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          +-------------------------------+ >0300
          |    Sprite Attribute List      |
          +-------------------------------+ >0200
          |           Screen              |
          +-------------------------------+ >0000

Figure 2.1: VDP RAM Usage by Extended Basic when Memory Expans ion is P resent.
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2.2. Internal RAM

7KH�RQO\�GLUHFWO\�DGGUHVVDEOH�&38�5$0�LQVLGH�WKH�FRQVROH�LV�DW�DGGUHVVHV�!�����WR�!��))��!�����WR

!�����ZLOO� EH� XVHG� WR� VXSSRUW� SDUDPHWHU� SDVVLQJ� WR�PDFKLQH� ODQJXDJH� VXESURJUDPV�� 7KLV�ZLOO� EH

GLVFXVVHG�ODWHU�XQGHU�&$//�/,1.��7KH�UHVW�LV�XVHG�E\�([WHQGHG�%DVLF�IRU�SRLQWHU�LQWR�9'3�5$0��H�J�

WRS�RI�VWDFN��DQG�JOREDO�SDUDPHWHUV��H�J��237,21�%$6(���RU����21�(5525�WUDQVIHU�DGGUHVV��HWF���

2.3. Expansion RAM.

7KH�0HPRU\�([SDQVLRQ�SHULSKHUDO�KDV�WZR�EORFNV�RI�PHPRU\��D���.�EORFN� IURP�DGGUHVV�!$����WR

!))))�DQG�DQ��.�EORFN�IURP�!�����WR�!�)))��([WHQGHG�%DVLF�XVHV�WKH���.�EORFN�IRU�VWRUDJH�RI�WKH

%DVLF� SURJUDP�� OLQH� QXPEHU� WDEOH�� DQG� QXPHULF� YDULDEOHV�� 7KH� �.� EORFN�PD\� EH� XVHG� IRU�PDFKLQH

ODQJXDJH�VXESURJUDPV��,W�LV�SRVVLEOH�WR�XVH�D�SDUW�RI�WKH���.�EORFN�IRU�PDFKLQH�ODQJXDJH�DV�ZHOO��%DVLF

DOORFDWHV�VSDFH�WR�LWVHOI�IURP�WKH�KLJK�HQG�RI�PHPRU\��VR�\RX�PD\�SODFH�PDFKLQH�ODQJXDJH�FRGH�DQG�GDWD

DW�WKH�ORZ�HQG��,Q�RUGHU�WR�ORDG�FRGH�KHUH��LW�VKRXOG�EH�DVVHPEOHG�LQ�DEVROXWH�PRGH��H�J��$25*�!$����

UDWKHU�WKDQ�UHORFDWDEOH��$�SRLQWHU�WR�WKH�EHJLQQLQJ�RI�IUHH��XQDOORFDWHG�PHPRU\�PD\�EH�IRXQG�LQ�ORFDWLRQ

!������5$0)5(��

2.4. Structure of the ALC block

7KH�5RXWLQH�1DPH�7DEOH�FRQVLVWV�RI���E\WH�HQWULHV����E\WHV�RI�VXESURJUDP�QDPH�IROORZHG�E\���E\WHV�RI

HQWU\�DGGUHVV��7KH�ILUVW�HQWU\�LV�SODFHG�DW�ORFDWLRQ�!�))��!�)))��$V�GHVFULEHG�EHORZ��WKHVH�HQWULHV�DUH

WDNHQ�IURP�WKH����DQG����WDJV�RI�DQ�REMHFW�ILOH��7KH�/DVW�)UHH�$GGUHVV��/)$��SRLQWHU�LV�LQLWLDOL]HG�WR�!�����

,W�SRLQWV�DW�WKH�ILUVW�XVHG�E\WH�LQ�WKH�5RXWLQH�1DPH�7DEOH�ZKHQ�WKH�QDPH�WDEOH�LV�QRW�HPSW\��7KH�)LUVW

)UHH�$GGUHVV��))$��SRLQWHU�LV�LQLWLDOL]HG�WR�WKH�ILUVW�XQXVHG�ORFDWLRQ�DIWHU�WKH�XWLOLWLHV�DQG�SRLQWV�WR�WKH

QH[W�IUHH�E\WH�DIWHU�VXESURJUDPV�KDYH�EHHQ�ORDGHG��))$�DQG�/)$�DUH�ORDGHG�LQWR�5$0��ORFDWLRQV�!����

DQG�!���$��&38�5$0��UHVSHFWLYHO\�DW�WKH�VWDUW�RI�D�/2$'�IURP�D�ILOH��6R�LI�DEVROXWH�FRGH�LV�WR�FKDUJH

WKH�YDOXHV�RI�))$�DQG�/)$�LW�PXVW�PRGLI\�ORFDWLRQV�!�����DQG�!���$�
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       +---------------------------------+
>2000  |  XML Vector                     |
       +---------------------------------+
>2002  |  First Free Address Ptr (FFA)   |
       +---------------------------------+
>2004  |  Last Free Address Ptr (LFA)    |
       +---------------------------------+
>2006  |  Constant >AA55                 |
       +---------------------------------+
>2008  |  Utility Branch Table           |
       +---------------------------------+
       |  Name Link Routine              |
       +---------------------------------+
       |  Utilities                      |
       |                                 |
       +---------------------------------+
       |  ALC Routine Space              |
       |                                 |
       | \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/|
       |                                 |
       |                                 |
       |                                 |
       |                                 |
       |                                 |
       |                                 |
       | /\ /\ /\ /\ /\ /\ /\ /\ /\ /\ /\|
       |                                 |
       |  Routine Name Table             |
>3FFF  +---------------------------------+

Figure 2.2: ALC Support Memory Usage
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3. Interface with Extended Basic

)RXU�VXESURJUDPV�DUH�LQFOXGHG�LQ�([WHQGHG�%DVLF�ZKLFK�LQWHUIDFH�EHWZHHQ�%DVLF�DQG�PDFKLQH�ODQJXDJH�

3.1. CALL INIT

,1,7� LQLWLDOL]HV� WKH� IUHH� VSDFH�DQG� HQWU\�QDPH� WDEOH�SRLQWHUV�� DQG� WUDQVIHUV� WKH� VWDQGDUG�DVVHPEO\

ODQJXDJH� VXSSRUW� SDFNDJH� IURP�*520� WR�5$0��$Q� H[FHSWLRQ�ZLOO� RFFXU� LI� ,1,7� LV� FDOOHG�ZLWK� QR

H[SDQVLRQ�5$0�DWWDFKHG��RU�ZLWK�WKH�H[SDQVLRQ�5$0�QRW�SRZHUHG�XS�

3.2. CALL PEEK(addr ess,var-1,[var-2,. . .])

3((.�LV�XVHG�WR�GLUHFWO\�UHDG�E\WHV�RI�&38�5$0�LQWR�%DVLF�YDULDEOHV��7KH�DGGUHVV�LV�D�GHFLPDO�YDOXH�IURP

�������WR�������� UHSUHVHQWLQJ�WZR�E\WH�DGGUHVVHV��$GGUHVVHV�DERYH�!�)))�DUH�ZULWWHQ�DV�QHJDWLYH

QXPEHUV��WUHDWLQJ�WKH�WZR�E\WH�TXDQWLW\�DV�D�WZR
V�FRPSOHPHQW�LQWHJHU���L�H��WR�DFFHVV�DQ�DGGUHVV�DERYH

�������VXEWUDFW�������IURP�LW��

&$87,21

%HFDXVH�RI�WKH�DXWR�LQFUHPHQW�DGGUHVVLQJ�RI�VRPH�PHPRU\�PDSSHG�DGGUHVV�VSDFHV��3((.LQJ

FHUWDLQ�DGGUHVVHV�ZLOO�KDYH�XQGHVLUDEOH�VLGH�HIIHFWV��,Q�SDUWLFXODU��WU\LQJ�WR�UHDG�IURP�WKH�520

FRQWDLQLQJ�([WHQGHG�%DVLF�FDQ�FDXVH�D�V\VWHP�FUDVK�

3.3. CALL LOAD(object-1,[object-2,. . . ])

7KH�/2$'�URXWLQH�LV�XVHG�WR�ORDG�DQ�DVVHPEO\�ODQJXDJH�REMHFW�ILOH�RU�GLUHFW�GDWD�LQWR�WKH�5$0�H[SDQVLRQ

IRU� ODWHU� H[HFXWLRQ� ZLWK� WKH� /,1.� URXWLQH�� (DFK� RI� WKH� REMHFW� DUJXPHQWV�PXVW� EH� HLWKHU� D� VWULQJ

H[SUHVVLRQ�RU�D�OLVW�RI�LQWHJHUV��7KH�VWULQJ�H[SUHVVLRQ�VKRXOG�HYDOXDWH�WR�WKH�QDPH�RI�D�ILOH�FRQWDLQLQJ�D

�����REMHFW�SURJUDP��7KH�OLVW�RI�LQWHJHUV��SRNH�OLVW��VKRXOG�EH�DQ�DGGUHVV�EHWZHHQ��������DQG��������VHH

3((.��� IROORZHG�E\�D� OLVW�RI� LQWHJHUV�WR�EH�XVHG�DV�RQH�E\WH�RI�GDWD�HDFK��7KHVH�ZLOO�EH� ORDGHG� LQWR

FRQVHFXWLYH�ORFDWLRQV��VWDUWLQJ�DW�WKH�JLYHQ�DGGUHVV��$Q�HPSW\�VWULQJ������PD\�EH�XVHG�WR�VHSDUDWH�WKH�ODVW

E\WH�RI�RQH�SRNH�OLVW�DQG�WKH�VWDUWLQJ�DGGUHVV�RI�WKH�QH[W��7KH�DGGUHVV�LQ�D�SRNH�OLVW�LV�DEVROXWH�DQG�WKH

GDWD�LV�QRQ�UHORFDWDEOH��,I�\RX�ORDG�D�URXWLQH�GLUHFWO\�ZLWK�D�SRNH�OLVW��\RX�VKRXOG�DOVR�ORDG�D�QDPH�WDEOH

HQWU\��VR�WKDW�WKH�URXWLQH�PD\�EH�IRXQG�E\�&$//�/,1.�GHVFULEHG�EHORZ��:KHQ�SRNLQJ�GDWD��VSDFH�LV�QRW

DXWRPDWLFDOO\�UHVHUYHG��7KH�SRNH�SURFHGXUH�ZULWWHQ�E\�WKH�XVHU�FDQ�GR�WKLV�E\�PRGLI\LQJ�WKH�))$�DQG

/)$�SRLQWHUV��+RZHYHU�WKLV�FDQQRW�EH�GRQH�ZLWKRXW�UHDGLQJ��SHHNLQJ��WKHP��7KH�3((.�URXWLQH�FDQ�EH

XVHG�WR�UHDG�WKH�SRLQWHUV�EHIRUH�PRGLI\LQJ�WKHP�

7KH�ILOH�ZLOO�EH�RSHQHG�DQG�UHDG�E\�WKH�/2$'�URXWLQH��5HORFDWDEOH�FRGH�ZLOO�EH�ORDGHG�DW�WKH�ILUVW�DYDLODEOH

DGGUHVV��5RRP�ZLOO�EH�UHVHUYHG�IRU�WKH�$/&�URXWLQH�DFFRUGLQJ�WR�WKH�OHQJWK�VSHFLILHG�LQ�WKH����WDJ��ILHOG

LQ�WKH�REMHFW�ILOH��$EVROXWH�FRGH�ZLOO�EH�ORDGHG�DW�WKH�DEVROXWH�DGGUHVV�VSHFLILHG�LQ�WKH�REMHFW�FRGH�
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&$87,21

$EVROXWH�FRGH�ZLOO�EH�ORDGHG�DW�ZKDWHYHU�DGGUHVV�LV�VSHFLILHG�LQ�WKH�REMHFW�FRGH��6SDFH�ZLOO�QRW�EH

UHVHUYHG�LQ�WKH�5$0�H[SDQVLRQ�IRU�WKDW�FRGH��6SDFH�ZLOO�EH�UHVHUYHG�DW�WKH�ILUVW�DYDLODEOH�DGGUHVV

IRU�WKH�OHQJWK�VSHFLILHG�LQ�WKH����WDJ��ILHOG��7KH�DVVHPEO\�ODQJXDJH�SURJUDPPHU�PXVW�WDNH�H[WUHPH

FDUH�WKDW�DEVROXWH�FRGH�LV�UHDOO\�QHHGHG�DQG�WKDW�LW�ZLOO�ZRUN�SURSHUO\��/RDGLQJ�GDWD�LQWR�PHPRU\

DOUHDG\�EHLQJ�XVHG�E\�([WHQGHG�%DVLF�FDQ��RI�FRXUVH��FDXVH�D�V\VWHP�FUDVK�

7KH�ILUVW�$/&�PRGXOH�ORDGHG�ZLOO� ORDG�VWDUWLQJ�LPPHGLDWHO\�DIWHU�WKH�XWLOLWLHV��7KH�)LUVW�)UHH�6SDFH

SRLQWHU�ZLOO�EH�LQLWLDOL]HG�WR�WKDW�DGGUHVV�E\�WKH�&$//�,1,7��5HORFDWDEOH�FRGH�ZLOO�EH�UHORFDWHG�WR�WKH

VWDUWLQJ�ORDG�DGGUHVV��:KHQHYHU�D����WDJ��LV�HQFRXQWHUHG�WKH�VWDUWLQJ�ORDG�DGGUHVV�LV�XSGDWHG�IURP�WKH

)LUVW�)UHH�6SDFH�SRLQWHU�DQG�WKH�)LUVW�)UHH�6SDFH�SRLQWHU�KDV�WKH�PRGXOH�OHQJWK�DGGHG�WR�LW��:LWK�WKLV

VFKHPH�PRGXOHV�DUH�ORDGHG�VHULDOO\�IURP�WKH�ORZHVW�DGGUHVV��,QGLYLGXDO�PRGXOHV�FDQQRW�EH�GHOHWHG�IURP

PHPRU\��7KH�ZKROH�PHPRU\�PD\�EH�FOHDUHG�ZLWK�D�&$//�,1,7�

7KH�REMHFW�WDJV�JHQHUDWHG�E\�'()�VWDWHPHQWV�����DQG���WDJV��DUH�XVHG�WR�GHILQH�$/&�URXWLQHV�ZKLFK�FDQ

EH�FDOOHG�E\�QDPH�IURP�%DVLF��7KH����DQG���WDJV�FRQWDLQ�WKH�'()HG�QDPH�DQG�DGGUHVV��7KRVH�QDPHV�DQG

DGGUHVVHV�DUH�SODFHG�LQ�WKH�5RXWLQH�1DPH�7DEOH�VWDUWLQJ�DW�WKH�KLJKHVW�PHPRU\�DGGUHVV��!�)))��DQG

ZRUNLQJ�GRZQ��7KHVH�HQWULHV�DUH���E\WHV�HDFK�

$VVHPEO\�ODQJXDJH�FRGH�PD\�EH�ORDGHG�IURP�DQ\�GHYLFH�ZKLFK�VXSSRUWV�VHTXHQWLDO�GLVSOD\�ILOHV�DW�IL[HG

OHQJWK�����3ULQFLSDOO\�WKH�ORDG�GHYLFH�ZLOO�EH�D�ILOH�RQ�WKH�IORSS\�GLVN��KRZHYHU��WKH�DXGLR�FDVVHWWH�UHFRUGHU

PD\�EH�XVHG�

,Q�RUGHU�IRU�WKH�REMHFW�FRGH�ILOHV�WR�ORDG�SURSHUO\�WKH�IROORZLQJ�FRQYHQWLRQV�PXVW�EH�IROORZHG�

3URJUDP� 1R�VHFRQGDU\�UHIHUHQFHV��65()��/2$'��RU�VHJPHQWV��36(*��'6(*��&6(*��DUH�DOORZHG�

$VVHPEO\� 7KH�6<07��V\PERO�WDEOH��RSWLRQ�FDQQRW�EH�XVHG�

/LQNLQJ� )ROORZLQJ�LV�WKH�FRUUHFW�IRUP�IRU�WKH�/LQN�(GLWRU�&RQWURO�)LOH��

7$6. WDVN�QDPH

3$57,$/

127*/2%$/ ODEHO������

,1&/8'( ILOH�QDPH

,1&/8'( ILOH�QDPH

��� ���

(1'

,I�RQO\�RQH�ILOH�LV�EHLQJ�XVHG�WKHQ�LW�GRHV�QRW�KDYH�WR�EH�OLQNHG�
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7KH� 3$57,$/� FRPPDQG� UHWDLQV� WKH� HQWU\� SRLQWV� ���� DQG� ��WDJV�� ZKLFK� DUH� XVHG� E\� WKH� %$6,&

VXESURJUDP�/,1.�DV�HQWU\�SRLQWV��/LEUDULHV�PD\�EH�XVHG�LQ�WKH�OLQN�HGLW�

7KH�127*/2%$/�FRPPDQG�FDXVHV�WKH�ODEHOV�OLVWHG�WR�EH�H[FOXGHG�IURP�WKH�/LQNHG�2EMHFW�)LOH��7KH\

ZLOO�VWLOO�EH�XVHG�GXULQJ�WKH�/LQN�SURFHVV�WKRXJK��7KLV�ZRXOG�LQFOXGH�DQ\�ODEHOV�WKDW�ZHUH�'()
'�EXW�DUH

QRW�WR�EH�XVHG�DV�HQWU\�SRLQWV�IURP�([WHQGHG�%DVLF�

,I�WKH�'()6�RU�5()6�PDFURV�DUH�XVHG�WKHQ�DOO�RI�WKRVH�ODEHOV�ZLOO�KDYH�WR�EH�LQFOXGHG�LQ�D�127*/2%$/

FRPPDQG��RWKHUZLVH�WKH\�ZRXOG�EH�SODFHG�LQWR�WKH�5RXWLQH�1DPH�7DEOH��DQG�EH�DYDLODEOH�DV�HQWU\�SRLQWV

IURP�([WHQGHG�%DVLF���$�VNHOHWRQ�/LQN�(GLW�&RQWURO�)LOH�LV�DYDLODEOH�RQ�ILOH���+&'(9�$/&/,1.�ZKLFK

FRQWDLQV�WKH�127*/2%$/�FRPPDQGV�IRU�WKH�ODEHOV�'()
'�E\�'()6��6SHFLILFDOO\�ILOH��+&'(9�$/&/,1.

VKRXOG�FRQWDLQ�

TASK
PARTIAL
NOTGLOBAL VDPWA,VDPWD,VDPRD,VDPSTA,FAC,SUBWS,GPLWS
NOTGLOBAL NUMASG,NUMREF,STRASG,STRREF,XMLLNK,KSCAN
NOTGLOBAL VSBW,VMBW,VSBR,VMBR,VWTR,ERR,FADD
NOTGLOBAL FSUB,FMUL,FDIV,SADD,SSUB,SMUL,SDIV,CSN
NOTGLOBAL CFI,FCOMP,NEXT,COMPCT,GETSTR,MEMCHK,VPUSH
NOTGLOBAL ASSGNV,CNS,VPOP,CIF,SCROLL,VGWITE,GVWITE
END

3.4. CALL LINK(string-expression,[parameter-list])

7KH�/,1.�VXESURJUDP�SDVVHV�FRQWURO�IURP�D�%$6,&�SURJUDP�WR�DQ�DVVHPEO\�ODQJXDJH�VXESURJUDP��7KH

VWULQJ�H[SUHVVLRQ�VKRXOG�HYDOXDWH�WR�����FKDUDFWHUV��ZKLFK�LV�WKH�QDPH�RI�DQ�DVVHPEO\�ODQJXDJH�URXWLQH�

7KH�SDUDPHWHU�OLVW�LV�DQ�RSWLRQDO�OLVW�RI�SDUDPHWHUV��SDVVHG�XVLQJ�WKH�VDPH�FRQYHQWLRQV�DV�SDUDPHWHUV

SDVVHG�WR�DQ�([WHQGHG�%DVLF�VXESURJUDP��7KH�/,1.�VXESURJUDP�SHUIRUPV�WKH�IROORZLQJ�DFWLRQV�

�� (YDOXDWH�WKH�$/&�VXESURJUDP�QDPH�DQG�LWV�OHQJWK��������DQG�SXVK�WKH�)$&�HQWU\�RQ�WKH�YDOXH

VWDFN�

�� %XLOG�WKH�$/&�DUJXPHQW�OLVW�FRQVLVWLQJ�RI�VWDFN�DQG�LGHQWLILHU�WDEOH�HQWULHV�

�� 0RYH�WKH�VXE�QDPH�IURP�VWULQJ�VSDFH�WR�WKH�)$&�HQWU\�DQG�WUDQVIHU�FRQWURO�RYHU�WR�WKH�XWLOLW\

FRGH�

�� 2Q�UHWXUQ��EUDQFK�WR�DQ�HUURU�URXWLQH�LI�DQ�HUURU�KDV�EHHQ�GHWHFWHG��RWKHUZLVH��FOHDU�WKH�VWDFN�DQG

UHWXUQ�QRUPDOO\�
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7KH�DUJXPHQWV�DUH�SDVVHG�WR�WKH�$/&�VXESURJUDP�WKURXJK�WKH�VWDFN�LQ�9'3�5$0�DQG�WKH�LGHQWLILHU�OLVW

LQ�&38�5$0��7KH�LGHQWLILHU�OLVW�FRQVLVWV�RI�WKH�IROORZLQJ�

�� !�����!���) $UJXPHQW�LGHQWLILHUV��RQH�E\WH�HDFK��PD[LPXP�RI����

� !���� 2OG�YDOXH�VWDFN�SRLQWHU�

�� !���� 1XPEHU�RI�DUJXPHQWV�

�� !���� 7HPSRUDU\�VWRUDJH�VSDFH�IRU�VXEURXWLQH�QDPH�

7KHUH�DUH���W\SHV�RI�DUJXPHQWV�VXSSRUWHG�

�� 1XPHULF�([SUHVVLRQ�³�7KH�LGHQWLILHU�ZLOO�FRQWDLQ�D����7KH�HLJKW�E\WH�VWDFN�HQWU\�ZLOO�FRQWDLQ�WKH

YDOXH�RI�WKH�QXPHULF�H[SUHVVLRQ��7KH�ILUVW�E\WH�LV�WKH�H[SRQHQW��LQ�H[FHVV�����UDGL[�����QRWDWLRQ�

7KH�RWKHU�VHYHQ�E\WHV�FRQWDLQ���WR�����IRU�UDGL[�����GLJLWV��LI�WKH�QXPEHU�LV�QHJDWLYH��WKH�ILUVW

ZRUG��WZR�E\WHV��,6�QHJDWHG�

�� 6WULQJ�([SUHVVLRQ�³�7KH�LGHQWLILHU�ZLOO�FRQWDLQ�D����7KH�VWULQJ�HQWU\�ZLOO�FRQWDLQ�

D� %\WHV����� !���&

E� %\WH��� !����WKH�VWULQJ�WDJ�

F� %\WHV����� 3RLQWHU�WR�WKH�YDOXH�RI�WKH�VWULQJ�LQ�9'3�5$0�

G� %\WHV����� /HQJWK�RI�WKH�VWULQJ��%\WH���VKRXOG�DOZD\V�EH�]HUR��VLQFH�WKH�PD[LPXP

VWULQJ�OHQJWK�LV������FKDUDFWHUV�

�� 1XPHULF�YDULDEOH�³�7KLV�LWHP�ZLOO�HLWKHU�EH�D�QXPHULF�YDULDEOH�RU�D�QXPHULF�DUUD\�HOHPHQW��7KH

LGHQWLILHU�OLVW�ZLOO�FRQWDLQ�D���IRU�WKLV�HQWU\��7KH�VWULQJ�ZLOO�FRQWDLQ�

D� %\WHV����� 3RLQWHU�WR�WKH�YDULDEOH
V�V\PERO�WDEOH�HQWU\�LQ�9'3�5$0�

E� %\WH��� ]HUR

F� %\WHV����� 3RLQWHU�WR�WKH�HLJKW�E\WH�YDOXH�RI�WKH�YDULDEOH��LQ�([SDQVLRQ�5$0�
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�� 6WULQJ�9DULDEOH�³�7KLV� LWHP�ZLOO�HLWKHU�EH�D�VWULQJ�YDULDEOH�RU�D�VWULQJ�DUUD\�HOHPHQW��7KH

LGHQWLILHU�OLVW�ZLOO�FRQWDLQ�D����7KH�VWDFN�HQWU\�ZLOO�FRQWDLQ�

D� %\WHV����� 3RLQWHU�WR�WKH�YDULDEOH�
V�V\PERO�WDEOH�HQWU\�LQ�9'3�5$0�

E� %\WH��� !��

F� %\WHV����� 3RLQWHU�WR�WKH�VWULQJ
V�YDOXH�LQ�9'3�5$0�

G� %\WHV����� 6WULQJ�OHQJWK�

�� 1XPHULF�$UUD\�³�7KLV�HQWU\�UHVXOWV�IURP�DQ�DUJXPHQW�RI�WKH�IRUP�$����RU�$����HWF��7KLV�LV�XVHG

VR�WKDW�D�VXESURJUDP�PD\�PDQLSXODWH�DQ�HQWLUH�DUUD\��7KH�LGHQWLILHU�OLVW�ZLOO�FRQWDLQ�D���IRU�WKLV

HQWU\��7KH�VWULQJ�HQWU\�ZLOO�FRQWDLQ�

D� %\WHV����� 3RLQWHU�WR�WKH�DUUD\
V�V\PERO�WDEOH�HQWU\�LQ�9'3�5$0��7KH�E\WH�SRLQWHG

WR� ZLOO� FRQWDLQ� WKH� QXPEHU� RI� GLPHQVLRQV� RI� WKH� DUUD\� LQ� WKH� OHDVW

VLJQLILFDQW�WKUHH�ELWV�

E� %\WH��� ]HUR�

F� %\WHV����� 3RLQWHU�WR�WKH�DUUD\
V�YDOXH�VSDFH�LQ�9'3�5$0��7KH�YDOXH�VSDFH�ZLOO�KDYH

WZR�E\WHV�IRU�HDFK�GLPHQVLRQ��LQGLFDWLQJ�WKH�PD[LPXP�LQGH[�IRU�WKDW

GLPHQVLRQ��DQG�WZR�E\WHV�IRU�D�SRLQWHU�WR�WKH�ILUVW�HOHPHQW
V�HLJKW�E\WH

YDOXH�LQ�([SDQVLRQ�5$0��7KH�YDOXHV�DUH�VWRUHG�LQ�URZ�PDMRU�RUGHU���L�H�

WKH�ILUVW�LQGH[�YDULHV�WKH�IDVWHVW��

�� 6WULQJ�$UUD\�³�6LPLODU�WR�WKH�HQWU\�IRU�D�QXPHULF�DUUD\�H[FHSW�WKH�LGHQWLILHU�OLVW�ZLOO�FRQWDLQ�D

��DQG�E\WH���RI�WKH�VWDFN�HQWU\�ZLOO�FRQWDLQ�!����7KH�YDOXH�VSDFH�IRU�D�VWULQJ�DUUD\�ZLOO�FRQWDLQ

WZR�E\WHV�IRU�HDFK�GLPHQVLRQ��LQGLFDWLQJ�WKH�PD[LPXP�LQGH[��IROORZHG�E\�WZR�E\WHV�IRU�HDFK�DUUD\

HOHPHQW��ZKLFK�LV�XVHG�DV�D�SRLQWHU�WR�WKH�HOHPHQW
V�YDOXH�VWULQJ�LQ�9'3�5$0�

$Q\�DUJXPHQW�WKDW�FDQ�EH�SDVVHG�DV�D�YDULDEOH�ZLOO�EH�SDVVHG�DV�VXFK�UDWKHU�WKDQ�DV�DQ�H[SUHVVLRQ�

7KH�DVVHPEO\�VXESURJUDP�LV�FDOOHG�WKURXJK�D�1DPH�/LQN�5RXWLQH�ZULWWHQ�LQ�DVVHPEO\�ODQJXDJH�DQG

ORDGHG�ZLWK�WKH�XWLOLWLHV��7KH�1DPH�/LQN�5RXWLQH�ORRNV�XS�WKH�QDPH�RI�WKH�URXWLQH�WR�EH�FDOOHG�LQ�WKH

5RXWLQH�1DPH�7DEOH�DQG�EUDQFKHV�WR�WKH�$/&�VXESURJUDP��7KH�1DPH�7DEOH�LV�VHDUFKHG�IURP�WKH�ORZHVW

DGGUHVV�XS�VR�WKDW�LI�WZR�URXWLQHV�DUH�/2$'HG�ZLWK�WKH�VDPH�QDPH�WKHQ�WKH�VHFRQG�RQH�ORDGHG�ZLOO�EH

XVHG��7KH�QDPH�RI�WKH�URXWLQH�WR�EH�FDOOHG�ZLOO�EH�SODFHG�LQ�)$&�EODQN�ILOOHG�WR���FKDUDFWHUV�

,I�WKH�QDPH�VXSSOLHG�E\�WKH�XVHU�LV�JUHDWHU�WKDQ���FKDUDFWHUV�DQ�HUURU�ZLOO�UHVXOW�7KLV�HUURU�ZLOO�EH

GHWHFWHG�LQ�*3/�EHIRUH�WKH�;0/��,I�WKH�1DPH�/LQN�5RXWLQH�FDQQRW�ILQG�WKH�QDPH�LQ�WKH�WDEOH�WKHQ�LW�ZLOO

UHWXUQ�ZLWK�WKH�*3/�FRQGLWLRQ�ELW�VHW�WR�LQGLFDWH�WKDW�HUURU�
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7KH�1DPH�/LQN�5RXWLQH�ZLOO�EUDQFK�WR�WKH�$/&�URXWLQH�ZLWK�D�GLUHFW������FRGH�EUDQFK��:KHQ�WKH�$/&

URXWLQH�LV�FDOOHG�IURP�WKH�/,1.�URXWLQH�WKH�ZRUNVSDFH�ZLOO�EH�DW�!��(���7KH�$/&�URXWLQH�PXVW�UHWDLQ

5����5����5����DQG�5���LQ�WKDW�ZRUNVSDFH�DQG�UHWXUQ�WR�WKH�*3/�LQWHUSUHWHU�ZLWK�DQ�57�LQVWUXFWLRQ�

1RUPDOO\�WKH�$/&�URXWLQHV�ZLOO�KDYH�WKHLU�RZQ�ZRUNVSDFHV�DQG�ZLOO�UHWXUQ�WR�*3/�ZLWK�D�/:3,�!��(�

IROORZHG�E\�D�57��7KH�PDFURV�(175<�DQG�5(7851�GHVFULEHG�EHORZ�DUH�XVHIXO�WR�KDQGOH�WKLV�

7KH�$/&�VXESURJUDP�FDQ�DVVLJQ�QHZ�YDOXHV�WR�QXPHULF�RU�VWULQJ�YDULDEOHV�RU�WR�HOHPHQWV�RI�QXPHULF�RU

VWULQJ�DUUD\V�ZLWK�XWLOLWLHV�SURYLGHG�E\�WKH�V\VWHP��7KHVH�XWLOLWLHV�DUH�GHVFULEHG�LQ�D�ODWHU�VHFWLRQ�

:KHQ�WKH�$/&�URXWLQH�UHWXUQV�WR�/,1.�WKH�VWDFN�PXVW�EH�FOHDUHG��7KH�HQWULHV�DQ�WKH�VWDFN�PXVW�EH

LQGLYLGXDOO\�SRSSHG�WR�UHOHDVH�DQ\�WHPSRUDU\�VWULQJV�
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4. Utilities

7KH�XWLOLW\�URXWLQHV�DUH�SURYLGHG�IRU�XVH�E\�DVVHPEO\�ODQJXDJH�VXESURJUDPV�WR�DFFHVV�PDFKLQH�UHVRXUFHV

DQG�WR�LQWHUIDFH�ZLWK�WKH�%$6,&�LQWHUSUHWHU�

8WLOLW\�VXEURXWLQHV�DUH�SURYLGHG�LQ�WKH�5$0�H[SDQVLRQ�VR�WKDW�$/&�VXESURJUDPV�FDQ�EH�VKRUWHU�DQG�PRUH

PDFKLQH�LQGHSHQGHQW��7KH�XWLOLW\�URXWLQHV�DUH�FDOOHG�ZLWK�%/:3�LQVWUXFWLRQV�DQG�XVH�UHJLVWHUV�WR�SDVV

DUJXPHQWV�

4.1. VDP Access Utilities

6HYHUDO�XWLOLWLHV�DUH�SURYLGHG�IRU�DFFHVV�WR�WKH�9LGHR�'LVSOD\�3URFHVVRU��0DFURV� �VHH�EHORZ��DUH�DOVR

SURYLGHG�ZKHQ�VSHHG�LV�LPSRUWDQW��*HQHUDOO\�XVLQJ�WKH�XWLOLWLHV�LQVWHDG�RI�WKH�PDFURV�ZLOO�VDYH�FRGH�VSDFH�

$OO�SDUDPHWHUV�DUH�SDVVHG�WKURXJK�WKH�FDOOLQJ�SURJUDP
V�ZRUNVSDFH�UHJLVWHUV�

9'3�6LQJOH�%\WH�:ULWH�

7KLV�URXWLQH�ZULWHV�WKH�VLQJOH�E\WH�YDOXH�LQ�WKH�PRVW�VLJQLILFDQW�E\WH�RI�UHJLVWHU���WR�WKH�9'3

5$0�DGGUHVV�LQGLFDWHG�LQ�UHJLVWHU����7KH�URXWLQH�LV�DFFHVVHG�E\�D�%/:3�#96%:�

9'3�0XOWLSOH�%\WH�:ULWH�

7KLV�URXWLQH�ZULWHV�WKH�QXPEHU�RI�E\WHV�LQGLFDWHG�LQ�UHJLVWHU���IURP�WKH�&38�5$0�EXIIHU�SRLQWHG

WR�E\�UHJLVWHU���WR�WKH�9'3�5$0�EXIIHU�SRLQWHG�WR�E\�UHJLVWHU����7KH�XWLOLW\�LV�FDOOHG�ZLWK�D

%/:3�#90%:�

9'3�6LQJOH�%\WH�5HDG�

7KLV�URXWLQH�UHDGV�D�VLQJOH�E\WH�IURP�WKH�9'3�5$0�DGGUHVV�LQGLFDWHG�LQ�UHJLVWHU����DQG�SODFHV�LW

LQ�WKH�PRVW�VLJQLILFDQW�E\WH�RI�UHJLVWHU����7KH�URXWLQH�LV�FDOOHG�ZLWK�D�%/:3�#96%5�

9'3�0XOWLSOH�%\WH�5HDG�

7KLV�URXWLQH�UHDGV�WKH�QXPEHU�RI�E\WHV�LQGLFDWHG�LQ�UHJLVWHU���IURP�WKH�9'3�5$0�EXIIHU�SRLQWHG

WR�E\�UHJLVWHU����DQG�SODFHV�WKHP�LQ�WKH�&38�5$0�EXIIHU�SRLQWHG�WR�E\�UHJLVWHU����7KH�XWLOLW\�LV

DFFHVVHG�E\�D�%/:3�#90%5�

9'3�:ULWH�WR�5HJLVWHU�

7KLV�URXWLQH�ZULWHV�WKH�VLQJOH�E\WH�YDOXH�LQ�WKH�OHDVW�VLJQLILFDQW�E\WH�RI�UHJLVWHU���WR�WKH�9'3

UHJLVWHU� LQGLFDWHG� LQ� WKH� PRVW� VLJQLILFDQW� E\WH� RI� UHJLVWHU� ��� 7KH� URXWLQH� LV� FDOOHG� ZLWK� D

%/:3�#9:75�
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4.2. Argument passing utilities

1XPHULF�$VVLJQPHQW��$�XWLOLW\�LV�SURYLGHG�WR�DOORZ�D�YDOXH�WR�EH�DVVLJQHG�WR�D�QXPHULF�YDULDEOH�SDVVHG�DV

DQ�DUJXPHQW��7KH�IORDWLQJ�SRLQW�YDULDEOH�WR�EH�DVVLJQHG�ZLOO�EH�LQ�)$&�DQG�WKH�DUJXPHQW�QXPEHU�ZLOO�

EH�SDVVHG�LQ�5���IXOO�ZRUG���7KH�XWLOLW\�LV�FDOOHG�ZLWK�D�%/:3�#180$6*��,I�WKH�UHTXHVWHG�DUJXPHQW�LV

QRW�D�QXPHULF�YDULDEOH�WKHQ�WKH�URXWLQH�ZLOO�UHWXUQ�WR�*3/�ZLWK�WKH�*3/�FRQGLWLRQ�ELW�VHW�

)RU�DVVLJQPHQWV�WR�D�VLPSOH�QXPHULF�YDULDEOH�5��PXVW�FRQWDLQ�D�]HUR��)RU�DQ�DVVLJQPHQW�WR�DQ�DUUD\�5�

ZLOO�FRQWDLQ�WKH�DUUD\�HOHPHQW�QXPEHU��7KH�DVVLJQPHQW�XWLOLW\�ZLOO�WHVW�IRU�OHJDO�ERXQGV�RQ�WKH�HOHPHQW

QXPEHU��:LWK�237,21�%$6(��� WKH� HOHPHQW� QXPEHU�PXVW� UDQJH� IURP��� WR� �PD[LPXP�QXPEHU�RI

HOHPHQWV�������:LWK�237,21�%$6(���WKHQ�WKH�HOHPHQW�QXPEHU�PXVW�UDQJH�IURP���WR�PD[LPXP�QXPEHU

RI�HOHPHQWV�

6WULQJ�$VVLJQPHQW��$�XWLOLW\�LV�SURYLGHG�WR�DOORZ�D�VWULQJ�WR�EH�DVVLJQHG�WR�D�VWULQJ�YDULDEOH�SDVVHG�DV�DQ

DUJXPHQW�WR�WKH�VXESURJUDP��7KH�XWLOLW\�GRHV�WKH�IROORZLQJ�

�� $OORFDWHV�VSDFH�IRU�WKH�VWULQJ�LQ�9'3�5$0�

�� &RSLHV�WKH�VWULQJ�LQWR�9'3�5$0�

�� $VVLJQV�WKH�VWULQJ�WR�WKH�VHOHFWHG�YDULDEOH�

�� )L[HV�XS�WKH�RULJLQDO�DUJXPHQW�VWDFN�HQWU\�WR�SRLQW�WR�WKH�QHZ�VWULQJ�

7KH�VWULQJ�WR�EH�DVVLJQHG�LV�FRQVWUXFWHG�E\�WKH�$/&�URXWLQH�LQ�WKH�5$0�H[SDQVLRQ��7KH�ILUVW�E\WH�RI�WKH

VWULQJ�LV�WKH�OHQJWK�RI�WKH�VWULQJ��7KH�DVVLJQPHQW�XWLOLW\�LV�FDOOHG�ZLWK�WKH�VWULQJ�DGGUHVV�LQ�UHJLVWHU���DQG

WKH�DUJXPHQW�QXPEHU�LQ�UHJLVWHU����IXOO�ZRUG���7KH�XWLOLW\�LV�FDOOHG�ZLWK�D�%/:3�#675$6*��,I�WKH

DUJXPHQW�VSHFLILHG�LV�QRW�D�VWULQJ�YDULDEOH�WKHQ�WKH�URXWLQH�ZLOO�UHWXUQ�WR�*3/�ZLWK�WKH�*3/�FRQGLWLRQ

ELW�VHW�

)RU�DVVLJQPHQWV�WR�D�VLPSOH�VWULQJ�YDULDEOH�5��PXVW�FRQWDLQ�D�]HUR��)RU�DQ�DVVLJQPHQW�WR�DQ�DUUD\�5�

ZLOO�FRQWDLQ�WKH�DUUD\�HOHPHQW�QXPEHU��7KH�DVVLJQPHQW�XWLOLW\�ZLOO�WHVW�IRU�OHJDO�ERXQGV�RQ�WKH�HOHPHQW

QXPEHU��:LWK�237,21�%$6(��� WKH� HOHPHQW�QXPEHU�PXVW� UDQJH� IURP��� WR� �PD[LPXP�QXPEHU�RI

HOHPHQWV�������:LWK�237,21�%$6(���WKHQ�WKH�HOHPHQW�QXPEHU�PXVW�UDQJH�IURP���WR�PD[LPXP�QXPEHU

RI�HOHPHQWV�

*HW�1XPHULF�3DUDPHWHU��$�XWLOLW\� LV�SURYLGHG�WR� IHWFK�WKH�YDOXH�RI�D�QXPHULF�SDUDPHWHU��5HJLVWHU��

FRQWDLQV�WKH�SDUDPHWHU�QXPEHU��,I�WKH�SDUDPHWHU�LV�DQ�DUUD\��UHJLVWHU���FRQWDLQV�WKH�HOHPHQW�QXPEHU�

RWKHUZLVH��UHJLVWHU���FRQWDLQV����7KH�YDOXH�RI�WKH�QXPHULF�SDUDPHWHU�LV�UHWXUQHG�LQ�)$&��7KH�XWLOLW\

URXWLQH�LV�DFFHVVHG�E\�D�%/:3�#1805()�
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*HW�6WULQJ�3DUDPHWHU��7KLV�XWLOLW\�LV�XVHG�WR�IHWFK�WKH�YDOXH�RI�D�VWULQJ�SDUDPHWHU��5HJLVWHU���FRQWDLQV�WKH

SDUDPHWHU�QXPEHU��,I�WKH�SDUDPHWHU�LV�DQ�DUUD\��UHJLVWHU���FRQWDLQV�WKH�HOHPHQW�QXPEHU��RWKHUZLVH�

UHJLVWHU���FRQWDLQV����5HJLVWHU���FRQWDLQV�WKH�DGGUHVV�RI�D�&38�5$0�EXIIHU��8SRQ�FDOOLQJ�WKH�XWLOLW\��WKH

ILUVW�E\WH�RI�WKH�EXIIHU�PXVW�FRQWDLQ�WKH�EXIIHU�OHQJWK��,I�WKH�VWULQJ�ZLOO�QRW�ILW�LQ�WKH�EXIIHU��DQ�HUURU

FRQGLWLRQ�RFFXUV��2WKHUZLVH��WKH�VWULQJ�LV�UHWXUQHG�LQ�WKH�EXIIHU�IROORZLQJ�WKH�OHQJWK�E\WH��7KH�OHQJWK�E\WH

ZLOO�EH�PRGLILHG�WR�UHIOHFW�WKH�DFWXDO�OHQJWK�RI�WKH�VWULQJ��7KLV�XWLOLW\�LV�FDOOHG�ZLWK�D�%/:3�#6755()�

4.3. Extended Utilities

8WLOLWLHV�EXLOW�LQWR�WKH�520�RI�WKH������FRQVROH�DQG�WKH�520V�LQ�([WHQGHG�%$6,&�PD\�EH�DFFHVVHG�DV

IROORZV�

BLWP @XMLLNK
DATA <routine-name>

6RPH�URXWLQH�QDPHV�ZLOO�%/�WKURXJK�WKH�;0/�WDEOHV�LQ�([WHQGHG�%$6,&�ZKLOH�RWKHUV�ZLOO�FDOO�YDULRXV

FRQVROH�520�URXWLQHV��5RXWLQH�QDPHV�DUH�GHILQHG�LQ�WKH�(486�PDFUR�DQG�DUH�OLVWHG�EHORZ�

)$'' )ORDWLQJ�SRLQW�DGG�

)68% )ORDWLQJ�SRLQW�VXEWUDFW�

)08/ )ORDWLQJ�SRLQW�PXOWLSO\�

)',9 )ORDWLQJ�SRLQW�GLYLGH�

6$'' )ORDWLQJ�SRLQW�VWDFN�DGG�

668% )ORDWLQJ�SRLQW�VWDFN�VXEWUDFW�

608/ )ORDWLQJ�SRLQW�VWDFN�PXOWLSO\�

6',9 )ORDWLQJ�SRLQW�VWDFN�GLYLGH�

&61 &RQYHUW�VWULQJ�WR�QXPEHU�

&), &RQYHUW�IORDWLQJ�SRLQW�WR�LQWHJHU�

)&203 )ORDWLQJ�SRLQW�FRPSDUH�

&203&7 3HUIRUP�JDUEDJH�FROOHFWLRQ�

*(7675 $OORFDWH�VSDFH�IURP�VWULQJ�VSDFH�

0(0&+. $OORFDWH�PHPRU\�IRU�3$%
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9386+ 3XVK�D�YDOXH�RQ�WKH�IORDWLQJ�SRLQW�VWDFN�

$66*19 $VVLJQ�YDOXH�WR�YDULDEOH�

&16 &RQYHUW�QXPEHU�WR�$6&,,�VWULQJ�

9323 3RS�D�YDOXH�IURP�WKH�VWDFN�

&,) &RQYHUW�LQWHJHU�WR�IORDWLQJ�SRLQW�

6&52// 6FUROO�WKH�VFUHHQ�

9*:,7( 7UDQVIHU�9'3�PHPRU\�WR�H[SDQVLRQ�5$0�

*9:,7( 7UDQVIHU�H[SDQVLRQ�5$0�WR�9'3�PHPRU\�

.H\ERDUG�6FDQ��7KH�HTXLYDOHQW�RI�D�*3/�VFDQ�LQVWUXFWLRQ�FDQ�EH�GRQH�E\�D�%/:3�#6&$1��7KH�*3/

VWDWXV�ELW�PD\�EH�WHVWHG�RQ�UHWXUQ�ZLWK�D�FRPSDUH�RQHV�FRUUHVSRQGLQJ��&2&��LQVWUXFWLRQ��7KH�*3/�VWDWXV

UHJLVWHU�LV�LQ�ORFDWLRQ�!��&��

    /  H  / GT  /CQND /CARRY/ OVF /  0  /  0  /  0  /
    ------------------------------------------------
bit    7     6     5     4     3     2     1     0

%LW���ZLOO�EH�VHW�LI�D�NH\�ZDV�IRXQG�SUHVVHG��DQG�LW�ZDV�GLIIHUHQW�IURP�WKH�NH\�IRXQG�SUHVVHG�RQ�WKH�ODVW�FDOO

WR�.6&$1��7KH�SURJUDP�PXVW�VHOHFW�NH\ERDUG�GHYLFH�E\�SODFLQJ�D�E\WH�LQ�ORFDWLRQ�!������7KH�PHDQLQJ

RI�WKLV�E\WH�LV�WKH�VDPH�DV�WKH�NH\�XQLW�LQ�WKH�&$//�.(<�VXESURJUDP��<RX�PD\�UHDG�WKH�$6&,,�YDOXH�RI

WKH�NH\�SUHVVHG�IURP�ORFDWLRQ�!������-R\VWLFN�<�DQG�;�SRVLWLRQV�DUH�LQ�ORFDWLRQV�!�����DQG�!�����

UHVSHFWLYHO\�

(UURU�5HSRUWLQJ��7KH�DVVHPEO\�ODQJXDJH�SURJUDP�PD\�UHSRUW�DQ\�H[LVWLQJ�([WHQGHG�%$6,&�HUURU�RU

ZDUQLQJ�PHVVDJH�XSRQ�UHWXUQLQJ�WR�%$6,&��7KLV�LV�GRQH�ZLWK�WKH�HUURU�UHSRUWLQJ�XWLOLW\��7KH�SURJUDP

PXVW�ORDG�5��ZLWK�WKH�DSSURSULDWH�HUURU�FRGH�DQG�WKHQ�%/:3�#(55��7KLV�GHILQLWLRQV�RI�WKH�HUURU�FRGHV

PD\�EH�LQFOXGHG�LQ�WKH�VWDQGDUG�PDFUR�ILOH��GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�
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5. Macros

$VVHPEOHU�PDFURV�DUH�SURYLGHG�WR�PDNH�SURJUDPPLQJ�LQ�WKH�7,������HQYLURQPHQW�HDVLHU��7KH�PDFURV�DUH

XVHG�LQ�D������DVVHPEO\�ZLWK�D�&23<�RI�WKH�ILOH�JLYHQ�LQ�$SSHQGL[�$�

5.1. EQUS

7KLV�(486�PDFUR�LV�XVHG�WR�GHILQH�JOREDO�HTXDWHV�IRU�WKH�$/&�VXESURJUDP��,QFOXGHG�LV�WKH�GHILQLWLRQ�RI

D�ZRUNVSDFH�DQG�HTXDWHV�IRU�WKH�YDULRXV�KDUGZDUH�UHVRXUFHV��(TXDWHV�IRU�WKH�DGGUHVVHV�RI�WKH�XWLOLW\

EUDQFK�WDEOH�HQWULHV�DUH�DOVR�SURYLGHG�

5.2. EQUDEB

7KLV�PDFUR�LV�VLPLODU�WR�(486��EXW�FRQWDLQV�WKH�DGGUHVVHV�DSSURSULDWH�IRU�XVH�IURP�D�GHEXJJHU�VWDWLRQ�

7KH�DGGUHVVHV�RI�URXWLQHV�LQ�FRQVROH�520�DUH�GLIIHUHQW��VLQFH�H[WUD�FRGH�KDV�EHHQ�LQFOXGHG�WKHUH�WR

VXSSRUW�EUHDNSRLQWV�

5.3. ERREQU

7KLV�PDFUR�SURYLGHV�HTXDWHV�IRU�DOO�WKH�YDULRXV�([WHQGHG�%$6,&�HUURU�DQG�ZDUQLQJ�PHVVDJHV�

5.4. DEFS

7KH�'()6�PDFUR�LV�XVHG�ZKHQ�VHYHUDO�$/&�URXWLQHV�ZLOO�EH�OLQNHG�WRJHWKHU�WR�IRUP�RQH�$/&�VXESURJUDP�

7KLV�PDFUR�FDXVHV�WKH�GHILQLWLRQV�LQ�WKH�(486�PDFUR�WR�EH�JOREDO�GXULQJ�WKH�OLQN�HGLW�

5.5. REFS

7KH�5()6�PDFUR�LV�XVHG�ZKHQ�VHYHUDO�$/&�URXWLQHV�ZLOO�EH�OLQNHG�WRJHWKHU�WR�IRUP�RQH�$/&�VXESURJUDP�

7KLV�PDFUR�DOORZV�D�URXWLQH�WR�UHIHUHQFH�WKH�HTXDWHV�GHILQHG�LQ�WKH�'()6�PDFUR�

5.6. ENTRY

7KH�(175<�PDFUR�LV�ZULWWHQ�DV�(175<�ODEHO�ZKHUH�ODEHO�LV�WKH�HQWU\�SRLQW�QDPH�RI�WKH�URXWLQH��7KLV

PDFUR�GHILQHV�WKH�HQWU\�SRLQW�ZLWK�WKH�VSHFLILHG��GHILQHV�D�ZRUNVSDFH�IRU�WKH�VXESURJUDP��DQG�ORDGV�WKDW

ZRUNVSDFH�

5.7. RETURN

7KH�5(7851�PDFUR�LV�XVHG�WR�UHWXUQ�IURP�WKH�$/&�VXESURJUDP�WR�%$6,&��7KLV�PDFUR�UHTXLUHV�WKDW�WKH

SURJUDP�FRQWDLQ�WKH�RQH�E\WH�YDOXH�!���DW�WKH�ODEHO��&�����7KLV�YDOXH�LV�XVHG�WR�UHVHW�WKH�*3/�FRQGLWLRQ

ELW�EHIRUH�UHWXUQLQJ�WR�%$6,&��,I�WKLV�LV�QRW�GRQH��IDOVH�HUURU�UHSRUWLQJ�FDQ�RFFXU�
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5.8. VDPADR

7KLV�PDFUR�ORDGV�WKH�9'3�DGGUHVV�ZLWK�WKH�VSHFLILHG�ZRUNVSDFH�UHJLVWHU�

5.9. VDPWD

7KH�9'3:'�PDFUR�LV�XVHG�WR�ZULWH�RQH�E\WH�RI�GDWD�IURP�WKH�PRVW�VLJQLILFDQW�E\WH�RI�D�UHJLVWHU��7ZR

9'3:'�PDFURV�FDQQRW�EH�XVHG�ZLWKRXW�RWKHU�FRGH�EHWZHHQ�WKHP�RU�WKH�DFFHVVHV�ZLOO�EH�WRR�IDVW�IRU�WKH

9'3�

5.10. VDPRD

7KH�9'35'�PDFUR�LV�XVHG�WR�UHDG�RQH�E\WH�RI�GDWD�IURP�WKH�9'3�LQWR�WKH�PRVW�VLJQLILFDQW�E\WH�RI�D

UHJLVWHU��7ZR�9'35'�PDFURV�FDQQRW�EH�XVHG�ZLWKRXW�RWKHU�FRGH�EHWZHHQ�WKHP�RU�WKH�DFFHVVHV�ZLOO�EH�WRR

IDVW�IRU�WKH�9'3�

5.11. CALL Extended Utilities

$�PDFUR�LV�SURYLGHG�WR�FDOO�XWLOLWLHV�EXLOW�LQWR�WKH�520�RI�WKH������FRQVROH�DQG�WKH�520V�LQ�([WHQGHG

%$6,&��7KH�V\QWD[�DQG�FRGH�JHQHUDWHG�DUH�

CALL <routine-name>

BLWP @XMLLNK
DATA <routine-name>

5.12. SCAN

7KH�6&$1�PDFUR�VFDQV�WKH������NH\ERDUG��7KH�SURWRFRO�LV�LGHQWLFDO�WR�WKH�*3/�6&$1�LQVWUXFWLRQ��7KH

*3/�VWDWXV�ELW�PD\�EH�WHVWHG�RQ�UHWXUQ�ZLWK�D�FRPSDUH�RQHV�FRUUHVSRQGLQJ��&2&��LQVWUXFWLRQ�

5.13. SOUND

7KH�6281'�PDFUR�FDQ�EH�XVHG�WR�VHW�XS�IRU�WKH�H[HFXWLRQ�RI�DXWR��VRXQG��7KH�VRXQG�OLVW��DV�GHVFULEHG�LQ

WKH��*3/�3URJUDPPHU
V�*XLGH���PXVW�EH�SODFHG�VRPHZKHUH�LQ�9'3�5$0��7KH�9'3�5$0�DGGUHVV�PXVW

EH�RQ�D�ZRUG�ERXQGDU\��L�H��DQ�HYHQ�YDOXH��DQG�PXVW�EH�LQ�WKH�UHJLVWHU�XVHG�LQ�WKH�PDFUR��,Q�DGGLWLRQ�WKH

XVH�RI�WKLV�PDFUR�UHTXLUHV�WKDW�WKH�SURJUDP�FRQWDLQ�WKH�RQH�E\WH�YDOXH�!���DW�WKH�ODEHO��&�����7KLV�FRGH

GRHV� QRW� DFWXDOO\� VWDUW� WKH� DXWR�VRXQG�� ,W� VLPSO\� LQLWLDOL]HV� DOO� WKH� QHFHVVDU\� PHPRU\� ORFDWLRQV�

$XWR�VRXQG�LV�GULYHQ�E\�WKH�9'3�LQWHUUXSW��WKHUHIRUH��WKH�VRXQG�OLVW�ZLOO�QRW�EHJLQ�H[HFXWLQJ�XQWLO�WKH

LQWHUUXSW�LV�WXUQHG�RQ�
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5.14. ERROR

7KH�(5525�PD\�EH�XVHG�WR�UHSRUW�HUURUV�DQG�ZDUQLQJV��,I�LW�EHFRPHV�QHFHVVDU\�IRU�DQ�$/&�SURJUDP�WR

UHWXUQ�WR�%$6,&�ZLWK�DQ�HUURU�FRQGLWLRQ��WKH�SURJUDP�PD\�XVH�WKH�IROORZLQJ�PDFUR�LQ�SODFH�RI�WKH�QRUPDO

UHWXUQ�

ERROR <symbol or value>
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6. Development

7KH�DVVHPEO\�ODQJXDJH�VXSSRUW�ZLOO�EH�GHYHORSHG�XVLQJ�WKH�*3/�GHEXJJHU�KDUGZDUH��7KLV�FDXVHV�VRPH

GLIILFXOWLHV�VLQFH�WKH�GHEXJJHU�SUHHPSWV�5$0�H[SDQVLRQ�DW�DGGUHVV�!�����!�)))��7KDW�VSDFH�LV�XVHG�E\

FRGH�DQG�5$0�PHPRU\�IRU�GHEXJ�SXUSRVHV��7R�DYRLG�WKLV�SUREOHP�WKH�$/&�VXSSRUW�ZLOO�EH�GHYHORSHG

XVLQJ�5$0�DW�!(����!))))��7R�DFKLHYH�WKLV�([WHQGHG�%$6,&�ZLOO�EH�SDWFKHG��LQ�*520��WR�RQO\�XVH

��.�RI�WKH���.�5$0�EORFN��7KHQ�%$6,&�ZLOO�XVH�!$����!')))�IRU�SURJUDP�DQG�GDWD�VWRUDJH�DQG

!(����!))))�IRU�$/&�VXSSRUW��5HDVVHPEO\�IRU�(*520�ZLOO�FKDQJH�WKH�DSSURSULDWH�HTXDWHV�WR�XVH�WKH

FRUUHFW�DGGUHVV��7KH�GHEXJJHU�(35206�ZLOO�EH�FKDQJHG�VR�WKDW�WKH�;0/�WDEOH�DW�!�����ZLOO�EH�PRYHG

WR�!(����

%UHDNSRLQW�FDSDELOLW\�IRU�DVVHPEO\�ODQJXDJH�LV�EHLQJ�DGGHG�WR�WKH�GHEXJJHU�WR�VXSSRUW�WHVWLQJ�WKH�$/&

VXSSRUW�DQG�IRU�XVH�GXULQJ�$/&�GHYHORSPHQW�

$Q\�$/&�FRGH�GHYHORSHG�RQ�WKH�GHEXJJHU�ZLOO�UXQ�DW�D�GLIIHUHQW�DGGUHVV�WKDQ�LQ�WKH�UHDO�PDFKLQH�GXH�WKH

UHDVRQV�PHQWLRQHG�DERYH��)RU�UHORFDWDEOH�FRGH��WKH�UHFRPPHQGHG�ZD\��WKLV�VKRXOG�EH�WUDQVSDUHQW�ZKHQ

WKH�FRGH�LV�ZULWWHQ�
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7. Notes

7.1. PEEK and POKE

7KH�/2$'�VWDWHPHQW�VXSSRUWV�WKH�HTXLYDOHQW�RI�D�32.(�IXQFWLRQ��GLUHFW�PHPRU\�ORDG���7KH�YDOXHV

3((.HG�RU�32.(HG�DUH�RQH�E\WH�YDOXHV�LQ�WKH�UDQJH���WR������/DUJHU�YDOXHV�DUH�SXW�LQ�WKLV�UDQJH��L�H�

��� ������ ����������SURYLGHG�WKH\�GR�QRW�H[FHHG�WKH�UDQJH�������WR���������,I�WKH�DGGUHVV�IRU�3((.�RU

32.(��RU�WKH�GDWD�IRU�32.(�LV�D�IORDWLQJ�SRLQW�YDOXH�WKDQ�LW�LV�URXQGHG�
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8. Errors

1R�QHZ�HUURU�PHVVDJHV�ZHUH�DGGHG�IRU�,1,7��/2$'��RU�/,1.��$OO�RI�WKH�HUURU�PHVVDJHV�LVVXHG�DUH�IURP

([WHQGHG�%DVLF��7KLV�VHFWLRQ�OLVWV�WKH�FDXVHV�RI�HUURUV�IRU�,1,7��/2$'��DQG�/,1.�WKDW�DUH�XQLTXH�WR

DVVHPEO\�ODQJXDJH�VXSSRUW�

8.1. INIT

�� 6\QWD[�(UURU

D� ([SDQVLRQ�5$0�QRW�SUHVHQW

8.2. LOAD

�� 6\QWD[�(UURU

D� ,1,7�KDV�QRW�EHHQ�FDOOHG

�� 1XPHULF�2YHUIORZ

D� $GGUHVV�RI�32.(�RXW�RI�UDQJH��������WR�������

E� 'DWD�QRW�LQ�UDQJH�������WR�������

�� 8QUHFRJQL]HG�&KDUDFWHU

D� ,QYDOLG�WDJ�ILHOG

�� 'DWD�(UURU

D� &KHFN�6XP�HUURU�ZKHQ�UHDGLQJ�ILOH

�� 0HPRU\�)XOO

D� 1RW�HQRXJK�PHPRU\�WR�ORDG�UHORFDWDEOH�FRGH�LQWR�(5$0�

E� 1RW�HQRXJK�PHPRU\�IRU�HQWU\�WDEOH�

�� ,�2�(UURUV

D� ����³�)LOH�QRW�IRXQG�RU�LV�QRW�D�GDWD�ILOH�

E� ����³�)LOH�LV�QRW�6HTXHQWLDO��'LVSOD\��)L[HG����
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8.3. LINK

�� 6\QWD[�(UURU

D� ,1,7�KDV�QRW�EHHQ�FDOOHG�

�� 6XESURJUDP�1RW�)RXQG

D� (QWU\�QDPH�LQ�FDOO�WR�/,1.�QRW�IRXQG�

�� %DG�$UJXPHQW

D� )LUVW�SDUDPHWHU�LV�QRW�D�VWULQJ�RU�LV�QXOO�

E� )LUVW�SDUDPHWHU�LV�JUHDWHU�WKDQ���FKDUDFWHUV�

F� 0RUH�WKDQ����SDUDPHWHUV�

8.4. PEEK

�� 6\QWD[�(UURU

D� &RQVWDQW�LQ�SDUDPHWHU�OLVW��RWKHU�WKDQ�DV�WKH�DGGUHVV�

�� 6WULQJ�1XPEHU�0LVPDWFK

D� 6WULQJ�DUJXPHQW�LQ�SDUDPHWHU�OLVW�

�� 1XPHULF�2YHUIORZ

D� $GGUHVV�LV�RXW�RI�UDQJH�������WR�������
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8.5. NUMASG, STRASG, NUMREF, STRREF

�� 6WULQJ�1XPEHU�0LVPDWFK

D� 5HTXHVWHG�DUJXPHQW�LV�QRW�WKH�SURSHU�W\SH��VWULQJ�YV��QXPHULF�

�� %DG�$UJXPHQW

D� $WWHPSW�WR�GR�DQ�DVVLJQPHQW�WR�DQ�H[SUHVVLRQ�LQVWHDG�RI�D�YDULDEOH�

E� $UUD\�HOHPHQW�QXPEHU��5���LV�QRQ�]HUR�YDOXH�ZKHQ�GRLQJ�DQ�DVVLJQPHQW�RU�UHIHUHQFH

ZLWK�D�VLPSOH��L�H��QRQ�DUUD\��DUJXPHQW�

F� $UJXPHQW�QXPEHU��5���LV�]HUR�

G� $UJXPHQW�QXPEHU��5���H[FHHGV�QXPEHU�RI�DUJXPHQWV�

�� %DG�6XEVFULSW

D� $UUD\�HOHPHQW�QXPEHU��5���LV�]HUR�ZKHQ�237,21�%$6(�LV���

E� $UUD\�HOHPHQW�QXPEHU��5���H[FHHGV�QXPEHU�RI�DUUD\�HOHPHQWV�

F� %DG�GLPHQVLRQ�LQIRUPDWLRQ�IRXQG�LQ�V\PERO�WDEOH�

�� 6WULQJ�7UXQFDWHG

D� ,Q�XVLQJ�6755()��WKH�UHIHUHQFHG�VWULQJ�H[FHHGV�WKH�OHQJWK�RI�WKH�SURYLGHG�EXIIHU�
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APPENDIX A. Macro Definition File

7KLV�DSSHQGL[�OLVWV�WKH�WH[W�RI�WKH�ILOH�WKDW�VKRXOG�EH�LQFOXGHG�LQ�DQ�DVVHPEO\�ODQJXDJH�SURJUDP��XVLQJ

WKH�&23<�GLUHFWLYH��WR�GHILQH�WKH�PDFURV�GLVFXVVHG�LQ�DQ�HDUOLHU�VHFWLRQ�

*
* MACROS FOR ALC SUPPORT
*
EQUDEB $MACRO
ON EQU 1
OFF EQU 0
DEBUG EQU ON
VDPWA EQU >8C02
VDPWD EQU >8C00
VDPRD EQU >8800
VDPSTA EQU >8802
FAC EQU >834A
SUBWS BSS 32
GPLWS EQU >83E0
*
* utility branches
*
NUMASG EQU >E008
NUMREF EQU >E00C
STRASG EQU >E010
STRREF EQU >E014
XMLLNK EQU >E018
KSCAN EQU >E01C
VSBW EQU >E020
VMBW EQU >E024
VSBR EQU >E028
VMBR EQU >E02C
VWTR EQU >E030
ERR EQU >E034
FADD EQU >0DE4
FSUB EQU >0DE0
FMUL EQU >0EEC
FDIV EQU >1058
SADD EQU >0DE8
SSUB EQU >0DD8
SMUL EQU >0EF0
SDIV EQU >105C
CSN EQU >1212
CFI EQU >131C
FCOMP EQU >0D9E
NEXT EQU >008E
COMPCT EQU >00
GETSTR EQU >02
MEMCHK EQU >04
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CNS EQU >06
VPUSH EQU >0E
VPOP EQU >10
ASSGNV EQU >18
CIF EQU >20
SCROLL EQU >26
VGWITE EQU >34
GVWITE EQU >36

$END
*
EQUS $MACRO
ON EQU 1
OFF EQU 0
DEBUG EQU OFF
VDPWA EQU >8C02
VDPWD EQU >8C00
VDPRD EQU >8800
VDPSTA EQU >8802
FAC EQU >834A
SUBWS BSS 32
GPLWS EQU >83E0
*
* utility branches
*
NUMASG EQU >2008
NUMREF EQU >200C
STRASG EQU >2010
STRREF EQU >2014
XMLLNK EQU >2018
KSCAN EQU >201C
VSBW EQU >2020
vMBW EQU >2024
VSBR EQU >2028
VMBR EQU >202C
VWTR EOU >2030
ERR EQU >2034
FADD EQU >0D80
FSUB EQU >0D7C
FMUL EQU >0E88
FDIV EQU >0FF4
SADD EQU >0D84
SSUB EQU >0D74
SMUL EQU >0E8C
SDIV EQU >0FF8
CSN EQU >11AE
CFI EQU >12B8
FCOMP EQU >0D3A
NEXT EQU >0070
COMPCT EQU >00
GETSTR EQU >02
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MEMCHK EQU >04
CNS EQU >06
VPUSH EQU >0E
VPOP EQU >10
ASSGNV EQU >18
CIF EQU >20
SCROLL EQU >26
VGWITE EQU >34
GVWITE EQU >36

$END
ERREQU $MACRO
*
* ERROR EQUATES
*
ERRNO EQU >0200 2 Numeric Overflow
ERRSYN EQU >0300 3 Syntax Error
ERRIBS EQU >0400 4 Illegal after subprogram
ERRNGS EQU >0500 5 Unmatched quotes
ERRNTL EQU >0600 6 Name too long
ERRSNM EQU >0700 7 String-num mismatch
ERROBE EQU >0800 8 Option base error
ERRMUV EQU >0900 9 Improperly used name
ERRIM EQU >0A00 10 Image error
ERRMEM EQU >0B00 11 Memory full
ERRSO EQU >0C00 12 Stack overflow
ERRNWF EQU >0D00 13 Next without for
ERRFNN EQU >0E00 14 For next nesting
ERRSNS EQU >0F00 15 Must be in subprogram
ERRRSC EQU >1000 16 Recursive subprogram call
ERRMS EQU >1100 17 Missing subend
ERRRWG EQU >1200 12 Return without gosub
ERRST EQU >1300 is String truncated
EFRBS EQU >1400 20 Bad subscript
ERRSSL EQU >1500 21 Speech string too long
ERRLNF EQU >1600 22 Line not found
ERRSLN EQU >1700 23 Bad line number
ERRLTL EQU >1800 24 Line too long
ERRCC EQU >1900 25 Can't continue
EFRCIP EQU >1A00 26 Command illegal in program
ERRCLP EQU >1B00 27 Only legal in a program
ERPBA EQU >1C00 22 Bad argument
ERPNPP EQU >1D00 29 No program present
ERRBV EQU >1E00 30 Bad value
ERRIAL EQU >1F00 31 Incorrect argument list
ERRINP EQU >2000 32 Input error
ERRDAT EQU >2100 33 Data error
ERRFE EQU >2200 34 File error
ERRIO EQU >2400 36 1/0 error
ERRSNF EQU >2500 37 Subprogram not found
ERRPV EQU >2700 39 Protection violation
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ERRIVN EQU >2800 40 Unrecognized character
WRNNO EQU >2900 41 Numeric overflow
WRNST EQU >2A00 42 String truncated
WPNNPP EQU >2B00 43 No program present
WRNINP EQU >2C00 44 Input error
WRNIO EQU >2D00 45 I/O error
WRNLNF EQU >2E00 46 Line not found

$END
*
DEFS $MACRO

DEF VDPWA,VDPWD,VDPRD,VDTSTA,FAC,SUBWS,GPLWS
DEF NUMASG,NUMREF,STRASG,STRREF,XMLLNK,KSCAN
DEF VSBW,VMBW,VSBR,VMBR,VWTR,ERR,FADD
DEF FSUB,FMUL,FDIV,SADD,SSUB,SMUL,SDIV,CSN
DEF CFI,FCOMP,NEXT,COMPCT,GETSTR,MEMCHK,VPUSH
DEF ASSGNV,CNS,VPOP,CIF,SCROLL,VGWITE,GVWITE
$END

*
REFS $MACRO

REF VDPWA,VDPWD,VDPRD,VDTSTA,FAC,SUBWS,GPLWS
REF NUMASG,NUMREF,STRASG,STRREF,XMLLNK,KSCAN
REF VSBW,VMBW,VSBR,VMBR,VWTR,ERR,FADD
REF FSUB,FMUL,FDIV,SADD,SSUB,SMUL,SDIV,CSN
REF CFI,FCOMP,NEXT,COMPCT,GETSTR,MEMCHK,VPUSH
REF ASSGNV,CNS,VPOP,CIF,SCROLL,VGWITE,GVWITE
$END

*
ENTRY $MACRO P1

DEF :Pl
:P1: LWPI SUBWS

$END
*
RETURN $MACRO

SZCB @C20,@>837C
LWPI GPLWS
B @NEXT
$END

*
VDPADR $MACRO P1

SWPB :P1
MOVB :P1:,@VDPWA
SWPB :P1
MOVB :Pl:,@VDPWA
$END

*
VDPWD $MACRO P1

MOVB :P1:,@VDPWD
$END

*
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VDPRD $MACRO P1
MOVB @VDPRD,:P1
$END

*
CALL $MACRO P1

BLWP @XMLLNK
DATA :P1
$END

*
SCAN $MACRO

BLWP @KSCAN
$END

*
SOUND $MACRO P1

MOV :P1:,@>83CC
SOCB @C01,@>83FD
MOVB @C01,@>83CE
$END

*
ERROR $MACRO P1

LI R0,:P1
BLWP @ERR
$END
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Statement of File Ori gin

7KLV�ILOH�ZDV�FUHDWHG�IRU�XVHUV�RI�3&����D�7,�����$�HPXODWRU�UXQQLQJ�RQ�DQ�,%0�3&�

5HSURGXFHG� ZLWK� SHUPLVVLRQ� RI� WKH� SXEOLVKHU� &RS\ULJKW� ������� 7H[DV� ,QVWUXPHQWV

,QFRUSRUDWHG��7KLV�ILOH�ZDV�FUHDWHG�E\�VFDQQLQJ�DQ�RULJLQDO�7,�GRFXPHQW��$OWKRXJK�7H[DV

,QVWUXPHQWV�KDV�JUDQWHG�SHUPLVVLRQ�IRU�WKLV��7,�LV�QR�ZD\�UHVSRQVLEOH�IRU�DQ\�HUURUV�

RPLVVLRQV�RU�FKDQJHV�LQWURGXFHG�E\�WKLV�SURFHVV��,Q�WKH�FDVH�RI�D�GLVSXWH��WKH�XVHU�RI�WKLV

ILOH�LV�UHIHUUHG�WR�WKH�RULJLQDOV�

:KLOH�HYHU\�HIIRUW�ZDV�PDGH�WR�HQVXUH�WKDW�WKH�WH[W�DQG�JUDSKLFV�FRQWHQW�RI�WKLV�ILOH�DUH�DQ�DFFXUDWH�FRS\

RI�WKH�RULJLQDO�7,�PDQXDO��&D''�(OHFWURQLFV�FDQ�DVVXPH�QR�UHVSRQVLELOLW\�IRU�DQ\�HUURUV�LQWURGXFHG

GXULQJ�VFDQQLQJ��HGLWLQJ��RU�FRQYHUVLRQ�

,I�\RX�ILQG�DQ�HUURU��ZH�ZLOO�DWWHPSW�WR�FRUUHFW�LW�DQG�SURYLGH�\RX�ZLWK�DQ�XSGDWHG�ILOH��<RX�FDQ�FRQWDFW

XV�DW�

CaDD Electr onics
45 Centerville Drive

Salem, NH 03079-2674

9HUVLRQ���������


