH�3$%��LV�SODFHG�DW�!���(��$IWHU�DOO�WKDW�LV�GRQH��ZH�%/:3�#'65/1.�ZLWK
'$7$�!$�WR�SHUIRUP�WKH�VHFWRU�UHDG�RSHUDWLRQ�

$�ORW�KDV�EHHQ�OHIW�RXW��VR�WKH�6LGHEDU�LV�QRW�DQ\ZKHUH�QHDU�D�FRPSOHWH�HQWLW\��,WV�SXUSRVH�LV�WR�VXSSO\
VRPH�QHDW�SLHFHV�RI�VRXUFH�FRGH�WKDW�\RX�FDQ�H[FHUSW�IRU�XVH�LQ�\RXU�RZQ�SURJUDPV��7KH�7UDYLV�:DWIRUG
'65/1.�VKRZQ�KHUH�ZLOO�ZRUN�IRU�MXVW�DERXW�DQ\��HQYLURQPHQW���HYHQ�RQ�D�*HQHYH��7HVWLQJ�IRU�WKH�VHFWRU
UHDGLQJ�KDV�VKRZQ�WKDW�LW�ZRUNV�RQ�DQ\�IORSS\�GLVN�GULYH�ZLWK�DQ\�GULYH�FRQWUROOHU��DQG�DOVR�ZRUNV�ZLWK
DQ\�5DPGLVN�RI�HLWKHU�WKH�+RUL]RQ�RU�4XHVW�W\SH�
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1.75.7. The Extra Little Goodies

7KHUH�DUH�WZR�LQ�WKLV�6LGHEDU�WKDW�PD\�SURYH�XVHIXO��)LUVW�LV�WKH�WLQ\�URXWLQH�56;%��7R�XVH�WKLV�\RX
OO�QHHG
WR� LQFOXGH� WKH�:DUUHQ�0LOOHU�*3//1.�URXWLQH��ZKLFK�ZH
YH�RPLWWHG��7KLV� UH�VHWV�DOO� FRQGLWLRQV� WR
�VWDUWXS��LQ�;%�ZLWKRXW�DIIHFWLQJ�WKH�SURJUDP�LQ�PHPRU\��7KH�VHFRQG�OLWWOH��JRRGLH��SURYLGHV�D�ZD\�WR
581�DQRWKHU�;%�SURJUDP�XVLQJ�D�VWULQJ�YDULDEOH�DV�WKH�ILOH�QDPH��/HW
V�VD\�\RXU�;%�SURJUDP�KDV�WDNHQ
DQ�LQSXW�RI��'6.��0<352*��LQWR�WKH�VWULQJ�YDULDEOH�)���<RX�FRXOG�WKHQ�KDYH�\RXU�;%�SURJUDP�UXQ�WKDW
E\�&$//�/,1.��581,7��)����,QFOXGH�LQ�\RXU�$VVHPEO\�FRGH�DOO�WKH�VWXII�IURP�ODEHO�581,7�WKURXJK�ODEHO
7:2��7KLV�LV�XVHG�LQ�/RDG�0DVWHU�WR�DOORZ�UXQQLQJ�D�SURJUDP�VHOHFWHG�IURP�WKH�FDWDORJ�OLVWLQJ�

+RSH�\RX
OO�ILQG�VRPH�RI�WKLV�XVHIXO�LQ�\RXU�RZQ�SURJUDPV��7KH�WRSLF�IRU�QH[W�WLPH�LV�XQGHFLGHG�DV�XVXDO�
6HH�\RX�WKHQ�

* SIDEBAR 75
*
* FRAGMENTS OF SOURCE FOR LOAD MASTER V.2.2
* CODE BY BRUCE HARRISON EXCEPT AS NOTED
*
       DEF  DISKS,FILES,RUNIT,RSXB
NUMASG EQU  >2008        NUMERIC ASSIGN
NUMREF EQU  >200C        NUMERIC REF
STRASG EQU  >2010        STRING ASSIGN
STRREF EQU  >2014        STRING REF
XMLLNK EQU  >2018        XML LINKAGE
KSCAN  EQU  >201C        XB'S KEYSCAN
VSBW   EQU  >2020        XB'S VDP SB WRITE
VMBW   EQU  >2024        XB'S VDP MB WRITE
VSBR   EQU  >2028        XB'S VDP SB READ
VMBR   EQU  >202C        XB'S VDP MB READ
VWTR   EQU  >2030        XB'S VDP REG WRITE
ERR    EQU  >2034        XB'S ERROR REPORT
IOERR  EQU  >2400        CODE FOR I/O ERROR
CALPNT EQU  >832C        CALL POINTER
PAB    EQU  >3BE9        PAB VDP ADDRESS
PABUF  EQU  >3CEF        VDP BUFFER ADDR
GPLWS  EQU  >83E0        GPL WORK SPACE
GR4    EQU  GPLWS+8      GPL REG 4
GR6    EQU  GPLWS+12     GPL REG 6
FAC    EQU  >834A        F.P. ACCUMULATOR
NAMLEN EQU  >3600        LEFTOVER LOW MEM
NAMBUF EQU  NAMLEN+2       "
FSCBUF EQU  NAMBUF+32      "
DNBUF  EQU  FSCBUF+8       "
SEC1   EQU  DNBUF+12       "
TOTL   EQU  SEC1+256       "
NUMFLS EQU  TOTL+2         "
FILSIZ EQU  NUMFLS+2       "
RECSIZ EQU  FILSIZ+2       "
*
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* FIRST SECTION GETS DISK NAME, CAPACITY, FREE SPACE
*
DISKS  LWPI WS           LOAD OUR WORKSPACE
       MOV  @ONES,R12    R12 NON-ZERO
       CLR  R3           SECTOR 0
       MOV  @OHEFF,@DSR2A+2 >0F00 TO START DSR
GTS0   BL   @UDSR        USE DSR
       JEQ  RDDN         IF NO ERROR, JUMP
       MOV  @>83D0,R0    CRU ADDR
       CI   R0,>1100     >1100?
       JNE  S0ERR        IF NOT, ERROR
       CB   @>8350,@SEVEN CHECK ERRCODE 7
       JNE  S0ERR        IF NOT, ERROR
       MOV  R0,@DSR2A+2  >1100 TO START DSR
       JMP  GTS0         THEN TRY AGAIN
S0ERR  B    @ERROR       REPORT ERROR
RDDN   LI   R0,PABUF     POINT TO BUFFER
       LI   R1,DNBUF     AND STORAGE
       LI   R2,256       WHOLE SECTOR
       BLWP @VMBR        READ TO LOW MEM
       MOV  R1,R6        COPY ADDR TO R6
       AI   R1,9         ADD 9 TO R1
       LI   R2,10        TEN IN R2
GLLOP  CB   *R1,@H20     CHECK FOR SPACE AT END OF NAME
       JNE  LENFND       IF NOT, R2=LENGTH OF NAME
       DEC  R1           BACK UP ONE
       DEC  R2           DEC LENGTH
       JNE  GLLOP        REPEAT IF NOT 0
LENFND MOV  R2,@DNBUF-2  PUT NAME LENGTH IN PLACE
       MOV  @10(R6),R7   DISK CAPACITY
       CLR  R8           R8=0
       MOV  R7,R1        CAPACITY TO R1
       LI   R9,DNBUF+>38 START OF USE MAP
NXTWRD MOV  *R9+,R2      ONE WORD FROM MAP
       LI   R5,16        16 BITS TO EXAMINE
DEC1   DEC  R1           DEC COUNT BY 1
       JLT  ENDMAP       IF <0, JUMP
       SLA  R2,1         SHIFT R2 LEFT 1 BIT
       JNC  DEC5         JUMP IF NO CARRY
       INC  R8           ELSE INC COUNT OF USED
DEC5   DEC  R5           DECREMENT BIT COUNT
       JNE  DEC1         JUMP IF NOT 0
       JMP  NXTWRD       ELSE NEXT WORD
ENDMAP CLR  R0           NON-ARRAY
       LI   R1,1         2ND PARAM DISK NAME
       LI   R2,DNBUF-1   ADDR OF NAME STRING
       BLWP @STRASG      DISK NAME TO XB
       MOV  R7,@FAC      TOTAL SECTORS
       DECT @FAC         MINUS 2
       INC  R1           NEXT PARAMETER
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       BL   @SNDINT      SEND TO XB
       MOV  R7,@FAC      TOTAL SECTORS
       S    R8,@FAC      - USED = FREE SECTORS
       INC  R1           NEXT PARAM
       BL   @SNDINT      SEND TO XB
       CLR  @SEC1        CLEAR WORD AT SEC1
       INC  R3           R3=1 - SECTOR 1
       BL   @UDSR        USE DSR LINK
       JEQ  RDSEC1       IF NO ERROR, JUMP
       B    @ERROR       ELSE REPORT ERROR
RDSEC1 LI   R0,PABUF     POINT AT BUFFER
       LI   R1,SEC1      AND LOW MEMORY ADDR FOR SECTOR 1
       LI   R2,256       WHOLE SECTOR
       BLWP @VMBR        READ TO LOW MEM
       B    @EXIT        EXIT TO XB
*
* NEXT SECTION GETS FILE DIRECTORY SECTORS
*
FILES  LWPI WS           OUR WORKSPACE
       CLR  R15          ARRAY ELEMENT 0
       LI   R9,SEC1      SECTOR 1
NXTFIL INC  R15          NEXT ARRAY ELEMENT
       LI   R0,11*32+9
       LI   R2,13
       XOR  @ONES,R12    "WORKING" INDICATION ON-OFF
       JEQ  WRKOFF
       LI   R1,WRKSTR
       JMP  WRTWRK
WRKOFF BL   @CLA
       JMP  NXTOK
WRTWRK BLWP @PRSTR
NXTOK  CI   R9,TOTL      PAST END OF SEC1?
       JEQ  BEEKEY       IF SO, FINISHED
       MOV  *R9+,R3      NEXT DIRECTORY SECTOR NUMBER
       JNE  NXT1         IF NOT 0, JUMP
BEEKEY B    @SNDNUL      DIRECTORY FINISHED
NXT1   BL   @CLRCEE      CLEAR C$
       BL   @CLREMM      CLEAR M$
       BL   @UDSR        READ DIRECTORY SECTOR
       JEQ  RDFNM        JUMP IF NO ERROR
       B    @ERROR       REPORT ERR
RDFNM  LI   R0,PABUF     VDP BUFFER
       LI   R1,NAMBUF    FILE NAME LOCATION
       LI   R2,32        ONLY 32 BYTES
       BLWP @VMBR        READ TO LOW MEM
       MOV  R1,R6        COPY ADDR TO R6
       AI   R1,9         ADD 9 TO R1
       LI   R2,10        TEN IN R2
CHSPC  CB   *R1,@H20     SPACE AT END OF NAME?
       JNE  GNLEN        IF NOT, GOT LENGTH
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       DEC  R1           BACK ONE
       DEC  R2           DEC LENGTH IN R2
       JNE  CHSPC        JUMP IF NOT 0
GNLEN  MOV  R2,@NAMLEN   COPY R2 TO FILE NAME LENGTH
       MOV  @>E(R6),@>835E FILE SIZE WORD (SECTORS)
       INC  @>835E       ADD 1 FOR DIRECTORY SECTOR
       MOV  @>835E,@FILSIZ PUT AT FILE SIZE
       LI   R0,CEESTR+5  C$ PLUS 5
       BL   @SHWINT      NUMBER TO C$
       MOVB @>D(R6),R5   A FILE TYPE
       JEQ  ISPGM        IF ZERO, PROGRAM TYPE
       B    @NTPGM       ELSE NOT PROGRAM
ISPGM  LI   R1,PGSTR     "PROGRAM"
       LI   R0,CEESTR+5  INDICATE PROGRAM
       BL   @DISSTR      INTO C$
       C    *R10+,*R10+  ADD 4 TO R10
       MOVB @WS+21,@CEESTR C$ LENGTH
       CLR  @RECSIZ      CLEAR RECORD SIZE
       BL   @RHSEC       READ HEADER SECTOR
*
* FILE IDENTIFICATION STUFF OMITTED
*
SHWID  LI   R0,EMSTR+3   FILE IDENT
       BL   @DISSTR      PLACE IN M$
       INCT R10          ADD 2 TO R10
       SWPB R10          SWAP
       MOVB R10,@EMSTR   LENGTH OF M$
       MOV  R15,R0       ARRAY MEMBER TO R0
       LI   R1,1         1ST PARAM A$()
       LI   R2,NAMLEN+1  SEND A$()
       BLWP @STRASG      FILE NAME TO XB
       INC  R1           2ND PARAM
       LI   R2,CEESTR    C$
       BLWP @STRASG      SEND C$()
       INC  R1           3RD PARAM
       LI   R2,EMSTR     M$
       BLWP @STRASG      SEND M$()
IDEX   B    @NXTFIL      GO GET NEXT FILE
SNDNUL LI   R2,NAMLEN    POINT AT NAME LENGTH
       CLR  *R2          MAKE THAT 0
       MOV  R15,R0       CURRENT ARRAY MEMBER IN R0
NXTNUL CI   R0,127       IS THAT 127?
       JGT  GNUMF        JUMP IF GREATER
       LI   R1,1         FIRST PARAM (NAME)
       LI   R5,3         THREE TO SEND
SND1   BLWP @STRASG      ASSIGN NULL STRING
       INC  R1           INC PARAM NUM
       DEC  R5           DEC COUNT
       JNE  SND1         REPEAT IF NOT 0
       INC  R0           NEXT ARRAY ELEMENT
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       JMP  NXTNUL       JUMP BACK
GNUMF  DEC  R15          DEC LAST ARRAY MEMBER
SNF    CLR  R0           NON-ARRAY
       LI   R1,4         4TH PARAM (N)
       MOV  R15,@FAC     NUMBER OF FILES
       MOV  R15,@NUMFLS  SAVE IN LOW MEM
       BL   @SNDINT      SEND N TO XB
       CLR  R14
       DIV  @FIFTEN,R14  DIVIDE R14-R15 BY 15
       MOV  R15,R15      ANY REMAINDER?
       JNE  DIVOK        IF REMAINDER, JUMP
       DEC  R14          ELSE DECREMENT QUOTIENT
DIVOK  MOV  R14,@FAC     PLACE AT >834A
       INC  R1           5TH PARAM (PP)
       BL   @SNDINT      SEND PARAM TO XB
       MOV  @NUMFLS,@FAC NUMBER
       C    @NUMFLS,@FIFTEN COMPARE TO 15
       JLT  SNFL         IF LESS, JUMP
       MOV  @FIFTEN,@FAC ELSE 15 TO FAC
SNFL   INC  R1           6TH PARAM (S2)
       BL   @SNDINT      SEND
       MOV  @OHEFF,@DSR2A+2 RESET DSR FOR >0F00 START
EXIT   LWPI GPLWS        GPL WORKSPACE
       B    @>6A         EXIT TO GPL INTERPRETER
ERROR  LWPI WS           OUR WS
       LI   R0,11*32+9
       LI   R2,13
       BL   @CLA         CLEAR "WORKING"
       MOV  @OHEFF,@DSR2A+2 RESET DSRLNK START
       LI   R0,IOERR     I/O ERROR CODE IN R0
       BLWP @ERR         USE XB ERROR REPORT
RSXB   BLWP @GPLLNK      USE GPLLNK (NOT SHOWN)
       DATA >6917        UNDOCUMENTED FEATURE
       LWPI >83E0        LOAD GPL WS
       B    @>6A         BACK TO GPL INTERPRETER
RUNIT  LWPI RNWS         PRELOADED REGISTERS
       MOVB @TWO,@>83C6  UNDO THE 3 KEY UNIT
       MOVB R5,*R2       MAX LEN 40
       BLWP @>2014       GET STRING VARIABLE
       MOVB *R2,@RNWS+13 ACTUAL LENGTH TO LOW BYTE R6
       MOVB R6,@LENBYT+1(R6) A ZERO AT END OF FL1
       MOV  R3,@>832C    ADDR FL1 TO >832C
       MOV  R4,@>2000    INIT VAL TO >2000 (8192)
       LWPI >83E0        LOAD GPL WS
       B    @>6A         GO TO GPL INTERPRETER
RNWS   DATA 0,1,LENBYT,FL1,>205A,>2800,0  R0 THRU R6
FL1    BYTE >82,>A9,>C7  TOKENS FOR ::,RUN,QUOTED STRING
LENBYT BSS  41           NAME GOES HERE
TWO    BYTE 2            TWO AS A BYTE
*
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* SUBROUTINES
*
RHSEC  MOV  @>1C(R6),R3  FIRST SECTOR WORD TO R3
       MOV  R3,R7        COPY INTO R7
       ANDI R7,>000F     MASK ONLY LOW NYBBLE
       SWPB R7           PUT IN HIGH BYTE
       SRL  R3,8         MOVE HIGH BYTE R3 TO LOW BYTE
       MOVB R7,R3        ADD HIGH BYTE R7 TO R3
       MOV  R11,R10      SAVE R11 IN R10
       BL   @UDSR        USE DSR TO READ FIRST CONTENT SECTOR
       JEQ  RDFSC        IF NO ERROR, JUMP
       B    @ERROR       ELSE REPORT
RDFSC  LI   R0,PABUF     BUFFER
       LI   R1,FSCBUF    LOW MEM LOCATION
       LI   R2,8         FIRST 8 BYTES
       BLWP @VMBR        READ INTO LOW MEM
       B    *R10         RETURN (LOCATION IN R10)
UDSR   SETO @>834C       SET TO READ
*
* NOTE: TO WRITE A SECTOR, YOU'D USE CLR @>834C INSTEAD
* AND WOULD NEED TO PRE-LOAD PABUF WITH DESIRED CONTENT
*
       MOVB R4,@>834C    DRIVE #
       MOV  R3,@>8350    SECTOR #
       LI   R0,PAB       PAB VDP LOCATION
       LI   R2,2         TWO BYTES
       LI   R1,PABDT     PAB DATA
       BLWP @VMBW        WRITE PAB
       MOV  R0,@>8356    ADDR TO >8356
       LI   R5,PABUF     BUFFER IN VDP
       MOV  R5,@>834E    PLACE AT >834E
       BLWP @DSRLNK      USE DSR LINK
       DATA >A           "CALL" FUNCTION
       MOVB @>8350,R2    CHECK ERROR
       RT                RETURN
* T-SHELL SOURCE CODE BY TRAVIS WATFORD
* excerpt taken by B. Harrison
*------------------- -------------------------------------------------- ----------
*  DEVICE SERVICE ROUTINE
*DSRLNK
NPNTR  EQU  >8356
NLEN   EQU  >8354
CRULST EQU  >83D0
SAVADD EQU  >83D2
VDPWA  EQU  >8C02
VDPRD  EQU  >8800
DSRWS  BSS  32
DSRWS5 EQU  DSRWS+10
DSRWS0 EQU  DSRWS+1
DSRLNK DATA DSRWS,DSR
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H20    BYTE >20
H2E    BYTE >2E
HAA    BYTE >AA
FNAME  BSS  7
       EVEN
DSR    MOV  *R14+,R5     GET DSR OFFSET
       SZCB @H20,R15     ZERO ALL BUT >20
       MOV  @NPNTR,R0    GET POINTER TO NAME LENGTH
       MOVB @DSRWS0,@VDPWA SET VDP READ ADDRESS
       NOP
       MOVB R0,@VDPWA
       AI   R0,-8        SET A POINTER TO ERROR RETURN BYTE
       MOVB @VDPRD,R1    GET THE NAME LENGTH
       MOVB R1,R3
       JEQ  DSR9         IF LEN=0 ABORT
       SRL  R3,8
       SETO R4
       LI   R2,FNAME     MOVE NAME TO CPU
DSR1   INC  R4
       CI   R4,7         SEE IF NAME LENGTH > 7
       JH   DSR9
       C    R4,R3        SEE IF NAME IS MAX LENGTH
       JEQ  DSR2
       MOVB @VDPRD,R1    GET CHAR
       MOVB R1,*R2+
       CB   R1,@H2E      SEE IF PERIOD
       JNE  DSR1
DSR2   CLR  @CRULST
       MOV  R4,@NLEN     SAVE NAME LENGTH
       INC  R4
       A    R4,@NPNTR    ADJUST NAME POINTER
       LWPI GPLWS
       CLR  R1
DSR2A  LI   R12,>0F00    START AT >1000
DSR3   SBZ  0
DSR3A  AI   R12,>0100    NEXT CRU BASE ADDRESS
       CLR  @CRULST
       CI   R12,>2000    QUIT AFTER CRU >1F00
       JEQ  DSR8
CRUOK  MOV  R12,@CRULST
       SBO  0
       LI   R2,>4000
       CB   *R2,@HAA     SEE IF A CARD IS PRESENT
       JNE  DSR3
       A    @DSRWS5,R2   ADD THE DSR OFFSET
       JMP  DSR5
DSR4   MOV  @SAVADD,R2
       SBO  0
DSR5   MOV  *R2,R2       SEE IF THERE ARE ANY ROUTINES
       JEQ  DSR3
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       MOV  R2,@SAVADD
       INCT R2
       MOV  *R2+,R9      GET ROUTINE ADDRESS
       MOVB @NLEN+1,R5   GET NAME LENGTH
       JEQ  DSR7
       CB   R5,*R2+      SEE IF NAME LENGTH MATCHES
       JNE  DSR4
       SRL  R5,8
       LI   R6,FNAME     SEE IF NAME MATCHES
DSR6   CB   *R6+,*R2+    COMPARE CHARS
       JNE  DSR4
       DEC  R5
       JNE  DSR6         REPEAT
DSR7   INC  R1
       BL   *R9          EXECUTE THE ROUTINE
       JMP  DSR4
       SBZ  0
       LWPI DSRWS        RESTORE REGISTERS
       MOVB @DSRWS0,@VDPWA SET VDP READ ADDRESS
       NOP
       MOVB R0,@VDPWA
       NOP
       MOVB @VDPRD,R1    GET THE NAME LENGTH
       SRL  R1,13        SEE IF ANY ERRORS
       JNE  DSR10
       RTWP
DSR8   LWPI DSRWS        RESTORE REGISTERS
DSR9   CLR  R1
DSR10  SWPB R1
       MOVB R1,*R13      PUT ERROR CODE IN R0 OF WS1
       SOCB @H20,R15     SET EQUAL BIT FOR ERROR
       RTWP
*
* DATA
*
WS     BSS  32           OUR WORKSPACE
PABDT  BYTE 1,>10        SECTOR READ/WRITE PAB DATA
*
* NOTE:  OTHER DATA HAS BEEN OMITTED
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1.76. Art Of Assembly — Part 76. New And Improved

%\�%UXFH�+DUULVRQ

:H
YH�VDLG�EHIRUH�LQ�WKLV�FROXPQ�WKDW�HYHQ�DIWHU�\HDUV�RI�PDNLQJ�YDULRXV�SURJUDPV�LQ�$VVHPEO\�/DQJXDJH
ZH�DUH�VWLOO�DEOH�WR�OHDUQ�QHZ�WULFNV�DQG�LPSURYH�WKLQJV��7RGD\
V�FROXPQ�LV�DERXW�ROG�YHUVXV�QHZ�ZD\V�RI
GRLQJ�YDULRXV�RSHUDWLRQV��0RVW�DUH�LQ�WKH�IRUP�RI�VXEURXWLQHV��VR�WKHUH
V�QR�FRPSOHWH�SURJUDP�KHUH��EXW
LW�VKRXOG�EH�D�OHDUQLQJ�H[SHULHQFH�DQG�SURYLGH�EHWWHU�ZD\V�WR�GR�VRPH�OLWWOH�WKLQJV�

1.76.1. Screen Clearing

$V�ZLWK�VR�PDQ\�WKLQJV��WKHUH�DUH�PDQ\�ZD\V�WR�GR�WKH�VFUHHQ�FOHDULQJ�RSHUDWLRQ��)RU�H[DPSOH��RQH�FDQ
XVH�96%:�����WLPHV��LQFUHPHQWLQJ�5��HDFK�WLPH��7KDW�ZRUNV��EXW�LW
V�WKH�YHU\�VORZHVW�PHWKRG��,Q�PDQ\
RI�RXU�SURJUDPV��ZH
YH�XVHG�D�OLQH�LQ�WKH�'$7$�VHFWLRQ�RI�WKH�SURJUDP�FDOOHG�%/1./1��ZKLFK�LV����RU
���VSDFHV��GHSHQGLQJ�ZKHWKHU�ZH
UH�LQ����RU����FROXPQ�PRGH��DQG�LV�XVHG�ZLWK�D�ORRS�XVLQJ�90%:���
WLPHV��7KLV�PHWKRG�DOVR�ZRUNV��RI�FRXUVH��DQG�LV�PXFK�IDVWHU�WKDQ�WKH�96%:�PHWKRG��EXW�LW�WDNHV�XS�PRUH
PHPRU\�ERWK�LQ�WKH�FRGH�VHJPHQW�DQG�LQ�WKH�'$7$�SDUW�

:KLOH�ZRUNLQJ�RQ�WKH�LPSURYHG�YHUVLRQ�RI�/RDG�0DVWHU��ZH�FDPH�XS�ZLWK�WKH��QHZ�DQG�LPSURYHG��PHWKRG
WKDW�XVHV�YHU\�OLWWOH�PHPRU\��UHTXLUHV�QR�'$7$��DQG�LV�IDVWHU�WKDQ�DQ\�RWKHU�PHWKRG��,W�DIIHFWV�RQO\
UHJLVWHUV�������DQG���RI�\RXU�ZRUNVSDFH��DQG�FDQ�EH�PRGLILHG�VOLJKWO\�WR�SURYLGH�RWKHU�VHUYLFHV�VXFK�DV
SDUWLDO�VFUHHQ�FOHDULQJ�RSHUDWLRQV��:KDW�ZH
YH�VKRZQ�LQ�WKH�6LGHEDU�LV�D�YHU\�VLPSOH�VFUHHQ�FOHDU�WKDW�FDQ
EH�XVHG�LQ�WKH��QRUPDO��(�$�HQYLURQPHQW��SOXV�VOLJKWO\�PRGLILHG�YHUVLRQV�IRU�XVH�LQ�WKH�%DVLF�;%DVLF
HQYLURQPHQWV�DQG�VR�RQ��7DNH�\RXU�SLFN��EXW�EH�DVVXUHG�DQ\�RI�WKHVH��QHZ�DQG�LPSURYHG��VXEURXWLQHV�ZLOO
GR�WKH�MRE�DV�TXLFNO\�DV�SRVVLEOH�DQG�LQ�D�PLQLPDO�DPRXQW�RI�PHPRU\��:H
YH�HYHQ�LQFOXGHG�D�YHUVLRQ�WKDW
FDQ�GR�DQ��+&+$5��W\SH�VHUYLFH�PDQ\�WLPHV�IDVWHU�WKDQ�WKH�;%�YHUVLRQ��7DNH�FDUH��WKRXJK��WKDW�\RXU
FDOOLQJ�FRGH�GRHV�QRW�PDNH�WKLV�VXEURXWLQH�JR�EH\RQG�\RXU�VFUHHQ�DUHD��DV�QR�SURYLVLRQ�KDV�EHHQ�PDGH
KHUH�IRU�WKH��ZUDSDURXQG��WR�WKH�WRS�RI�WKH�VFUHHQ�DV�+&+$5�GRHV�

7KHVH� URXWLQHV� ZRUN� IDVWHU� WKDQ� WKH� ROG� RQHV� PDLQO\� EHFDXVH� ZH
YH� WDNHQ� IXOO� DGYDQWDJH� RI� WKH
DXWR�LQFUHPHQWLQJ�IHDWXUH�ZKHQ�ZULWLQJ�WR�9'3�5$0�YLD�!�&����7KXV�RQFH�ZH
YH�ZULWWHQ�WKH�VWDUWLQJ
9'3�DGGUHVV�WR�!�&����ZH�GRQ
W�KDYH�WR�ZULWH�DQ�DGGUHVV�DJDLQ��DV�ZDV�WKH�FDVH�ZKHQ�ZH�XVHG�%/:3�WR
HLWKHU�96%:�RU�90%:��5DWKHU��HYHU\�WLPH�ZH�029%�#!�&����WKH�9'3�DGGUHVV�LQFUHPHQWV�DOO�E\�LWVHOI�
:H�DOVR�VDYH�VRPH�WLPH�E\�DYRLGLQJ�WKH�%/:3��RYHUKHDG��LQ�IDYRU�RI�WKH�OHVV�WLPH�FRQVXPLQJ�%/�

1.76.2. Slightly Better Keyscan

,Q�RXU�RZQ��QRUPDO��NH\�URXWLQH��ZH�QHHG�VRPHZKHUH�LQ�WKH�'$7$�D�E\WH�RI�!����$1<.(<�%<7(�!���
VR�WKDW�ZH�FDQ�FRPSDUH�WKH�YDOXH�DW�!���&��*3/�6WDWXV�E\WH��WR�$1<.(<��DQG�UHSHDW�VFDQ�LI�WKDW
V�QRW
HTXDO��+HUH
V�DQRWKHU�PHWKRG��ZKLFK�ZRUNV�MXVW�DV�ZHOO�EXW�GRHVQ
W�QHHG�WKH�E\WH�RI�!���LQ�'$7$��7KLV�
DV�VKRZQ�LQ�WKH�6LGHEDU��GRHV�WKH�/,0,���DQG�/,0,���RSHUDWLRQV��VR�WKDW�ZDLWLQJ�IRU�D�NH\VWURNH�ZRQ
W�VWRS
DQ\WKLQJ�WKDW�QHHGV�WKH�LQWHUUXSWV��VXFK�DV�VSULWH�PRWLRQ�RU�EDFNJURXQG�PXVLF��7KDW�KDV�WKH�GLVDGYDQWDJH
RI�HQDEOLQJ�WKH�FCTN =�WR�JHW�EDFN�WR�WKH�WLWOH�VFUHHQ��,I�\RX�GRQ
W�QHHG�WKH�LQWHUUXSWV�VHUYLFHG��MXVW�XVH
WKLV�ZLWKRXW�WKH�OLQHV�/,0,���DQG�/,0,���
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1.76.3. Slightly Better Speed

<RX�FDQ
W�GR�WKLV�LQ�VWXII�WKDW�OLQNV�IURP�([WHQGHG�%DVLF��EXW�LQ��SXUH�$VVHPEO\��SURJUDPV��VSHHG�RI
H[HFXWLRQ�RYHUDOO�FDQ�EH�VOLJKWO\�LPSURYHG�E\�SODFLQJ�\RXU�ZRUNVSDFH�UHJLVWHUV�LQ�WKH�!������5DP�3DG�
DUHD��6LQFH�WKDW�SDUW�RI�PHPRU\�LV�DFFHVVHG�RQ�D����ELW�ZRUG�EDVLV�UDWKHU�WKDQ�E\WH�E\�E\WH��DOO�UHJLVWHU
DFWLRQV�ZLOO�KDSSHQ�VOLJKWO\�IDVWHU��7R�JLYH�D�FRQFUHWH�H[DPSOH��ZH�UHFHQWO\�WRRN�D�PRGLILHG��E\�%RE
&DUPDQ\��YHUVLRQ�RI�6KDZQ�%DURQ
V�$067(67�SURJUDP��ZKLFK�UXQV�DQ�H[KDXVWLYH�WHVW�RQ�WKH�$06�FDUG�
DQG�LQVWHDG�RI�KDYLQJ�WKH�UHJLVWHUV�LQ�WKH�SURJUDP�FRGH�DV�%66�EORFNV��ZH�SXW�LQ�(48DWHV�VR�WKDW�WKH
PDLQ�SURJUDP�UHJLVWHUV�ZHUH�DW�!�����DQG�WKH�XWLOLWLHV
�UHJLVWHUV�DW�!������:LWK�QR�RWKHU�FKDQJHV��WKH
H[HFXWLRQ�WLPH�IRU�WKLV�SURJUDP�RQ�RXU����.�$06�FDUG�ZHQW�IURP���PLQXWHV����VHFRQGV�WR���PLQXWHV�IODW�
7KDW
V�QRW�D�ELJ�LPSURYHPHQW���DERXW�������EXW�SRLQWV�LQ�WKH�ULJKW�GLUHFWLRQ�

1.76.4. MUCH Better Boot Tracking

/DVW�EXW�QRW� OHDVW�� IRU�WKRVH�XVLQJ�$VVHPEO\�URXWLQHV�ZLWK�([WHQGHG�%DVLF��KHUH
V�D�PXFK�LPSURYHG
PHWKRG�IRU�ILQGLQJ�RXW�ZKDW�GLVN�GULYH�DQ�;%�SURJUDP�ORDGHG�IURP��WKHQ�PRGLI\LQJ�DOO�RFFXUUHQFHV�RI
�'6.���LQ�WKDW�SURJUDP�WR�ZKDWHYHU�GHYLFH�LW�ORDGHG�IURP��7KLV�ZLOO�ZRUN�IRU��QRQ�'6.��GHYLFHV�DV�ZHOO�
LQFOXGLQJ�WKRVH�VWDUWLQJ�ZLWK�:'6��ROG�KDUG�GULYHV��DQG�6&6��QHZ�6&6,�KDUG�GULYHV��

7KH�LPSHWXV�IRU�WKLV�QHZ�YHUVLRQ�RI�RXU�ERRW�WUDFNLQJ�URXWLQH�FDPH�IURP�RXU�H[SHULHQFH�LQ�PRGLI\LQJ
/RDG�0DVWHU��2QH�RI�WKH�WKLQJV�ZH�GLG�ZDV�WR�DGG�ERRW�WUDFNLQJ�WR�WKH�/2$'�SURJUDP��VR�WKDW�/RDG
0DVWHU�FRXOG�EH�VWDUWHG�IURP�DQ\�GLVN�GULYH�DQG�ZRXOG�DOZD\V��NQRZ��ZKHUH�WKH�/RDG�0DVWHU�GLVN�ZDV
ORFDWHG��,Q�RXU�HDUO\�DWWHPSWV��ZH�IRXQG�WKDW�ZKLOH�RXU�ERRW�WUDFNLQJ�ZRUNHG�MXVW�ILQH�RQ�RXU�RZQ�V\VWHP
V
GULYHV��ERWK�WKH�IORSSLHV�DQG�WKH�5DPGLVNV��LW�ZRXOG�FDXVH�D�ORFNXS�RQ�0LFNH\�&HQGURZVNL
V�V\VWHP�
0LFNH\�KDV�D�0\DUF�+)'&�DV�KHU�PDLQ�GLVN�FRQWUROOHU��ZKLFK�KDQGOHV�ERWK�KHU�IORSS\�DQG�KDUG�GULYHV�
7KDW�ROG�YHUVLRQ�RI�ERRW�WUDFN�XVHG�D�SDUWLFXODU�PHWKRG�RI�WXUQLQJ�WKH�520�RQ�DQG�RII��ZKLFK�ZRUNHG
RND\�IRU�PRVW�GLVN�FRQWUROOHUV��EXW�QRW�IRU�WKH�0\DUF�+)'&�

,Q�UHFHQW�ZRUN��ZH
G�GRQH�VRPH�WKLQJV�ZLWK�&58�DFFHVV�RQ�WKH�$06�FDUG��DQG�LQ�WKDW�FDVH�XVHG�6%2�DQG
6%=�RSHUDWLRQV�WR�WXUQ�WKH�FDUG
V��520��RQ�DQG�RII��,W�ORRNHG�DV�WKRXJK�WKDW�PLJKW�EH�D�JRRG�LGHD�IRU�WKH
RQ�RII�VZLWFKLQJ�UHTXLUHG�LQ�WKH�ERRW�WUDFNLQJ�FDVH��VR�ZH�WULHG�WKDW��<HV��ZH�QRZ�KDG�D�PHDQV�RI�ERRW
WUDFNLQJ�WKDW�ZRUNHG�ZLWK�HYHU\�NLQG�RI�FRQWUROOHU�WKDW�LW�ZDV�WHVWHG�RQ��7KLV�PHDQV�LW�ZRUNHG�RQ�7,V�ZLWK
0\DUF�GLVN�FRQWUROOHUV��RQ�*HQHYHV��DQG�HYHQ�ZLWK�WKH�6&6,�FRQWUROOHU�RQ�&KDUOLH�*RRG
V�*HQHYH��$V�\RX
FDQ�VHH�LQ�WKH�6LGHEDU��RQFH�ZH
YH�VHW�5���WR�WKH�&58�DGGUHVV�IRU�WKH�FRQWUROOHU
V�520��ZH�VLPSO\�6%2
��WR�WXUQ�WKH�520�RQ�VR�ZH�FDQ�UHDG�LW��WKHQ�6%=���WR�WXUQ�WKH�520�RII�DJDLQ�

7KLV�QHZ�YHUVLRQ�RI�ERRW�WUDFN�DOVR�KDV�WKH�DELOLW\�WR�ZRUN�ZLWK�SURJUDPV�WKDW�FRQWDLQ�D�]HUR�E\WH�LQ�WKH
PLGGOH�RI�D�SURJUDP�OLQH��VR�ORQJ�DV�WKDW
V�DIWHU�D�!&��RU�!&��WRNHQ��7KLV�LV�D�ELW�HVRWHULF��EXW�KDQJ�LQ
WKHUH�D�PRPHQW��6XSSRVH�D�OLQH�FRQWDLQV�,)�;<=�7+(1�����:KHQ�WKLV�LV�WRNHQL]HG��WKH�OLQH�QXPEHU���
EHFRPHV��LQ�KH[��&��������,Q�HDUO\�YHUVLRQV�RI�RXU�ERRW�WUDFN��WKDW�E\WH�RI���IROORZLQJ�WKH�&��ZRXOG�EH
PLVWDNHQ�IRU�WKH���WKDW�HQGV�D�SURJUDP�OLQH��VR�DQ\�'6.��WKDW�FDPH�ODWHU�LQ�WKDW�OLQH�ZRXOG�JHW�VNLSSHG�
$�VLPLODU�SUREOHP�FDQ�RFFXU�ZKHQ�D�SURJUDP�VHWV�D�VWULQJ�YDULDEOH�WR�QXOO�YDOXH��/HW
V�VD\�WKH�OLQH�LQFOXGHV
$� ����7KDW����ZLOO�EHFRPH�WRNHQL]HG�DV�!&�����ZKLFK�DJDLQ�UDLVHV�WKH�SRVVLELOLW\�RI�D�IDOVH�HQGLQJ�WR�WKH
OLQH�
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,Q�WKH�YHUVLRQ�RI�ERRW�WUDFN�VKRZQ�LQ�WKH�6LGHEDU��ERWK�RI�WKHVH�SUREOHPV�DUH�WDNHQ�FDUH�RI��VR�WKDW�LI�!&�
RU�!&��LV�IRXQG��WKH�FRPSDULVRQ�SURFHVV�ZLOO�VNLS�RYHU�WKDW���E\WH�DQG�WKXV�ZLOO�FRUUHFWO\�ILQG�'6.�
DQ\ZKHUH�LQ�DQ\�;%�SURJUDP�OLQH��$V�LQ�ROGHU�YHUVLRQV��ZKHUHYHU�'6.��LV�IRXQG��LW�ZLOO�EH�FKDQJHG�WR�WKH
GHYLFH�QDPH�IRXQG�E\�WKH�HDUOLHU�SDUW�RI�WKH�URXWLQH�

1.76.5. Using the TRA CK6 Routine

3HUKDSV�LW
V�EHVW�WR�GHVFULEH�E\�H[DPSOH��,Q�WKH�FDVH�RI�/RDG�0DVWHU��WKH�/2$'�SURJUDP�KDV�WKLV�FRGH
HPEHGGHG�E\�7RGG�.DSODQ
V�$/6$9(�URXWLQH��/HW
V�VXSSRVH�WKDW�ZH
YH�FRSLHG�/2$'��/2$'0$67(5�
'()$8/76��237,216��DQG�WKH�P\VWHULRXV�($�ILOH�LQWR�WKH�URRW�GLUHFWRU\�RI�D�KDUG�GULYH�QDPHG�6&6�
�D�6&6,�GULYH���:H�WKHQ�JHW�LQWR�([WHQGHG�%DVLF�DQG�W\SH�581��6&6��/2$'��ENTER��:KHQ�/2$'�VWDUWV�
LW�ILUVW�GXPSV�DOO�RI�LWV�$VVHPEO\�URXWLQHV��LQFOXGLQJ�75$&.��LQWR�ORZ�PHPRU\��7KHUH
V�D�OLQH�LQ�/2$'
WKDW� VD\V� 581� �'6.��/2$'0$67(5��� EXW� EHIRUH� WKDW� OLQH� H[HFXWHV�� WKHUH
V� RQH� WKDW� VD\V� &$//
/,1.��75$&.����,Q�WKDW�&$//�/,1.��WKH�75$&.�URXWLQH�JHWV�WKH�GHYLFH�QDPH�6&6��IURP�WKH�FRQWUROOHU
520��WKHQ�VHDUFKHV�WKH�;%�SDUW�RI�/2$'��LQ�PHPRU\��XQWLO�LW�ILQGV�'6.���,W�FKDQJHV�'6.��WR�6&6���VR
WKDW�LQVWHDG�RI�581��'6.��/2$'0$67(5���WKDW�OLQH�VD\V�581��6&6��/2$'0$67(5���:KHQ�WKDW�OLQH
H[HFXWHV��/2$'0$67(5�LV�ORDGHG�DQG�UXQ�IURP�6&6��

:KHQ�/2$'0$67(5�VWDUWV�UXQQLQJ��LW�WRR�H[HFXWHV�D�&$//�/,1.���75$&.����7KLV�WLPH�WKH�FRGH�LQ
75$&.�VHHV�WKDW�LW�DOUHDG\�KDV�WKH�GHYLFH�QDPH��EHFDXVH�LWV�5��LV�QRQ�]HUR��VR�LW�MXPSV�DKHDG�WR�WKH�SDUW
WKDW�VFDQV�WKH�;%�FRQWHQW�RI�/2$'0$67(5��ZKHUH�LW�UHSODFHV�DOO�RFFXUUHQFHV�RI�'6.��ZLWK�6&6���1RZ
LI�WKH�XVHU�VHOHFWV�237,216��WKDW�SURJUDP�ZLOO�EH�VRXJKW�RQ�6&6��DV�ZHOO��237,216��LQ�WXUQ��ZLOO�DOVR
SHUIRUP�D�&$//�/,1.��75$&.����DQG�WKXV�ZLOO�ORRN�IRU�'()$8/76�RQ�6&6���:KHQ�237,216�LV�GRQH�
LW�ZLOO�VDYH�WKH�UHYLVHG�'()$8/76�DQG�WKHQ�UH�ORDG�/2$'0$67(5�IURP�6&6���DQG�VR�RQ�

7KHUH�DUH�SODFHV�LQ�WKH�237,216�ILOH�ZKHUH�ZH�ZDQW�WKH�IRXU�FKDUDFWHUV�'6.��WR�VWD\��DV�LV��ZKHQ
75$&.�LV�UXQQLQJ��7R�PDNH�VXUH�RI�WKDW��ZH�SXW�'6.��LQ�DV�D�VWULQJ�H[SUHVVLRQ�OLNH�WKLV��'� �'6.�	����
+DYLQJ�WKDW�DPSHUVDQG�LQ�WKH�PLGGOH�LQVXUHV�WKDW�75$&.�ZRQ
W�ILQG�'6.��LQ�IRXU�VXFFHVVLYH�E\WHV��DQG
WKXV�ZLOO�QRW�UHSODFH�LW�ZLWK�6&6���7KLV�VDPH�WULFN�FDQ�EH�DSSOLHG�LQ�\RXU�RZQ�ZRUN�LI��'6.���LV�VXSSRVHG
WR�VWD\�WKDW�ZD\��,Q�WKLV�VHW�RI�SURJUDPV��RQO\�/2$'�FRQWDLQV�D�&$//�,1,7��VR�WKDW�WKH�FRGH�IRU�75$&.
UHPDLQV�LQ�SODFH�DQG�DYDLODEOH�ZKLOH�DQ\�RI�WKHVH�SURJUDPV�LV�UXQQLQJ��7KHUH�DUH�DGGLWLRQDO�$VVHPEO\
URXWLQHV� LQFOXGHG� LQ�/2$'0$67(5��EXW�WKRVH�DUH�HPEHGGHG�XVLQJ�+DUU\�:LOKHOP
V�+LJK�0HPRU\
/RDGHU��DQG�VR�GRQ
W�DIIHFW�WKH�URXWLQHV�WKDW�/2$'�SODFHG�LQ�/RZ�PHPRU\�

7R�VXPPDUL]H��XVH�75$&.��WKLV�ZD\�

�� (PEHG�75$&.��2�XVLQJ�$/6$9(�LQ�WKH��PDLQ��SURJUDP�
�� 0DNH�VXUH�&$//�/,1.��75$&.���LV�SHUIRUPHG�EHIRUH�DQ\�581��'6.��;;;;��OLQHV�LQ�WKDW

SURJUDP�
�� ,Q�FKDLQHG�SURJUDPV���H�J��/2$'0$67(5��SHUIRUP�&$//�/,1.��75$&.���HDUO\�LQ�WKH�SURJUDP�

0DNH�VXUH�WKH�FKDLQHG�SURJUDPV�GRQ
W�SHUIRUP�&$//�,1,7�
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)RU�\RXU�FRQYHQLHQFH�LI�\RX�JHW�0,&52SHQGLXP�RQ�GLVN��ZH
YH�LQFOXGHG�75$&.��2�DV�DQ�REMHFW�ILOH�LQ
RXU�VXEPLVVLRQ��DQG�DVNHG�-RKQ�DQG�/DXUD�WR�SXW�WKDW�RQ�WKH�GLVN�YHUVLRQ��2WKHUZLVH��MXVW�W\SH�LQ�WKH
VHFWLRQ�RI�WKH�6LGHEDU�WKDW
V�VRXUFH�IRU�75$&.��DQG�DVVHPEOH�WKDW�VR�LW�FDQ�EH�HPEHGGHG�ZLWK�$/6$9(�
,I�\RX�QHHG�KHOS�ZLWK�DQ\�RI�WKLV��GRQ
W�KHVLWDWH�WR�FDOO�XV�DQ\�WLPH�IURP��$0�WKURXJK�0LGQLJKW�(DVWHUQ
WLPH�DW����������������

$JDLQ�RXU�QH[W�WRSLF�LV�XQGHFLGHG��6HH�\RX�LQ�WZR�PRQWKV�

* SIDEBAR 76
* NEW AND IMPROVED SUBROUTINES
* all Public Domain
*
* CLEAR THE SCREEN - SIX NEW VERSIONS
*
* 1. "PLAIN-JANE" VERSION FOR 32 CHAR SCREEN IN E/A
*
CLS    LI   R0,>0040     SET >40 IN LOW BYTE R0
       LI   R1,>2000     SPACE IN LEFT BYTE R1
       LI   R2,768       768 TIMES (32 * 24)
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
* 2. "PLAIN-JANE" VERSION FOR 32 CHAR SCREEN IN XB
*
CLSXB  LI   R0,>0040     SET >40 IN LOW BYTE R0
       LI   R1,>8000     SPACE W/OFFSET IN LEFT BYTE R1
       LI   R2,768       768 TIMES (32 * 24)
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
* 3. "PLAIN-JANE" VERSION FOR 40 COL SCREEN IN E/A
*
CLS40  LI   R0,>0040     SET >40 IN LOW BYTE R0
       LI   R1,>2000     SPACE IN LEFT BYTE R1
       LI   R2,960       960 TIMES (40 * 24)
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
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       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
* 4. "FANCY" VERSION FOR 32 OR 40 CHAR SCREEN IN E/A
* USE BL @CLS32 FOR 32, BL @CLS40 FOR 40
*
CLS32  LI   R2,32*24     768 FOR 32 CHAR
       JMP  CLS0
CLS40  LI   R2,40*24     960 FOR 40 CHAR
CLS0   LI   R0,>0040     SET >40 IN LOW BYTE R0
       LI   R1,>2000     SPACE IN LEFT BYTE R1
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
* 5. "FANCIER" VERSION FOR 32 OR 40 CHAR SCREEN IN E/A
*  IN THIS VERSION, YOU CAN CLEAR ANY SELECTED AREA
*  OF SCREEN BY FIRST SETTING R0 TO THE START POINT
*  AND R2 TO THE NUMBER OF SPACES TO WRITE, THEN
*  BL  @CLS0A
*
CLS32  LI   R2,32*24     768 FOR 32 CHAR
       JMP  CLS0
CLS40  LI   R2,40*24     960 FOR 40 CHAR
CLS0   CLR  R0
CLS0A  ORI  R0,>4000     SET >4000 BIT IN R0
       SWPB R0
       LI   R1,>2000     SPACE IN LEFT BYTE R1
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
*  6. FANCIER YET VERSION:
*  IN THIS VERSION, YOU CAN CLEAR ANY SELECTED AREA
*  OF SCREEN BY FIRST SETTING R0 TO THE START POINT
*  AND R2 TO THE NUMBER OF SPACES TO WRITE, THEN
*  BL  @CLS0A, BUT YOU CAN ALSO PUT ANY CHARACTER
*  ASCII YOU WANT IN R1'S LEFT BYTE, THEN THE STARTING
*  SCREEN ADDRESS IN R0 AND NUMBER OF REPEATS IN R2,
*  THEN BL @CLS0B TO DO A VERY SWIFT "HCHAR" TYPE
*  OPERATION.
*
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CLS32  LI   R2,32*24     768 FOR 32 CHAR
       JMP  CLS0
CLS40  LI   R2,40*24     960 FOR 40 CHAR
CLS0   CLR  R0
CLS0A  LI   R1,>2000     SPACE IN LEFT BYTE R1
CLS0B  ORI  R0,>4000     SET >4000 BIT IN R0
       SWPB R0
CLS1   MOVB R0,@>8C02    SEND HIGH BYTE
       SWPB R0           SWAP
       MOVB R0,@>8C02    SEND >40 BYTE
CLS2   MOVB R1,@>8C00    WRITE A SPACE
       DEC  R2           DECREMENT COUNT
       JNE  CLS2         IF NOT ZERO, REPEAT
       RT                ELSE RETURN
*
* IMPROVED KEY SCAN SUBROUTINE, DOESN'T REQUIRE
* EXTERNAL DATA FOR OPERATION
* DOES REQUIRE THAT KSCAN BE REF'D OR EQU'D
*
KEY    BLWP @KSCAN       SCAN KEYBOARD
       LIMI 2            ALLOW INTS
       LIMI 0            STOP INTS
       MOVB @>837C,@>837C MOV GPL STAT BYTE TO ITSELF
       JEQ  KEY          IF 0, SCAN AGAIN
       RT                ELSE RETURN
*
* TRACK6/S  - SOURCE CODE FOR CHANGING
* DEVICE NAME IN AN XB PROGRAM
* FINDS DSK1 ANYWHERE IN XB PROGRAM
* AND CHANGES IT TO XXXX, WHERE XXXX IS THE
* DEVICE FROM WHICH XB PROGRAM WAS LOADED
* EVEN WORKS FOR NON-DSK DEVICES, e.g. WDS1, SCS1
* 18 DEC 1996
* PUBLIC DOMAIN
* CODE BY Bruce Harrison
*
       DEF  TRACK
TRACK  LWPI WS           USE OUR WORKSPACE
       MOV  R0,R12       USE OLD CRU ADDR IF AVAILABLE
       JNE  GET30        THEN JUMP AHEAD
GETD0  MOV  @>83D0,R12   GET THE CRU BASE IN R12
       JEQ  EXIT         GET OUT IF 0
       MOV  @>83D2,R9    GET THE ROM ADDRESS FOR DEVICE
       JEQ  EXIT         GET OUT IF 0
       SBO  0            ENABLE THE DEVICE ROM
       AI   R9,5         ADDING FIVE PUTS US AT DEVICE NAME
       LI   R4,4         4 BYTES TO GET
       LI   R10,TEXT+1   POINT TO TEXT BUFFER+1
MOVIT  MOVB *R9+,*R10+   MOV ONE BYTE FROM ROM TO TEXT BUFFER
       DEC  R4           FINISHED?
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       JNE  MOVIT        NO, DO ANOTHER BYTE
       SBZ  0            DISABLE THE ROM (R4 IS ZERO AT THIS POINT)
       MOV  R12,R0       SAVE R12 IN R0
GET30  MOV  @>8330,R13   PUT START OF LINE NUMBER TABLE IN R13
NEWLI  INCT R13          POINT TO BYTE CONTAINING ADDRESS OF LINE
       C    R13,@>8332   ARE WE PAST END OF LINE NUMBER TABLE
       JGT  EXIT         IF SO WE ARE FINISHED
       MOVB *R13+,R4     GET HIGH ORDER BYTE OF LINE ADDRESS IN R4
       SWPB R4           SWAP R4
       MOVB *R13+,R4     GET LOW ORDER BYTE OF LINE ADDRESS
       SWPB R4           SWAP SO R4 CONTAINS STARTING ADDRESS OF A LINE
*
* AT THIS STAGE R4 POINTS TO THE BEGINNING OF A LINE IN THE XB PROGRAM,
*
NEXT
       MOV  R4,R10       SET R10 EQUAL TO R4
CHECK
       LI   R9,DSK1      POINT AT TEXT 'DSK1'
       LI   R3,4         SET FOR 4 CHARACTER COMPARE
CMPB   CB   *R10,@CEE9   CHECK FOR C9 TOKEN
       JNE  CMPC7        IF NOT EQUAL, JUMP AHEAD
       INCT R4           ELSE MOVE R4 POINTER AHEAD TWO
       JMP  NOCMP        THEN JUMP AHEAD TO NOCMP
CMPC7  CB   *R10,@CEE7   IS THIS A BYTE OF >C7
       JNE  CMPC         IF NOT, JUMP
       INC  R4           ELSE INCREMENT POINTER BY ONE
       JMP  NOCMP        THEN JUMP
CMPC   CB   *R10,@ZERO   IS THE BYTE WE'RE LOOKING AT A ZERO?
       JEQ  NEWLI        IF SO, IT'S THE END OF A PROGRAM LINE
       CB   *R9+,*R10+   COMPARE BYTES AND INCREMENT
       JNE  NOCMP        IF NOT EQUAL, GET OUT
       DEC  R3           ELSE DECREMENT COUNT
       JNE  CMPB         IF NOT ZERO, REPEAT
       LI   R9,TEXT+1    DSK1 WAS FOUND. POINT TO BOOT TRACKED DEVICE NAME
       MOV  R4,R10       R10 POINTS TO LOCATION WHERE "DSK1" WAS FOUND
*
* THE LOOP AT MOV2 OVERWRITES "DSK1" IN THE XB PROGRAM LINE
* WITH DEVICE NAME FOUND IN THE BOOT TRACK PROCESS
*
       LI   R5,4         FOUR BYTES TO MOVE
MOV2
       MOVB *R9+,*R10+   MOVE ONE, INCREMENT POINTERS
       DEC  R5           DECREMENT COUNTER
       JNE  MOV2         IF NOT ZERO, REPEAT
       MOV  R10,R4       START OF NEXT GROUP OF BYTES
       JMP  CHECK        JUMP BACK
NOCMP  INC  R4           GO START AT NEXT BYTE IN XB PGM LINE
       JMP  NEXT         AT LABEL NEXT
EXIT   LWPI >83E0        LOAD GPL WORKSPACE
       B    @>006A       RETURN TO GPL INTERPRETER
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WS     DATA 0            R0 STARTS AS ZERO
       BSS  30           REST OF WS
TEXT   BYTE 4            LENGTH OF DEVICE NAME
       BSS  5            BUFFER FOR DEVICE NAME
ZERO   DATA 0            ZERO BYTE FOR COMPARISON
DSK1   TEXT 'DSK1'       COMPARISON TEXT
CEE9   BYTE >C9          TOKEN FOR LINE NUMBER
CEE7   BYTE >C7          TOKEN FOR QUOTED STRING
       END
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Unpublished articles

7KLV�VHFWLRQ�FRQWDLQV�PDWHULDO�WKDW�ZDV�VXEPLWWHG�WR�0,&52SHQGLXP��EXW�ZDV�QRW�SXEOLVKHG�EHIRUH�LW
FHDVHG�SXEOLVKLQJ��7KDQNV�WR�%UXFH�+DUULVRQ�IRU�VXSSO\LQJ�KLV��$UW�2I�$VVHPEO\��PDWHULDO�

1.77. The Art Of Assembly — Part 77. Breaking New Ground

%\�%UXFH�+DUULVRQ

)RU�WKH�PRVW�SDUW��WKLV�HGLWLRQ�RI�7KH�$UW�ZLOO�GHDO�ZLWK�VRPH�GHWDLOV�RI�ZD\V�RI�PDNLQJ�XVH�RI�WKH�$06
PHPRU\��EXW�ZH
OO�DOVR�JHW�LQWR�VRPH�VWXII�GHDOLQJ�ZLWK�WKH�6&6,�KDUG�GULYH�

1.77.1. MIDI Album Without Mini-Memory

:KLOH�ZH�ZHUH�GHYHORSLQJ�RXU�$06�YHUVLRQ�RI�0,',�0DVWHU��RXU�IULHQG�5LFKDUG�%HOO��ZKR�ZDV�WHVWLQJ�RXU
HIIRUWV��DVNHG�ZKDW�WXUQHG�RXW�WR�EH�DQ�LQWHUHVWLQJ�TXHVWLRQ���:K\�GRHV�$OEXP�VWLOO�QHHG�WKH�0LQL�0HPRU\
ZKHQ�WKHUH
V�SOHQW\�RI�PHPRU\�LQ�WKH�$06"��7KH�UHDVRQ�KDG�WR�GR�ZLWK�DGGUHVV�PDSSLQJ��7KH�$OEXP
IHDWXUH�RI�0,',�0DVWHU�ZDV�VHW�XS�WR�XVH�PHPRU\�LQ�WKH�!�����EORFN��QHDUO\�DOO�RI�WKDW�EORFN���7KH
PDSSHU�FKLS�LQ�WKH�$06�GRHV�QRW�DOORZ�DQ\�RI�WKH�$06
�SDJHV�WR�EH�PDSSHG�WR�DGGUHVVHV�RWKHU�WKDQ�WKH
!�����!�����DQG�!$����!)����EORFNV��:H�NQRZ�WKLV�LV�WUXH�EHFDXVH�ZH�GLG�FRQWUROOHG�H[SHULPHQWV�WKDW
SURYHG�WKLV�WR�EH�IDFW��6WLOO��5LFKDUG�%HOO
V�TXHVWLRQ�ZDV�RQH�RI�WKRVH�WKLQJV�WKDW�QDJV�DW�WKH�SURJUDPPHU
V
PLQG�QLJKW�DQG�GD\��:K\�LQGHHG"

1.77.2. The Sudden Inspiration

<HV��ZH�NQRZ�ZKDW�7KRPDV�(GLVRQ�VDLG�DERXW�LQVSLUDWLRQ�YHUVXV�SHUVSLUDWLRQ��DQG�PRVW�RI�WKH�WLPH�WKDW
DSSOLHV��H[FHSW�WKDW�ZLWKRXW�WKH�LQVSLUDWLRQ�WKH�SHUVSLUDWLRQ�LV�MXVW�VZHDW��7KH�LQVSLUDWLRQ�KDG�WR�GR�ZLWK
SDJHV���DQG���RI�WKH�$06�PHPRU\��8QWLO�QRZ��WR�RXU�NQRZOHGJH��QRERG\�ZKR
V�SURJUDPPHG�IRU�WKH�$06
FDUG�KDV�PDGH�DQ\�XVH�ZKDWVRHYHU�RI�SDJHV���DQG����0DQ\�GRQ
W�HYHQ�XVH�SDJHV���WKURXJK���HLWKHU��DQG
WKDW�VHHPV�D�ZDVWH��2XU�$06�YHUVLRQ�RI�0,',�0DVWHU�XVHV�SDJHV���DQG���IRU�LWV�PDLQ�SURJUDP�FRGH��DQG
SDJHV���WKURXJK�ZKDWHYHU�IRU�VWRULQJ�WKH�PXVLF�WKDW�LW�SOD\V��7KDW
V�UHDVRQDEO\�JRRG�XVH�RI�PHPRU\��EXW
WKHUH�ZHUH�VWLOO������E\WHV�RI�SHUIHFWO\�JRRG�PHPRU\�LQ�SDJHV���DQG����ZKLOH�ZH�ZHUH�KDYLQJ�WR�SOXJ�LQ�WKH
0LQL�0HPRU\�WR�UXQ�$OEXP��,W�VLPSO\�GLGQ
W�PDNH�JRRG�VHQVH��)LQDOO\�WKH�LGHD�KLW�WKH�EUDLQ��8VH�SDJH��
RU���PDSSHG�DV�LI�LW�ZHUH�VRPH�OHJDO�DUHD�LQ�KLJK�PHPRU\��,Q�WKH�DFWXDO�HQG�SURGXFW��WKDW�ZRXQG�XS�EHLQJ
WKH�XVH�RI�SDJH���PDSSHG�WR�WKH�DUHD�!&����WKURXJK�!&)))�

1.77.3. Code That "Moves Itself"

7KLV�LVQ
W�VWULFWO\�VSHDNLQJ�WUXH��EXW�WKH�LGHD�FDPH�IURP�WKDW�$06�7HVWLQJ�SURJUDP�WKDW�ZH�KHOSHG�%RE
&DUPDQ\�ZLWK��,Q�WKDW�SURJUDP�WKHUH�ZHUH�VHFWLRQV�RI�FRGH�WKDW�UH�ORFDWHG�WKHPVHOYHV�IURP�RQH�$06�SDJH
WR�DQRWKHU�VR�WKDW�DOO�SDJHV�RI�WKH�$06�FRXOG�EH�WHVWHG�ZLWKRXW�GHVWUR\LQJ�RU�ORVLQJ�WKH�SURJUDP
V�RZQ
FRGH��,Q�RXU�$OEXP�FDVH��ZH�GHFLGHG�WR�XVH�D�VPDOO�VHFWLRQ�RI�FRGH�RXWVLGH�WKH�DFWXDO�$OEXP�FRGH�WR�PRYH
$OEXP�
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7R�GR�WKDW��ZH�ILUVW�$25*�WR�ORFDWLRQ�!%)%���VR�WKHUH
V�HQRXJK�URRP�EHWZHHQ�WKHUH�DQG�!&����WR�GR�D
IHZ�WKLQJV��)LUVW��WKH�FRGH�VWDUWLQJ�DW�!%)%��LQLWLDOL]HV�WKH�$06�PHPRU\��$W�WKDW�SRLQW�WKH�PDSSLQJ
UHJLVWHUV�DUH�VHW�VR�WKDW�SDJH���LV��PDSSHG��WR�!������SDJH���WR�!������HWF��3DJHV���DQG���DUH�WKHQ�PDSSHG
WR�WKH�DUHD�FRQWDLQLQJ�WKH�PDLQ�0,',�0DVWHU�FRGH��DQG�SDJH�!%�DQG�!&�DUH�PDSSHG�WR�!%����DQG
!&�����ZKHUH�WKH�$OEXP�FRGH�UHVLGHV��1H[W��WKH�OLWWOH�VHFWLRQ�RI��PRYH�LW��FRGH�FKHFNV�WR�VHH�LI�DQ�$06
KDV�EHHQ�IRXQG��DQG�EUDQFKHV�WR�D��VRUU\��QR�$06�IRXQG��PHVVDJH�GLVSOD\�LQ�WKH�PDLQ�SURJUDP�LI�QR�$06
LV�SUHVHQW��6R�ORQJ�DV�DQ�$06�LV�WKHUH��WKH�FRGH�SURFHHGV�WR�GR�LWV��PRYH��RSHUDWLRQ��)LUVW��LW�VHWV�SDJH��
WR�PDS�DW�!$�����1H[W�LW�PRYHV�HYHU\WKLQJ�IURP�!&����WR�WKH�HQG�RI�$OEXP
V�FRGH�LQWR�SDJH����QRZ
PDVTXHUDGLQJ�DV�!$�����1RZ�ZLWK�WKH�$OEXP
V�FRGH�DOO�VDIHO\�VWDVKHG�LQ�SDJH����LW�UH�PDSV�SDJH���WR
DSSHDU�DV�!&�����WKHQ�MXPSV�WR�!&����WR�VWDUW�H[HFXWLQJ�$OEXP�

&RQIXVHG"�3OHDVH�GRQ
W�JHW�FRQIXVHG�\HW��DV�WKLV�VRXS�JHWV�WKLFNHU�ZLWK�FRQWLQXHG�VWLUULQJ��$OEXP�RSHUDWHV
WR�GR�D� IHZ�WKLQJV�RQ�LWV�RZQ��VXFK�DV�FDWDORJLQJ�D�GLVN��EXW�WR�DFWXDOO\�ORDG�DQG�SOD\�PXVLF��LW�XVHV
URXWLQHV�LQ�WKH�PDLQ�SURJUDP�SDUW��ZKLFK�LV�VLWWLQJ�WKHUH�LQ�SDJHV���DQG����:KHQHYHU�WKDW�KDSSHQV��WKH
PDLQ�SURJUDP�GRHV�D�UH�PDSSLQJ�RI�WKH�+LJK�0HPRU\�DGGUHVVHV��VR�WKDW�!$����WKUX�!))))�DUH�DFWXDOO\
SDJHV���WKURXJK���RI�WKH�$06��7KXV�ZKLOH�WKH�PDLQ�SURJUDP
V�URXWLQH�LV�H[HFXWLQJ��!&����LV�DFWXDOO\�SDJH
���RU�KLJKHU��RI�WKH�$06�FDUG��1RQH�WKH�OHVV��WKH�$OEXP�SDUW�LV�VWLOO�NHSW�LQ�SDJH����VR�LW�GRHVQ
W�JHW
RYHUZULWWHQ�ZKHQ�PXVLF�GDWD�JHWV�SXW�LQWR�!&����

%HIRUH�$OEXP�EUDQFKHV�LQWR�WKH�PDLQ�FRGH��LW�VHWV�D�IODJ�WKDW
V�LQ�WKH�PDLQ�SURJUDP
V�GDWD�VHFWLRQ��(DFK
URXWLQH�WKDW�JHWV�FDOOHG�E\�$OEXP�KDV�EHHQ�PRGLILHG�VR�WKDW�EHIRUH�DQ�H[LW�IURP�WKH�URXWLQH��WKDW�IODJ�LV
FKHFNHG��DQG�LI�LW
V�VHW��D�PDSSLQJ�LV�GRQH�RQ�WKH�$06�WR�VHW�SDJH���EDFN�WR�WKH�!&����DGGUHVV�VSDFH��7KLV
ZD\��FRQWURO�UHWXUQV�WR�$OEXP��VLQFH�SDJH���LV�RQFH�DJDLQ�WUHDWHG�DV�!&�����<HV��LW�VRXQGV�FRPSOLFDWHG�
EXW�LW�UHDOO\�LVQ
W��RQFH�\RX�XQGHUVWDQG�KRZ�WKH�$06�FDUG�DQG�LWV�PDSSLQJ�UHJLVWHUV�ZRUN�

1.77.4. Workspace Registers

2QH�SRWHQWLDO�SUREOHP�ZKHQ�GRLQJ�WKLV�NLQG�RI�IRROLQJ�DURXQG�LV�WKH�SRVVLELOLW\�RI�ORVLQJ�RQH
V�ZRUNVSDFH
UHJLVWHUV��:H��KHDGHG�WKDW�RII�DW�WKH�SDVV��E\�XVLQJ�WZR�VHWV�RI�UHJLVWHUV��ERWK�RI�ZKLFK�DUH�LQ�5$0�3DG�
7KLV�ZD\��RXU�UHJLVWHU�VSDFHV�GRQ
W�JHW�DIIHFWHG�E\�WKH�PDSSLQJ�RI�SDJHV�LQ�WKH�$06��7KH�$OEXP�SDUW�XVHV
!�����WKUX�!���)��DQG�WKH�PDLQ�SURJUDP�XVHV�!�����WKUX�!���)��5LJKW�DW�WKH�VWDUW�RI�WKH��PRYH�
VHFWLRQ�RI�$OEXP��WKH�ZRUNVSDFH�LV�VHW�E\�/:3,�!������VR�WKDW�WKH��PRYH��DGGUHVVHV�FDQ�EH�NHSW�LQ
UHJLVWHUV�DQG�ZRQ
W�EH�DIIHFWHG�E\�WKH�PRYH��$OVR��WKH�FRGH�WKDW�GRHV�WKH�UH�PDSSLQJ�RSHUDWLRQV��H[FHSW
IRU�RQH�RSHUDWLRQ�LQ�WKH��PRYH��VHFWLRQ��LV�DOO�NHSW�LQ�WKH�PDLQ�SURJUDP
V�SDUW��ZKHUH�SDJHV���DQG���UHPDLQ
PDSSHG�WR�!�����DQG�!�����WKURXJKRXW�DOO�SKDVHV�RI�WKH�SURJUDP
V�UXQQLQJ�
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1.77.5. A Quick Review

0,',�0DVWHU�DQG�LWV�$OEXP�IHDWXUH�DUH�FRQWDLQHG�LQ�WZR�(�$�2SWLRQ���SURJUDP�ILOHV��7KH�ILUVW��0$6(;$�
KDV�D�KHDGHU�VWDUWLQJ�ZLWK�!))))��VR�WKDW�RQFH�LW
V�EHHQ�ORDGHG��WKH�VHFRQG�SURJUDP�ILOH�0$6(;%�ZLOO
DOVR�EH�ORDGHG��0$6(;$
V�KHDGHU�LQFOXGHV�D�ORDG�SRLQW�VSHFLILHG�DV�!%)%���DQG�D�OHQJWK�MXVW�D�OLWWOH�XQGHU
������!������E\WHV��7KXV�WKH�ORDGHU�ZLOO�SODFH�WKLV�FRGH�LQWR�WKH�KLJK�PHPRU\�VWDUWLQJ�DW�!%)%��DQG
UXQQLQJ�WKURXJK�PRVW�RI�WKH�!&����DUHD��$W�WKLV�SRLQW�WKH�$06�0DSSHU�LV�LQDFWLYDWHG��VR�WKLV�VWXII
DFWXDOO\�JRHV�LQWR�SDJHV�!%�DQG�!&�RI�WKH�$06�PHPRU\��0$6(;%��ZKLFK�LV�QHDUO\�!�����E\WHV��ORDGV
LQWR�!�����DQG�!������ZKLFK�FRUUHVSRQG�WR�SDJHV���DQG���RI�WKH�$06�PHPRU\��7KHVH�SDJHV�DUH�QRW
UH�PDSSHG�DW�DQ\�WLPH�GXULQJ�WKH�SURJUDP��$IWHU�WKH�FRGH�DW�!%)%��GRHV�LWV��PRYH��RSHUDWLRQ��WKH�$OEXP
FRGH�UHVLGHV�LQ�SDJH���RI�WKH�$06��ZKLFK�LV�PDSSHG�WR�DFW�DV�!&����ZKLOH�$OEXP�LWVHOI�LV�LQ�FRQWURO�

1.77.6. Fringe Benefits

%\�RXU�XVLQJ�WKH�!%����DQG�!&����VHFWLRQV�RI�KLJK�PHPRU\�DV�WKH�LQLWLDO�ORDG�DUHD�IRU�$OEXP��ZH�QRW
RQO\�PDGH�LW�SRVVLEOH�WR�UXQ�$OEXP�ZLWKRXW�0LQL�0HPRU\��EXW�DOVR�PDGH�LW�SRVVLEOH�WR�ORDG�WKH�WZR
SURJUDP�ILOHV�LQ�PDQ\�ZD\V��7KHUH�LV�HYHQ�D�/2$'�SURJUDP�RQ�WKH�GLVN�ZKLFK�ZLOO�ORDG�ERWK�SURJUDPV
IURP�([WHQGHG�%DVLF��%RWK�FDQ�DOVR�EH�ORDGHG�YLD�/RDG�0DVWHU�E\�VHOHFWLQJ�0$6(;$�IURP�LWV�FDWDORJ
OLVWLQJ��7KHVH�WZR�SURJUDPV�FDQ�DOVR�EH�ORDGHG�YLD�5DPGLVN�PHQX��IURP�)XQQHOZHE��RU�IURP�(�$�2SWLRQ
�� LWVHOI�� <HV�� WKHUH� LV� D� 6DQWD�&ODXV�� DQG� KH
V� RIIHUHG� XS� DQ� LQWHUHVWLQJ� JLIW� LQ� WKH�$06� YHUVLRQ� RI
0,',�0DVWHU�

1.77.7. Cataloging The SCSI Drive

2XU�IULHQG�/HZ�.LQJ�KDV�LQVSLUHG�VHYHUDO�RI�RXU�$06�SURGXFWV�VLQFH�KH�ILUVW�SXUFKDVHG�KLV�$06�FDUG��7KLV
WLPH��KRZHYHU��KH
V�LQVSLUHG�D�SURGXFW�WKDW�GRHVQ
W�QHHG�WKH�$06�

/HZ�UHSRUWHG�WKDW�KH�ZDV�WR�D�GHJUHH�KDSS\�ZLWK�KLV�6&6,��H[FHSW�WKDW�WKH�FDWDORJLQJ�SURJUDP�VXSSOLHG
ZLWK�6&6,�ZDV�ZULWWHQ�LQ�([WHQGHG�%DVLF��DQG�ZDV�SDLQIXOO\�VORZ�LQ�RSHUDWLRQ��/HZ�KDG�XVHG�RXU�$06
6OLGHVKRZ�ZLWK�D�VXE�GLUHFWRU\�RQ�KLV�6&6,��VR�KH�NQHZ�WKDW�ZH�KDG�UHDG\�PDGH�URXWLQHV�FDSDEOH�RI
UHDGLQJ�WKH�FDWDORJ�RI�DQ\�VXE�GLUHFWRU\�RQ�KLV�6&6,��RU�WKH�URRW�GLUHFWRU\�LI�GHVLUHG���7KH�FDWDORJLQJ�SDUW
RI�$06�6OLGHVKRZ�LV�WDLORUHG�VR�WKDW�LW��ILOWHUV��WKH�ILOH�QDPHV��VKRZLQJ�RQO\�WKRVH�HQGLQJ�LQ�B3��ZKLFK�DUH
DVVXPHG�WR�EH�7,�$UWLVW�SLFWXUH�ILOHV��/HZ�ILJXUHG��FRUUHFWO\��WKDW�ZH�FRXOG�UHPRYH�WKDW�ILOH�QDPH�ILOWHU
DQG�FUHDWH�D�JHQHUDO�SXUSRVH�FDWDORJHU�IRU�KLV�6&6,�

,W�WRRN�RQO\�D�IHZ�GD\V�WR�KDYH�DQ�LQLWLDO�ZRUNLQJ�YHUVLRQ��DQG�WKHQ�VRPH�UHILQHPHQWV�ZHUH�DGGHG�WR�PDNH
LW�D�PRUH�FRPSOHWH�SURGXFW��7KH�WKLQJ�/HZ�ZDQWHG�PRVW�ZDV�VSHHG��DQG�WKLV�SURJUDP�JLYHV�KLP�WKDW��,W
UHDGV�D�GLUHFWRU\�RU�VXE�GLUHFWRU\�IURP�WKH�6&6,�LQ�DERXW�D�VHFRQG�RU�WZR�GHSHQGLQJ�KRZ�PDQ\�ILOHV�DUH
WKHUH��7KH�OLVW�DSSHDUV�RQ�VFUHHQ�ZLWK�WKH�ILUVW����ILOHV�VKRZLQJ��FCTN 4��X��x��CTRL X�RU�FCTN X��SDJHV�
WKURXJK�WKH�OLVW�LQ�WKH�IRUZDUG�GLUHFWLRQ�DQG�FCTN 6��E��e��CTRL E�RU�FCTN E�SDJHV�EDFNZDUG�
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7ZR�IHDWXUHV�DUH�LPSRUWDQW�WR�/HZ��DQG�SUREDEO\�WR�DQ\RQH�HOVH�ZLWK�D�6&6,��7KH�LQLWLDO�SURPSW�ILHOG
DOORZV�XS�WR�D����FKDUDFWHU�SDWK�QDPH��VR�WKDW�WKH�H[DFW�SDWK�GHVLUHG�FDQ�EH�FDWDORJHG�ULJKW�DZD\��)RU
H[DPSOH��LI�/HZ�ZDQWV�WR�VHH�ZKDW
V�LQ�KLV�87�VXE�GLUHFWRU\��KH�W\SHV�6&6��87��DW�WKH�SURPSW��WKHQ
SUHVVHV�ENTER�DQG�YHU\�TXLFNO\�JHWV�WKH�FRQWHQWV�RI�6&6��87�RQ�VFUHHQ��7KH�VHFRQG�LPSRUWDQW�IHDWXUH
LV�WKDW�E\�VLPSO\�SUHVVLQJ�P�RU�p�ZKLOH�WKH�FDWDORJ�LV�RQ�VFUHHQ��KH�JHWV�D�YHU\�UDSLG�SULQWRXW�RI�WKDW
VXE�GLUHFWRU\�VHQW�WR�KLV�SULQWHU�

1.77.8. More "Fringe Benes"

6&6,&$7�ZRUNV�RQ�/HZ
V�6&6,�GULYH��EXW�DOVR�ZLOO�FDWDORJ�DQ\�RI�P\�+RUL]RQ�5DPGLVNV��DQ\�)ORSS\�GULYH�
DQG�HYHQ�WKH�ROGHU�0\DUF�+DUG�'ULYH�V\VWHPV��7KXV�LW
V�VRUW�RI�D�JHQHUDO�SXUSRVH�TXLFN�FDWDORJHU�

1.77.9. Today's Sidebar

1RW�WRR�ELJ�WKLV�WLPH��MXVW�D�FRXSOH�RI�VDPSOH��VQLSSHWV��IRU�\RXU�DPXVHPHQW��)LUVW�LQ�WKH�6LGHEDU�LV�WKH
�PRYH��SDUW�RI�WKH�0,',�$OEXP�FRGH��7KLV�XVHV�VXEURXWLQHV�LQ�WKH�PDLQ�SURJUDP�FRGH��DQG�LI�QR�$06�LV
IRXQG��LW�EUDQFKHV�WR�D�SODFH�LQ�WKH�PDLQ�FRGH�XQFRQGLWLRQDOO\��:H
YH�DOVR�VKRZQ�WKH�FRGH�IURP�WKH�PDLQ
SURJUDP�WKDW�VHWV�SDJH���WR�DFW�DV�!&�����MXVW�VR�\RX�FDQ�PDNH�WKH�FRQQHFWLRQ�

7KHUH
V�DOVR�D�VPDOO�SRUWLRQ�RI�VRXUFH�FRGH�IURP�6&6,&$7��,Q�WKLV�FDVH��ZH�ZDQWHG�\RX�WR�VHH�D�VPDOO�WULFN
ZH�XVHG�WR�VSHHG�XS�WKH�SURFHVV�RI�JHWWLQJ�WKH�QXPHULF�YDULDEOHV�IURP�WKH�9'3�%XIIHU��%\�UHDGLQJ�WKRVH
GLUHFWO\�IURP�9'3�LQWR�)$&�DQG�$5*��ZH�VSHHG�XS�WKH�SURFHVV�RI�GHDOLQJ�ZLWK�GRLQJ�WKH�QHFHVVDU\
IORDWLQJ�SRLQW�PDWK�RSHUDWLRQV��,Q�WKH�FDVH�RI�WKH�QXPEHUV�IRU�FDSDFLW\�RI�WKH�6&6,�GULYH��ZH�NHHS�WKHVH
LQ�IORDWLQJ�SRLQW�IRUPDW�EHFDXVH�WKH\�DUH�JHQHUDOO\�WRR�ODUJH�WR�EH�FRQYHUWHG�WR�LQWHJHU�YDOXHV��)RU�W\SHV�
VL]HV�DQG�UHFRUG�OHQJWKV�RI�ILOHV��ZH�FRQYHUW�WR�LQWHJHUV�EHIRUH�GRLQJ�DQ\WKLQJ�HOVH�ZLWK�WKHP��7KH�ILOH
UHFRUGV�IURP�WKH�FDWDORJ�JHW�WXFNHG�DZD\�LQ�PHPRU\�DV�JURXSV�RI����E\WHV�HDFK��7KDW
V�WHQ�IRU�WKH�QDPH�
�ZKLFK�ZH�ILOO�RXW�WR�WHQ�ZLWK�VSDFHV��WKHQ�WZR�E\WHV�IRU�HDFK�QXPEHU�DIWHU�FRQYHUVLRQ�WR�LQWHJHU�IRUPDW�

1.77.10. Another Myarc Mystery

)RU�VRPH�UHDVRQ��ILOHV�RI�WKH�'�9����W\SH�WKDW�ZH�KDYH�JRWWHQ�IURP�*HQHYH�XVHUV�GR�QRW�KDYH�WKH�XVXDO��
UHSRUWHG�LQ�WKH�7<3(�QXPEHU�IURP�WKH�FDWDORJ�RSHUDWLRQ��,QVWHDG��WKHLU�W\SH�LV�JLYHQ�DV�����2Q�RXU
5DPGLVN�PHQX
V�6KRZ�'LUHFWRU\�IXQFWLRQ��WKHVH�VKRZ�XS�DV�+���LQVWHDG�RI�G����,W�WRRN�D�ZKLOH�WR�ILJXUH
RXW�ZKDW�WR�GR�ZLWK�WKHVH��VR�WKH\
G�EH�SURSHUO\�LGHQWLILHG�DV�',6�9$5�����,Q�WKH�HQG�LW�ZDV�TXLWH�HDV\�
VLQFH����ZKHQ�H[SUHVVHG�LQ�KH[�LV�!����7KXV�LI�ZH�VLPSO\�$1',�WKH�YDOXH�WR����WKDW�VWULSV�RII�WKH���KH[
GLJLW��OHDYLQJ�MXVW�WKH����ZKLFK�RXU�SURJUDP�WUDQVODWHV�WR�',6�9$5�IRU�GLVSOD\��)RU�WKRVH�ZKR�ZDQW�WR�SOD\
DURXQG�ZLWK�VXFK�WKLQJV��ZH
OO�SDVV�DORQJ�WKDW�ZH�IRXQG�RXW�WKH�7<3(�QXPEHU�IRU�VXE�GLUHFWRU\�QDPHV
RQ�6&6,�GULYHV��7KH\�VKRZ�XS�DV�W\SH����ZKHQ�\RX�PLJKW�KDYH�WKRXJKW�W\SH�QXPEHUV�GLGQ
W�JR�SDVW����,Q
6&6,&$7��WKRVH�JHW�UHSRUWHG�RQ�WKH�VFUHHQ�DQG�SULQWRXWV�DV�68%�',5��ZLWK�QR�VHFWRU�VL]H��DOZD\V����RU
UHFRUG�VL]H�VKRZQ��:H�GRQ
W�KDYH�D�FOXH�ZK\�WKRVH�*HQHYH�ILOHV�VKRZ�XS�DV�7<3(�����EXW�DW�OHDVW�ZH�IRXQG
DQ�HDV\�ZD\�WR�GHDO�ZLWK�WKHP��/RDG�0DVWHU��E\�WKH�ZD\��LV�QRW�FRQIXVHG�E\�WKHVH�ILOHV��DV�LW�H[DPLQHV�WKH
GLUHFWRU\�VHFWRU�ELW�E\�ELW�DQG�FRUUHFWO\�LGHQWLILHV�WKHVH�WKDW�ZD\��/RDG�0DVWHU�FDQQRW��KRZHYHU��FDWDORJ
6&6,�RU�KDUG�GULYHV�RI�DQ\�NLQG��,W�ZRUNV�RQ�IORSSLHV�DQG�5DPGLVN�GULYHV�RQO\�

7KDW
V�LW�IRU�WKLV�WLPH��+RSH�\RX
OO�HQMR\�WKLV�UDWKHU�KHDY\�VWXII�
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* SIDEBAR 77
* SOME SNIPPETS FOR YOUR AMUSEMENT
* CODE BY BRUCE HARRISON
*
* PART ONE FROM NEW MIDI ALBUM
*
       DEF  ALSTRT
       AORG >BFB8
ALSTRT LWPI >8320     WORKSPACE IN RAM PAD
       BL   @AMSINI   INITIALIZE AMS MAP
       C    R1,@>401E IS AMS PRESENT?
       JEQ  ALSTR0    IF SO, PROCEED
       B    @NOAMS    ELSE BRANCH INTO MAIN PROGRAM
ALSTR0 SBO  0         TURN ON AMS CARD
       LI   R1,>100   1 IN LEFT BYTE R1
       MOVB R1,@>4014 SETS PAGE 1 TO >A000
       SBZ  0         CARD OFF
       SBO  1         MAPPER ON
       LI   R0,ALENT  START OF ALBUM CODE (>C000)
       LI   R1,>A000  START OF PAGE 1 (AS >A000)
       LI   R4,ALEND->C000  LENGTH OF STUFF TO MOVE
MOVALB MOV  *R0+,*R1+  MOVE A WORD OF ALBUM TO PAGE 1
       DECT R4        DEC COUNT BY 2
       JGT  MOVALB    IF >0, REPEAT
       SETO @ALBFLG   SET ALBUM FLAG IN MAIN PROGRAM
       BL   @SETP1C   SET PAGE 1 TO >C000
       JMP  ALENT     JUMP TO START OF ALBUM
ENDMOV EQU $
       AORG >C000     LOADS AT >C000 IN HIGH MEMORY
ALENT  B    @ALBNTR   BRANCH TO START OF CODE
*
* FOLLOWING ARE SUBROUTINES IN MAIN
* MIDI-MASTER THAT ARE USED BY THE ABOVE
*
* AMSINI - INITIALIZES MAPPING OF AMS CARD TO "NORMAL"
* MEANING PAGES ARE AT THEIR NAMED ADDRESSES
* E.G PAGE 2 IS >2000, 10 IS AT >A000, ETC
* MAPPER IS NOT TURNED ON
AMSINI LI   R12,>1E00    AMS CRU BASE
       SBO  0            TURN ON AMS
       LI   R1,>FEFF     -257 IN R1
       LI   R0,>4000     START OF MEMORY
AMSLP  AI   R1,>0101     ADD 1 PAGE (257)
       MOV  R1,*R0+      MOVE 2 BYTES TO MEM-MAPPER
       CI   R0,>4020     ALL DONE?
       JLT  AMSLP        NO, INIT MORE
       RT                RETURN
*
* ROUTINE SETP1C
* SETS AMS PAGE 1 TO >C000
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*
SETP1C LI   R12,>1E00    AMS CARD CRU
       SBZ  1            TURN OFF MAPPER
       SBO  0            TURN ON CARD
       LI   R1,>100      1 IN LEFT BYTE R1
       MOVB R1,@>4018    PAGE TO >C000
       SBZ  0            TURN OFF CARD
       SBO  1            TURN ON MAPPER
       RT                RETURN
*
* PART TWO - SNIPPET FROM SCSICAT
*
* AT THIS STAGE, CATALOG FILE IS OPEN
* AND WE'RE READING THE DISKNAME RECORD (#0)
*
RDDNAM LI   R1,>0200    READ OPCODE
       BL   @DSOP3      SUBROUTINE PERFORMS READ
       JNE  RDNM1       JUMP IF NO ERROR
       B    @REDERR     ELSE REPORT ERROR
RDNM1  LI   R0,>1000    VDP BUFFER
       MOV  R0,R6       SAVE ADDRESS IN R6
       INCT R6          ADD 2 TO R6
       BLWP @VSBR       READ LENGTH OF DISK NAME
       MOVB R1,@DNAME   MOVE TO STORAGE
       MOVB R1,R2       AND TO R2
       SRL  R2,8        RIGHT JUSTIFY
       MOV  R2,R4       STASH IN R4
       JEQ  CLRROW      IF ZERO, SKIP AHEAD
       INC  R0          R0 POINTS AT NAME ITSELF
       LI   R1,DNAME+1  TEXT STORAGE
       BLWP @VMBR       READ THE DISK NAME
CLRROW CLR  R0          SCREEN ORIGIN
       LI   R2,40       40 CHAR ROW
       BL   @CLFLD      CLEAR TOP ROW OF SCREEN
       CLR  R5          R5=0
       LI   R1,DNAME    POINT AT STASHED DISK NAME
       BL   @DISSTR     DISPLAY THAT
       A    R4,R5       ADD SAVED LENGTH TO R5
NONAM  MOV  R6,R0       GET R6 BACK INTO R0
       A    R4,R0       ADD LENGTH OF DISK NAME
       AI   R0,9        SKIP OVER THE F.P TYPE NUMBER
       LI   R1,>835C    POINT AT F.P. ARGUMENT IN PAD
       LI   R2,8        EIGHT BYTES IN F.P. NUMBER
       BLWP @VMBR       READ TOTAL CAPACITY ON DRIVE
       AI   R0,9        AHEAD TO NEXT F.P. NUMBER
       MOV  R0,R6       SAVE R0 IN R6 AGAIN
       LI   R1,>834A    POINT AT F.P. ACCUMULATOR IN PAD
       BLWP @VMBR       READ EIGHT BYTES (SECTORS FREE)
       BLWP @XMLLNK     USE XMLLNK
       DATA >0700       SUBTRACT FAC FROM ARG (RESULT AT FAC)
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       LI   R0,USDNUM   SECTORS USED STORAGE
PUTUSD MOVB *R1+,*R0+   COPY A BYTE FROM FAC TO USED
       DEC  R2          DEC COUNT
       JNE  PUTUSD      REPEAT IF NOT 0
       MOV  R5,R0       GET SCREEN LOCATION BACK FROM R5
       BL   @DISFPN     SUBROUTINE DISPLAYS FLOATING POINT # (SECTORS USED)
       INC  R0          POINT AHEAD ONE SPOT
       MOV  R0,R5       SAVE ADDR IN R5
       LI   R1,USDSTR   "USED"
       BL   @DISSTR     DISPLAY THAT
       A    R2,R5       ADD LENGTH
       MOV  R6,R0       GET FILE RECORD ADDRESS BACK
       LI   R2,8        EIGHT BYTES
       LI   R1,>834A    FLOATING POINT ACCUMULATOR
       BLWP @VMBR       SECTORS FREE NUMBER AGAIN
       LI   R1,FRENUM   AND OUR STORAGE FOR LATER
       BLWP @VMBR       READ INTO STORAGE
       MOV  R5,R0       SCREEN ADDRESS BACK IN R0
       BL   @DISFPN     DISPLAY FLOATING POINT #
       INC  R0          POINT AHEAD ONE
       LI   R1,FRESTR   "FREE"
       BL   @DISSTR     DISPLAY THAT
*
* THAT'S IT
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1.78. The Art Of Assembly — Part 78. Selective Cataloging

%\�%UXFH�+DUULVRQ

7KLV�WLPH�ZH
UH�GRLQJ�GLVN�FDWDORJLQJ��EXW�LQ�D�VSHFLDO�ZD\��7KH�LGHD�LV�VLPSOH�HQRXJK��LQ�WKDW�ZH�ZDQW�WR
UHDG�WKH�FDWDORJ�RI�D�GLVN�DQG�UHSRUW�RXW�RQO\�WKRVH�ILOHV�VXLWDEOH�IRU�XVH�ZLWK�D�SDUWLFXODU�SURJUDP�

2XU�IULHQG�/HZ�.LQJ�LQVSLUHG�WKH�ILUVW�H[DPSOH�IRU�WKLV�WUHDWLVH��ZKHQ�KH�VDLG�WKDW�KH
G�XVHG�RXU�)RQW
'HVLJQHU�WR�FUHDWH�PDQ\�VSHFLDO�IRQWV�IRU�KLV����SLQ�SULQWHU��EXW�KDG�FDXVHG�KLPVHOI�D�SUREOHP�LQ�XVLQJ
WKH�SURJUDP��7KDW�LV��KH�KDG�WURXEOH�UHPHPEHULQJ�WKH�QDPHV�RI�WKH�IRQW�ILOHV�KH�KDV�RQ�KLV�6&6,�GULYH�
/HZ�VXJJHVWHG�ZH�DGG�D�FDWDORJ�IXQFWLRQ�WR�WKDW�SURJUDP��VR�KH�FRXOG�SLFN�RQH�IRU�ORDGLQJ�ULJKW�RII�WKH
FDWDORJ�VFUHHQ�

1.78.1. Ending With A Dot

7R�PDNH�WKH�LGHD�DV�XVHU�IULHQGO\�DV�SRVVLEOH��ZH�XVHG�WKH�UHJXODU�),/(�1$0(�LQSXW�URXWLQH�WKDW�ZDV
DOUHDG\�LQ�WKH�SURJUDP��EXW�DGGHG�D�QHZ�IHDWXUH��,I�\RX�NQRZ�ZKDW�ILOH�QDPH�\RX�ZDQW��\RX�VLPSO\�W\SH
LQ�WKH�ZKROH�QDPH�DQG�WKDW�ILOH�JHWV�ORDGHG��,I�\RX�GRQ
W��\RX�MXVW�HQWHU�D��SDWK��QDPH��H�J��'6.����DQG
SUHVV�ENTER��7KH�SURJUDP�VHHV�WKDW�WKH�ODVW�FKDUDFWHU�LQ�WKH�QDPH�\RX�HQWHUHG�LV�D�SHULRG��DQG�FDWDORJV
WKDW�SDWK�IRU�\RX��7KLV�ZRUNV�IRU�IORSS\�GLVNV��5DPGLVNV��DQG�KDUG�GULYHV��LQFOXGLQJ�WKH�6&6,�W\SH��,Q
/HZ
V�FDVH��KH�FRXOG�W\SH�6&6��)217��DW�WKH�SURPSW��DQG�WKH�SURJUDP�FDWDORJV�WKH�)217�VXE�GLUHFWRU\
RQ�KLV�6&6��GULYH�

:KHQ�ZH�WDNH�WKLV�GLUHFWRU\��ZH�ILUVW�FKHFN�WKH�W\SH�RI�HDFK�HQWU\�UHDG��,I�WKH�W\SH�LV�QRW����ZH�NQRZ�WKLV
LV�QRW�D�'LVSOD\�9DULDEOH�ILOH��VR�ZH�GRQ
W�QHHG�WR�LQFOXGH�LW�LQ�RXU�OLVW��1H[W�ZH�VNLS�RYHU�WR�WKH�UHFRUG�VL]H�
DQG�FKHFN�IRU�D�UHFRUG�VL]H�RI������,I�WKDW�GRHVQ
W�PDWFK��WKHQ�WKLV�ILOH�FDQ�EH�UHMHFWHG�DV�QRW�VXLWDEOH�IRU
XVH�ZLWK�WKH�)RQW�'HVLJQHU�SURJUDP��:KDW�ZH
UH�OHIW�ZLWK�LV�D�OLVW�RI�RQO\�WKRVH�ILOHV�WKDW�DUH�WKH�FRUUHFW
W\SH�DQG�UHFRUG�VL]H�IRU�RXU�SURJUDP�

2Q�WKH�VFUHHQ��/HZ�JHWV�D�OLVW�RI�ILOH�QDPHV�LQ�RQH�WR�WKUHH�FROXPQV�RQ�WKH�VFUHHQ��EXW�RQO\�WKRVH�WKDW�DUH
RI�WKH�'�9�����W\SH��ZKLFK�PHDQV�WKH\�DUH�)RQW�ILOHV�IRU�XVH�ZLWK�RXU�)RQW�'HVLJQHU�SURJUDP��7KH
FDWDORJLQJ�FRQWLQXHV�XQWLO�WKH�HQG�RI�WKH�&DWDORJ�ILOH�LV�IRXQG��ZKLFK�PHDQV�ZH
UH�WKURXJK�UHDGLQJ�WKH
FDWDORJ�HQWULHV��7KDW
V�ZKHQ�ZH�SURFHHG�WR�SXW�WKH�VHOHFWLRQ�FXUVRU�RQ�WKH�VFUHHQ��DQG�OHW�WKH�XVHU�VHOHFW
DQ\�ILOH�IURP�WKDW�SDWK�IRU�ORDGLQJ��%\�VLPSO\�PRYLQJ�WKH�FXUVRU�QH[W�WR�D�ILOH�QDPH�DQG�SUHVVLQJ�ENTER�
/HZ�JHWV�KLV�GHVLUHG�)RQW�ILOH�WR�ORDG��:H
YH�DGGHG�D�VLPLODU�FDWDORJ�IXQFWLRQ�WR�WKH�4'803�SURJUDP�RQ
WKDW�GLVN��ZKLFK�LV�MXVW�IRU�GRZQORDGLQJ�IRQWV�WR�WKH�SULQWHU�ZLWKRXW�HGLWLQJ�
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,Q�WKH�6LGHEDU��3DUW�2QH��LV�D�SRUWLRQ�RI�WKH�VRXUFH�FRGH�WKDW�VKRZV�KRZ�HDFK�FDWDORJ�ILOH�UHFRUG�LV�UHDG
DQG�KRZ�ZH�VHOHFW�RQO\�WKH�DSSURSULDWH�ILOHV��7KH�QDPH�IRU�HDFK�ILOH��SDGGHG�WR����FKDUDFWHUV�LI�QHFHVVDU\�
JHWV�WXFNHG�DZD\�LQ�D�WHPSRUDU\�QDPH�ORFDWLRQ��7KHUH�DUH�WKUHH�IORDWLQJ�SRLQW�QXPEHUV�LQ�WKH�FDWDORJ
UHFRUG��7KH�ILUVW�LV�WKH�ILOH�W\SH��ZKLFK�ZH�FKHFN�IRU�WKH�YDOXH����,I�WKH�W\SH�LV�QRW����ZH�VNLS�WR�WKH�QH[W
UHFRUG�LQ�WKH�ILOH�ZLWKRXW�IXUWKHU�FKHFNLQJ��7KH�VHFRQG�QXPEHU�LV�WKH�ILOH�VL]H�LQ�VHFWRUV��ZKLFK�ZH�LJQRUH�
DQG�WKH�WKLUG�LV�WKH�PD[�UHFRUG�VL]H�IRU�WKH�ILOH��DQG�WKLV�JHWV�FKHFNHG�IRU�WKH�YDOXH������,I�WKH�ILOH�W\SH�LV
��$1'�WKH�PD[�UHFRUG�VL]H�LV������WKHQ�WKH�QDPH�JHWV�SXW�RQ�WKH�VFUHHQ��2WKHUZLVH�ZH�MXVW�WU\�WKH�QH[W
ILOH�LQ�WKH�FDWDORJ�

1.78.2. Flushed With Su ccess

+DYLQJ�JRWWHQ�WKDW�WR�ZRUN�FRUUHFWO\��ZH�GHFLGHG�WR�WDFNOH�D�VRPHZKDW�PRUH�GLIILFXOW�FDVH��LQ�RXU�$06
9LGHR�7LWOHU�SURJUDP��7KLV�FDVH�ZDV�PRUH�FRPSOLFDWHG�EHFDXVH�WKH�ILOHV�WKDW�FDQ�EH�XVHG�E\�WKLV�SURJUDP
DUH�RI�WZR�NLQGV��%RWK�NLQGV�DUH�RI�WKH�W\SH����3URJUDP��D�N�D��0HPRU\�,PDJH���7KH�7,�$UWLVW�IRUPDW
SLFWXUHV�DOZD\V�KDYH�D�ILOH�QDPH�HQGLQJ�LQ�B3��DQG�DUH�DOZD\V����VHFWRUV�LQ�VL]H��7KH�+DUULVRQ�'UDZLQJ
W\SH�SLFWXUH�ILOHV�GRQ
W�KDYH�WKH�B3�DW�WKH�HQG�RI�WKHLU�QDPHV��EXW�DUH�DOZD\V����VHFWRUV�LQ�VL]H�

7R�DFFHSW�ERWK�RI�WKHVH�NLQGV�ZKLOH�UHMHFWLQJ�DOO�RWKHU�NLQGV�RI�ILOHV��ZH�XVH�D�SURFHVV�VLPLODU�WR�ZKDW�ZDV
GRQH�IRU�WKH�IRQW�ILOHV��EXW�ZLWK�D�WZLVW�RU�WZR��)LUVW�WKH�QDPH�JHWV�FKHFNHG�WR�VHH�LI�WKH�B3�LV�DW�LWV�HQG�
,I�WKDW
V�VR��ZH�VHW�D�IODJ�IRU�XVH�ODWHU�LQ�WKH�VHOHFWLRQ�SURFHVV��1H[W��ZH�FKHFN�IRU�W\SH��DQG�LI�WKDW
V�QRW���
ZH�UHMHFW�WKH�QDPH��)LQDOO\��LI�WKH�W\SH�LV�FRUUHFW��ZH�FKHFN�WKDW�IODJ�DQG�FRPSDUH�WKH�VL]H�LQ�VHFWRUV�WR
HLWKHU����RU�����7KRVH�FRQYHUVDQW�ZLWK�VRXUFH�FRGH�ZLOO�QRWLFH�WKDW�WKLV�FRGH�DOVR�FKHFNV�IRU�VHFWRU�VL]H���
DQG�����7KDW
V�QHHGHG�EHFDXVH�RQ�D�6&6,�GULYH��VHFWRU�VL]HV�DUH�UHSRUWHG�DV�RQH�VPDOOHU�WKDQ�RQ�RWKHU�GULYH
W\SHV��:H�WKLQN�WKDW
V�EHFDXVH�WKH�GHVLJQHUV�IRUJRW�WR�DGG�RQH�IRU�WKH�GLUHFWRU\�VHFWRU�WKDW
V�XVHG�IRU�HDFK
ILOH��EXW�QRW�LQFOXGHG�LQ�WKH�QXPEHU�FRQWDLQHG�LQ�WKDW�VHFWRU��:KLFK�QXPEHU�LV�FKHFNHG�GHSHQGV�RQ�WKH
VWDWH�RI�WKH�IODJ��,I�WKH�WHVWV�DUH�DOO�SDVVHG��WKH�ILOH�QDPH�JHWV�OLVWHG�RQ�WKH�VFUHHQ�

7KH�FRGH�WKDW�GRHV�WKLV�LV�VKRZQ�LQ�3DUW�WZR�RI�WKH�6LGHEDU��,W
V�VLPLODU�LQ�PDQ\�UHVSHFWV�WR�WKH�FRGH�LQ
SDUW����EXW�VKRZV�WKH�FKHFNLQJ�RI�WKH�QDPH�IRU�B3�HQGLQJV�DQG�WKH�FKHFNLQJ�IRU�ILOH�VL]H�LQ�VHFWRUV��ZKLFK
LV�LPSRUWDQW�DV�D�FULWHULRQ�LQ�WKLV�SURJUDP�

$JDLQ�ZKHQ�DOO�RI�WKH�FDWDORJ�KDV�EHHQ�UHDG��WKH�FDWDORJ�ILOH�LV�FORVHG�DQG�D�IODVKLQJ�FXUVRU�LV�SODFHG�QH[W
WR�WKH�ILUVW�QDPH�RQ�WKH�VFUHHQ��ENTER�VHOHFWV�WKDW�ILOH�IRU�ORDGLQJ��DQG�LW�JHWV�ORDGHG�LQWR�WKH�FXUUHQW
�IUDPH��LQ�WKH�$06�PHPRU\�

1.78.3. Another Tough Case

7KH�$06�VOLGHVKRZ�SURJUDP�ZDV�RULJLQDOO\�GHVLJQHG�IRU�XVH�ZLWK�IORSS\�GULYHV��,WV�FDWDORJ�IXQFWLRQ
VLPSO\�ILOWHUV�E\�WKH�SUHVHQFH�RU�DEVHQFH�RI�WKH�B3�RQ�D�ILOH
V�QDPH��PHDQLQJ�D�7,�$UWLVW�IRUPDW�SLFWXUH�
6LQFH�HDFK�7,�$UWLVW�3LFWXUH�ILOH�WDNHV�XS����VHFWRUV��DQG�VLQFH�IORSS\�GLVNV�JHQHUDOO\�GRQ
W�KDYH�PRUH�WKDQ
�����VHFWRUV�WRWDO��'6''���DQG�VLQFH�PRVW�7,�$UWLVW�SLFWXUHV�KDYH�DQ�DVVRFLDWHG����VHFWRU�FRORU�ILOH��B&�
RQ�WKH�VDPH�GLVN��WKHUH�ZRXOGQ
W�EH�PDQ\�FDVHV�ZKHUH�PRUH�WKDQ����SLFWXUH�ILOHV�ZRXOG�EH�NHSW�RQ�RQH
GLVN��7KH�VL]H�RI�WKH�FDWDORJ�OLVW�ZDV�WKHQ�DUELWUDULO\�VHW�DW����
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1RERG\�REMHFWHG�WR�WKDW�XQWLO�SHRSOH�ZLWK�6&6,�GULYHV�VKRZHG�LQWHUHVW�LQ�WKH�$06�6OLGHVKRZ��2Q�D�6&6,
GULYH��RQH�FDQ
W�KDYH�PRUH�WKDQ�����ILOHV�LQ�D�VXE�GLUHFWRU\��EXW�WKDW
V�WKH�RQO\�OLPLW��,W�ZDV�WKXV�SRVVLEOH
WR�KDYH����FRORU�7,�$UWLVW�SLFWXUHV�RU�����EODFN�DQG�ZKLWH�RQHV�DEOH�WR�EH�UHDG�IURP�D�VLQJOH�GLUHFWRU\�
:KDW��WKHQ��ZRXOG�ZH�GR�ZLWK�WKH�ILOH�QDPHV�RQFH�ZH�ZHUH�SDVW���"�7KH�DQVZHU�ZDV��3DJH���RI�WKH�$06�
3DJH�RQH�RI�WKH�$06�SURYLGHV������E\WHV�RI�VWRUDJH�VSDFH�,I�ZH�ILQG�D���WK��WKHQ�WKDW�ZKROH�VFUHHQ�JHWV
VWDVKHG�DZD\�LQ�3DJH����DGGUHVVHG�DV�!$����WKUX�!$)))���7KH�VFUHHQ�WKHQ�FOHDUV�DQG�WKHUH
V�URRP�IRU
DQRWKHU����QDPHV��,I�WKHUH
V�D���UG�QDPH��WKLV�SURFHVV�UHSHDWV��VWRULQJ�WKH�VHFRQG�VFUHHQ�VWDUWLQJ�DW
!$�����DQG�FRQWLQXLQJ�ULJKW�XS�WR�WKH����WK�QDPH��7KH�XVHU�FDQ�WKHQ�VZLWFK�EDFN�WR�SUHYLRXV�VFUHHQV
E\�CTRL E�DQG�IRUZDUG�WR�ODWHU�VFUHHQV�E\�CTRL X��7KH�VHOHFWLRQ�SURFHVV�ZRUNV�PXFK�WKH�VDPH�DV�WKH
ROGHU�YHUVLRQ��DOORZLQJ�VHOHFWLRQ�RI�QDPHV�XQWLO�HQRXJK�KDYH�EHHQ�VHOHFWHG�WR�FRPSOHWHO\�ILOO�WKH�$06
&DUG
V�SDJHV�IURP���WKUX�WKH�HQG��,Q�WKH�FDVH�RI���0HJ�$06�FDUGV��WKDW�ZRXOG�EH����VOLGHV�LQ�WKH�VHTXHQFH�

1.78.4. While We W ere There

,Q�WKH�RULJLQDO�6OLGHVKRZ�DQG�WKH�HDUOLHU�$06�YHUVLRQV��LI�RQH�ZDQWHG�HDFK�VOLGH�WR�UHPDLQ�RQ�VFUHHQ�IRU
D�SDUWLFXODU�DPRXQW�RI�WLPH��RQH�FRXOG�HQWHU�D�WLPH�GHOD\�IDFWRU�IURP�����VHFRQG�WKURXJK�����VHFRQGV�
:KHQ�ILUVW�ZH�GHYHORSHG�WKH�$06�YHUVLRQ��-LP�.U\FK�DVNHG�ZKHWKHU�RQH�FRXOG�SXW�D�]HUR�LQ�IRU�WKH�WLPH
GHOD\��VR�WKDW�VOLGH�FKDQJLQJ�ZRXOG�KDSSHQ�DV�IDVW�DV�SRVVLEOH��$W�WKDW�WLPH��WKH�DQVZHU�ZDV�QR��EHFDXVH
ZH
G�SXW�LQ�VRPH�SURWHFWLRQ�DJDLQVW�WLPH�HQWULHV�VKRUWHU�WKDQ�����VHFRQG�

:KLOH�ZH�ZHUH�UHYLVLQJ�WKH�FRGH��WKRXJK��ZH�ORRNHG�DJDLQ�DW�KRZ�WKH�WLPLQJ�ZDV�GRQH��DQG�GHWHUPLQHG
WKDW�XVLQJ�]HUR�DV�WKH�GHOD\�WLPH�ZRXOG�GR�QR�KDUP��:H�WKHUHIRUH�WRRN�RXW�WKH�ORZHU�OLPLW�SURWHFWLRQV��VR
RQH�FDQ�QRZ�HLWKHU�OHDYH�WKH�WLPH�HQWU\�ILHOG�EODQN�RU�SXW�LQ�D�]HUR�ZLWK�WKH�VDPH�UHVXOW��DQG�WKH�VOLGHV
ZLOO�FKDQJH�DV�UDSLGO\�DV�SRVVLEOH�

1.78.5. Two More "Goodies"

$IWHU�SXWWLQJ�LQ�WKH��]HUR�WLPH��IHDWXUH��ZH�WKRXJKW�LW�PLJKW�EH�QLFH�LI�WKH�XVHU�FRXOG�SDXVH�WKH�VKRZ�DW
DQ\�IUDPH�DQG�WKHQ�DOORZ�LW�WR�FRQWLQXH�ZKHQ�KH
G�ILQLVKHG�ORRNLQJ�DW�WKDW�SLFWXUH��7KHUH�ZDV�DOUHDG\�D
NH\ERDUG�VFDQ�LQFOXGHG�LQ�WKH�WLPLQJ�ORRS��EXW�LW�ORRNHG�RQO\�IRU�)&71���WR�VWRS�WKH�VKRZLQJ�DQG�UHWXUQ
WR�WKH�FDWDORJ�OLVW��%\�DGGLQJ�MXVW�D�FRXSOH�RI�OLQHV�RI�FRGH��ZH�VHW�WKLV�XS�VR�WKDW�ZKHQ�LQ�WKH�WLPHG�PRGH�
RQH�FDQ�SUHVV�DQG�KROG�WKH�SPACE BAR ��DQG�WKH�FXUUHQW�SLFWXUH�ZLOO�UHPDLQ�XQWLO�WKH�SPACE BAR �LV
UHOHDVHG��:KLOH�WKH�SPACE BAR �LV�GRZQ��WLPH�VWRSV�FRXQWLQJ��DQG�UHVXPHV�XSRQ�LWV�UHOHDVH��7KXV�LI�WKH
WLPH�VHW�ZHUH�WZR�VHFRQGV�DQG�WKH�XVHU�SUHVVHG�WKH�SPACE BAR �DIWHU�RQH�VHFRQG��WKH�SLFWXUH�ZRXOG
UHPDLQ�IRU�LWV�DQRWKHU�VHFRQG�DIWHU�WKH�SPACE BAR �ZDV�UHOHDVHG�

7KH�RWKHU�PLQRU�DQQR\DQFH�ZH�HQFRXQWHUHG�ZDV�WKH�EXVLQHVV�RI��+RZ�PDQ\�KDYH�,�DOUHDG\�VHOHFWHG"��7KLV
ZDV�HVSHFLDOO\�GLIILFXOW�ZLWK�PRUH�WKDQ�RQH�VFUHHQIXO�RI�QDPHV��DV�ZH
G�KDYH�WR�VFDQ�WKURXJK�WKH�VFUHHQV
DQG�FRXQW�WKH�VHOHFWLRQ�PDUNV��1RW�JRRG��2QH�FDQ�HDVLO\�ORVH�FRXQW�DQG�KDYH�WR�VWDUW�RYHU��:H�WKHQ�ZHQW
EDFN�WR�RXU�EDJ�RI�WULFNV�DQG�SXOOHG�RXW�D�VPDOO�VXEURXWLQH�XVHG�LQ�6&6,&$7��%\�VOLJKWO\�PRGLI\LQJ�WKDW
URXWLQH��ZH�ZHUH�DEOH�WR�SXW�WKH�QXPEHU�RI�VOLGHV�VHOHFWHG�LQ�WKH�XSSHU�ULJKW�FRUQHU�RI�WKH�VFUHHQ��7KLV
QXPEHU�JRHV�DORQJ�ZKHQ�VFUHHQV�FKDQJH��VR�WKDW�DW�DQ\�WLPH�ZKLOH�VHOHFWLQJ��WKH�XVHU�KDV�WKH�QXPEHU
VHOHFWHG�UHDGLO\�DYDLODEOH�RQ�WKH�VFUHHQ�
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7KH�QXPEHU�LQFUHPHQWV�HDFK�WLPH�D�VHOHFWLRQ�LV�PDGH��DQG�GHFUHPHQWV�HDFK�WLPH�RQH�LV�GHOHWHG��VR�LW
DOZD\V�WUDFNV�WKH�FXUUHQW�QXPEHU��)RU�RXU����.�FDUG��WKDW�QXPEHU�ZRQ
W�JR�SDVW�����DW�ZKLFK�SRLQW
VHOHFWLRQ� LV� GLVDEOHG�EHFDXVH�ZH
YH� VHOHFWHG� HQRXJK� WR� WRWDOO\� ILOO� WKH�PHPRU\��)RU� WKRVH�ZLWK����.
FDSDFLW\��WKH�QXPEHU�ZLOO�JR�WR�����DQG�IRU�WKRVH���PHJ�XVHUV�LW�ZLOO�JR�WR����

$OO�RI�WKHVH�XSJUDGHV�DUH�DYDLODEOH�IRU�WKH�VXP�RI��������LQFOXGLQJ�PHGLD�DQG�6	+��,Q�WKH�FDVH�RI�WKH�WZR
$06�SURJUDPV��\RX�PXVW�EH�D�FXUUHQW�RZQHU�RI�WKH�SURJUDP�WR�JHW�WKH�XSJUDGH��EXW�WKH�)RQW�'HVLJQHU
LV�3XEOLF�'RPDLQ��VR�LW
V�QRW�OLPLWHG�WR�FXUUHQW�RZQHUV��7R�EHFRPH�D�FXUUHQW�RZQHU�RI�HLWKHU�$06�SURJUDP
�7,7/(5�RU�6/,'(6+2:��ZLOO�FRVW�\RX��������LQFOXGLQJ�6	+�

* SIDEBAR 78
* SOME CODE FRAGMENTS
* TO ILLUSTRATE SELECTIVE CATALOGING
* BY BRUCE HARRISON
* PUBLIC DOMAIN
*
* PART ONE - FROM FONT DESIGNER
* STARTS AT THE INPUT FILE NAME SECTION
*
INFNT  BL   @CLS          CLEAR THE SCREEN
       LI   R0,40*10+9    ROW 11, COL 10
       LI   R1,EFNSTR     "ENTER FILE NAME"
       BL   @DISSTR       DISPLAY THAT
       LI   R0,40*12+1    ROW 13, COL 2
       LI   R1,IPABDT+9   OLD FILE NAME
       BL   @DISSTR       DISPLAY
INFBP  BL   @BEEP         SOUND BEEP
       BL   @ACCEPT       ACCEPT INPUT
       DATA 40*12+1       ROW 13, COL 2
       DATA 38            38 CHARS
       DATA 0             DON'T CLEAR FIELD
       DATA IPABDT+9      RESPONSE ADDRESS
       CI   R8,15         FCTN-9?
       JNE  INOF          JUMP IF NOT
       CLR  @IPABDT+8     CLEAR FILE NAME
       B    @MENU0        BACK TO MENU
INOF   MOV  R2,R2         NAME LENGTH 0?
       JEQ  INFBP         IF SO, TRY AGAIN
       DEC  R1            R1 POINTS AT IPABDT+9
       MOVB *R1,R3        NAME LENGTH TO R3
       SRL  R3,8          RIGHT JUST.
       A    R1,R3         ADD R1 SO R3 POINTS AT LAST CHAR IN NAME
       CB   *R3,@PERIOD   IS THAT A PERIOD?
       JNE  INOFA         IF NOT, JUMP AHEAD
       B    @INFCAT       ELSE CATALOG PATH
INOFA  LI   R9,IPABDT+9   TAKE INPUT NAME
       LI   R10,OPABDT+9  TO OUTPUT NAME
       BL   @MOVSTR       COPY THE STRING
       LI   R1,IPABDT     POINT AT INPUT PAB
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       BL   @OPNF         OPEN THE FILE
       JNE  INP1          JUMP IF NO ERROR
* code omitted here that reads the
* font file
* Starting at INFCAT is the stuff that catalogs path
*
INFCAT MOV  R1,R9         COPY R1 TO R9
       LI   R10,DIRPAB+9  POINT AT DIRECTORY PAB NAME
       BL   @MOVSTR       COPY STRING
       BL   @CLS          CLEAR THE SCREEN
OPN0   LI   R1,DIRPAB     DIRECTORY PAB DATA
       CLR  R9            R9=0
       MOV  @ONE,@INSFLG  SET INSERT FLAG
       BL   @OPNF         OPEN CATALOG FILE
       JNE  AMB0          JUMP IF NO ERROR
       B    @INFNO        ELSE BRANCH TO ERROR TRAP
AMB0   LI   R13,2         R13=2
       LI   R14,14        R14=14
AMB1   BL   @REDCAT       READ A CATALOG RECORD
       JNE  AMB2          JUMP IF NO ERROR
       SRL  R0,8          RT. JUST R0
       CI   R0,5          IS THAT END OF FILE?
       JEQ  ALBCLS        IF SO, JUMP TO CLOSE FILE
       BL   @CLOSF        ELSE CLOSE ANYWAY
       B    @INPERR       BRANCH TO ERROR REPORT
AMB2   LI   R0,>1080      POINT AT LENGTH OF NAME BYTE
       BLWP @VSBR         READ THAT TO R1
       MOVB R1,R2         MOVE TO R2
       JEQ  ALBCLS        IF ZERO, WE'RE DONE
       SRL  R2,8          RT. JUSTIFY
       LI   R6,10         R6=10
       LI   R4,TEMFN      TEMPORARY FILE NAME
       INC  R0            ADD ONE TO R0
AMB2B  BLWP @VSBR         READ A BYTE FROM NAME
       MOVB R1,*R4+       PUT INTO TEMFN
       INC  R0            NEXT SPOT IN VDP
       DEC  R6            DEC R6
       JEQ  AMB2A         EXIT IF ZERO
       DEC  R2            DEC ACTUAL LENGTH
       JNE  AMB2B         READ NEXT IF NOT 0
AMB2BA MOVB @ANYKEY,*R4+  SPACE INTO TEMFN
       DEC  R6            DEC MAX COUNT
       JNE  AMB2BA        REPEAT IF NOT ZERO
AMB2A  LI   R6,3          THREE NUMERIC VALUES IN RECORD
REDNUM INC  R0            POINT PAST LENGTH BYTE (ALWAYS 8)
       LI   R1,>834A      POINT AT FAC IN RAM PAD
       LI   R2,8          8 BYTES TO GET
       BLWP @VMBR         READ F.P. NUMBER TO FAC
       BLWP @XMLLNK       USE XML ROUTINE
       DATA >1200         CONVERT F.P. TO INTEGER
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       MOV  *R1,R5        MOVE INTEGER TO R5
       A    R2,R0         ADD 8 TO R0
       CI   R6,3          IS THIS THE FIRST PASS?
       JNE  CHKR61        IF NOT, JUMP
       ABS  R5            TAKE ABSOLUTE VALUE OF R5
       ANDI R5,7          LIMIT TO 7
       CI   R5,2          IS IT 2 (IF 2, THEN IT'S D/V TYPE)
       JNE  AMB1          IF NOT, SKIP THIS RECORD
CHKR61 CI   R6,1          IS THIS THE THIRD PASS?
       JNE  RDEC6         IF NOT, SKIP
       CI   R5,120        IS RECORD LENGTH 120?
       JNE  AMB1          IF NOT, SKIP RECORD
       INC  R9            R9 COUNTS FILES
       MOV  R0,R3         SAVE R0 IN R3
       MOV  R13,R0        COPY R13 TO R0
       LI   R1,TEMFN      POINT AT TEMP FILE NAME
       LI   R2,10         10 CHARACTERS
       BLWP @VMBW         WRITE TO SCREEN
       MOV  R3,R0         GET OLD R0 BACK
       AI   R13,40        MOVE DOWN ONE ROW
       CI   R13,960       PAST SCREEN BOTTOM?
       JLT  RDEC6         IF NOT, JUMP
       MOV  R14,R13       ELSE SET FOR NEXT SCREEN COLUMN
       AI   R14,12        ADD 12 FOR NEXT TIME
       CI   R14,40        CHECK 40
       JGT  ALBCLS        IF >, CLOSE FILE
RDEC6  DEC  R6            DEC NUMBER IN R6
       JNE  REDNUM        IF NOT 0, READ ANOTHER NUMERIC
       JMP  AMB1          ELSE READ NEXT RECORD
ALBCLS BL   @CLOSF        CLOSE THE FILE
       MOV  R9,@NFILES    SAVE R9 AS NUMBER OF FILES
       JNE  SELFIL        IF NOT 0, JUMP
       B    @NFLS         ELSE REPORT NO FILES FOUND
SELFIL LI   R3,1          START AT TOP OF SCREEN
       MOV  R3,R4         COPY TO R4
SELF0  AI   R4,12         ADD 12
SELF1  MOV  R3,R0         PUT R3 IN R0
       BL   @KEYBLN       KEY IN WITH BLINK
       BL   @KEYDLY       SHORT DELAY TO PREVENT RUNAWAY
       CI   R8,15         FCTN-9?
       JNE  SELCKX        IF NOT, JUMP
       B    @INFNT        ELSE BACK TO START
SELCKX CI   R8,'X'        CAPITAL X?
* from here on is code to allow user to
* select a file for loading
*
* END OF PART ONE
*
* PART TWO - FROM AMS TITLER
AMB0   LI   R13,2       ROW 1, COL 3
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       LI   R14,14      R14=14 FOR LATER
AMB1   BL   @REDCAT     READ A RECORD
       JNE  AMB2        JUMP IF NO ERROR
       SRL  R0,8        RT. JUST R0
       CI   R0,5        END OF FILE?
       JEQ  ALBCLS      IF SO, CLOSE
       BL   @CLOSF      ELSE CLOSE ANYWAY
       LI   R1,RDRSTR   READ ERROR
       BL   @ERR40      REPORT
       B    @RELOAD     BRANCH BACK
AMB2   CLR  @PGNUM      PGNUM=0
       LI   R0,>0C80    POINT AT FILE BUFFER
       BLWP @VSBR       READ NAME LENGTH
       MOVB R1,R2       COPY TO R2
       JEQ  ALBCLS      IF ZERO, CLOSE FILE
       SRL  R2,8        RT. JUST
       LI   R6,10       MAX NAME LENGTH
       LI   R4,TEMSTR   TEMPORARY STRING
       MOV  R2,R5       SAVE LENGTH IN R5
       INC  R0          POINT AT 1ST CHAR
AMB2B  BLWP @VSBR       READ
       MOVB R1,*R4+     STASH
       INC  R0          NEXT CHAR
       DEC  R6          DEC 10 COUNT
       JEQ  AMB2A       JUMP IF ZERO
       DEC  R2          DEC LENGTH
       JNE  AMB2B       REPEAT IF NOT 0
AMB2BA MOVB @ANYKEY,*R4+ SPACE FILL
       DEC  R6          TIL END OF 10 CHARS
       JNE  AMB2BA
AMB2A  LI   R7,TEMSTR   POINT R7 AT TEMSTR
       DECT R5          DEC LENGTH BY 2
       JLT  AMB1        IF <0, JUMP
       A    R5,R7       POINT AHEAD TO NEXT-TO-LAST
       LI   R3,UNDP     POINT AT _P
       CB   *R7+,*R3+   CHECK _
       JNE  AMB2C       IF NOT, JUMP
       CB   *R7,*R3     CHECK 'P'
       JNE  AMB2C       IF NOT, JUMP
       SETO @PGNUM      SET PGNUM AS FLAG
AMB2C  LI   R6,2        TWO NUMBERS TO CHECK
       CLR  R7          R7=0
REDNUM INC  R0          POINT AT F.P. NUMBER
       LI   R1,>834A    AND AT FAC
       LI   R2,8        8 BYTES
       BLWP @VMBR       READ F.P. NUMBER TO FAC
       BLWP @XMLLNK     USE XML
       DATA >1200       CONVERT F.P. TO INTEGER
       MOV  *R1,R5      MOVE TO R5
       A    R2,R0       ADD 8 TO R0
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       CI   R6,2        FIRST NUMBER?
       JNE  CHKR61      IF NOT, JUMP
       ABS  R5          ABSOLUTE VALUE R5
       ANDI R5,7        LIMIT TO 7
       CI   R5,5        IS THIS PROGRAM TYPE?
       JNE  AMB1        IF NOT, SKIP RECORD
CHKR61 CI   R6,1        SECOND NUMBER?
       JNE  RDEC6       IF NOT, SKIP
       MOV  @PGNUM,R1   FLAG SET?
       JEQ  CHK43       IF NOT, CHECK 43
       CI   R5,25       ELSE IS FILE LENGTH 25?
       JEQ  REDIN9      IF SO, JUMP
       CI   R5,24       CHECK LENGTH 24
       JEQ  REDIN9      IF SO, JUMP
       JMP  RDEC6       ELSE JUMP AHEAD
CHK43  CI   R5,43       LENGTH 43?
       JEQ  REDIN9      JUMP IF SO
       CI   R5,42       LENGTH 42?
       JNE  RDEC6       JUMP IF NOT
REDIN9 INC  R9          R9=R9+1
       MOV  R0,R3       SAVE R0 IN R3
       MOV  R13,R0      SCREEN POSITION FROM R13
       LI   R1,TEMSTR   FILE NAME
       LI   R2,10       10 CHARS
       BLWP @VMBW       WRITE TO SCREEN
       MOV  R3,R0       GET R0 BACK
       AI   R13,40      ADD ONE ROW
       CI   R13,960     END OF SCREEN?
       JLT  RDEC6       JUMP IF LESS
       MOV  R14,R13     COPY R14 TO R13
       AI   R14,12      ADD 12 FOR NEXT TIME
       CI   R14,40      PAST RIGHT EDGE?
       JGT  ALBCLS      CLOSE FILE IF SO
RDEC6  MOV  R7,R7       R7=0
       JNE  AMB1        JUMP IF NOT
       DEC  R6          DECREMENT R6
       JNE  REDNUM      IF NOT 0, REPEAT
       JMP  AMB1        ELSE NEXT RECORD
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1.79. The Art Of Assembly — Part 79. Playing It In

%\�%UXFH�+DUULVRQ

%DFN�ZKHQ�ZH�VWDUWHG�RQ�WKH�UHYLVLRQV�RI�0,',�0DVWHU��WKHUH�ZDV�D�QDJJLQJ�YRLG�LQ�DOO�WKH�LPSURYHPHQWV
ZH�ZDQWHG�WR�PDNH��0RVW��VHTXHQFHU��SURJUDPV��LQFOXGLQJ�WKH�&DNHZDON�WKDW�ZH�XVH�RQ�RXU�3&��DOORZ�WKH
XVHU�WR�JHW�PXVLF�LQWR�WKH�V\VWHP�E\�VLPSO\�SOD\LQJ�WKDW�PXVLF�RQ�WKH�0,',�LQVWUXPHQW�ZKLOH�LWV�0,',
287�SRUW�LV�FRQQHFWHG�WR�WKH�FRPSXWHU
V�0,',�,1��$ODV��WKDW�ZDV�QRW�WKH�FDVH�ZLWK�0,',�0DVWHU�

0LNH�0DNVLPLN��WKH�RULJLQDO�DXWKRU�RI�0,',�0DVWHU��KDG�WULHG�VRPH�H[SHULPHQWV�WRZDUG�KDYLQJ�WKH
3OD\�,Q�IHDWXUH��EXW�ZLWK�OHVV�WKDQ�DFFHSWDEOH�UHVXOWV��$IWHU�ZH�FRPSOHWHG�ERWK�WKH�$06�DQG�QRQ�$06
YHUVLRQV�RI�WKH��QHZ��0,',�0DVWHU��LW�ZDV�YHU\�FOHDU�WKDW�3OD\�,Q�FRXOG�QRW�EH�ILWWHG�LQWR�WKH�VWUXFWXUH�RI
WKRVH�SURJUDPV��PDLQO\�EHFDXVH�PHPRU\�VLPSO\�ZRXOG�QRW�DOORZ�HQRXJK�H[WUD�FRGH��DQG�VWLOO�DOORZ�WKH
HQWLUH�KLJK�PHPRU\�WR�EH�XVHG�DV�PXVLF�GDWD�VWRUDJH�

1.79.1. A Separate Program

7KXV�ZH�VWDUWHG�ZLWK�WKH�LGHD�WKDW�WKLV�FDSDELOLW\�ZRXOG�KDYH�WR�EH�PDGH�DYDLODEOH�DV�D�VHSDUDWH�SURJUDP�
QRW�SDUW�RI�WKH�0,',�0DVWHU�SHU�VH��EXW�DEOH�WR�EH�XVHG�XOWLPDWHO\�ZLWK�0,',�0DVWHU��7KURXJK�VRPH
VHOHFWLYH�GLV�DVVHPEO\�DQG�PRGLILFDWLRQ�RI�FRGH�VXSSOLHG�E\�0LNH��ZH�ZHUH�DEOH�WR�PDNH�WKH�FRUH�RI�D
3OD\�,Q�SURJUDP�DQG�JRW�WKDW�FRUH�WR�ZRUN�IDLUO\�TXLFNO\�

1.79.2. Borrowing A Concept

7KH�SUREOHP�IDFLQJ�XV��RQFH�ZH�ZHUH�DEOH�WR�UHFHLYH�E\WHV�WKURXJK�WKH�0,',�SRUW��ZDV�KRZ�WR�VWRUH�WKRVH
E\WHV�LQ�WKH�7,
V�KLJK�PHPRU\��0DQ\�LGHDV�ZHUH�FRQVLGHUHG�DQG�UHMHFWHG�IRU�YDULRXV�UHDVRQV��PDLQO\
EHFDXVH�WKH\�ODFNHG�WKH�QHFHVVDU\�HIILFLHQF\�RI�PHPRU\�XVH�WR�EH�SUDFWLFDO�RQ�WKH�7,��$V�SDUW�RI�WKH
�WKLQNLQJ�WKURXJK��SURFHVV��ZH�WULHG�SOD\LQJ�VRPH�PXVLF�LQWR�&DNHZDON�RQ�RXU�DQFLHQW�3&��DQG�ORRNHG
DW�ZKDW�&DNHZDON�GLG�ZLWK�WKH�GDWD��(XUHND��7KHUH�RQ�WKH�3&�VFUHHQ�ZDV�D�FRQFHSW�MXVW�ZDLWLQJ�WR�EH
�ERUURZHG��IRU�WKH�7,�

&DNHZDON�NHHSV�D�PHWURQRPH�UXQQLQJ�ZKLOH�PXVLF�LV�EHLQJ�SOD\HG�LQ��7KH�PHWURQRPH�NHHSV�WUDFN�RI
PXVLFDO�WLPH��:KHQ�HYHQWV��SUHVVLQJ�RU�UHOHDVH�RI�NH\V��DUH�UHFRUGHG��ZKDW�JRHV�LQWR�PHPRU\�LV�WKH�WLPH
RI�WKH�HYHQW�E\�PHDVXUH��EHDW��DQG��WLFN��QXPEHUV��7R�PDNH�WKLV�VLPSOH��OHW
V�FRQVLGHU�WKDW�ZH
UH�ZRUNLQJ
LQ�����WLPH��IRXU�EHDWV�SHU�PHDVXUH��DQG�D�TXDUWHU�QRWH�JHWV�RQH�EHDW��,Q�&DNHZDON��D�TXDUWHU�QRWH�JHWV
�����WLFNV��RI�LQWHUQDO�WLPH��ZKLOH�LQ�0,',�0DVWHU�D�TXDUWHU�QRWH�LV�����WLFNV���1R�PDWWHU�WKLV�GLIIHUHQFH�
WKH�FRQFHSW�RI�SXWWLQJ�DQ�HYHQW�LQWR�PHPRU\�ZDV�LPSRUWDQW�
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2Q�WKH�7,��RXU�LQWHUQDO�PHWURQRPH�FRXQWV�WLFNV��EHDWV��DQG�PHDVXUHV��,Q�WKH�����FDVH�����WLFNV�FRQVWLWXWH
D�EHDW��IRXU�EHDWV�PDNH�D�PHDVXUH��(DFK��WLFN��DFWXDOO\�UHSUHVHQWV�D�ODUJH�QXPEHU�RI�SDVVHV�WKURXJK�D
GHOD\�ORRS��7\SLFDOO\�WKDW��GHOD\�IDFWRU��LV�D�QXPEHU�EHWZHHQ�����DQG�������:KHQ�D�QRWH�HYHQW�KDSSHQV�
ILYH� E\WHV� JHW� ZULWWHQ� WR� WKH� KLJK� PHPRU\�� 7KHVH� DUH� WKH� FXUUHQW�0HDVXUH�� %HDW�� DQG� 7LFN� RI� WKH
PHWURQRPH��SOXV�WKH�QRWH�YDOXH�DQG�LWV��YHORFLW\��YDOXH��:KHQ�D�QRWH�NH\�LV�VWUXFN��WKH��YHORFLW\��E\WH�LV
DOZD\V�D�QXPEHU�EHWZHHQ���DQG������DQG�ZKHQ�WKDW�NH\�LV�UHOHDVHG��WKH�YHORFLW\�YDOXH�LV����1RWH�WKDW
QRWKLQJ�JHWV�SXW�LQWR�PHPRU\�EHWZHHQ�QRWH�HYHQWV��7KXV�WKH�SOD\LQJ�RI�D�QRWH��LQFOXGLQJ�LWV�UHOHDVH�
UHTXLUHV�MXVW�WHQ�E\WHV�WR�JHW�VWRUHG�LQ�PHPRU\�

,Q�WKH�SURJUDP��EHIRUH�ZH�DFWXDOO\�VWDUW�WDNLQJ�E\WHV�IURP�WKH�0,',�,QVWUXPHQW��ZH�SURYLGH�WKH�XVHU�ZLWK
D�QXPEHU�RI�SURPSWV�VR�WKDW�WKH�SDUDPHWHUV�FDQ�EH�VHW��7KLV�VWDUWV�ZLWK�WKH�'(/$<�)$&725��ZLWK�D
GHIDXOW�HQWU\�RI�����LQ�SODFH��1H[W�FRPHV�WKH�7,0(�6,*1$785(��ZLWK�����DV�D�GHIDXOW��%RWK�FDQ�EH
FKDQJHG�HDVLO\�E\�MXVW�W\SLQJ�LQ�D�GLIIHUHQW�FKRLFH�DQG�SUHVVLQJ�ENTER��7KH�WKLUG�SURPSW�FRQFHUQV�WKH
0(752120(��7KLV�GHIDXOWV�WR�21��ZKLFK�LV�ZKDW�ZH�UHFRPPHQG��7KH�PHWURQRPH�ZRUNV�E\�VHQGLQJ
VKRUW�EXUVWV�RI�VRXQG�YLD�WKH�7,�6RXQG�&KLS��7KH�VWDUWLQJ�EHDW�RI�HDFK�PHDVXUH�LV�DFFHQWHG�WR�PDNH�LW
HDVLHU�WR�WUDFN�PHDVXUHV�E\�VRXQG��)LQDOO\�WKHUH
V�D�SURPSW�IRU�(&+2�6(59,&(��ZLWK�1�DV�WKH�GHIDXOW
DQVZHU��,Q�DOPRVW�DOO�FDVHV�1�IRU�12�LV�WKH�FRUUHFW�DQVZHU��6RPH�<DPDKD�PRGHO�NH\ERDUGV�ZLOO�UHTXLUH
WKLV�VHUYLFH�LQ�RQH�RSHUDWLQJ�PRGH��EXW�JHQHUDOO\�LW�LV�QRW�QHHGHG��,I�\RXU�VHWXS�QHHGV�LW��KRZHYHU��LW
V�WKHUH
E\�MXVW�SUHVVLQJ�Y�RU�y�DW�WKH�SURPSW��,I�WKH�7,�V\VWHP�EHLQJ�XVHG�IRU�3OD\�,Q�KDV�WKH�$06�FDUG��WKDW�IDFW
ZLOO�EH�NQRZQ�WR�WKH�SURJUDP��$OVR�NQRZQ�ZLOO�EH�WKH�QXPEHU�RI���.��JURXSV��RI�PHPRU\�DYDLODEOH�LQ�WKDW
$06�FDUG��,I�WKH�$06�LV�SUHVHQW��WKHQ��WKHUH�ZLOO�EH�RQH�ILQDO�SURPSW��IRU�WKH�PHPRU\�JURXS�WR�EH�XVHG
DV�KLJK�PHPRU\��7KLV�DOZD\V�GHIDXOWV�WR�WKH�QH[W�JURXS�WKDW�GRHVQ
W�DOUHDG\�FRQWDLQ�VRPH�PXVLF�

1.79.3. Gotta Be Quick

$�JRRG�SOD\HU�RQ�D�NH\ERDUG�FDQ�JHQHUDWH�D�ORW�RI�QRWHV�LQ�YHU\�OLWWOH�WLPH��7KHVH�JHW�VHQW�RXW�WKH�0,',
SRUW�DW�D�EOD]LQJ��������EDXG�UDWH��7R�NHHS�XS�ZLWK�E\WHV�FRPLQJ�LQWR�RXU�56�����SRUW�DW�VXFK�D�UDWH
UHTXLUHV� D� ZKROH� GLIIHUHQW� DSSURDFK� WR� XVLQJ� WKH� 56����� SRUW�� 8VLQJ� D� FRQFHSW� ERUURZHG� IURP
0,',�0DVWHU��ZH�DFWLYDWH�WKH�SRUW�E\�GLUHFW�DFWLRQV�RQ�WKH�&58�OLQHV��WKXV�DYRLGLQJ�WKH�GHOD\V�WKDW�ZRXOG
EH�LQYROYHG�LQ�XVLQJ�WKH�56�����DV�D�ILOH�GHYLFH��7KH�SURJUDP��VSHDNV�WR��WKH�8$57�LQ�WKH�56�����FDUG
E\�ZKDW�DPRXQWV�WR�D�GLUHFW�OLQH��VR�WKDW�E\WHV�FDQ�EH�VXFNHG�LQWR�D�ZRUNVSDFH�UHJLVWHU�LQ�YHU\�OLWWOH�WLPH�
7KH�ORRS�WKDW�DFFHSWV�E\WHV�IURP�WKH�8$57�LV�D�YHU\�WLJKW�DQG�IDVW�RQH��,W�XVHV�PDLQO\�UHJLVWHUV��ZKLFK
DUH�LQ�WKH�!�����PHPRU\�EORFN��5DP�3DG��VR�WKDW�DOO�UHJLVWHU�DFWLRQV�KDSSHQ�DV�IDVW�DV�SRVVLEOH��7KHUH
DUH�QR�%/V�RU�%/:3V�LQ�WKLV�ORRS��MXVW��VWUDLJKW�OLQH��FRGH��7KH�WLPH�FRXQWV�IRU�0HDVXUH��%HDW��DQG�7LFNV
DUH�NHSW�LQ�WKH�OHIW�E\WHV�RI�UHJLVWHUV��HWF�

,Q�WKH�HDUO\�VWDJHV�RI�GHYHORSPHQW��ZH�WULHG�SXWWLQJ�D�%/:3�#.6&$1�LQ�WKH�ORRS�VR�WKDW�WKH�XVHU�FRXOG
VWRS�LQSXW�ZLWK�D�NH\VWURNH��EXW�WKDW�WRRN�IDU�WRR�PXFK�WLPH��DQG�QRWHV�EHLQJ�SOD\HG�JRW�ORVW��7KH�FXUUHQW
VRXUFH��WKHQ��UXQV�DV�IDVW�DV�ZH�FRXOG�PDQDJH��DQG�VHHPV�WR�FDWFK�DOO�WKH�QRWHV�HYHQ�ZLWK�D�VNLOOHG�SLDQLVW
GRLQJ�WKH�SOD\LQJ��2XU�PDLQ�WHVWHUV�IRU�WKH�SURJUDP�KDYH�EHHQ�5LFKDUG�DQG�9DOHGD�%HOO��RI�6WDWHQ�,VODQG�
7KHLU�DGYLFH�DQG�HQFRXUDJHPHQW�KDYH�FRQWULEXWHG�LQ�D�YHU\�ODUJH�ZD\�WR�WKH�GHYHORSPHQW�RI�WKH�SURJUDP�
(QFRXUDJHPHQW�KDV�DOVR�FRPH�IURP�0LNH�0DNVLPLN��ZLWKRXW�ZKRVH�RULJLQDO�0,',�0DVWHU�VRXUFH�FRGH
QRQH�RI�WKLV�ZRXOG�EH�SRVVLEOH�
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7RGD\
V�6LGHEDU�LV�WKH�SRUWLRQ�RI�FRGH�WKDW�KDQGOHV�WKH�SOD\LQJ�LQ�RI�QRWHV�DQG�VWRULQJ�WKHP�LQ�PHPRU\�
7KH�SURJUDP�UHVLGHV�LQ�ORZ�PHPRU\��VR�DOO�RI�WKH�QRWH�HYHQWV�DUH�VWRUHG�LQ�KLJK�PHPRU\��<RX
OO�VHH�WKDW
WKLV�FRGH�KDV�EHHQ�PDGH�WR�RSHUDWH�YHU\�TXLFNO\��ZLWK�DOPRVW� HYHU\WKLQJ�JRYHUQHG�E\�WKH�YDOXHV� LQ
UHJLVWHUV��7KH�ZRUNVSDFH�LV�DW�!������MXVW�WR�PDNH�DOO�WKHVH�UHJLVWHUV�TXLFNHU�IRU�DFFHVV�

1.79.4. Once It's In The Memory . . .

+DYLQJ� VROYHG� WKH�PDMRU�SUREOHP�RI� WDNLQJ�E\WHV� IURP� WKH�0,',�NH\ERDUG� LQWR� WKH�PHPRU\� LQ� DQ
RUJDQL]HG�DQG�HIILFLHQW�PDQQHU��ZH�KDG�WZR�RWKHU�SUREOHPV�WR�VROYH��)LUVW�ZDV��+RZ�GR�ZH�NQRZ�ZKHQ
WKH�SOD\HU�KDV�VWRSSHG�SOD\LQJ"��$IWHU�D�ORW�RI�WKRXJKW��ZH�GHFLGHG�WKDW�LI�WZR�FRPSOHWH�PHDVXUHV�SDVVHG
E\�ZLWKRXW�DQ\�QRWH� HYHQWV� �QRWH� VWUXFN�RU�QRWH� UHOHDVHG��ZH�ZRXOG� VLPSO\� VWRS�DQG� UHWXUQ� WR� WKH
SURJUDP
V�PHQX��:H�UHDVRQHG�WKDW�WKHUH�DUH�DOPRVW�]HUR�PXVLFDO�ZRUNV�LQ�ZKLFK�WKH�LQVWUXPHQW�LV�DW�UHVW
IRU�WZR�FRPSOHWH�PHDVXUHV�� �7KHUH� LV�D�FDVH� LQ�WKH�YHU\�FRPLFDO�+RIIQXQJ�)HVWLYDO� UHFRUGV�ZKHUH�D
P\WKLFDO�SLHFH�KDV�WZR�PHDVXUHV�RI�VLOHQFH��DQG��7KH�ILUVW�PHDVXUH�RI�VLOHQFH�LV�LQ�����WLPH��ZKLOH�WKH
VHFRQG�LV�LQ�����WLPH����:H�GRQ
W�WKLQN�DQ\RQH�ZLOO�EH�SOD\LQJ�LQ�P\WKLFDO�SLHFHV�IURP�+RIIQXQJ��VR�WKH
WZR�PHDVXUH�VLOHQFH�FULWHULRQ�KDV�VWD\HG�

6R�QRZ�WKHUH
V�PXVLF�LQ�WKH�PHPRU\�DV�SOD\HG�LQ�E\�WKH�IDPLO\�PXVLFLDQ��:KDW�FDQ�ZH�GR�ZLWK�LW"�7KH�ILUVW
DQG�PRVW�REYLRXV�WKLQJ�LV�WR�VLPSO\�SOD\�WKH�PXVLF�EDFN�WKURXJK�WKH�LQVWUXPHQW��)RU�WKDW��ZH
YH�JRW
2SWLRQ���RQ�RXU�PHQX��3OD\�%DFN��6LQFH�ZH�PLJKW�ZDQW�WR�KHDU�WKH�PXVLF�DW�D�IDVWHU�RU�VORZHU�WHPSR�WKDQ
ZKDW�ZDV�SOD\HG�LQ��WKHUH
V�D�SURPSW�IRU�WKH�'(/$<�)$&725��ZLWK�D�GHIDXOW�WKH�VDPH�DV�WKH�SOD\�LQ
DOUHDG\�LQ�SODFH��2QFH�WKH�SURPSW�KDV�EHHQ�DQVZHUHG��WKH�FRPSXWHU�VWDUWV�D�FRXQW�RI�PHDVXUHV��EHDWV��DQG
WLFNV�UXQQLQJ��EXW�ZLWKRXW�PDNLQJ�VRXQG��,QVWHDG��LW�NHHSV�FRPSDULQJ�LWV�SUHVHQW��WLPH�FRXQW��WR�WKH�QH[W
HYHQW�VWRUHG�LQ�PHPRU\��:KHQ�WKH�WLPH�PDWFKHV��WKDW�HYHQW�JHWV�VHQW�RXW�WR�WKH�0,',�LQVWUXPHQW��7KXV
HDFK�HYHQW�JRHV�RXW�DW�WKH�UHODWLYH�WLPH�RI�LWV�VWRUDJH��DQG�SOD\�RI�QRWHV�LV�SDFHG�MXVW�OLNH�WKH�RULJLQDO
SOD\LQJ��7KH�UHODWLYH�WLPLQJ�LV�DFFXUDWH�WR�WKH�QHDUHVW�WLFN��ZKLFK�LV�����WK�RI�D�TXDUWHU�QRWH�GXUDWLRQ�
7KDW
V�WKH�VDPH��UHVROXWLRQ��DV�XVHG�LQ�0,',�0DVWHU�

1.79.5. Saving Your Work

7KHUH
V�DOZD\V�WKH�SRVVLELOLW\�WKDW�\RX�PLJKW�QRW�ZDQW�WR�NHHS�\RXU�7,�V\VWHP�XS�DQG�UXQQLQJ����KRXUV
D�GD\�MXVW�WR�NHHS�WKDW�OLWWOH�PLQXHW�LQ�PHPRU\��VR�ZH�DGGHG�WZR�PRUH�PHQX�FKRLFHV�WR�WKH�OLVW��6$9(
,0$*(�WDNHV�WKH�PXVLF�IURP�PHPRU\�DQG�SXWV�LW�RXW�WR�D�GLVN�ILOH�MXVW�DV�LW�VLWV�LQ�PHPRU\��7KH�RQH
H[FHSWLRQ�LV�WKH�VL[�E\WHV�IURP�!$����WKURXJK�!$�����7KH�DFWXDO�PXVLF�VWRUHV�VWDUWLQJ�DW�!$�����7KH
E\WHV�EHIRUH�WKDW�DUH�ILOOHG�XS�ZLWK�ILUVW�WKH�GHOD\�IDFWRU�LQ�XVH��WKHQ�WKH�EHDW�OHQJWK�LQ�WLFNV��DQG�ILQDOO\
WKH�QXPEHU�RI�EHDWV�SHU�PHDVXUH��7KLV�PHDQV�WKDW�WKH�RXWSXW�ILOH�ZLOO�VWRUH�WKRVH��YLWDO�VWDWV��DERXW�WKLV
SLHFH��VR�WKDW�ZKHQ�LW
V�ODWHU�EURXJKW�EDFN�LQ��WKH�WHPSR�DQG�WLPH�VLJQDWXUH�ZLOO�EH�VHW�FRUUHFWO\�IRU
SOD\LQJ�
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7KH�QXPEHU�DQG�VL]H�RI�ILOHV�FUHDWHG�E\�6$9(�GHSHQGV�RQ�KRZ�PXFK�PXVLF�ZDV�SOD\HG�LQ��2QO\�WKDW
PHPRU\�ZKLFK�ZDV�ILOOHG�ZLWK�PXVLF�ZLOO�EH�VDYHG�WR�RQH�RU�PRUH�ILOHV��7KLV�FDQ�UDQJH�IURP�MXVW�RQH�ILOH
RI�WZR�VHFWRU�VL]H�WKURXJK�D�ZKROH�VHULHV�RI�ILOHV�RI����VHFWRU�VL]H��%HFDXVH�ZH
YH�XVHG�D�ZKROH�QHZ�ZD\�RI
VWRULQJ�ZKDW
V�SOD\HG�LQ�PHPRU\��WKH�ILOHV�VDYHG�E\�WKLV�SURJUDP�LQ�LWV�RZQ�PHPRU\�LPDJH�IRUPDW�DUH
127�FRPSDWLEOH�ZLWK�DQ\�RI�WKH�YHUVLRQV�RI�0,',�0DVWHU��QRU�DUH�ILOHV�VDYHG�E\�0,',�0DVWHU�FRPSDWLEOH
ZLWK�WKLV�SURJUDP��7KH�RQHV�VDYHG�E\�WKLV�SURJUDP�FDQ�RI�FRXUVH�EH�UH�ORDGHG�E\�WKLV�SURJUDP�DQG�SOD\HG
EDFN�E\�LW��DQG�FDQ�DOVR�EH�XVHG�WR�FUHDWH�VRXUFH�ILOHV��VHH�EHORZ��ZKLFK�$5(�FRPSDWLEOH�ZLWK�WKH�XSGDWHG
YHUVLRQV�RI�0,',�0DVWHU�

1.79.6. Loading S aved Works

,WHP���IURP�WKH�PHQX�LV�IRU�ORDGLQJ�D�SUHYLRXVO\�VDYHG�ILOH�RU�VHULHV�RI�ILOHV��$V�ZLWK�VDYLQJ��MXVW�W\SH�LQ
WKH�QDPH�RI�WKH�ILUVW�ILOH�LQ�WKH�VHULHV��DQG�WKH�SURJUDP�ZLOO�NHHS�ORDGLQJ�XQWLO�LW�ILQGV�D�QRQ�H[LVWLQJ
PHPEHU�RI�WKH�VHULHV��WKHQ�LW�ZLOO�UHWXUQ�WR�WKH�PHQX�

1.79.7. The De-Compiler

,WHP���IURP�WKH�PHQX��&5($7(�61)��LV�WKH��SD\RII��IRU�KDYLQJ�SOD\HG�VRPH�PXVLF�LQWR�WKLV�SURJUDP�
7KLV�RSWLRQ�WDNHV�WKH�PXVLF�LQ�PHPRU\�DQG�FUHDWHV�IURP�LW�RQH�RU�PRUH�'�9����ILOHV�LQ�61)�VRXUFH�IRUPDW�
7KHVH�ILOHV�DUH�GHVLJQHG�IRU�XVH�ZLWK�WKH�XSGDWHG�YHUVLRQV�RI�0,',�0DVWHU��HLWKHU�YHUVLRQ����=�RU����$�
,I�D�ZRUN�LV�WRR�ORQJ�WR�PDNH�WKH�VRXUFH�ILOH�D�OHQJWK�WKDW
V��HGLWDEOH��RQ�WKH�7,��WKH�RXWSXW�ILOH�ZLOO�EH�VSOLW
LQWR�D�VHULHV�RI�VXFK�ILOHV��HDFK�RI�ZKLFK�LV�RI�D�VL]H�WKDW�FDQ�EH�HGLWHG�ZLWK�WKH�(�$�(GLWRU��ZLWK�WKH
7,�:ULWHU�(GLWRU�RU�ZLWK�HLWKHU�RI�WKH�)XQQHOZHE�(GLWRUV��$IWHU�HGLWLQJ��WKHVH�ILOHV�FDQ�EH�UH�FRPELQHG
XVLQJ�RXU�722/�87�SURJUDP�LQWR�D�PDVWHU�ILOH�IRU�WKH�0,',�0DVWHU�FRPSLOHU�

7KH�LGHD�KHUH�ZDV�WR�DOORZ�WKH�XVHU��KDYLQJ�JRWWHQ�D�SLHFH�LQWR�WKH��V\VWHP��WKURXJK�SOD\�LQ��WR�EH�DEOH�WR
UHYLVH�DQG�UHILQH�KLV�ZRUN��,Q�WKHVH�HGLWDEOH�VRXUFH�ILOHV��VXFK�WKLQJV�DV�QRWH�GXUDWLRQV�DQG�UHVWV�FDQ�EH
FKDQJHG�DV�GHVLUHG��0LVWDNHV�PDGH�LQ�WKH�SOD\LQJ�FDQ�EH�FRUUHFWHG��SDWFK�FKDQJHV�FDQ�EH�LQWURGXFHG�WR
FKDQJH�LQVWUXPHQWV��DQG�VR�RQ��,Q�RWKHU�ZRUGV��3OD\�,Q�JLYHV�WKH�XVHU�D�VROLG�DQG�FRQVLVWHQW�VWDUWLQJ�SRLQW
IRU� PDNLQJ� D� UHDOO\� ILQLVKHG� PXVLFDO� ZRUN� DYDLODEOH� WR� 0,',�0DVWHU�� :LWK� WKH� QHZ� YHUVLRQV� RI
0,',�0DVWHU��WKHUH�DUH�QXPHURXV�SRVVLEOH�DGGLWLRQV�WKDW�FDQ�EH�PDGH��)RU�H[DPSOH��ZLWK�WKH��9RLFH
9ROXPH��IHDWXUH��WKH�SOD\LQJ�YROXPH�RI�HDFK�WUDFN�LQ�WKH�FRPSRVLWLRQ�FDQ�EH�WDLORUHG�MXVW�DV�GHVLUHG�E\
WKH�PXVLFLDQ��6LQFH�WKH�PXVLF�KDV�EHHQ�SOD\HG�LQ�E\�D�PXVLFLDQ��\RX�PLJKW�ZDQW�WR�OHDYH�WKH�QXPHULF�QRWH
DQG�UHVW�GXUDWLRQV�MXVW�DV�WKH\�ZHUH��VLQFH�WKLV�ZLOO�OHDYH�WKH�ILQLVKHG�ZRUN�ZLWK�D�PRUH��KXPDQ��TXDOLW\
WKDQ�LW�ZRXOG�KDYH�LI��SHUIHFWHG��E\�HGLWV�

1.79.8. Loop Closed

7KLV�DGGLWLRQ�WR�WKH�0,',�0DVWHU��IDPLO\��RI�SURJUDPV�FORVHV�WKH�ORRS��<RX�FDQ�QRZ�VWDUW�ZLWK�PXVLF
WKDW
V�SOD\HG�LQ��PDNH�61)�VRXUFH�ILOHV�IURP�WKDW��HGLW�WKRVH�ILOHV�WR�\RXU�RZQ�VDWLVIDFWLRQ��DQG�WKHQ
FRPSLOH�WKHVH�61)�ILOHV�WKURXJK�WKH�QHZ�HGLWLRQV�RI�0,',�0DVWHU��3OD\�,Q�LV�DYDLODEOH�WR�DOO�0,',�0DVWHU
RZQHUV�IRU�WKH�SDOWU\�VXP�RI��������LQFOXGLQJ�6	+�

6HH�\RX�DJDLQ�LQ�WZR�PRQWKV�
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* SIDEBAR 79
* SNIPPET FROM PLAY-IN
* CODE BY BRUCE HARRISON
* PUBLIC DOMAIN
*
* FIRST, THE SETUP SUBROUTINE IS USED
* TO SET THE RS232 FOR MIDI BAUD RATE
*
GOSET  BL   @SETUP          SET UP RS232
*********************
* THE NEXT PART SETS UP THE INTERNAL
* SOUND CHIP FOR THE METRONOME SOUNDS
*********************
       LI   R2,BEEP         OUR BEEP SOUNDS
       LI   R4,6            SIX BYTES
SNDBEP MOVB *R2+,@>8400     SEND TO SOUND CHIP
       DEC  R4              DEC COUNT
       JNE  SNDBEP          REPEAT IF NOT 0
*********************
* NEXT PART SETS UP INITIAL CONDITIONS
* FOR PLAYING IN MUSIC
*********************
       MOV  @DELAY,R13      DELAY FACTOR IN R13
       LI  R15,>0100        LEFT BYTE R15=1
       SETO R0              R0=>FFFF
*********************
* R5 SET TO -4 TO SERVE AS A COUNTDOWN
* IF NOTHING GETS PLAYED IN
* R0 WILL BECOME 0 ONCE SOMETHING'S PLAYED
*********************
       LI   R5,-4           R5=-4
       CLR  R1              R1=TOGGLE FLAG
       LI   R2,>B090        CTRL & CHAN1
       MOV @BEATL,R9        BEAT LENGTH IN HIGH BYTE R9
       LI  R3,BUFFER        POINT AT >A006
       CLR R6               MEASURE = 0
       MOV @CARD,R12        CARD CRU ADDR IN R12
       SBO 7                TURN ON LED
       MOV @UART,R12        UART CRU ADDR IN R12
********************
* FROM HERE ON, THE ACTIVITY LIGHT ON
* THE RS-232 STAYS ON, AND R12 HAS THE
* CRU ADDRESS FOR THE UART CHIP ON THAT CARD
********************
       MOV @ECHFLG,R11      R11 SIGNALS ECHO
NMEAS  CLR R7               BEAT 0
       CLR R4               R4=0
       MOV R3,@OLD3         SAVE MEMORY POINTER
*******************
* AT THE START OF EACH BEAT, THE SOUND CHIP
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* IS GIVEN A VOLUME BYTE SO THAT IT WILL
* SOUND AS A METRONOME FOR ONE TICK DURATION
* THE START BEAT OF EACH MEASURE IS LOUDER
* THAN THE OTHER BEATS. (WHEN R7=0)
*******************
NBEAT  MOV R7,R7            IS R7=0?
       JNE  BEAT            JUMP IF NOT
       MOVB @LOUD,@>8400    LOUD VOLUME TO SOUND CHIP
       JMP   CLRTIC         THEN JUMP
BEAT   MOVB @SOFT+1,@>8400  SOFT VOLUME TO SOUND CHIP
CLRTIC CLR R8               TICKS=0
*******************
* AFTER A BEAT HAS RUN ONE TICK,
* WHICH IS 1/48TH OF A QUARTER NOTE,
* THE SOUND CHIP IS SILENCED.
*******************
NTICK  CI  R8,>0100         TICKS=1?
       JNE LOAD10           JUMP IF NOT
       MOVB @SILENT,@>8400  SHUT UP METRONOME
       MOVB @SILENT+1,@>8400 BOTH GENERATORS
LOAD10 MOV  R13,R10         DELAY COUNT TO R10
*******************
* CODE HERE DETERMINES IF THE MIDI INSTRUMENT
* HAS SENT A BYTE, AND ACTS ACCORDINGLY
*******************
GETBYT TB  >15              TEST BIT FOR BYTE READY
       JNE NOBYTE           JUMP IF NO BYTE
       STCR R4,8            TAKE 8 BITS INTO R4
       SBZ  >12             SHUT OFF INPUT
       CB   R4,R2           LEFT BYTE R4=>B0?
       JEQ  CTRLPI          IF SO, INPUT PEDAL
       MOV  R4,R4           CHECK R4
*******************
* AT THIS POINT IF THE BYTE JUST TAKEN
* FROM THE INSTRUMENT IS EITHER A NOTE OR A VOLUME,
* R4 WILL BE EITHER 0 OR A POSITIVE NUMBER
* IF IT'S A NEGATIVE OTHER THAN >B0, WE'LL REJECT IT
*******************
       JLT  GETBYT          IF NEGATIVE, IGNORE BYTE
       MOV  R0,R0           IS R0=0?
       JEQ  MOV1            IF SO, JUMP
       CLR  R0              SET R0=0
       CLR  R6              SET MEASURE=0
MOV1   MOV  R1,R1           CHECK R1
       JNE  MOVR4           JUMP IF NOT 0
******************
* A NOTE EVENT COMES IN AS TWO BYTES, ONE FOR THE
* NOTE VALUE AND ONE FOR THE VELOCITY (A.K.A. VOLUME)
* R1 STARTS OUT 0, SO THE TIMING GETS SENT TO
* MEMORY BEFORE THE NOTE.  AFTER THAT HAPPENS,
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* R1 IS INVERTED SO THAT THE VOLUME BYTE WILL
* GO INTO MEMORY JUST AFTER THE NOTE IT'S SUPPOSED
* TO ACCOMPANY.  AGAIN R1 GETS INVERTED AFTER THE
* VOLUME IS STORED, SO IT'S ZERO FOR THE NEXT NOTE
******************
       MOVB R6,*R3+         MEASURE TO MEMORY
       MOVB R7,*R3+         BEAT TO MEMORY
       MOVB R8,*R3+         TICK TO MEMORY
MOVR4  MOVB R4,*R3+         INPUT BYTE TO MEMORY
       CI   R3,>FFDE        MEMORY FULL?
       JGT  MEMER           IF SO, ERROR
******************
* INVERT R1 MEANS THAT R1 TOGGLES BETWEEN
* BEING ZERO AND BEING >FFFF (ALL BITS ON)
******************
       INV  R1              INVERT ALL BITS IN R1
       MOV  R11,R11         ECHO REQUIRED?
       JEQ  NOBYTE          IF R11=0, NO ECHO
******************
* FOR MOST KEYBOARDS, THIS NEXT SECTION WILL BE
* SKIPPED BECAUSE R11 WILL BE ZERO.
* FOR CERTAIN YAMAHA MODELS IN CERTAIN OPERATING
* MODES, R11 WILL BE NON-ZERO, SO THE BYTE JUST
* RECEIVED WILL BE SENT BACK OUT TO THE KEYBOARD
*******************
       SBO  16              SET BIT FOR OUTPUT
ECLP1  TB   22              CHECK AVAILABLE
       JNE  ECLP1           REPEAT IF NOT
       LDCR R4,8            SEND 8 BITS TO OUTPUT
       SBZ  16              RESET OUTPUT BIT
NOBYTE DEC  R10             DECREMENT DELAY COUNT
       JNE  GETBYT          REPEAT IF NOT 0
*******************
* WHEN A DELAY FACTOR CYCLE IS DONE, THE
* NEXT SECTION WILL INCREMENT THE TICK, BEAT, AND MEASURE
* COUNTS AS APPROPRIATE.
*******************
INCTIC AB   R15,R8          ADD 1 TO TICKS
       C    R8,R9           EQUAL 1 BEAT?
       JEQ  INCR7           IF SO, JUMP
       JMP  NTICK           NEXT TICK
INCR7  AB   R15,R7          ADD 1 TO BEAT
       CLR  R8              TICKS=0
BPM1   CI   R7,>0400        = BEATS PER MEASURE?
       JEQ  INCR6           JUMP IF SO
       JMP  NBEAT           NEXT BEAT
INCR6  AB   R15,R6          ADD 1 TO MEASURE
       C    R3,@OLD3        HAS POINTER CHANGED?
       JNE  LEDIN           IF YES, JUMP
******************
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* IF R3=OLD3, A MEASURE HAS PASSED WITHOUT ANY
* INPUT FROM THE KEYBOARD.  AT STARTUP, R5 WAS SET
* AT -4, SO R5 WILL BECOME POSITIVE IF WE'VE JUST
* STARTED AND FIVE MEASURES HAVE PASSED WITHOUT INPUT.
* IF THERE HAS BEEN INPUT, CONTROL WILL JUMP TO
* LEDIN, AND R5 WILL BE SET TO -1
* AFTER THAT, TWO MEASURES OF SILENCE WILL
* CAUSE R5 TO BE POSITIVE AND WE'LL EXIT
******************
       INC  R5              R5=R5+1
       JGT  EXIT            EXIT IF >0
       JMP  NMEAS           ELSE NEW MEASURE
LEDIN  SETO R5              R5=-1
       JMP  NMEAS           NEW MEASURE
*****************
* THE SECTION BELOW TAKES A CONTROL ACTION
* (USUALLY SUSTAIN PEDAL ACTION) INTO MEMORY
* THAT CONSISTS OF A >B0, >40, >7F STRING
* AFTER THAT STRING, IF A NOTE EVENT COMES IN
* DURING OUR TIMEOUT, IT WILL BE SENT STARTING
* WITH A >90 BYTE, WHICH WILL ALSO BE STORED
* AND WILL CAUSE EXIT FROM THIS LOOP
* IF TIMEOUT HAPPENS (R1 BECOMES 0) THEN THE
* >90 WILL BE SENT ANYWAY AND WE'LL RETURN TO
* THE NORMAL LOOP ABOVE.
*****************
CTRLPI SWPB R2              R2=>90B0
       MOV  R0,R0           R0=0?
       JEQ  CTRL0           JUMP IF YES
       CLR  R0              SET R0 TO 0
       CLR  R6              SET MEASURE TO 0
CTRL0  MOVB R6,*R3+         MEASURE TO MEMORY
       MOVB R7,*R3+         BEAT TO MEMORY
       MOVB R8,*R3+         TICKS TO MEMORY
       MOVB R4,*R3+         >B0 BYTE TO MEMORY
       LI   R1,50           TIMEOUT COUNT IN R1
CTRL1  TB   >15             BYTE READY?
       JNE  CTRL2           IF NOT, REPEAT
       STCR R4,8            BYTE TO R4
       SBZ  >12             RESET BIT >12
       MOVB R4,*R3+         BYTE TO MEMORY
       CB   R4,R2           WAS THAT >90?
       JNE  CTRL1           IF NOT, GET NEXT BYTE
CTR0A  SWPB R2              ELSE SWAP R2 TO >B090
       CLR  R1              R1=0
       JMP  GETBYT          BACK FOR NOTE BYTE
CTRL2  DEC  R1              DEC TIMEOUT COUNT
       JNE  CTRL1           REPEAT IF NOT 0
       MOVB R2,*R3+         PUT >90 IN MEMORY
       JMP  CTR0A           THEN JUMP
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******************
* WE GET TO EXIT IF EITHER OF TWO THINGS HAVE
* HAPPENED.  IF WE STARTED THE LOOP AND NOTHING
* CAME IN FROM THE KEYBOARD FOR FIVE MEASURES,
* WE EXIT.  IF SOMETHING WAS PLAYED IN AND THEN
* TWO COMPLETE MEASURES HAVE SEEN NO INPUT, WE
* EXIT.
******************
EXIT   MOV  R3,@ENDMUS      SAVE ENDING POINTER
       MOV  @CARD,R12       CARD CRU ADDR IN R12
       SBZ  7               SHUT OFF LED
       MOVB @SILENT,@>8400  SILENCE METRONOME
       MOVB @SILENT+1,@>8400 BOTH GENERATORS
       B    @MENU           BACK TO MENU
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1.80. The Art Of Assembly — Part 80. What's A NewLine?

%\�%UXFH�+DUULVRQ

,V�WKLV�QXPEHU���"�+RZ�FDQ�WKDW�EH"�+RZ�FDQ�KH�NHHS�RQ�FUDQNLQJ�WKHVH�RXW"�:HOO��EHVLGHV�EHLQJ�D�SUHWW\
�FUDQN\��ROG�JX\��LW�KHOSV�LI�WKH�$VVHPEO\�JX\�NHHSV�ZULWLQJ�QHZ�$VVHPEO\�SURJUDPV�RQ�KLV�7,��7KDW�ZD\�
WKHUH
V�DOZD\V�QHZ�JURXQG�WR�FRYHU�LQ�WKLV�FROXPQ�

1.80.1. The PC Connection Problem

7KH�VXEMHFW�RI�WRGD\
V�FROXPQ�VWDUWV�ZLWK�D�VPDOO�FKDQJH�LQ�RXU�XVH�RI�WKH�3&�FRPSXWHU��:H�KDYH�IRU�D
ORQJ�WLPH�EHHQ��KROGRXWV��IURP�WKH�ZRUOG�RI�,QWHUQHW��7KDW�FKDQJHG�IRUHYHU�ZKHQ�RXU�IULHQG�/HZ�.LQJ
JDYH�D�SUHVHQWDWLRQ�DW�WKH������/LPD�08*�&RQIHUHQFH��/HZ�XVHG�D�7,�FRPSXWHU�DQG�7HUP���WR�FRQQHFW
WR�WKH�,QWHUQHW�OLYH�GXULQJ�KLV�OHFWXUH��7ZR�WKLQJV�DERXW�WKLV�LPSUHVVHG�P\�SDUWQHU�'RORUHV��)LUVW��MXVW
KRZ�HDV\�LW�FRXOG�EH�WR�JHW�LQWR�YDULRXV�ZHEVLWHV��DQG�VHFRQG��KRZ�HYHQ�ZLWK�D�WH[W�RQO\�FRQQHFWLRQ�RQH
FRXOG�UHDFK�VR�PXFK�QLIW\�LQIRUPDWLRQ��:H�WDON�WR�/HZ�RQ�WKH�SKRQH�IUHTXHQWO\��EXW�VHHLQJ�KLV�GHPR�RI
LQWHUQHW�DFFHVV�ZDV�D�UHYHODWLRQ��$IWHU�WKH�GHPR��ZH�WDONHG�WR�/HZ�DW�OHQJWK��/LNH�XV��/HZ�DOVR�KDV�D�3&
DW�KRPH��DQG�KH�DVVXUHG�XV�WKDW�ZKDW�KH�GLG�IURP�WKH�7,�FRXOG�DOVR�EH�GRQH�YHU\�HDVLO\�IURP�RXU��DQFLHQW�
7DQG\������6;�3&�

/HZ�HYHQ�IRXQG�XV�D�PRGHP�DW�D��+DP�)HVW��VRPHZKHUH�LQ�KLV�VWDWH��3$��DQG�VKLSSHG�LW�WR�XV��+H�DOVR
SURYLGHG�D�SURJUDP�FDOOHG�7(/,;��PDGH�E\�D�QRZ�GHIXQFW�&DQDGLDQ�FRPSDQ\��WKDW�ZRXOG�DOORZ�RXU�ROG
3&�WR�WDON�WR�WKH�ZRUOG�DV�D�97�����7HUPLQDO��7KXV�ZH
UH�QRZ�DEOH�WR�JHW�LQWR�WKDW�RWKHU�ZRUOG�ULJKW�IURP
RXU�OLYLQJ�URRP��:H�FDQ�JHW�WR�PDQ\�UHVRXUFHV��LQFOXGLQJ�WKH�FDWDORJV�RI�YDULRXV�OLEUDULHV��WKH�DUWLFOHV�LQ
QHZVSDSHUV��VFLHQWLILF�MRXUQDOV��DQG�VR�RQ�

1.80.2. Meanwhile, Th ere's Cakewalk (TM)

'RORUHV�LV�RXU�IDPLO\�PXVLFLDQ��6KH
V�WKH�RQH�ZKR�GLG�DOO�WKDW�$VVHPEO\�/DQJXDJH�PXVLF�IRU�WKH�VRXQG
FKLS��DQG�ZKR
V�GRQH�QXPHURXV�SLHFHV�RQ�0,',�0DVWHU��6KH�KHOSHG�DW�HYHU\�VWDJH�LQ�WKH�UH�YDPSLQJ�RI
0,',�0DVWHU�E\�WHVWLQJ�DQG�VXJJHVWLQJ�LPSURYHPHQWV��6WLOO��ZKHQ�VKH�ZDQWV�WR�SURJUDP�VRPH�0,',
PXVLF�TXLFNO\��VKH�XVHV�WKH�&DNHZDON�SURJUDP�RQ�RXU�7DQG\������6;��7KDW�SURJUDP�LV�IDU�HDVLHU�WR�XVH�
DQG�DOORZV�GLUHFW�HQWU\�RI�PXVLF�LQWR�D�ILOH�WKDW�FDQ�EH�SOD\HG�LQVWDQWO\�ZLWKRXW�KDYLQJ�WR�EH�FRPSLOHG�
+PPP������0D\EH�VRPHGD\�ZH
OO�KDYH��VRQ�RI�0,',�0DVWHU��ZLWK�WKDW�FDSDELOLW\�RQ�WKH�7,��+PPP������,Q
VRPH�FDVHV��VKH
V�GRQH�D�PXVLFDO�ZRUN�ILUVW�RQ�WKH�3&�XVLQJ�&DNHZDON��WKHQ�GLG�WKH�VDPH�ZRUN�RYHU�DJDLQ
RQ�0,',�0DVWHU��7KDW
V�D�YHU\�KDUG�ZD\�WR�GR�WKLQJV��6WDUWLQJ�FRPSOHWHO\�RYHU�DJDLQ�RQ�WKH�7,�LV�UHDOO\
QRW�DQ�DFFHSWDEOH�ZD\�RI�GRLQJ�WKLQJV�

:LWK�&DNHZDON��ZH�KDYH�D�OLWWOH�3&�SURJUDP�FDOOHG�&$.(�$6&��7KDW�WDNHV�RQH�RI�WKH��:5.�ILOHV�PDGH
ZLWK�&DNHZDON�DQG�FRQYHUWV�LW�LQWR�DQ�$6&,,�IRUPDW��RU�LQ�RWKHU�ZRUGV�D�KXPDQ�UHDGDEOH�ILOH�IRUPDW�
7KDW�EHLQJ�WKH�FDVH��VKH�DVNHG��ZK\�FRXOG�ZH�QRW�WDNH�WKRVH�$6&,,�ILOHV�RYHU�DQ�56�����FRQQHFWLRQ�LQWR
WKH�7,�DQG�WKHQ�KDYH�WKH�7,�FRQYHUW�WKHP�LQWR�61)�VRXUFH�ILOHV�IRU�0,',�0DVWHU��7KH�UHVXOWLQJ�ILOHV�PLJKW
QHHG�VRPH�HGLWLQJ�WR�UHDOO\�VRXQG�ULJKW�ZKHQ�FRPSLOHG�E\�0,',�0DVWHU��EXW�WKDW�ZRXOG�EH�ORWV�TXLFNHU
DQG�HDVLHU�WKDQ�VWDUWLQJ�RYHU�IURP�VFUDWFK�
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1.80.3. Pre-AMS Ways

6RPH�\HDUV�EDFN��ZH�GHYHORSHG�D�OLWWOH�V\VWHP�FDOOHG�6PDUW�&RQQHFW��WR�WUDQVIHU�WH[W�ILOHV�EHWZHHQ�RXU�3&
DQG�7,�LQ�ERWK�GLUHFWLRQV��2WKHUV��PRVW�QRWDEO\�'U��&KDUOHV�*RRG��FDPH�XS�ZLWK�RWKHU�ZD\V�RI�JHWWLQJ�WH[W
ILOHV�IURP�3&�WR�7,��+H�XVHG�)XQQHOZHE
V�/2$'�),/(�E\�VLPSO\�XVLQJ�D�ILOH�QDPH�OLNH�56����HWF��6WLOO�
WKHUH
V�DOZD\V�WKH�SUREOHP�WKDW�PDQ\�RI�WKH�ILOHV�IRXQG�RQ�3&V�DUH�PXFK�WRR�ODUJH�WR�ILW�LQWR�PHPRU\�RQ
WKH�7,��,Q�RXU�6PDUW�&RQQHFW�V\VWHP��ZH�XVHG�%DVLF�RQ�WKH�3&�WR�GR�WKH�VHQGLQJ�DQG�UHFHLYLQJ��DQG
DOORZHG�WKH�XVHU�DW�WKH�7,�WR�VWRS�QRZ�DQG�WKHQ�DQG�FKDQJH�ILOH�QDPHV��7KDW�ZRUNHG��EXW�LW�LVQ
W�UHDOO\�D
VRXQG�VROXWLRQ�

6R�LW�ZDV�FRQFOXGHG�WKDW�ZH�QHHGHG�VRPHWKLQJ�QHZ�WR�KDQGOH�WKH�UDWKHU�ODUJH�ILOHV�FUHDWHG�E\�&$.(�$6&�
8VLQJ�WKDW��HYHQ�IRU�IDLUO\�VKRUW�PXVLFDO�ZRUNV��FUHDWHV�ILOHV�LQ�WKH�����.E\WH�UDQJH��+DYLQJ�GRQH�IRXU
SURJUDPV�DOUHDG\�WKDW�XVH�WKH�$06�FDUG�WR�KDQGOH�ODUJH�DPRXQWV�RI�GDWD��WKH�DQVZHU�WR�KDQGOLQJ�WKH
$6&,,�ILOHV� IURP�&DNHZDON�ZDV�REYLRXV��:ULWH�D�SURJUDP� WKDW�ZRXOG�WDNH�ILOHV�RI�HQRUPRXV�VL]H� LQ
WKURXJK�WKH�56�����DQG�VWRUH�DOO�WKRVH�ILOH�UHFRUGV�LQ�WKH�PDQ\�SDJHV�RI�$06�PHPRU\�

+DYLQJ�KDG�WKLV�EUDLQVWRUP�OHG�ZLWKLQ�D�IHZ�GD\V�WR�D�SURJUDP�IRU�RXU�RZQ�XVH�RQO\��MXVW�WR�WDNH�WKRVH
&DNHZDON�$6&,,�ILOHV�RYHU�WKH����ZLUH�ULEERQ�FDEOH�EHWZHHQ�RXU�3&�DQG�7,��:LWK�WKH����.�$06�DYDLODEOH�
LW�ZDV�HDV\�WR�WDNH�D�����.E\WH�ILOH�RYHU�WKH�OLQH��2QFH�LW�ZDV�DOO�LQ�PHPRU\��RXU�OLWWOH�SURJUDP�ZRXOG
ZULWH�LW�RXW�WR�GLVN�LQ�SLHFHV�RI�DERXW����.E\WHV�HDFK��VR�WKDW�HDFK�ILOH�RQ�WKH�7,�VLGH�ZRXOG�EH�HGLWDEOH�YLD
WKH�)XQQHOZHE�HGLWRUV�RU�7,�:ULWHU��7KLV�ZRUNHG�ZHOO� DIWHU�ZH� UHPRYHG�D� FRXSOH�RI�EXJV��)RU� WKH
FRQYHUWHG�&DNHZDON�ILOHV��WKDW�ZDV�DOO�ZH�QHHGHG�

1.80.4. Once That Was Working. . .

$V�VR�RIWHQ�KDSSHQV�LQ�WKHVH�WKLQJV�ZH�GHYHORS�MXVW�IRU�RXU�RZQ�XVH��LW�RFFXUUHG�WR�XV�WKDW�ZLWK�VRPH�VOLJKW
FKDQJHV�LW�FRXOG�EH�PDGH�LQWR�D�PRUH�*HQHUDO�3XUSRVH�WRRO��VXLWDEOH�IRU�XVH�E\�/HZ�.LQJ�DQG�SHUKDSV
RWKHUV�LQ�WKH�7,�&RPPXQLW\�ZKR�KDYH�ERWK�7,�DQG�3&�FRPSXWHUV��+HUH
V�ZKHUH�WKDW��1HZ/LQH��TXHVWLRQ
FRPHV�LQWR�SOD\�

:KHQ�RQH�FDSWXUHV�RU�GRZQORDGV�WH[W�ILOHV�WKURXJK�WKH�,QWHUQHW�RU�IURP�D�%%6��WKH�ILOHV�XVXDOO\�FRQWDLQ
ZKDW�DUH�FDOOHG�1HZ/LQH�FKDUDFWHUV��7KHVH�DUH�QR�P\VWHU\��WKH\
UH�MXVW�/LQH�)HHGV�ZLWKRXW�D�&DUULDJH
5HWXUQ�� 3XWWLQJ� LQ� /LQH� )HHGV� >&+5�����@� PDNHV� LW� HDVLHU� WR� VHQG� WKHVH� ILOHV� WKURXJK� YDULRXV
FRPPXQLFDWLRQ�SDWKV�ZKHUH�&DUULDJH�5HWXUQV�VKRXOG�QRW�EH�VHQW�H[FHSW�WR�VLJQDO�WKH�HQG�RI�D�UHFRUG�

,Q�HGLWRU�SURJUDPV�OLNH�)XQQHOZHE��KRZHYHU��ZH�ZDQW�D�FDUULDJH�UHWXUQ�>&+5�����@�DV�WKH�HQG�RI�D�OLQH
DQG�DW�WKH�HQG�RI�D�ILOH�UHFRUG��,Q�VRPH�FDVHV��RQH�ILQGV�ILOHV�LQ�ZKLFK�WKHUH�DUH�ERWK�&DUULDJH�5HWXUQV�DQG
/LQH�)HHGV�XVHG�WRJHWKHU�DW�WKH�HQG�RI�D�OLQH��:KHQ�WKH�ILOH�LV�EHLQJ�EURXJKW�LQ�IURP�WKH�56������ZH�VLPSO\
WDNH�LW�DV�LW�FRPHV��DV�D�'�9����LQSXW��:KHQ�ZH
UH�ZULWLQJ�LW�RXW�WR�7,�GLVN�ILOHV��KRZHYHU��ZH�UXQ�HDFK
LQSXW�VWULQJ�WKURXJK�D��ILOWHU��SURFHVV�EHIRUH�LW�JRHV�WR�WKH�GLVN�ILOH�



7(;$6�,167580(176
+20(�&20387(5

1.80.5. The Filter Rules

(DFK�FKDUDFWHU�LQ�HDFK�VWULQJ�JHWV�H[DPLQHG�WR�VHH�LI�LW
V�D�&DUULDJH�5HWXUQ�RU�/LQH�)HHG��,I�LW
V�QHLWKHU�RI
WKRVH��LW�JRHV�RXW�XQFKDQJHG��,I�LW
V�D�FDUULDJH�UHWXUQ��LW�JHWV�FKDQJHG�WR�D�VSDFH��,I�LW
V�D�/LQH�)HHG���D�N�D�
1HZ/LQH��VHYHUDO�WKLQJV�KDSSHQ��)LUVW�� WKH�/LQH�)HHG�JHWV�FKDQJHG�WR�D�&DUULDJH�5HWXUQ��1H[W�� WKH
FXUUHQW�UHFRUG�XS�WR�DQG�LQFOXGLQJ�WKLV�&5�JHWV�VHQW�RXW�DV�D�UHFRUG�WR�WKH�RXWSXW�ILOH��WKHQ�WKH�UHPDLQGHU
RI�WKH�LQSXW�VWULQJ�JRHV�EDFN�WR�UHVXPH�WKH�ILOWHU�SURFHVV��,I�WKHUH�DUH�PRUH�/)V�ZLWKLQ�WKH�UHVW�RI�WKH
VWULQJ��WKLV�SURFHVV�UHSHDWV�XQWLO�DOO�RI�WKH�LQSXW�VWULQJ�KDV�EHHQ�H[DPLQHG�DQG�VHQW�RXW��,I�WKHUH�DUH�QR
/LQH�)HHGV�>DV�LQ�WKRVH�FRQYHUWHG�&DNHZDON�ILOHV@�WKHQ�HDFK�UHFRUG�����FKDUDFWHUV�RU�OHVV��JHWV�VHQW�WR�WKH
GLVN�ILOH�DV�LV��WKDW�LV�D�UHFRUG�ZLWK�LWV�RULJLQDO�OHQJWK�

1.80.6. The Editing Pro cess

+DYLQJ�WKLV�ILOWHU�LQ�WKH�SURJUDP�PDNHV�WKH�ILQDO�HGLWLQJ�SURFHVV�PXFK�HDVLHU��/HW
V�VD\��IRU�H[DPSOH��WKDW
ZKDW�ZRXOG�QRUPDOO\�EH�RQH�OLQH�LQ�D�WH[W�ILOH�ZLQGV�XS�VSOLW�EHWZHHQ�WZR�UHFRUGV�LQ�WKH�RXWSXW�ILOH��DQG
WKDW�WKHUH�ZDV�D�1HZ/LQH�DW�WKH�HQG�RI�WKH�VHFRQG�SDUW��,Q�)XQQHOZHE��ZH�FDQ�FRUUHFW�WKLV�YHU\�HDVLO\�E\
SXWWLQJ�WKH�FXUVRU�DW�WKH�VWDUW�RI�WKH�ILUVW�RI�WKRVH�WZR�OLQHV�DQG�SUHVVLQJ�CTRL 2��7KLV�ZLOO�UH�MRLQ�WR�WZR
OLQHV�LQWR�RQH�LI�SRVVLEOH��HQGLQJ�LWV�ZRUN�DW�WKH�&5�ZKLFK�ZDV�D�/)�LQ�WKH�RULJLQDO�ILOH��,I�WKH�VSOLW
KDSSHQHG�LQ�WKH�PLGGOH�RI�D�ZRUG��)XQQHOZHE�ZLOO�OHDYH�D�VSDFH�LQ�WKH�PLGGOH�RI�WKDW�ZRUG��ZKLFK�\RX
OO
KDYH�WR�GHOHWH�ZLWK�FCTN 1��,I�D�OLQH�HQGHG�XS�ZLWK�OHDGLQJ�VSDFHV�LQ�IURQW�RI�LW��WKRVH�OHDGLQJ�VSDFHV�FDQ
EH�UHPRYHG�E\�MXVW�SUHVVLQJ�CTRL 2�ZLWK�WKH�FXUVRU�RQ�WKDW�OLQH��,Q�VKRUW��KDYLQJ�&5V�ZKHUH�WKRVH�/)V
XVHG�WR�EH�PDNHV�FOHDQLQJ�XS�WKH�ILOH�ZLWK�)XQQHOZHE
V�7H[W�(GLW�PXFK�HDVLHU�

Today's Sidebar

7KH�6LGHEDU�WRGD\�LV�D�SRUWLRQ�RI�WKH�VRXUFH�FRGH�IURP�WKH�RXWSXW�SDUW�RI�WKH�SURJUDP��,W�VKRZV�WKH
ILOWHULQJ�SURFHVV�DQG�WKH�PHDQV�XVHG�WR�ZULWH�RXW�SDUW�RI�DQ�LQSXW�UHFRUG�ZKHQ�ZH
YH�IRXQG�WKDW�/)
FKDUDFWHU��,W
V�IXOO\�DQQRWDWHG��VR�ZH�SUREDEO\�GRQ
W�QHHG�WR�GLVFXVV�LW�LQ�GHWDLO�KHUH�

1.80.7. The Disk Is Available

7KH�GLVN�WKDW�KDV�WKLV�SURJUDP�LV�DYDLODEOH�HLWKHU�IURP�PH�RU�IURP�/LPD�IRU�RQO\��������,W
V�3XEOLF
'RPDLQ��VR�\RX�PD\�DOVR�ILQG�D�IULHQG�ZKR�FDQ�PDNH�\RX�D�FRS\�RU�JHW�LW�IURP�\RXU�8VHU�*URXS
V�OLEUDU\�
,W
V�66�6'�IRUPDW��VR�HYHQ�WKRVH�ZLWK�RQO\�VLQJOH�VLGHG�GULYHV�FDQ�XVH� LW��$V�XVXDO�WKH�GLVN�FRQWDLQV
FRPSOHWH�LQVWUXFWLRQV��D�/2$'�SURJUDP�WR�UXQ�LW�IURP�;%�LI�QHHGHG��DQG�DQ�;%�SURJUDP�WR�SULQW�WKH
LQVWUXFWLRQV�IRU�\RX�

1RWH��&DNHZDON�LV�D�UHJLVWHUHG�WUDGHPDUN�RI�7ZHOYH�7RQH�6\VWHPV��,QF�



The Cyc: MICROpendium

* SIDEBAR 80
* PART OF OUR TRANSFER PROGRAM
* SOURCE CODE - NOT A COMPLETE PROGRAM
*
* THIS PART SAVES THE STRINGS FROM MEMORY
* INTO A SERIES OF DISK FILES
* IT USES NUMEROUS SUBROUTINES (NOT SHOWN)
* COMPLETE SOURCE IS ON THE TRANSFER P.D. DISK
*
* PUBLIC DOMAIN
* CODE BY Bruce Harrison
*
SAVE   MOV  @AMSFLG,R4   AMS IN USE?
       JEQ  SAVEN        IF NOT, JUMP
*
* IF AMS IS IN USE, THE STUFF BELOW
* RECORDS THE HIGHEST GROUP NUMBER THAT
* HAS CONTENT, THEN RESETS TO GROUP 1
* TO START THE OUTPUT FILES.
*
       MOV  @CURGRP,@HIGRP HIGHEST USED = CURRENT GROUP
       LI   R12,1        GROUP 1 (PAGES 4 THRU 9)
       BLWP @SETGRP      SET TO THAT GROUP
SAVEN  BL   @CLS         CLEAR SCREEN
       LI   R0,10*32+4   ROW 11, COL 5
       LI   R1,SPMSTR    SAVE NAME PROMPT
       BL   @DISSTR      DISPLAY
*
* THE SECTION STARTING AT SAV2 ACCEPTS FIRST OUTPUT
* FILE NAME FOR THE SERIES
*
SAV2   LI   R0,12*32+1   ROW 13, COL 2
       LI   R1,OUTPAB+9  OUTPUT FILE NAME STRING
       BL   @DISSTR      DISPLAY
       BL   @ACCEPT      ACCEPT FILE NAME
       DATA 12*32+1,30,0,OUTPAB+9
       MOV  R2,R2        NAME LENGTH 0?
       JEQ  SAV2         IF SO, TRY AGAIN
       CI   R8,15        FCTN-9 PRESSED?
       JEQ  EXIT2        IF SO, EXIT PROGRAM
       BL   @CLOSE       CLOSE INPUT FILE
       LI   R0,PABLOC    PAB VDP ADDR IN R0
       BL   @DSROP2      OPEN OUTPUT FILE
       JNE  LDR9         JUMP IF NO ERROR
       LI   R0,22*32+2   ROW 23, COL 3
       LI   R1,FNOSTR    "FILE DID NOT OPEN"
       BL   @DISSTR      DISPLAY
       BL   @KEYHNK      HONK & AWAIT KEYPRESS
       LI   R2,32        32 BYTES
       BL   @CLFLD       ERASE ERROR MESSAGE LINE
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       JMP  SAV2         TRY AGAIN
LDR9   MOV  @WREFLG,R4   HAS THERE BEEN A WRITING ERROR?
       JEQ  LDR9A        IF NOT, JUMP
       MOV  @SAVR3,R9    GET OLD VALUE R9 BACK
       CLR  @WREFLG      CLEAR THE FLAG
       MOV  R9,R6        STASH R9 IN R6
       JMP  SAV6         JUMP AHEAD
LDR9A  LI   R9,>A000     START OF HIGH MEM
LDR9B  MOV  R9,R6        STASH R9 IN R6
       CLR  @PTTFLG      NOT PART TWO
SAV6   MOV  @PTTFLG,R4   IN PART 2?
       JNE  SAV6A        JUMP IF SO
SAV61  CI   R9,>D000     HALFWAY THROUGH HI MEM?
       JLT  SAV6A        SKIP IF LESS
       JMP  INCSAV       ELSE START NEW FILE
SAV6A  MOVB *R9+,R2      STRING LENGTH TO R2
       CB   R2,@NOKEY    IS THAT >FF?
       JEQ  NMSAVE       IF SO, JUMP
SAV6B  LI   R0,PABLOC+5  POINT AT PAB VDP ADDR +5
       MOVB R2,R1        LENGTH IN R1
       BLWP @VSBW        WRITE TO PAB+5 IN VDP
       SRL  R2,8         RT JUST R2
       MOV  R9,R1        MOVE R9 POINTER TO R1
       MOV  R9,R3        AND TO R3
       MOV  R2,R4        COPY LENGTH TO R4
*
* THE SECTION STARTING AT CMPLF IS THE
* "FILTER" THAT CHECKS FOR CR AND LF AND
* TAKES ACTION IF FOUND
*
CMPLF  CB   *R3,@LFBYTE  LINE FEED?
       JNE  CMPCR        IF NOT, JUMP
       MOVB @ENTERV,*R3  PUT CR THERE
       B    @PTREC       THEN WRITE PARTIAL STRING AS RECORD
CMPCR  CB   *R3,@ENTERV  CARRIAGE RETURN?
       JNE  SVINC3       ELSE JUMP
       MOVB @ANYKEY,*R3  PUT SPACE THERE
SVINC3 INC  R3           NEXT BYTE OF STRING
       DEC  R4           DEC LENGTH
       JGT  CMPLF        RPT IF >0
SAV7A  LI   R0,P2BUF     VDP OUTPUT BUFFER
       BLWP @VMBW        WRITE STRING THERE
SAV7   A    R2,R9        ADD LENGTH TO POINTER
SAV8   LI   R0,PABLOC    0TH BYTE IN PAB
       MOVB @WRITEF,R1   WRITE RECORD OPCODE
       BLWP @VSBW        WRITE TO VDP
       BL   @DSROP4      PERFORM DSR OPERATION
       JNE  SAV6         IF NO ERROR, REPEAT
WRTERR BL   @CLOSE       CLOSE FILE
       LI   R1,SVESTR    "SAVE ERROR"



The Cyc: MICROpendium

SHWWRE LI   R0,22*32+2   ROW 23, COL 3
       BL   @DISSTR      DISPLAY
       BL   @KEYHNK      SEND "HONK", AWAIT KEY
       LI   R2,32        32 BYTES
       BL   @CLFLD       CLEAR AWAY MESSAGE
       MOV  R6,@SAVR3    STASH AWAY R6
       SETO @WREFLG      SET WRITE ERROR FLAG
       B    @SAV2        BACK TO FILE NAME
NMSAVE MOV  @AMSFLG,R4   AMS IN USE?
       JEQ  QUTSAV       IF NOT, JUMP
       MOV  @CURGRP,R12  CURRENT GROUP IN R12
       INC  R12          NEXT GROUP
       C    R12,@MAXGRP  CHECK MAXIMUM
       JGT  QUTSAV       IF GREATER, OUT OF HERE
       C    R12,@HIGRP   CHECK HIGHEST GROUP USED
       JGT  QUTSAV       IF GREATER, OUT OF HERE
       BLWP @SETGRP      SET NEW GROUP
       LI   R9,>A000     POINTER TO START
INCSAV MOV  R9,R6        STASH IN R6
       BL   @CLOSE       CLOSE CURRENT FILE
       BL   @INCNAM      INCREMENT NAME
       INV  @PTTFLG      INVERT PART TWO FLAG
       BL   @DSROP2      OPEN NEW FILE
       JNE  GOSAV6       JUMP IF NO ERROR   G
       BL   @CLOSE       CLOSE EVEN IF NOT OPEN
       LI   R1,FNOSTR    FILE DIDN'T OPEN
       JMP  SHWWRE       ISSUE ERROR
GOSAV6 JMP  SAV6         BACK TO SAV6
QUTSAV BL   @CLOSE       CLOSE FILE
       B    @MENU        BACK TO START
*
* SECTION STARTING AT PTREC TAKES THE
* PART OF THE CURRENT RECORD UP TO AND
* INCLUDING THE NEW LINE (NOW A CR)
* OUT AS A SEPARATE DISK RECORD
*
PTREC  INC  R3           PAST THE LF (NOW CR)
       DEC  R4           DEC COUNT
       JGT  PTREC1       IF >0, JUMP
*
* IF R4 HAS BECOME 0 HERE, THE CR IS AT THE END
* OF THE INPUT FILE RECORD, SO WE CAN PROCEED
* TO SEND AND THEN MOVE ON TO NEXT RECORD IN
* THE MEMORY
*
       B    @SAV7A       ELSE WRITE RECORD
PTREC1 MOV  R3,R7        R3 TO R7
       S    R9,R7        SUBTRACT R9 - R7=LENGTH
       MOV  R7,R2        COPY R7 TO R2
       LI   R0,PABLOC+5  PAB LENGTH BYTE
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       SWPB R7           LEN IN HIGH BYTE
       MOVB R7,R1        COPY TO R1
       BLWP @VSBW        WRITE LENGTH TO PAB
       LI   R0,P2BUF     OUTPUT BUFFER
       MOV  R9,R1        R1=START OF CONTENT
       BLWP @VMBW        WRITE TO VDP BUFFER
       LI   R0,PABLOC    0TH BYTE OF PAB
       MOVB @WRITEF,R1   WRITE OPCODE
       BLWP @VSBW        WRITE THAT
       BL   @DSROP4      OUTPUT TO FILE
       JNE  PTREC2       JUMP IF NO ERROR
       B    @WRTERR      ELSE TO ERROR REPORT
PTREC2 MOV  R3,R9        R3 TO R9 POINTER
       MOV  R4,R2        R2=REMAINING LENGTH
       SWPB R2           IN LEFT BYTE R2
       B    @SAV6B       BACK TO MAIN PROCESS
* HERE, THE PROCESS RE-ENTERS THE MAIN
* PART TO PROCESS THE REST OF THE INPUT
* RECORD
*
* THAT'S IT
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1.81. The Art Of Assembly — Part 81. Strange Happenings

%\�%UXFH�+DUULVRQ

1RZ�WKDW�ZH
UH��FRQQHFWHG��WR�WKH�UHVW�RI�WKH�ZRUOG�YLD�RXU�EHORYHG�7DQG\������6;�3&��DQG�HYHQ�KDYH�DQ
(�PDLO�DGGUHVV��ZH�FDQ�H[SHULHQFH�WKLQJV�WKDW�QHYHU�KDSSHQHG�WR�XV�EHIRUH��,I�\RX�GRQ
W�NQRZ�ZKDW�D
7DQG\������6;�LV��SHUKDSV�D�OLWWOH�VWRU\�ZLOO�PDNH�LW�FOHDU�

,Q�D�SKRQH�FRQYHUVDWLRQ�ZLWK�RXU�IULHQG�-RKQ�%XOO��ZH�GHVFULEHG�RXU�3&�DV�EHLQJ�D��VWRQH�DJH��PRGHO��-RKQ
DVNHG�LI�WKDW�PHDQW�LW�ZDV�D���������"�7U\�������,�JXHVV�LW�VD\V�VRPHWKLQJ�DERXW�WKH�3&�EXVLQHVV�WKDW�-RKQ
ZRXOG�WKLQN�P\�H[SUHVVLRQ��VWRQH�DJH��ZRXOG�PHDQ�D������/DWHU�LQ�WKH�VDPH�SKRQH�FDOO��-RKQ�DJUHHG�ZLWK
P\�SXWWLQJ�WKH�����LQ�WKH��EURQ]H�DJH���2I�FRXUVH�ZKHQ�ZH�ERXJKW�WKDW�7DQG\������6;�EUDQG�QHZ��LW�ZDV
WKH��ODWHVW�DQG�JUHDWHVW��3&��,Q�OHVV�WKDQ�D�\HDU�LW�ZDV�EHFRPLQJ�REVROHWH�

+DG�DQ�(�PDLO�IURP�6WHSKHQ�6KDZ��UHFHLYHG�RYHU�WKDW�VDPH��VWRQH�DJH��7DQG\��WHOOLQJ�KRZ�KLV�WKUHH�\HDU
ROG�3&�LV�WRR�ROG�QRZ��DQG�FDQ
W�UXQ�DQ\�RI�WKH�QHZO\�UHOHDVHG�VRIWZDUH��/XFNLO\�IRU�XV��ZH
YH�VWLOO�JRW�DOO
WKDW��VWRQH�DJH��VRIWZDUH�IRU�RXU�3&��DQG�LW�VWLOO�GRHV�ZKDW�ZH�ZDQW�LW�WR�GR��:RQ
W�UXQ�:LQGRZV��70���5�
RI�FRXUVH��DQG�ZRQ
W�VXSSRUW�1HWVFDSH��RU�UXQ�3&����EXW�LW
V�VWLOO�D�XVHIXO�DQG�UHOLDEOH�WRRO��0RVW�RI�WKH
WLPH�LW�LV��DQ\ZD\�

1.81.1. But We Digress. . .

1RZ�WKDW�ZH
UH��FRQQHFWHG���ZH�JHW�WR�H[SHULHQFH�DOO�WKH�JRRG�WKLQJV�RI�,QWHUQHW�DFFHVV��DQG�VRPH�RI�WKH
EDG�WKLQJV��WRR��:H�FDQ�QRZ�FDSWXUH�WH[W�IURP�WKH�,QWHUQHW�RQWR�RXU�3&
V�KDUG�GULYH�E\�WKH�WRQ��7KLV
FUHDWHV�WZR�SUREOHPV��)LUVW��ZKDW�DUH�ZH�WR�GR�ZLWK�LW�DOO��6RPH�RI�LW�FDQ�EH�UHDG�RQ�WKH�VFUHHQ�XVLQJ�WKH
7<3(�ZLWK�025(�FRPPDQG��EXW�WKDW�JHWV�WLUHVRPH��:H�FDQ�SULQW�LW�RXW��EXW�WKHQ�ZKHUH�GR�ZH�VWRUH�DOO
WKDW�SDSHU"�,Q�MXVW�D�IHZ�GD\V�ZH
UH�DOUHDG\�VXIIHULQJ�VRPH�LQIRUPDWLRQ�RYHUORDG�

7KHQ�WKHUH�DUH�WKRVH��)UDPHV���0DQ\�RI�WRGD\
V�ZHE�VLWHV�VHHP�WR�FRQVLVW�RI�WKHP��DQG�WKHVH�VLWHV�DOZD\V
UHPLQG�XV�WKDW�ZH�FDQ
W�KDQGOH�WKHP��,Q�PDQ\�VXFK�FDVHV��ZH
UH�RIIHUHG�D�GRZQORDG�RI�D�QHZ�EURZVHU��:H
NQRZ�EHWWHU�WKDQ�WR�WU\�WDNLQJ�RQH�RI�WKRVH�RIIHUV��)RU�RQH�WKLQJ��WKHUH�DUH�RQO\�DERXW���0HJDE\WHV�OHIW
RQ�RXU����0HJDE\WH�KDUG�GULYH��DQG�WKDW
V�PRVW�OLNHO\�QRW�QHDU�HQRXJK�IRU�DQ\�EURZVHU�ZH
UH�RIIHUHG��$OVR�
RI�FRXUVH��WKH�SUHIHUUHG�EURZVHU�ZLOO�H[SHFW�XV�WR�EH�UXQQLQJ�XQGHU�VRPH�YHUVLRQ�RI�:LQGRZV��1R�ZD\�
-RVH�

6WLOO��HYHQ�DV�D�97����WHUPLQDO�HPXODWLRQ��WKHUH�DUH�VRPH�JRRG�GHDOV�RXW�WKHUH��:H�IRXQG�D�VLWH�ZLWK
WKRXVDQGV�RI�0,',�ILOHV�DYDLODEOH�IRU�GRZQORDG��DQG�WRRN�VRPH�RI�WKRVH��0DQ\�RI�WKHP�ZRUNHG�RND\�ZLWK
&DNHZDON��70��DQG�SOD\HG�SUHWW\�QLFHO\�RQ�RXU�QHZ�&DVLR�NH\ERDUG��%XW�WKHQ�WKHUH�ZHUH�VRPH�WKDW�VHQW
�P\VWHU\��FRQWURO�FRGHV�WR�WKH�&DVLR��DQG�DIWHU�D�ZKLOH�WKHVH��ORFNHG�XS��RXU�NH\ERDUG��:H�GRQ
W�NQRZ�ZK\�
*HWWLQJ�WKH�0,',�NH\ERDUG�XQORFNHG�UHTXLUHG�UHPRYLQJ�LWV�EDWWHU\�SRZHU��OHWWLQJ�LW�VLW�RYHUQLJKW��WKHQ
VHQGLQJ�LW�VRPH�PXVLF�IURP�0,',�0DVWHU�RQ�WKH�7,��(YHQ�WKHQ��/RU\�IRXQG�VRPH�FKDQQHOV�QRW�UHVSRQGLQJ�
6KH�ZRXQG�XS�VHQGLQJ�D��UHVHW�DOO�FRQWUROOHUV��FRGH�WR�HDFK�DQG�HYHU\�FKDQQHO��7KDW�ZRUNHG�SHUIHFWO\��DQG
DIWHU�WKDW�ZH�FRXOG�DJDLQ�XVH�LW�ZLWK�&DNHZDON�RQ�WKH�3&��SURYLGHG�ZH�GLGQ
W�SOD\�DQ\�RI�WKRVH�GRZQORDGHG
0,',�ILOHV�
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1.81.2. And Then Came E-mail

6KRUWO\�DIWHU�JHWWLQJ�HTXLSSHG�WR��EURZVH��YLD�D�VHUYLFH�SURYLGHG�E\�WKH�0DU\ODQG�3XEOLF�/LEUDU\�V\VWHP�
ZH�IRXQG�RXU�ZD\�WR�+RWPDLO��HVWDEOLVKHG�RXU�(�0DLO�KRRNXS��DQG�RSHQHG�\HW�DQRWKHU�3DQGRUD
V�ER[�
(�PDLO�QRZ�DUULYHV�IURP�YDULRXV�SHRSOH�RQ�D�UHJXODU�EDVLV��6HHPV�HYHU\�GD\�WKHUH�DUH�QHZ�PHVVDJHV�LQ
RXU�LQ�ER[�WKDW�PXVW�EH�GHDOW�ZLWK��0RVW��IRUWXQDWHO\��DUH�RI�D�QDWXUH�WKDW�WKH\�FDQ�EH�UHDG�RQFH�RU�WZLFH
DQG�WKHQ�GHOHWHG��%XW�ZKDW�RI�WKH�RWKHUV"�6WHSKHQ�6KDZ�VHQW�ZKDW�KH
G�SUHYLRXVO\�GRQH�E\�UHJXODU�PDLO�
-XVW�WKUHH�SDJHV�RU�VR��EXW�QRW�VRPHWKLQJ�,
G�WKURZ�DZD\��+RWPDLO
V�KHOS�VFUHHQV�DUH�QRW�WKH�PRVW�KHOSIXO�
,I� ,�ZDQW�WR�GRZQORDG�6WHSKHQ
V� OHWWHU�WR�P\�RZQ�KDUG�GULYH�� ,� ILQG�WKH�PHQXV�RQ�+RWPDLO� JLYH�QR
LQGLFDWLRQ�KRZ�WR�GR�WKDW��7KH�RQO\�WLPH��GRZQORDG��LV�PHQWLRQHG�DQ\ZKHUH�RQ�DQ\�RI�WKHLU�GLVSOD\V�LV�WR
RIIHU�PH�D�EURZVHU��2I�FRXUVH�VLQFH�+RWPDLO�LV�D�0LFURVRIW�VHUYLFH��JXHVV�ZKRVH�EURZVHU�WKDW�ZRXOG�EH�
DQG�JXHVV�ZKDW�RSHUDWLQJ�V\VWHP�LW�ZRXOG�QHHG��%LOO�*DWHV�UXOHV�WKH�ZRUOG��$FWXDOO\�WKHUH�LV�RQH�WKLQJ�,
FDQ�GRZQORDG�IURP�+RWPDLO��0LFKDHO�%HFNHU�VHQW�DQ�H�PDLO�ZLWK�DQRWKHU� ILOH�DWWDFKHG��,Q�WKDW�FDVH�
+RWPDLO�RIIHUV�WKH�RSWLRQ�RI�GRZQORDGLQJ�WKH�DWWDFKHG�ILOH��7RRN�PH�WKUHH�WULHV�WR�JHW�LW�ULJKW��EXW�,�GLG
PDQDJH�WR�GRZQORDG�WKDW�ILOH�

,Q�PDQ\�VXFK�FDVHV��,�FRQVXOW�ZLWK�/HZ�.LQJ��%\�RUGLQDU\�YRLFH�SKRQH��WKDW�LV��/HZ�FDQ�XVXDOO\�KHOS�RXW
YHU\�TXLFNO\�WKDW�ZD\��DQG�ZH�FDQ�UHDFK�D�PXWXDO�XQGHUVWDQGLQJ�RI�ZKDW�ZH
UH�WDONLQJ�DERXW�PXFK�PRUH
HDVLO\�ZKHQ�ZH
UH�WDONLQJ��DV�RSSRVHG�WR�ZULWLQJ�(�0DLO�EDFN�DQG�IRUWK��6WLOO��WKH�SKRQH�ELOO�LVQ
W�DIIHFWHG
E\�(�0DLO��EXW�WKRVH�KDOI�KRXU�FRQYHUVDWLRQV�FDQ�DGG�XS��%\�WKH�ZD\��LI�\RX�FDQ�KHOS��WKDW�(�PDLO�DGGUHVV
LV��URWWHQFDW��#KRWPDLO�FRP��6HHPV�URWWHQFDW�ZDV�DOUHDG\�WDNHQ��VR�ZH�DGGHG�����D�OXFN\�QXPEHU"��WR
KDYH�RXU�RZQ�XQLTXH�DGGUHVV��7KLV�SUREDEO\�SURYHV�WKDW�ZH
UH�QRW�WKH�RQO\�SHRSOH�ZLWK�(�PDLO�ZKR�KDYH
D� URWWHQ� FDW�� 0\� SDUWQHU�� 'RORUHV� 3�� :HUWKV�� KDV� KHU� YHU\� RZQ� (�0DLO� DGGUHVV�
/RU\VPDQGROLQ#KRWPDLO�FRP�

1.81.3. The List Server Saga

7KDQN�\RX�7RP�:LOOV�IRU�SURYLGLQJ�WKH�7,���OLVW�VHUYHU��7KLV�LV�D�YDOXDEOH�VHUYLFH�WR�WKH�FRPPXQLW\��:H�
KRZHYHU��KDG�VRPH�WURXEOH�JHWWLQJ�VWDUWHG�ZLWK�LW��,Q�IDFW��DV�ZH�ZULWH�WKLV��ZH
UH�VWLOO�QRW�VXEVFULEHG��2Q
RXU�ILUVW�DWWHPSW�ZH�SXW�D�K\SKHQ�EHWZHHQ�7,�DQG�����:521*��,W�KDV�WR�EH�MXVW�7,����:H
YH�WULHG�WZLFH
PRUH��EXW�DOO�ZH
YH�JRWWHQ�LV�UHWXUQ�H�PDLO�IURP�PDMRUGRPR#7KH5LYHU�FRP��(DFK�WLPH�WKLV�OHW�XV�NQRZ
WKDW�ZH�ZHUH�QRW�VXEVFULEHG��6LQFH�ZH�GLGQ
W�JHW�DQ\WKLQJ�IURP�7,���ZH�FRXOG�VRUW�RI�ILJXUH�WKDW�RXW�

2Q�RXU�IRXUWK�WU\�ZH�JRW�HYHU\WKLQJ�ULJKW��DQG�JRW�VXEVFULEHG�RQ�WKH�/LVW�6HUYHU��/LNH�WKH�,QWHUQHW�LWVHOI�
WKLV�LV�D�PL[HG�EOHVVLQJ��<HV��VRPH�YDOXDEOH�VWXII�VKRZV�XS�WKHUH��EXW�RQH�KDV�WR�UHDG�D�ORW�RI�OHVV�YDOXDEOH
VWXII�WR�VRUW�LW�RXW�

%XW�WKHQ�WKDW
V�OLIH��2QH�RI�RXU�8�6��6HQDWRUV�KHUH�LQ�0DU\ODQG�KDV�ORWV�RI�VWXII�RQ�KHU�ZHE�VLWH��LQFOXGLQJ
KHU�IDYRULWH�UHFLSH�IRU�FUDE�FDNHV���0DU\ODQG�LV�IRU�&UDEV���ZK\�HOVH�ZRXOG�,�OLYH�KHUH"��7KHUH
V�RQH�RWKHU
FRPSODLQW�ZKLOH�,
P�EHLQJ�D�0DU\ODQG�FUDE��6RPH�SHRSOH�GRQ
W�DQVZHU�WKHLU�(�0DLO��2I�FRXUVH�VRPH�GRQ
W
DQVZHU�UHJXODU�SDSHU�PDLO�HLWKHU��0DLQO\�WKH�QRQ�DQVZHUV�KDYH�EHHQ�SHRSOH�RXWVLGH�WKH�7,�UHDOP��7KH
7,�SHRSOH�KDYH�EHHQ�YHU\�JRRG�DERXW�UHVSRQGLQJ��VRPHWLPHV�ZLWK�PRUH�WH[W�WKDQ�QHFHVVDU\��EXW�DW�OHDVW
WKH\�UHVSRQG��2I�FRXUVH�LW
V�HDVLHU�LI�,�JHW�WKHLU�DGGUHVVHV�ULJKW�RQ�WKH�RXWJRLQJ�
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,W
V�YHU\�HDV\�ZRUNLQJ�IURP�D�SULQWHG�VRXUFH�WR�PLVWDNH�D����QXPEHU��IRU�DQ�O��ORZHUFDVH�/���6XFK�PLVWDNHV
FDXVH�PXFK�JULHI��DQG�RI�FRXUVH�WKH�WZR�FKDUDFWHUV�DUH�MXVW�DV�KDUG�WR�WHOO�DSDUW�RQ�WKH�FRPSXWHU�VFUHHQ
DV�LQ�SULQW���0D\EH�HYHQ�PRUH�VR��

1.81.4. The Other Penalty

$V�WKLV�LV�ZULWWHQ��LW
V�EHHQ�DERXW�D�ZHHN�VLQFH�ZH�VWDUWHG�JHWWLQJ�LQWR�WKH�,QWHUQHW��DQG�OHVV�WKDQ�WKDW�VLQFH
ZH
YH�KDG�H�PDLO��<RXU�DXWKRU�KDV�QRW�ZULWWHQ�D�VLQJOH�OLQH�RI�VRXUFH�FRGH�LQ�WKDW�SHULRG��7KHUH
V�D�SURMHFW
�LQ�ZRUN��IRU�\HW�DQRWKHU�QHZ�SURJUDP�IRU�RXU�EHORYHG�7,��EXW�QRZ�WKDW�ZH
UH�EXV\��EURZVLQJ��ZHE�VLWHV
DQG�VHQGLQJ�UHFHLYLQJ�H�PDLO��QRW�RQH�ORXV\�OLQH�RI�VRXUFH�KDV�PDGH�LW�LQWR�WKH�SURMHFW��0D\EH�RQ�6DWXUGD\
QLJKW��7RGD\�KDSSHQV�WR�EH�D�)ULGD\��DQG�ZH�GRQ
W�ZDQW�WR�PLVV�WKLV�ZHHN
V� UH�UXQ�RI�6DEULQD��7KH
7HHQDJH�:LWFK��:H�GRQ
W�ZDWFK�LW�IRU�6DEULQD��EXW�IRU�6DOHP�WKH�FDW��ZKR�KDV�DOO�WKH�EHVW�OLQHV��:H
YH
QHYHU�KDG�D�FDW�WKDW�FRXOG�WDON��EXW�KDYH�KDG�FDWV�WKDW�ZHUH�WUXO\�DV��ZLVHDFUH��DV�6DOHP�

6WLOO��RQ�WKH�LQWHUQHW�ZH�FDQ�YLVLW�WKH�)HUPL�/DERUDWRU\�DQG�OHDUQ�DERXW�IXQGDPHQWDO�SDUWLFOHV�RI�PDWWHU�
SDUWLFOH�DFFHOHUDWRUV��PHWKRGV�IRU�GHWHFWLQJ�VXE�DWRPLF�SDUWLFOHV��WKH�UHODWLRQVKLSV�EHWZHHQ�DVWURQRP\
DQG�SK\VLFV��HWF��HWF��HWF��2XU�ER\�-HDQ�*X\�FDQ�YLVLW�D�ZHEVLWH�WKDW
V�DOO�DERXW�6SDZQ��DQG�VSHQG�KRXUV
UHDGLQJ�XS�RQ�KLV�IDYRULWH�DFWLRQ�KHUR�

1R��WKHUH
V�QR�6LGHEDU�WKLV�WLPH��$XWKRUV�ZKR�KDYHQ
W�GRQH�DQ\�VRXUFH�FRGH�GRQ
W�KDYH�6LGHEDUV��6KDPH
RQ�PH��1H[W�WLPH�,�3520,6(�����
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1.82. The Art Of Assembly — Part 82. Click On Icon Again

%\�%UXFH�+DUULVRQ

,W
V�EHHQ�DQ�H[FLWLQJ�IHZ�ZHHNV�VLQFH�ZH�ZURWH�3DUW����RI�WKH�VHULHV��'XULQJ�WKDW�WLPH��ZH�ERXJKW�D
EUDQG�QHZ�3&��RI�WKH��PRGHUQ��YDULHW\��ZLWK�&\UL[�����SURFHVVRU�����0HJDE\WHV������*LJDE\WHV�+DUG
'ULYH����;�&'�520�GULYH��HWF��&DPH�ZLWK�:LQGRZV����DQG�D�ZKROH�EXQFK�RI�RWKHU�VWXII�SUH�ORDGHG�RQ
WKH�+DUG�'ULYH�

:LWK�WKH�QHZ�PDFKLQH��ZH
YH�JRWWHQ�FRQQHFWHG�WR�$PHULFD�2QOLQH��JRW�D�QHZ�H�PDLO�DGGUHVV��QHZ�DQG
EHWWHU�FDSDELOLWLHV�IRU�VHQGLQJ�DQG�UHFHLYLQJ�H�PDLO��DQG�D�ZKROH�QHZ�RXWORRN�RQ�WKH�ZRUOG�RI�WKH�3&�LQ
LWV�SUHVHQW�HYROXWLRQ��2I�FRXUVH�EHLQJ�WKH�SHVVLPLVW�WKDW�,�DP��,
P�TXLWH�FHUWDLQ�WKLV�PRGHO�ZLOO�EH�UHQGHUHG
REVROHWH�VRRQ�DIWHU�WKH�FUHGLW�FDUG�FKDUJHV�DUH�SDLG�RII��EXW�IRU�WKH�SUHVHQW��LW
V�ZRQGHUIXO�

%HIRUH�ZH�ERXJKW�WKLV�PDFKLQH��,�KDG�WULHG�FRPSXWHUV�ZLWK�WKH�*8,�FRQFHSW�WZLFH�EHIRUH��2QFH�RQ�D
0DF,QWRVK�DW�WKH�RIILFH��DQG�RQFH�RQ�D�:LQGRZV�3&�DW�WKH�OLEUDU\��7KH\�P\VWLILHG�PH��,�ZDV�VXUH�LW�ZRXOG
WDNH�PH�D�ORQJ�WLPH�WR�OHDUQ�WR�XVH�:LQGRZV�����:521*��,W�WRRN�PH�YHU\�OLWWOH�WLPH�WR�JHW�XVHG�WR�WKH
�FOLFN�RQ�LFRQ��LGHD��DQG�QRW�PXFK�ORQJHU�WR�EHFRPH�DW�HDVH�ZLWK�WKH�QHZ�FRPSXWHU��<HV��WKHUH�DUH�WKLQJV
,�GRQ
W�OLNH��,W�WDNHV�TXLWH�D�ZKLOH�WR�ERRW�XS��EXW�RI�FRXUVH�WKH�7,�LV�NLQG�RI�D��VSRLOHU��LQ�WKDW�UHVSHFW��7KH
VHFRQG�WKLQJ�,�GRQ
W�OLNH�LV�KDYLQJ�WR�JR�WKURXJK�D��VKXWGRZQ��SURFHGXUH�EHIRUH�WXUQLQJ�LW�RII��:LWK�WKH
7,�,�FDQ�MXVW�SRZHU�LW�GRZQ�DQ\�WLPH��:LWK�WKH�7DQG\�������,�GLG�KDYH�WR�SDUN�WKH�KDUG�GULYH��EXW�,�XVHG
D�EDWFK�ILOH�IRU�WKDW��VR�LW�ZDV�MXVW�W\SLQJ�WKH�IRXU�OHWWHUV�3$5.�ENTER�WR�JHW�UHDG\�IRU�WKH�2))�SRVLWLRQ�
7KH�QHZ�RQH�&$1�MXVW�EH�SRZHUHG�GRZQ��EXW�LW�UHPHPEHUV�WKDW�\RX�GLG�WKDW�DZIXO�WKLQJ��DQG�RQ�WKH�QH[W
SRZHUXS�LW�FKDVWLVHV�\RX�IRU�WKDW�HYLO�DFW�DQG�FKHFNV�WKH�KDUG�GULYH�IRU��GDPDJH���7KDW�PDNHV�ERRW�XS�WDNH
ORQJHU��VR�WKH�PDFKLQH�JHWV�HYHQ�ZLWK�PH�IRU�WKH�WLPH�,�VDYHG�E\�MXVW�WXUQLQJ�LW�RII�

'RQ
W�JHW�PH�ZURQJ��WKRXJK��,
P�VWDUWLQJ�WR�UHDOO\�ORYH�WKH�QHZ�PDFKLQH��$PRQJ�RWKHU�WKLQJV��ZH�FRXOG
YLVLW�WKH�08*���ZHE�VLWH�DQG�VHH�DOO�WKRVH�YHU\�QLFH�SLFWXUHV��:H�FRXOG�GRZQORDG�D�VHOHFWHG�VXEVHW�RI�WKHP
DQG�HQMR\�WKHP�DQ\�WLPH��:LWK�D�OLWWOH�KHOS�IURP�$2/��ZH�ZHUH�DEOH�WR�FUHDWH�WZR�ZHE�VLWH�RI�RXU�YHU\
RZQ�

http://members.aol.com/rottencat1/homepage.html
http://members.aol.com/flatpickin/loryspage.html

7KH�ILUVW�RI�WKHVH�LV�FDOOHG�7KH�$VVHPEO\�*XUX��QDPHG�IRU�\RXU�DXWKRU��$PRQJ�RWKHU�WKLQJV�LW�KDV�OLQNV
WR�SDJHV�IXOO�RI�YDULRXV�NLQGV�RI�VRIWZDUH�SURGXFW�GHVFULSWLRQV��D��ELR��RI�\RXU�DXWKRU��DQG�D�SDJH�RI�UHFLSHV
IRU�YDULRXV�YHU\�XQKHDOWK\�GLVKHV��7KDQNV�WR�RXU�IULHQG�'U��&KDUOHV�*RRG��WKHUH
V�D�SLFWXUH�RI�\RXU�DXWKRU
DYDLODEOH�DW�WKDW�ZHEVLWH��DV�D��FOLFN��RII�RI�WKH�%ULHI�%LR�SDJH��7KH�SLFWXUH�ZDV�WDNHQ�E\�&KDUOLH�ZLWK�KLV
GLJLWDO�FDPHUD�DW�WKH�08*����LQ�/LPD��SXW�RQ�KLV�08*���SDJH��GRZQORDGHG�WR�WKH�KDUG�GULYH�RQ�RXU�QHZ
3&��WKHQ�XSORDGHG�WR�RXU�VSDFH�RQ�$2/�WR�EH�DYDLODEOH�ZLWK�RXU�ZHE�VLWH��7KH�VXEMHFW�RI�WKH�SLFWXUH�LV�MXVW
DV�DZIXO�ORRNLQJ�DIWHU�DOO�WKRVH�GRZQ�DQG�XS�ORDGLQJV��EXW�WKH�SLFWXUH�LWVHOI�LV�WHUULILF�



The Cyc: MICROpendium

7KH�VHFRQG�RI�WKRVH�ZHE�VLWHV�LV�E\�P\�SDUWQHU��'RORUHV�3��:HUWKV��7KLV�GHDOV�PRVWO\�ZLWK�KHU�H[SORLWV�DV
D�PXVLFLDQ�LQ�YDULRXV�YHQXHV��LQFOXGLQJ�5HQDLVVDQFH�)DLUHV��	�)HVWLYDOV��DQG�QXPHURXV�RWKHU�JLJV���7KH
LURQ\�RI�DOO�RI�WKH�DERYH�LV�WKDW�,
P�ZULWLQJ�WKLV�FROXPQ�RQ�WKH�WUXVW\�ROG�7,��XVLQJ�)XQQHOZHE��ZKLOH�RXU
ER\�0DUFHO�XVHV�WKH�QHZ�3&�WR�SOD\��$WRPLF�%RPEHUPDQ��LQ�WKH�RWKHU�URRP��,�WRR��WKRXJK��KDYH�EHHQ
NQRZQ�WR�SOD\�PRUH�WKDQ�D�IHZ�JDPHV�RI�VROLWDLUH�RQ�WKH�QHZ�PDFKLQH��EXW�,�WU\�QRW�WR�GR�WKDW�ZKHQ
0DUFHO
V�KRPH��EHFDXVH�KH�DOZD\V�NLELW]HV�RYHU�P\�VKRXOGHU��VHHLQJ�PRYHV�,
YH�PLVVHG��,�VWLOO�ORVH�WKH�JDPH
ZKHQ�KH�GRHV�WKDW��LW�MXVW�WDNHV�ORQJHU�WR�JHW�UHDOO\�VWXFN�

6R�ZKDW�GRHV�DOO�WKLV�KDYH�WR�GR�ZLWK�$VVHPEO\�/DQJXDJH�RQ�WKH�7,"�1RW�PXFK�H[FHSW�WKDW�LI�P\��IDQV�
KDYH�QRWLFHG�D�VOLJKW�GHFOLQH�LQ�P\�SURGXFWLRQ�RI�QHZ�SURJUDPV��DOO�WKH�ZD\�WR�]HUR��WKH\�FDQ�EODPH�WKH
QHZ�3&�DQG�WKH�UHDOO\�H[FHOOHQW�JDPH�RI�VROLWDLUH�WKDW�ZDV��EXQGOHG��ZLWK�LW��%\�7KH�:D\��QRERG\�ERWKHUV
WR��EXQGOH��DQ\�SURJUDPPLQJ�ODQJXDJHV�ZLWK�WKH�3&V�QRZ��%DFN�ZKHQ�ZH�ERXJKW�RXU��VWRQH�DJH��7DQG\�
*:�%DVLF�FDPH�ZLWK�LW�DV�D�PDWWHU�RI�FRXUVH��DQG�$VVHPEOHUV�ZHUH�HDV\�WR�ILQG��1RW�QRZ��,�VXSSRVH�LI�RQH
ZHQW�WR�WKH�ULJKW�VWRUH��RQH�FRXOG�EX\�VRPH�NLQG�RI�&�������FRPSLOHU�IRU�DERXW����������EXW�WKHUH�LV
QR�PRUH�IUHH�OXQFK�IRU�SURJUDPPLQJ���<HV��,�NQRZ�WKDW�3HWHU�'UXFNHU�VDLG�WKHUH
V�QR�VXFK�WKLQJ�DV�D�IUHH
OXQFK��DQG�RQFH�DJDLQ�KH
V�EHHQ�SURYHQ�FRUUHFW����3HWHU�'UXFNHU�LV�$/:$<6�FRUUHFW��

,W
V�EHHQ�D�FRXSOH�RI�ZHHNV�VLQFH�WKH�SDUW�DERYH�ZDV�ZULWWHQ��GXULQJ�ZKLFK�DJDLQ�QR�7,�VRXUFH�FRGH�ZDV
ZULWWHQ�H[FHSW�WR�PDNH�D�PLQRU�FRUUHFWLRQ�LQ�D�SURJUDP�ZH�SURGXFHG�VRPH�WLPH�EDFN��:H�NQRZ�ZH
SURPLVHG�VRPH�NLQG�RI�6LGHEDU�ZLWK�VRXUFH�FRGH�WKLV�WLPH��EXW�KDYH�EURNHQ�WKDW�SURPLVH��7KH�SRZHU�RI
WKH�QHZ�3&�LV�MXVW�WRR�PXFK�RI�D�WHPSWDWLRQ��)LQDOO\�ZH�FDQ�ORRN�DW�DOO�WKRVH��)UDPHV��ZHEVLWHV�DQG�VHH
ZKDW
V�WKHUH��6RPHWLPHV�WKH\
UH�D�ELW�RI�D�OHW�GRZQ��SDUWLFXODUO\�WKRVH�WKDW�SURGXFH�ZKDW�,�FDOO��OLVWV�RI
OLVWV���,Q�WKRVH��HDFK�FKRLFH�PDGH�IURP�D�OLVW�SURGXFHV�\HW�DQRWKHU�OLVW��DQG�PD\EH�ILYH�RU�VL[�VXFK�OHYHOV
JR�E\�ZLWKRXW�SURGXFLQJ�DQ\��PHDW��RQ�WKH�VFUHHQ��2Q�P\�RZQ�ZHE�VLWH��,
YH�WULHG�YHU\�KDUG�WR�DYRLG�WKDW
SLWIDOO��7KHUH
V�VRPH��PHDW��RQ�HYHU\�SDJH��EXW�WKHUH�DUH�DOVR��'HWDLOV��OLQNV�VR�WKDW�WKRVH�LQWHUHVWHG�LQ�D
SDUWLFXODU�VXEMHFW�FDQ�GLJ�GHHSHU��EXW�WKRVH�MXVW�SDVVLQJ�WKURXJK�ZRQ
W�KDYH�WR�VXIIHU�DOO�WKH�GHWDLOV��0\
SDUWQHU
V�SDJH�LV�VWUXFWXUHG�WKDW�ZD\��WRR�

7KH�RWKHU�WKLQJ�ZH
YH�GRQH�LV�WR�NHHS�FKHFNLQJ�RXW�WKH�ZHE�VLWH�RQ�WKDW�ROG�7DQG\������6;��VR�WKDW�ZH
OO
NQRZ�WKDW�LW�ORRNV�RND\�IRU�WKRVH�ZLWKRXW�WKH�PRGHUQ�3&��DQG�HYHQ�WKRVH�XVLQJ�7(50���RQ�D�7,�ZLOO�EH
DEOH�WR�H[WUDFW�DOO�WKH�LQIRUPDWLRQ�IURP�WKH�VLWH���$OO�EXW�WKH�SLFWXUH�RI�\RXUV�WUXO\��EXW�WKDW
V�QR�JUHDW�ORVV
DQ\ZD\��2Q�RXU�7DQG\��ZH�JHW�RIIHUHG�WKH�FKRLFH�RI�GRZQORDGLQJ�WKDW�SLFWXUH��EXW�VLQFH�ZH�DOUHDG\�KDYH
LW�RQ�WKH�QHZ�FRPSXWHU�WKHUH
V�UHDOO\�QR�QHHG��0D\EH�/HZ�.LQJ�FRXOG�GRZQORDG�LW�RQWR�KLV�6&6,��EXW�WKHQ
LW
V�D��MSJ�ILOH��VR�ZKDW�H[DFWO\�KH
G�EH�DEOH�WR�GR�ZLWK�LW�IURP�WKHUH�LV�TXHVWLRQDEOH��7KH�-3*�IRUPDW�LV�QRZ
WKH�VWDQGDUG�IRU�SKRWRJUDSKV�RQ�WKH�3&��2XU�GDXJKWHU�.DUHQ�ZRUNV�DW�D�ODUJH�SKRWR�ILQLVKLQJ�SODQW��DQG
VKH�FDQ�KDYH�RXU�UHJXODU�SKRWRV�SXW�RQ�������LQFK��+'��GLVNV�LQ�-3*�IRUPDW��7KH\�UHQGHU�SUHWW\�QLFHO\
RQ�RXU�QHZ�3&��DQG�FDQ�RI�FRXUVH�EH�XSORDGHG�WR�WKH�ZHE�VLWHV�IRU�RWKHUV�WR�HQMR\��EXW�WKHUH
V�QRW�PXFK
KRSH�RI�KDYLQJ�WKHP�UHQGHUHG�DW�DOO�RQ�WKH�7,��0D\EH�VRPH�DPELWLRXV�*HQHYH�SURJUDPPHU�ZLOO�FRPH�XS
ZLWK�D��-3*�6KRZ��SURJUDP�IRU�WKDW�PDFKLQH��7KHUH��QRZ�D�FKDOOHQJH�KDV�EHHQ�LVVXHG�
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1.83. The Art Of Assembly — Part 83. The End Of An Era

%\�%UXFH�+DUULVRQ

7KLV�LV�,7��7KH�(1'��1R�0RUH��,I�\RX
UH�KXUWLQJ�IRU�VRPHWKLQJ�WR�UHDG��WKHUH�DUH����SUHYLRXV�SDUWV�WR�NHHS
\RX�HQWHUWDLQHG��%\�WKH�WLPH�WKLV�LV�SXEOLVKHG��LW�ZLOO�EH�ROG�QHZV��EHFDXVH�WKH�IRONV�ZKR�DWWHQGHG�08*
���VSUHDG�WKH�ZRUG�DURXQG�WKDW�+DUULVRQ�KDV��WKURZQ�LQ�WKH�WRZHO��IRU�JRRG��,Q�WRGD\
V�FROXPQ��ZH
OO�WU\
WR�H[SODLQ�ZK\�

1.83.1. Third Party Hardware

7KRVH�WKUHH�ZRUGV�VXPPDUL]H�WKH�UHDVRQ�WKLV�SDUWLFXODU�$VVHPEO\�SURJUDPPHU�ZRQ
W�EH�ZULWLQJ�DQ\�PRUH
SURJUDPV��$V�PRUH�DQG�PRUH�QHZ�WKLQJV�JHW�GHYHORSHG�WR��HQKDQFH��WKH�7,�����$�FRPSXWHU��LW�JHWV�PRUH
DQG�PRUH�GLIILFXOW�WR�WHVW�DQ\�VRIWZDUH�DQG�KDYH�UHDVRQDEOH�FRQILGHQFH�WKDW�LW�ZLOO�ZRUN�RQ�WKH�V\VWHPV
RZQHG�E\�WKH�FOLHQWV��$W�WKLV�SRLQW�,�FRQVLGHU�LW�TXLWH�LPSRVVLEOH��7KDW
V�EHFDXVH�WKHUH�DUH�VLPSO\�WRR�PDQ\
NLQGV�RI�KDUGZDUH�VHWXSV�RWKHU�WKDQ�WKH�RQH�\RX
UH�ZULWLQJ�DQG�WHVWLQJ�RQ��1R�PDWWHU�ZKDW�\RX
UH�WU\LQJ
WR�GR��FKDQFHV�DUH�WKDW�VRPHERG\�RXW�WKHUH�KDV�D��FRPELQDWLRQ�RI�LQJUHGLHQWV��LQ�KLV�V\VWHP�WKDW�ZLOO
GHIHDW�\RXU�SURJUDP�

1.83.2. My First Experience

0DQ\�\HDUV�DJR��ZKLOH�,�ZDV�VWLOO�SHUIHFWLQJ�WKH��$VVHPEO\�0XVLF��SURJUDPV�WKDW�PDGH�+DUULVRQ�6RIWZDUH
D��KRXVHKROG�QDPH��LQ�WKH�7,�FRPPXQLW\��,�PDGH�WKH�WULS�WR�D�7,�)DLUH�LQ�2WWDZD��$W�WKH�WLPH��,�KDG
DEVROXWHO\�QR�WKLUG�SDUW\�KDUGZDUH�LQ�P\�RZQ�V\VWHP��7R�VDYH�RQ�OXJJLQJ�WKH�V\VWHP��DQG�H[SODLQLQJ�LW
WR�FXVWRPV�RIILFLDOV��,�GHFLGHG�WR�ERUURZ�D�V\VWHP�IURP�WKH�2WWDZD�8*�WR�GR�P\�WDEOH�GHPRV�

/RRNHG�ILQH�XQWLO�LW�ZDV�WXUQHG�RQ��DQG�WKHQ�WKHUH�ZDV�QR�IDPLOLDU�FRORU�EDU�GLVSOD\��EXW�VRPH�NLQG�RI
PHQX� LQVWHDG��7KLV�ZDV�P\� ILUVW� WLPH� VHHLQJ�D� V\VWHP�ZLWK� WKH�+RUL]RQ�5DPGLVN� LQ�XVH��6LQFH�P\
�$VVHPEO\�0XVLF��SURJUDPV�UDQ�LQ�([WHQGHG�%DVLF��,�FKRVH�WKDW��DQG�GLVFRYHUHG�RQH�ZD\�WKDW�VXFK�WKLQJV
FDQ�ZUHFN�RQH
V�VRIWZDUH��,Q�WKH�VWDUWXS�RI�P\�;%�FRGH�,�ZDQWHG�WR�KDYH�D�FRS\ULJKW�QRWLFH�FRPH�XS�RQO\
RQ�WKH�ILUVW�VKRZLQJ�RI�WKH�SURJUDP
V�PDLQ�PHQX��7R�GR�WKDW�,�FKHFNHG�WR�VHH�LI�WKHUH�ZHUH�QR�GHILQLWLRQ
IRU�FKDUDFWHU������ZKLFK�LV�QRUPDOO\�XQGHILQHG�ZKHQ�RQH�HQWHUV�;%��8QIRUWXQDWHO\��WKH�5DPGLVN
V�RZQ
PHQX�GHILQHV�WKDW�FKDUDFWHU�IRU�LWV�RZQ�SXUSRVHV��VR�P\�SURJUDP�VNLSSHG�LWV�FRS\ULJKW�QRWLFH��DQG�DOVR
VNLSSHG�WKH�VWHSV�WKDW�ORDGHG�WKH��GHIV��ILOH�IURP�P\�GLVN��$V�D�UHVXOW��P\�SURJUDPV�ZRXOG�VLPSO\�ORFN�XS
WKH�FRPSXWHU�

7KH�V\VWHP
V�RZQHU�ORRNHG�DW�ZKDW�ZDV�KDSSHQLQJ��WXUQHG�RII�WKH�SRZHU�DQG�WKHQ�UHPRYHG�KLV�5DPGLVN
FDUG��$IWHU�WKDW��HYHU\WKLQJ�ZRUNHG�ILQH�ZLWK�P\�GLVNV�RQ�KLV�V\VWHP��XVHUV�ZHUH�KDSS\��HWF��%XW�WKLV�ZDV
D�KDUELQJHU�RI�GRRP��,�GLGQ
W�VHH�LW�DW�WKH�WLPH��EXW�WKH�HQG�ZDV�DOUHDG\�LQ�VLJKW��,�ZDV�DEOH�ODWHU�WR�UH�ZRUN
WKH�PDLQ�PHQX�SDUW� RI�P\�$VVHPEO\�PXVLF�SURGXFWV� VR� WKH\� FRXOG� FR�H[LVW�ZLWK�+RUL]RQ�5DPGLVN
HTXLSSHG�V\VWHPV�
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1.83.3. The Big "G"

$W�DERXW� WKDW� VDPH� WLPH��/RX�3KLOOLSV�ZDV� VWDUWLQJ� WR�PDNH�DQG� VHOO� WKH�*HQHYH������ LQ�TXDQWLW\�
(QWKXVLDVWV�VSUDQJ�XS�DQG�SXW�FDVK�LQ�/RX
V�SRFNHWV�IRU�WKH�QHZ��LPSURYHG��FDSDELOLW\��,Q�WKHRU\��WKH
*HQHYH��LQ�LWV�*3/�0RGH��ZRXOG�UXQ�DQ\�H[LVWLQJ�7,�����$�VRIWZDUH��VR�WKH�SHUVRQ�EX\LQJ�LW�ZRXOG�QRW
ORVH�WKH�DELOLW\�WR�XVH�VRIWZDUH�KH�DOUHDG\�RZQHG��DQG�ZRXOG�EH�DEOH�WR�XVH�QHZ�VRIWZDUH�VWLOO�EHLQJ�ZULWWHQ
IRU�WKH�RULJLQDO�PDFKLQH��7KDW�WKHRU\�QHYHU�TXLWH�ZRUNHG�RXW�

0\�RZQ�ILUVW�H[SHULHQFH�ZLWK�WKH�*HQHYH�FDPH�ZKHQ�,�VROG�DQ�$VVHPEO\�0XVLF�GLVN�WR�D�JX\�QDPHG�'RQ
:HVW��'RQ�KDG�ERWK�D�7,�DQG�D�*HQHYH�DW�KLV�KRXVH��VR�KH�ZDV�DEOH�WR�GR�VRPH�FRPSDULQJ��$V�LW�WXUQHG�RXW�
P\�GLVN�DFWXDOO\�ZRUNHG�RQ�ERWK�PDFKLQHV��7KH�RQO\�SUREOHP�ZDV�WKDW�WKH�VSHHG�RI�SOD\LQJ�ZDV�YHU\
GLIIHUHQW��2Q�WKH�*HQHYH��WKH�PXVLF�SOD\HG�DERXW�WZLFH�DV�IDVW�DV�RQ�WKH�7,��1RW�JRRG�

(YHQWXDOO\��ZH�ZHUH�DEOH�WR�GHYHORS�D��VHOI�FDOLEUDWLRQ��PHWKRG�IRU�WKH�PXVLF
V�SDFLQJ��VR�WKDW�D�IHZ�RI�RXU
$VVHPEO\�0XVLF�GLVNV�FRXOG�DFWXDOO\�EH�XVHG�RQ�HLWKHU�WKH�7,�RU�WKH�*HQHYH��DQG�ZRXOG�SOD\�DW�WKH�VDPH
SDFH�RQ�HLWKHU�RQH��7KDW�GLG�QRW�ODVW�ORQJ��KRZHYHU��DV�DQRWKHU�LPSURYHPHQW�ZH�LQWURGXFHG�IRU�WKH�7,�
ZKLFK�LQYROYHG�XVLQJ�D�'65/1.�LQ�RXU�DVVHPEO\�FRGH��PDGH�WKH�QHZHU�SURGXFWV�FRPSOHWHO\�LQFRPSDWLEOH
ZLWK�*HQHYH��DQG�VR�WKH\�UHPDLQHG�

7KH�FODLPHG�FRPSDWLELOLW\�RI�WKH�*3/�0RGH�ZLWK�7,�VRIWZDUH�ZDV�DOZD\V�PRUH�WKDQ�D�OLWWOH��LII\���DQG
UHPDLQV�VR�WR�WKLV�GD\��2QH�QHYHU�NQRZV�ZKDW�OLWWOH�WULFN�WKDW�ZRUNV�SHUIHFWO\�RQ�WKH�7,�ZLOO�FDXVH�WRWDO
ORFNXS�RQ�WKH�*HQHYH��)RU�WKRVH�ZKR�GRQ
W�RZQ�WKH�*HQHYH��DQG�WKHUHIRUH�FDQ
W�WHVW�DQ\WKLQJ�RQ�LW��WKLV
LV�SDUWLFXODUO\�DQQR\LQJ��7KHUH
V�DOZD\V�D��*HQHYH�6XUSULVH��ZDLWLQJ�WR�KDSSHQ�HYHU\�WLPH�\RX�VHQG�RXW
QHZ�7,�6RIWZDUH���6HH��7KH�)LQDO�6WUDZ���EHORZ�

1.83.4. Other Fun Hardware

2I�FRXUVH�QRW�RQO\�/RX�3KLOOLSV
�0\DUF�PDGH�WKLUG�SDUW\�KDUGZDUH��7KHUH�DUH�DOVR�+RUL]RQ��5DPGLVNV�DQG
3�*UDP��DQG�&RU&RPS��YDULRXV�WKLQJV��WR�FRQVLGHU��2QH�RI�P\�DOO�WLPH�IDYRULWHV�LQYROYHG�WKH�&RU&RPS
0LQL�6\VWHP��LQ�ZKLFK�WKH���.�HWF��SOXJJHG�LQWR�WKH�VLGH�RI�WKH�FRQVROH�LQVWHDG�RI�KDYLQJ�WR�XVH�D�3�%R[�
6HQW�RII�VRPH�SDFNDJH�RU�RWKHU�WR�D�JHQWOHPDQ�LQ�0DLQH��6RRQ�KHDUG�WKRVH�GUHDGHG�ZRUGV��GLGQ
W�ZRUN��
7KHUH�ZDV��DV�,�UHFDOO��QRWKLQJ�H[RWLF�EHLQJ�GRQH�E\�WKH�VRIWZDUH��QR�WULFNV�RXWVLGH�RI�WKH�XVXDO�$VVHPEO\
VWXII��EXW�WKH�SURJUDP�JRW�MXVW�VR�IDU�RQ�KLV�&RU&RPS�PLQL�V\VWHP�DQG�WKHQ�IUR]H�XS�VR�WKDW�RQO\�WKH
RQ�RII�VZLWFK�KDG�DQ\�HIIHFW��1HYHU�GLG�ILQG�RXW�ZK\�WKDW�KDSSHQHG��EXW�KDG�WR�UHIXQG�KLV�PRQH\�

7KH�+RUL]RQ�5DPGLVN�XVXDOO\�FDXVHV�QR�WURXEOH��H[FHSW�LQ�FDVHV�OLNH�WU\LQJ�WR�UHDG�RU�ZULWH�VHFWRUV��DQG
WKHQ�RQO\�LI�WKH�&58�IRU�WKH�5DPGLVN�LV�VHW�DERYH�!������,W�FDQ��KRZHYHU��FDXVH�RWKHU�SUREOHPV��DV�D
UHFHQW��)HE�������VSDWH�RI�PHVVDJHV�RQ�WKH�7,�/LVW�6HUYHU�VKRZHG��6HHPV�WKH�RULJLQDO�VXVSHFWHG�FXOSULW
IRU�D�SUREOHP�ZLWK�7,�$UWLVW�ZDV�WKH�$06�&DUG��7XUQHG�RXW�LQVWHDG�WR�EH�WKH�+RUL]RQ�5DPGLVN��$W�WKH
�����&KLFDJR�)DLUH��ZH�ZHUH�JLYHQ�D�GLVN�IURP�(XURSH�WKDW�LQFOXGHG�D�QHZ�'LVN�0DQDJHU�SURJUDP�FDOOHG
'0�.��7KLV�ZDV�LQWHQGHG�WR�ZRUN�ZLWK�IORSSLHV��KDUG�GULYHV��DQG�6&6,�GULYHV��%DFN�DW�KRPH��,�WULHG�LW
ZLWK�P\�V\VWHP
V�IORSS\�GULYHV�DQG�5DPGLVN��,W�ZRXOG�FDWDORJ�DQ\�RI�WKHP�MXVW�ILQH��EXW�ZRXOG�QRW�FRS\
ILOHV�WR�RU�IURP�WKH�5DPGLVN��$V�LW�KDSSHQV��P\�5DPGLVN�FDUG�LV�DW�&58�!������$QRWKHU�SURJUDP�IRU�WKH
�GRHVQ
W�ZRUN�ZLWK��ILOH�
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:H�KDYH�QRW� HYHQ�PHQWLRQHG�VXFK�WKLQJV�RI�EHDXW\�DV�WKH�0\DUF�+)'&��ZKLFK�FDQ�FDXVH�D�VLPSOH
ERRW�WUDFNLQJ�URXWLQH�WR�ORFN�WKH�V\VWHP�XS��WKH�6&6,�FDUG��RQ�ZKLFK�ERRW�WUDFNLQJ�GRHV�QRW�ZRUN��DQG�WKH
LQIDPRXV�5RFN\�0RXQWDLQ�0HPRU\� FDUG� ���.��ZKLFK� FRXOG� QRW� SURSHUO\� UXQ� RXU�$VVHPEO\�0XVLF
SURGXFWV��$QG�QRZ�WKHUH�DUH�VWLOO�PRUH�VXUSULVHV�MXVW�ZDLWLQJ�IRU�XV��LQ�WKDW�ZKROH�VOHZ�RI�FDUGV�WKDW
0LFKDHO�%HFNHU�DQG�KLV�IULHQGV�DUH�EXLOGLQJ��6R�IDU��P\�RQO\�H[SHULHQFH�ZLWK�WKRVH�KDG�WR�GR�ZLWK�WKH�$06
(PXODWLRQ�WKDW
V�LQFOXGHG�LQ�WKH�WKUHH�FDUG�SDFNDJH��,�KDG�WR�PRGLI\�P\�$06�SDFNDJHV�VR�WKH\�ZRXOG
ZRUN�RQ�ERWK�WKH�6:��HUV�6$06�FDUG�DQG�WKH�*HUPDQ�HPXODWLRQ��$�VLPSOH�HQRXJK�IL[�ZDV�GHYLVHG�ZLWK
KHOS�IURP�0LFKDHO��DQG�WHVWHG�RND\�RQ�ERWK�$06�V\VWHPV��EXW�DV�D�UHVXOW�DOO�RI�WKRVH�SDFNDJHV�DUH�QRZ
727$//<�LQFRPSDWLEOH�ZLWK�*HQHYH��,V�WKDW�D�VXUSULVH"

1.83.5. The Helpless Comm unity

7KHUH�ZDV�D�WLPH��QRW�WRR�ORQJ�DJR��ZKHQ�PRVW�RI�WKH�SHRSOH�XVLQJ�WKH�7,�����$�FRPSXWHU�ZHUH�FRQYHUVDQW
DW�WKH�YHU\�OHDVW�ZLWK�7,�([WHQGHG�%DVLF��,I�WKH\�HQFRXQWHUHG�D�SUREOHP�ZLWK�D�SURJUDP�LQ�WKDW�ODQJXDJH�
WKH\�ZRXOG�DW�WKH�YHU\�OHDVW�KDYH�D�ORRN�DW�WKH�OLVWHG�SURJUDP�WR�VHH�ZKHWKHU�LW�FRXOG�HDVLO\�EH�IL[HG��1RW
DQ\�PRUH��5HFHQWO\�,�ZDV�VHQW�DQ�HQWLUH�SDFNDJH�WKDW�ZDV�ZULWWHQ�LQ�([WHQGHG�%DVLF�WR�KHOS�ZLWK�D
SUREOHP�WKDW�WRRN�WHQ�PLQXWHV�RU�VR�WR�ILQG�LQ�WKH�;%�FRGH��DQG�MXVW�D�IHZ�VHFRQGV�WR�FRUUHFW��7HVWLQJ�WKH
IL[�WRRN�D�ORW�ORQJHU��EHFDXVH�LW�LQYROYHG�SULQWLQJ�VHYHUDO�SDJHV�RI�JUDSKLFV�WKURXJK�;%��SDLQIXOO\�VORZ��

7KH�PHVVDJH�LV��7,�XVHUV�GRQ
W�WU\�WR�KHOS�WKHPVHOYHV�DQ\�PRUH��7KH\
UH�EHFRPLQJ�MXVW�DV�KHOSOHVV�DV�WKH
3&�RZQLQJ��:LQGRZV�:L]DUGV��ZKR�QHYHU�XQGHUVWDQG�DQ\WKLQJ�EH\RQG�WKH�SRLQW�DQG�FOLFN�RSHUDWLRQ��2I
FRXUVH� LQ� WKH� FDVH�RI� WKH�3&��NHHSLQJ�XVHUV� IURP�NQRZLQJ�ZKDW
V� JRLQJ�RQ� LV� WKH�ZKROH�SXUSRVH�RI
:LQGRZV��EXW�LW�XVHG�WR�EH�GLIIHUHQW�IRU�7,�XVHUV��-XVW�D�IHZ�\HDUV�EDFN��DQ\�7,�RZQHU�IDFHG�ZLWK�D
SUREOHP�LQ�DQ�;%�SURJUDP�ZRXOG��DW�WKH�YHU\�OHDVW��/,67�WKH�SURJUDP�DQG�H[DPLQH�LW�IRU�DQ\WKLQJ
REYLRXV�WKDW�PLJKW�H[SODLQ�WKH�SUREOHP��,Q�WKH�FDVH�PHQWLRQHG�DERYH��WKH�SUREOHP�KDG�WR�GR�ZLWK�ZKDW
KDSSHQHG�LQ�WKH�\HDU�������DQG�ULJKW�WKHUH�LQ�WKH�;%�FRGH�ZDV�DQ�,)�7+(1�ZLWK�WKH�H[SUHVVLRQ�,)��< 
�������5HDOO\�REYLRXV�LI�RQH�MXVW�WDNHV�D�ORRN��,V�LW�WRR�PXFK�WR�H[SHFW�WKDW�D�XVHU�ZRXOG�EH�DEOH�WR�ILJXUH
RXW�WKDW�<�PLJKW�PHDQ�<HDU��DQG�WKDW�DQ�H[FHSWLRQ�EHLQJ�PDGH�ZKHQ�< �����PLJKW�KDYH�VRPHWKLQJ�WR
GR�ZLWK�WKH�REVHUYHG�SUREOHP"



The Cyc: MICROpendium

1.83.6. The Final Straw

2YHU�DOO�WKH�\HDUV�WKDW�,
YH�EHHQ�ZULWLQJ�$VVHPEO\�SURJUDPV��QHYHU�KDG�,�ZULWWHQ�RQH�WKDW�XVHG�WKH�7,
6SHHFK�6\QWKHVL]HU�0RGXOH��,
G�DOZD\V�FRQVLGHUHG�WKDW�MXVW�D�ELW�WRR��7R\V�5�8V��IRU�P\�OLNLQJ��,�FKDQJHG
P\�PLQG�DERXW�WKDW�MXVW�HQRXJK�WR�PDNH�D�SURJUDP�IRU�SOD\LQJ�%LQJR�RQ�WKH�7,�WKDW�ZRXOG�XVH�WKH�6SHHFK
PRGXOH��LI�DYDLODEOH��WR�VD\�WKH�OHWWHU�QXPEHU�FRPELQDWLRQV�DV�WKH\�FDPH�XS��:RUNHG�MXVW�EHDXWLIXOO\�RQ
WKH�7,�����$�KHUH�DW�KRPH��DQG�MXVW�EHDXWLIXOO\�RQ�WKH�V\VWHP�SURYLGHG�IRU�P\�OHFWXUH�DW�&KLFDJR��DOVR�D
7,�����$���,�ZDV�KDSS\�ZLWK�WKH�UHVXOWV�XQWLO�,�JRW�P\�FRS\�RI�WKH�-DQ�)HE������0,&52SHQGLXP��7KHUH
LQ�&KDUOLH�*RRG
V�0,&52UHYLHZV�FROXPQ�ZHUH�WKH��ILQDO�VWUDZ��ZRUGV���8QIRUWXQDWHO\�WKH�VSHHFK�RI�7,
%LQJR�GRHVQ
W�ZRUN�RQ�P\�*HQHYH��,�KDYH�D�5DYH�VSHHFK�FDUG�LQ�P\�*HQHYH������

7KHUH�LW�ZDV��D�GRXEOH�WKLUG�SDUW\�ZKDPP\��1RW�RQO\�LV�WKH�FRPSXWHU�LQ�TXHVWLRQ�D�*HQHYH��EXW�WKH
VSHHFK�GHYLFH�LV�DOVR�D�WKLUG�SDUW\�LWHP��)LQLVKHG��1R�0RUH��0\�%LQJR�KDV�EHHQ�GLVFRQWLQXHG��UHPRYHG
IURP�WKH�ZHE�VLWH��QR�ORQJHU�RIIHUHG�IRU�VDOH��HWF��1R�PRUH�VRIWZDUH�IRU�WKH�7,�����$��SHULRG��,Q�1DY\
WHUPLQRORJ\��ZH�KDYH�JRQH�WR�WKH�HQJLQH�RUGHU�WHOHJUDSK�DQG�UXQJ�XS�)LQLVKHG�:LWK�(QJLQHV�


