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2. Unpublished articles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��$UW�RI�$VVHPEO\��PDWHULDO�

2.1. The Art of Assembly. Part 77. Breaking New Ground

E\�%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�

2.1.1. 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"

2.1.2. 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�!&)))�

2.1.3. 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�

2.1.4. 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�5DP�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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2.1.5. 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�

2.1.6. 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�

2.1.7. 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��)&71����;��[��&75/�;�RU�)&71�;
�SDJHV��WKURXJK�WKH�OLVW�LQ�WKH�IRUZDUG�GLUHFWLRQ�DQG�)&71����(��H��&75/�(�RU�)&71�(�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�(17(5�DQG�YHU\�TXLFNO\�JHWV�WKH�FRQWHQWV�RI�6&6��87�RQ�VFUHHQ��7KH�VHFRQG�LPSRUWDQW�IHDWXUH
LV�WKDW�E\�VLPSO\�SUHVVLQJ�3�RU�S�ZKLOH�WKH�FDWDORJ�LV�RQ�VFUHHQ��KH�JHWV�D�YHU\�UDSLG�SULQWRXW�RI�WKDW
VXE�GLUHFWRU\�VHQW�WR�KLV�SULQWHU�

2.1.8. 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�

2.1.9. Today's Sidebar

1RW�WRR�ELJ�WKLV�WLPH��MXVW�D�FRXSOH�RI�VDPSOH��VQLSSHWV��IRU�\RXU�DPXVHPHQW��)LUVW�LQ�WKH�VLGHEDU�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�

2.1.10. 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�+H[�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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2.2. The Art of Assembly. Part 78. Selective Cataloging

E\�%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�
�
2.2.1. 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�(17(5��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��UDPGLVNV��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�(17(5�
/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��
�
2.2.2. Flushed with Su ccess
�
+DYLQJ�JRWWHQ�WKDW�WR�ZRUN�FRUUHFWO\��ZH�GHFLGHG�WR�WDFNOH�D�VRPHZKDW�PRUH�GLIILFXOW�FDVH��LQ�RXU�$06
9LGHR�7LWOHU�SURJUDP��7KLV�FDVH�ZDV�PRUH�FRPSOLFDWHG�EHFDXVH�WKH�ILOHV�WKDW�FDQ�EH�XVHG�E\�WKLV�SURJUDP
DUH�RI�WZR�NLQGV��%RWK�NLQGV�DUH�RI�WKH�W\SH����3URJUDP��DND�0HPRU\�,PDJH���7KH�7,�$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�VLGHEDU��,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��(17(5�VHOHFWV�WKDW�ILOH�IRU�ORDGLQJ��DQG�LW�JHWV�ORDGHG�LQWR�WKH�FXUUHQW
�IUDPH��LQ�WKH�$06�PHPRU\�
�
2.2.3. 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\�&75/�(�DQG�IRUZDUG�WR�ODWHU�VFUHHQV�E\�&75/�;��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�
�
2.2.4. 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�
�
2.2.5. 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�VSDFH�EDU��DQG�WKH�FXUUHQW�SLFWXUH�ZLOO�UHPDLQ�XQWLO�WKH�VSDFH�EDU�LV�UHOHDVHG�
:KLOH�WKH�VSDFH�EDU�LV�GRZQ��WLPH�VWRSV�FRXQWLQJ��DQG�UHVXPHV�XSRQ�LWV�UHOHDVH��7KXV�LI�WKH�WLPH�VHW�ZHUH
WZR�VHFRQGV�DQG�WKH�XVHU�SUHVVHG�WKH�VSDFH�EDU�DIWHU�RQH�VHFRQG��WKH�SLFWXUH�ZRXOG�UHPDLQ�IRU�LWV�DQRWKHU
VHFRQG�DIWHU�WKH�VSDFH�EDU�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�



7(;$6�,167580(176
+20(�&20387(5

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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2.3. The Art of Assembly. Part 79. Playing It In

E\�%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�$06
YHUVLRQV�RI�WKH��QHZ��0,',�0DVWHU��LW�ZDV�YHU\�FOHDU�WKDW�3OD\�,Q�FRXOG�QRW�EH�ILWWHG�LQWR�WKH�VWUXFWXUH�RI
WKRVH�SURJUDPV��PDLQO\�EHFDXVH�PHPRU\�VLPSO\�ZRXOG�QRW�DOORZ�HQRXJK�H[WUD�FRGH��DQG�VWLOO�DOORZ�WKH
HQWLUH�KLJK�PHPRU\�WR�EH�XVHG�DV�PXVLF�GDWD�VWRUDJH�
�
2.3.1. A Separate Program
�
7KXV�ZH�VWDUWHG�ZLWK�WKH�LGHD�WKDW�WKLV�FDSDELOLW\�ZRXOG�KDYH�WR�EH�PDGH�DYDLODEOH�DV�D�VHSDUDWH�SURJUDP�
QRW�SDUW�RI�WKH�0,',�0DVWHU�SHU�VH��EXW�DEOH�WR�EH�XVHG�XOWLPDWHO\�ZLWK�0,',�0DVWHU��7KURXJK�VRPH
VHOHFWLYH�GLV�DVVHPEO\�DQG�PRGLILFDWLRQ�RI�FRGH�VXSSOLHG�E\�0LNH��ZH�ZHUH�DEOH�WR�PDNH�WKH�FRUH�RI�D
3OD\�,Q�SURJUDP�DQG�JRW�WKDW�FRUH�WR�ZRUN�IDLUO\�TXLFNO\�
�
2.3.2. Borrowing a Concept
�
7KH�SUREOHP�IDFLQJ�XV��RQFH�ZH�ZHUH�DEOH�WR�UHFHLYH�E\WHV�WKURXJK�WKH�0,',�SRUW��ZDV�KRZ�WR�VWRUH�WKRVH
E\WHV�LQ�WKH�7,
V�KLJK�PHPRU\��0DQ\�LGHDV�ZHUH�FRQVLGHUHG�DQG�UHMHFWHG�IRU�YDULRXV�UHDVRQV��PDLQO\
EHFDXVH�WKH\�ODFNHG�WKH�QHFHVVDU\�HIILFLHQF\�RI�PHPRU\�XVH�WR�EH�SUDFWLFDO�RQ�WKH�7,��$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�(17(5��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�<�RU�\�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�
�
2.3.3. 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&$1�LQ�WKH�ORRS�VR�WKDW�WKH�XVHU�FRXOG
VWRS�LQSXW�ZLWK�D�NH\VWURNH��EXW�WKDW�WRRN�IDU�WRR�PXFK�WLPH��DQG�QRWHV�EHLQJ�SOD\HG�JRW�ORVW��7KH�FXUUHQW
VRXUFH��WKHQ��UXQV�DV�IDVW�DV�ZH�FRXOG�PDQDJH��DQG�VHHPV�WR�FDWFK�DOO�WKH�QRWHV�HYHQ�ZLWK�D�VNLOOHG�SLDQLVW
GRLQJ�WKH�SOD\LQJ��2XU�PDLQ�WHVWHUV�IRU�WKH�SURJUDP�KDYH�EHHQ�5LFKDUG�DQG�9DOHGD�%HOO��RI�6WDWHQ�,VODQG�
7KHLU�DGYLFH�DQG�HQFRXUDJHPHQW�KDYH�FRQWULEXWHG�LQ�D�YHU\�ODUJH�ZD\�WR�WKH�GHYHORSPHQW�RI�WKH�SURJUDP�
(QFRXUDJHPHQW�KDV�DOVR�FRPH�IURP�0LNH�0DNVLPLN��ZLWKRXW�ZKRVH�RULJLQDO�0,',�0DVWHU�VRXUFH�FRGH
QRQH�RI�WKLV�ZRXOG�EH�SRVVLEOH�
�
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7RGD\
V�VLGHEDU�LV�WKH�SRUWLRQ�RI�FRGH�WKDW�KDQGOHV�WKH�SOD\LQJ�LQ�RI�QRWHV�DQG�VWRULQJ�WKHP�LQ�PHPRU\�
7KH�SURJUDP�UHVLGHV�LQ�ORZ�PHPRU\��VR�DOO�RI�WKH�QRWH�HYHQWV�DUH�VWRUHG�LQ�KLJK�PHPRU\��<RX
OO�VHH�WKDW
WKLV�FRGH�KDV�EHHQ�PDGH�WR�RSHUDWH�YHU\�TXLFNO\��ZLWK�DOPRVW� HYHU\WKLQJ�JRYHUQHG�E\�WKH�YDOXHV� LQ
UHJLVWHUV��7KH�ZRUNVSDFH�LV�DW�!������MXVW�WR�PDNH�DOO�WKHVH�UHJLVWHUV�TXLFNHU�IRU�DFFHVV�
�
2.3.4. Once It's in the Memory . . .
�
+DYLQJ� VROYHG� WKH�PDMRU�SUREOHP�RI� WDNLQJ�E\WHV� IURP� WKH�0,',�NH\ERDUG� LQWR� WKH�PHPRU\� LQ� DQ
RUJDQL]HG�DQG�HIILFLHQW�PDQQHU��ZH�KDG�WZR�RWKHU�SUREOHPV�WR�VROYH��)LUVW�ZDV��+RZ�GR�ZH�NQRZ�ZKHQ
WKH�SOD\HU�KDV�VWRSSHG�SOD\LQJ"��$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�
�
2.3.5. 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�$5(�FRPSDWLEOH�ZLWK�WKH�XSGDWHG
YHUVLRQV�RI�0,',�0DVWHU�
�
2.3.6. Loading S aved Works
�
,WHP���IURP�WKH�PHQX�LV�IRU�ORDGLQJ�D�SUHYLRXVO\�VDYHG�ILOH�RU�VHULHV�RI�ILOHV��$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�
�
2.3.7. 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�
�
2.3.8. 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 (AKA 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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2.4. The Art of Assembly. Part 80. What's a NewLine?

E\�%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�
�
2.4.1. 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�0�8�*��&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�

2.4.2. 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�$6&,,�ILOHV�RYHU�DQ�56�����FRQQHFWLRQ�LQWR
WKH�7,�DQG�WKHQ�KDYH�WKH�7,�FRQYHUW�WKHP�LQWR�61)�VRXUFH�ILOHV�IRU�0,',�0DVWHU��7KH�UHVXOWLQJ�ILOHV�PLJKW
QHHG�VRPH�HGLWLQJ�WR�UHDOO\�VRXQG�ULJKW�ZKHQ�FRPSLOHG�E\�0,',�0DVWHU��EXW�WKDW�ZRXOG�EH�ORWV�TXLFNHU
DQG�HDVLHU�WKDQ�VWDUWLQJ�RYHU�IURP�VFUDWFK�
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�
2.4.3. Pre-AMS ways
�
6RPH�\HDUV�EDFN��ZH�GHYHORSHG�D�OLWWOH�V\VWHP�FDOOHG�6PDUW�&RQQHFW��WR�WUDQVIHU�WH[W�ILOHV�EHWZHHQ�RXU�3&
DQG�7,�LQ�ERWK�GLUHFWLRQV��2WKHUV��PRVW�QRWDEO\�'U��&KDUOHV�*RRG��FDPH�XS�ZLWK�RWKHU�ZD\V�RI�JHWWLQJ�WH[W
ILOHV�IURP�3&�WR�7,��+H�XVHG�)XQQHOZHE
V�/2$'�),/(�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�
�
2.4.4. 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�
�
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2.4.5. 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���DND
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�
�
2.4.6. 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�&75/����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�)&71����,I�D�OLQH�HQGHG�XS�ZLWK�OHDGLQJ�VSDFHV�LQ�IURQW�RI�LW��WKRVH�OHDGLQJ�VSDFHV�FDQ
EH�UHPRYHG�E\�MXVW�SUHVVLQJ�&75/���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�VLGHEDU�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�
�
2.4.7. 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�
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* 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"
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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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2.5. The Art of Assembly. Part 81. Strange Happenings

E\�%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\�
�
2.5.1. 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���PHJDE\WHV�OHIW
RQ�RXU����PHJDE\WH�KDUG�GULYH��DQG�WKDW
V�PRVW�OLNHO\�QRW�QHDU�HQRXJK�IRU�DQ\�EURZVHU�ZH
UH�RIIHUHG��$OVR�
RI�FRXUVH��WKH�SUHIHUUHG�EURZVHU�ZLOO�H[SHFW�XV�WR�EH�UXQQLQJ�XQGHU�VRPH�YHUVLRQ�RI�:LQGRZV��1R�ZD\�
-RVH�
�
6WLOO��HYHQ�DV�D�97����WHUPLQDO�HPXODWLRQ��WKHUH�DUH�VRPH�JRRG�GHDOV�RXW�WKHUH��:H�IRXQG�D�VLWH�ZLWK
WKRXVDQGV�RI�0,',�ILOHV�DYDLODEOH�IRU�GRZQORDG��DQG�WRRN�VRPH�RI�WKRVH��0DQ\�RI�WKHP�ZRUNHG�RND\�ZLWK
&DNHZDON��70��DQG�SOD\HG�SUHWW\�QLFHO\�RQ�RXU�QHZ�&DVLR�NH\ERDUG��%XW�WKHQ�WKHUH�ZHUH�VRPH�WKDW�VHQW
�P\VWHU\��FRQWURO�FRGHV�WR�WKH�&DVLR��DQG�DIWHU�D�ZKLOH�WKHVH��ORFNHG�XS��RXU�NH\ERDUG��:H�GRQ
W�NQRZ�ZK\�
*HWWLQJ�WKH�0,',�NH\ERDUG�XQORFNHG�UHTXLUHG�UHPRYLQJ�LWV�EDWWHU\�SRZHU��OHWWLQJ�LW�VLW�RYHUQLJKW��WKHQ
VHQGLQJ�LW�VRPH�PXVLF�IURP�0,',�0DVWHU�RQ�WKH�7,��(YHQ�WKHQ��/RU\�IRXQG�VRPH�FKDQQHOV�QRW�UHVSRQGLQJ�
6KH�ZRXQG�XS�VHQGLQJ�D��UHVHW�DOO�FRQWUROOHUV��FRGH�WR�HDFK�DQG�HYHU\�FKDQQHO��7KDW�ZRUNHG�SHUIHFWO\��DQG
DIWHU�WKDW�ZH�FRXOG�DJDLQ�XVH�LW�ZLWK�&DNHZDON�RQ�WKH�3&��SURYLGHG�ZH�GLGQ
W�SOD\�DQ\�RI�WKRVH�GRZQORDGHG
0,',�ILOHV�
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�
2.5.2. And Then Came E-mail
�
6KRUWO\�DIWHU�JHWWLQJ�HTXLSSHG�WR��EURZVH��YLD�D�VHUYLFH�SURYLGHG�E\�WKH�0DU\ODQG�3XEOLF�/LEUDU\�V\VWHP�
ZH�IRXQG�RXU�ZD\�WR�+270$,/��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\��+270$,/
V�KHOS�VFUHHQV�DUH�QRW�WKH�PRVW
KHOSIXO��,I�,�ZDQW�WR�GRZQORDG�6WHSKHQ
V�OHWWHU�WR�P\�RZQ�KDUG�GULYH��,�ILQG�WKH�PHQXV�RQ�+270$,/�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�+270$,/�LV�D�0LFURVRIW�VHUYLFH��JXHVV�ZKRVH�EURZVHU�WKDW�ZRXOG
EH��DQG�JXHVV�ZKDW�RSHUDWLQJ�V\VWHP�LW�ZRXOG�QHHG��%LOO�*DWHV�UXOHV�WKH�ZRUOG��$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�
�
2.5.3. 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���

2.5.4. The Other Penalty
�
$V�WKLV�LV�ZULWWHQ��LW
V�EHHQ�DERXW�D�ZHHN�VLQFH�ZH�VWDUWHG�JHWWLQJ�LQWR�WKH�,QWHUQHW��DQG�OHVV�WKDQ�WKDW�VLQFH
ZH
YH�KDG�H�PDLO��<RXU�DXWKRU�KDV�QRW�ZULWWHQ�D�VLQJOH�OLQH�RI�VRXUFH�FRGH�LQ�WKDW�SHULRG��7KHUH
V�D�SURMHFW
�LQ�ZRUN��IRU�\HW�DQRWKHU�QHZ�SURJUDP�IRU�RXU�EHORYHG�7,��EXW�QRZ�WKDW�ZH
UH�EXV\��EURZVLQJ��ZHE�VLWHV
DQG�VHQGLQJ�UHFHLYLQJ�H�PDLO��QRW�RQH�ORXV\�OLQH�RI�VRXUFH�KDV�PDGH�LW�LQWR�WKH�SURMHFW��0D\EH�RQ�6DWXUGD\
QLJKW��7RGD\�KDSSHQV�WR�EH�D�)ULGD\��DQG�ZH�GRQ
W�ZDQW�WR�PLVV�WKLV�ZHHN
V� UH�UXQ�RI�6DEULQD��7KH
7HHQDJH�:LWFK��:H�GRQ
W�ZDWFK�LW�IRU�6DEULQD��EXW�IRU�6DOHP�WKH�FDW��ZKR�KDV�DOO�WKH�EHVW�OLQHV��:H
YH
QHYHU�KDG�D�FDW�WKDW�FRXOG�WDON��EXW�KDYH�KDG�FDWV�WKDW�ZHUH�WUXO\�DV��ZLVHDFUH��DV�6DOHP�
�
6WLOO��RQ�WKH�LQWHUQHW�ZH�FDQ�YLVLW�WKH�)HUPL�/DERUDWRU\�DQG�OHDUQ�DERXW�IXQGDPHQWDO�SDUWLFOHV�RI�PDWWHU�
SDUWLFOH�DFFHOHUDWRUV��PHWKRGV�IRU�GHWHFWLQJ�VXE�DWRPLF�SDUWLFOHV��WKH�UHODWLRQVKLSV�EHWZHHQ�DVWURQRP\
DQG�SK\VLFV��HWF��HWF��HWF��2XU�ER\�-HDQ�*X\�FDQ�YLVLW�D�ZHEVLWH�WKDW
V�DOO�DERXW�6SDZQ��DQG�VSHQG�KRXUV
UHDGLQJ�XS�RQ�KLV�IDYRULWH�DFWLRQ�KHUR�
�
1R��WKHUH
V�QR�VLGHEDU�WKLV�WLPH��$XWKRUV�ZKR�KDYHQ
W�GRQH�DQ\�VRXUFH�FRGH�GRQ
W�KDYH�6LGHEDUV��6KDPH
RQ�PH��1H[W�WLPH�,�3520,6(�����
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2.6. The Art of Assembly. Part 82. Click on Icon Again 

E\�%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�����0(*$%<7(6������*,*$%<7(6
+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.��(17(5!�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�$2/��ZH�ZHUH�DEOH�WR�FUHDWH�WZR�ZHE�VLWH�RI�RXU�YHU\
RZQ�
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7KH�ILUVW�RI�WKHVH�LV�FDOOHG�7KH�$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�$2/�WR�EH�DYDLODEOH�ZLWK�RXU�ZHE�VLWH��7KH�VXEMHFW�RI�WKH�SLFWXUH�LV�MXVW
DV�DZIXO�ORRNLQJ�DIWHU�DOO�WKRVH�GRZQ�DQG�XS�ORDGLQJV��EXW�WKH�SLFWXUH�LWVHOI�LV�WHUULILF�
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7KH�VHFRQG�RI�WKRVH�ZHE�VLWHV�LV�E\�P\�SDUWQHU��'RORUHV�3��:HUWKV��7KLV�GHDOV�PRVWO\�ZLWK�KHU�H[SORLWV�DV
D�PXVLFLDQ�LQ�YDULRXV�YHQXHV��LQFOXGLQJ�5HQDLVVDQFH�)DLUHV��	�)HVWLYDOV��DQG�QXPHURXV�RWKHU�JLJV����7KH
LURQ\�RI�DOO�RI�WKH�DERYH�LV�WKDW�,
P�ZULWLQJ�WKLV�FROXPQ�RQ�WKH�WUXVW\�ROG�7,��XVLQJ�)XQQHOZHE��ZKLOH�RXU
ER\�0DUFHO�XVHV�WKH�QHZ�3&�WR�SOD\��$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�VLGHEDU�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�SKRWRILQLVKLQJ�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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2.7. 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\�

2.7.1. 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�

2.7.2. 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�F�5DPGLVN�HTXLSSHG�V\VWHPV�
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2.7.3. 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�

2.7.4. 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"

2.7.5. 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

2.7.6. 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�


