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PREFACE

7KLV�SXEOLFDWLRQ�LV�D�UHIHUHQFH�PDQXDO�IRU�WKH�S�6\VWHP��,W�FRYHUV�WKH�LQWHUQDO�GHWDLOV�RI�WKH�S�6\VWHP��7KH
S�PDFKLQH�DUFKLWHFWXUH�DQG�LQVWUXFWLRQ�VHW�DUH�FRYHUHG��&RGH�ILOH�IRUPDW��ORZ�OHYHO�,�2�PHFKDQLVPV��DQG
RSHUDWLQJ�V\VWHP�GHWDLOV�DUH�DOVR�DGGUHVVHG�

)RU�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�V\VWHP�DQG�LWV�XVH��UHIHU�WR�WKH�IROORZLQJ�SXEOLFDWLRQV�

3HUVRQDO�&RPSXWLQJ�ZLWK�WKH�8&6'�S�6\VWHP

2SHUDWLQJ�6\VWHP�5HIHUHQFH�0DQXDO

3URJUDP�'HYHORSPHQW�5HIHUHQFH�0DQXDO

$VVHPEOHU�5HIHUHQFH�0DQXDO

2SWLRQDO�3URGXFWV�5HIHUHQFH�0DQXDO

$GDSWDEOH�6\VWHP�,QVWDOODWLRQ�0DQXDO

8&6'�3DVFDO�+DQGERRN

)2575$1����5HIHUHQFH�0DQXDO

%$6,&�5HIHUHQFH�0DQXDO

����
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1. INTRODUCTION

1.1. PURPOSE OF THIS MANUAL

7KLV�PDQXDO�GHVFULEHV�WKH� LQWHUQDO�GHVLJQ�RI� WKH�S�6\VWHP���7KH�FRYHUDJH� LQFOXGHV�WKH�S�PDFKLQH�
RSHUDWLQJ�V\VWHP��EDVLF�,�2��DQG�WKH�ZD\�LQ�ZKLFK�WKHVH�HOHPHQWV�DUH�RUJDQL]HG�WR�VXSSRUW�WKH�UXQQLQJ
RI�D�SURJUDP�ZULWWHQ�LQ�8&6'�3DVFDO����%$6,&��RU�)2575$1����

,W�VKRXOG�VHUYH�DV�D�JXLGH�DQG�UHIHUHQFH�IRU�PRUH�DGYDQFHG�XVHUV�RI�WKH�S�6\VWHP��EXW�LVQ
W�LQWHQGHG�WR�EH
D�VWDQG�DORQH�GHILQLWLRQ�IRU�WKH�XVH�RI�LPSOHPHQWRUV��6XFK�D�GHILQLWLRQ�GRHVQ
W�\HW�H[LVW��LI�RQH�LV�ZULWWHQ�
LW�ZLOO�SUREDEO\�EH�EDVHG�RQ�WKH�IRUPDW�RI�WKLV�ERRN�
����
3HUKDSV�WKH�EHVW�ZD\�WR�XVH�WKLV�PDQXDO�LV�WR�UHDG�LW�VHTXHQWLDOO\��VNLSSLQJ�WKRVH�VHFWLRQV��VXFK�DV�WKH�OLVW
RI�S�FRGHV��WKDW�JR�LQWR�YHU\�VSHFLILF�GHWDLO��7KLV�VKRXOG�JLYH�WKH�UHDGHU�D�IDLUO\�FRPSOHWH�SLFWXUH�RI�ZKDW
JRHV�RQ�ZLWKLQ�WKH�S�6\VWHP��,I�WKH�XVHU�WKHQ�QHHGV�WR�NQRZ�VSHFLILF�LQWHUQDO�GHWDLOV��WKH�UHOHYDQW�VHFWLRQ
FDQ�EH�UHIHUUHG�WR�ODWHU�

:KLOH� IHZ�XVHUV�ZLOO�ZDQW�RU�QHHG�WR� LPSOHPHQW�D�S�6\VWHP�IURP�VFUDWFK�� WKH� LQWHUQDO�GHVFULSWLRQV
SURYLGHG�LQ�WKLV�JXLGH�VKRXOG�EH�XVHIXO�WR�D�QXPEHU�RI�DXGLHQFHV�

7KH�ODUJHVW�DXGLHQFH�LV�SUREDEO\�WKRVH�ZKR�ZLOO�PDNH�QR�VSHFLILF�XVH�RI�WKH�LQIRUPDWLRQ��7R�WKHVH�XVHUV�
WKH� EHQHILW�ZLOO� EH� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� S�6\VWHP
V� RSHUDWLRQ� DQG� D� JHQHUDO� LPSURYHPHQW
H[HFXWLRQ�LQ�WKH�S�6\VWHP�HQYLURQPHQW�

6HFRQG��WKHUH�DUH�WKH�LPSOHPHQWRUV�RI�V\VWHP�VRIWZDUH�IDFLOLWLHV�WKDW�FRPSOHPHQW�H[LVWLQJ�S�6\VWHP
FDSDELOLWLHV��IRU�LQVWDQFH��QHZ�ODQJXDJH�WUDQVODWRUV��QHZ�V\VWHP�XWLOLWLHV��RU�S�PDFKLQH�HPXODWRUV��30(V�
IRU�DGGLWLRQDO�SURFHVVRUV��)RU�WKLV�JURXS�RI�SURJUDPPHUV��WKH�,QWHUQDO�$UFKLWHFWXUH�5HIHUHQFH�0DQXDO

SUHVHQWV�PRUH�LQIRUPDWLRQ�WKDQ�ZDV�DYDLODEOH�LQ�WKH�SDVW�

)LQDOO\��WKHUH�DUH�WKH�LPSOHPHQWRUV�ZLWK�D�FRPSHOOLQJ�QHHG�WR�XVH�IDFLOLWLHV�VXFK�DV�WKH�DELOLW\�WR�H[SOLFLWO\
JHQHUDWH�S�FRGHV�LQ�D�3DVFDO�SURJUDP��ZKHUH�DQ�RUGLQDU\�3DVFDO�FRQVWUXFW�ZRXOGQ
W�VXIILFH��ZH�WDNH�LW�IRU
JUDQWHG�WKDW�RQO\�D�FRPSHOOLQJ�QHHG�ZRXOG�OHDG�\RX�WR�WDNH�VXFK�VWHSV��

$OO�RI�WKHVH�DXGLHQFHV��EXW�SDUWLFXODUO\�WKH�ODVW��VKRXOG�XQGHUVWDQG�WKDW�WKH�SULQFLSDO�FRPPLWPHQW�RI
6RI7HFK� 0LFURV\VWHPV� �DQG� LWV� OLFHQVHHV�� LV� WR� WKH� XVHU� IDFLOLWLHV�� DQG� QRW� WR� DQ\� RI� WKH� VSHFLILF
LPSOHPHQWDWLRQ�VWUDWHJLHV�WKDW�DUH�GHVFULEHG�LQ�WKLV�JXLGH��3URJUDPPHUV�ZKR�WDNH�DGYDQWDJH�RI��LQWHUQDO
WULFNV��GR�VR�DW�WKHLU�RZQ�ULVN�
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1.2. A BRIEF HISTORY OF THE SYSTEM

7KH�VRIWZDUH�V\VWHP�WKDW�LV�QRZ�FDOOHG�WKH�S�6\VWHP�EHJDQ�ZKHQ�.HQQHWK�%RZOHV�ZDV�UHVSRQVLEOH�IRU
WHDFKLQJ�WKH�LQWURGXFWRU\�SURJUDPPLQJ�FRXUVH�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�'LHJR��,Q�ODWH������
XQGHU�%RZOHV
�GLUHFWLRQ��D�JURXS�RI�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV�EHJDQ�WR�LPSOHPHQW�3DVFDO�IRU
PLFURFRPSXWHUV�

%HIRUH� WKLV� WLPH�� WKH� LQWURGXFWRU\�SURJUDPPLQJ� FRXUVH�KDG� EHHQ� WDXJKW�XVLQJ�D� ODUJH� WLPH�VKDUHG
FRPSXWHU�� 7KLV� SUHVHQWHG� D� ERWWOHQHFN�³� PDQ\� SHRSOH� XVHG� WKH� PDFKLQH�� VR� LWV� WXUQDURXQG� ZDV
VRPHWLPHV�TXLWH�VORZ��DQG�D�VWXGHQW
V�SURGXFWLYLW\�ZDV�WR�VRPH�H[WHQW�OLPLWHG�E\�WKH�DYDLODELOLW\�RI�WKH
FDUG� SXQFKHV�� )XUWKHUPRUH�� WKH� PDFKLQH
V� WLPH�VKDULQJ� HQYLURQPHQW�� LWV� DFFRXQWLQJ� V\VWHP�� LWV
FRPSOH[LW\��DQG�WKH�DPRXQW�RI�VHQVLWLYH� LQIRUPDWLRQ�WKDW� LW�VWRUHG�SUHYHQWHG�WKH�VWXGHQW� IURP�DQ\
H[WHQVLYH��KDQGV�RQ��XVH�RI�WKH�PDFKLQH�RU�LWV�IDFLOLWLHV��,Q�EULHI��WKH�FRPSXWHU�ZDV�LQWLPLGDWLQJ�

7KHVH�ZHUH�WKH�PDLQ�UHDVRQV�IRU�WKH�GHFLVLRQ�WR�FKDQJH�WKH�QDWXUH�RI�WKH�EHJLQQLQJ�SURJUDPPLQJ�FRXUVH�
,W�ZRXOG�EH�VHOI�SDFHG��WR�DFFRPPRGDWH�WKH�ODUJH�QXPEHU�RI�VWXGHQWV��DQG�HDFK�LQGLYLGXDO�VWXGHQW
V�VWXG\
KDELWV��8&�,UYLQH
V�SK\VLFV�SURJUDP�KDG�EHHQ�GRLQJ�WKLV�VXFFHVVIXOO\�IRU�D�FRXSOH�RI�\HDUV���,W�ZRXOG�XVH
3DVFDO��UDWKHU�WKDQ�WKH�GLDOHFW�RI�$OJRO�WKDW�ZDV�VSHFLILF�WR�WKH�8QLYHUVLW\
V�ODUJH�WLPH�VKDULQJ�FRPSXWHU�
DQG��LW�ZRXOG�XVH�PLFURFRPSXWHUV�

7KH�GHFLVLRQ�WR�XVH�VPDOO�FRPSXWHUV�ZDV�PRWLYDWHG�SDUWO\�E\�WKHLU�ORZ�FRVW��DQG�SDUWO\�E\�WKH�GHVLUH�WR
JLYH� VWXGHQWV� DQ� RSSRUWXQLW\� WR� SURJUDP� LQ� DQ� LQWHUDFWLYH� HQYLURQPHQW�� 7KH� V\VWHP� ZDV� ILUVW
LPSOHPHQWHG�IRU�D�QXPEHU�RI�3'3������V�ZLWK�IORSS\�GLVNV�DQG�97����WHUPLQDOV��6WXGHQWV�ZHUH�H[SHFWHG
WR�EX\�WKHLU�RZQ�IORSS\�GLVN��DQG�XVH�LW�IRU�VWRULQJ�WKH�V\VWHP�DQG�WKHLU�RZQ�SURJUDPV�

,W�ZDV�WKH� LQWHUDFWLYH�HQYLURQPHQW�WKDW� OHG�WR�VRPH�RI�8&6'�3DVFDO
V�GHYLDWLRQV� IURP�WKH�VWDQGDUG
ODQJXDJH��PRVWO\�DV�UHJDUGV�,17(5$&7,9(�ILOHV�DQG�WKH�KDQGOLQJ�RI�(2)�DQG�(2/1��7KH�W\SH�675,1*
FDPH�DERXW�IURP�WKH�GHVLUH�WR�WHDFK�EDVLF�SURJUDPPLQJ�FRQFHSWV�ZLWKRXW�UHFRXUVH�WR�QXPHULFDO�SUREOHPV
�ZKLFK�GLVWUDFWHG�PDQ\�VWXGHQWV�IURP�WKH�DFWXDO�SUREOHPV�RI�SURJUDPPLQJ��

7KH�XVHU�LQWHUIDFH�RI�WKH�S�6\VWHP��E\�ZKLFK�ZH�PHDQ�WKH�SKLORVRSK\�RI�GLVSOD\LQJ�D�PHQX�RU�SURPSW�DW
HYHU\�OHYHO�RI�WKH�S�6\VWHP��DQG�RUJDQL]LQJ�WKHP�LQ�D�WUHH�VWUXFWXUH��ZDV�LQWHQGHG�WR�EH�HDV\�WR�OHDUQ�IRU
WKH�FRPSOHWH�QRYLFH��\HW�XVDEOH��WKDW�LV��QRW�FXPEHUVRPH��IRU�WKH�H[SHULHQFHG�XVHU��7KLV�SURYHG�YHU\
VXFFHVVIXO��DQG�KDV�EHHQ�UHWDLQHG�

7KH�HPXODWLYH�DSSURDFK�WR�H[HFXWLQJ�3DVFDO�ZDV�SUHVHQW�IURP�WKH�EHJLQQLQJ��3�FRGH��DGDSWHG�IURP�WKH
RULJLQDO�GHVLJQ�E\�8UV�$PPDQ�RI�WKH��(LGJHQRVVLVFKH�7HFKQLVFKH�+RFKVFKXOH���LQ�=XULFK��ZDV�GHVLJQHG
WR�EH�FRPSDFW�DQG�HDVLO\�JHQHUDWHG�E\�D�FRPSLOHU��EHFDXVH�RI� WKH�FRQVWUDLQWV� RI� WKH�PLFURSURFHVVRU
HQYLURQPHQW��WKH�JRDO�ZDV�WR�NHHS�WKH�FRPSLOHU�DQG�WKH�FRGH�ILOHV�DV�VPDOO�DV�SRVVLEOH��7KH�WUDGHRII�LQ
H[HFXWLRQ�WLPH�ZDV�IHOW�WR�EH�DQ�DIIRUGDEOH�FRVW��WLPH�KDV�ERUQH�RXW�WKLV�GHFLVLRQ��
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$OO�RI�WKH�RULJLQDO�LPSOHPHQWDWLRQV�ZHUH�RQ�3'3����/6,����PDFKLQHV��%HFDXVH�RI�WKH�HPXODWLYH�DSSURDFK�
LW�ZDV�D�UHODWLYHO\�VWUDLJKW�IRUZDUG�PDWWHU�WR�UHZULWH�WKH�S�PDFKLQH�HPXODWRU�IRU�WKH������DQG�=����DQG
VXEVHTXHQWO\��IRU�PDQ\�RWKHU�SURFHVVRUV�

7KLV�DGDSWDWLRQ�RI�WKH�30(��VRPHWLPHV�FDOOHG�WKH�LQWHUSUHWHU��ZDV�RULJLQDOO\�PRWLYDWHG�E\�WKH�VHDUFK�IRU
OHVV�H[SHQVLYH�KDUGZDUH��EXW�LW�ZDV�VRRQ�UHFRJQL]HG�WKDW�VRIWZDUH�SRUWDELOLW\�ZDV�YDOXDEOH�LQ�LWVHOI��7KH
HFRQRPLFV�RI� WKH�FRPSXWHU�EXVLQHVV��HVSHFLDOO\�WKH�PLFURSURFHVVRU� ILHOG��GLFWDWHG�WKLV�� ,W� LVQ
W�D�QHZ
REVHUYDWLRQ�WKDW�KDUGZDUH�FRVWV�FRQWLQXH�WR�SOXPPHW��ZKLOH�VRIWZDUH��EHLQJ��KDQG�PDGH���FRQWLQXHV�WR
EH�YHU\�H[SHQVLYH��LW�LV�UHODWLYHO\�QHZ�WR�HQFRXQWHU�D�VRIWZDUH�V\VWHP�WKDW��WKURXJK�PRGXODULW\�DQG
SRUWDELOLW\��DGGUHVVHV�WKH�SUREOHP�DV�WKRURXJKO\�DV�GRHV�WKH�S�6\VWHP�
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2. CODE FILE FORMAT

2.1. INTRODUCTION

7KLV�FKDSWHU�GHVFULEHV�WKH�LQWHUQDO�IRUPDW�RI�S�6\VWHP�FRGH�ILOHV��&RGH�ILOHV�PD\�FRQWDLQ�HLWKHU�S�FRGH�RU
QDWLYH�FRGH��3�FRGH�LV�WKH�RXWSXW�RI�WKH�FRPSLOHUV�DQG�LV�GHVFULEHG�LQ�&KDSWHU����1DWLYH�FRGH�LV�VSHFLILF�WR
D�SDUWLFXODU�SURFHVVRU�DQG�LV�RXWSXW�E\�WKH�DVVHPEOHUV�DQG�WKH�1DWLYH�&RGH�*HQHUDWRU��&RGH�ILOHV�DOVR
FRQWDLQ�YDULRXV�VRUWV�RI��KRXVHNHHSLQJ��LQIRUPDWLRQ�

2.2. CODE SEGMENTS

$�FRGH�VHJPHQW�LV�D�VHFWLRQ�RI�H[HFXWDEOH�FRGH�ZKLFK�LV�EURXJKW�LQWR�PHPRU\�DV�D�ZKROH�XQLW��(DFK
VHJPHQW�FRQVLVWV�RI�D�FROOHFWLRQ�RI�URXWLQHV��SURFHGXUHV��IXQFWLRQV��DQG�VR�IRUWK���WRJHWKHU�ZLWK�GHVFULSWLYH
LQIRUPDWLRQ��7KH�FRGH�DQG�LQIRUPDWLRQ�LQ�D�VHJPHQW�DUH�FRQWLJXRXV�VLQFH�WKH�FRGH�VHJPHQW�LV�WKH��XQLW
RI�PRYHPHQW��IRU�FRGH�

7KHUH�DUH�XS�WR�����URXWLQHV�ZLWKLQ�D�VHJPHQW��QXPEHUHG���WKURXJK�����

$W�FRPSLOH�WLPH��VHJPHQWV�DUH�DVVLJQHG�D�QDPH�DQG�D�QXPEHU��7KH�QDPH�LV�HLJKW�FKDUDFWHUV�ORQJ��,W�LV
XVHG�E\�WKH�RSHUDWLQJ�V\VWHP�WR�KDQGOH�LQWHU�VHJPHQW�UHIHUHQFHV�DW�DVVRFLDWH�WLPH���$VVRFLDWH�WLPH�LV�WKH
WLPH�LW�WDNHV�WKH�RSHUDWLQJ�V\VWHP�WR�VWLWFK�WRJHWKHU�WKH�XQLWV�UHIHUHQFHG�E\�D�SURJUDP���,W�LV�DOVR�XVHG
ZKHQ�PDLQWDLQLQJ�FRGH�ILOHV�ZLWK�/,%5$5<��7KH�QXPEHU�LV�XVHG�WR�UHIHUHQFH�WKH�VHJPHQW�DW�UXQ�WLPH�

7KH�EHJLQQLQJ��ORZ�DGGUHVV��RI�D�FRGH�VHJPHQW�LV�D�UHFRUG�WKDW�FRQWDLQV�WKH�IROORZLQJ�LQIRUPDWLRQ�DERXW
WKH�VHJPHQW�

SRLQWHU�WR�WKH�SURFHGXUH�GLFWLRQDU\
SRLQWHU�WR�WKH�UHORFDWLRQ�OLVW
WKH�HLJKW�FKDUDFWHU�QDPH�RI�WKH�VHJPHQW��IRXU�ZRUGV�
E\WH�VH[�LQGLFDWRU
SRLQWHU�WR�WKH�FRQVWDQW�SRRO
UHDO�VL]H�LQGLFDWRU
VSDFH�UHVHUYHG�IRU�IXWXUH�XVH��WZR�ZRUGV�

)LJXUH�����LOOXVWUDWHV�D�FRGH�VHJPHQW�DV�LW�ZRXOG�EH�ORDGHG�LQWR�PHPRU\��7KH�YDULRXV�VXEVWUXFWXUHV�RI�D
FRGH�VHJPHQW�DUH�GHVFULEHG�EHORZ��1RWH�WKDW�DOO�ILHOGV�ZLWKLQ�D�FRGH�VHJPHQW�DUH�ZRUG�DOLJQHG��$OVR��DOO
LQWHU�VHJPHQW�SRLQWHUV�DUH�ZRUG�RIIVHWV�IURP�WKH�EDVH�RI�WKH�VHJPHQW�
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Figure 2:1. E xecutable Code Segment Format
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2.2.1. Code Segments and Byte Sex

&RGH�VHJPHQWV�DUH��LQGHSHQGHQW�RI�WKH�E\WH�VH[�RI�WKH�KRVW�SURFHVVRU��$�QXPEHU�RI�V\VWHP�FRPSRQHQWV
FRRSHUDWH�WR�DFKLHYH�WKLV�LQGHSHQGHQFH�
����
7KHUH�DUH�WZR�JURXSV�RI�ZRUG�RULHQWHG��E\WH�VH[�GHSHQGHQW��LQIRUPDWLRQ��7KH�ILUVW�LV�VXSHUVWUXFWXUH
LQIRUPDWLRQ��VXFK�DV�WKH�URXWLQH�GLFWLRQDU\��7KLV�LQIRUPDWLRQ�LV�IOLSSHG�E\�WKH�RSHUDWLQJ�V\VWHP�ZKHQ�D
VHJPHQW�LV�ORDGHG��7KH�VHFRQG�LV�HPEHGGHG�LQIRUPDWLRQ��VXFK�DV�FRQVWDQWV��DFFHVVHG�E\�WKH�/RDG�&RQVWDQW
�/'&��S�PDFKLQH�LQVWUXFWLRQ�RU�E\�&DVH�-XPS��;-3��WDEOHV���7KLV�VRUW�RI�LQIRUPDWLRQ�LV�IOLSSHG�E\�WKH
30(�

7KH�FRPSLOHU�SURGXFHV�FRGH�VHJPHQWV�WKDW�FRQWDLQ�ZRUG�LQIRUPDWLRQ�LQ�WKH�QDWXUDO�RUGHU�RI�WKH�PDFKLQH
RQ�ZKLFK�WKH�FRPSLOHU�LV�UXQ��,PPHGLDWHO\�IROORZLQJ�WKH�VHJPHQW
V���FKDUDFWHU�QDPH�LV�D�IODJ�WKDW�DOZD\V
FRQWDLQV�WKH�FRQVWDQW����LQ�WKH�E\WH�VH[�RI�WKH�RULJLQDO�PDFKLQH��LI�UHDG�LQ�WKH�RSSRVLWH�E\WH�VH[��LW�DSSHDUV
WR�EH�����

:KHQ�D�VHJPHQW�LV�ORDGHG�E\�WKH�RSHUDWLQJ�V\VWHP��DQG�LWV�E\WH�VH[�IODJ�LQGLFDWHV�WKDW�WKH�VH[�RI�WKH
VHJPHQW�LV�RSSRVLWH�WKDW�RI�WKH�UXQQLQJ�PDFKLQH��WKH�VHJPHQW�VXSHUVWUXFWXUH�LV�E\WH�VZDSSHG��(PEHGGHG
LQIRUPDWLRQ�LV�WKHQ�IOLSSHG�E\�WKH�30(�

7KH�QHW�UHVXOW�LV�WKDW�VHJPHQWV�RI�HLWKHU�VH[�FDQ�UXQ�RQ�DQ\�PDFKLQH�

2.2.2. Routine Dictionary
����
7KH�ILUVW�ZRUG�LQ�D�FRGH�VHJPHQW�SRLQWV�WR�ZRUG���RI�WKH�VHJPHQW
V�URXWLQH�GLFWLRQDU\��DOVR�FDOOHG�WKH
�SURFHGXUH�GLFWLRQDU\����7KH�URXWLQH�GLFWLRQDU\�LV�D�OLVW�RI�SRLQWHUV�WR�WKH�FRGH�IRU�HDFK�URXWLQH�LQ�WKH
VHJPHQW��(DFK�URXWLQH�GLFWLRQDU\�SRLQWHU�LV�D�VHJPHQW�UHODWLYH�ZRUG�SRLQWHU�

5RXWLQHV�ZLWKLQ�D�VHJPHQW�DUH�QXPEHUHG���WKURXJK������$�URXWLQH
V�QXPEHU�LV�D�QHJDWLYH�LQGH[�LQWR�WKH
URXWLQH�GLFWLRQDU\��WKH�Q
WK�ZRUG�LQ�WKH�GLFWLRQDU\�FRQWDLQV�D�SRLQWHU�WR�WKH�FRGH�IRU�URXWLQH�Q�

7KH�ILUVW�ZRUG��ZRUG����RI�WKH�GLFWLRQDU\�FRQWDLQV�WKH�QXPEHU�RI�URXWLQHV�LQ�WKH�VHJPHQW�

,Q�WKH�FDVH�RI�(;7(51$/�DQG�)25:$5'�URXWLQHV��WKH�VRXUFH�FRGH�PD\�FRQWDLQ�D�URXWLQH
V�GHFODUDWLRQ
EXW�QRW�LWV�FRGH��7KH�FRUUHVSRQGLQJ�URXWLQH�GLFWLRQDU\�HQWU\�LV�]HUR��DW�OHDVW��EHIRUH�OLQNLQJ��
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2.2.3. Routine Code
����
7KH�FRGH�RI�D�URXWLQH�FRQVLVWV�RI�WZR�ZRUGV��'DWDB6L]H�DQG�([LWB�&��IROORZHG�E\�WKH�H[HFXWDEOH�REMHFW
FRGH��7KH�REMHFW�FRGH�PD\�EH�HQWLUHO\�S�FRGH��HQWLUHO\�QDWLYH�FRGH��RU�D�PL[WXUH�RI�WKH�WZR�

'DWDB6L]H�LV�WKH�QXPEHU�RI�ZRUGV�RI�ORFDO�GDWD�VSDFH�WKDW�PXVW�EH�DOORFDWHG�ZKHQ�WKH�SURFHGXUH�LV�FDOOHG�
'DWDB6L]H�GRHVQ
W�LQFOXGH�SDUDPHWHUV��WKH�URXWLQH
V�SDUDPHWHUV�DUH�DVVXPHG�WR�DOUHDG\�EH�RQ�WKH�VWDFN�
7KH�ILUVW�H[HFXWDEOH�LQVWUXFWLRQ�VWDUWV�DW�WKH�ZRUG�LPPHGLDWHO\�IROORZLQJ�WKH�'DWDB6L]H�ZRUG��,I�WKH�ILUVW
H[HFXWDEOH�LQVWUXFWLRQ�LV�QDWLYH�FRGH��'DWDB6L]H�LV�QHJDWLYH��1R�ORFDO�GDWD�VSDFH�LV�DOORFDWHG�IRU�DVVHPEO\
ODQJXDJH�SURFHGXUHV�

,I�WKLV�ILUVW�LQVWUXFWLRQ�LV�D�S�FRGH�LQVWUXFWLRQ��WKHQ�([LWB�&�LV�D�VHJPHQW�UHODWLYH�E\WH�SRLQWHU�WR�WKH�FRGH
WKDW�PXVW�EH�H[HFXWHG�ZKHQ�WKH�SURFHGXUH�LV�H[LWHG��2WKHUZLVH��([LWB�&�LV�XQGHILQHG�DW�UXQ�WLPH�

,I�WKH�FRGH�RI�WKH�URXWLQH�FRQWDLQV�ERWK�S�FRGH�DQG�QDWLYH�FRGH��LW�LV�VWLOO�WKH�ILUVW�LQVWUXFWLRQ�RI�WKH�URXWLQH
WKDW�GHWHUPLQHV�WKHVH�FRQGLWLRQV��3URFHGXUH�FRGH�SURGXFHG�E\�D�1DWLYH�&RGH�*HQHUDWRU�DOZD\V�VWDUWV�ZLWK
D�S�FRGH��7KXV��'DWDB6L]H�DQG�([LWB�&�DUH�GHILQHG�DV�LQ�D�SURFHGXUH�ZKLFK�FRQVLVWV�HQWLUHO\�RI�S�FRGH�

2.2.4. The Constant Pool/ Real Constants
����
0XOWL�ZRUG�FRQVWDQWV�DUH�VWRUHG�WRJHWKHU�LQ�D�VLQJOH�FRQVWDQW�SRRO�IRU�WKH�HQWLUH�VHJPHQW��7KH�FRQVWDQW
SRRO�EHJLQV�LPPHGLDWHO\�DIWHU�WKH�ODVW�ERG\�RI�SURFHGXUH�FRGH�LQ�WKH�VHJPHQW�

7KH�ORFDWLRQ�RI�WKH�FRQVWDQW�SRRO�LV�FRQWDLQHG�LQ�WKH�FRQVWDQW�SRRO�SRLQWHU��D�VHJPHQW�UHODWLYH�ZRUG
SRLQWHU�WKDW�LPPHGLDWHO\�IROORZV�WKH�E\WH�VH[�LQGLFDWRU�ZRUG�DW�WKH�EHJLQQLQJ�RI�WKH�VHJPHQW��LW�SRLQWV
WR�WKH�ORZ�DGGUHVV�RI�WKH�FRQVWDQW�SRRO��,I�WKH�FRQVWDQW�SRRO�SRLQWHU�LV�HTXDO�WR�]HUR��WKH�VHJPHQW�GRHVQ
W
FRQWDLQ�D�FRQVWDQW�SRRO�

&RQVWDQWV�DUH�UHIHUHQFHG�E\�ZRUG�RIIVHWV�UHODWLYH�WR�WKH�EHJLQQLQJ��ORZ�DGGUHVV��RI�WKH�FRQVWDQW�SRRO�

7KH�FRQVWDQW�SRRO�LV�GLYLGHG�LQWR�WZR�VXESRROV��WKH�UHDO�SRRO�DQG�WKH�PDLQ�SRRO�

7KH�ILUVW�ZRUG�RI�WKH�FRQVWDQW�SRRO�SRLQWV�WR�WKH�EHJLQQLQJ�RI�WKH�UHDO�SRRO��7KLV�LV�D�ZRUG�SRLQWHU�UHODWLYH
WR�WKH�VWDUW�RI�WKH�FRQVWDQW�SRRO��LI�WKHUH�DUH�QR�UHDO�FRQVWDQWV�LQ�WKH�FRGH�VHJPHQW��WKLV�ZRUG�ZLOO�EH���
7KH�ILUVW�ZRUG�RI�WKH�UHDO�SRRO�FRQWDLQV�WKH�QXPEHU�RI�UHDO�FRQVWDQWV�LQ�WKH�UHDO�SRRO�

)LJXUH�����LOOXVWUDWHV�D�FRQVWDQW�SRRO�ZLWK�DQ�HPEHGGHG�UHDO�VXESRRO�
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Figure 2:2. Constant Pool

5HDO�FRQVWDQWV�DUH�FRPSLOHG�LQWR�D�SURFHVVRU�LQGHSHQGHQW� ��FDQRQLFDO���IRUPDW�DQG�DUH�FRQYHUWHG��DW
VHJPHQW�ORDG�WLPH��LQWR�D�SURFHVVRU�VSHFLILF�LQWHUQDO�IRUPDW��5HDO�FRQVWDQWV�DUH�JHQHUDWHG�DV�HLWKHU���ZRUG
����ELW�� RU� ��ZRUG� ����ELW�� IORDWLQJ� SRLQW� GDWD� IRUPDWV�� &RGH� ILOHV� FRQWDLQLQJ� UHDO� FRQVWDQWV� FDQ� EH
WUDQVSRUWHG�DFURVV�DOO�S�6\VWHP�LPSOHPHQWDWLRQV�ZKLFK�XVH�WKH�VDPH�UHDO�VL]H��,Q�RUGHU�WR�WUDQVSRUW�WKHP
WR�D�PDFKLQH�XVLQJ�D�GLIIHUHQW�UHDO�VL]H��WKH\�PXVW�EH�UHFRPSLOHG��:LWKLQ�D�VLQJOH�SURJUDP��DOO�FRPSLODWLRQ
XQLWV�PXVW�VKDUH�WKH�VDPH�VL]H�IRU�UHDO�YDOXHV�

7KH�GHIDXOW�UHDO�VL]H�RI�D�FRGH�ILOH�FUHDWHG�E\�WKH�FRPSLOHU�LV�GHWHUPLQHG�E\�WKH�S�PDFKLQH�HPXODWRU�LQ�XVH
DW�FRPSLOH�WLPH��7KH��5�FRPSLOHU�GLUHFWLYH�PD\�RYHUULGH�WKLV�GHIDXOW��KRZHYHU�
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7KH�UHDO�VL]H�DW�FRPSLODWLRQ�WLPH�LV�HPEHGGHG�LQ�HYHU\�FRGH�VHJPHQW��HYHQ�WKRXJK�LW�PD\�QRW�UHIHUHQFH
DQ\�UHDOV���7KH�5HDOB6L]H�ZRUG�DW�WKH�EDVH�RI�WKH�VHJPHQW�FRQWDLQV�WKLV�YDOXH�

$����ELW�UHDO�FRQVWDQW�LV�UHSUHVHQWHG�E\�D�WKUHH�ZRUG�UHFRUG��7KH�ILUVW�ZRUG�FRQWDLQV�D�VLJQHG�LQWHJHU
UHSUHVHQWLQJ�WKH�H[SRQHQW�YDOXH��7KH�IROORZLQJ�WZR�ZRUGV�FRQWDLQ�WKH�PDQWLVVD�GLJLWV��$�PDQWLVVD�ZRUG
UHSUHVHQWLQJ�VLJQLILFDQW�PDQWLVVD�GLJLWV�FRQWDLQV�DQ�LQWHJHU�ZKRVH�DEVROXWH�YDOXH�LV�EHWZHHQ���DQG������
LWV�YDOXH�FRUUHVSRQGV�WR�IRXU�PDQWLVVD�GLJLWV��7KH�ILUVW�PDQWLVVD�ZRUG�LV�VLJQHG�DQG��WKXV��FRQWDLQV�WKH
PDQWLVVD�VLJQ��7KH�VHFRQG�PDQWLVVD�ZRUG�PD\�FRQWDLQ�D�QHJDWLYH�YDOXH��LQ�WKLV�FDVH��LW�GRHVQ
W�FRQWDLQ�DQ\
VLJQLILFDQW�GLJLWV�DQG�LV�GLVUHJDUGHG�ZKHQ�FRQVWUXFWLQJ�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�WKH�UHDO�FRQVWDQW�
,W�VHUYHV�DV�D�WHUPLQDWRU�ZRUG�IRU�WKH�FRQVWDQW�FRQYHUVLRQ�URXWLQHV��7KH�GHFLPDO�SRLQW�LV�GHILQHG�WR�OLH
WR�WKH�ULJKW�RI�WKH�IRXU�GLJLWV�LQ�WKH�ODVW�YDOLG��XVHG��PDQWLVVD�ZRUG��7KH�GLJLWV�LQ�WKH�ODVW�PDQWLVVD�ZRUG
DUH�OHIW�MXVWLILHG��)RU�H[DPSOH��LI�WKH�UHDO�YDOXH�LV������WKH�ILUVW�PDQWLVVD�ZRUG�FRQWDLQV������GHFLPDO��RU
���&�KH[DGHFLPDO��

([DPSOH�

�����VLJQLILFDQW�PDQWLVVD�GLJLWV�
7KH�ILUVW�PDQWLVVD�ZRUG�FRQWDLQV�D�VLJQHG�YDOXH�EHWZHHQ���DQG�������7KH�VHFRQG�ZRUG�FRQWDLQV
D�QHJDWLYH�YDOXH��7KH�LPSOLHG�GHFLPDO�SRLQW�SRVLWLRQ�LV�DW�WKH�HQG�RI�WKH�ILUVW�ZRUG�

�����VLJQLILFDQW�PDQWLVVD�GLJLWV�
7KH�VHFRQG�PDQWLVVD�ZRUG�FRQWDLQV�D�SRVLWLYH�YDOXH�EHWZHHQ���DQG�������DQG�UHSUHVHQWV�XS�WR
IRXU�ORZ�RUGHU�GLJLWV��7KH�ILUVW�ZRUG�FRQWDLQV�D�VLJQHG�YDOXH�EHWZHHQ���DQG�������LW�UHSUHVHQWV�WKH
IRXU�KLJK�RUGHU�GLJLWV��7KH�LPSOLHG�GHFLPDO�SRLQW�SRVLWLRQ�LV�DW�WKH�HQG�RI�WKH�VHFRQG�ZRUG�

$����ELW�UHDO�FRQVWDQW�LV�UHSUHVHQWHG�E\�D�UHFRUG�ZKRVH�OHQJWK�PD\�YDU\�EHWZHHQ�IRXU�DQG�VL[�ZRUGV�
GHSHQGLQJ�XSRQ�WKH�QXPEHU�RI�VLJQLILFDQW�GLJLWV�LQ�WKH�FRQVWDQW��7KH�ILUVW�WZR�ZRUGV�RI�D����ELW�FRQVWDQW
DUH�LGHQWLFDO�LQ�IRUPDW�WR�WKRVH�RI�D����ELW�UHDO�FRQVWDQW��WKXV��WKH�IRUPDW�DOZD\V�FRQWDLQV�DQ�H[SRQHQW
ZRUG�DQG�D�ILUVW�PDQWLVVD�ZRUG��$Q�HQXPHUDWLRQ�RI�WKH�UHPDLQLQJ�ZRUGV�IRU�DOO�FDVHV�IROORZV�

�����VLJQLILFDQW�PDQWLVVD�GLJLWV�
0DQWLVVD�ZRUG���FRQWDLQV�D�QHJDWLYH�WHUPLQDWRU��:RUG���LV�]HURHG�DQG�LV�SUHVHQW�VROHO\�WR�SURYLGH
VXIILFLHQW�VSDFH�IRU�WKH�QDWLYH�IRUPDW�

�����VLJQLILFDQW�PDQWLVVD�GLJLWV�
0DQWLVVD�ZRUG���FRQWDLQV���WR�IRXU�GLJLWV��OHIW�MXVWLILHG���:RUG���FRQWDLQV�D�QHJDWLYH�WHUPLQDWRU�

������VLJQLILFDQW�PDQWLVVD�GLJLWV�
0DQWLVVD�ZRUG���FRQWDLQ�IRXU�GLJLWV��:RUG���FRQWDLQV�RQH�WR�IRXU�GLJLWV��OHIW�MXVWLILHG���:RUG��
FRQWDLQV�D�QHJDWLYH�WHUPLQDWRU�

�������VLJQLILFDQW�PDQWLVVD�GLJLWV�
0DQWLVVD�ZRUGV�����FRQWDLQ�IRXU�GLJLWV��:RUG���FRQWDLQV�RQH�WR�IRXU�GLJLWV��:RUG���FRQWDLQV�D
QHJDWLYH�WHUPLQDWRU�
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�������VLJQLILFDQW�PDQWLVVD�GLJLWV�
0DQWLVVD�ZRUGV�����FRQWDLQ�IRXU�GLJLWV��:RUG���FRQWDLQV�RQH�WR�IRXU�GLJLWV�

5HDO�FRQVWDQWV�DUH�FRQYHUWHG�WR�QDWLYH�PDFKLQH�IRUPDW�ZKHQ�D�FRGH�VHJPHQW�LV�ORDGHG�LQWR�PHPRU\��WKLV
PD\� UHVXOW� LQ� D� VLJQLILFDQW� UXQ�WLPH� RYHUKHDG� IRU� SURJUDPV� WKDW� DUH�PHPRU\� ERXQG�� 7LPH�FULWLFDO
SURJUDPV�RI�WKLV�QDWXUH�PD\�VDFULILFH�SRUWDELOLW\�IRU�H[HFXWLRQ�VSHHG�E\�XVLQJ�5HDO�&RQYHUW�XWLOLW\�WR
FRQYHUW�WKHLU�UHDO�VXESRROV�LQWR�QDWLYH�PDFKLQH�IRUPDW�ZLWKLQ�WKH�FRGH�ILOH�LWVHOI��7KLV�LV�GRQH�E\�UHSODFLQJ
WKH�FDQRQLFDO�IRUP�RI�HDFK�UHDO�FRQVWDQW�LQ�WKH�FRGH�ILOH�ZLWK�D�QDWLYH�UHDO�FRQVWDQW��7KH�PRGLILHG�VXESRRO
LV�PHUJHG�ZLWK� WKH�PDLQ� SRRO� E\� VHWWLQJ� WKH� UHDO� SRRO� SRLQWHU� WR� ]HUR�� WKXV� HOLPLQDWLQJ� WKH� XVXDO
FRQYHUVLRQ�SURFHVV�GXULQJ�D�VHJPHQW�ORDG��%HFDXVH�WKH�FRQVWDQW�SRRO�LV�WUDQVIRUPHG�LQ�SODFH��FRQVWDQW
RIIVHWV�HPEHGGHG�LQ�WKH�FRGH�ILOH�GRQ
W�UHTXLUH�XSGDWLQJ���7KLV��RI�FRXUVH��UHGXFHV�WKH�SRUWDELOLW\�RI�WKH
SURJUDP��

2.2.5. The Relocation List

7KH�ODVW��KLJK�DGGUHVV��ERG\�RI�LQIRUPDWLRQ�LQ�D�FRGH�VHJPHQW�LV�WKH�UHORFDWLRQ�OLVW��7KH�VHFRQG�SRLQWHU
DW�WKH�EHJLQQLQJ�RI�WKH�FRGH�VHJPHQW�SRLQWV�WR�WKH�ODVW��KLJKHVW�DGGUHVV��ZRUG�LQ�WKH�UHORFDWLRQ�OLVW��7KLV
SRLQWHU�LV�D�VHJPHQW�UHODWLYH�ZRUG�SRLQWHU��LI�WKHUH�LV�QR�UHORFDWLRQ�OLVW��LW�LV�HTXDO�WR�]HUR�

7KH�UHORFDWLRQ�OLVW�FRQWDLQV�DOO�WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�IL[�DQ\�DEVROXWH�DGGUHVVHV�XVHG�E\�FRGH
ZLWKLQ�WKH�VHJPHQW��ZKHQHYHU�WKH�VHJPHQW�LV�ORDGHG�RU�PRYHG�LQ�PHPRU\��6XFK�DEVROXWH�DGGUHVVHV�DUH
QHHGHG�RQO\�E\�QDWLYH�FRGH��6HJPHQWV�FRQWDLQLQJ�H[FOXVLYHO\�S�FRGH�DUH�FRPSOHWHO\�SRVLWLRQ�LQGHSHQGHQW�
QR�UHORFDWLRQ�OLVW�LV�QHHGHG�
�
$�UHORFDWLRQ�OLVW�FRQVLVWV�RI�]HUR�RU�PRUH�UHORFDWLRQ�VXEOLVWV��(DFK�VXEOLVW�FRQWDLQV�FRGH�RIIVHWV�IRU�REMHFWV
WKDW�PXVW�EH�UHORFDWHG��DQG�VSHFLILHV�WKH�W\SH�RI�UHORFDWLRQ�WKDW�PXVW�EH�GRQH��6XEOLVWV�FDQ�RFFXU�LQ�DQ\
RUGHU��DQG�PRUH�WKDQ�RQH�VXEOLVW�FDQ�KDYH�WKH�VDPH�W\SH�RI�UHORFDWLRQ�

7KH�IROORZLQJ�FRGH�IUDJPHQW�VKRZV�WKH�IRUPDW�RI�WKH�KHDGLQJ�RI�D�VXEOLVW�

Loc_Types=(Reloc_End, {signals  end of entire relocation list}
Seq_Rel,   {relative to address of base of this segment}
Base_Rel,  {relative to data segment given in DATASEGNUM}
Interp_Rel,{relative to PME's interp-relative table}
Proc_Rel); {relative to  address of 1st instruction in proc}

 
List_Header=PACKED RECORD

List_Size: integer;    {number of pointers in sublist}
Data_Seg_Num: 0..255;  {local segment number for Base-Rel}
Reloc_Type: Loc_Types; {relocation type of sublist entries}

    END;
�
(DFK�VXEOLVW�FRQWDLQV�D�/LVWB+HDGHU�DQG�]HUR�RU�PRUH�VHJPHQW�UHODWLYH�E\WH�SRLQWHUV�WR��WKH�REMHFWV�ZKLFK
PXVW�EH�UHORFDWHG��7KH�5HORFB7\SH�ILHOG�LQ�WKH�/LVWB+HDGHU�GHILQHV�ZKDW�NLQG�RI�UHORFDWLRQ�ZLOO�EH�DSSOLHG
WR�DOO�REMHFWV�GHVLJQDWHG�E\�WKH�VXEOLVW�
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7KH�UHORFDWLRQ�W\SH�3URFB5HO�LV�JHQHUDWHG�E\�WKH�DVVHPEOHU��EXW�LV�FKDQJHG�E\�WKH�OLQNHU�LQWR�6HJB5HO�
3URFB5HO�VXEOLVWV�VKRXOG�QHYHU�EH�HQFRXQWHUHG�ZKHQ�ORDGLQJ�DQG�UHORFDWLQJ�DVVHPEO\�FRGH�
�
7KH�'DWDB6HJB1XP�ILHOG�LQ�WKH�/LVWB+HDGHU�LV�RQO\�XVHG�LQ�VXEOLVWV�ZLWK�D�5HORFB7\SH�RI�%DVHB5HO��DQG
LQ�DOO�RWKHU�FDVHV�VKRXOG�EH�]HURHG��,W�VSHFLILHV�WKH�ORFDO�VHJPHQW�QXPEHU�RI�WKH�GDWD�VHJPHQW�WR�ZKLFK�DOO
WKH�VXEOLVW
V�SRLQWHUV�DUH�UHODWLYH��6LQFH�WKH�DVVHPEOHU�FDQ
W�NQRZ�WKLV�VHJPHQW�QXPEHU�LQ�DGYDQFH��LW
VKRXOG�]HUR�ILOO�WKH�ILHOG�DQG�OHDYH�WKH�UHVSRQVLELOLW\�IRU�FRUUHFWO\�VHWWLQJ�WKLV�ILHOG�WR�WKH�OLQNHU�

7KH�/LVWB6L]H�ILHOG�LQ�WKH�/LVWB+HDGHU�FRQWDLQV�WKH�QXPEHU�RI�SRLQWHUV�LQ�WKH�VXEOLVW�
�
)LJXUH�����LOOXVWUDWHV�D�UHORFDWLRQ�OLVW�ZLWK�PXOWLSOH�VXEOLVWV�

Figure 2:3. Relocation list
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7KH�UHORFDWLRQ�OLVW�LV�LQWHQGHG�WR�EH�XVHG�IURP�KLJK�DGGUHVV�GRZQ�WR�ORZ�DGGUHVV��(DFK�VXEOLVW�LQ�WXUQ�LV
SURFHVVHG� IURP�KLJK�WR� ORZ�XQWLO�D�VXEOLVW�ZLWK�D�UHORFDWLRQ�W\SH�RI�5HORFB(QG� LV�HQFRXQWHUHG��7KH
'DWDB6HJB1XP�DQG�/LVWB6L]H�VKRXOG�EH���IRU�WKLV�WHUPLQDWLQJ�HQWU\�

7KH�UHORFDWLRQ�OLVW�LV�ORFDWHG�DW�WKH�HQG�RI�WKH�FRGH�VHJPHQW��VLQFH�LW�LV�VRPHWLPHV�SRVVLEOH�WR�GLVFDUG�WKH
UHORFDWLRQ�LQIRUPDWLRQ�DIWHU�WKH�VHJPHQW�KDV�EHHQ�ORDGHG�LQWR�PHPRU\�

2.2.6. Segment Reference List
�
,Q�WKH�S�PDFKLQH��GHVFULEHG�LQ�WKH�QH[W�FKDSWHU���HDFK�FRGH�VHJPHQW�LV�DVVRFLDWHG�DW�UXQ�WLPH�ZLWK�DQ
�HQYLURQPHQW�YHFWRU��WKDW�GHILQHV�WKH�PDSSLQJ�RI�HDFK�VHJPHQW�QXPEHU�WR�WKH�VHJPHQW�RU�XQLW�WKDW�LW
GHVLJQDWHV��(DFK�FRPSLODWLRQ�XQLW�KDV�LWV�RZQ�LQGHSHQGHQW��WKDW�LV��ORFDO��VHULHV�RI�VHJPHQW�QXPEHUV��DQG
LWV�RZQ�HQYLURQPHQW�YHFWRU��,Q�WKLV�ZD\��D�SDUWLFXODU�XQLW�PD\�EH�UHIHUHQFHG�E\�PRUH�WKDQ�RQH�XQLW��DQG
HDFK�XQLW�WKDW�UHIHUHQFHV�LW�PD\�XVH�D�GLIIHUHQW�VHJPHQW�QXPEHU���0RUH�DERXW�HQYLURQPHQW�YHFWRUV
DSSHDUV�LQ�WKH�VHFWLRQ���&RGH�6HJPHQW�(QYLURQPHQWV��LQ�WKH�QH[W�FKDSWHU��
�
:KHQ�D�FRPSLODWLRQ�XQLW�UHIHUHQFHV�RQH�RU�PRUH�RWKHU�FRPSLODWLRQ�XQLWV��WKH�SULQFLSDO�VHJPHQW�RI�WKH
FRPSLODWLRQ�FRQWDLQV�D�VHJPHQW�UHIHUHQFH�OLVW��7KLV�OLVW�GHILQHV�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�VHJPHQW
QXPEHUV�WKDW�DSSHDU�LQ�WKH�REMHFW�FRGH��WKH\�DUH�FUHDWHG�E\�WKH�FRPSLOHU���DQG�WKH�QDPHV�RI�WKH�XQLWV�WR
ZKLFK�WKH\�UHIHU��2QO\�SULQFLSDO�VHJPHQWV�FRQWDLQ�VHJPHQW�UHIHUHQFH�OLVWV�

7KH�VHJPHQW�UHIHUHQFH�OLVW��ZKHQ�SUHVHQW��LV�ORFDWHG�DERYH�WKH�UHORFDWLRQ�OLVW��LW�JURZV�WRZDUG�KLJKHU
PHPRU\�DGGUHVVHV���7KH�OLVW�LV�XVHG�E\�WKH�RSHUDWLQJ�V\VWHP�DW�DVVRFLDWH�WLPH��LW�GRHVQ
W�RFFXS\�DQ\�VSDFH
LQ�PHPRU\�GXULQJ�WKH�SURJUDP
V�H[HFXWLRQ��VLQFH�WKH�VHJPHQW�OHQJWK�ILHOG�GRHVQ
W�LQFOXGH�LW��

7KH�VHJPHQW�UHIHUHQFH�OLVW�DVVRFLDWHV�WKH�QDPH�RI�HDFK�FRPSLODWLRQ�XQLW��ZKLFK�GRHVQ
W�FKDQJH��ZLWK�WKH
QXPEHU�E\�ZKLFK�WKDW�FRPSLODWLRQ�XQLW�LV�UHIHUHQFHG�
�
7KH�IROORZLQJ�IUDJPHQW�RI�3DVFDO�FRGH�GHVFULEHV�D�UHFRUG�LQ�WKH�VHJPHQW�UHIHUHQFH�OLVW�

Seg_Rec= PACKED RECORD
Seg_Name: PACKED ARRAY [0..7] OF CHAR; {referenced segment name}

Seg_Num: 0-255; {associated segment number}
Filler: 0-255;  {reserved for future use}

    END;

7KH�6HJB5HIV�HQWU\�LQ�WKH�VHJPHQW�GLFWLRQDU\��GHVFULEHG�EHORZ��FRQWDLQV�WKH�QXPEHU�RI�ZRUGV�LQ�WKH
VHJPHQW�UHIHUHQFH�OLVW��7KH�&RGHB/HQJ�ILHOG�LQ�WKH�VHJPHQW�GLFWLRQDU\�FDQ�EH�XVHG�DV�D�VHJPHQW�UHODWLYH
ZRUG�SRLQWHU�WR�WKH�VWDUW�RI�WKH�VHJPHQW�UHIHUHQFH�OLVW��7KH�VHJPHQW�UHIHUHQFH�OLVW�FRQVLVWV�RI�RQH�RU�PRUH
6HJB5HF
V��VWDUWLQJ�GLUHFWO\�DERYH�WKH�UHORFDWLRQ�OLVWV��RU�SURFHGXUH�GLFWLRQDU\��DQG�FRQWLQXLQJ�WRZDUGV
KLJKHU�PHPRU\�DGGUHVVHV��$�6HJB5HF�FRQVLVWV�RI�6HJB1DPH��ZKLFK�FRQWDLQV�WKH�QDPH�RI�WKH�VHJPHQW�
6HJB1XP��ZKLFK�FRQWDLQV�WKH�QXPEHU�E\�ZKLFK�WKH�VHJPHQW� LV�UHIHUHQFHG�ZLWKLQ�WKLV�FXUUHQW�FRGH
VHJPHQW��DQG�VRPH�ILOOHU�

7KH�VHJPHQW�UHIHUHQFH�OLVW�LV�WHUPLQDWHG�E\�D�6HJB5HF�ZLWK�D�EODQN�ILOOHG�6HJB1DPH�DQG�6HJB1XP�RI�]HUR�
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6HJB5HF
V� ZLWK� D� 6HJB1DPH� RI� 




� DUH� JHQHUDWHG� VR� WKDW� WKH� RSHUDWLQJ� V\VWHP� FDQ� H[HFXWH� WKH
LQLWLDOL]DWLRQ�DQG�WHUPLQDWLRQ�FRGH�VHFWLRQV�RI�D�XQLW��%HIRUH�H[HFXWLQJ�D�KRVW�SURJUDP��WKH�RSHUDWLQJ
V\VWHP�FRQVWUXFWV�D�OLVW�RI�DOO�XQLWV�XVHG�WKDW�FRQWDLQ�D�UHIHUHQFH�WR�




��DQG�XVHV�WKLV�OLVW�WR�H[HFXWH�WKH
LQLWLDOL]DWLRQ�WHUPLQDWLRQ�VHFWLRQV�RI�DOO�VXFK�XQLWV�EHIRUH�DIWHU�WKH�KRVW�SURJUDP�LV�LQYRNHG�

:KHQ�WKH�LQLWLDOL]DWLRQ�WHUPLQDWLRQ�VHFWLRQ�RI�D�XQLW��ZKLFK�LV�SURFHGXUH����LV�FRPSLOHG��WKH�IROORZLQJ
LQVWUXFWLRQ�LV�HPLWWHG�EHWZHHQ�WKH�LQLWLDOL]DWLRQ�DQG�WHUPLQDWLRQ�SDUWV�

CXG <***'s Seg_Num>, 1

ZKHUH�&;*�LV�WKH�S�FRGH�UHSUHVHQWDWLRQ�RI�D�JOREDO�SURFHGXUH�FDOO��$�ORFDO�VHJPHQW�QXPEHU�LV�UHVHUYHG
IRU�WKH�




�VHJPHQW�UHIHUHQFH��DQG�WKH�RSHUDWLQJ�V\VWHP�FUHDWHV�D�OLQHDU�OLVW�WKDW�OLQNV�WRJHWKHU�WKH�XQLWV
RI�D�SURJUDP�WKDW�UHTXLUH�LQLWLDOL]DWLRQ��$W�WKH�HQG�RI�WKLV�OLVW�LV�WKH�RXWHU�ERG\�RI�WKH�PDLQ�SURJUDP��7KH
RSHUDWLQJ�V\VWHP�LQYRNHV�WKH�SURJUDP�E\�FDOOLQJ�WKH�ILUVW�LQLWLDOL]DWLRQ�FRGH�RQ�WKLV�OLVW��ZKLFK�FDOOV�WKH
QH[W��DQG�VR�IRUWK�XS�WR�WKH�ERG\�RI�WKH�PDLQ�SURJUDP��:KHQ�WKH�PDLQ�SURJUDP�WHUPLQDWHV��WKH�FDOOLQJ
FKDLQ�LV��SRSSHG���DQG�WHUPLQDWLRQ�VHFWLRQV�DUH�H[HFXWHG�LQ�WKH�UHYHUVH�RUGHU�

2.2.7. Linker Information

/LQNHU�LQIRUPDWLRQ�LV�D�SRUWLRQ�RI�D�FRGH�VHJPHQW�WKDW�DOORZV�WKH�OLQNHU�WR�UHVROYH�UHIHUHQFHV�EHWZHHQ
S�FRGH�DQG�QDWLYH�FRGH��6HJPHQWV�RXWSXW�E\�DQ�DVVHPEOHU�DOZD\V�KDYH�OLQNHU�LQIRUPDWLRQ��6HJPHQWV
RXWSXW�E\�D�FRPSLOHU�KDYH�OLQNHU�LQIRUPDWLRQ�RQO\�LI�WKH\�FRQWDLQ�DQ�(;7(51$/�URXWLQH��2QO\�SULQFLSDO
VHJPHQWV�PD\�FRQWDLQ�(;7(51$/�URXWLQHV�

/LQNHU�LQIRUPDWLRQ�LV�D�VHTXHQFH�RI���ZRUG�UHFRUGV��VWDUWLQJ�RQ�WKH�EORFN�ERXQGDU\�IROORZLQJ�WKH�HQG
�KLJK�DGGUHVV��RI�WKH�VHJPHQW�UHIHUHQFH�OLVW��7KH�HQG�RI�WKH�VHTXHQFH�FRQWDLQV�WKH�YDOXH�(2)�0DUN��/LQNHU
LQIRUPDWLRQ�UHFRUGV�DUH�DOZD\V�HLJKW�ZRUGV�ORQJ��XQXVHG�UHFRUGV�DQG�XQXVHG�ILHOGV�DUH�]HUR�ILOOHG�

,I�D�FRGH�VHJPHQW�KDV�OLQNHU�LQIRUPDWLRQ�� WKH�+DVB/LQNHUB,QIR�ERROHDQ�LQ�6HJB0LVF�LQ�WKH�VHJPHQW
GLFWLRQDU\�LV�758(��7KH�VWDUWLQJ�EORFN�RI�OLQNHU�LQIRUPDWLRQ��UHODWLYH�WR�WKH�VWDUW�RI�WKH�FRGH�ILOH��FDQ�EH
FDOFXODWHG�IURP�WKH�IRUPXOD�

Code_Addr + ((Code_Leng + Seg_Refs + 255) DIV 256)

ZKHUH�&RGHB$GGU��&RGHB/HQJ��DQG�6HJB5HIV�DUH�DOO�YDOXHV�LQ�WKH�VHJPHQW�GLFWLRQDU\��VHH�EHORZ��

7ZR�ILHOGV�DUH�FRPPRQ�WR�DOO�OLQNHU�LQIRUPDWLRQ�UHFRUGV��7KH�1DPH�ILHOG�FRQWDLQV�DQ���FKDUDFWHU�VHJPHQW
QDPH��7KH�/,B7\SH�ILHOG�GHWHUPLQHV�WKH�QDWXUH�RI�WKH�OLQNHU�LQIRUPDWLRQ�LQ�WKH�UHPDLQGHU�RI�WKH�UHFRUG�



p-System™ Internal Architecture Reference Manual

15

7KH�IROORZLQJ�IUDJPHQW�RI�SVHXGR�3DVFDO�FRGH�GHVFULEHV�D�OLQNHU�LQIRUPDWLRQ�UHFRUG�

Ptr_Rec_Num = {an integral number of 8-word pointer records}
              {this is variable from record to record};

LI_Types    = (EOF_Mark, Glob_Ref, Publ_Ref, Priv_Ref, Const_Ref,
               Glob_Def, Publ_Def, Const_Def, Ext_Proc, Ext_Func,
               Sep_Proc,  Sep_Func);

LI_Entry    = RECORD
               Name: PACKED ARRAY [0..7] OF CHAR;
               CASE LI_Type: LI_Types OF

                Glob_Ref, Publ_Ref, Const_Ref
                        : (Format: (Word, Byte, Big);
                            N_Refs:  integer);

                Priv_Ref: (Format: (Word, Byte, Big);
                           N_Refs: integer;
                           N_Words: integer);

                Ext_Proc, Ext_Func
                        : (Src_Proc: integer;
                           N_Params: integer);

                Sep_Proc, Sep_Func
                        : (Src_Proc: integer;
                           N_Params: integer;
                           Kool_Bit: boolean);

                Glob_Def: (Home_Proc: integer;
                           IC_Offset: integer);

                Publ_Def: (Base_Offset: integer;
                           Pub_Data_Seg: integer);

               Const_Def: (Const_Val: integer);

               EOF Mark:
             END {CASE};

          Ptr_List: ARRAY[0..Ptr_Rec_Num] OF
                     ARRAY [0..7] OF integer

        END {LI_Entry};
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*OREB5HI��3XEOB5HI��&RQVWB5HI��DQG�3ULYB5HI�DUH�OLQNHU�LQIRUPDWLRQ�W\SHV�JHQHUDWHG�E\�DQ�DVVHPEOHU�
(DFK� FRQVLVWV� RI� WZR� ILHOGV� WKDW�SUHFHGH�D� OLVW� �3WUB/LVW�� RI� VHJPHQW� UHODWLYH� E\WH�SRLQWHUV� LQWR� WKH
DVVRFLDWHG�VHJPHQW��)RUPDW�FRQWDLQV�WKH�VL]H�RI�WKH�ILHOGV�SRLQWHG�WR�E\�WKH�DFFRPSDQ\LQJ�OLVW��1B5HIV
FRQWDLQV�WKH�QXPEHU�RI�SRLQWHUV�LQ�WKH�OLVW��3WUB/LVW�FRQWDLQV�PXOWLSOHV�RI�HLJKW�ZRUGV��DOO�XQXVHG�ZRUGV
VKRXOG�EH�]HUR�

)RU�WKHVH�W\SHV�RI�OLQNHU�LQIRUPDWLRQ�UHFRUGV��3WUB5HFB1XP� �FHLOLQJ�1B5HIV�����ZKHUH�FHLOLQJ�Q��LV�WKH
VPDOOHVW�LQWHJHU�! �Q�

*OREB5HI�LV�XVHG�WR�OLQN�LGHQWLILHUV�LQ�WZR�RU�PRUH�DVVHPEOHG�URXWLQHV��1DPH�LV�DQ�LGHQWLILHU�WKDW�LV
UHIHUHQFHG�ZLWKLQ�WKH�VHJPHQW�DQG�GHILQHG�LQ�VRPH�RWKHU�DVVHPEOHG�URXWLQH��)RUPDW�VKRXOG�DOZD\V�EH
ZRUG��7KH�OLQNHU�PXVW�DGG�WKH�ILQDO�VHJPHQW�RIIVHW�RI�WKH�UHIHUHQFHG�REMHFW�WR�DOO�ZRUGV�SRLQWHG�DW�E\
3WUB/LVW��7KLV�RIIVHW�PXVW�EH�LQ�WKH�FRUUHFW�DGGUHVVLQJ�PRGH��WKDW�LV��LQ�E\WHV�RU�ZRUGV��GHSHQGLQJ�RQ�WKH
SURFHVVRU�EHLQJ�XVHG�

3XEOB5HI�LV�XVHG�WR�OLQN�DQ�LGHQWLILHU�LQ�DQ�DVVHPEOHG�URXWLQH�WR�D�JOREDO�YDULDEOH�LQ�D�FRPSLODWLRQ�XQLW�
1DPH�LV�DQ�LGHQWLILHU�WKDW�LV�UHIHUHQFHG�LQ�WKH�VHJPHQW�DQG�GHILQHG�DV�D�JOREDO�YDULDEOH�LQ�VRPH�RWKHU
FRPSLODWLRQ�XQLW��)RUPDW�VKRXOG�DOZD\V�EH�ZRUG��7KH�OLQNHU�PXVW�DGG�WKH�RIIVHW�RI�WKH�UHIHUHQFHG�REMHFW
WR�DOO�ZRUGV�SRLQWHG�DW�E\�3WUB/LVW�

&RQVWB5HI�LV�XVHG�WR�OLQN�DQ�LGHQWLILHU�LQ�DQ�DVVHPEOHG�URXWLQH�WR�D�JOREDO�FRQVWDQW�LQ�D�FRPSLODWLRQ�XQLW�
1DPH� LV� DQ� LGHQWLILHU� WKDW� LV� UHIHUHQFHG� LQ� WKH� VHJPHQW�� DQG� GHILQHG� DV� D� JOREDO� FRQVWDQW� LQ� VRPH
FRPSLODWLRQ�XQLW��)RUPDW�PD\�EH�HLWKHU�E\WH�RU�ZRUG��7KH�OLQNHU�PXVW�SODFH�WKH�FRQVWDQW�YDOXH�LQWR�DOO
ORFDWLRQV�SRLQWHG�DW�E\�3WUB/LVW�

3ULYB5HI�LV�XVHG�WR�DOORFDWH�VSDFH�LQ�WKH�JOREDO�GDWD�VHJPHQW��)RUPDW�VKRXOG�DOZD\V�EH�ZRUG��1B:RUGV
VSHFLILHV�WKH�QXPEHU�RI�ZRUGV�WR�DOORFDWH��7KH�OLQNHU�PXVW�DGG�WKH�RIIVHW�RI�WKH�VWDUW�RI�WKH�DOORFDWHG�DUHD
ZLWKLQ�WKH�JOREDO�GDWD�VHJPHQW�WR�DOO�ZRUGV�SRLQWHG�DW�E\�3WUB/LVW�

([WB3URF�DQG�([WB)XQF�DUH�JHQHUDWHG�E\�D�FRPSLOHU�WR�UHIHUHQFH�(;7(51$/�URXWLQHV��7KHUH�LV�QR
3WUB/LVW��6UFB3URF�LV�WKH�QXPEHU�DVVLJQHG�WR�WKH�URXWLQH��1B3DUDPV�LV�WKH�QXPEHU�RI�ZRUGV�DOORFDWHG�IRU
SDUDPHWHU�SDVVLQJ�

6HSB3URF�DQG�6HSB)XQF�DUH�JHQHUDWHG�E\�DQ�DVVHPEOHU�IRU�URXWLQH�GHFODUDWLRQV��7KHUH�LV�QR�3WUB/LVW�
6UFB3URF�LV�WKH�QXPEHU�DVVLJQHG�WR�WKH�URXWLQH��1B3DUDPV�LV�WKH�QXPEHU�RI�ZRUGV�DOORFDWHG�IRU�SDUDPHWHU
SDVVLQJ��.RROB%LW�LV�758(�LI�WKH�URXWLQH�LV�UHORFDWDEOH��DQG�)$/6(�RWKHUZLVH��7KXV��ZLWK�.RROB%LW� 
)$/6(��DQG��5(/352&�DQG��5(/)81&�JHQHUDWH�6HSB3URF�RU�6HSB)XQF�UHFRUGV�ZLWK�.RROB%LW� �758(�

*OREB'HI�GHFODUHV�D�JOREDO�LGHQWLILHU�LQ�DQ�DVVHPEOHG�URXWLQH��$�*OREB'HI�UHFRUG�LV�JHQHUDWHG�IRU�HDFK
ODEHO�GHILQHG�E\�D��'()���352&���)81&���5(/352&��RU��5(/)81&�GLUHFWLYH��7KHUH�LV�QR�3WUB/LVW��1DPH
LV�DQ�LGHQWLILHU�GHILQHG�ZLWKLQ�WKH�VHJPHQW��DQG�PD\�EH�UHIHUHQFHG�E\�DQ\�RWKHU�DVVHPEOHG�URXWLQHV�ZLWKLQ
WKH�VDPH�VHJPHQW��+RPHB3URF�FRQWDLQV�WKH�QXPEHU�RI�WKH�URXWLQH�LQ�ZKLFK�1DPH�LV�GHILQHG��,&B2IIVHW
LV�D�E\WH�RIIVHW�WR�1DPH��UHODWLYH�WR�WKH�VWDUW�RI�WKH�URXWLQH�LQ�ZKLFK�1DPH�LV�GHILQHG�
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3XEOB'HI�GHFODUHV�D�JOREDO�YDULDEOH�LQ�D�FRPSLODWLRQ�XQLW��$�3XEOB'HI�UHFRUG�LV�JHQHUDWHG�IRU�HDFK�JOREDO
YDULDEOH� LQ� D� FRPSLODWLRQ� XQLW� WKDW� LV� YLVLEOH� WR� DQ\� (;7(51$/� URXWLQHV�� 7KHUH� LV� QR� 3WUB/LVW�
%DVHB2IIVHW�LV�WKH�ZRUG�RIIVHW�RI�WKH�YDULDEOH��UHODWLYH�WR�WKH�VWDUW�RI�WKH�GDWD�VHJPHQW�WKDW�FRQWDLQV�LW�
3XEB'DWDB6HJ�LV�WKH�ORFDO�QXPEHU�RI�WKH�GDWD�VHJPHQW�WKDW�FRQWDLQV�WKH�YDULDEOH�

&RQVWB'HI�GHFODUHV�D�JOREDO�FRQVWDQW�LQ�D�FRPSLODWLRQ�XQLW��$�&RQVWB'HI�UHFRUG�LV�JHQHUDWHG�IRU�HDFK
JOREDO�FRQVWDQW�LQ�D�FRPSLODWLRQ�XQLW�WKDW�LV�YLVLEOH�WR�DQ\�(;7(51$/�URXWLQHV��7KHUH�LV�QR�3WUB/LVW�
&RQVWB9DO�FRQWDLQV�WKH�YDOXH�RI�WKH�FRQVWDQW�

(2)B0DUN�LQGLFDWHV�WKH�HQG�RI�XVHG�OLQNHU�LQIRUPDWLRQ�UHFRUGV��1DPH�VKRXOG�EH�EODQN�ILOOHG�

7KH�IROORZLQJ�WDEOH�VKRZV�WKH�W\SHV�RI�VHJPHQWV��DV�GHILQHG�LQ�WKH�VHJPHQW�GLFWLRQDU\���DQG�WKH�W\SHV�RI
VHJPHQW� UHIHUHQFH� UHFRUGV� WKDW� FDQ� EH� FRQWDLQHG� LQ� WKH� DVVRFLDWHG� OLQNHU� LQIRUPDWLRQ�� 1RWH� WKDW
3URFB6HJ
V�FDQ
W�KDYH�OLQNHU�LQIRUPDWLRQ�DW�DOO�

Prog_Seg Unit_Seg Seprt_Seq

Glob_Ref yes
Publ_Ref yes
Priv_Ref yes
Const_Ref yes
Ext_Proc yes yes
Ext_Func yes yes
Sep_Proc yes
Sep_Func yes
Glob_Def yes
Publ_Def yes yes
Const_Def yes yes
EDF_Mark yes yes yes
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2.3. CODE FILE ORGANIZATION

2.3.1. The Segment Dictionary

7KH� ILUVW� EORFN� RI� D� FRGH� ILOH� FRQWDLQV� WKH� ILUVW� UHFRUG� RI� WKDW� ILOH
V� VHJPHQW� GLFWLRQDU\�� $� VHJPHQW
GLFWLRQDU\�FRQVLVWV�RI�D� OLQNHG� OLVW�RI�GLFWLRQDU\�UHFRUGV�� LI� WKH�GLFWLRQDU\� LV� ORQJHU�WKDQ�RQH�UHFRUG�
VXEVHTXHQW�UHFRUGV�DUH�HPEHGGHG�LQ�WKH�FRGH�ILOH��7KHVH�DUH�HDFK�RQH�EORFN�ORQJ��DQG�DUH�ORFDWHG�EHWZHHQ
FRGH�VHJPHQWV�

$�VLQJOH�GLFWLRQDU\�UHFRUG�FDQ�GHVFULEH�XS�WR����GLVWLQFW�VHJPHQWV��7KH�LQIRUPDWLRQ�GHVFULELQJ�D�VHJPHQW
LV�FRQWDLQHG�LQ�VL[�GLIIHUHQW�DUUD\V��WKH�LQIRUPDWLRQ�GHVFULELQJ�D�VHJPHQW�LV�IRXQG�E\�XVLQJ�D�VLQJOH�LQGH[
YDOXH�WR�VHOHFW�D�FRPSRQHQW�IURP�HDFK�RI�WKHVH�DUUD\V��(QWULHV�LQ�WKH�VHJPHQW�GLFWLRQDU\�GHVFULEH�RQO\
VHJPHQWV�ZKRVH�FRGH�ERGLHV�DUH�LQFOXGHG�LQ�WKH�FRGH�ILOH�

7KH�IROORZLQJ�IUDJPHQW�RI�3DVFDO�FRGH�GHVFULEHV�D�VHJPHQW�GLFWLRQDU\�UHFRUG�

CONST Max_Dic_Seg = 15; {maximum segment dictionary record entry}

TYPE  Seg_Dic_Range = 0..Max_Dic_Seg; {range for segment dictionary entries}

   Segment_Name = PACKED ARRAY [0..7] OF CHAR; {segment name}

   {segment types}
       Seg_Types = (No_Seg,    {empty dictionary entry}
                    Prog_Seg,  {program outer segment}
                    Unit_Seg,  {unit outer segment}
                    Proc_Seg,  {segment procedure inside program or unit}
                    Seprt_Seg); {native code segment}

   {machine types}
       M_Types = (M_Pseudo, M_6809, M_PDP_11, M_8080, M_Z_80,
                  M_GA_440, M_6502, M_6800, M_9900,
                  M_8086, M_Z8000, M_68000, M_HP87);

   {p_machine versions}
       Versions = (Unknown, II, II_1, III, IV, V, VI, VII);

   {segment dictionary record}
       Seg_Dict = RECORD
         Disk_Info:
           ARRAY [Seg_Dic_Range] OF {disk info entries}
             RECORD
               Code_Addr: integer;  {segment starting block}
               Code_Leng: integer;  {number of words in segment}
             END {of RECORD};
         Seg_Name:
           ARRAY [Seg_Dic_Range] OF Segment_Name; {segment name entries}
         Seg_Misc:
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           ARRAY [Seg_Dic_Range] OF {misc entries}
             PACKED RECORD
               Seg_Type: Seg_Types;    {segment type}
               Filler: 0..31;          {reserved for future use}
               Has_Link_Info: boolean; {need to be linked?}
               Relocatable: boolean;   {segment relocatable?}
             END {of PACKED RECORD};
         Seg_Text:
           ARRAY [Seg_Dic_Range] OF integer; {start blk of interface text}
         Seg_Info:
           ARRAY [Seg_Dic_Range] OF {segment information entries}
             PACKED RECORD
               Seg_Num: 0..255;         {local segment number}
               M_Type: M_:Types;        {machine type}
               Filler: 0..l;            {reserved for future use}
               Major_Version: Versions; {p_machine version}
             END {of PACKED RECORD};
         Seg_Family:
           ARRAY [Seg_Dic_Range] OF {segment family entries}
         RECORD
           CASE Seg_Types OF
             Unit_Seg, Prog_Seq:
               (Data_Size: integer;    {data size}
                Seg_Refs: integer;     {segments in compilation unit}
                Max_Seg_Num: integer;  {number of segments in file}
                Text_Size: integer);   {# of blks interface text}
             Seprt_Seg, Proc_Seg:
               (Prog_Name: Segment_Name); {outer program/unit name}
         END {of Seg_Family};

         Next_Dict: integer; {block number of next dictionary record}
         Filler: ARRAY [1..2] OF integer;
         Checksum: integer;       {see QuickStart in Chapter 6}
         Ped_Block: integer;      {see QuickStart in Chapter 6}
         Ped_Blk_Count: integer;  {see QuickStart in Chapter 6}
         Part_Number: RECORD
                      A, B: integer;
                      END;
         Copy_Note: string[77]; {copyright notice}
         Dict_Byte_Sex: integer; {machine sex (Sex = 1)}
    END {of SEG_DICT};

'LVNB,QIR�FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�VHJPHQW
V�ORFDWLRQ�ZLWKLQ�WKH�ILOH��6HJPHQW�FRGH�DOZD\V�VWDUWV
RQ�D�EORFN�ERXQGDU\��&RGHB$GGU�LV�WKH�QXPEHU�RI�WKH�EORFN�ZKHUH�WKH�VHJPHQW�FRGH�VWDUWV��UHODWLYH�WR�WKH
VWDUW�RI�WKH�FRGH�ILOH���&RGHB/HQJ�LV�WKH�QXPEHU�RI����ELW�ZRUGV�LQ�WKH�VHJPHQW��7KLV�VL]H�LQFOXGHV�WKH
UHORFDWLRQ�OLVW�EXW�GRHVQ
W�LQFOXGH�WKH�VHJPHQW�UHIHUHQFH�OLVW��$OO�XQXVHG�HQWULHV�LQ�WKLV�DUUD\�VKRXOG�EH
]HURHG�



7(;$6�,167580(176
+20(�&20387(5

20

6HJB1DPH�FRQWDLQV�WKH�ILUVW�HLJKW�FKDUDFWHUV�RI�WKH�SURJUDP��XQLW��VHJPHQW��RU�DVVHPEO\�SURFHGXUH�QDPH�
8QXVHG�HQWULHV�VKRXOG�EH�EODQN�ILOOHG�

6HJB0LVF�FRQWDLQV�PLVFHOODQHRXV�LQIRUPDWLRQ�DERXW�WKH�VHJPHQW��6HJB7\SH�LQGLFDWHV�WKH�W\SH�RI�VHJPHQW�
3URJB6HJ�DQG�8QLWB6HJ�DUH�RXWHU�VHJPHQWV�RI�SURJUDPV�DQG�XQLWV��UHVSHFWLYHO\��3URFB6HJ�LV�D�VHJPHQW
URXWLQH�ZLWKLQ�HLWKHU�D�XQLW�RU�D�SURJUDP�RXWHU�VHJPHQW��6HSUWB6HJ�LV�DQ�XQOLQNHG�QDWLYH�FRGH�VHJPHQW�
+DVB/LQNB,QIR� LQGLFDWHV� ZKHWKHU� OLQNHU� LQIRUPDWLRQ� KDV� EHHQ� JHQHUDWHG� IRU� WKLV� VHJPHQW�� /LQNHU
LQIRUPDWLRQ�UHVLGHV�LQ�WKH�EORFNV�WKDW�GLUHFWO\�IROORZ�WKH�VHJPHQW�UHIHUHQFH�OLVW��/LQNHU�LQIRUPDWLRQ�VWDUWV
RQ� D� EORFN� ERXQGDU\�� 7KH� %RROHDQ� 5HORFDWDEOH� VSHFLILHV� ZKHWKHU� D� FRGH� VHJPHQW� LV� VWDWLFDOO\� RU
G\QDPLFDOO\�UHORFDWDEOH�

'\QDPLFDOO\�UHORFDWDEOH�FRGH�VHJPHQWV�UHVLGH�LQ�WKH�FRGH�SRRO��GHVFULEHG�LQ�WKH�QH[W�FKDSWHU���WKHLU
SRVLWLRQ�LQ�PHPRU\�PD\�FKDQJH�PDQ\�WLPHV�GXULQJ�H[HFXWLRQ��6WDWLFDOO\�UHORFDWDEOH�FRGH�VHJPHQWV�DUH
ORDGHG�RQO\�RQFH��LQ�D�IL[HG�SRVLWLRQ�RQ�WKH�V\VWHP�KHDS��DOVR�GHVFULEHG�LQ�WKH�QH[W�FKDSWHU���WKH\�UHPDLQ
SRVLWLRQ�ORFNHG�DQG�PHPRU\�ORFNHG�WKURXJKRXW�WKHLU�OLIHWLPH�

$OO� VHJPHQWV� WKDW� FRQWDLQ�RQO\�S�FRGH�DUH�SRVLWLRQ�LQGHSHQGHQW� DQG�� WKXV�� G\QDPLFDOO\� UHORFDWDEOH�
6HJPHQWV�WKDW�FRQWDLQ�QDWLYH�FRGH�PD\�EH�G\QDPLFDOO\�UHORFDWDEOH�SURYLGHG�WKH\�PDNH�QR�DVVXPSWLRQV
DERXW�HLWKHU�WKH�OLIHWLPH�RI�DQ\�PRGLILFDWLRQV�PDGH�WR�WKH�VHJPHQW�ERG\�LWVHOI�RU�WR�WKH�H[DFW�ORFDWLRQ�RI
WKH�VHJPHQW�ERG\�LQ�PHPRU\�DFURVV�WKH�H[HFXWLRQ�RI�D�VLQJOH�S�FRGH�

'\QDPLFDOO\� UHORFDWDEOH� QDWLYH� FRGH� LV� JHQHUDWHG� E\� DVVHPEOLQJ� URXWLQHV� XVLQJ� WKH� 5(/352&� RU
5(/)81&�DVVHPEOHU�GLUHFWLYHV��D�OLQNHG�FRGH�VHJPHQW�FRQWDLQLQJ�DVVHPEOHU�URXWLQHV�LV�G\QDPLFDOO\
UHORFDWDEOH�RQO\�LI�DOO�RI�LWV�DVVHPEOHU�URXWLQHV�ZHUH�RULJLQDOO\�VSHFLILHG�DV�G\QDPLFDOO\�UHORFDWDEOH��1RWH
WKDW�WKH�XVH�RI�WKHVH�DVVHPEOHU�GLUHFWLYHV�LV�DQ�DVVHUWLRQ�E\�WKH�SURJUDPPHU�WKDW�WKH�URXWLQHV�GHFODUHG
EHKDYH�SURSHUO\��WKH�V\VWHP�GRHVQ
W�HQIRUFH�WKLV��VR�FDXWLRQ�PXVW�EH�XVHG��,I�D�URXWLQH�LV�WR�EH�G\QDPLFDOO\
UHORFDWDEOH��\RX�FDQ
W�H[SHFW�LW�WR�VWRUH�LQIRUPDWLRQ�LQ�WKH�VHJPHQW�ERG\��EH�VHOI�PRGLI\LQJ��RU�VWRUH
SRLQWHUV�WR�WKH�FRGH�VHJPHQW�LQ�GDWD�YDULDEOHV��DQG�WKHQ�DVVXPH�WKDW�WKLQJV�ZLOO�SURFHHG�FRUUHFWO\�WKH�QH[W
WLPH�WKH�URXWLQH�LV�FDOOHG�

7KH�%RROHDQ�5HORFDWDEOH�LV�XQDIIHFWHG�E\�WKH�SUHVHQFH�RU�DEVHQFH�RI�UHORFDWLRQ�OLVWV��DQG�LVQ
W�UHOHYDQW�WR
FRQFXUUHQF\�FRQVLGHUDWLRQV�

6HJB7H[W�FRQWDLQV�WKH�VWDUWLQJ�EORFN�RI�WKH�VHJPHQW
V�,17(5)$&(�WH[W�VHFWLRQ��UHODWLYH�WR�WKH�VWDUW�RI
WKH�FRGH�ILOH��7KH�,17(5)$&(�WH[W�VHFWLRQ�FDQ�DSSHDU�DQ\ZKHUH�ZLWKLQ�WKH�FRGH�ILOH�WKDW�FRQWDLQV�WKH
FRGH�VHJPHQW� LW�GHVFULEHV��7KH�6HJB7H[W� DUUD\�HQWU\�� LQ�FRQMXQFWLRQ�ZLWK�WKH�7H[WB6L]H� ILHOG� LQ�WKH
6HJB)DPLO\� UHFRUG�� LQGLFDWHV� WKH� DGGUHVV� DQG� OHQJWK� RI� WKH� ,17(5)$&(� VHFWLRQ� LQ� EORFNV�� 7KH
,17(5)$&(�WH[W�VHFWLRQ�DOZD\V�VWDUWV�RQ�D�EORFN�ERXQGDU\�DQG�IROORZV�DOO�RI�WKH�FRQYHQWLRQV�RI�D�WH[W
ILOH�ZLWK�WKH�H[FHSWLRQ�WKDW�WKH� ODVW�SDJH�RI� WKH�VHFWLRQ�PD\�EH� HLWKHU�RQH�RU�WZR�EORFNV� ORQJ��2QO\
VHJPHQWV�ZLWK�D�6HJB7\SH�RI�8QLWB6HJ�KDYH�,17(5)$&(�VHFWLRQV��$OO�RWKHU�VHJPHQWV�DQG�XQXVHG�HQWULHV
VKRXOG�EH�]HUR�ILOOHG�
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6HJB,QIR�FRQWDLQV�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�VHJPHQW��6HJB1XP�LV�WKH�VHJPHQW�QXPEHU��0B7\SH�WHOOV
ZKDW�NLQG�RI�REMHFW�FRGH�LV�LQ�WKH�VHJPHQW��,I�WKHUH�LV�DQ\�QDWLYH�FRGH�LQ�WKH�VHJPHQW��WKHQ�0B7\SH�ZLOO
KDYH�RQH�RI�WKH�SURFHVVRU�VSHFLILF�0B7\SH
V��,I�WKH�VHJPHQW�FRQVLVWV�H[FOXVLYHO\�RI�S�FRGH��WKHQ�LWV�0B7\SH
LV�0B3VXHGR��0DMRUB9HUVLRQ�JLYHV�WKH�YHUVLRQ�RI�WKH�S�PDFKLQH�RQ�ZKLFK�WKH�FRGH�ILOH�LV�LQWHQGHG�WR�UXQ�

6HJB)DPLO\�FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�FRGH�VHJPHQW
V�FRPSLODWLRQ�XQLW��7KH�LQIRUPDWLRQ�FRQWDLQHG
LQ�WKLV�DUUD\�GHSHQGV�RQ�ZKHWKHU�6HJB7\SH�LQGLFDWHV�D�SULQFLSDO�RU�D�VXEVLGLDU\�VHJPHQW�

,I�WKH�VHJPHQW�LV�D�VXEVLGLDU\�VHJPHQW��WKHQ�6HJB)DPLO\�FRQWDLQV�WKH�ILUVW�HLJKW�FKDUDFWHUV�RI�WKH�SDUHQW
FRPSLODWLRQ�XQLW
V�QDPH��VWRUHG�LQ�3URJB1DPH��,I�WKLV�QDPH�LVQ
W�NQRZQ�DW�FRGH�ILOH�JHQHUDWLRQ�WLPH��DV
LV�WKH�FDVH�ZLWK�6HSUWB6HJ
V���WKH�ILHOG�VKRXOG�EH�EODQN�ILOOHG�

,I�WKH�VHJPHQW�LV�D�SULQFLSDO�VHJPHQW��WKHQ�WKH�LQIRUPDWLRQ�LQ�6HJB)DPLO\�FRQVLVWV�RI�IRXU�ILHOGV�

� 'DWDB6L]H�LV�WKH�QXPEHU�RI�ZRUGV�LQ�WKLV�VHJPHQW
V�EDVH�GDWD�VHJPHQW��7KH�YDULDEOHV�RI�SULQFLSDO
VHJPHQWV�DUH�UHIHUHQFHG�IURP�DQ\�ORFDWLRQ��LQFOXGLQJ�WKHLU�RZQ�RXWHU�URXWLQH�ERGLHV��YLD�JOREDO
ORDGV�DQG�VWRUHV��UDWKHU�WKDQ�ORFDO�RSHUDWLRQV���7KHUHIRUH��WKH�'DWDB6L]H�ILHOG�DVVRFLDWHG�ZLWK�WKH
ERG\�RI�DQ�RXWHU�URXWLQH�LQ�D�FRGH�VHJPHQW�VKRXOG�EH�]HUR��VR�WKDW�QR�VXSHUIOXRXV�PHPRU\�ZLOO�EH
DOORFDWHG�LQ�DQ�XQXVHG�ORFDO�GDWD�DUHD�

� 6HJB5HIV�LV�WKH�VL]H�LQ�ZRUGV�RI�WKH�VHJPHQW�UHIHUHQFH�OLVW�IRU�WKLV�VHJPHQW�

� 0D[B6HJB1XP� LV� WKH� WRWDO� QXPEHU� RI� VHJPHQW� QXPEHUV� DVVLJQHG� WR� WKLV� FRPSLODWLRQ� XQLW�
0D[B6HJB1XP�LQFOXGHV�DOO�VHJPHQWV�ZLWK�DVVLJQHG�QXPEHUV��UHJDUGOHVV�RI�ZKHWKHU�WKH�VHJPHQW
ERG\�LV�FRQWDLQHG�LQ�WKLV�ILOH�RU�QRW�

� 7H[WB6L]H�LV�WKH�QXPEHU�RI�EORFNV�RI�,17(5)$&(�WH[W�ZLWKLQ�WKH�FRPSLODWLRQ�XQLW��7H[WB6L]H�LV
XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�6HJB7H[W�DUUD\�WR�VSHFLI\�WKH�,17(5)$&(�WH[W�IRU�D�FRPSLODWLRQ
XQLW�RI�W\SH�8QLWB6HJ��LW�LV�]HUR�ILOOHG�IRU�DOO�RWKHU�FRPSLODWLRQ�XQLW�W\SHV�

,I�WKH�VHJPHQW�LV�XQXVHG��6HJB7\SH� �1RB6HJ���WKHQ�6HJB)DPLO\�VKRXOG�EH�]HUR�ILOOHG�

1H[WB'LFW�FRQWDLQV�WKH�EORFN�QXPEHU�RI�WKH�QH[W�VHJPHQW�GLFWLRQDU\�UHFRUG��UHODWLYH�WR�WKH�VWDUW�RI�WKH
FRGH�ILOH��,Q�WKH�ODVW�UHFRUG�RI�WKH�VHJPHQW�GLFWLRQDU\��1H[WB'LFW�VKRXOG�EH�]HUR�

3DUWB1XP�FRQWDLQV�WKH�6RI7HFK�LQWHUQDO�SDUW�QXPEHU�IRU�WKH�ILOH�

)LOOHU�LV�UHVHUYHG�IRU�IXWXUH�XVH�DQG�VKRXOG�DOZD\V�EH�]HUR�ILOOHG�

&RS\B1RWH�LV�UHVHUYHG�IRU�D�FRS\ULJKW�PHVVDJH��ZKLFK�FDQ�EH�FUHDWHG�ZLWK�HLWKHU�WKH�/,%5$5<�XWLOLW\�RU
D�FRPSLOHU�GLUHFWLYH�
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6H[�FRUUHVSRQGV�WR�WKH�E\WH�VH[�RI�WKH�VHJPHQW�GLFWLRQDU\��,W�LV�D�IXOO�ZRUG�WKDW�FRQWDLQV�WKH�YDOXH����ZLWK
WKH�VDPH�E\WH�VH[�DV�WKH�UHVW�RI�WKH�GLFWLRQDU\�UHFRUG��7KXV��ZKHQ�WKLV�ZRUG�LV�H[DPLQHG�E\�D�SURJUDP
UXQQLQJ�RQ�D�PDFKLQH�ZLWK�WKH�VDPH�E\WH�VH[�DV�WKH�FRGH�ILOH��LW�ZLOO�DSSHDU�DV�D����RQ�D�PDFKLQH�RI
RSSRVLWH�VH[��LW�ZLOO�DSSHDU�DV�D������6\VWHP��SURJUDPV�XVH�WKLV�ZRUG�WR�GHWHFW�WKH�VH[�RI�WKH�GLFWLRQDU\�
DQG��LI�QHFHVVDU\��E\WH�VZDS�WKH�ZRUG�RULHQWHG�ILHOGV�RI�WKH�GLFWLRQDU\�

2.3.2. Assembler-Generated Code Files

&RGH� ILOHV� JHQHUDWHG�E\�DQ�DVVHPEOHU�KDYH�D� VOLJKWO\�GLIIHUHQW� VWUXFWXUH� IURP� WKRVH�JHQHUDWHG�E\�D
FRPSLOHU��$�UHORFDWLRQ�OLVW�LV�JHQHUDWHG�IRU�HDFK�SURFHGXUH�LQ�DQ�DVVHPEOHU�JHQHUDWHG�VHJPHQW��LQVWHDG
RI�RQH�UHORFDWLRQ�OLVW�IRU�WKH�ZKROH�VHJPHQW���7KHVH�DUH�WKH�RQO\�VRUW�RI�OLVWV�WKDW�PD\�FRQWDLQ�3URFB5HO
UHORFDWLRQ��7KHVH�OLVWV�DUH�SODFHG�LPPHGLDWHO\�DIWHU�WKH�ERG\�RI�WKH�SURFHGXUH�WKH\�GHVFULEH��7KH�VWDUW�RU
KLJK�HQG�DGGUHVV�RI�HDFK�OLVW�LV�SRLQWHG�DW�E\�WKH�VHJPHQW�UHODWLYH�ZRUG�SRLQWHU�FRQWDLQHG�LQ�WKH�([LWB,&
ILHOG�RI�HDFK�DVVHPEOHU�JHQHUDWHG�SURFHGXUH�

$Q�DVVHPEOHU�JHQHUDWHG�VHJPHQW�LV�DOVR�XQLTXH�LQ�WKDW�GXULQJ�WKH�OLQNLQJ�SURFHVV��WKH�FRGH�ERGLHV�RI�DOO
LWV�SURFHGXUHV�DQG�IXQFWLRQV�PD\�EH�FRSLHG�LQWR�RQH�RI�WKH�VHJPHQWV�RI�WKH�FRPSLODWLRQ�XQLW�WR�ZKLFK�LW
LV�EHLQJ�ERXQG��)XUWKHU��WKH�QDPH�RI�WKH�VHJPHQW�RU�VHJPHQWV�WKDW�WKH�DVVHPEO\�FRGH�PD\�EH�OLQNHG�WR
LV�QHYHU�NQRZQ�DW�DVVHPEO\�WLPH��,W�LV��KRZHYHU��DOZD\V�DVVXPHG�WKDW�DQ\�QXPEHU�RI�DVVHPEO\�SURFHGXUHV
RU�IXQFWLRQV�WKDW�FRPPXQLFDWH�YLD�5()V�DQG�'()V�DUH�DOZD\V�ERXQG�LQWR�WKH�VDPH�VHJPHQW��UHJDUGOHVV
RI�ZKHWKHU�WKH\�ZHUH�DVVHPEOHG�WRJHWKHU�

7KH�'DWDB6L]H�ZRUG�JHQHUDWHG�E\�WKH�DVVHPEOHU�IRU�HDFK�URXWLQH�VKRXOG�KDYH�D�YDOXH�RI������))))�+(;��
WKLV�LQGLFDWHV�D�GDWD�VL]H�RI�]HUR�WKDW�LV�RQH
V�FRPSOHPHQWHG��WR�VLJQDO�WKDW�WKH�ILUVW�LQVWUXFWLRQ�RI�WKH�FRGH
ERG\�LV�QDWLYH�FRGH�

)LQDOO\��VLQFH�WKH�DVVHPEOHU�JHQHUDWHG�FRGH�VHJPHQWV�FDQ
W�NQRZ�ZKDW�SURJUDP�RU�XQLW�WKH\�DUH�WR�EH
OLQNHG�WR��WKH�3URJB1DPH�HQWU\�LQ�WKH�6HJB)DPLO\�DUUD\�RI�WKH�VHJPHQW�GLFWLRQDU\�VKRXOG�EH�EODQN�ILOOHG�
DQG�WKH�'DWDB6HJB1XP�ILHOG�LQ�WKH�/LVWB+HDGHU�UHFRUG�RI�DOO�%DVHB5HO�UHORFDWLRQ�VXEOLVWV�VKRXOG�EH
]HUR�ILOOHG�

,W�LV�WKH�OLQNHU
V��UHVSRQVLELOLW\��ZKHQ�OLQNLQJ�DVVHPEOHU�JHQHUDWHG�VHJPHQWV��WR�FRQYHUW�DOO�3URFB5HO
UHORFDWLRQ� VXEOLVWV� LQWR� 6HJB5HO� UHORFDWLRQ� OLVWV�� � WR� FRUUHFWO\� VHW� WKH� 'DWDB6HJB1XP� ILHOG� LQ� WKH
/LVWB+HDGHU�RI�DOO�%DVHB5HO�UHORFDWLRQ�VXEOLVWV��DQG�WR�FROOHFW�DOO�UHORFDWLRQ�VXEOLVWV�DQG�SODFH�WKHP�DIWHU
WKH�SURFHGXUH�GLFWLRQDU\�RI�WKH�FRGH�VHJPHQW��7KH�OLQNHU�VKRXOG�DOVR�XSGDWH�WKH�5HORFDWDEOH�ELW�LQ�WKH
6HJB0LVF�DUUD\��GHSHQGLQJ�RQ�WKH�LQIRUPDWLRQ�VXSSOLHG�LQ�OLQNHU�LQIRUPDWLRQ�
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3. THE P-MACHINE

3.1. OVERVIEW

7KH�S�PDFKLQH�LV�DQ�LGHDOL]HG�PDFKLQH��&RPSLOHG�XVHU�SURJUDPV��V\VWHP�SURJUDPV�VXFK�DV�WKH�)LOHU��DQG
WKH�RSHUDWLQJ�V\VWHP�LWVHOI�UXQ�RQ�WKH�S�PDFKLQH��&RGH�IRU�WKH�S�PDFKLQH�LV�NQRZQ�DV�S�FRGH��DQG�DOO�FRGH
ILOHV�LQ�WKH�V\VWHP�FRQVLVW�RI�HLWKHU�S�FRGH�RU�QDWLYH�FRGH��WKDW�LV��FRGH�IRU�D�SDUWLFXODU�SK\VLFDO�SURFHVVRU��

3�FRGH�LV�GHVLJQHG�WR�EH�FRPSDFW��VR�WKDW�SURJUDPV�LQ�S�FRGH�DUH�PXFK�VKRUWHU�WKDQ�HTXLYDOHQW�SURJUDPV
LQ�QDWLYH�FRGH��3�FRGH�LV�DOVR�GHVLJQHG�WR�EH�HDVLO\�JHQHUDWHG�E\�D�FRPSLOHU�

%HFDXVH�S�FRGH�LV�FRPSDFW�DQG�VLPSOH��UHODWLYH�WR�QDWLYH�FRGHV��LW
V�IDLUO\�HDV\�WR�LPSOHPHQW�WKH�S�PDFKLQH
RQ�D�YDULHW\�RI�DFWXDO�SURFHVVRUV��,W�LV�DOVR�HDVLHU��DQG�FKHDSHU��WR�PDLQWDLQ�D�V\VWHP�WKDW�UXQV�RQ�RQH
S�PDFKLQH��UDWKHU�WKDQ�D�IDPLO\�RI�V\VWHPV��HDFK�GHGLFDWHG�WR�D�SDUWLFXODU�SK\VLFDO�SURFHVVRU��7KLV�LV�WKH
NH\�WR�WKH�SRUWDELOLW\�RI�WKH�S�6\VWHP�

3.1.1. Emulative Execution

7KH��S��LQ��S�FRGH���DQG��S�PDFKLQH��VWDQGV�IRU��SVHXGR���7KH�S�PDFKLQH�HPXODWRU�SURJUDP�LV�ZULWWHQ�LQ
WKH�QDWLYH�FRGH�RI�D�SDUWLFXODU�SURFHVVRU��,W�LV�UHVSRQVLEOH�IRU�H[HFXWLQJ�S�FRGH�LQVWUXFWLRQV�DQG�FRQWUROOLQJ
PDFKLQH�GHSHQGHQW�,�2��7KH�S�PDFKLQH�HPXODWRU�LV�DOVR�FDOOHG�WKH�30(��RU�WKH�LQWHUSUHWHU��

$W�UXQ�WLPH��WKH�XVHU
V�SURJUDP��RU�D�SRUWLRQ�RI�LW��LV�LQ�PDLQ�PHPRU\��7KH�30(�IHWFKHV�HDFK�S�FRGH
LQVWUXFWLRQ��LQ�VHTXHQFH��DQG�SHUIRUPV�WKH�DSSURSULDWH�DFWLRQ�

7KH�SURFHVV�RI�ERRWVWUDSSLQJ�LQYROYHV�ORDGLQJ�WKH�30(��LI�QHFHVVDU\��DQG�VWDUWLQJ�LWV�H[HFXWLRQ���7KH�QH[W
VWHS�LV�WR�FDOO�WKH�RSHUDWLQJ�V\VWHP��ZKLFK�UXQV�RQ�WKH�S�PDFKLQH��

3.1.2. The Stack and the Heap

7KH�V\VWHP�PDLQWDLQV�GDWD�LQ�WZR�G\QDPLF�VWUXFWXUHV�FDOOHG�WKH�VWDFN�DQG�WKH�KHDS��7KH�VWDFN�LV�XVHG�IRU
VWDWLF� YDULDEOHV�� ERRNNHHSLQJ� LQIRUPDWLRQ� DERXW� SURFHGXUH� DQG� IXQFWLRQ� FDOOV�� DQG� HYDOXDWLRQ� RI
H[SUHVVLRQV��7KH�KHDS�LV�XVHG�IRU�G\QDPLF�YDULDEOHV��LQFOXGLQJ�WKH�VWUXFWXUHV�WKDW�GHVFULEH�D�SURJUDP
V
HQYLURQPHQW��,W�LV�DOVR�XVHG�WR�VWRUH�SULYDWH�VWDFNV�IRU�VXEVLGLDU\�SURFHVVHV�DQG�WR�VWRUH�FRGH�VHJPHQWV
WKDW�DUH�SRVLWLRQ�ORFNHG�

7KH�VWDFN�LV�DQ�LQWHJUDO�SDUW�RI�WKH�S�PDFKLQH�DUFKLWHFWXUH��0RVW�S�FRGH�LQVWUXFWLRQV�DIIHFW�WKH�VWDFN�LQ
RQH�ZD\�RU�DQRWKHU�

7KH�KHDS�LV�DQ�LQWHJUDO�SDUW�RI�WKH�V\VWHP��EXW�LV�SULPDULO\�VXSSRUWHG�E\�WKH�RSHUDWLQJ�V\VWHP��UDWKHU�WKDQ
WKH�S�PDFKLQH�
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%RWK� WKH� VWDFN� DQG� WKH� KHDS� UHVLGH� LQ� PDLQ� PHPRU\�� DQG� JURZ� WRZDUG� HDFK� RWKHU� LQ� D� �ODUJHO\�
ILUVW�LQ�ILUVW�RXW�PDQQHU��%HWZHHQ�WKHP�LV�DQ�DUHD�RI�PHPRU\�WKDW�LV�SDUWO\�XQXVHG��EXW�PD\�FRQWDLQ�WKH
FRGH�SRRO��VHH�EHORZ��

7KH�KHDS�LV�PRUH�IXOO\�GHVFULEHG�LQ�&KDSWHU�����7KH�2SHUDWLQJ�6\VWHP��

3.1.3. Code Segments

,Q�WKH�S�6\VWHP��SURJUDP�FRGH�LV�VWRUHG�LQ�RQH�RU�PRUH�VHJPHQWV��$�FRGH�VHJPHQW�PD\�FRQWDLQ�HLWKHU
S��FRGH� RU� QDWLYH� FRGH� �RU� ERWK��� %HVLGHV� WKH� FRGH� LWVHOI�� HDFK� FRGH� VHJPHQW� FRQWDLQV� ERRNNHHSLQJ
LQIRUPDWLRQ�IRU�WKH�V\VWHP
V�XVH��DQG��XVXDOO\��D��SRRO�RI�FRQVWDQWV�

(YHU\��FRPSLODWLRQ�XQLW�� �D�VHSDUDWHO\�FRPSLOHG�3DVFDO�352*5$0�RU�81,7��UHVXOWV�LQ�D��SULQFLSDO
VHJPHQW�� RI� FRGH�� ,Q� DGGLWLRQ�� WKHUH�PD\�EH� �VXEVLGLDU\� VHJPHQWV��� LI� WKH�SURJUDP�RU�XQLW� FRQWDLQV
6(*0(17�URXWLQHV��,QIRUPDWLRQ�HPEHGGHG�LQ�WKH�FRPSLODWLRQ
V�FRGH�ILOH�FRQWDLQV�WKH�UHIHUHQFHV�DPRQJ
WKH��SRVVLEO\��YDULRXV�FRPSLODWLRQ�XQLWV�WKDW�DUH�SDUW�RI�WKH�IXOO�SURJUDP�

:KHQ�D�SURJUDP�LV�H[HFXWHG��WKH�RSHUDWLQJ�V\VWHP�UHDGV�WKLV�UHIHUHQFH�LQIRUPDWLRQ�DQG�UHVROYHV�WKH
UHIHUHQFHV�E\�ILQGLQJ�WKH�ORFDWLRQ�RI�DOO�FRPSLODWLRQ�XQLWV�QHHGHG�E\�WKH�SURJUDP��LQFOXGLQJ�VXEVLGLDU\
VHJPHQWV�DQG�LQGLUHFW�UHIHUHQFHV��VXFK�DV�D�81,7�XVLQJ�DQRWKHU�81,7���7DEOHV�DUH�EXLOW�WKDW�PD\�EH�XVHG
DW�UXQ�WLPH�WR�PDNH�UHIHUHQFHV��VXFK�DV�SURFHGXUH�FDOOV��IURP�RQH�VHJPHQW�WR�DQRWKHU�

7KH�VHJPHQWV�RI�D�UXQQLQJ�SURJUDP�FRPSHWH�IRU�VSDFH�LQ�PDLQ�PHPRU\�ZLWK�HDFK�RWKHU��,I�WKH�FRGH�SRRO
LV�LQWHUQDO��EHWZHHQ�WKH�VWDFN�DQG�KHDS���WKHQ�WKH�VHJPHQWV�DOVR�FRPSHWH�ZLWK�WKH�VWDFN�DQG�WKH�KHDS��7KH
SULQFLSDO�FRQVWUDLQW��DV�IDU�DV�FRGH�VHJPHQWV�DUH�FRQFHUQHG��LV�WKDW�ERWK�WKH�FDOOLQJ�DQG�FDOOHG�VHJPHQW
PXVW�EH�SUHVHQW�LQ�PDLQ�PHPRU\�IRU�DQ�LQWHU�VHJPHQW�FDOO�WR�VXFFHHG�

6HJPHQWV�LQ�PDLQ�PHPRU\�DUH�VWRUHG�FRQWLJXRXVO\�LQ�DQ�DUHD�FDOOHG�WKH�FRGH�SRRO��2Q�QRQ�H[WHQGHG
PHPRU\�V\VWHPV�� WKH�FRGH�SRRO�UHVLGHV�EHWZHHQ�WKH� VWDFN� DQG� WKH�KHDS� �DQ� LQWHUQDO�FRGH�SRRO���2Q
H[WHQGHG�PHPRU\�V\VWHPV��WKH�FRGH�SRRO�UHVLGHV�RXWVLGH�RI�WKH�VWDFN�KHDS�DUHD��DQ�H[WHUQDO�FRGH�SRRO��
7KH�FRGH�VHJPHQWV�PD\�EH�PRYHG�DERXW�ZLWKLQ�WKH�FRGH�SRRO�RU�GLVFDUGHG�LQ�RUGHU�WR�FUHDWH�PRUH�URRP�

&RGH�VHJPHQWV�DUH�GHVFULEHG�LQ�WKLV�FKDSWHU��&RGH�SRRO�KDQGOLQJ�LV�GHVFULEHG�LQ�&KDSWHU�����7KH�2SHUDWLQJ
6\VWHP��
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3.1.4. Device I/O

'HYLFH�,�2�DQG�FRQWURO�LV�DFFRPSOLVKHG�E\�FDOOV�IURP�WKH�ODQJXDJH�OHYHO�WR�URXWLQHV�ZLWKLQ�WKH�30(��7KH
GHYLFH�,�2�URXWLQHV�WKHQ�FDOO�RQ�WKH�URXWLQHV�RI�WKH�30(
V�%,26��IRU�%DVLF�,�2�VXEV\VWHP���DQG�WKH�%,26
URXWLQHV�FRQWURO�WKH�SHULSKHUDO�KDUGZDUH�GLUHFWO\��,�2�HQYLURQPHQW�GHSHQGHQFLHV�DUH��WKXV��LVRODWHG�LQ
WKH�%,26��DQG�LW�LV�SRVVLEOH�WR�DGDSW�WKH�S�6\VWHP�WR�D�QHZ�KDUGZDUH�HQYLURQPHQW�E\�FKDQJLQJ�RQO\�WKH
%,26��QRW�WKH�HQWLUH�30(��

2Q�DGDSWDEOH�V\VWHPV��WKH�%,26�LWVHOI�KDV�D�VWDQGDUG�LQWHUIDFH�WR�WKH�6%,26��RU�6LPSOLILHG�%,26��7KH
6%,26�LV�D�VHW�RI�VLPSOH�,�2�URXWLQHV��DQG�LV�LQWHQGHG�WR�DOORZ�WKH�XVHU�WR�UDSLGO\�DGDSW�WKH�V\VWHP�WR�D
QHZ�,�2�HQYLURQPHQW�

7KH�%,26�LV�GHDOW�ZLWK�LQ�&KDSWHU�����/RZ�/HYHO�,�2���7KH�6%,26�LV�GHVFULEHG�LQ�WKH�$GDSWDEOH�6\VWHP
,QVWDOODWLRQ�0DQXDO�
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3.2. CODE SEGMENT ENVIRONMENTS

3.2.1. Segment Informat ion Blo cks (SIBs)

$�6HJPHQW�,QIRUPDWLRQ�%ORFN��6,%��LV�D�UHFRUG�WKDW�FRQWDLQV�LQIRUPDWLRQ�DERXW�DQ��DFWLYH��FRGH�VHJPHQW�
$�FRGH�VHJPHQW�LV�DFWLYH�LI�LW�PD\�EH�XVHG�E\�D�SURJUDP�WKDW�LV�UXQQLQJ��$�6,%�LV�DOORFDWHG�RQ�WKH�KHDS�
DQG�UHPDLQV�WKHUH�DV�ORQJ�DV�WKH�VHJPHQW�LV�DFWLYH��7KHUH�LV�RQO\�RQH�6,%�IRU�HDFK�FRGH�VHJPHQW��QR�PDWWHU
KRZ�PDQ\�RWKHU�VHJPHQWV�PD\�EH�XVLQJ�LW�

$�FRGH�VHJPHQW�QHHG�QRW�EH�LQ�PHPRU\�WR�EH�DFWLYH��DQ�DFWLYH�FRGH�VHJPHQW�PD\�EH�RQ�GLVN�RU�LQ�WKH�FRGH
SRRO��EXW�LWV�6,%�ZLOO�DOZD\V�EH�RQ�WKH�KHDS��2QH�H[FHSWLRQ�WR�WKLV�LV�WKDW�VRPH�RSHUDWLQJ�V\VWHP�VHJPHQWV
PD\�EH�DOORFDWHG�RXWVLGH�RI�WKH�VWDFN�KHDS�VSDFH�E\�WKH�ERRWVWUDS�

7KH�IROORZLQJ�IUDJPHQW�RI�3DVFDO�FRGH�GHVFULEHV�D�6,%�

SIB = RECORD
        Seg_Pool: Pool_Ptr;   {points to the description of the code pool
                            where the segment resides}
        Seg_Base: Mem_Ptr;    {byte offset within code pool of segment's
                             memory location}
        Seg_Refs: integer;    {# of active calls to the seg}
        Time_Stamp: integer;  {memory swap activity}
        Link_Count: integer;  {number of links to the SIB}
        Residency: -1..maxint;{-1 = pos lock, 0 = swap, n = mem lock}
        Seg_Name: PACKED ARRAY [0-7] OF CHAR;
        Seg_Leng: integer;    {# of words in segment}
        Seg_Addr: integer;    {disk address of segment}
        Vol_Info: VIP;        {pointer to disk drive info}
        Data_Size: integer;   {number of words in data segment}
        Res_SIBs: RECORD      {code pool management record}
                    Next_SIB,        {next SIB in list}
                    Prev_SIB: SIB_P; {previous SIB in list}
                    CASE boolean OF  {scratch area}
                      TRUE:  (Next_Sort: SIB_P);  {next SIB in sort list}
                      FALSE: (New_Loc: Mem_Ptr);      {temporary address}
               END {of Res_SIBs};
        M_Type: integer;
   END {of SIB};

6HJB3RRO�SRLQWV�WR�WKH�GHVFULSWLRQ�RI�WKH�FRGH�SRRO�ZKHUH�WKH�VHJPHQW�UHVLGHV��,I�WKH�VHJPHQW�LV�RQ�WKH
KHDS� �RU� LI� WKHUH� LV� QR� H[WHUQDO� FRGH� SRRO��� WKLV� YDOXH� LV� VHW� WR� 1,/�� �$� 3RROB3WU� LV� GHFODUHG� DV� D
A3RROB'HV��

6HJB%DVH�FRQWDLQV�WKH�E\WH�RIIVHW�ZLWKLQ�WKH�FRGH�SRRO�RI�WKH�FRGH�VHJPHQW��,I�WKHUH�LV�QR�H[WHUQDO�FRGH
SRRO��6HJB%DVH�FRQWDLQV�WKH�DGGUHVV�RI�WKH�VHJPHQW�ZLWKLQ�WKH�VWDFN�KHDS�DUHD��LI�WKH�FRGH�VHJPHQW�LVQ
W
LQ�PHPRU\��6HJB%DVH�FRQWDLQV�1,/�
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6HJB5HIV�FRQWDLQV�WKH�QXPEHU�RI�RXWVWDQGLQJ�FDOOV�WR�WKH�VHJPHQW��,W�LV�LQFUHPHQWHG�ZKHQHYHU�D�URXWLQH
RXWVLGH�WKH�VHJPHQW�H[HFXWHV�DQ�H[WHUQDO�FDOO�WR�D�URXWLQH�ZLWKLQ�WKH�VHJPHQW��,W�LV�GHFUHPHQWHG�ZKHQHYHU
D�URXWLQH�ZLWKLQ�WKH�VHJPHQW�UHWXUQV�WR�D�URXWLQH�RXWVLGH�WKH�VHJPHQW�

7LPHB6WDPS�FRQWDLQV�D�YDOXH�ZKLFK�LV�XVHG�E\�WKH�RSHUDWLQJ�V\VWHP�WR�GHWHUPLQH�ZKLFK�VHJPHQW�V�
VKRXOG�EH�UHPRYHG�IURP�WKH�FRGH�SRRO�ZKHQ�PRUH�VSDFH�LV�UHTXLUHG��7KH�7LPHB6WDPS�ILHOG�LQGLFDWHV�ZKLFK
VHJPHQW�LV�OHDVW�UHFHQWO\�XVHG��7KH�6<6&20�DUHD��ZLWKLQ�WKH�RSHUDWLQJ�V\VWHP
V�.(51(/��FRQWDLQV�D
���ELW� YDULDEOH�ZKLFK� LV� LQFUHPHQWHG� HYHU\� WLPH� D� VHJPHQW� LV� H[LWHG�� 7KLV� YDOXH� LV� SODFHG� LQWR� WKH
7LPHB6WDPS�ILHOG�RI�WKH�6,%�IRU�WKH�VHJPHQW�EHLQJ�H[LWHG�

/LQNB&RXQW�FRQWDLQV�WKH�QXPEHU�RI�OLQNV�WR�WKH�6,%�IURP�RWKHU�RSHUDWLQJ�V\VWHP�GDWD�VWUXFWXUHV��:KHQ
/LQNB&RXQW�EHFRPHV�]HUR��WKH�6,%�LV�UHPRYHG�IURP�WKH�KHDS��WKH�VSDFH�LW�RFFXSLHG�LV�DYDLODEOH�DJDLQ��

5HVLGHQF\�FRQWDLQV�D�YDOXH�EHWZHHQ����DQG�PD[LQW��$����LQGLFDWHV�WKDW�WKH�VHJPHQW�LV�SRVLWLRQ�ORFNHG
�WKLV�RFFXUV�ZKHQ�WKH�%RROHDQ�5HORFDWDEOH�LQ�WKH�VHJPHQW�GLFWLRQDU\�LV�)$/6(���$�]HUR�LQGLFDWHV�WKDW�WKH
VHJPHQW�LV�VZDSSDEOH��WKDW�LV��LW�FDQ�EH�UHPRYHG�IURP�PHPRU\�LI�QHFHVVDU\���$�YDOXH�JUHDWHU�WKDQ�]HUR
LQGLFDWHV�WKDW�WKH�VHJPHQW�LV�PHPRU\�ORFNHG��,Q�WKLV�FDVH��WKH�YDOXH�LV�D�FRXQW�RI�WKH�QXPEHU�RI�PHPRU\
ORFN�RSHUDWLRQV�WKDW�KDYH�EHHQ�DSSOLHG�WR�WKDW�VHJPHQW��5HVLGHQF\� LV� LQFUHPHQWHG�ZKHQ�D�SURJUDP
GHFODUHV�WKH�VHJPHQW�WR�EH�PHPRU\�ORFNHG��DQG�GHFUHPHQWHG�ZKHQ�D�SURJUDP�GHFODUHV�LW�WR�EH�VZDSSDEOH�
,W�EHFRPHV�DFWXDOO\�VZDSSDEOH�ZKHQ�UHVLGHQF\�LV�HTXDO�WR�]HUR��WKDW�LV��ZKHQ�QR�RXWVWDQGLQJ�PHPRU\�ORFN
RSHUDWLRQV�UHPDLQ���3URJUDPV�FDQ�FRQWURO�WKH�UHVLGHQF\�RI�VHJPHQWV�E\�XVLQJ�WKH�LQWULQVLFV�0(0/2&.
DQG�0(06:$3�

6HJB1DPH�FRQWDLQV�WKH�ILUVW�HLJKW�FKDUDFWHUV�RI�WKH�VHJPHQW
V�QDPH�

6HJB/HQJ�FRQWDLQV�WKH�QXPEHU�RI�ZRUGV�WKDW�WKH�FRGH�VHJPHQW�RFFXSLHV��LQFOXGLQJ�DQ\�UHORFDWLRQ�OLVWV�
EXW�H[FOXGLQJ�VHJPHQW�UHIHUHQFH�OLVWV��

6HJB$GGU�FRQWDLQV�WKH�VHJPHQW
V�ILUVW�EORFN�QXPEHU�RQ�GLVN�

9ROB,QIR�FRQWDLQV�D�SRLQWHU�WR�D�YROXPH�LQIRUPDWLRQ�UHFRUG�WKDW�FRQWDLQV�WKH�GULYH�QXPEHU�DQG�YROXPH
QDPH�RI�WKH�GLVN�RQ�ZKLFK�WKH�VHJPHQW�LV�UHVLGHQW�

'DWD�6L]H�FRQWDLQV�WKH�QXPEHU�RI�ZRUGV�LQ�WKH�FRGH�VHJPHQW
V�GDWD�VHJPHQW��7KLV�RQO\�DSSOLHV�WR�SULQFLSDO
VHJPHQWV��RWKHUZLVH��'DWDB6L]H�VKRXOG�EH�]HUR�

5HVB6,%V�LV�XVHG�WR�PDLQWDLQ�WKH�FRGH�SRRO��$OO�6,%V�RI�VHJPHQWV�LQ�WKH�FRGH�SRRO�DUH�RQ�D�GRXEO\�OLQNHG
OLVW� IRUPHG�E\�WKH�3UHYB6,%�DQG�1H[WB6,%�SRLQWHUV��7KH�6RUWB6,%�DQG�1HZB/RF� ILHOGV�DUH�XVHG� IRU
WHPSRUDU\�YDOXHV�ZKLOH�PDQDJLQJ�WKH�FRGH�SRRO�

7KH�RSHUDWLQJ�V\VWHP�XVHV�VHYHUDO�GDWD�VWUXFWXUHV�WR�PDQDJH�FRGH�VHJPHQWV�E\�PDLQWDLQLQJ�DFWLYH�6,%V
DQG�PDQDJLQJ�WKH�FRGH�SRRO��$OO�RI�WKHVH�GDWD�VWUXFWXUHV�UHIHU�WR�6,%V�WKURXJK�SRLQWHUV��
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:KHQ� D� SURJUDP� EHLQJ� SUHSDUHG� IRU� H[HFXWLRQ� UHTXLUHV� D� FRGH� VHJPHQW� WKDW� LVQ
W� \HW� DFWLYH�� WKH
DSSURSULDWH�6,%�LV�DOORFDWHG�RQ�WKH�KHDS�DQG�LQLWLDOL]HG��7KH�RSHUDWLQJ�V\VWHP�FUHDWHV�D�SRLQWHU�WR�WKH�6,%�
DQG�WKH�6,%
V�/LQNB&RXQW�LV�LQFUHPHQWHG��:KHQ�WKH�VHJPHQW�LV�QR�ORQJHU�QHHGHG��WKH�SRLQWHU�LV�UHPRYHG�
DQG�WKH�/LQNB&RXQW�LV�GHFUHPHQWHG��:KHQ�/LQNB&RXQW�EHFRPHV�]HUR��WKH�6,%�LV�UHPRYHG�IURP�WKH�KHDS�

3.2.2. Environment Records (E_Recs)

$�FRGH�VHJPHQW
V� �HQYLURQPHQW�� LV�D�PDSSLQJ�RI�VHJPHQWV� LW�PD\�DFFHVV�WR� ORFDO�VHJPHQW�QXPEHUV�
6HJPHQW�QXPEHUV�KDYH�ORFDO�PHDQLQJ��D�VHJPHQW�PD\�UHIHU�RQO\�WR�VHJPHQWV�WKDW�KDYH�EHHQ�DVVLJQHG
ORFDO�VHJPHQW�QXPEHUV�³�QRW�WR�VHJPHQWV�RXWVLGH�LWV�VFRSH�

)RU�HDFK�VHJPHQW��WKHUH�LV�DQ�(QYLURQPHQW�5HFRUG��(B5HF���7KLV�UHFRUG�GHVLJQDWHV�DQ�(QYLURQPHQW
9HFWRU��(B9HFW��WKDW�GHVFULEHV�WKH�PDSSLQJ�RI�ORFDO�VHJPHQW�QXPEHUV�WR�DFWXDO�FRGH�VHJPHQWV�

7KH�IROORZLQJ�IUDJPHQW�RI�SVHXGR�3DVFDO�GHVFULEHV�HQYLURQPHQW�UHFRUGV�DQG�YHFWRUV�

E_Vect_P = ^E_Vect;
E_Rec_P  = ^E_Rec;

E_Vect   = RECORD
             Vec_Length: integer;   {number of local segments}
             Map: ARRAY [1..Vec_Length] OF E_Rec_P;
                                    {local environment mapping}
          END {of E_Vect};

E_Rec    = RECORD
             Env_Data: Mem_Ptr;       {pointer to global data}
             Env_Vect: E_Vect_P;      {pointer to environment}
             Env_SIB: SIB_P;          {pointer to SIB for seg number}
             CASE boolean OF
               TRUE : (Link-Count: integer;  {number of links to E_Rec}
                       Next_Rec: E_Rec_P);   {next environment record}
           END {of E_Rec};

(QYB'DWD�SRLQWV�WR�WKH�VHJPHQW
V�JOREDO�GDWD���7KH�GDWD�LV�DOORFDWHG�RQ�WKH�KHDS�ZKHQ�WKH�SURJUDP�LV
H[HFXWHG��

(QYB9HFW�LV�DQ�DUUD\�RI�SRLQWHUV�WR�(B5HF
V��,W�LV�LQGH[HG�E\�D�VHJPHQW�QXPEHU�³�WKH�SRLQWHU�LQGLFDWHV
DQ�(B5HF�WKDW�GHVFULEHV�D�FRGH�VHJPHQW��,Q�WKLV�ZD\��D�PDSSLQJ�IURP�ORFDO�VHJPHQW�QXPEHUV�WR�DFWXDO
VHJPHQWV�LV�DFFRPSOLVKHG�

(QYB6,%�SRLQWV�WR�WKH�VHJPHQW
V�6,%���,W�LV�DOVR�SODFHG�RQ�WKH�KHDS�ZKHQ�WKH�SURJUDP�LV�FDOOHG��

/LQNB&RXQW�LQGLFDWHV�WKH�QXPEHU�RI�DFWLYH�FRPSLODWLRQ�XQLWV�WKDW�DUH�FXUUHQWO\�86(LQJ�WKH�VHJPHQW��7KLV
RQO\�DSSOLHV�WR�WKH�SULQFLSDO�(B5HF�RI�D�FRPSLODWLRQ�XQLW��/LQNB&RXQW�LV�PDLQWDLQHG�LQ�WKH�VDPH�ZD\�D
6,%
V�/LQNB&RXQW�LV�PDLQWDLQHG�
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1H[WB5HF�LV�D�SRLQWHU�RQ�D�FKDLQ�RI�DOO�DFWLYH�FRPSLODWLRQ�XQLWV��7KLV�FKDLQ�LV�FDOOHG�8QLWB/LVW��7KLV�ILHOG
DOVR�DSSOLHV�RQO\�WR�WKH�SULQFLSDO�(B5HF
V�RI�D�FRPSLODWLRQ�XQLW�

,Q�RUGHU�WR�PLQLPL]H�LQGH[�PDQLSXODWLRQV��WKH�0DS�DUUD\�LQ�DQ�(B9HFW�UHFRUG�VWDUWV�DW����7KXV��LW�PD\
EH�LQGH[HG�E\�ORFDO�VHJPHQW�QXPEHUV��WKHVH�PXVW�EH���RU�JUHDWHU���7KH�9HFB/HQJWK�ILHOG�RI�WKH�UHFRUG�PD\
EH�FRQVLGHUHG�WR�RFFXS\�WKH�]HUR
WK�SRVLWLRQ�RI�WKH�PDS�

7KH�RSHUDWLQJ�V\VWHP�XVHV�D�UHFXUVLYH�URXWLQH�WR�FRQVWUXFW�WKH�HQYLURQPHQWV�RI�D�SURJUDP
V�86(HG�XQLWV�
DQG�WKHQ�LWV�VXEVLGLDU\�VHJPHQWV�DQG�SULQFLSDO�VHJPHQW��LWV��QDWLYH�VHJPHQWV����7KH�DOJRULWKP�LV�URXJKO\�

FUNCTION Build_Env (Seg_Dict): E_Rec_P;
  BEGIN
  IF outer block segment E_Rec exists in Unit_List
  THEN
    BEGIN
      increment Link_Count;
      return existing E_Rec_P
    END
  ELSE
    BEGIN
      create E_Vect;
      create Env_Data for outer block data space;
      IF there are USEd units indicated in Seg_Dict THEN
        FOR all USEed units DO
          install Build_Env (New_Seg_Dict) into current E_Vect;
      FOR all native segments DO
      BEGIN
        create E_Rec and SIB for native segment;
        install E_Vect, SIB, and Env_Data in E_Rec;
        install E_Rec for native segments in E_Vect
      END;
      install E_Rec for outer block segment on Unit_List;
      return E_Rec_P for outer block segment
     END
   END

7KH�%XLOGB(QY�IXQFWLRQ�UHWXUQV�D�SRLQWHU�WR�WKH�(B5HF�IRU�WKH�RXWHU�EORFN�RI�WKH�SURJUDP�EHLQJ�H[HFXWHG�
7KLV�SRLQWHU�LV�LQVWDOOHG�LQWR�WKH�RSHUDWLQJ�V\VWHP
V�8VHUB3URJUDP�(B9HFW�HQWU\�
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$IWHU�D�SURJUDP
V�H[HFXWLRQ��D�UHFXUVLYH�URXWLQH�LV�XVHG�WR�GHOLQN�WKH�HQYLURQPHQW�IRU�WKH�SURJUDP
V�RXWHU
EORFN�DQG�DOO�VXEVLGLDU\�XQLWV�DQG�VHJPHQWV��7KH�DOJRULWKP�LV�URXJKO\�

PROCEDURE Dump_Env (E_Rec_P);
  BEGIN
  decrement Link_Count;
  IF Link_Count = 0 THEN
  BEGIN
    de_link from Unit_List;
    DISPOSE (Env_Data);
    FOR all E_Rec's on E_Vect whose
      Seg_Vect <> E_Rec.Seg_Vect DO
      Dump_Env (those E_Rec's);
    FOR all E_Rec's on E_Vect whose
      Seg_Vect = E_Rec.Sec_Vect DO
    BEGIN
      de-link E_REC^.SEG_SIB;
      DISPOSE (those E_RECs);
    END;
    DISPOSE (E_Rec.Seg_Vect);
  END
  END

7KH�RSHUDWLQJ�V\VWHP�VHWV�LWV�(B9HFW�HQWU\�IRU�WKH�WHUPLQDWLQJ�SURJUDP�WR�1,/��DQG�FDOOV�'XPSB(QY�IRU
WKH�RXWHU�EORFN
V�(B5HF��$IWHU�'XPSB(QY�UHWXUQV��D�SDVV�LV�PDGH�WKURXJK�WKH�5HVB6O%V�OLVW�WR�ILQG�DOO
VHJPHQWV�ZKRVH�/LQNB&RXQW� ����DQG�UHPRYH�WKHP�IURP�WKH�KHDS�
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3.3. TASK ENVIRONMENTS

$�WDVN�LV�D�URXWLQH�WKDW�LV�H[HFXWHG�FRQFXUUHQWO\�ZLWK�RWKHU�URXWLQHV��$�WDVN�LV�LPSOHPHQWHG�E\�WKUHH�GDWD
VWUXFWXUHV��WKH�ERG\��WKH�7DVN�,QIRUPDWLRQ�%ORFN��7,%���DQG�WKH�WDVN�TXHXH��,Q�3DVFDO��D�WDVN�LV�NQRZQ
DV�D�352&(66�

7KH��PDLQ�WDVN��RI�WKH�S�6\VWHP�LV�WKH�WKUHDG�RI�H[HFXWLRQ�WKDW�UXQV�IURP�RSHUDWLQJ�V\VWHP�LQLWLDOL]DWLRQ
DQG�DOO�V\VWHP�XWLOLW\�RU�XVHU�SURJUDP�H[HFXWLRQV�WR�WKH�WHUPLQDWLRQ�RI�WKH�RSHUDWLQJ�V\VWHP��$�SURJUDP
PD\�KDYH�VXEVLGLDU\�WDVNV�

'XULQJ�H[HFXWLRQ��HDFK�VXEVLGLDU\�WDVN�XVHV�LWV�RZQ�VWDFN�LQVWHDG�RI�WKH�V\VWHP�VWDFN��7KH�WDVN
V�DFWLYDWLRQ
UHFRUG��GHVFULEHG�ODWHU�LQ�WKLV�FKDSWHU��LV�DFWXDOO\�FRQWDLQHG�LQ�WKH�WDVN�VWDFN��ERWK�DUH�DOORFDWHG�RQ�WKH
KHDS��DORQJ�ZLWK�DQ�DPRXQW�RI�IUHH�VSDFH�LQWR�ZKLFK�WKH�VWDFN�PD\�JURZ�

7KH�WDVN�ERG\�LV�D�SRUWLRQ�RI�D�S�FRGH�VHJPHQW��,Q�VWUXFWXUH��LW
V�QR�GLIIHUHQW�IURP�WKH�ERG\�RI�D�SURFHGXUH
RU�IXQFWLRQ�

7KH�DPRXQW�RI�VSDFH�DOORFDWHG�WR�WKH�WDVN�VWDFN�GHSHQGV�RQ�WKH�6WDFN�6L]H�SDUDPHWHU�RI�WKH�67$57
LQWULQVLF��7KH�GHIDXOW�LV�����ZRUGV�

7KH�PDLQ�WDVN�XVHV�WKH�V\VWHP�VWDFN�IRU�H[SUHVVLRQ�HYDOXDWLRQ�DQG�DFWLYDWLRQ�UHFRUGV��7KH�KHDS�LV�VKDUHG
E\�WKH�PDLQ�WDVN�DQG�DOO�VXEVLGLDU\�WDVNV�

7KH�7,%�RI�D�VXEVLGLDU\�WDVN�LV�DOORFDWHG�RQ�WKH�KHDS�ZKHQ�WKH�WDVN�LV�VWDUWHG��,W�FRQWDLQV�LQIRUPDWLRQ
DERXW�D�WDVN
V�H[HFXWLRQ�HQYLURQPHQW��7KLV�PXVW�EH�PDLQWDLQHG��DQG�UHVWRUHG�ZKHQHYHU�D�WDVN�LV�UHVWDUWHG
DIWHU�KDYLQJ�EHHQ�LGOH�

$W�DQ\�JLYHQ�WLPH��WKH�S�PDFKLQH�PD\�KDYH�

RQH�WDVN�UXQQLQJ�
VHYHUDO�WDVNV�UHDG\�WR�UXQ��DQG
VHYHUDO�WDVNV�ZDLWLQJ�IRU�VHPDSKRUHV�

7KH�WDVNV�WKDW�DUH�UHDG\�WR�UXQ�DUH�RUJDQL]HG�LQWR�D�TXHXH��7KHUH�LV�DOVR�D�TXHXH�RI�WDVNV�ZDLWLQJ�IRU�HDFK
VHPDSKRUH��WKH�TXHXH�PD\�EH�HPSW\���7DVNV�LQ�TXHXHV�DUH�RUGHUHG�E\�WKHLU�SULRULW\�

7KH�S�PDFKLQH�UHJLVWHU�&8576.�DOZD\V�SRLQWV�WR�WKH�7,%�RI�WKH�FXUUHQWO\�H[HFXWLQJ�WDVN��7KH�UHJLVWHU
5($'<4�SRLQWV�WR�WKH�ILUVW�LQ�WKH�OLVW�RI�WDVNV�UHDG\�WR�UXQ�
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7KH�IROORZLQJ�IUDJPHQW�RI�3DVFDO�FRGH�GHVFULEHV�D�7,%�

TIB = RECORD {Task Information Block}
       Regs: PACKED RECORD
               Wait_Q: TIB_Ptr;
               Prior: byte;
               Flags: byte;
               SP_Low: Mem_Ptr;
               SP_Upr: Mem_Ptr;
               SP: Mem_Ptr;
               MP: MSCW_Ptr;
               Reserved: Integer
               IPC: integer;
               Env: ERec_Ptr;
               Proc_Num: byte;
               TI_BIOResult: byte;
               Hang_Ptr: Sem_Ptr;
               M_Depend: integer;
             END {of Regs}
       Main_Task: Boolean;
       Start_MSCW: MSCW_Ptr;
     END {of TIB}

63�LV�WKH�S�PDFKLQH�VWDFN�SRLQWHU��63B/RZ�DQG�63B8SU�DUH�WKH�ORZHU�DQG�XSSHU�ERXQGV�IRU�WKLV�WDVN�

03�GHVLJQDWHV�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�IRU�WKLV�WDVN�

,3&�LV�WKH�S�FRGH�LQVWUXFWLRQ�FRXQWHU��D�VHJPHQW�UHODWLYH�E\WH�SRLQWHU���DQG�3URFB1XP�LV�WKH�QXPEHU�RI
WKH�H[HFXWLQJ�URXWLQH�

3ULRULW\�FRQWDLQV�WKH�WDVN
V�SULRULW\��7KLV�LV�D�QXPEHU�IURP���WKURXJK������7KH�KLJKHU�WKH�YDOXH��WKH
JUHDWHU�WKH�SULRULW\�

:DLWB4�LV�XVHG�ZKHQ�WKH�WDVN�LV�ZDLWLQJ�WR�UXQ��RU�ZDLWLQJ�IRU�D�VHPDSKRUH��:DLWB4�LV�RQH�OLQN�LQ�D�OLQNHG
OLVW�RI�7�%V�

:KHQ�D�WDVN�LV�ZDLWLQJ�IRU�D�VHPDSKRUH��+DQJB3WU�SRLQWV�WR�WKDW�VHPDSKRUH��,I�WKH�WDVN�LVQ
W�ZDLWLQJ�IRU
D�VHPDSKRUH��+DQJB3WU�LV�1,/��+DQJB3WU�DOORZV�D�WDVN�WR�EH�UHPRYHG�IURP�D�VHPDSKRUH
V�ZDLW�TXHXH�LI
WKH�WDVN�LV�EHLQJ�WHUPLQDWHG�

)ODJV�DUH�UHVHUYHG�IRU�IXWXUH�XVH�

(QY�LV�D�SRLQWHU�WR�WKH�WDVN
V�FXUUHQW�(B5HF��7KH�WDVN
V�FXUUHQW�6,%�PD\�EH�IRXQG�WKURXJK�WKH�(B5HF��

7,%,2B5HVXOW�LV�XVHG�WR�VDYH�DQ�,25(68/7�WKDW�LV�ORFDO�WR�WKH�WDVN�

0B'HSHQG�FRQWDLQV�PDFKLQH�GHSHQGHQW�GDWD�PDLQWDLQHG�E\�WKH�30(��,W�LV�LQLWLDOL]HG�WR���
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0DLQB7DVN��LI�758(��LQGLFDWHV�WKDW�WKLV�LV�WKH�7,%�RI�D��URRW����SDUHQW���WDVN�

6WDUWB06&:�SRLQWV�WR�WKH�06&:��PDUN�VWDFN�FRQWURO�ZRUG��RI�WKH�URXWLQH�WKDW�67$57HG�WKLV�WDVN�

)XUWKHU�LQIRUPDWLRQ�DERXW�WDVNV�DSSHDUV�EHORZ�LQ�&KDSWHU�����7KH�2SHUDWLQJ�6\VWHP���)LJXUH�����VKRZV
WKH�OD\RXW�RI�PDLQ�PHPRU\�ZKLOH�WKH�V\VWHP�LV�UXQQLQJ��LQFOXGLQJ�WKH�ORFDWLRQ�RI�WDVN�VWDFNV�DV�GLVFXVVHG
LQ�WKLV�VHFWLRQ�

Figure 3:1. Main Memory Usage
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3.4. P-MACHINE INSTRUCTIONS

3.4.1. The Intrinsic P_MACHINE

$�3DVFDO�FRPSLODWLRQ�XQLW�PD\�GLUHFWO\�JHQHUDWH�LQ�OLQH�S�FRGH��7KLV�LV�GRQH�E\�FDOOLQJ�WKH�LQWULQVLF
SURFHGXUH�3B0$&+,1(��3URGXFLQJ�LQ�OLQH�S�FRGH�PD\�EH�XVHIXO�LQ�YHU\�ORZ�OHYHO�V\VWHP�SURJUDPPLQJ�
$EVROXWHO\�QR�SURWHFWLRQ�LV�SURYLGHG�E\�WKLV�LQWULQVLF�RU�WKH�V\VWHP��LW�FDQ�RQO\�EH�XVHG�DW�WKH�XVHU
V�ULVN�
DQG�H[WUHPH�FDXWLRQ�VKRXOG�EH�H[HUFLVHG�

7KH�IRUP�RI�D�FDOO�WR�3�0$&+,1(�PD\�EH�VNHWFKHG�DV�IROORZV�

P-MACHINE ( <p-machine item> {,<p-machine item>} )

WKDW�LV��WKH�SDUDPHWHUV�WR�WKH�SURFHGXUH�DUH�D�OLVW�RI�RQH�RU�PRUH��S�PDFKLQH�LWHP!V��$��S�PDFKLQH
LWHP!�GHVFULEHV�D�SRUWLRQ�RI�S�FRGH��DQG�FDXVHV�RQH�RU�PRUH�E\WHV�WR�EH�JHQHUDWHG�

7KHUH�DUH�WKUHH�YDULHWLHV�RI��S�PDFKLQH�LWHP!�

�� 3�FRGH�V\OODEOH��7KH�VLPSOHVW�LWHP�LV�D��QRQ�UHDO��VFDODU�FRQVWDQW��7KLV�LWHP�SURGXFHV�D�VLQJOH�E\WH
RI�S�FRGH��ZKLFK�LV�WKH�OHDVW�VLJQLILFDQW�E\WH�RI�WKH�VSHFLILHG�FRQVWDQW�

�� ([SUHVVLRQ�YDOXH��,I�WKH�LWHP�LV�DQ�H[SUHVVLRQ�HQFORVHG�LQ�SDUHQWKHVHV��WKHQ�D�S�FRGH�VHTXHQFH�LV
JHQHUDWHG�ZKLFK�ZLOO�FRPSXWH�WKH�YDOXH�RI�WKH�H[SUHVVLRQ�DQG�OHDYH�LW�RQ�WKH�VWDFN�

�� $GGUHVV�UHIHUHQFH�� ,I�WKH�ILUVW�WRNHQ�RI�WKH�LWHP�LV� 
A
��WKHQ�WKH�LWHP�LV�WKH�VSHFLILFDWLRQ�RI�D
YDULDEOH��DQG�S�FRGH�LV�JHQHUDWHG�ZKLFK�OHDYHV�WKH�DGGUHVV�RI�WKDW�YDULDEOH�RQ�WKH�VWDFN�

$��S�PDFKLQH�LWHP!�PD\�QRW�EH�D�VWULQJ�FRQVWDQW�
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(;$03/(�

*LYHQ�WKHVH�GHFODUDWLRQV�

CONST STO = 196;

TYPE Records  = RECORD
                 First_Field, Second_Field: integer
               END;
     P_Records = ^Records;

VAR Vector: ARRAY [0-9] OF P_Record;
    i: integer;

���WKH�IROORZLQJ�FDOO�WR�3B0$&+,1(����

P-MACHINE ( ^Vector[5]^.First_Field, (i*i), STO)

ZRXOG�FDXVH�WKH�VTXDUH�RI��L��WR�EH�VWRUHG�LQ�WKH�ILUVW�ILHOG�RI�WKH�UHFRUG�GHVLJQDWHG�E\�WKH�VL[WK�HOHPHQW
RI�WKH�DUUD\�9HFWRU�
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3.5. P-MACHINE REGISTERS

/LNH�RWKHU�SURFHVVRUV��WKH�S�PDFKLQH�KDV�UHJLVWHUV�ZKLFK�DUH�D�IXQGDPHQWDO�SDUW�RI�LWV�DUFKLWHFWXUH��6LQFH
WKH�S�PDFKLQH�LV�XVXDOO\�HPXODWHG�E\�D�SURJUDP�RQ�D�KRVW�SURFHVVRU��WKHVH�UHJLVWHUV�PD\�RU�PD\�QRW
FRUUHVSRQG�WR�DFWXDO�KRVW�SURFHVVRU�UHJLVWHUV�

8QOLNH�PRVW�SURFHVVRUV��WKH�S�PDFKLQH�GRHVQ
W�DOORZ�LWV�UHJLVWHUV�WR�EH�XVHG�LQ�D�JHQHUDO�IDVKLRQ��$OO
UHJLVWHUV� KDYH� VSHFLILF� XVHV�� 7KH� S�PDFKLQH� VWDFN� WDNHV� WKH� SODFH� RI� JHQHUDO� SXUSRVH� UHJLVWHUV�� DOO
WHPSRUDU\�GDWD�LV�VWRUHG�WKHUH�

+HUH�LV�D�OLVW�RI�WKH�S�PDFKLQH�UHJLVWHUV��DORQJ�ZLWK�D�GHVFULSWLRQ�RI�KRZ�WKH\�DUH�XVHG��$OO�WKH�UHJLVWHUV
OLVWHG�EHORZ�DUH�UHTXLUHG�UHJLVWHUV�WKDW�ZLOO�EH�IRXQG�RQ�HDFK�S�PDFKLQH��7KH\�DUH�WKH�UHJLVWHUV�WKDW�PD\
EH�DFFHVVHG�YLD�WKH�/35��/RDG�3URFHVVRU�5HJLVWHU��DQG�635��6WRUH�3URFHVVRU�5HJLVWHU��LQVWUXFWLRQV��6RPH
S�PDFKLQHV�PD\� KDYH� DGGLWLRQDO� UHJLVWHUV� IRU� RSWLPL]DWLRQ�� 7KHVH� ZLOO� EH�PHQWLRQHG� EHORZ� ZKHUH
DSSURSULDWH�

3.5.1. CURPROC

7KH�&85352&�UHJLVWHU�FRQWDLQV�WKH�SURFHGXUH�QXPEHU�RI�WKH�FXUUHQWO\�H[HFXWLQJ�SURFHGXUH��,W�FKDQJHV
ZKHQHYHU�D�SURFHGXUH�FDOO�LV�PDGH��7KHUH�LV�D�PD[LPXP�RI�����SURFHGXUHV�SHU�VHJPHQW��VR�&85352&
ZLOO�KDYH�D�YDOXH�LQ�WKH�UDQJH���WKURXJK�����

3.5.2. CURTASK

7KH�&857$6.�UHJLVWHU�LV�D�SRLQWHU�WR�WKH�7,%�RI�WKH�FXUUHQWO\�H[HFXWLQJ�WDVN��,W�FKDQJHV�ZKHQHYHU�D�WDVN
VZLWFK�RFFXUV�

3.5.3. EREC

7KH�(5(&�UHJLVWHU� LV�D�SRLQWHU�WR�WKH�(B5HF��(QYLURQPHQW�5HFRUG��RI� WKH�FXUUHQW�HQYLURQPHQW�� ,W
FKDQJHV�ZKHQHYHU�D�FDOO�RU�UHWXUQ�LV�PDGH�WR�D�SURFHGXUH�LQ�D�GLIIHUHQW�VHJPHQW��7KH�(B5HF�FRQWDLQV
SRLQWHUV�WR�WKH�JOREDO�GDWD��(9(&�DQG�6,%��2IWHQ�WKH�SRLQWHU�WR�WKH�JOREDO�GDWD�LV�NHSW�DV�D�UHJLVWHU�FDOOHG
%$6(��$OVR��D�SRLQWHU�WR�WKH�6,%�PD\�EH�NHSW�DV�D�UHJLVWHU�FDOOHG�6,%��DQG�WKH�ORFDWLRQ�LQ�PHPRU\�RI�WKH
FXUUHQW�VHJPHQW��IRXQG�LQ�WKH�6,%��PD\�EH�NHSW�DV�D�UHJLVWHU�FDOOHG�&856(*��,I�%$6(��6,%��RU�&856(*
DUH�NHSW�DV�DX[LOLDU\�S�PDFKLQH�UHJLVWHUV��WKH\�PXVW�EH�XSGDWHG�ZKHQHYHU�(5(&�LV�FKDQJHG�

3.5.4. EVEC

7KH�(9(&�UHJLVWHU�LV�D�SRLQWHU�WR�WKH�(B9HFW��(QYLURQPHQW�9HFWRU��RI�WKH�FXUUHQW�HQYLURQPHQW�� ,W
FKDQJHV� ZKHQHYHU� D� FDOO� RU� UHWXUQ� LV�PDGH� WR� D� SURFHGXUH� LQ� D� GLIIHUHQW� VHJPHQW�� 7KH�(9(&� LV� D
UHGXQGDQW�UHJLVWHU��EHFDXVH�WKH�(B9HFW�PD\�EH�IRXQG�WKURXJK�WKH�(5(&�UHJLVWHU��7KH�(9(&�UHJLVWHU�LV
XVHG�WR�ILQG�WKH�(B5HF�RI�D�GLIIHUHQW�VHJPHQW�LQ�RUGHU�WR�DFFHVV�LWV�GDWD�RU�WR�FDOO�D�SURFHGXUH�LQ�WKDW
VHJPHQW�
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3.5.5. IORESULT

,25(68/7�FRQWDLQV�WKH�FRGH�UHVXOWLQJ�IURP�WKH�ODVW�,�2�RSHUDWLRQ��7KLV�LV�WKH�RQO\�UHJLVWHU�WKDW�PD\�EH
DFFHVVHG�GLUHFWO\��ZLWKRXW�D�/RDG�3URFHVVRU�5HJLVWHU�LQVWUXFWLRQ��E\�WKH�RSHUDWLQJ�V\VWHP�VLQFH�LW�LV
ORFDWHG�LQ�6<6&20��,25(68/7�FKDQJHV�ZKHQHYHU�LW�LV�PRGLILHG�E\�WKH�RSHUDWLQJ�V\VWHP��RU�ZKHQHYHU
DQ�,�2�RSHUDWLRQ�RFFXUV��,25(68/7�LV�OLPLWHG�LQ�VL]H�WR�WKH�UDQJH���WKURXJK�����

3.5.6. IPC

7KH�,3&�UHJLVWHU�LV�D�SRLQWHU�WR�WKH�QH[W�S�FRGH�WKDW�ZLOO�EH�H[HFXWHG�UHODWLYH�WR�WKH�FXUUHQWO\�H[HFXWLQJ
VHJPHQW��,W�FKDQJHV�GXULQJ�HDFK�S�FRGH�H[HFXWLRQ�

3.5.7. MP

7KH�03�UHJLVWHU�SRLQWV�WR�WKH�FXUUHQW�DFWLYDWLRQ�UHFRUG��06&:���,W�FKDQJHV�ZKHQHYHU�D�SURFHGXUH�FDOO
RU�UHWXUQ�LV�PDGH��$OO�YDULDEOHV��H[FHSW�WKRVH�WKDW�KDYH�EHHQ�G\QDPLFDOO\�DOORFDWHG�RQ�WKH�KHDS��DUH
DFFHVVHG�IURP�DQ�06&:��/RFDO�YDULDEOHV�DUH�DFFHVVHG�IURP�03��JOREDO�YDULDEOHV�IURP�%$6(��VHH�(5(&�
DERYH���DQG�LQWHUPHGLDWH�YDULDEOHV�IURP�DQ�LQWHUPHGLDWH�06&:�

3.5.8. READYQ

7KH�5($'<4�UHJLVWHU�SRLQWV�WR�WKH�7,%�DW�WKH�KHDG�RI�WKH�TXHXH�RI�WDVNV�UHDG\�WR�EH�UXQ��,W�PD\�FKDQJH
RQ�D�6,*1$/�RU�:$,7�S�FRGH��RU�ZKHQ�DQ�DWWDFKHG�VHPDSKRUH�LV�VLJQDOHG�

3.5.9. SP

7KH�63�UHJLVWHU�SRLQWV�WR�WKH�ZRUG�WKDW�LV�RQ�WKH�WRS�RI�WKH�S�PDFKLQH�VWDFN��,W�FKDQJHV�RQ�QHDUO\�HYHU\
S�FRGH��ZKHQHYHU�DQ�LWHP�LV�SXVKHG�RQ�RU�SRSSHG�RII�WKH�VWDFN�
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3.6. FAULTS

$�IDXOW�LV�D�VSHFLDO�FRQGLWLRQ�UHFRJQL]HG�E\�WKH�30(�GXULQJ�H[HFXWLRQ�RI�D�S�FRGH�WKDW�UHTXLUHV�RSHUDWLQJ
V\VWHP�DVVLVWDQFH�WR�IL[��$IWHU�KDQGOLQJ�WKH�SUREOHP��WKH�RSHUDWLQJ�V\VWHP�UHWXUQV�WR�S�FRGH�H[HFXWLRQ
ZKHUH�WKH�IDXOW�ZDV�GHWHFWHG��7KH�S�FRGH�ZKHUH�WKH�IDXOW�ZDV�GHWHFWHG�LV�UH�H[HFXWHG�

7ZR�W\SHV�RI�IDXOWV�PD\�EH�LVVXHG�E\�WKH�30(��VHJPHQW�IDXOWV�DQG�VWDFN�IDXOWV��$�VHJPHQW�IDXOW�LV�LVVXHG
ZKHQ�D�VHJPHQW�WKDW�PXVW�EH�DFFHVVHG�LVQ
W�LQ�PHPRU\��$�VWDFN�IDXOW�LV�LVVXHG�LI�WKHUH�LVQ
W�HQRXJK�URRP
RQ�WKH�VWDFN�IRU�D�S�FRGH�WR�SHUIRUP�LWV�RSHUDWLRQ��6WDFN�KHLJKW�FKHFNLQJ�LV�GRQH�RQO\�RQ�S�FRGHV�WKDW�ZLOO
SODFH�PXOWLSOH�ZRUGV�RQ� WKH� VWDFN��H[FHSW� LQ�WKH�FDVH�RI�UHDO�QXPEHU�RSHUDWLRQV��ZKLFK�GR�QR�VWDFN
FKHFNLQJ�

:KHQ�WKH�IDXOW�LV�GHWHFWHG��WKH�S�PDFKLQH�PXVW�EH�UHWXUQHG�WR�WKH�VWDWH�LW�ZDV�LQ�SULRU�WR�H[HFXWLRQ�RI�WKH
S�FRGH��7KLV�LV�VR�WKDW�WKH�S�FRGH�PD\�EH�UH�H[HFXWHG�RQ�UHWXUQ�IURP�WKH�IDXOW�

7KH� IDXOW� LV� LVVXHG� E\� VDYLQJ� LQIRUPDWLRQ� LQ� 6<6&20�� WKHQ� VLJQDOLQJ� WKH� VHPDSKRUH�5HDOB6HP� LQ
6<6&20��7KLV�VLJQDO�VWDUWV�WKH�KLJK�SULRULW\�WDVN�)DXOWB+DQGOHU�LQ�WKH�.(51(/��ZKLFK�SURFHVVHV�WKH
IDXOW�

7KH�IROORZLQJ�ILHOGV�LQ�6<6&20�ZLWK�WKH�LQGLFDWHG�E\WH�RIIVHWV�DUH�XVHG�LQ�KDQGOLQJ�IDXOWV�

14 Real-Sem semaphore to start the fault handler
18 Fault_TIB TIB of faulting task
20 Fault_EREC EREC of segment to read
22 Fault_Words number of words needed on stack
24 Fault_Type 80H=segment fault, 81H=stack fault

$�VWDFN�IDXOW�VHWV�)DXOWB(5(&�WR�WKH�FXUUHQW�S�PDFKLQH�(5(&��$�VHJPHQW�IDXOW�VHWV�)DXOWB:RUGV�WR�]HUR�
$OO�RWKHU�SDUDPHWHUV�DUH�VHW�XS�DV�GHVFULEHG�DERYH�

7KH�IROORZLQJ�S�FRGHV�PD\�LVVXH�D�VHJPHQW�IDXOW�

&$3��&63��&;/��6&;*Q��&;*��&;,��&)3��538��6,*1$/��LI�D�WDVN�VZLWFK�RFFXUV���:$,7��LI�D�WDVN
VZLWFK�RFFXUV�

7KH�IROORZLQJ�S�FRGHV�PD\�LVVXH�D�VWDFN�IDXOW�

/'&��/'0��$'-��656��&/3��&*3��6&,3Q��&,3��&;/��6&;*Q��&;*��&;,��&)3
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3.7. EXECUTION ERRORS

$Q�H[HFXWLRQ�HUURU�LV�D�VSHFLDO�HUURU�FRQGLWLRQ�WKDW�PD\�EH�UHFRJQL]HG�GXULQJ�H[HFXWLRQ�RI�D�S�FRGH��:KHQ
DQ�H[HFXWLRQ�HUURU�LV�GHWHFWHG��WKH�30(�FDOOV�WKH�RSHUDWLQJ�V\VWHP�URXWLQH�([HFB(UURU�WR�UHSRUW�WKH�HUURU�
2Q�WKH�FDOO��QR�VWDFN�FKHFNLQJ�VKRXOG�EH�GRQH�LQ�RUGHU�WR�SUHYHQW�D�VWDFN�IDXOW�

8QGHU� QRUPDO� FLUFXPVWDQFHV�� ([HFB(UURU� ZRQ
W� UHWXUQ� DQG� FRQWLQXH� S�FRGH� H[HFXWLRQ� ZKHUH� WKH
H[HFXWLRQ�HUURU�ZDV�GHWHFWHG��,QVWHDG��WKH�V\VWHP�ZLOO�EH�UHLQLWLDOL]HG��+RZHYHU��LW�LV�SRVVLEOH�IRU�\RX�WR
VSHFLI\�WKDW�H[HFXWLRQ�VKRXOG�FRQWLQXH��7KXV�LW�LV�KLJKO\�GHVLUDEOH�WKDW�HDFK�S�FRGH�WKDW�FDQ�FDXVH�DQ
H[HFXWLRQ�HUURU�OHDYH�WKH�S�PDFKLQH�LQ�D�FRQVLVWHQW�VWDWH�RQ�GHWHFWLRQ�RI�WKH�HUURU��8VXDOO\�LW�LV�EHVW�WR
OHDYH�,3&�SRLQWLQJ�WR�WKH�QH[W�S�FRGH��SXWWLQJ��GXPP\��UHVXOWV�RQ�WKH�VWDFN��WKDW�ZD\�WKH�S�FRGH�ZRQ
W
EH�UH�H[HFXWHG�RQ�UHWXUQ�

7KH�FDOO�WR�([HFB(UURU�LV�PDGH�E\�SHUIRUPLQJ�D�&;*������DQ�H[WHUQDO�FDOO�WR�.(51(/��SURFHGXUH����ZLWK
WKH�VWDFN�DV�IROORZV�

6WDFN�

��63

06&:

GDWD

LQW

�

�

��63

EHIRUH DIWHU

726�DQG�726���DUH�WKH�XVXDO�HOHPHQWV�SODFHG�RQ�WKH�VWDFN�IRU�D�SURFHGXUH�FDOO��726���LV�WKH�H[HFXWLRQ
HUURU�QXPEHU��726���DQG�726���DUH�GXPP\�SDUDPHWHUV���726�LQGLFDWHV�WKH�HOHPHQW�DW�WKH�WRS�RI�WKH
VWDFN��726���LQGLFDWHV�WKH�VHFRQG�HOHPHQW�IURP�WKH�WRS��DQG�VR�IRUWK��

%HORZ�LV�D�OLVW�RI�WKH�H[HFXWLRQ�HUURUV��DORQJ�ZLWK�WKH�H[HFXWLRQ�HUURU�QXPEHU��WKH�S�FRGHV�WKDW�PD\�LVVXH
WKH�HUURU�DQG�D�GHVFULSWLRQ�RI�ZKDW�WKH�HUURU�PHDQV�
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3.7.1. Value Range Error

1XPEHU� �

3�&RGHV� &+.��&675

'HVFULSWLRQ��$�YDOXH�UDQJH�HUURU�LV�LVVXHG�LI�DQ�DUUD\�LQGH[�RU�VFDODU�LV�RXW�RI�ERXQGV��7KLV�LV�GHWHFWHG
RQO\�ZLWK�RQH�RI�WKH�VSHFLDO�FKHFN�LQVWUXFWLRQV�

3.7.2. No Proc in Seg Table

1XPEHU� �

3�&RGHV� &/3��&*3��6&,3Q��&,3��&;/��6&;*Q��&;*��&;,��&)3

'HVFULSWLRQ��$�QR�SURF�LQ�VHJ�WDEOH� HUURU� LV� LVVXHG�ZKHQHYHU� D� FDOO� LV�PDGH� WR� D�SURFHGXUH�ZKRVH
SURFHGXUH�GLFWLRQDU\�HQWU\�LV�]HUR��7KLV�FRQGLWLRQ�LQGLFDWHV�WKDW�WKH�SURFHGXUH�KDVQ
W�EHHQ�OLQNHG�LQWR�WKH
KRVW�SURJUDP�

3.7.3. Integer Overflow

1XPEHU� �

3�&RGHV� �ORQJ�LQWHJHU�URXWLQHV!

'HVFULSWLRQ��$Q�LQWHJHU�RYHUIORZ�HUURU�LV�LVVXHG�RQ�D�FRQYHUVLRQ�IURP�ORQJ�LQWHJHU�WR�LQWHJHU��ZKHUH�WKH
UHVXOWLQJ�LQWHJHU�LV�WRR�ODUJH�WR�ILW�LQWR����ELWV��,W�ZLOO�DOVR�EH�JHQHUDWHG�LI�D�ORQJ�LQWHJHU�RQ�WKH�VWDFN�LV
WRR�ODUJH�WR�EH�VWRUHG�
��
3.7.4. Divide by Zero

1XPEHU� �

3�&RGHV� '9,��02',��'95���ORQJ�LQWHJHU�URXWLQHV!

'HVFULSWLRQ��$�GLYLGH�E\�]HUR�HUURU�LV�LVVXHG�ZKHQHYHU�GLYLVLRQ�RU�WKH�UHPDLQGHU�IXQFWLRQ�LV�DWWHPSWHG
ZLWK�D�]HUR�GHQRPLQDWRU�
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3.7.5. Program Interrupted by User

1XPEHU� �

3�&RGHV� �QRQH!

'HVFULSWLRQ��$�SURJUDP�LQWHUUXSWHG�E\�XVHU�HUURU�LV�LVVXHG�ZKHQHYHU�WKH�%,26�LQIRUPV�WKH�30(�WKDW
WKH�EUHDN�NH\�KDV�EHHQ�SUHVVHG�DQG�EUHDN�KDVQ
W�EHHQ�GLVDEOHG�

3.7.6. I/O Error

1XPEHU� ��

3�&RGHV� �,2&+(&.!

'HVFULSWLRQ��$Q�,�2�HUURU�LV�LVVXHG�RQ�WKH�,2&+(&.�VWDQGDUG�SURFHGXUH�ZKHQ�,25(68/7�LV�QRQ]HUR�

3.7.7. Unimplemented Instruction

1XPEHU� ��

3�&RGHV� �DQ\�XQLPSOHPHQWHG�S�FRGH!

'HVFULSWLRQ��$Q�XQLPSOHPHQWHG�LQVWUXFWLRQ�HUURU�LV�LVVXHG�LI�DQ�DWWHPSW�LV�PDGH�WR�H[HFXWH�DQ�LOOHJDO
RU�UHVHUYHG�S�FRGH�

3.7.8. Floating Point Error

1XPEHU� ��

3�&RGHV� /'&5/��/'5/��675/��)/7��71&��51'��$%5��1*5��$'5��6%5��035��'95��(45($/�
/(5($/��*(5($/���32:(52)7(1!

'HVFULSWLRQ��$�IORDWLQJ�SRLQW�HUURU�LV�LVVXHG�LI�WKH�UHVXOW�RI�D�IORDWLQJ�SRLQW�FDOFXODWLRQ�LVQ
W�D�OHJDO
IORDWLQJ�SRLQW�QXPEHU��7KLV�PD\�KDSSHQ�RQ�IORDWLQJ�SRLQW�RYHUIORZ��7KLV�HUURU�LV�DOVR�LVVXHG�LI�D�IORDWLQJ
SRLQW�S�FRGH�LV�H[HFXWHG�ZLWK�D�30(�WKDW�GRHVQ
W�VXSSRUW�IORDWLQJ�SRLQW�

3.7.9. String O verflow

1XPEHU� ��

3�&RGHV� &63��$675���ORQJ�LQWHJHU�URXWLQHV!

'HVFULSWLRQ��$�VWULQJ�RYHUIORZ�HUURU�LV�LVVXHG�RQ�VWULQJ�DVVLJQPHQW�WR�D�VWULQJ�WKDW�LV�WRR�VPDOO�WR�KROG
WKH�VRXUFH�VWULQJ�
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3.7.10. Break P oint

1XPEHU� ��

3�&RGHV� %37

'HVFULSWLRQ��$�EUHDN�SRLQW�HUURU�LV�LVVXHG�ZKHQ�D�EUHDN�SRLQW�S�FRGH�LV�H[HFXWHG��7KLV�HUURU�ZLOO�UHVXOW
LQ�HQWHULQJ�WKH�'HEXJJHU�LI�WKH�'HEXJJHU�LV�FXUUHQWO\�UXQQLQJ�

3.7.11. Set Too Large

1XPEHU� ��

3�&RGHV� 656

'HVFULSWLRQ��$�VHW�WRR�ODUJH�HUURU�LV�LVVXHG�LI�DQ�DWWHPSW�LV�PDGH�WR�FUHDWH�D�VHW�WKDW�LV�ODUJHU�WKDQ�WKH
ODUJHVW�DOORZHG�VHW�VL]H�

3.7.12. Segment Too Large

1XPEHU� ��

3�&RGHV� �5($'6(*!

'HVFULSWLRQ��$� VHJPHQW�WRR�ODUJH� HUURU� LV� LVVXHG� LI� DQ�DWWHPSW� LV�PDGH� WR� UHDG��ZLWK� WKH� VWDQGDUG
SURFHGXUH�5($'6(*��D�VHJPHQW�WKDW�LV�WRR�ODUJH��7KLV�H[HFXWLRQ�HUURU�LV�JHQHUDWHG�RQO\�E\�S�PDFKLQHV
WKDW�KDYH�DQ�XQXVXDO�UHVWULFWLRQ�RQ�VHJPHQW�VL]H�
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3.8. P-CODE INSTRUCTIONS

,QVWUXFWLRQV�IRU�WKH�S�PDFKLQH�FRQVLVW�RI�DQ�RSFRGH��ZKLFK�LV�RQH�RU�WZR�E\WHV�ORQJ��IROORZHG�E\�]HUR�WR
WKUHH�SDUDPHWHUV��7KHUH�DUH�����S�FRGH� LQVWUXFWLRQV� �����PLQXV����FXUUHQWO\�XQXVHG� LQVWUXFWLRQV��
3�PDFKLQH�LQVWUXFWLRQV�DUH�GHVFULEHG�DW�WKH�HQG�RI�WKLV�VHFWLRQ��7KH\�DUH�DOVR�OLVWHG�DOSKDEHWLFDOO\�LQ
$SSHQGL[�$�DQG�QXPHULFDOO\�LQ�$SSHQGL[�%�

+HUH�LV�D�GHVFULSWLRQ�RI�D�W\SLFDO�S�FRGH�LQVWUXFWLRQ���7KH�IRUPDW�RI�WKH�GHVFULSWLRQ�LV�WKH�VDPH�IRU�DOO
S�FRGHV��

LDCB Load Constant Byte

2SFRGH� ��� ��

2SHUDWLRQ� �/'&%�8%

6WDFN�

8% ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�FRQVWDQW�8%�ZLWK�KLJK�E\WH�]HUR�LV�SXVKHG�RQWR�WKH�VWDFN��/'&%�LV�XVHG�WR�ORDG�D
FRQVWDQW�LQ�WKH�UDQJH���WKURXJK�����

7KH�WRS�OLQH�VKRZV�WKH�PQHPRQLF�RI�WKH�S�FRGH��/&'%��DQG�LWV�QDPH��/RDG�&RQVWDQW�%\WH���WKH�VHFRQG
OLQH�VKRZV�LWV�YDOXH��ERWK�GHFLPDO�������DQG�KH[DGHFLPDO������

7KH�WKLUG�OLQH�GHILQHV�WKH�RSHUDWLRQ�RI�WKH�LQVWUXFWLRQ��7KH�PQHPRQLF�LV�IROORZHG�E\�WKH�LQVWUXFWLRQ
V
SDUDPHWHU�³�PRUH�VSHFLILFDOO\��WKH�IRUPDW�RI�WKH�LQVWUXFWLRQ
V�SDUDPHWHU��+HUH�WKH�IRUPDW�LV�8%��PHDQLQJ
XQVLJQHG�E\WH��8%�DQG�WKH�IRXU�RWKHU�SDUDPHWHU�IRUPDWV�DUH�GLVFXVVHG�EHORZ�

1RWH��0RVW�S�PDFKLQH�LQVWUXFWLRQV�GRQ
W�KDYH�VSHFLILF�SDUDPHWHUV�EXW�LQVWHDG�GHDO�ZLWK�RSHUDQGV�WKDW�DUH
RQ�WKH�VWDFN�

7KH� VWDFN� SDUW� RI� WKH�GHVFULSWLRQ� VKRZV� WKH� FRQWHQWV� RI� WKH� VWDFN�EHIRUH� DQG�DIWHU� H[HFXWLRQ�RI� WKH
LQVWUXFWLRQ��63�PHDQV�VWDFN�SRLQWHU��LW�SRLQWV�WR�WKH�WRS�WKH�VWDFN��726��
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3.8.1. Instruction P arameters

7KH�SDUDPHWHUV�WR�D�S�FRGH�LQVWUXFWLRQ�FRQWDLQ�LQIRUPDWLRQ�DERXW�WKH�VL]H�DQG�QXPEHU�RI�WKH�LQVWUXFWLRQ
V
RSHUDQGV���,Q�VRPH�FDVHV��WKH�SDUDPHWHU�PD\�EH�DQ�RSHUDQG�LWVHOI��DV�LQ�WKH�FDVH�RI�/'&%�VKRZQ�DERYH��

7KH�ILYH�SDUDPHWHU�IRUPDWV�DUH�

�� 8%�³�8QVLJQHG�%\WH

5HSUHVHQWV�D�SRVLWLYH�LQWHJHU�LQ�WKH�UDQJH���WKURXJK������:KHQ�FRQYHUWHG�WR�D����ELW�YDOXH��WKH
PRVW�VLJQLILFDQW�E\WH�LV�]HURHG�

�� 6%�³�6LJQHG�%\WH

5HSUHVHQWV�D�WZR
V�FRPSOHPHQW���ELW�LQWHJHU�LQ�WKH�UDQJH������WKURXJK������:KHQ�FRQYHUWHG�WR
D����ELW�WZR
V�FRPSOHPHQW�YDOXH��WKH�PRVW�VLJQLILFDQW�E\WH�LV�D�VLJQ�H[WHQVLRQ��DOO�ELWV�HTXDO�ELW
��RI�WKH�ORZ�E\WH��6%���

�� '%��³�'RQ
W�&DUH�%\WH

5HSUHVHQWV�D�SRVLWLYH�LQWHJHU�LQ�WKH�UDQJH���WKURXJK������%LW���LV�DOZD\V����:KHQ�FRQYHUWHG�WR�D
���ELW�YDOXH��WKH�PRVW�VLJQLILFDQW�E\WH�LV�]HURHG�

�� %�³�%LJ

7KLV� LV�D�SDUDPHWHU�ZLWK�YDULDEOH� OHQJWK�� ,I�ELW���RI� WKH� ILUVW�E\WH� LV���� WKH�UHPDLQLQJ���ELWV
UHSUHVHQW�D�SRVLWLYH�LQWHJHU�LQ�WKH�UDQJH���WKURXJK������,I�ELW���RI�WKH�ILUVW�E\WH�LV����WKHQ�ELW���LV
FOHDUHG�� WKH� ILUVW� E\WH� LV� WKH�KLJK�RUGHU�E\WH� RI� D� ���ELW�ZRUG�� DQG� WKH� IROORZLQJ�E\WH� LV� WKH
ORZ�RUGHU�E\WH�RI� WKDW�ZRUG��7KH�ELJ� IRUPDW�PD\�UHSUHVHQW�SRVLWLYH� LQWHJHUV� LQ� WKH� UDQJH��
WKURXJK�������

�� :�³�:RUG

7KLV�LV�D���E\WH�SDUDPHWHU��,W�LV�D����ELW�WZR
V�FRPSOHPHQW�YDOXH�WKDW�UHSUHVHQWV�DQ�LQWHJHU�LQ�WKH
UDQJH��������WKURXJK��������7KH�ZRUG�LV�DOZD\V�UHSUHVHQWHG�DV�OHDVW�VLJQLILFDQW�E\WH�LQ�WKH�FRGH
VWUHDP�
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3.8.2. Dynamic Operands

7KLV�VHFWLRQ�GHVFULEHV�WKH�VWDFN�RULHQWHG�G\QDPLF�RSHUDQGV�RI�S�PDFKLQH�LQVWUXFWLRQV�

3.8.2.1. Activation Record

$Q�DFWLYDWLRQ�UHFRUG�LV�FUHDWHG�IRU�HDFK�LQYRFDWLRQ�RI�DQ�DFWLYH�URXWLQH��)LJXUH�����LOOXVWUDWHV�DQ�DFWLYDWLRQ
UHFRUG�

3.8.2.2. Addr (address)

$����ELW�S�PDFKLQH�SRLQWHU��,W�PD\�EH�D�E\WH�DGGUHVV��LQ�ZKLFK�FDVH�LW�LV�UHVWULFWHG�WR�HYHQ�YDOXHV��2Q
ZRUG�DGGUHVVHG�SURFHVVRUV��D�SRLQWHU�PD\�EH�D�ZRUG�DGGUHVV�

3.8.2.3. Bool (boolean)

$����ELW�TXDQWLW\�WUHDWHG�DV�D�ORJLFDO�YDOXH��,I�ELW����LV����WKH�YDOXH�LV�)$/6(��,I�ELW����LV����WKH�YDOXH�LV
758(�

3.8.2.4. Byte-ptr (byte pointer)

$����ELW�TXDQWLW\��726�LV�DQ�LQGH[�LQWR�DQ�DUUD\�RI�E\WHV��726���LV�WKH�ZRUG�DGGUHVV�RI�WKH�EDVH�RI�WKH
E\WH�DUUD\��7ZR�ZRUGV�DUH�XVHG�LQ�D�E\WH�SWU�VR�WKDW�LQGLYLGXDO�E\WHV�PD\�EH�VSHFLILHG�RQ�ZRUG�DGGUHVVHG
SURFHVVRUV�

3.8.2.5. Int (integer)

$����ELW�WZR
V�FRPSOHPHQW�LQWHJHU�

3.8.2.6. Nil

$�FRQVWDQW�WKDW�UHIHUHQFHV�DQ�LQYDOLG�DGGUHVV��7KH�DFWXDO�YDOXH�YDULHV�IURP�SURFHVVRU�WR�SURFHVVRU���6HH
WKH�S�FRGH�GHVFULSWLRQ�RI�/'&1�IRU�D�WDEOH�RI�1,/�YDOXHV�IRU�YDULRXV�SURFHVVRUV��

3.8.2.7. Offset

$Q�RIIVHW�LQWR�D�FRGH�VHJPHQW��7KLV�LV�HLWKHU�D�ZRUG�RU�D�E\WH�RIIVHW��GHSHQGLQJ�RQ�WKH�QDWXUDO�DGGUHVVLQJ
XQLW�RI�WKH�KRVW�SURFHVVRU�

3.8.2.8. Pack-ptr (packed array pointer)

7KUHH�ZRUGV�WKDW�GHVLJQDWH�D�ELW�ILHOG�ZLWKLQ�D����ELW�ZRUG��726�LV�WKH�QXPEHU�RI�WKH�ULJKWPRVW�ELW�RI�WKH
ILHOG��726���LV�WKH�QXPEHU�RI�ELWV�LQ�WKH�ILHOG��DQG�726���LV�WKH�DGGUHVV�RI�WKH�ZRUG�
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3.8.2.9. Real

$����ELW�RU����ELW�IORDWLQJ�SRLQW�TXDQWLW\�

3.8.2.10. Set

$�VHW�LV���WKURXJK�����ZRUGV�RI�ELW�IODJV��SUHFHGHG�E\�D�ZRUG�WKDW�FRQWDLQV�WKH�QXPEHU�RI�ZRUGV�LQ�WKH�VHW�

3.8.2.11. Word

$����ELW�TXDQWLW\�WKDW�PD\�EH�WUHDWHG�LQ�DQ\�ZD\�DV�DQ�LQWHJHU��ERROHDQ��DGGUHVV��DQG�VR�IRUWK�

3.8.2.12. Word-block

$�JURXS�RI�=HUR�RU�PRUH�ZRUGV�
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3.8.3. Activation Records

$Q�DFWLYDWLRQ�UHFRUG�LV�FUHDWHG�IRU�HDFK�LQYRFDWLRQ�RI�DQ�DFWLYH�URXWLQH��)LJXUH�����LOOXVWUDWHV�DQ�DFWLYDWLRQ
UHFRUG�

Figure 3-2: Procedure Activation Record
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7KH�SDUWV�RI�DQ�DFWLYDWLRQ�UHFRUG�DUH�

�� 0DUN�VWDFN��7KLV�DUHD�FRQWDLQV�ILYH��IXOO��ZRUGV�RI�KRXVHNHHSLQJ�LQIRUPDWLRQ�

D� 0667$7��³�SRLQWHU�WR�WKH�DFWLYDWLRQ�UHFRUG�RI�WKH�OH[LFDO�SDUHQW�

E� 06'<1�³�SRLQW�WR�WKH�DFWLYDWLRQ�UHFRUG�RI�WKH�FDOOHU�

F� 06,3&�³�VHJPHQW�UHODWLYH�E\WH�SRLQWHU�WR�SRLQW�RI�FDOO�LQ�WKH�FDOOHU�

G� 06(19�³�(B5HF�SRLQWHU�RI�WKH�FDOOHU�

H� 06352&�³�SURFHGXUH�QXPEHU�RI�FDOOHU�

�� /RFDO�DQG�WHPSRUDU\�YDULDEOHV��7KLV�DUHD�LV�'DWDB6L]H�ZRUGV�ORQJ�

�� 3DUDPHWHUV��7KLV�DUHD��ZKLFK�PD\�EH�HPSW\��FRQWDLQV�

D� $GGUHVVHV�³�IRU�9$5�SDUDPHWHUV��DQG�UHFRUG�DQG�DUUD\�YDOXH�SDUDPHWHUV�

E� 9DOXHV�³�IRU�RWKHU�YDOXH�SDUDPHWHUV�

�� )XQFWLRQ�YDOXH��7KLV�DUHD�LV�SUHVHQW�RQO\�IRU�IXQFWLRQV��DQG�LV�HLWKHU�RQH�RU�WZR�ZRUGV��RU�IRXU
ZRUGV�LI�UHDOV�DUH�WKDW�VL]H��
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3.9. P-CODE DESCRIPTIONS

3.9.1. ABI Absolute Value Integer

2SFRGH� ��� (�

2SHUDWLRQ� $%,

6WDFN�

LQW ��63 LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�DEVROXWH�YDOXH�RI�726��,I�726�ZDV�LQLWLDOO\��������WKH�UHVXOW�VKRXOG
EH��������



7(;$6�,167580(176
+20(�&20387(5

50

3.9.2. ABR Absolute Value Real

2SFRGH� ��� (�

2SHUDWLRQ� $%5

6WDFN�

��63 ��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�DEVROXWH�YDOXH�RI�726�
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3.9.3. ADI Add Integers

2SFRGH� ��� $�

2SHUDWLRQ� $',

6WDFN�

LQW ��63

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�726�����726��7KH�UHVXOW�VKRXOG�EH�FRPSXWHG�DV�LI�LW�ZHUH�DQ�XQVLJQHG
RSHUDWLRQ�RQ����ELW�RSHUDQGV��DQG�RQO\�WKH�ORZHVW����ELWV�ZHUH�UHWDLQHG�IRU�WKH�UHVXOW��7KXV��RYHUIORZ�RU
XQGHUIORZ�ZLOO��ZUDS�DURXQG��WR�WKH�RSSRVLWH�VLJQ�
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3.9.4. ADJ Adjust Set

2SFRGH� ��� &�

2SHUDWLRQ� $'- 8%

6WDFN�

��63 ��63

VHW ZRUG�EON

EHIRUH DIWHU

'HVFULSWLRQ��,I�OHVV�WKDQ����ZRUGV�RQ�WKH�VWDFN�ZLOO�EH�DYDLODEOH�DIWHU�WKH�FRPSOHWLRQ�RI�WKH�DGMXVW��D
VWDFN�IDXOW�LV�LVVXHG�

7KH�VHW�726�LV�VWULSSHG�RI�LWV�OHQJWK�ZRUG�DQG�WKHQ�H[SDQGHG�RU�FRPSUHVVHG�VR�WKDW�LW�LV�8%�ZRUGV�LQ�VL]H�
([SDQVLRQ�LV�GRQH�E\�DGGLQJ�ZRUGV�RI�]HURV��EHWZHHQ��726�DQG�726����&RPSUHVVLRQ�LV�GRQH�E\�UHPRYLQJ
KLJK�ZRUGV�RI�WKH�VHW��,W�LV�OHJDO�IRU�DGMXVW�WR�UHPRYH��VLJQLILFDQW��ZRUGV�RI�WKH�VHW�GXULQJ�FRPSUHVVLRQ�
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3.9.5. ADR Add Real

2SFRGH� ��� &�

2SHUDWLRQ� $'5

6WDFN�

��63

UHDO

��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�YDOXH�726�����726��7KH�UHVXOW�VKRXOG�EH�]HUR�RQ�XQGHUIORZ��$
IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�RQ�RYHUIORZ�
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3.9.6. ASTR Assign String

2SFRGH� ��� (%

2SHUDWLRQ� $675 8%���8%�

6WDFN�

DGGU_RIV ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726���LV�WKH�DGGUHVV�RI�WKH�GHVWLQDWLRQ�VWULQJ�YDULDEOH��8%��LV�WKH�GHFODUHG�VL]H�RI�WKDW
VWULQJ��WKH�QXPEHU�RI�FKDUDFWHUV�LW�PD\�KROG���726�LV�HLWKHU�WKH�DGGUHVV�RI�D�VWULQJ�YDULDEOH��LI�8%��LV
]HUR���RU�WKH�RIIVHW�RI�D�VWULQJ�FRQVWDQW�LQ�WKH�FRQVWDQW�SRRO�RI�WKH�FXUUHQW�VHJPHQW�

$�VWULQJ�RYHUIORZ�H[HFXWLRQ�HUURU�LV�LVVXHG�LI�WKH�G\QDPLF�VL]H�RI�WKH�VRXUFH�VWULQJ�LV�JUHDWHU�WKDQ�WKH
GHFODUHG�VL]H�RI�WKH�GHVWLQDWLRQ�VWULQJ�

2WKHUZLVH��WKH�VRXUFH�VWULQJ�LV�FRSLHG�WR�WKH�GHVWLQDWLRQ�VWULQJ�
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3.9.7. BNOT Boolean Not

2SFRGH� ��� �)

2SHUDWLRQ� %127

6WDFN�

ERRO ��63 ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�RQH
V�FRPSOHPHQW�RI�726�LV�PDVNHG�WR�RQH�ELW��DQG�WKH�UHVXOW�LV�SXVKHG�RQ�WKH�VWDFN�
%127�SURGXFHV�D����758(��RU�D����)$/6(��RQ�WKH�VWDFN��UHJDUGOHVV�RI�KRZ�PDQ\�ELWV�ZHUH�VHW�LQ�726�
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3.9.8. BPT Break point

2SFRGH� ��� �(

2SHUDWLRQ� %37

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��$�EUHDN�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�XQFRQGLWLRQDOO\�
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3.9.9. CAP Copy Array Parameter

2SFRGH� ��� $%

2SHUDWLRQ� &$3

6WDFN�

DGGU ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ�� 726� LV� WKH� DGGUHVV� RI� D� SDUDPHWHU� GHVFULSWRU� IRU� D� SDFNHG� DUUD\� RI� FKDUDFWHUV�� 7KH
SDUDPHWHU�GHVFULSWLRQ�LV�D�WZR�ZRUG�UHFRUG��7KH�ILUVW��ORZ��ZRUG�LV�HLWKHU�1,/��RU�D�SRLQWHU�WR�DQ�(B5HF�
,I�WKH�ILUVW�ZRUG�LV�1,/��WKH�VHFRQG�ZRUG�LV�WKH�DGGUHVV�RI�WKH�SDUDPHWHU��,I�WKH�ILUVW�ZRUG�SRLQWV�WR�DQ
(B5HF��WKH�VHFRQG�ZRUG�LV�DQ�RIIVHW�UHODWLYH�WR�WKH�VHJPHQW�LQGLFDWHG�E\�WKH�(B5HF��7KLV�RIIVHW�ZDV�FUHDWHG
ZLWK�DQ�/&2�LQVWUXFWLRQ�

$�VHJPHQW�IDXOW�LV�LVVXHG�LI�WKH�SDUDPHWHU�GHVFULSWRU�LQGLFDWHV�D�QRQUHVLGHQW�VHJPHQW��2WKHUZLVH��WKH
DUUD\��ZKLFK�LV�%�ZRUGV�ELJ���LV�FRSLHG�WR�WKH�GHVWLQDWLRQ�DW�DGGUHVV�726���
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3.9.10. CFP Call Formal Procedure

2SFRGH� ��� ��

2SHUDWLRQ� &)3 8%

6WDFN�

��63

06&:

SURF�QXP ��63

HUHF�S GDWD

VWDW�OQN

EHIRUH DIWHU

'HVFULSWLRQ��726�FRQWDLQV�D�SURFHGXUH�QXPEHU��726���FRQWDLQV�DQ�(B5HF�SRLQWHU��726���FRQWDLQV�D
VWDWLF�OLQN��7KH�SURFHGXUH�726�LQ�WKH�VHJPHQW�LQGLFDWHG�E\�726���LV�FDOOHG�

,I�WKH�VHJPHQW�LQGLFDWHG�E\�726���LVQ
W�LQ�PHPRU\��D�VHJPHQW�IDXOW�LV�LVVXHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�726����03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&�LV�VHW�WR�726��DQG�,3&�LV�VHW�WR�WKH�ILUVW
S�FRGH�RI�SURFHGXUH�8%���(B5HF�DQG�(B9HFW�DUH�VHW�WR�UHIOHFW�WKH�QHZ�HQYLURQPHQW�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.11. CGP Call Global Procedure

2SFRGH� ��� ��

2SHUDWLRQ� &*3 8%

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��*OREDO�SURFHGXUH�8%�LQ�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW�LV�FDOOHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�ROG�YDOXH�RI�%$6(��WKH�JOREDO�GDWD�06&:���03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&
LV�VHW�WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%�
�
,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.12. CHK Check Subrange B ounds

2SFRGH� ��� &%

2SHUDWLRQ� &+.

6WDFN�

LQW ��63

LQW

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�DQ�XSSHU�ERXQG��726���LV�D�ORZHU�ERXQG��,I�LW�LVQ
W�WKH�FDVH�WKDW�726���� �726��
� �726��D�YDOXH�UDQJH�H[HFXWLRQ�HUURU�LV�LVVXHG��726���UHPDLQV�RQ�WKH�VWDFN�
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3.9.13. CIP Call Intermediate Procedure

2SFRGH� ��� ��

2SHUDWLRQ� &,3 '%��8%

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��,QWHUPHGLDWH�SURFHGXUH�8%�LQ�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW�LV�FDOOHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�LQWHUPHGLDWH�06&:�WKDW�LV�'%�OH[LFDO�OHYHOV�DERYH�WKH�FXUUHQW�06&:��03�LV�VHW�WR�SRLQW�WR
WKH�QHZ�06&:��&85352&�LV�VHW�WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.14. CLP Call Local Procedure

2SFRGH� ��� ��

2SHUDWLRQ� &/3 8%

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��/RFDO�SURFHGXUH�8%�LQ�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW�LV�FDOOHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�ROG�YDOXH�RI�03��03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&�LV�VHW�WR�8%��DQG�,3&�LV�VHW
WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.15. CSP Copy String P arameter

2SFRGH� ��� $&

2SHUDWLRQ� &63 8%

6WDFN�

DGGU ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ�� 726� LV� WKH� DGGUHVV� RI� D� SDUDPHWHU� GHVFULSWRU� IRU� D� SDFNHG� DUUD\� RI� FKDUDFWHUV�� 7KH
SDUDPHWHU�GHVFULSWLRQ�LV�D�WZR�ZRUG�UHFRUG��7KH�ILUVW��ORZ��ZRUG�LV�HLWKHU�1,/��RU�D�SRLQWHU�WR�DQ�(B5HF�
,I�WKH�ILUVW�ZRUG�LV�1,/��WKH�VHFRQG�ZR)G�LV�WKH�DGGUHVV�RI�WKH�SDUDPHWHU��,I�WKH�ILUVW�ZRUG�SRLQWV�WR�DQ
(B5HF��WKH�VHFRQG�ZRUG�LV�DQ�RIIVHW�UHODWLYH�WR�WKH�VHJPHQW�LQGLFDWHG�E\�WKH�(B5HF��7KLV�RIIVHW�ZDV�FUHDWHG
ZLWK�DQ�/&2�LQVWUXFWLRQ�

$�VHJPHQW�IDXOW�LV�LVVXHG�LI�WKH�SDUDPHWHU�GHVFULSWRU�LQGLFDWHV�D�QRQ�UHVLGHQW�VHJPHQW��2WKHUZLVH��WKH
G\QDPLF�OHQJWK�RI�WKH�GHVLJQDWHG�VWULQJ�LV�FRPSDUHG�WR�8%��WKH�GHFODUHG�VL]H�RI�WKH�GHVWLQDWLRQ�IRUPDO
SDUDPHWHU���,I�WKH�VWULQJ�LV�ODUJHU�WKDQ�WKH�GHVWLQDWLRQ�VL]H��D�VWULQJ�RYHUIORZ�H[HFXWLRQ�HUURU�LV�LVVXHG�
2WKHUZLVH��WKH�VWULQJ�LV�FRSLHG�WR�WKH�DGGUHVV�726���
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3.9.16. CSTR Check Str ing Index

2SFRGH� ��� (&

2SHUDWLRQ� &675

6WDFN�

LQW ��63 LQW ��63

DGGU DGGU

EHIRUH DIWHU

'HVFULSWLRQ��726���LV�WKH�DGGUHVV�RI�D�VWULQJ�YDULDEOH��726�LV�DQ�LQGH[�LQWR�WKDW�YDULDEOH�

,I� WKH� LQGH[� LV� OHVV�WKDQ���RU�JUHDWHU� WKDQ� WKH�G\QDPLF� OHQJWK�RI� WKH�VWULQJ�YDULDEOH��D�YDOXH�UDQJH
H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.9.17. CXG Call External Global

2SFRGH� ��� ��

2SHUDWLRQ� &;* 8%���8%�

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�JOREDO�SURFHGXUH�8%��LQ�VHJPHQW�8%��LV�FDOOHG�

,I�VHJPHQW�8%��LVQ
W�LQ�PHPRU\��D�VHJPHQW�IDXOW�LV�LVVXHG�

,I�WKH�8%��LV���DQG�WKH�SURFHGXUH�QXPEHU�PDWFKHV�RQH�RI�WKH�VWDQGDUG�SURFHGXUH�QXPEHUV��WKH�S�FRGH
SHUIRUPV�WKH�VWDQGDUG�SURFHGXUH�LQVWHDG�RI�WKH�FDOO��6HH�WKH�VHFWLRQ�GHVFULELQJ�WKH�VWDQGDUG�SURFHGXUHV�
DW�WKH�HQG�RI�WKLV�FKDSWHU�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�QHZ�%$6(��WKH�JOREDO�GDWD�06&:���03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&�LV�VHW
WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%���(B5HF�DQG�(B9HFW�DUH�VHW�WR�UHIOHFW�WKH�QHZ
HQYLURQPHQW�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.18. CXI Call External Intermediate

2SFRGH� ��� ��

2SHUDWLRQ� &;, 8%���'%��8%�

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�JOREDO�SURFHGXUH�8%��LQ�VHJPHQW�8%��LV�FDOOHG�

,I�VHJPHQW�8%��LVQ
W�LQ�PHPRU\��D�VHJPHQW�IDXOW�LV�LVVXHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�06&:��WKDW�LV��'%�OH[LFDO�OHYHOV�DERYH�WKH�FXUUHQW�06&:��03�LV�VHW�WR�SRLQW�WR�WKH�QHZ
06&:��&85352&�LV�VHW�WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%���(B5HF�DQG�(B9HFW
DUH�VHW�WR�UHIOHFW�WKH�QHZ�HQYLURQPHQW�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.19. CXL Call External Local

2SFRGH� ��� ��

2SHUDWLRQ� &;/ 8%���8%�

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ORFDO�SURFHGXUH�8%��LQ�VHJPHQW�8%��LV�FDOOHG�

,I�VHJPHQW�8%��LVQ
W�LQ�PHPRU\��D�VHJPHQW�IDXOW�LV�LVVXHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN�DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�ROG�YDOXH�RI�03��03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&�LV�VHW�WR�8%��DQG�,3&�LV�VHW
WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%���(B5HF�DQG�(B9HFW�DUH�VHW�WR�UHIOHFW�WKH�QHZ�HQYLURQPHQW�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.20. DECI Decrement Integer

2SFRGH� ��� ((

2SHUDWLRQ� '(&,

6WDFN�

LQW ��63 LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�GHFUHPHQWHG�E\����,I�726�ZDV�LQLWLDOO\��������WKH�UHVXOW�VKRXOG�EH�������



p-System™ Internal Architecture Reference Manual

69

3.9.21. DIF Set Difference

2SFRGH� ��� ''

2SHUDWLRQ� ',)

6WDFN�

��63

VHW

��63

VHW VHW

EHIRUH DIWHU

'HVFULSWLRQ��7KH�GLIIHUHQFH�RI�VHWV�726����DQG�726�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�GLIIHUHQFH�LV�FRPSXWHG
DV�ELW�ZLVH��726���$1'�127�726��
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3.9.22. DUP1 Duplicate One Word

2SFRGH� ���

2SHUDWLRQ� '83�

6WDFN�

ZRUG ��63

ZRUG ��63 ZRUG

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�726�LV�GXSOLFDWHG�RQ�WRS�RI�WKH�VWDFN�
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3.9.23. DUPR Duplicate Real

2SFRGH� ��� &�

2SHUDWLRQ� '835

6WDFN�

��63

UHDO

��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��7KH�UHDO�726�LV�GXSOLFDWHG�RQ�WRS�RI�WKH�VWDFN��,I�WKH�S�PDFKLQH�VXSSRUWV���ZRUG�UHDOV��WZR
ZRUGV�DUH�GXSOLFDWHG��,I�WKH�S�PDFKLQH�VXSSRUWV���ZRUG�UHDOV��IRXU�ZRUGV�DUH�GXSOLFDWHG��,I�WKH�S�PDFKLQH
GRHVQ
W�VXSSRUW�UHDOV��D�IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.9.24. DVI Divide Integer

2SFRGH� ��� �'

2SHUDWLRQ� '9,

6WDFN�

LQW ��63

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�]HUR��D�GLYLGH�E\�]HUR��H[HFXWLRQ�HUURU�RFFXUV�

2WKHUZLVH��726�LV�UHSODFHG�E\�726���',9�726��7KH�GLYLVLRQ�RSHUDWLRQ�LV�DQ�LQWHJHU�GLYLVLRQ�WUXQFDWHG
WRZDUG�]HUR�
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3.9.25. DVR Divide Real

2SFRGH� ��� &�

2SHUDWLRQ� '95

6WDFN�

��63

UHDO

��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�]HUR��D�GLYLGH�E\�]HUR�H[HFXWLRQ�HUURU�LV�LVVXHG�

2WKHUZLVH��726�LV�UHSODFHG�E\�WKH�YDOXH�726�����726��7KH�UHVXOW�VKRXOG�EH�]HUR�RQ�XQGHUIORZ��$�IORDWLQJ
SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�RQ�RYHUIORZ�
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3.9.26. EFJ Equal False Jump

2SFRGH� ��� '�

2SHUDWLRQ� ()- 6%

6WDFN�

LQW ��63

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726��!�726����D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�6%�
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3.9.27. EQBYT Equal Byte Array

2SFRGH� ��� %�

2SHUDWLRQ� (4%<7 8%���8%���%

6WDFN�

��63

DGGU�_�RIV

DGGU�_�RIV

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�E\WH�DUUD\��LI�WKH�FRUUHVSRQGLQJ�8%�LV�]HUR��RU�WR�WKH�RIIVHW�RI�WKH�E\WH�DUUD\�LQ�WKH�FXUUHQW
VHJPHQW��%�LV�WKH�VL]H��LQ�E\WHV��RI�WKH�DUUD\V�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726��� �726�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�DUUD\V
LV�UHDFKHG��,I�WKHUH�LV�D�PLVPDWFK�LQ�DQ\�FKDUDFWHU�SRVLWLRQ��)$/6(�LV�SXVKHG�RQWR�WKH�VWDFN��2WKHUZLVH�
758(�LV�SXVKHG�
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3.9.28. EQPWR Equal Set

2SFRGH� ��� %�

2SHUDWLRQ� (43:5

6WDFN�

��63

VHW

VHW

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726��� �726�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�VHWV�QHHG
QRW�EH�WKH�VDPH�VL]H�³�RQO\�WKH�HOHPHQWV�PXVW�PDWFK�
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3.9.29. EQREAL Equal Real

2SFRGH� ��� &'

2SHUDWLRQ� (45($/

6WDFN�

��63

UHDO

UHDO

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726��� �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.30. EQSTR Equal String

2SFRGH� ��� (�

2SHUDWLRQ� (4675 8%���8%�

6WDFN�

DGGU_RIV ��63

DGGU_RIV ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�VWULQJ��LI� WKH�FRUUHVSRQGLQJ�8%�LV�]HUR�� RU�WR�WKH�RIIVHW�RI� WKH�VWULQJ� LQ�WKH�FXUUHQW
VHJPHQW�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726��� �726�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�VKRUWHU
VWULQJ�LV�UHDFKHG��7KH�FRPSDULVRQ�EHJLQV�DW�WKH�VHFRQG�HOHPHQW�RI�WKH�VWULQJV��,I�WKHUH�LV�D�PLVPDWFK�LQ
DQ\�FKDUDFWHU�SRVLWLRQ��)$/6(�LV�SXVKHG�RQ�WKH�VWDFN��2WKHUZLVH��WKH�OHQJWKV�RI�WKH�VWULQJV�DUH�FRPSDUHG�
DQG�WKH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�OHQJWK�726���� �OHQJWK�726��LV�SXVKHG�
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3.9.31. EQUI Equal Integer

2SFRGH� ��� %�

2SHUDWLRQ� (48,

6WDFN�

LQW ��63

LQW ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726��� �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.32. FJP False Jump

2SFRGH� ��� '�

2SHUDWLRQ� )-3 6%

6WDFN�

ERRO ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�)$/6(��D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�6%�
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3.9.33. FJPL False Jump Long

2SFRGH� ��� '�

2SHUDWLRQ� )-3/ :

6WDFN�

ERRO ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�)$/6(��D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�:�
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3.9.34. FLT Float

2SFRGH� ��� &&

2SHUDWLRQ� )/7

6WDFN�

��63

UHDO

LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��,QWHJHU�726�LV�FRQYHUWHG�WR�D�IORDWLQJ�SRLQW�QXPEHU��DQG�WKH�UHVXOW�LV�SXVKHG�RQWR�WKH
VWDFN�
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3.9.35. GEBYT Greater Than or Equal Byte Array

2SFRGH� ��� %%

2SHUDWLRQ� *(%<7 8%���8%���%

6WDFN�

��63

DGGU�_�RIV

DGGU�_�RIV

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�E\WH�DUUD\��LI�WKH�FRUUHVSRQGLQJ�8%�LV�]HUR��RU�WR�WKH�RIIVHW�RI�WKH�E\WH�DUUD\�LQ�WKH�FXUUHQW
VHJPHQW��%�LV�WKH�VL]H��LQ�E\WHV��RI�WKH�DUUD\V�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���! �726�LV�SXVKHG�RQ�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�DUUD\V
LV�UHDFKHG��,I�WKHUH�LV�D�PLVPDWFK�DQG�WKH�FKDUDFWHU�LQ�726�����WKH�FKDUDFWHU�LQ�726��)$/6(�LV�SXVKHG
RQWR�WKH�VWDFN��2WKHUZLVH��758(�LV�SXVKHG�
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3.9.36. GEPWR Greater Than or Equal Set

2SFRGH� ��� %�

2SHUDWLRQ� *(3:5

6WDFN�

��63

VHW

VHW

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��758(�LV�SXVKHG�LI�726���LV�D�VXSHUVHW�RI�726��2WKHUZLVH��)$/6(�LV�SXVKHG�
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3.9.37. GEQI Greater Than or Equal Integer

2SFRGH� ��� %�

2SHUDWLRQ� *(4,

6WDFN�

LQW ��63

LQW ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�VLJQHG�FRPSDULVRQ�726���! �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.38. GEREAL Greater Than or Equal Real

2SFRGH� ��� &)

2SHUDWLRQ� *(5($/

6WDFN�

��63

UHDO

UHDO

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���! �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.39. GESTR Greater Than or Equal String

2SFRGH� ��� ($

2SHUDWLRQ� *(675 8%���8%�

6WDFN�

DGGU�_�RIV ��63

DGGU�_�RIV ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�VWULQJ��LI� WKH�FRUUHVSRQGLQJ�8%�LV� ]HUR��RU�WR�WKH�RIIVHW�RI� WKH�VWULQJ� LQ�WKH�FXUUHQW
VHJPHQW�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���! �726�LV�SXVKHG�RQ�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�VKRUWHU
VWULQJ�LV�UHDFKHG��7KH�FRPSDULVRQ�EHJLQV�DW�WKH�VHFRQG�HOHPHQW�RI�WKH�VWULQJV��LI�WKHUH�LV�D�PLVPDWFK�LQ
DQ\�FKDUDFWHU�SRVLWLRQ�DQG�WKH�FKDUDFWHU�LQ�726�����WKH�FKDUDFWHU�LQ�726��)$/6(�LV�SXVKHG�RQ�WKH
VWDFN��2WKHUZLVH��WKH�OHQJWKV�RI�WKH�VWULQJV�DUH�FRPSDUHG��DQG�WKH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ
OHQJWK�726����! �OHQJWK�726��LV�SXVKHG�
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3.9.40. GEUSW Greater Than or Equal Uns igned

2SFRGH� ���

2SHUDWLRQ� *(86:

6WDFN�

ZRUG ��63

ZRUG ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�XQVLJQHG�FRPSDULVRQ�726���! �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.41. INC Increment

2SFRGH� ��� (�

2SHUDWLRQ� ,1& %

6WDFN�

DGGU ��63 DGGU ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�SRLQWHU�726�LV�LQGH[HG�E\�%�ZRUGV��DQG�WKH�UHVXOWLQJ�SRLQWHU�LV�SXVKHG�
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3.9.42. INCI Increment Integer

2SFRGH� ��� ('

2SHUDWLRQ� ,1&,

6WDFN�

LQW ��63 LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�LQFUHPHQWHG�E\����,I�726�ZDV�LQLWLDOO\��������WKH�UHVXOW�VKRXOG�EH��������
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3.9.43. IND Index

2SFRGH� ��� (�

2SHUDWLRQ� ,1'

6WDFN�

DGGU ��63 ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�UHFRUG��726�LV�UHSODFHG�ZLWK�ZRUG�%�RI�WKH�UHFRUG�
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3.9.44. INN Set Membership

2SFRGH� ��� '$

2SHUDWLRQ� ,11

6WDFN�

LQW ��63

VHW

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FKHFN�ZKHWKHU�726�LV�FRQWDLQHG�LQ�WKH�VHW�726���LV�SXVKHG�RQWR
WKH�VWDFN�
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3.9.45. INT Set Intersection

2SFRGH� ��� '&

2SHUDWLRQ� ,17

6WDFN�

��63

VHW

��63

VHW VHW

EHIRUH DIWHU

'HVFULSWLRQ��7KH�LQWHUVHFWLRQ��ELW�ZLVH�$1'��RI�VHWV�726�DQG�726���LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.46. IXA Index Array

2SFRGH� ��� '�

2SHUDWLRQ� ,;$ %

6WDFN�

ZRUG ��63

DGGU DGGU ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�DQ�LQWHJHU�LQGH[��726���LV�WKH�DUUD\�EDVH�SRLQWHU��%�LV�WKH�VL]H��LQ�ZRUGV��RI�DQ
DUUD\�HOHPHQW��7KH�ZRUG�SRLQWHU�WR�WKH�LQGH[HG�HOHPHQW�LV�SXVKHG�

$OJRULWKP�

addr:= TOS �1 + TOS*B * x

�:KHUH�[ ��IRU�E\WH�DGGUHVVHG�30(V�DQG�[ ��IRU�ZRUG�DGGUHVVHG�30(V��
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3.9.47. IXP Index Packed Array

2SFRGH� ��� '�

2SHUDWLRQ� ,;3 8%���8���

6WDFN�

��63

ZRUG ��63 SDFN�SWU

DGGU

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�DQ�LQWHJHU�LQGH[��726���LV�WKH�DUUD\�EDVH�SRLQWHU��8%��LV�WKH�QXPEHU�RI�HOHPHQWV
SHU�ZRUG��8%��LV�WKH�ILHOG�ZLGWK��LQ�ELWV���$�SDFNHG�ILHOG�SRLQWHU�WR�WKH�LQGLFDWHG�ILHOG�LV�SXVKHG�

$OJRULWKP�

pack-ptr.right_bit:= (TOS mod UB1) * UB2
pack-ptr.field_width:= UB2
pack-ptr.addr:= TOS �1 + (TOS div UB1) * x

�:KHUH�[ ��IRU�E\WH�DGGUHVVHG�30(V��DQG�[ ��IRU�ZRUG�DGGUHVVHG�30(V��
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3.9.48. LAE Load Extended Address

2SFRGH� ��� �%

2SHUDWLRQ� /$( 8%��%

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�DGGUHVV�RI�WKH�YDULDEOH�ZLWK�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�RI�ORFDO�VHJPHQW
8%�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.49. LAND Logical And

2SFRGH� ��� $�

2SHUDWLRQ� /$1'

6WDFN�

ZRUG ��63

ZRUG ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�DQG�726���DUH�$1'HG�ELW�ZLVH��DQG�WKH�UHVXOW�LV�SODFHG�RQ�WKH�VWDFN�
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3.9.50. LAO Load Global Add ress

2SFRGH� ��� ��

2SHUDWLRQ� /$2 %

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�DGGUHVV�RI�WKH�YDULDEOH�ZLWK�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH
VWDFN�
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3.9.51. LCO Load Constant Offset

2SFRGH� ��� ��

2SHUDWLRQ� /&2 %

6WDFN�

RIIVHW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��%� LV� D�ZRUG�RIIVHW� LQWR� WKH� FRQVWDQW�SRRO� RI� WKH� FXUUHQW� VHJPHQW��7KH�DGGUHVV� RI� WKH
LQGLFDWHG� FRQVWDQW� LV� FRQYHUWHG� LQWR� D� VHJPHQW� UHODWLYH� RIIVHW�� 7KLV� RIIVHW� LV� D� ZRUG� RIIVHW� RQ
ZRUG�DGGUHVVHG�30(V�DQG�D�E\WH�RIIVHW�RQ�E\WH�DGGUHVVHG�30(V��7KH�FRPSXWHG�RIIVHW�LV�SXVKHG�RQWR�WKH
VWDFN�
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3.9.52. LDA Load Intermediate Address

2SFRGH� ��� ��

2SHUDWLRQ� /'$ '%��%

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��'%�LQGLFDWHV�WKH�QXPEHU�RI�VWDWLF�OLQNV�WR�WUDYHUVH�WR�ILQG�WKH�DFWLYDWLRQ�UHFRUG�WR�XVH�
�'% ��LQGLFDWHV�WKH�ORFDO�DFWLYDWLRQ�UHFRUG��'% ��LQGLFDWHV�WKH�SDUHQW�DFWLYDWLRQ�UHFRUG��DQG�VR�IRUWK��
7KH�DGGUHVV�RI�WKH�YDULDEOH�ZLWK�RIIVHW�%�LQ�WKH�LQGLFDWHG�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.53. LDB Load Byte

2SFRGH� ��� $�

2SHUDWLRQ� /'%

6WDFN�

��63

E\WH�SWU

ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�E\WH�SRLQWHU��726�LV�UHSODFHG�E\�WKH�LQGLFDWHG�E\WH�ZLWK�WKH�KLJK�E\WH�]HUR�
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3.9.54. LDC Load Constant

2SFRGH� ��� ��

2SHUDWLRQ� /'& 8%���%��8%�

6WDFN�

��63

EORFN

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�OHVV�WKDQ�8%�����ZRUGV�DUH�DYDLODEOH�RQ�WKH�VWDFN��D�VWDFN�IDXOW�LV�LVVXHG�

%�LV�D�ZRUG�RIIVHW�LQWR�WKH�FRQVWDQW�SRRO�RI�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW��8%��ZRUGV�VWDUWLQJ�DW�WKDW
RIIVHW�DUH�SXVKHG�RQWR�WKH�VWDFN��SUHVHUYLQJ�WKH�RUGHU�RI�WKH�ZRUGV��,I�8%���WKH�PRGH��LV����DQG�WKH�FXUUHQW
VHJPHQW�LV�RI�RSSRVLWH�E\WH�VH[�IURP�WKH�KRVW�SURFHVVRU��WKH�E\WHV�RI�HDFK�ZRUG�DUH�VZDSSHG�DV�WKH\�DUH
ORDGHG�
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3.9.55. LDCB Load Constant Byte

2SFRGH� ��� ��

2SHUDWLRQ� /'&% 8%

6WDFN�

8% ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�FRQVWDQW�8%�ZLWK�KLJK�E\WH�]HUR�LV�SXVKHG�RQWR�WKH�VWDFN��/'&%�LV�XVHG�WR�ORDG�D
FRQVWDQW�LQ�WKH�UDQJH���WKURXJK�����
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3.9.56. LDCI Load Constant Integer

2SFRGH� ��� ��

2SHUDWLRQ� /'&, :

6WDFN�

: ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�FRQVWDQW�ZRUG�:�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.57. LDCN Load Constant NIL

2SFRGH� ��� ��

2SHUDWLRQ� /'&1

6WDFN�

1,/ ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�SURFHVVRU�GHSHQGHQW�YDOXH�1,/�LV�SXVKHG�RQWR�WKH�VWDFN��6HH�WKH�WDEOH�EHORZ�IRU�WKH
YDOXH�RI�1,/�IRU�HDFK�SURFHVVRU�

1,/

=�� ����
���� ����
���� ����
���� ����
����� ����
+3��� ����
3'3��� )���
���� ����
���� ����
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3.9.58. LDCRL Load Constant Real

2SFRGHV� ��� )�

2SHUDWLRQ� /'&5/ %

6WDFN�

��63

UHDO

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�UHDO�FRQVWDQW�DW�RIIVHW�%�LQ�WKH�FRQVWDQW�SRRO�RI�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW�LV
ORDGHG�RQWR�WKH�VWDFN�
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3.9.59. LDE Load Extended

2SFRGH� ��� �$

2SHUDWLRQ� /'( 8%��%

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�DW�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�RI�ORFDO�VHJPHQW�8%�LV�SXVKHG�RQWR�WKH
VWDFN�
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3.9.60. LDL Load Local

2SFRGH� ��� ��

2SHUDWLRQ� /'/ %

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�ZLWK�ZRUG�RIIVHW�%�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.61. LDM Load Multiple

2SFRGH� ��� '�

2SHUDWLRQ� /'0 8%

6WDFN�

��63

EORFN

DGGU ��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�OHVV�WKDQ�8%����ZRUGV�DUH�DYDLODEOH�RQ�WKH�VWDFN�D�VWDFN�IDXOW�LV�LVVXHG�

726�LV�D�SRLQWHU�WR�D�EORFN�RI�8%�ZRUGV��7KH�EORFN�LV�SXVKHG�RQWR�WKH�VWDFN��SUHVHUYLQJ�WKH�RUGHU�RI�WKH
ZRUGV�
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3.9.62. LDO Load Global

2SFRGH� ��� ��

2SHUDWLRQ� /'2

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.63. LDP Load Packed

2SFRGH� ��� &�

2SHUDWLRQ� /'3

6WDFN�

��63

SDFN�SWU

ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�SDFNHG�ILHOG�SRLQWHU�726�LV�UHSODFHG�ZLWK�WKH�ILHOG�LW�GHVLJQDWHV��%HIRUH�EHLQJ�SXVKHG
RQWR�WKH�VWDFN��WKH�ILHOG�LV�ULJKW�MXVWLILHG�DQG�]HUR�ILOOHG�
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3.9.64. LDRL Load Real

2SFRGH� ��� )�

2SHUDWLRQ� /'5/

6WDFN�

��63

UHDO

DGGU ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�UHDO�YDULDEOH��726�LV�UHSODFHG�ZLWK�WKH�LQGLFDWHG�UHDO�
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3.9.65. LEBYT Less Than or Equal Byte Array

2SFRGH� ��� %$

2SHUDWLRQ� /(%<7 8%���8%���%

6WDFN�

��63

DGGU�_�RIV

DGGU�_�RIV

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�E\WH�DUUD\��LI�WKH�FRUUHVSRQGLQJ�8%�LV�]HUR��RU�WR�WKH�RIIVHW�RI�WKH�E\WH�DUUD\�LQ�WKH�FXUUHQW
VHJPHQW��%�LV�WKH�VL]H��LQ�E\WHV��RI�WKH�DUUD\V�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���� �726�LV�SXVKHG�RQ�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�DUUD\V
LV�UHDFKHG��,I�WKHUH�LV�D�PLVPDWFK�DQG�WKH�FKDUDFWHU�LQ�726���!�WKH�FKDUDFWHU�LQ�726��)$/6(�LV�SXVKHG
RQWR�WKH�VWDFN��2WKHUZLVH��758(�LV�SXVKHG�
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3.9.66. LEPWR Less Than or Equal Set

2SFRGH� ��� %�

2SHUDWLRQ� /(3:5

6WDFN�

��63

VHW

VHW

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��758(�LV�SXVKHG�LI�726���LV�D�VXEVHW�RI�726��2WKHUZLVH��)$/6(�LV�SXVKHG�
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3.9.67. LEQI Less Than or Equal Integer

2SFRGH� ��� %�

2SHUDWLRQ� /(4,

6WDFN�

LQW ��63

LQW ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�VLJQHG�FRPSDULVRQ�726���� �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.68. LEREAL Less Than or Equal Real

2SFRGH� ��� &(

2SHUDWLRQ� /(5($/

6WDFN�

��63

UHDO

UHDO

ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���� �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.69. LESTR Less Than or Equal String

2SFRGH� ��� (�

2SHUDWLRQ� /(675 8%���8%�

6WDFN�

DGGU�_�RIV ��63

DGGU�_�RIV ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��8%��DQG�8%��DUH�PRGH�IODJV��7KH\�UHIHU�WR�726�DQG�726����UHVSHFWLYHO\��726�DQG�726��
HDFK�SRLQW�WR�D�VWULQJ��LI� WKH�FRUUHVSRQGLQJ�8%�LV�]HUR�� RU�WR�WKH�RIIVHW�RI� WKH�VWULQJ� LQ�WKH�FXUUHQW
VHJPHQW�

7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726���� �726�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�E\WHV�DUH�FRPSDUHG
RQH�E\�RQH�LQ�WKH�QDWXUDO�E\WH�RUGHU�RI�WKH�SURFHVVRU�XQWLO�D�PLVPDWFK�LV�IRXQG�RU�WKH�HQG�RI�WKH�VKRUWHU
VWULQJ�LV�UHDFKHG��7KH�FRPSDULVRQ�EHJLQV�DW�WKH�VHFRQG�HOHPHQW�RI�WKH�VWULQJV��,I�WKHUH�LV�D�PLVPDWFK�LQ
DQ\�FKDUDFWHU�SRVLWLRQ�DQG�WKH�FKDUDFWHU�LQ�726���!�WKH�FKDUDFWHU�LQ�726��)$/6(�LV�SXVKHG�RQWR�WKH
VWDFN��2WKHUZLVH��WKH�OHQJWKV�RI�WKH�VWULQJV�DUH�FRPSDUHG��DQG�WKH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ
OHQJWK�726����� �OHQJWK�726��LV�SXVKHG�
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3.9.70. LEUSW Unsigned L ess Than or Equal

2SFRGH� ��� %�

2SHUDWLRQ� /(86:

6WDFN�

ZRUG ��63

ZRUG ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�XQVLJQHG�FRPSDULVRQ�726���� �726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.71. LLA Load Local Address

2SFRGH� ��� ��

2SHUDWLRQ� //$ %

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�DGGUHVV�RI�WKH�YDULDEOH�ZLWK�RIIVHW�%�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH
VWDFN�
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3.9.72. LNOT Logical Not

2SFRGH� ��� (�

2SHUDWLRQ� /127

6WDFN�

ZRUG ��63 ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�LWV�RQH
V�FRPSOHPHQW�
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3.9.73. LOD Load Intermediate

2SFRGH� ��� ��

2SHUDWLRQ� /2' '%��%

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��'%�LQGLFDWHV�WKH�QXPEHU�RI�VWDWLF�OLQNV�WR�WUDYHUVH�WR�ILQG�WKH�DFWLYDWLRQ�UHFRUG�WR�XVH�
�'% ��LQGLFDWHV�WKH�ORFDO�DFWLYDWLRQ�UHFRUG��'% ��LQGLFDWHV�WKH�SDUHQW�DFWLYDWLRQ�UHFRUG��DQG�VR�IRUWK��
7KH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�LQGLFDWHG�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.74. LOR Logical Or

2SFRGH� ��� $�

2SHUDWLRQ� /25

6WDFN�

ZRUG ��63

ZRUG ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�DQG�726���DUH�25HG�ELW�ZLVH��DQG�WKH�UHVXOW�LV�SODFHG�RQ�WKH�VWDFN�
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3.9.75. LPR Load Processor Register

2SFRGH� ��� �'

2SHUDWLRQ� /35

6WDFN�

LQW ��63 ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�UHJLVWHU�QXPEHU��7KH�YDOXH�RI�WKH�UHJLVWHU�LQGLFDWHG�LQ�726�LV�SXVKHG�RQWR�WKH
VWDFN��,I�726�LV�QHJDWLYH��WKH�IROORZLQJ�WDEOH�LQGLFDWHV�ZKLFK�UHJLVWHU�LV�SXVKHG�

�� &857$6.
�� (9(&
�� 5($'<4

,I�726�LV�SRVLWLYH��WKH�FXUUHQW�S�PDFKLQH�UHJLVWHUV�DUH�VDYHG�LQ�WKH�7,%��DQG�726�LV�WKH�ZRUG�LQGH[�RI�WKH
UHJLVWHU�LQ�WKH�7,%�WR�EH�SXVKHG��,I�726�LV�OHVV�WKDQ����RU�JUHDWHU�WKDQ�WKH�VL]H�RI�D�7,%�WKH�UHVXOW�RI�/35
LV�XQGHILQHG�
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3.9.76. LSL Load Static Link

2SFRGH� ��� ��

2SHUDWLRQ� /6/

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��'%�LQGLFDWHV�WKH�QXPEHU�RI�VWDWLF�OLQNV�WR�WUDYHUVH��$�SRLQWHU�WR�WKH�06&:�WKDW�LV�'%�OLQNV
DERYH�WKH�FXUUHQW�06&:�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.77. MODI Modulo Integers

2SFRGH� ��� �)

2SHUDWLRQ� 02',

6WDFN�

LQW ��63

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�]HUR��D�GLYLGH�E\�]HUR�H[HFXWLRQ�HUURU�RFFXUV�

2WKHUZLVH��726�LV�UHSODFHG�E\�726���02'�726��ZKHUH�WKH�02'�RSHUDWLRQ�LV�DV�IROORZV��7KH�02'
RSHUDWLRQ�LV�XQGHILQHG�LI�726�LV�QHJDWLYH��EXW�WKH�30(�VKRXOGQ
W�FDXVH�DQ�H[HFXWLRQ�HUURU��7KH�UHVXOW�RI
02'�LV�DOZD\V�DQ�LQWHJHU�EHWZHHQ���DQG��726�������7KLV�UHVXOW�LV�FDOFXODWHG�DV�LI�726�ZHUH�DGGHG�RU
VXEWUDFWHG�IURP�726���XQWLO�WKH�UHVXOW�LV�LQ�WKH�GHVLUHG�UDQJH��1RWH��7KH�UHVXOW�RI�WKH�02'�RSHUDWLRQ
LVQ
W�UHDOO\�WKH�UHPDLQGHU�RI�WKH�',9�RSHUDWLRQ�LI�726���LV�QHJDWLYH�
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3.9.78. MOV Move

2SFRGH� ��� &�

2SHUDWLRQ� 029 8%��%

6WDFN�

DGGU�_�RIV ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�HLWKHU�WKH�DGGUHVV�RI�D�ZRUG�EORFN��LI�8% ���RU�WKH�RIIVHW�RI�D�FRQVWDQW�ZRUG�EORFN
LQ�WKH�FXUUHQW�VHJPHQW� �LI�8%�!����%�ZRUGV�DUH�PRYHG�IURP�WKH�VRXUFH�GHVLJQDWHG�E\�726�WR�WKH
GHVWLQDWLRQ�DGGUHVV�726����,I�8% ��� DQG� WKH�FXUUHQW�VHJPHQW�KDV�RSSRVLWH�E\WH�VH[� IURP�WKH�KRVW
SURFHVVRU��WKH�E\WHV�RI�HDFK�ZRUG�DUH�VZDSSHG�DV�WKH�ZRUGV�DUH�PRYHG�
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3.9.79. MPI Multiply Integer

2SFRGH� ��� �&

2SHUDWLRQ� 03,

6WDFN�

LQW ��63

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�726���
�726��7KH�UHVXOW�VKRXOG�EH�FRPSXWHG�DV�LI�LW�ZHUH�DQ�XQVLJQHG
RSHUDWLRQ�RQ����ELW�RSHUDQGV��DQG�RQO\�WKH�ORZHVW����ELWV�ZHUH�UHWDLQHG�IRU�WKH�UHVXOW�
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3.9.80. MPR Multiply Real

2SFRGH� ��� &�

2SHUDWLRQ� 035

6WDFN�

��63

UHDO

��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�YDOXH�726���
�726��7KH�UHVXOW�PXVW�EH�]HUR�RQ�XQGHUIORZ��$
IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�RQ�RYHUIORZ�
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3.9.81. NAT Enter Native Code

2SFRGH� ��� $�

2SHUDWLRQ� 1$7

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��&RQWURO�LV�WUDQVIHUUHG�WR�WKH�QDWLYH�FRGH�WKDW�EHJLQV�GLUHFWO\�DIWHU�WKH�1$7�LQVWUXFWLRQ��,W
PD\�EH�QHFHVVDU\�WR�LQFUHPHQW�,3&�WR�D�ZRUG�ERXQGDU\�RQ�ZRUG�RULHQWHG�SURFHVVRUV�
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3.9.82. NAT-INFO Native Code Information

2SFRGH� ��� $�

2SHUDWLRQ� 1$7�,1)2 %

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��,3&�LV�LQFUHPHQWHG�WR�%�E\WHV�EH\RQG�WKH�E\WH�VWDUWLQJ�MXVW�DIWHU�%�LQ�WKH�S�FRGH�VWUHDP�
7KH�E\WHV�DIWHU�%�FRQWDLQ�LQIRUPDWLRQ�IRU�WKH�QDWLYH�FRGH�JHQHUDWRUV��7KLV�LQVWUXFWLRQ�DFWV�OLNH�D�ORQJ
IRUP�RI�123�RU�D�IRUZDUG�MXPS�
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3.9.83. NEQI Not Equal Integer

2SFRGH� ��� %�

2SHUDWLRQ� 1(4,

6WDFN�

LQW ��63

LQW ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ERROHDQ�UHVXOW�RI�WKH�FRPSDULVRQ�726����!�726�LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.84. NFJ Not Equal False Jump

2SFRGH� ��� '�

2SHUDWLRQ� 1)- 6%

6WDFN�

LQW ��63

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726� �726����D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�6%�
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3.9.85. NGI Negate Integer

2SFRGH� ��� (�

2SHUDWLRQ� 1*,

6WDFN�

LQW ��63 LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�QHJDWLYH��WZR
V�FRPSOHPHQW��RI�726��,I�726�ZDV�LQLWLDOO\��������
WKH�UHVXOW�VKRXOG�EH��������
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3.9.86. NGR Negate Real

2SFRGH� ��� (�

2SHUDWLRQ� 1*5

6WDFN�

��63 ��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�LQYHUVH�RI�726�
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3.9.87. NOP No Operation

2SFRGH� ��� �&

2SHUDWLRQ� 123

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��1R�RSHUDWLRQ�LV�SHUIRUPHG��([HFXWLRQ�FRQWLQXHV�
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3.9.88. RESERVE1..RESERVE6 Reserved

2SFRGH� �������� )$��))

2SHUDWLRQ� 5(6(59(Q

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��5(6(59(Q�JHQHUDWHV�DQ�XQLPSOHPHQWHG�LQVWUXFWLRQ�H[HFXWLRQ�HUURU�

7KHVH�RSFRGHV�DUH�UHVHUYHG�IRU�LQWHUQDO�XVH�E\�WKH�FRPSLOHUV�
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3.9.89. RND Round Real

2SFRGH� ��� %)

2SHUDWLRQ� 51'

6WDFN�

��63

UHDO

LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��5HDO�726�LV�FRQYHUWHG�WR�DQ�LQWHJHU�E\�URXQGLQJ��DQG�WKH�UHVXOW�LV�SXVKHG�RQ�WKH�VWDFN��,I
WKH�UHVXOW�LVQ
W�LQ�WKH�UDQJH��������WR��������D�IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.9.90. RPU Return from Procedure

2SFRGH� ��� ��

2SHUDWLRQ� 538 %

6WDFN�

��63

06&:

GDWD

SDUDPV

��63

EHIRUH DIWHU

'HVFULSWLRQ��([HFXWLRQ�UHWXUQV�WR�WKH�FDOOLQJ�SURFHGXUH�

7KH�(B5HF�SRLQWHU�LQ�WKH�06&:�LQGLFDWHV�WKH�VHJPHQW�WR�UHWXUQ�WR��,I�WKH�VHJPHQW�LVQ
W�LQ�PHPRU\��D
VHJPHQW�IDXOW�LV�LVVXHG�

2WKHUZLVH��03�LV�VHW�WR�WKH�'\QDPLFB/LQN�ILHOG�RI�WKH�06&:��,I�WKH�3URF�ILHOG�RI�WKH�06&:�LV�SRVLWLYH�
,3&�LV�UHVWRUHG�IURP�WKH�06&:��2WKHUZLVH��,3&�LV�VHW�WR�WKH�([LWB,&�YDOXH�IRXQG�MXVW�EHIRUH�WKH�SURFHGXUH
FRGH�LQ�WKH�VHJPHQW��&85352&�LV�UHVWRUHG�IURP�WKH�06&:��QHJDWLQJ�WKH�YDOXH��LI�QHFHVVDU\���,I�WKH
(B5HF�SRLQWHU�RI�WKH�06&:�GLIIHUV�IURP�(5(&��(5(&�DQG�(9(&�DUH�VHW�WR�UHIOHFW�WKH�QHZ�VHJPHQW�
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3.9.91. SBI Subtract Integer

2SFRGH� ��� $�

2SHUDWLRQ� 6%,

6WDFN�

LQW ��63

LQW LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�726�����726��7KH�UHVXOW�VKRXOG�EH�FRPSXWHG�DV�LI�LW�ZHUH�DQ�XQVLJQHG
RSHUDWLRQ�RQ����ELW�RSHUDQGV��DQG�RQO\�WKH�ORZHVW����ELWV�ZHUH�UHWDLQHG�IRU�WKH�UHVXOW��7KXV��RYHUIORZ�RU
XQGHUIORZ�ZLOO��ZUDS�DURXQG��WR�WKH�RSSRVLWH�VLJQ�
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3.9.92. SBR Subtract Real

2SFRGH� ��� &�

2SHUDWLRQ� 6%5

6WDFN�

��63

UHDO

��63

UHDO UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�UHSODFHG�E\�WKH�YDOXH�726�����726��7KH�UHVXOW�VKRXOG�EH�]HUR�RQ�XQGHUIORZ��$
IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�RQ�RYHUIORZ�



p-System™ Internal Architecture Reference Manual

141

3.9.93. SCIP1..SCIP2 Short Call Intermediate Procedure

2SFRGH� ������� ()��)2

2SHUDWLRQ� 6&,3Q 8%

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��,QWHUPHGLDWH�SURFHGXUH�8%�LQ�WKH�FXUUHQWO\�H[HFXWLQJ�VHJPHQW�LV�FDOOHG�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN��DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�OH[LFDO�SDUHQW��6&,3���RU�JUDQGSDUHQW��6&,3���RI�WKH�FXUUHQW�06&:��03�LV�VHW�WR�SRLQW�WR
WKH�QHZ�06&:��&85352&�LV�VHW�WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.94. SCXG1..SCXG8 Short Call External Global

2SFRGH� �������� ������

2SHUDWLRQ� 6&;*Q 8%

6WDFN�

��63

06&:

GDWD

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�JOREDO�SURFHGXUH�8%�LQ�VHJPHQW�Q�LV�FDOOHG�

,I�VHJPHQW�8%�LVQ
W�LQ�PHPRU\��D�VHJPHQW�IDXOW�LV�LVVXHG�

,I�WKH�LQVWUXFWLRQ�LV�6&;*��DQG�WKH�SURFHGXUH�QXPEHU�PDWFKHV�RQH�RI�WKH�VWDQGDUG�SURFHGXUH�QXPEHUV�
WKH�S�FRGH�SHUIRUPV�RQH�RI�WKHVH�VWDQGDUG�SURFHGXUHV��LQVWHDG�RI�WKH�FDOO��6HH�WKH�VHFWLRQ�GHVFULELQJ�WKH
VWDQGDUG�SURFHGXUHV�

,I�WKH�'DWDB6L]H�ZRUG�IRU�SURFHGXUH�8%�LV�QHJDWLYH��QRWKLQJ�LV�DOORFDWHG�RQ�WKH�VWDFN��DQG�D�QDWLYH�FRGH
FDOO�LV�PDGH��3�FRGH�H[HFXWLRQ�UHVXPHV�ZLWK�WKH�IROORZLQJ�S�FRGH�

2WKHUZLVH��'DWDB6L]H�ZRUGV�DQG�DQ�06&:�DUH�DOORFDWHG�RQ�WKH�VWDFN��7KH�6WDWLFB/LQN�ILHOG�RI�WKH�06&:
LV�VHW�WR�WKH�QHZ�%$6(��WKH�JOREDO�GDWD�06&:���03�LV�VHW�WR�SRLQW�WR�WKH�QHZ�06&:��&85352&�LV�VHW
WR�8%��DQG�,3&�LV�VHW�WR�WKH�ILUVW�S�FRGH�RI�SURFHGXUH�8%��(5(&�DQG�(9(&�DUH�VHW�WR�UHIOHFW�WKH�QHZ
HQYLURQPHQW�

,I�WKHUH�DUHQ
W����ZRUGV�OHIW�RQ�WKH�VWDFN�DIWHU�WKH�06&:�DQG�GDWD�DUH�DOORFDWHG��D�VWDFN�IDXOW�LV�LVVXHG�
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3.9.95. SIGNAL Signal

2SFRGH� ��� '(

2SHUDWLRQ� 6,*1$/

6WDFN�

LQW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�VHPDSKRUH��,I�WKH�VHPDSKRUH
V�ZDLW�TXHXH�LV�HPSW\�RU�WKH�FRXQW�LV
QHJDWLYH��WKH�FRXQW�LV�LQFUHPHQWHG�E\�RQH��2WKHUZLVH��WKH�7,%�DW�WKH�KHDG�RI�WKH�VHPDSKRUH
V�ZDLW�TXHXH
LV�SXW�RQ�WKH�UHDG\�TXHXH��DQG�LWV�+DQJB3WU�LV�VHW�WR�1,/��,I�WKH�QHZ�WDVN�KDV�D�KLJKHU�SULRULW\�WKDQ�WKH
FXUUHQW�WDVN�D�WDVN�VZLWFK�RFFXUV�
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3.9.96. SIND0..S1ND7 Short Index

2SFRGH� �������� �����)

2SHUDWLRQ� 6,1'Q

6WDFN�

DGGU ��63 ZRUG ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�UHFRUG��726�LV�UHSODFHG�ZLWK�ZRUG�Q�RI�WKH�UHFRUG��6,1'Q�LV�XVHG
WR�LQGH[�LQWR�WKH�ILUVW�HLJKW�ZRUGV�RI�D�UHFRUG�7KH�YDOXH�RI�Q�LV��RSFRGH!�����
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3.9.97. SLDCO..SLDC31 Short Load Constant

2SFRGH� ����� �����)

2SHUDWLRQ� 6/'&Q

6WDFN�

Q ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�FRQVWDQW�ZRUG�ZKRVH�YDOXH�LV�HQFRGHG�LQ�WKH�RSFRGH�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�YDOXH
Q�LV�WKH�YDOXH�RI�WKH�RSFRGH�LWVHOI��6/'&Q�LV�XVHG�WR�ORDG�D�FRQVWDQW�EHWZHHQ���DQG����
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3.9.98. SLDL1..SLDL16 Short Load Local

2SFRGH� ������ �����)

2SHUDWLRQ� 6/'/Q

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�ZLWK�ZRUG�RIIVHW�Q�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN��6/'/Q
LV�XVHG�WR�ORDG�RQH�RI�WKH�ILUVW����ORFDO�ZRUGV��7KH�YDOXH�RI�Q�LV��RSFRGH!����
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3.9.99. SLDO1..SLDO16 Short Load Global

2SFRGH� ������ �����)

2SHUDWLRQ� 6/'2Q

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�ZLWK�RIIVHW�Q�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN��6/'2Q�LV
XVHG�WR�ORDG�JOREDO�ZRUGV�ZLWK�RIIVHWV�EHWZHHQ���DQG�����7KH�YDOXH�RI�Q�LV��RSFRGH!����
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3.9.100. SLLA1..SLLA8 Short Load Local Address

2SFRGH� ������� ������

2SHUDWLRQ� 6//$Q

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�DGGUHVV�RI�WKH�YDULDEOH�ZLWK�RIIVHW�Q�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH
VWDFN��6//$Q�LV�XVHG�WR�ORDG�WKH�DGGUHVV�RI�ORFDO�YDULDEOHV�ZLWK�RIIVHWV�EHWZHHQ���DQG����7KH�YDOXH�RI�Q�LV
�RSFRGH!����
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3.9.101. SLOD1..SLOD2 Short Load Intermediate

2SFRGH� �������� $'��$(

2SHUDWLRQ� 6/2'Q %

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�DFWLYDWLRQ�UHFRUG�RI�WKH�SDUHQW��6/2'���RU�JUDQGSDUHQW
�6/2'���RI�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�LV�SXVKHG�RQWR�WKH�VWDFN��7KH�YDOXH�RI�Q�LV��RSFRGH!�����
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3.9.102. SPR Store Processor Register

2SFRGH� ��� '�

2SHUDWLRQ� 635

6WDFN�

ZRUG ��63

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��726���LV�D�UHJLVWHU�QXPEHU��,I�726���LV�QHJDWLYH��726�LV�VWRUHG�LQ�RQH�RI�WKH�IROORZLQJ
UHJLVWHUV�

�� &857$6.
�� (9(&
�� 5($'<4

2WKHUZLVH��WKH�FXUUHQW�S�PDFKLQH�UHJLVWHUV�DUH�VWRUHG�LQ�WKH�7,%��726�LV�VWRUHG�LQ�WKH�7,%�DW�RIIVHW
726����)LQDOO\��WKH�S�PDFKLQH�UHJLVWHUV�DUH�UHVWRUHG�IURP�WKH�7,%�
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3.9.103. SRO Store Global

2SFRGH� ��� $�

2SHUDWLRQ� 652 %

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�VWRUHG�LQ�WKH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�
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3.9.104. SRS Subrange Set

2SFRGH� ��� %&

2SHUDWLRQ� 656

6WDFN�

��63

LQW ��63 VHW

LQW

EHIRUH DIWHU

'HVFULSWLRQ��,I�OHVV�WKDQ����ZRUGV�ZLOO�EH�DYDLODEOH�RQ�WKH�VWDFN�DIWHU�WKLV�RSHUDWLRQ��D�VWDFN�IDXOW�LV
LVVXHG�

7KH�LQWHJHUV�726�DQG�726���PXVW�EH�LQ�WKH�UDQJH�>��WKURXJK�����@��,I�QRW��D�YDOXH�UDQJH�H[HFXWLRQ�HUURU
LV�LVVXHG�

,I�726���!�726��WKH�HPSW\�VHW�LV�SXVKHG��2WKHUZLVH��D�VHW�LV�FUHDWHG�FRQWDLQLQJ�WKH�HOHPHQWV�EHWZHHQ
726���DQG�726��LQFOXVLYH��DV�PHPEHUV��7KLV�VHW�LV�SXVKHG�RQ�WKH�VWDFN�
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3.9.105. SSTL1..SSTL8 Short Store Local

2SFRGH� �������� �����)

2SHUDWLRQ�� 667/Q

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�VWRUHG�LQ�WKH�ZRUG�ZLWK�RIIVHW�Q�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG��667/Q�LV�XVHG�WR�VWRUH
LQ�RQH�RI�WKH�ILUVW�HLJKW�ORFDO�ZRUGV��7KH�YDOXH�RI�Q�LV��RSFRGH!�����
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3.9.106. STB Store Byte

2SFRGH� ��� &�

2SHUDWLRQ� 67%

6WDFN�

ZRUG ��63

E\WH�SWU

��63

EHIRUH DIWHU

'HVFULSWLRQ��7KH�ORZ�E\WH�RI�726�LV�VWRUHG�LQ�WKH�ORFDWLRQ�SRLQWHG�WR�E\�E\WH�SRLQWHU�726���
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3.9.107. STE Store Extended

2SFRGH� ��� '�

2SHUDWLRQ� 67( 8%��%

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�VWRUHG�LQ�WKH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�JOREDO�DFWLYDWLRQ�UHFRUG�RI�ORFDO�VHJPHQW�8%�
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3.9.108. STL Store Local

2SFRGH� ��� $�

2SHUDWLRQ� 67/ %

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�VWRUHG�LQ�WKH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�ORFDO�DFWLYDWLRQ�UHFRUG�
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3.9.109. STM Store Mult iple

2SFRGH� ��� �(

2SHUDWLRQ� 670�8%

6WDFN�

��63

EORFN

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�EORFN�RI�8%�ZRUGV��7KH�EORFN�LV�VWRUHG�DW�DGGUHVV�726����SUHVHUYLQJ�WKH�RUGHU
RI�WKH�ZRUGV�
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3.9.110. STO Store

2SFRGH� ��� &�

2SHUDWLRQ� 672

6WDFN�

ZRUG ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�VWRUHG�LQ�WKH�ZRUG�SRLQWHG�WR�E\�726���
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3.9.111. STP Store Packed

2SFRGH� ��� &$

2SHUDWLRQ� 673

6WDFN�

ZRUG ��63

SDFN�SWU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�FRQWDLQV�ULJKW�MXVWLILHG�GDWD��726���LV�D�SDFNHG�ILHOG�SRLQWHU��726�LV�PDVNHG�WR�WKH
ILHOG�ZLGWK�LQGLFDWHG�LQ�726����WKHQ�VWRUHG�LQWR�WKH�ILHOG�GHVFULEHG�E\�726���
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3.9.112. STR Store Intermediate

2SFRGH� ��� $�

2SHUDWLRQ� 675 '%��%

6WDFN�

ZRUG ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��'%�LQGLFDWHV�WKH�QXPEHU�RI�VWDWLF�OLQNV�WR�WUDYHUVH�WR�ILQG�WKH�DFWLYDWLRQ�UHFRUG�WR�XVH�
�'% ��LQGLFDWHV�WKH�ORFDO�DFWLYDWLRQ�UHFRUG��'% ��LQGLFDWHV�WKH�SDUHQW�DFWLYDWLRQ�UHFRUG��DQG�VR�IRUWK��
726�LV�VWRUHG�LQWR�WKH�ZRUG�ZLWK�RIIVHW�%�LQ�WKH�LQGLFDWHG�DFWLYDWLRQ�UHFRUG�
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3.9.113. STRL Store Real

2SFRGH� ��� )�

2SHUDWLRQ� 675/

6WDFN�

UHDO ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�UHDO�YDOXH��726���LV�DQ�DGGUHVV��726�LV�VWRUHG�DW�WKH�DGGUHVV�726���
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3.9.114. SWAP Swap

2SFRGH� ��� %'

2SHUDWLRQ� 6:$3

6WDFN�

ZRUG ��63 ZRUG ��63

ZRUG ZRUG

EHIRUH DIWHU

'HVFULSWLRQ��:RUG�726�LV�VZDSSHG�ZLWK�ZRUG�726���RQ�WKH�VWDFN�
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3.9.115. TJP True Jump

2SFRGH� ��� )O

2SHUDWLRQ� 7-3 6%

6WDFN�

ERRO ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��,I�726�LV�758(��D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�6%�



7(;$6�,167580(176
+20(�&20387(5

164

3.9.116. TNC Truncate Real

2SFRGH� ��� %(

2SHUDWLRQ� 71&

6WDFN�

��63

UHDO

LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��5HDO�726�LV�FRQYHUWHG�WR�DQ�LQWHJHU�E\�WUXQFDWLQJ��DQG�WKH�UHVXOW�LV�SXVKHG�RQWR�WKH�VWDFN�
,I�WKH�UHVXOW�LVQ
W�LQ�WKH�UDQJH��������WR��������D�IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.9.117. UJP Unc onditional Jump

2SFRGH� ��� �$

2SHUDWLRQ� 8-3

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��$�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�6%�
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3.9.118. UJPL Unc onditional Jump Long

2SFRGH� ��� �%

2SHUDWLRQ� 8-3/ Z

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��$�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH�E\WH�RIIVHW�:�
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3.9.119. UNI Set Union

2SFRGH� ��� '%

2SHUDWLRQ� 81,

6WDFN�

��63

VHW

��63

VHW VHW

EHIRUH DIWHU

'HVFULSWLRQ��7KH�XQLRQ��ELW�ZLVH�25��RI�WKH�VHWV�726�DQG�726���LV�SXVKHG�RQWR�WKH�VWDFN�
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3.9.120. WAIT Wait

2SFRGH� ��� ')

2SHUDWLRQ� :$,7

6WDFN�

DGGU ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�VHPDSKRUH��,I�WKH�VHPDSKRUH
V�FRXQW�LV�JUHDWHU�WKDQ�]HUR��WKH�FRXQW
LV�GHFUHPHQWHG�E\�RQH��2WKHUZLVH��WKH�FXUUHQW�7,%�LV�SXW�RQ�WKH�VHPDSKRUH
V�ZDLW�TXHXH��LWV�+DQJB3WU
LV�VHW�WR�726��DQG�D�WDVN�VZLWFK�RFFXUV�
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3.9.121. XJP Case Jump

2SFRGH� ��� '�

2SHUDWLRQ� ;-3 %

6WDFN�

LQW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��%�LV�WKH�RIIVHW�RI�WKH�FDVH�MXPS�WDEOH�ZLWKLQ�WKH�FRQVWDQW�SRRO�RI�WKH�FXUUHQW�VHJPHQW��726
LV�WKH�LQGH[�

7KH�FDVH�MXPS�WDEOH�LV�VWUXFWXUHG�DV�IROORZV�

+-------+
| W1    |  minimum index
|-------+
| W2    |  maximum index
|-------+
| table | (W2-W1)+1 word table
+-------+

(YHU\�HQWU\�LV�DQ�LQWHJHU�TXDQWLW\�LQ�WKH�E\WH�VH[�RI�WKH�FXUUHQW�VHJPHQW��,I�WKH�FXUUHQW�VHJPHQW�KDV
RSSRVLWH�E\WH�VH[�IURP�WKH�KRVW�SURFHVVRU��HDFK�ZRUG�LQ�WKH�WDEOH�PXVW�EH�IOLSSHG�EHIRUH�LW�LV�XVHG�

,I�726�LV�LQ�WKH�UDQJH�:��WKURXJK�:���LQFOXVLYH��D�MXPS�LV�PDGH��UHODWLYH�WR�WKH�QH[W�LQVWUXFWLRQ��E\�WKH
TXDQWLW\�LQ�ZRUG��726���:���LQ�WKH�WDEOH���7KH�WDEOH�LV�ZRUG�LQGH[HG�VWDUWLQJ�ZLWK�]HUR��DQG�LV�IRXQG�MXVW
DIWHU�ZRUG�:��LQ�WKH�FDVH�MXPS�WDEOH���2WKHUZLVH��QR�MXPS�LV�SHUIRUPHG�
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3.10. STANDARD PROCEDURES

7KH�VWDQGDUG�SURFHGXUHV�DUH�SURFHGXUHV�WKDW�DUH�LPSOHPHQWHG�LQ�WKH�30(�GLUHFWO\��HLWKHU�IRU�VSHHG�RU
EHFDXVH�WKH�QDWXUH�RI�WKH�SURFHGXUH�UHTXLUHV�WKDW�LW�EH�ZULWWHQ�LQ�QDWLYH�FRGH��$�VWDQGDUG�SURFHGXUH�LV
FDOOHG�YLD�D�&;*�RU�6&;*��LQVWUXFWLRQ��:KLFK�SURFHGXUH�LV�H[HFXWHG�LV�EDVHG�RQ�WKH�SURFHGXUH�QXPEHU�

0RVW�RI�WKH�VWDQGDUG�SURFHGXUHV�UHTXLUH�SDUDPHWHUV�RQ�WKH�VWDFN��DQG�VRPH�H[SHFW�D�IXQFWLRQ�UHWXUQ�YDOXH
WR�EH�SDVVHG�EDFN��,Q�VRPH�VHQVH�WKH\�DFW�PRUH�OLNH�LQGLYLGXDO�S�FRGHV�WKDQ�SURFHGXUHV��EHFDXVH�QR�538
LQVWUXFWLRQ�LV�H[HFXWHG�WR�UHWXUQ�FRQWURO�WR�WKH�FDOOHU��)RU�WKLV�UHDVRQ��WKH�SURFHGXUH�GHVFULSWLRQV�WKDW
IROORZ�DUH�SUHVHQWHG�LQ�WKH�VDPH�IRUPDW�DV�ZHUH�S�FRGH�GHVFULSWLRQV�VKRZLQJ�WKH�VWDFN�EHIRUH�DQG�DIWHU
H[HFXWLRQ�
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3.11. UNIT I/O PROCEDURES

3.11.1. UNITCLEAR (UNIT)

3URFHGXUH����

6WDFN�

LQW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�XQLW�QXPEHU��7KH�GHYLFH�ZLWK�XQLW�QXPEHU�726�LV�LQLWLDOL]HG�WR�LWV��SRZHU�XS�
VWDWH��2Q�UHWXUQ��,25(68/7�FRQWDLQV�VWDWXV�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�RQ�81,7&/($5��UHIHU
WR�WKH�%,26�GRFXPHQWDWLRQ�LQ�&KDSWHU���
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3.11.2. UNITSTATUS (UNIT, STAT_REC, CONTROL)

3URFHGXUH����

6WDFN�

LQW ��63

DGGU

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�FRQWURO�ZRUG��726���LV�WKH�DGGUHVV�RI�D�EXIIHU��726���LV�WKH�XQLW�QXPEHU�
6WDWXV�LQIRUPDWLRQ�DERXW�WKH�XQLW�GHVFULEHG�LQ�726���DQG�WKH�GLUHFWLRQ�GHVFULEHG�LQ�726�LV�ZULWWHQ�WR
WKH�EXIIHU��726����,I�726� ���WKH�GLUHFWLRQ�LV�RXWSXW��,I�726� ���WKH�GLUHFWLRQ�LV�LQSXW��2Q�UHWXUQ�
,25(68/7�FRQWDLQV�VWDWXV�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW�81,767$786��UHIHU�WR�WKH�%,26
GRFXPHQWDWLRQ�
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3.11.3. UNITREAD (UNIT, BUF, LEN, BLOCK, CTRL)

3URFHGXUH����

6WDFN�

LQW ��63

LQW

LQW

E\WH�SWU

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�FRQWURO�ZRUG��726���LV�WKH�EORFN�QXPEHU��726���LV�WKH�QXPEHU�RI�E\WHV�WR
UHDG��726���LV�WKH�DGGUHVV�RI�WKH�GHVWLQDWLRQ�EXIIHU��726���LV�WKH�XQLW�QXPEHU��7KH�QXPEHU�RI�E\WHV
VSHFLILHG�LQ�726���LV�UHDG�IURP�XQLW�726���DW�EORFN�726���LQWR�EXIIHU�726����7KH�FRQWURO�ZRUG�VHOHFWV
GLIIHUHQW� PRGHV� RI� 81,75($'�� 2Q� UHWXUQ�� ,25(68/7� FRQWDLQV� VWDWXV� LQIRUPDWLRQ�� )RU� PRUH
LQIRUPDWLRQ�DERXW�81,75($'��UHIHU�WR�WKH�%,26�GRFXPHQWDWLRQ�
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3.11.4. UNITWRITE (UNIT, BUF, LEN, BLOCK, CTRL)

3URFHGXUH����

6WDFN�

LQW ��63

LQW

LQW

E\WH�SWU

LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�FRQWURO�ZRUG��726���LV�WKH�EORFN�QXPEHU��726���LV�WKH�QXPEHU�RI�E\WHV�WR
ZULWH��726���LV�WKH�DGGUHVV�RI�WKH�VRXUFH�EXIIHU��726���LV�WKH�XQLW�QXPEHU��7KH�QXPEHU�RI�E\WHV�VSHFLILHG
LQ�726���LV�ZULWWHQ�WR�XQLW�726���DW�EORFN�726���IURP�EXIIHU�726����7KH�FRQWURO�ZRUG�VHOHFWV�GLIIHUHQW
PRGHV�RI�81,7:5,7(��2Q�UHWXUQ��,25(68/7�FRQWDLQV�VWDWXV�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW
81,7:5,7(��UHIHU�WR�WKH�%,26�GRFXPHQWDWLRQ�
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3.11.5. UNITWAIT (UNIT)

3URFHGXUH����

6WDFN�

LQW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�XQLW�QXPEHU��7KH�S�PDFKLQH�ZDLWV�XQWLO�DOO�,�2�RQ�XQLW�726�LV�FRPSOHWHG��2Q
UHWXUQ��,25(68/7�FRQWDLQV�VWDWXV�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW�81,7:$,7��UHIHU�WR�WKH
%,26�GRFXPHQWDWLRQ�
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3.11.6. UNITBUSY (UNIT): BOOLEAN

3URFHGXUH����

6WDFN�

LQW ��63

� ERRO ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�XQLW�QXPEHU��726���LV�D�IXQFWLRQ�UHWXUQ�ZRUG��81,7%86<�UHWXUQV�758(�LI
WKHUH�LV�DQ\�RXWVWDQGLQJ�,�2�RQ�GHYLFH�726��DQG�)$/6(�RWKHUZLVH��2Q�UHWXUQ��,25(68/7�FRQWDLQV
VWDWXV�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW�81,7%86<��UHIHU�WR�WKH�%,26�GRFXPHQWDWLRQ�
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3.11.7. IORESULT :INTEGER

3URFHGXUH����

6WDFN�

� ��63 LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�UHWXUQ�ZRUG��,25(68/7�UHWXUQV�WKH�YDOXH�RI�WKH�S�PDFKLQH�UHJLVWHU�,25(68/7�
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3.11.8. IOCHECK

3URFHGXUH����

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��,2&+(&.�WHVWV�WKH�S�PDFKLQH�UHJLVWHU�,25(68/7�IRU�]HUR��,I�WKH�UHJLVWHU�LV�QRQ]HUR��DQ
,�2�H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.12. STRING PROCEDURES

3.12.1. MOVELEFT (SOURCE, DEST, LENGTH)

3URFHGXUH����

6WDFN�

LQW ��63

E\WH�SWU

E\WH�SWU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�E\WHV�WR�PRYH��726���LV�D�SRLQWHU�WR�WKH�GHVWLQDWLRQ��726���LV�D
SRLQWHU�WR�WKH�VRXUFH��,I�726�LV�]HUR�RU�QHJDWLYH��QR�E\WHV�DUH�PRYHG��2WKHUZLVH��WKH�E\WHV�DUH�PRYHG�RQH
DW�D�WLPH�VWDUWLQJ�IURP�WKH�OHIW��ORZ�RUGHU�E\WH��
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3.12.2. MOVERIGHT (SOURCE, DEST, LENGTH)

3URFHGXUH����

6WDFN�

LQW ��63

E\WH�SWU

E\WH�SWU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�E\WHV�WR�PRYH��726���LV�D�SRLQWHU�WR�WKH�GHVWLQDWLRQ��726���LV�D
SRLQWHU�WR�WKH�VRXUFH��,I�726�LV�]HUR�RU�QHJDWLYH��QR�E\WHV�DUH�PRYHG��2WKHUZLVH��WKH�E\WHV�DUH�PRYHG�RQH
DW�D�WLPH�VWDUWLQJ�IURP�WKH�ULJKW��KLJK�RUGHU�E\WH��
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3.12.3. FILLCHAR (DEST, LENGTH, CHAR)

3URFHGXUH����

6WDFN�

LQW ��63

E\WH�SWU

E\WH�SWU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�FKDUDFWHU��726���LV�WKH�OHQJWK�WR�ILOO��726���LV�WKH�VWDUWLQJ�DGGUHVV�IRU�WKH�ILOO�
LI�726���LV�]HUR�RU�QHJDWLYH��QR�ILOOLQJ�LV�GRQH��2WKHUZLVH��PHPRU\�LV�ILOOHG�ZLWK�WKH�E\WH�726�IRU�726��
E\WHV�VWDUWLQJ�DW�DGGUHVV�726���
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3.12.4. SCAN (LEN, EXP, SOURCE): INT

3URFHGXUH����

6WDFN�

ZRUG ��63

E\WH�SWU

E\WH

ERRO

LQW

� LQW

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�PDVN�ILHOG��XQXVHG���726���LV�D�SRLQWHU�WR�WKH�DUUD\�WR�VFDQ��726���LV�WKH�E\WH
WR�ORRN�IRU��726���LV�WKH�VFDQ�NLQG����PHDQV�XQWLO�HTXDO����PHDQV�XQWLO�QRW�HTXDO���726���LV�WKH�OHQJWK
WR�VFDQ��,I�726���LV�QHJDWLYH��WKH�VFDQ�SURFHHGV�WR�WKH�OHIW��726���LV�WKH�IXQFWLRQ�UHVXOW�ZRUG��

7KH�DUUD\�DW�726���LV�VFDQQHG�LQ�WKH�GLUHFWLRQ�LQGLFDWHG�LQ�726���XQWLO�WKH�FKDUDFWHU�726���LV�IRXQG
�726��� � ��� RU� D� QRQ�PDWFKLQJ� FKDUDFWHU� LV� IRXQG� �726��� � ��� RU� XQWLO� WKH� OHQJWK� LQ�726��� LV
H[KDXVWHG��7KH�GLVWDQFH�EHWZHHQ�WKH�FKDUDFWHU�ZKHUH�6&$1�VWRSSHG�DQG�WKH�VWDUW�FKDUDFWHU�LV�SDVVHG
EDFN�DV�WKH�IXQFWLRQ�UHVXOW�
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3.13. COMPILER PROCEDURES

3.13.1. TREESEARCH (ROOT, FOUNDP, TARGET): INT

3URFHGXUH����

6WDFN�

DGGU ��63

DGGU

DGGU

� LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�SRLQWHU�WR�WKH�WDUJHW�VWULQJ��ZKLFK�LV�D�SDFNHG�DUUD\�RI�HLJKW�FKDUDFWHUV��726��
LV�D�SRLQWHU�WR�ZKHUH�WKH�UHVXOW�RI�WKH�VHDUFK�ZLOO�EH�VDYHG��726���LV�D�SRLQWHU�WR�WKH�URRW�RI�WKH�LGHQWLILHU
WUHH�WR�EH�VHDUFKHG��726���LV�WKH�UHWXUQ�ZRUG�

75((6($5&+�VHDUFKHV�WKH�V\PERO�WDEOH�WUHH�726���IRU�WKH�WDUJHW�VWULQJ�726��UHWXUQLQJ�D�SRLQWHU�WR
ZKHUH�WKH�WDUJHW�ZDV�IRXQG�LQ�WKH�YDULDEOH�SRLQWHG�WR�E\�726����,I�WKH�WDUJHW�ZDVQ
W�IRXQG��WKH�YDULDEOH
SRLQWHG�WR�E\�726���ZLOO�SRLQW�WR�WKH�OHDI�QRGH�RI�WKH�WUHH�WKDW�ZDV�VHDUFKHG�ODVW��7KH�IXQFWLRQ�UHVXOW
UHWXUQV�VWDWXV�LQIRUPDWLRQ�

� WDUJHW�ZDV�IRXQG
� WDUJHW�LV�WR�WKH�ULJKW
�� WDUJHW�LV�WR�WKH�OHIW

(DFK�QRGH�RI�WKH�WUHH�FRQWDLQV�WKH�IROORZLQJ�ILHOGV�DW�WKH�LQGLFDWHG�E\WH�RIIVHWV�

� QDPH����FKDUDFWHUV�
� ULJKW�OLQN��SRLQWHU�
�� OHIW�OLQN��SRLQWHU�
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3.13.2. IDSEARCH (SYMREC, BUFFER)

3URFHGXUH����

6WDFN�

DGGU ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�D�EXIIHU��726���LV�WKH�DGGUHVV�RI�D�UHFRUG�WKDW�KDV�WKH�IROORZLQJ�ILHOGV
DW�WKH�LQGLFDWHG�E\WH�RIIVHWV�

� 6<0&85625
� 6<
� 23
� ,3$

,'6($5&+�VFDQV�WKH�EXIIHU�DW�E\WH�RIIVHW�6<0&85625�IRU�DQ�LGHQWLILHU��VWULQJ�EHJLQQLQJ�ZLWK�D�OHWWHU�
FRQWDLQLQJ�OHWWHUV��GLJLWV�DQG�XQGHUVFRUHV���LJQRULQJ�XQGHUVFRUHV�DQG�PDVNLQJ�ORZHUFDVH�WR�XSSHUFDVH�
7KH�LGHQWLILHU�LV�EODQN�ILOOHG�WR�HLJKW�FKDUDFWHUV��WKHQ�SODFHG�LQ�,'�IRU�D�PD[LPXP�RI�HLJKW�FKDUDFWHUV�
6<0&85625�LV�XSGDWHG�WR�SRLQW�MXVW�SDVW�WKH�LGHQWLILHU�

)LQDOO\��WKH�LGHQWLILHU�LV�ORRNHG�XS�LQ�D�WDEOH�RI�UHVHUYHG�ZRUGV��DQG�LWV�WZR�FKDUDFWHULVWLFV�DUH�ILOOHG�LQWR
6<�DQG�23��,I�WKH�LGHQWLILHU�LV�QRW�IRXQG�LQ�WKH�WDEOH��6<�LV�VHW�WR���DQG�23�LV�VHW�WR����

+HUH�LV�WKH�WDEOH�RI�UHVHUYHG�ZRUGV��DORQJ�ZLWK�WKH�6<�DQG�23�YDOXHV�IRU�HDFK�RQH�
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,' 6< 23

$1' �� �
$55$< �� ��
%(*,1 �� ��
&$6( �� ��
&2167 �� ��
',9 �� �
'2 � ��
'2:172 � ��
(/6( � ��
(1' � ��
(;7(51$/ �� ��
)25 � ��
),/( �� ��
)25:$5' �� ��
)81&7,21 �� ��
*272 �� ��
,) �� ��
,03/(0(1 �� ��
,1 �� ��
,17(5)$& �� ��
/$%(/ �� ��
02' �� �
127 �� ��
2) �� ��
25 �� �
3$&.(' �� ��
352&('85 �� ��
352&(66 �� ��
352*5$0 �� ��
5(3($7 �� ��
5(&25' �� ��
6(7 �� ��
6(*0(17 �� ��
6(3$5$7( �� ��
7+(1 �� ��
72 � ��
7<3( �� ��
81,7 �� ��
817,/ �� ��
86(6 �� ��
9$5 �� ��
:+,/( �� ��
:,7+ �� ��
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3.14. CODE POOL PROCEDURES

3.14.1. RELOCSEG (EREC)

3URFHGXUH���

6WDFN�

LQW ��63

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�DQ�(B5HF��5(/2&6(*�UHORFDWHV�WKH�VHJPHQW�SRLQWHG�WR�E\�WKH
(B5HF��6LQFH�5(/2&6(*�LV�FDOOHG�DIWHU�D�VHJPHQW�LV�ILUVW�UHDG�LQWR�PHPRU\��DOO�UHORFDWLRQ�LV�SHUIRUPHG�
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3.14.2. MOVESEG (SIB, SRCPOOL, SRCOFFSET)

3URFHGXUH����

6WDFN�

LQW ��63

DGGU

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�DQ�RIIVHW�WR�WKH�VHJPHQW�ZLWKLQ�D�FRGH�SRRO��726���LV�D�SRLQWHU�WR�D�FRGH�SRRO
GHVFULSWRU�RI�ZKLFK�WKH�ILUVW�WZR�ZRUGV�DUH�WKH�SRLQWHU�WR�WKH�EDVH�RI�WKH�SRRO��726���LV�WKH�DGGUHVV�RI�D
6,%�

029(6(*�PRYHV�WKH�VHJPHQW�DW�RIIVHW�726�LQ�WKH�SRRO�GHVFULEHG�E\�726���WR�WKH�ORFDWLRQ�VSHFLILHG�LQ
WKH�6,%�SRLQWHG�WR�E\�726����DQG�UHORFDWHV�LW��2QO\�VHJPHQW�UHODWLYH�UHORFDWLRQ�LV�SHUIRUPHG�



7(;$6�,167580(176
+20(�&20387(5

188

3.14.3. GETPOOLBYTES (DEST, POOLDESC, OFFSET, NBYTES)

3URFHGXUH����

6WDFN�

LQW ��63

LQW

DGGU

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�E\WHV�WR�JHW��726���LV�WKH�RIIVHW�ZLWKLQ�WKH�SRRO�RI�WKH�E\WHV�WR�JHW�
726���SRLQWV�WR�D�FRGH�SRRO�GHVFULSWRU�RI�ZKLFK�WKH�ILUVW�WZR�ZRUGV�SRLQW�WR�WKH�SRRO��726���SRLQWV�WR
WKH�EXIIHU�ZKHUH�WKH�E\WHV�ZLOO�EH�SODFHG�

*(7322/%<7(6�JHW�726�E\WHV�IURP�WKH�SRRO�GHVFULEHG�E\�726���DW�RIIVHW�726����DQG�SODFHV�WKHP�DW
726���
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3.14.4. PUTPOOLBYTES (SOURCE, POOLDESC, OFFSET, NBYTES)

3URFHGXUH����

6WDFN�

LQW ��63

LQW

DGGU

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�E\WHV�WR�SXW��726���LV�WKH�RIIVHW�ZLWKLQ�WKH�SRRO�RI�WKH�E\WHV�WR�SXW�
726���SRLQWV�WR�D�FRGH�SRRO�GHVFULSWRU�RI�ZKLFK�WKH�ILUVW�WZR�ZRUGV�SRLQW�WR�WKH�SRRO��726���SRLQWV�WR
WKH�VRXUFH�EXIIHU�

387322/%<7(6�ZULWHV�726�E\WHV�IURP�WKH�EXIIHU�726���WR�WKH�SRRO�GHVFULEHG�E\�726���DW�RIIVHW
726���
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3.14.5. FLIPSEGBYTES (EREC, OFFSET, NWORDS)

3URFHGXUH����

6WDFN�

LQW ��63

LQW

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�ZRUGV�WR�IOLS��726���LV�WKH�ZRUG�RIIVHW�ZLWKLQ�WKH�VHJPHQW�ZKHUH
IOLSSLQJ�ZLOO�WDNH�SODFH��726���LV�WKH�DGGUHVV�RI�WKH�(B5HF�GHVFULELQJ�WKH�VHJPHQW��

)/,36(*%<7(6�IOLSV�726�ZRUGV�VWDUWLQJ�DW�ZRUG�RIIVHW�726���LQ�WKH�VHJPHQW�GHVFULEHG�E\�726���
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3.14.6. READSEG (EREC): INTEGER

3URFHGXUH����

6WDFN�

DGGU ��63

� LQW ��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�DGGUHVV�RI�WKH�(B5HF�GHVFULELQJ�D�VHJPHQW��726���LV�WKH�UHWXUQ�ZRUG�

5($'6(*�UHDGV�WKH�VHJPHQW�GHVFULEHG�E\�726�LQWR�PHPRU\�DW�WKH�ORFDWLRQ�GHVFULEHG�LQ�WKH�6,%��7KH
FRPSOHWLRQ�FRGH�LQ�S�PDFKLQH�UHJLVWHU�,25(68/7�LV�UHWXUQHG�DV�WKH�IXQFWLRQ�UHVXOW�
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3.15. CONCURRENCY PROCEDURES

3.15.1. QUIET

3URFHGXUH����

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��48,(7�PXVW�GLVDEOH�DOO�S�PDFKLQH�HYHQWV�VXFK�WKDW�QR�DWWDFKHG�VHPDSKRUH�LV�VLJQDOHG
XQWLO�WKH�FRUUHVSRQGLQJ�FDOO�WR�(1$%/(�LV�PDGH�
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3.15.2. ENABLE

3URFHGXUH����

6WDFN�

��63 ��63

EHIRUH DIWHU

'HVFULSWLRQ��(1$%/(�UH�HQDEOHV�S�PDFKLQH�HYHQWV�WKDW�KDYH�EHHQ�GLVDEOHG�E\�48,(7�
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3.15.3. ATTACH (SEMAPHORE, VECTOR)

3URFHGXUH����

6WDFN�

LQW ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�WKH�QXPEHU�RI�D�S�PDFKLQH�HYHQW�YHFWRU��,W�PXVW�EH�LQ�WKH�UDQJH���WKURXJK����
726���LV�WKH�DGGUHVV�RI�D�VHPDSKRUH�

$77$&+�DVVRFLDWHV�WKH�VHPDSKRUH�SRLQWHG�WR�E\�726���ZLWK�WKH�YHFWRU�726�VXFK�WKDW�ZKHQHYHU�WKH
HYHQW�726�LV�UHFRJQL]HG��WKH�VHPDSKRUH�LV�VLJQDOHG��,I�WKH�VHPDSKRUH�SRLQWHU�LV�1,/��YHFWRU�726�PXVW
EH�XQDWWDFKHG�IURP�DQ\�VHPDSKRUH�LW�ZDV�IRUPHUO\�DWWDFKHG�WR��,I�726�LVQ
W�LQ�WKH�UDQJH���WKURXJK����
QR�RSHUDWLRQ�LV�SHUIRUPHG�
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3.16. MISCELLANEOUS PROCEDURES

3.16.1. TIME (HIWORD, LOWORD)

3URFHGXUH����

6WDFN�

DGGU ��63

DGGU

��63

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�SRLQWHU�WR�ZKHUH�WKH�KLJK�ZRUG�RI�WKH�WLPH�ZLOO�EH�VDYHG��726���LV�D�SRLQWHU�WR
ZKHUH�WKH�ORZ�ZRUG�RI�WKH�WLPH�ZLOO�EH�VDYHG�

7,0(�VDYHV�WKH�KLJK�DQG�ORZ�ZRUGV�RI�WKH�V\VWHP�FORFN��D����ELW����+]�FORFN��LQ�WKH�LQGLFDWHG�ZRUGV�
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3.16.2. POWEROFTEN (POWER): REAL

3URFHGXUH����

6WDFN�

LQW ��63

��63

� UHDO

EHIRUH DIWHU

'HVFULSWLRQ��726�LV�D�SRVLWLYH�LQWHJHU�SRZHU��32:(52)7(1�UHWXUQV�WKH�UHDO�YDOXH�WHQ�WR�WKH�SRZHU
RI�726��,I�726�����RU�726�!�WKH�ODUJHVW�H[SUHVVLEOH�SRZHU��D�IORDWLQJ�SRLQW�H[HFXWLRQ�HUURU�LV�LVVXHG�
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3.17. LONG INTEGERS

7KH�ORQJ�LQWHJHU�GDWD�W\SH�LV�D�QRQ�VFDODU�GDWD�W\SH�XQLTXH�WR�8&6'�3DVFDO��/RQJ�LQWHJHUV�PD\�EH�XS�WR
���GHFLPDO�GLJLWV�ORQJ��$OWKRXJK�WKH\�ODFN�VRPH�RI�WKH�IOH[LELOLW\�RI�VFDODU�W\SHV��ORQJ�LQWHJHUV�DOORZ
RSHUDWLRQV�RQ�LQWHJHUV�RXWVLGH�WKH�UDQJH�RI�PRVW�PLFURFRPSXWHUV��JHQHUDOO\���������WR��������RQ�D
���ELW�PDFKLQH���,Q�FRPSXWDWLRQV��ORQJ�LQWHJHUV�DFW�OLNH�UHDO�QXPEHUV��KRZHYHU��WKH\�DFW�PRUH�OLNH�VHWV
LQ�WKH�ZD\�WKH\�DUH�LPSOHPHQWHG�DQG�LQ�WKH�ZD\�WKH\�DUH�SDVVHG�DV�SDUDPHWHUV�

3.17.1. Number Format

2Q�WKH�VWDFN��ZKHQ�XVHG�LQ�FDOFXODWLRQV���ORQJ�LQWHJHUV�DUH�RI�YDULDEOH�OHQJWK��DQG�FRQVLVW�RI�D�OHQJWK�ZRUG
IROORZHG�E\�D�QXPEHU�FRPSRQHQW��$Q�LQWHJHU�ILYH�ZRUGV�ORQJ�WKDW�LV�RQ�WKH�WRS�RI�VWDFN�ORRNV�OLNH�WKLV�

       +-----------+
SP --> |     5     | length word
       +-----------+
       |           |
       } number    |
       | component | five words of number
       |           |
       +-----------+
       |    ...    | rest of stack

(YHU\�ORQJ�LQWHJHU�RQ�WKH�VWDFN�KDV�WKLV�IRUPDW��UHJDUGOHVV�RI�WKH�SURFHVVRU��+RZHYHU��WKH�DFWXDO�QXPEHU
HQFRGLQJ�YDULHV�IURP�SURFHVVRU�WR�SURFHVVRU��7KH�QXPEHU�IRUPDW�IRU�GLIIHUHQW�SURFHVVRUV�LV�JLYHQ�ODWHU
LQ�WKLV�VHFWLRQ�

:KHQ�D�ORQJ�LQWHJHU�LV�DVVLJQHG�WR�D�YDULDEOH��RU�VWRUHG�LQ�D�ILOH�RQ�GLVN��RQO\�WKH�QXPEHU�FRPSRQHQW�LV
SUHVHQW��7KH�OHQJWK�ZRUG�LV�SUHVHQW�RQO\�ZKHQ�WKH�QXPEHU�LV�RQ�WKH�VWDFN��(DFK�ORQJ�LQWHJHU�YDULDEOH�LV
DOORFDWHG�D�IL[HG�QXPEHU�RI�ZRUGV��:KHQ�D�ORQJ�LQWHJHU�LV�DVVLJQHG�WR�D�YDULDEOH��WKH�QXPEHU�PXVW�EH
FRHUFHG�WR�WKH�VWRUDJH�VL]H�RI�WKH�YDULDEOH��,I�WKLV�FDQ
W�EH�GRQH��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�RFFXUV�

7KH�VWRUDJH�VL]H�IRU�ORQJ�LQWHJHUV�LV�IURP�WZR�WR�WHQ�ZRUGV��EDVHG�RQ�WKH�QXPEHU�RI�GLJLWV�VSHFLILHG�LQ�WKH
GHFODUDWLRQ�VWDWHPHQW��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�DOORFDWLRQ�VL]H�IRU�HDFK�GHFODUHG�VL]H�

GLJLWV VL]H��ZRUGV�

���� �
���� �
����� �
������ �
������ �
������ �
������ �
������ �
������ ��
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7KH�GHFODUDWLRQ�VL]H�UHIOHFWV�WKH�DSSUR[LPDWH�QXPEHU�RI�GLJLWV�WKDW�PD\�EH�VWRUHG�LQ�WKH�QXPEHU��6LQFH
ORQJ�LQWHJHU�IRUPDWV�YDU\�IURP�SURFHVVRU�WR�SURFHVVRU��PRUH�GLJLWV�WKDQ�WKH�GHFODUHG�QXPEHU�RI�GLJLWV�PD\
VRPHWLPHV�EH�VWRUHG�LQ�D�ORQJ�LQWHJHU�YDULDEOH��$V�D�UHVXOW��WKH�RYHUIORZ�YDOXH�IRU�D�ORQJ�LQWHJHU�PD\�YDU\
IURP�SURFHVVRU�WR�SURFHVVRU��7KH�IDFW�WKDW�PRUH�GLJLWV�WKDQ�WKH�GHFODUHG�VL]H�PD\�EH�VWRUHG�LQ�D�ORQJ
LQWHJHU�YDULDEOH�VKRXOGQ
W�EH�UHOLHG�XSRQ��VLQFH�LW�ZRXOG�UHGXFH�WKH�SRUWDELOLW\�RI�D�SURJUDP��7KH�QXPEHU
RI�GLJLWV�VSHFLILHG�LQ�WKH�GHFODUDWLRQ�RI�D�ORQJ�LQWHJHU�VKRXOG�EH�WUHDWHG�DV�WKH�PD[LPXP�QXPEHU�RI�GLJLWV
WKDW�WKH�QXPEHU�ZLOO�HYHU�KROG�

3.17.2. Long Integer Constants

/RQJ�LQWHJHU�FRQVWDQWV�DUH�FRQVWUXFWHG�DW�UXQ�WLPH�E\�FRGH�JHQHUDWHG�E\�WKH�FRPSLOHU��7KLV�FRGH�EXLOGV
HDFK�FRQVWDQW�E\�GRLQJ�D�VHULHV�RI�FDOFXODWLRQV�RQ�LQWHJHUV��WKXV�VLGHVWHSSLQJ�WKH�SUREOHPV�DVVRFLDWHG�ZLWK
WKH�IDFW�WKDW�ORQJ�LQWHJHU�IRUPDWV�DUH�SURFHVVRU�GHSHQGHQW�

([DPSOH����7R�EXLOG�WKH�ORQJ�LQWHJHU�FRQVWDQW�����WKH�FRPSLOHU�JHQHUDWHV�FRGH�WR�GR�WKH�IROORZLQJ�

CVT (12)

ZKHUH����LV�DQ�LQWHJHU�FRQVWDQW��DQG�&97�LV�WKH�URXWLQH�WR�FRQYHUW�DQ�LQWHJHU�WR�D�ORQJ�LQWHJHU�

([DPSOH����7R�EXLOG�WKH�ORQJ�LQWHJHU�FRQVWDQW���������WKH�FRPSLOHU�JHQHUDWHV�FRGH�WR�GR�WKH�IROORZLQJ�

CVT(23554)*CVT(10) + CVT(3)

([DPSOH����7R�EXLOG�����������WKH�FRPSLOHU�JHQHUDWHV�FRGH�WR�GR�WKH�IROORZLQJ�

-( CVT(8733)*CVT(1000) + CVT(442) )

+HUH�LV�D�OLVWLQJ�RI�WKH�DFWXDO�S�FRGH�JHQHUDWHG�IRU�WKH�ODVW�H[DPSOH��7KH�ORQJ�LQWHJHU�URXWLQHV�FDOOHG�WR
GR�HDFK�RSHUDWLRQ�DUH�GHVFULEHG�LQ�GHWDLO�ODWHU�

42(02A): LDCI 8733 811D22
45(02D): SLDC 18 12 CVT
46(02E): SCXG LONGOPS 2 7202
48(030): LDCI 1000 81E803
51(033): SLDC 18 12 CVT
52(034): SCXG LONGOPS 2 7202
54(036): SLDC 8 08 *
55(037): SCXG LONGOPS 2 7202
57(039): LDCI 442 81BA01
60(03C): SLDC 18 12 CVT
61(03D): SCXG LONGOPS 2 7202
63(03F): SLDC 2 02 +
64(040): SCXG LONGOPS 2 7202
66(042): SLDC 6 06 NEG
67(043): SCXG LONGOPS 2 7202
69(045): SLDC 10 0A
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3.17.3. LONGOPS Routines

/21*236�LV�WKH�3DVFDO�81,7�WKDW�LPSOHPHQWV�WKH�ORQJ�LQWHJHU�IXQFWLRQV��/21*236�FRQWDLQV�WKUHH
SURFHGXUHV��)5($''(&�UHDGV�D�ORQJ�LQWHJHU��):5,7('(&�ZULWHV�D�ORQJ�LQWHJHU��DQG�'(&236�SHUIRUPV
WKH�ORQJ�LQWHJHU�DULWKPHWLF�IXQFWLRQV�

$OWKRXJK�/21*236�LVQ
W�SDUW�RI�WKH�S�PDFKLQH��LW�LV�LQ�6<67(0�/,%5$5<���LW�LVQ
W�D�QRUPDO�3DVFDO
81,7�HLWKHU��1RUPDOO\��D�3DVFDO�SURFHGXUH�RU� IXQFWLRQ�PXVW�KDYH� IL[HG�VL]H�SDUDPHWHUV��ZKHUH�WKH
SDUDPHWHU�VL]H�LV�NQRZQ�DW�FRPSLOH�WLPH��7KHUH�LV�RQH�SURFHGXUH�LQ�/21*236��'(&236��WKDW�WDNHV
YDULDEOH�VL]H�SDUDPHWHUV��2QH�ZD\�WR�YLHZ�WKLV�LV�WKDW�HDFK�FDOO�WR�'(&236�LV�OLNH�WKH�H[HFXWLRQ�RI�D�VLQJOH
S�FRGH�LQ�WKH�30(��'LIIHUHQW�IXQFWLRQV�RI�'(&236�WDNH�GLIIHUHQW�SDUDPHWHUV�DQG�UHWXUQ�GLIIHUHQW�UHVXOWV�
MXVW�DV�GLIIHUHQW�S�FRGHV�GR��,Q�IDFW��'(&236�SHUIRUPV�IXQFWLRQV�YHU\�VLPLODU�WR�WKH�VHW�S�FRGHV�LQ�WKH
30(�

3.17.4. DECOPS Routines

'(&236�LV�DQ�H[WHUQDO��DVVHPEO\�ODQJXDJH��SURFHGXUH�LQ�81,7�/21*236�WKDW�SHUIRUPV�WKH� ORQJ
LQWHJHU�IXQFWLRQV�

3DUDPHWHUV�DUH�SDVVHG�WR�'(&236�RQ�WKH�VWDFN��2Q�HYHU\�FDOO��WKH�VWDFN�ORRNV�DV�IROORZV�

        +-----------------+ 
SP -->  | return address  | one or two words
        +-----------------+
        | function code   | one word
        +-----------------+
        |       ...       |
        |   parameters    | variable size
        |       ...       |
        +-----------------+
        |       ...       | rest of stack

7KH�UHWXUQ�DGGUHVV�LV�WKH�VWDQGDUG�UHWXUQ�LQIRUPDWLRQ�IRU�DQ\�DVVHPEO\�ODQJXDJH�URXWLQH��5HIHU�WR�WKH
DVVHPEOHU�GRFXPHQWDWLRQ�IRU�D�GHVFULSWLRQ�RI�WKLV�LQIRUPDWLRQ���7KH�UHWXUQ�DGGUHVV�LVQ
W�DOZD\V�RQ�WRS
RI�WKH�VWDFN��7KH�+3�����IRU�H[DPSOH��XVHV�D�VHSDUDWH�VWDFN��

7KH�IXQFWLRQ�FRGH�LV�D�ZRUG�WKDW�GHVFULEHV�WKH�IXQFWLRQ�WKDW�LV�WR�EH�SHUIRUPHG��7KH�DFWLRQV�SHUIRUPHG
E\�HDFK�IXQFWLRQ�DUH�GLVFXVVHG�EHORZ��DORQJ�ZLWK�WKH�QXPHULF�YDOXH�RI�WKH�DVVRFLDWHG�IXQFWLRQ�FRGH�
)XQFWLRQ�FRGHV�DUH�HYHQ�LQWHJHUV�EHWZHHQ���DQG�����(YHQ�LQWHJHUV�DUH�XVHG�WR�IDFLOLWDWH�MXPSLQJ�LQGLUHFWO\
WKURXJK�D�ZRUG�DUUD\�RI�DGGUHVVHV�

7KH�SDUDPHWHUV�YDU\�IRU�HDFK�ORQJ�LQWHJHU�IXQFWLRQ��7KH�SDUDPHWHU�UHTXLUHPHQWV�IRU�HDFK�URXWLQH�DUH
LQFOXGHG�LQ�WKH�GHVFULSWLRQ�RI�WKH�URXWLQH�
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8VXDOO\��'(&236�UHWXUQV�WR�WKH�30(�DV�D�QRUPDO�DVVHPEO\�ODQJXDJH�URXWLQH�GRHV��+RZHYHU��LQ�FHUWDLQ
HUURU�FRQGLWLRQV��'(&236�PXVW�UHWXUQ�WR�D�GLIIHUHQW�ORFDWLRQ�LQ�WKH�30(�VR�WKDW�DQ�H[HFXWLRQ�HUURU�PD\
EH�UHFRJQL]HG��7KLV�PHWKRG�RI�UHWXUQLQJ�LV�XVXDOO\�YLD�WKH��,17(53�MXPS�YHFWRU��EXW�WKHUH�DUH�H[FHSWLRQV
WR�WKLV�

%HORZ�DUH�WKH�GHVFULSWLRQV�RI�HDFK�URXWLQH�LQ�'(&236��7KH�ILUVW�OLQH�RI�HDFK�GHVFULSWLRQ�FRQWDLQV�WKH
IXQFWLRQ�FRGH��IROORZHG�E\�D�GHVFULSWLYH�QDPH�RI�WKH�IXQFWLRQ��1H[W�DUH�GHVFULSWLRQV�RI�WKH�SDUDPHWHUV�DQG
WKH�UHWXUQ�YDOXH�V���)LQDOO\��WKHUH�LV�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�IXQFWLRQ��LQFOXGLQJ�DQ\�HUURU�FRQGLWLRQV
WKDW�VKRXOG�EH�UHFRJQL]HG�

,Q�WKH�SDUDPHWHU�DQG�UHWXUQ�YDOXH�GHVFULSWLRQV��WKH�WRS�RI�VWDFN��726��LV�RQ�WKH�OHIW��DQG�LWHPV�GHHSHU�RQ
WKH�VWDFN�DUH�RQ�WKH�ULJKW��+HUH�DUH�WKH�DEEUHYLDWLRQV�XVHG�LQ�WKH�GHVFULSWLRQV�

/, /RQJ�,QWHJHU��$�YDULDEOH�OHQJWK�ORQJ�LQWHJHU��FRQWDLQLQJ�D�OHQJWK�ZRUG�
$/, $GMXVWHG�/RQJ�,QWHJHU��$�IL[HG�OHQJWK�ORQJ�LQWHJHU�WKDW�GRHV�QRW�FRQWDLQ�D�OHQJWK�ZRUG�
: :RUG��$����ELW�TXDQWLW\�
% %RROHDQ��$�ERROHDQ�TXDQWLW\��� 758(��� )$/6(�

3.17.4.1. 0 - Adjust

SDUDPHWHUV� �:!��/,!
UHWXUQ�YDO� �$/,!

$GMXVWV��/,!�LQWR�DQ�DGMXVWHG�ORQJ�LQWHJHU��$/,!�VXLWDEOH�IRU�DVVLJQPHQW�WR�D�YDULDEOH��,W�GRHV�WKLV�E\
VWULSSLQJ�RII�WKH�VL]H�ZRUG�IURP��/,!��WKHQ�H[SDQGLQJ�RU�FRQWUDFWLQJ��/,!�XQWLO�LW�LV��:!�ZRUGV�LQ
OHQJWK��,I�D�FRQWUDFWLRQ�FDQ
W�EH�GRQH�EHFDXVH�RI�RYHUIORZ��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�RFFXUV�

3.17.4.2. 2 - Add

SDUDPHWHUV� �/,��!��/O��!
UHWXUQ�YDO� �/,��!

$GGV��/O��!�DQG��/,��!��SODFLQJ�WKH�UHVXOW�RQ�WKH�VWDFN�DV��/,��!��,I�WKH�UHVXOW��/,��!�KDV�PRUH�WKDQ
���GLJLWV��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�PD\�RFFXU�

3.17.4.3. 4 - Subtract

SDUDPHWHUV� �/O��!��/O��!
UHWXUQ�YDO� �/,��!

6XEWUDFWV��/O��!�IURP��/,��!��SODFLQJ�WKH�UHVXOW�RQ�WKH�VWDFN�DV��/,��!�,I�WKH�UHVXOW��/O��!�KDV�PRUH
WKDQ����GLJLWV��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�PD�RFFXU�
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3.17.4.4. 6 - Negate

SDUDPHWHUV� �/,��!
UHWXUQ�YDO� �/,��!

1HJDWHV��/,��!��SODFLQJ�WKH�UHVXOW�RQ�WKH�VWDFN�DV��/O��!�

3.17.4.5. 8 - Multiply

SDUDPHWHUV� �/,��!��/,��!
UHWXUQ�YDO� �/,��!

0XOWLSOLHV��/,��!�DQG��/,��!��SODFLQJ�WKH�UHVXOW�RQ�WKH�VWDFN�DV��/,��!��,I�WKH�UHVXOW��/,��!�KDV�PRUH
WKDQ����GLJLWV��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�PD\�RFFXU�

3.17.4.6. 10 - Divide

SDUDPHWHUV� �/,��!��/,��!
UHWXUQ�YDO� �/,��!

'LYLGHV��/,��!�E\��/,��!��SODFLQJ�WKH�UHVXOW�RQ�WKH�VWDFN�DV��/,��!��,I�WKH�UHVXOW��/,��!�KDV�PRUH�WKDQ
���GLJLWV��DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�PD\�RFFXU��,I��/,��!�LV�]HUR�D�GLYLGH�E\�]HUR�H[HFXWLRQ
HUURU�RFFXUV�

3.17.4.7. 12 - Long Integer to String

SDUDPHWHUV� �:��!��:��!��/,!
UHWXUQ�YDO�

&RQYHUWV��/,!�LQWR�D�VWULQJ��SODFLQJ�WKH�UHVXOW�DW�WKH�ORFDWLRQ�SRLQWHG�WR�E\��:��!���:��!�LV�WKH
PD[LPXP�OHQJWK�RI�WKH�VWULQJ��,I��/,!�UHTXLUHV�PRUH�WKDQ��:��!�FKDUDFWHUV�WR�UHSUHVHQW��D�VWULQJ
RYHUIORZ�H[HFXWLRQ�HUURU�RFFXUV�

3.17.4.8. 14 - TOS�1 Integer to Long Integer

SDUDPHWHUV� �/,��!��:!
UHWXUQ�YDO� �/,��!��/,��!

&RQYHUWV�WKH�LQWHJHU�DW�726����:!�LQWR�D�ORQJ�LQWHJHU��/,��!��OHDYLQJ�WKH�ORQJ�LQWHJHU�DW�726��/,��!
XQFKDQJHG�
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3.17.4.9. 16 - Compare

SDUDPHWHUV� �:!��/,��!��/O��!
UHWXUQ�YDO� �%!

YDOXH�RI��:! FRPSDULVRQ

� OHVV�WKDQ
� OHVV�WKDQ�RU�HTXDO
� JUHDWHU�WKDQ�RU�HTXDO
� JUHDWHU�WKDQ
� QRW�HTXDO
� HTXDO

3HUIRUPV�WKH�FRPSDULVRQ�HQFRGHG�LQ��:!�RI�WKH�ORQJ�LQWHJHUV��/O��!�DQG��/O��!��SODFLQJ�WKH�ERROHDQ
UHVXOW��%!�RQ�WKH�VWDFN��,Q�DOO�FDVHV���/,��!�LV�FRPSDUHG�WR��/,��!��LQ�WKDW�RUGHU�

3.17.4.10. 18 - TOS Integer to Long Integer

SDUDPHWHUV� �:!
UHWXUQ�YDO� �/,!

&RQYHUWV�WKH�LQWHJHU�DW�726��:!�LQWR�D�ORQJ�LQWHJHU��/,!�

3.17.4.11. 20 - Long Integer to Integer

SDUDPHWHUV� �/,!
UHWXUQ�YDO� �:!

&RQYHUWV�D�ORQJ�LQWHJHU��/,!�LQWR�DQ�LQWHJHU��:!��,I�WKH�FRQYHUVLRQ�FDQ
W�EH�PDGH���/,!�LVQ
W�LQ�WKH
UDQJH�����������������DQ�LQWHJHU�RYHUIORZ�H[HFXWLRQ�HUURU�RFFXUV�
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3.17.5. Processor-Specific Information

3.17.5.1. 8086/8088/LSI-11/6809/9900

7KHVH�SURFHVVRUV�XVH�D�WZR
V�FRPSOHPHQW� IRUPDW�WKDW� LV�VWRUHG� LQ�QDWXUDO�E\WH�RUGHU�ZLWK�WKH�PRVW
VLJQLILFDQW�ELWV�DSSHDULQJ�DW�WKH�ORZHVW�E\WH�DGGUHVV��7KH�PRVW�VLJQLILFDQW�ELW�UHSUHVHQWV�WKH�VLJQ�RI�WKH
QXPEHU��D���PHDQV�SRVLWLYH��DQG�D���PHDQV�QHJDWLYH�

([DPSOHV��KH[DGHFLPDO��

0000 0000 6C33     is 27699
FFFF FFF6          is -10
0000 0000          is 0

3.17.5.2. 68000

7KH�������XVHV�D�VLJQ�PDJQLWXGH�%LQDU\�&RGHG�'HFLPDO��%&'��IRUPDW�ZLWK�WKH�ILUVW�ZRUG�D�VLJQ�ZRUG�
7KH�PDJQLWXGH�SDUW�RI�WKH�ORQJ�LQWHJHU�LV�VWRUHG�LQ�QDWXUDO�E\WH�RUGHU��ZLWK�WKH�PRVW�VLJQLILFDQW�GLJLWV�LQ
WKH�E\WH�ZLWK�WKH�ORZHVW�DGGUHVV��DQG�WKH�QXPEHU�LV�ULJKW�MXVWLILHG�ZLWKLQ�WKH�ILHOG��,Q�WKH�VLJQ�ZRUG���
PHDQV�SRVLWLYH��DQG�))))�PHDQV�QHJDWLYH�

([DPSOHV�

00 00  00 02  76 99    is 27699
FF FF  00 10           is -10
00 00  00 00           is 0
FF FF  00 00           is also 0

3.17.5.3. Z80/8080/6502

7KHVH�SURFHVVRUV�KDYH�WKH�VDPH�IRUPDW�DV�WKH�������H[FHSW�WKDW�RQO\�WKH�OHDVW�VLJQLILFDQW�E\WH�RI�WKH�VLJQ
ZRUG�LV�XVHG��WKDW�LV�������PHDQV�SRVLWLYH��DQG�))���PHDQV�QHJDWLYH��

([DPSOHV�

0000 00 02 76 99    is 27699
FF00 00 10          is -10
0000 00 00          is 0
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3.17.5.4. HP-87

7KH�+3����XVHV�D�WHQ
V�FRPSOHPHQW�%&'�IRUPDW�ZLWK�WKH�OHDVW�VLJQLILFDQW�GLJLW�DSSHDULQJ�DW�WKH�ORZHVW
DGGUHVV��$���LQ�WKH�PRVW�VLJQLILFDQW�GLJLW�PHDQV�QHJDWLYH��D���PHDQV�SRVLWLYH�

([DPSOHV��OHDVW�VLJQLILFDQW�GLJLW�ILUVW��

99 67 20 00    is 27699
09 99 99 99    is -10
00 00 00 00    is 0
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4. LOW-LEVEL I/O

4.1. THE I/O SUBSYSTEM

%HVLGHV� HPXODWLQJ� WKH� S�PDFKLQH�� HDFK� 30(� PXVW� FRQWDLQ� VRPH� QDWLYH� FRGH� WR� SHUIRUP� FHUWDLQ
WLPH�FULWLFDO�RSHUDWLRQV�DQG�GHDO�ZLWK�KDUGZDUH�GHSHQGHQFLHV�VXFK�DV�,�2�GHYLFHV��7KH�ERG\�RI�FRGH�WKDW
LV�QRW�GHYRWHG�WR�HPXODWLQJ�S�FRGH�LV�FDOOHG�WKH�5XQ�7LPH�6XSSRUW�3DFNDJH��563���7KH�SRUWLRQ�RI�WKH�563
WKDW�LV�UHVSRQVLEOH�IRU�,�2�LV�FDOOHG�WKH�563�,2�

7R�PDNH�WKH�V\VWHP�DV�SRUWDEOH�DV�SRVVLEOH��WKH�563�,2�LV�PDFKLQH�LQGHSHQGHQW��H[FHSW�IRU�D�SRUWLRQ
FDOOHG�WKH�%DVLF�,QSXW�2XWSXW�6XEV\VWHP��%,26���7KH�%,26�PXVW�YDU\�GHSHQGLQJ�RQ�WKH�KDUGZDUH�LQ�XVH�
EXW�WKH�LQWHUIDFH�EHWZHHQ�WKH�%,26�DQG�WKH�563�,2�LV�VWDQGDUG�³�FDOOV�WR�URXWLQHV�LQ�WKH�%,26�DUH�FOHDUO\
GHILQHG�

7KXV��ZH�KDYH�WKH�,�2�KLHUDUFK\�VKRZQ�LQ�)LJXUH������WKH�XVHU
V�,�2�FDOOV��WKDW�LV��5($'/1��:5,7(/1�
DUH� PDSSHG� E\� WKH� FRPSLOHU� DQG� RSHUDWLQJ� V\VWHP� LQWR� FDOOV� WR� WKH� 563� �WKDW� LV�� 81,75($'�
81,7:5,7(��� 7KH�563�,2� LWVHOI� FDOOV� WKH� %,26�ZKLFK� FRQWUROV� WKH� DFWXDO� GHYLFH� RSHUDWLRQV�� ,W� LV
LPSRUWDQW�IRU�WKH�UHDGHU�WR�UHFRJQL]H�WKDW�KHUH�ZH�DUH�GLVFXVVLQJ�D�V\QFKURQRXV�,�2�V\VWHP��,Q�RWKHU
ZRUGV��ZKHQ�DQ�,�2�UHTXHVW�KDV�EHHQ�LQLWLDWHG�E\�\RXU�SURJUDP��FRQWURO�GRHVQ
W�UHWXUQ�WR�WKDW�SURJUDP
XQWLO�WKH�,�2�RSHUDWLRQ�LV�FRPSOHWHG�

7KLV�FKDSWHU�GHVFULEHV�WKH�EHKDYLRU�DQG�LQWHUIDFHV�RI�WKH�563�,2�DQG�%,26��7KH�6%,26��6LPSOLILHG�%,26�
LV�GHVFULEHG�LQ�WKH�$GDSWDEOH�6\VWHP�,QVWDOODWLRQ�0DQXDO��7KH�HDVLHVW�ZD\�WR�GHVFULEH�LWV�UHODWLRQ�WR�WKH
%,26�DQG�563�,2�LV�WR�VNHWFK�WKH�KLVWRU\�RI�,�2�VXSSRUW�ZLWKLQ�WKH�S�6\VWHP�

7KH� ILUVW� LPSOHPHQWDWLRQ� ZDV� IRU� WKH� 3'3����� ZKLFK� KDV� ZHOO�HVWDEOLVKHG� VWDQGDUG� LQWHUIDFHV� WR
SHULSKHUDO� GHYLFHV� �UHJDUGOHVV� RI� PDQXIDFWXUHU��� ,Q� WKLV� HQYLURQPHQW�� WKHUH� ZDV� QR� QHHG� IRU� ,�2
DGDSWDWLRQ�

:KHQ�WKH�S�6\VWHP�ZDV�DGDSWHG�WR�WKH������DQG�=����WKH�S�6\VWHP�XVHG�&3�0�%,26�UXQ�WLPH�WR�SHUIRUP
ORZ�OHYHO�,�2��$V�DGDSWDWLRQV�IRU�DGGLWLRQDO�SURFHVVRUV��WKDW�LV��WKH������DQG�������ZHUH�EHJXQ��KRZHYHU�
LW�EHFDPH�FOHDU�WKDW�WKH�S�6\VWHP�QHHGHG�VRPH�DQDORJ�WR�WKH�&3�0�%,26��,W�ZDV�DW�WKLV�SRLQW�WKDW�WKH
S�6\VWHP�%,26��HVVHQWLDOO\�DV�GHVFULEHG�LQ�WKLV�FKDSWHU��ZDV�FUHDWHG�DQG�VWDQGDUGL]HG�

7KH�ILQDO�VWHS�LQ�WKLV�,�2�GHYHORSPHQW�WRRN�SODFH�DW�6RI7HFK�0LFURV\VWHPV��ZKHUH�LW�ZDV�UHDOL]HG�WKDW�

�� 7KH�%,26�GHILQLWLRQ�GLGQ
W�DGGUHVV�WKH�SUREOHP�RI�VWDQGDUGL]LQJ�ERRWVWUDS�PHFKDQLVPV��DQG

�� ,PSOHPHQWLQJ�D�%,26�ZDV�D�GLIILFXOW�WDVN��DQG�YLUWXDOO\�UHTXLUHG�WKH�XVH�RI�DQ�DOUHDG\�UXQQLQJ
S�6\VWHP�
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7KH�DGDSWDEOH�V\VWHP�ZDV�FUHDWHG�WR�DGGUHVV�WKHVH�SUREOHPV��7KH�6%,26�LV�DV�VLPSOH�D�KDUGZDUH�LQWHUIDFH
DV�SRVVLEOH��,W�LV�FDOOHG�IURP�D�XQLW�RI��LQWHUIDFH�FRGH��WKDW�DFFHSWV�%,26�VW\OH�FDOOV�DQG�HPLWV�6%,26
URXWLQH�FDOOV��7KLV�LQWHUIDFH�FRGH�DOORZV�WKH�30(�6%,26�LQWHUIDFH�WR�EH�VLPSOHU�WKDQ�WKH�%,26�LQWHUIDFH�
7KH�563�,2�LV�HVVHQWLDOO\�XQFKDQJHG�

7KH� DGDSWDEOH� V\VWHP� DOVR� DGGUHVVHV� WKH� ERRWVWUDS� SUREOHP� E\� GHILQLQJ� D� KLHUDUFK\� RI� ERRWVWUDS
FRPSRQHQWV��RQO\�VRPH�RI�ZKLFK�QHHG�WR�EH�LPSOHPHQWHG�E\�WKH�XVHU�LQVWDOOLQJ�D�S�6\VWHP�

$�XVHU�ZKR�KDV�DFFHVV�WR�D�UXQQLQJ�S�6\VWHP�DQG�WKH�VRXUFH�FRGH�IRU�WKH�30(�DQG�6%,26�LQWHUIDFH�FRGH
PD\�ZLVK�WR�LPSOHPHQW�D�%,26�OHYHO�,�2�LQWHUIDFH��7KLV�LV�SRWHQWLDOO\�PRUH�HIILFLHQW�WKDQ�DQ�6%,26�OHYHO
DGDSWDWLRQ��VLQFH�WKH�PRUH�HODERUDWH�%,26�LQWHUIDFH�DOORZV�WKH�LPSOHPHQWRU�WR�WDNH�DGYDQWDJH�RI�VXFK
SHUIRUPDQFH�FKDUDFWHULVWLFV�DV�'LUHFW�0HPRU\�$FFHVV��'0$��VXSSRUW�LQ�WKH�GLVN�LQWHUIDFH�

%RWK�%,26�DQG�6%,26�,�2�LQWHUIDFHV�KDYH�EHHQ�FUHDWHG�DV�WKH�V\VWHP�ZDV�DGDSWHG�WR�QHZ�HQYLURQPHQWV�
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  "Language Level"                  A USER
                                       |
                                       v
                                  THE SYSTEM
                                       |
 - - - - - - - - - - - - - - - - - - - | - - - - - - - - - - - - - - - - -
  "PME Level"                          |
                                       |device no., data area address,
                                       |byte count
                                       |[, block no., control word]
                                       v
                                   DEVICE I/O
                             (parameter checking)
                                       |
                                       v
         +----------------+------------+-------------+-----------+
         |                |            |             |           |
         |Console         |Printer     |Disk         |Remote     |User-
         v                v            v             v           | defined
    SPECIAL CHAR     SPECIAL CHAR      |       SPECIAL CHAR      |Devices
      HANDLING         HANDLING        |         HANDLING        |
  (DLEs,CRs,EOF    (DLEs, CRs, EOF     |      DLEs, CRs, EOF     |
    & alphalock)      & alphalock)     |        & alphalock)     |
 (write)|   |(read)       |            |drive no.,   |           |device no.,
        |   |             |            |data area    |           |data area
  single|   |single       |single      | address,    |single     | address,
    data|   |data         |data        |byte count,  |data       |byte count,
    byte|   |byte         |byte        |logical      |byte       |logical
        |   |             |            |block no.    |           |block no.
- - - - | - | - - - - - - | - - - - - -| - - - - - - |- - - - - -|- - - - - -
"BIOS   |   |             |            |             |           |
Level"  |   |             v            v             v           v
        |   |          PRINTER        DISK      SERIAL LINE  MISCELLANEOUS
        |   |        PRIMITIVES      MAPPER     PRIMITIVES     DEVICE
        |   +--------+            (Map logical                 DRIVERS
        |            |               blocks into
        |            v             track & sector)
        |       TYPE-AHEAD               |
        |          QUEUE                 v
        |            |                  DISK
        |            v               PRIMITIVES
        |<------SPECIAL CHAR
        |         HANDLING
        |  (start/stop, flush, break)
        |            |
        v            v
     SCREEN      KEYBOARD
   PRIMITIVES   PRIMITIVES

Figure 4-1: I/O Sub system Hierarchy
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4.2. DEVICE I/O ROUTINES

$V�PHQWLRQHG�DERYH��DOO�ODQJXDJH�OHYHO�,�2�UHTXHVWV�DUH�HYHQWXDOO\�PDSSHG�E\�WKH�FRPSLOHU�DQG�RSHUDWLQJ
V\VWHP�LQWR�FDOOV�WR�D�JURXS�RI�LQWULQVLF�URXWLQHV�NQRZQ�DV�WKH�GHYLFH�,�2�URXWLQHV��7KH�SURJUDPPHU�PD\
FDOO�WKH�GHYLFH�URXWLQHV�GLUHFWO\��RU�PD\�XVH�WKH�VWDQGDUG�,�2�V\QWD[�RI�WKH�ODQJXDJH�LQ�XVH��7KH�H[DFW
GHWDLOV�RI�KRZ�WKLV�PDSSLQJ�LV�DFFRPSOLVKHG�GRQ
W�FRQFHUQ�XV�KHUH��7KH�GHYLFH�,�2�URXWLQHV�DUHQ
W�ZULWWHQ
LQ�3DVFDO��EXW�DUH�WKH�QDWLYH�FRGH�SURFHGXUHV�WKDW�FRQVWLWXWH�WKH�563�,2�

7KURXJKRXW�WKLV�FKDSWHU��LW�LV�DVVXPHG�WKDW�DOO�,�2�VXSSRUW�DW�RU�EHORZ�WKH�GHYLFH�,�2�OHYHO�LV�LPSOHPHQWHG
LQ�DVVHPEO\� ODQJXDJH�� ,I�S�FRGH� LV� WKH�QDWLYH� ODQJXDJH�RI� WKH�KRVW�SURFHVVRU�� WKHVH�URXWLQHV�PD\�EH
LPSOHPHQWHG�LQ�3DVFDO�

7KH�563�,2�URXWLQHV�DUH�LPSOHPHQWHG�DQG�DFFHVVHG�DV�URXWLQHV�RI�WKH�RSHUDWLQJ�V\VWHP
V�XQLW�.(51(/�
.(51(/�LV�DFFHVVLEOH�DV�VHJPHQW���RI�HYHU\�FRPSLODWLRQ�XQLW��7KH�DFWXDO�FRGH�IRU�WKH�URXWLQHV�PD\�UHVLGH
LQ�WKH�30(�LWVHOI��LQVWHDG�RI�LQ�.(51(/�

4.2.1. Calling the RSP/IO

,I�\RX�PDNH�GLUHFW�FDOOV�WR�GHYLFH�,�2�URXWLQHV��WKH\�ORRN�OLNH�DQ\�RWKHU�LQWULQVLF�URXWLQH��LI�WKH\�DFWXDOO\
ZHUH�GHFODUHG�LQ�3DVFDO��WKH�GHFODUDWLRQV�ZRXOG�KDYH�WKH�IROORZLQJ�IRUPDW��DOORZLQJ�D�IHZ�LOOHJLWLPDWH
FRQVWUXFWV�VXFK�DV�RSWLRQDO�SDUDPHWHUV�DQG�YDULDEOH�OHQJWK�DUUD\V��

PROCEDURE UNITREAD( UNITNUMBER : INTEGER;
        VAR DATAAREA : PACKED ARRAY [0..BYTESTOTRANSFER-1]
                                      OF 0..255;
             BYTESTOTRANSFER : INTEGER
             [; LOGICALBLOCK : INTEGER]
             [; CONTROL : INTEGER] );

   PROCEDURE UNITWRITE( <same as for UNITREAD> );

   FUNCTION UNITBUSY( UNITNUMBER : INTEGER ) : BOOLEAN;

   PROCEDURE UNITWAIT( UNITNUMBER : INTEGER );

   PROCEDURE UNITCLEAR( UNITNUMBER : INTEGER );

   PROCEDURE UNITSTATUS( UNITNUMBER : INTEGER;
        VAR STATUSWORDS : ARRAY [0..29] OF INTEGER;
             CONTROL : INTEGER );

5HPHPEHU� WKDW� QR� VXFK� GHFODUDWLRQV� DFWXDOO\� H[LVW� LQ� WKH� V\VWHP�� 7KH\� DUH� LQWHQGHG� WR�PRGHO� WKH
SDUDPHWHUV�SDVVHG�DQG�UHWXUQHG�E\�WKH�QDWLYH�FRGH�563�,2�URXWLQHV�
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4.2.1.1. Devices and Device Numbers

(DFK�GHYLFH�LV�UHIHUUHG�WR�LQ�WKH�V\VWHP�E\�D�JLYHQ�QXPEHU��7KH�IRUPDO�SDUDPHWHU�81,7180%(5�LQ�WKH
GHFODUDWLRQV�DERYH�GHWHUPLQHV�ZKLFK�SK\VLFDO�GHYLFH�WKH�RSHUDWLRQ�LV�LQWHQGHG�IRU��7KXV��WKH�GHYLFH�,�2
URXWLQHV�DUH�GHYLFH�WUDQVSDUHQW�WR�WKH�3DVFDO�SURJUDPPHU��WKH�VDPH�SURFHGXUH�ZLOO�KDQGOH�DQ\�SK\VLFDO
GHYLFH��)LJXUH�����LV�D�OLVW�RI�WKH�SUHGHILQHG�GHYLFH�QXPEHUV�DVVRFLDWHG�ZLWK�HDFK�SK\VLFDO�GHYLFH��7KH
PHDQLQJ�RI�WKH�RWKHU�SDUDPHWHUV�LV�GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU�

'HYLFH�1XPEHU 9ROXPH�1DPH

� �5HVHUYHG�IRU�WKH�V\VWHP!
� &2162/(
� 6<67(50
� �5HVHUYHG�IRU�WKH�V\VWHP!
� GLVN�
� GLVN�
� 35,17(5
� 5(0,1
� 5(0287
� GLVN�
�� GLVN�
�� GLVN�
�� GLVN�
�������� $GGLWLRQDO�GLVNV��VXEVLGLDU\�YROXPHV��DQG�XVHU�GHILQHG�VHULDO�GHYLFHV

Figure 4-2. Device Numbers

4.2.1.2. User-Defined Devices

7KH�V\VWHP�UHVHUYHV�DOO�GHYLFH�QXPEHUV�DERYH�����IRU�XVHU�GHILQHG�GHYLFHV��7KH\�KDYH�QR�SUHDVVLJQHG
QDPHV��EXW�FDQ�EH�DFFHVVHG�WKURXJK�WKH�81,7�LQWULQVLFV�DV�FDQ�GHYLFHV�ZLWK�SUHDVVLJQHG�QXPEHUV�
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4.2.1.3. CONTROL Parameters

7KH�&21752/�SDUDPHWHU�WR�81,75($'��81,7:5,7(��DQG�81,767$786�LV�D�ZRUG�XVHG�WR�SDVV
VSHFLDO�LQIRUPDWLRQ�WR�WKH�563�,2�DQG�%,26�UHJDUGLQJ�WKH�KDQGOLQJ�RI�WKH�,�2�UHTXHVW��7KH�IRUPDWV�RI
WKH�&21752/�ZRUGV�DUH�VKRZQ�LQ�)LJXUHV�����DQG��������6HW��HTXDOV�����UHVHW��HTXDOV����

      MSB                                                   LSB
      |  15-13  |   12-4   |   3    |   2    |   1    |   0   |
      |  USER   |          |        |        |        |       |
      | DEFINED |(Reserved)| NOCRLF | NOSPEC |PHYSSECT| ASYNC |
      |         |          |        |        |        |       |
Value |         |          |   8    |   4    |   2    |    1  |

Figure 4-3. CONTROL Word Fo rmat for UNITREAD and UNITWRITE

%LW���$6<1&
6HW�LPSOLHV�DV\QFKURQRXV�,�2�UHTXHVW��5HVHW�LPSOLHV�V\QFKURQRXV�,�2�UHTXHVW���7KLV�ELW�VKRXOG
DOZD\V�EH�UHVHW��

%LW���3+<66(&7
6HW�LPSOLHV��SK\VLFDO�VHFWRU�PRGH��IRU�GLVN�,�2��5HVHW�LPSOLHV��ORJLFDO�EORFN�PRGHO��IRU�GLVN�,�2�

%LW���1263(&
6HW�LPSOLHV��QR�VSHFLDO�FKDUDFWHU�KDQGOLQJ���5HVHW�LPSOLHV��VSHFLDO�FKDUDFWHU�KDQGOLQJ��

%LW���12&5/)
6HW�LPSOLHV�WKDW�QR�OLQH�IHHGV��/)V��DUH�WR�EH�DSSHQGHG�WR�FDUULDJH�UHWXUQV��&5V��GXULQJ�QRQ�GLVN
,�2��5HVHW�LPSOLHV�/)V�DUH�WR�EH�DSSHQGHG�WR�&5V�GXULQJ�QRQ�GLVN�,�2�

%LWV������5HVHUYHG�IRU�IXWXUH�H[SDQVLRQ�

%LWV�������8VHU�GHILQHG�IXQFWLRQV�

7KH�GHIDXOW�VHWWLQJ�IRU�DOO�WKHVH�ELWV�LV�UHVHW�����
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     MSB                   LSB
      |  15-13   |   12-1   |   0   |
      |  USER    |          |       |
      |DEFINED   |(Reserved)| IODIR |
      |          |          |       |
Value |          |          |   1   |

Figure 4-4. CONTROL Word Fo rmat for UNITSTATUS

%LW���,2',5
6HW�LPSOLHV�WKH�VWDWXV�RI�WKH�LQSXW�FKDQQHO�LV�WR�EH�UHWXUQHG��5HVHW�LPSOLHV�WKH�VWDWXV�RI�WKH�RXWSXW
FKDQQHO�LV�WR�EH�UHWXUQHG�

%LWV�����
5HVHUYHG�IRU�IXWXUH�H[SDQVLRQ�

%LWV������
8VHU�GHILQHG�IXQFWLRQV�

4.2.2. IORESULT and Completion Codes

$W�WLPHV��DQ�,�2�UHTXHVW�ZLOO�WHUPLQDWH�DEQRUPDOO\��7R�KDQGOH�HUURU�FRQGLWLRQV��D�SURJUDP�PD\�XVH�WKH
LQWULQVLF�,25(68/7��7KH�LQWHJHU�YDOXH�UHWXUQHG�E\�,25(68/7�GHVFULEHV�WKH�VWDWXV�RI�WKH�ODVW�,�2
UHTXHVW�

(DFK�FDOO�WR�81,75($'��81,7:5,7(��81,7&/($5��RU�81,767$786�FDXVHV�D��FRPSOHWLRQ�FRGH��WR
EH�VHW�LQ�WKH�6<6&20�GDWD�DUHD��6<6&20��IRU�6<6WHP�&20PXQLFDWLRQ�DUHD��LV�FRQYHQWLRQDOO\�WKH�RQO\
GDWD�VSDFH�WKDW�PD\�EH�GLUHFWO\�DFFHVVHG�E\�ERWK�WKH�RSHUDWLQJ�V\VWHP�DQG�WKH�30(���3URJUDPPHUV�PD\
WHVW�WKH�FRPSOHWLRQ�FRGH�E\�XVLQJ�,25(68/7�
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7KH�VWDQGDUG�FRPSOHWLRQ�FRGHV�DUH�JLYHQ�LQ�)LJXUH�����EHORZ�

&RGH 0HDQLQJ

� 1R�HUURU
� %DG�EORFN��&5&�HUURU��SDULW\�
� %DG�GHYLFH�QXPEHU
� ,OOHJDO�,�2�UHTXHVW
� 'DWD�FRP�WLPHRXW
� 9ROXPH�LV�QR�ORQJHU�RQ�OLQH
� )LOH�LV�QR�ORQJHU�LQ�GLUHFWRU\
� ,OOHJDO�ILOH�QDPH
� 1R�URRP��LQVXIILFLHQW�VSDFH�RQ�GLVN
� 1R�VXFK�YROXPH�RQ�OLQH
�� 1R�VXFK�ILOH�QDPH�LQ�GLUHFWRU\
�� 'XSOLFDWH�ILOH
�� 1RW�FORVHG��DWWHPSW�WR�RSHQ�DQ�RSHQ�ILOH
�� 1RW�RSHQ��DWWHPSW�WR�DFFHVV�D�FORVHG�ILOH
�� %DG�IRUPDW��HUURU�UHDGLQJ�UHDO�RU�LQWHJHU
�� 5LQJ�EXIIHU�RYHUIORZ
�� :ULWH�DWWHPSW�WR�SURWHFWHG�GLVN
�� ,OOHJDO�EORFN�QXPEHU
�� ,OOHJDO�EXIIHU�DGGUHVV
�� %DG�WH[W�ILOH�VL]H
������ 5HVHUYHG�IRU�IXWXUH�H[SDQVLRQ

&RGHV�����WKURXJK�����DUH�DYDLODEOH�IRU�QRQ�SUHGHILQHG��GHYLFH�GHSHQGHQW�HUURUV�

Figure 4-5. I/O Completion Codes

4.2.3. Logical Disk Structure

7KH�V\VWHP�YLHZV�D�GLVN�DV�D�]HUR�EDVHG�OLQHDU�DUUD\�RI�����E\WH�ORJLFDO�EORFNV��$OO�GLVNV�LQ�WKH�V\VWHP
KDYH�WKLV�ORJLFDO�VWUXFWXUH��UHJDUGOHVV�RI�WKHLU�SK\VLFDO�IRUPDW��7KH�SK\VLFDO�DOORFDWLRQ�XQLWV�RI�D�GLVN�DUH
FRPPRQO\�NQRZQ�DV�VHFWRUV��WKHVH�PD\�YDU\�ZLGHO\�IURP�RQH�PRGHO�RI�GULYH�WR�DQRWKHU��7KH�%,26�LV
UHVSRQVLEOH�IRU�PDSSLQJ�WKH�ORJLFDO�VWUXFWXUH�RI�D�V\VWHP�GLVN�RQWR�WKH�SK\VLFDO�VWUXFWXUH�RI�WKH�GHYLFH�
WKDW�LV��PDSSLQJ�ORJLFDO�EORFNV�RQWR�SK\VLFDO�VHFWRUV�
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4.2.3.1. Physical Sector Addressing Mode

7R�SURYLGH�HQKDQFHG�IOH[LELOLW\�IRU�V\VWHPV�SURJUDPPLQJ�DW�D�PDFKLQH�VSHFLILF�OHYHO��D�PHFKDQLVP�KDV
EHHQ�SURYLGHG�IRU�GLUHFWO\�DFFHVVLQJ�WKH�SK\VLFDO�VHFWRUV�RI�WKH�GLVN��:KHQ�WKH�3+<66(&7�ELW��ELW����YDOXH
���RI�WKH�&21752/�ZRUG�LV�VHW�RQ�D�FDOO�WR�81,75($'�RU�81,7:5,7(�LQYROYLQJ�D�GLVN�XQLW��WKH�,�2
LV�SHUIRUPHG�LQ�SK\VLFDO�VHFWRU�PRGH��7KLV�KDV�WKH�IROORZLQJ�HIIHFWV�

�� 7KH�SDUDPHWHU�/2*,&$/%/2&.�LV�LQWHUSUHWHG�E\�WKH�%,26�DV�WKH�SK\VLFDO�VHFWRU�QXPEHU��361��
�,Q�WKH�IXWXUH��WKLV�PD\�EHFRPH�WKH�OHDVW�VLJQLILFDQW����RU����ELWV�RI�WKH�361��

�� 7KH�SDUDPHWHU�%<7(67275$16)(5�PXVW�EH���� �,Q�WKH� IXWXUH�� WKLV�PD\�EHFRPH�WKH�PRVW
VLJQLILFDQW����ELWV�RI�WKH�361��

4.2.3.2. Physical Sector Numbers

7\SLFDOO\��WKH�SK\VLFDO�VHFWRUV�RI�D�GLVN�DUH�DGGUHVVHG�E\�VSHFLI\LQJ�ERWK�WUDFN�DQG�VHFWRU�QXPEHUV��7KDW
LV��WKH�GLVN�LV�YLHZHG�DV�DQ�DUUD\�RI�WUDFNV�ZKHUH�HDFK�WUDFN�LV�DQ�DUUD\�RI�VHFWRUV��,I�WKLV�GDWD�VWUXFWXUH
ZHUH�GHFODUHG�LQ�3DVFDO��LW�ZRXOG�ORRN�OLNH�WKLV�

type
  BYTE = 0..255;
  SECTOR = array [0..(BYTESperSECTOR-1)] of BYTE;
  TRACK = array [1..SECTORSperTRACK] of SECTOR;
  DISK = array [0..(TRACKSperDISK-1)] of TRACK;

1RWH��+HUH�\RX�VKRXOG�EH�XVLQJ�WKH�FRQYHQWLRQ�WKDW�WUDFN�QXPEHUV�DUH�]HUR�EDVHG�EXW�VHFWRU�QXPEHUV
VWDUW�IURP�RQH�

<RX�FDQ�FRQYHUW�WKH�W\SH�',6.�LQWR�D�OLQHDU�DUUD\�RI�6(&725�DV�IROORZV�

type
  DISK = array [0..(TRACKSperDISK*SECTORSperTRACK)-1] of SECTOR;

<RX�FDQ�XVH�WKLV�OLQHDU�UHSUHVHQWDWLRQ�IRU�DGGUHVVLQJ�WKH�GLVN�E\�361��7KH�UHODWLRQV�EHWZHHQ�WKH�361�
DQG�WUDFN�DQG�VHFWRU�QXPEHUV�DUH�

PSN = (TRACKNUMBER*SECTORSperTRACK) + SECTORNUMBER-1;
 TRACKNUMBER = PSN div SECTORSperTRACK;
 SECTORNUMBER = (PSN mod SECTORSperTRACK) + 1;
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4.2.3.3. Physical Sector Size

$Q\�SK\VLFDO�VHFWRU�VL]H�PD\�EH�DFFRPPRGDWHG��$Q�,�2�UHTXHVW�LQ�SK\VLFDO�VHFWRU�PRGH�VLPSO\�FDXVHV�D
IXOO�VHFWRU�WR�EH�WUDQVIHUUHG��7KH�SURJUDPPHU�LV�UHVSRQVLEOH�IRU�HQVXULQJ�WKDW�WKH�GDWD�DUHD�LV�DW�OHDVW
ODUJH�HQRXJK�IRU�RQH�SK\VLFDO�VHFWRU�

3URJUDPV�ZULWWHQ�XVLQJ�SK\VLFDO�VHFWRU�PRGH�DUHQ
W�H[SHFWHG�WR�EH�SRUWDEOH�WR�GLIIHUHQW�GLVN�KDUGZDUH
ZLWKRXW�VRPH�PRGLILFDWLRQ�

4.3. THE RSP

7KLV�VHFWLRQ�GHWDLOV�WKH�GHVLJQ�DQG�RSHUDWLRQ�RI� WKH�,QSXW�2XWSXW�SRUWLRQ�RI�WKH�5XQ�7LPH�6XSSRUW
3DFNDJH��563�,2���:KLOH�WKH�GHVLJQ�LWVHOI�LV�SURFHVVRU��DQG�KDUGZDUH�LQGHSHQGHQW��LW�LV�LQWHQGHG�WR�EH
UHDOL]HG�LQ�QDWLYH�FRGH��7KXV��WKH�ILQDO�SURGXFW�ZLOO�EH�SURFHVVRU�VSHFLILF�EXW�VWLOO�LQGHSHQGHQW�RI�WKH�H[DFW
SHULSKHUDOV�XVHG�

4.3.1. Calling Mechanisms

7KH�IROORZLQJ�VHFWLRQ�GLVFXVVHV�KRZ�HDFK�URXWLQH�LQ�WKH�563�,2�LV�FDOOHG�IURP�WKH�3DVFDO�OHYHO��RU�WKH�OHYHO
RI�DQRWKHU�FRPSLOHG�ODQJXDJH���7KH�OHYHO�RI�GHWDLO�LV�LQWHQGHG�WR�EH�VXFK�WKDW�DQ�LPSOHPHQWRU�RI�WKH�563
ZLOO�NQRZ�KRZ�WR�SRS�SDUDPHWHUV�RII�WKH�VWDFN�ZKHQ�WKH�563�LV�FDOOHG��DQG�KRZ�WKH�VWDFN�VKRXOG�ORRN
ZKHQ�WKH�563�UHWXUQV�

4.3.1.1. UNITREAD and UNITWRITE

PROCEDURE UNITREAD( UNITNUMBER : INTEGER;
      VAR DATAAREA : PACKED ARRAY [0..BYTESTOTRANSFER-1]
                             OF 0-255'
          BYTESTOTRANSFER : INTEGER
          [; LOGICALBLOCK :INTEGER]
          [; CONTROL : INTEGER] );

PROCEDURE UNITWRITE( <same as for UNITREAD> );
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4.3.1.2. Parameter Description

81,7180%(5�ZDV�GLVFXVVHG�XQGHU��'HYLFHV�DQG�'HYLFH�1XPEHUV��DERYH�

'$7$$5($�LV�WKH�SURJUDPPHU
V�EXIIHU�DUHD�IRU�WUDQVIHUULQJ�GDWD��'HVFULELQJ�LW�DV�D�9$5�SDUDPHWHU
VLJQLILHV�WKDW�81,75($'�DQG�81,7:5,7(�DUH�SDVVHG�D�SRLQWHU�WR�WKH�VWDUW�RI�WKH�GDWD�DUHD��7KLV
SRLQWHU�LV�DFWXDOO\�UHSUHVHQWHG�DV�DQ�DGGUHVV�FRXSOH�FRQVLVWLQJ�RI�D�ZRUG�EDVH�DQG�D�E\WH�RIIVHW��2Q
SURFHVVRUV�ZKLFK�XVH�E\WH�DGGUHVVLQJ��WKH�HIIHFWLYH�DGGUHVV�LV�FRPSXWHG�E\�VLPSO\�DGGLQJ�WKH�EDVH�DQG�WKH
RIIVHW��VLQFH�ERWK�TXDQWLWLHV�DUH�LQ�E\WHV��)RU�SURFHVVRUV�XVLQJ�ZRUG�DGGUHVVLQJ��WKH�HIIHFWLYH�DGGUHVV�LV
FRPSXWHG�E\�LQGH[LQJ�E\WH�ZLVH�IURP�WKH�EDVH�DGGUHVV��DOZD\V�WRZDUG�KLJKHU�ORFDWLRQV���*HQHUDOO\��WKH
DGGUHVV�RI�WKH�VWDUW�RI�WKH�GDWD�DUHD�PD\�RU�PD\�QRW�EH�RQ�D�ZRUG�ERXQGDU\��,Q�WKH�FDVH�RI�GLVN�XQLWV�
KRZHYHU��LW�LV�RQO\�GHILQHG�LI�LW�LV�RQ�D�ZRUG�ERXQGDU\��WKDW�LV��D�3DVFDO�SURJUDPPHU�PXVW�QRW�DOORZ�DFWXDO
SDUDPHWHUV�ZLWK�RGG�QXPEHUHG�LQGH[HV��OLNH�$''�WR�RFFXU�ZKHQ�WUDQVIHUULQJ�WR�RU�IURP�WKH�GLVN��7KH
UHDVRQ�IRU�WKLV�LQFRQVLVWHQF\�LV�WR�DYRLG�UHVWULFWLQJ�GLVN�GDWD�WR�EHLQJ�PRYHG�E\WH�E\�E\WH�

7KH�WKLUG�LWHP�LQ�WKH�SDUDPHWHU�OLVW��%<7(67275$16)(5��FRQWDLQV�WKH�QXPEHU�RI�E\WHV�WR�PRYH
EHWZHHQ�\RXU�GDWD�DUHD�DQG�WKH�SK\VLFDO�XQLW�

7ZR�RSWLRQDO�SDUDPHWHUV�IROORZ�IRU�81,75($'�DQG�81,7:5,7(��/2*,&$/%/2&.�DQG�&21752/�
7KHVH�SDUDPHWHUV�DUH�RSWLRQDO�IRU�WKH�3DVFDO�SURJUDPPHU��WKH�FRPSLOHU�ZLOO�DVVLJQ�D�GHIDXOW�YDOXH�RI�]HUR
WR� ERWK� /2*,&$/%/2&.� LV� UHOHYDQW� RQO\� IRU� GLVN� UHDGV� RU� ZULWHV�� DV� GLVFXVVHG� LQ� �/RJLFDO� 'LVN
6WUXFWXUH���DERYH��,W�VSHFLILHV�WKH�3DVFDO�ORJLFDO�EORFN�WR�EH�DFFHVVHG��7KH�&21752/�ZRUG�KDV�EHHQ
GLVFXVVHG�DERYH�LQ��&RQWURO�3DUDPHWHUV��
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4.3.1.3. Parameter Stack Format

81,75($'�DQG�81,7:5,7(�UHFHLYH�WKHLU�SDUDPHWHUV�RQ�WKH�HYDOXDWLRQ�VWDFN�LQ�WKH�IROORZLQJ�RUGHU
�HDFK�ER[�UHSUHVHQWV�D����ELW�TXDQWLW\��

++++ |///////////////|<- - - - - - (on return SP
     |---------------|              points here)
     |  Unit Number  |
     |---------------|
     |   Word Base   |
     |---------------|
     |  Byte Offset  |
     |---------------|
     |  Byte Count   |
     |---------------|
     | Block Number  |    (The stack shown here
     |---------------|      grows down)
     |   Control     |<------------- SP
---- |---------------|

Figure 4-6. St ack State on Enter ing UNITREAD or UNITWRITE

/LNH�RUGLQDU\�3DVFDO�SURFHGXUHV��WKHVH�563�URXWLQHV�SRS�WKHLU�SDUDPHWHUV�IURP�WKH�VWDFN�ZKHQ�WKH\�DUH
ILQLVKHG�

4.3.1.4. UNITBUSY

FUNCTION UNITBUSY( UNITNUMBER : INTEGER ) : BOOLEAN

7KH�81,7%86<�IXQFWLRQ�KDV�PHDQLQJ�RQO\�LQ�DQ�DV\QFKURQRXV�HQYLURQPHQW�DQG�WKXV�ZLOO�DOZD\V�UHWXUQ
)$/6(�����IRU�WKLV�V\QFKURQRXV�VSHFLILFDWLRQ��7KH�XVH�RI�WKH�VWDFN�LV�LOOXVWUDWHG�LQ�)LJXUH�����

++++  |//////////////////|            |///////////////|
     +|------------------|            |---------------|
      |  Function Result |            |    False      |
----  |------------------|            |---------------|
      |   Unit Number    |<---- SP    |               |
      |------------------|            |               |
             before                        after

Figure 4-7. St ack State Before and After UNITBUSY
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4.3.1.5. UNITWAIT

PROCEDURE UNITWAIT( UNITNUMBER : INTEGER );

/LNH�81,7%86<��81,7:$,7�LV�RQO\�XVHIXO�LQ�DQ�DV\QFKURQRXV�HQYLURQPHQW��,Q�D�V\QFKURQRXV�V\VWHP�
DV�GHVFULEHG�KHUH��81,7:$,7�EHFRPHV�HVVHQWLDOO\�D�QR�RS��VLQFH�QR�XQLW�ZLOO�KDYH�D�,�2�UHTXHVW�SHQGLQJ�
$�VLQJOH�SDUDPHWHU� LV�RQ�WKH� WRS�RI�VWDFN�ZKHQ�WKH�SURFHGXUH� LV�FDOOHG�DQG� LV�SRSSHG�RII�EHIRUH�WKH
SURFHGXUH�UHWXUQV��7KH�XVH�RI�WKH�VWDFN�LV�LOOXVWUDWHG�LQ�)LJXUH�����

++++  |///////////////|       SP----->|///////////////|
      |---------------|               |---------------|
      |  Unit Number  |<---- SP       |    <empty>    |
----  |---------------|               |---------------|
           before                           after

Figure 4-8. St ack State Before and After UNITWAIT and UNITCLEAR

4.3.1.6. UNITCLEAR

PROCEDURE UNITCLEAR( UNITNUMBER : INTEGER );

7KH�SXUSRVH�RI�81,7&/($5�LV�WR�UHVWRUH�WKH�VSHFLILHG�GHYLFH�WR�LWV��LQLWLDO��VWDWH��$W�WKH�563�OHYHO��WKLV
PHDQV�FOHDULQJ�DQ\�VWDWH�IODJV�SHUWDLQLQJ�WR�WKH�VSHFLILHG�GHYLFH��7KH��LQLWLDO��VWDWH�IRU�HDFK�GHYLFH�DW�WKH
%,26�OHYHO�LV�GHILQHG�LQ�WKH�VHFWLRQ���%,26�5HVSRQVLELOLWLHV���EHORZ��7KH�VWDFN�IRUPDW�LV�LGHQWLFDO�WR�WKDW
RI�81,7:$,7��VHH�)LJXUH�����DERYH��
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4.3.1.7. UNITSTATUS

PROCEDURE UNITSTATUS( UNITNUMBER : INTEGER;
      VAR STATUSWORDS : ARRAY [0..29] OF INTEGER;
          CONTROL : INTEGER );

7KH�SXUSRVH�RI�81,767$786�LV�WR�DFTXLUH�YDULRXV�GHYLFH�GHSHQGHQW�LQIRUPDWLRQ�IURP�WKH�VSHFLILHG
81,7��7KH�SURFHGXUH�LV�SDVVHG�D�SRLQWHU�WR�D�VWDWXV�UHFRUG��ZKRVH�OHQJWK�LV�D�PD[LPXP�RI����ZRUGV��LQWR
ZKLFK�WKH�VWDWXV�ZRUGV�DUH�VHTXHQWLDOO\�VWRUHG��QRWH�WKDW�XVHUV�PD\�GHILQH�ZRUGV�VWDUWLQJ�DW�ZRUG����DQG
DOORFDWLQJ�WRZDUG�ZRUG����WR�DOORZ�IRU�WKH�V\VWHP
V�XVH�RI�WKH�ILUVW�ZRUGV�RI�WKH�UHFRUG��DQG�D�&21752/
ZRUG�

81,767$786�UHFHLYHV�LWV�SDUDPHWHUV�RQ�WKH�HYDOXDWLRQ�VWDFN�LQ�WKH�IROORZLQJ�RUGHU��HDFK�ER[�UHSUHVHQWV
D����ELW�TXDQWLW\��

++++ |///////////////|<-------------- (on return SP 
     |---------------|                 points here)
     |  Unit Number  |
     |---------------|
     |    Status     |
     |    Record     |     (The stack shown here
     |    Pointer    |       grows down)
     |---------------|
     |    Control    |< ------------- SP
---- |---------------|

Figure 4-9. St ack State Before and After UNITSTATUS

4.3.2. RSP Responsibilities

7KLV�VHFWLRQ�GHWDLOV�WKH�SURFHVVLQJ�WR�EH�SHUIRUPHG�E\�WKH�563�,2��7KH�SULPDU\�IXQFWLRQ�RI�WKH�563�,2
LV�WR�PDQDJH�FDOOV� WR�WKH�%,26��6HFRQGDULO\�� WKH�563�,2�LV�UHVSRQVLEOH� IRU�KDQGOLQJ�FHUWDLQ�VSHFLDO
IXQFWLRQV��ZKLFK�DUH�GHVFULEHG�KHUH�

4.3.2.1. Special Character Output Ha ndling

2XWSXW�WR�WKH�SULQWHU��FRQVROH��UHPRWH��RU�VHULDO�XQLWV�PXVW�SURSHUO\�KDQGOH�EODQN�FRPSUHVVLRQ�FRGHV�DQG
FDUULDJH�UHWXUQV�
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%ODQN�&RPSUHVVLRQ�&RGH��'/(
V�

7KH�V\VWHP�VXSSRUWV�WH[W�ILOHV�WKDW�FRQWDLQ�D�WZR�E\WH�EODQN�FRPSUHVVLRQ�FRGH��RQO\�DW�WKH�EHJLQQLQJ�RI
D� OLQH��� ,W� LV� WKH� UHVSRQVLELOLW\� RI� WKH� 563�,2� WR� GHFRGH� WKH� EODQN� FRPSUHVVLRQ� FRGH� DQG� VHQG� DQ
DSSURSULDWH�QXPEHU�RI�EODQNV��7KH�ILUVW�E\WH�LV�DQ�$6&,,�'/(��GHFLPDO������ZKLFK�VLJQDOV�WKDW�WKH�QH[W
E\WH�FRQWDLQV�WKH�H[FHVV����QXPEHU�RI�EODQNV�WR�LQVHUW��WKDW�LV��LW�VKRXOG�EH�LQWHUSUHWHG�DV�EHLQJ�WKH
�QXPEHU�RI�EODQNV�WR�EH�VHQW!������7KHUHIRUH��WKH�QH[W�E\WH�IROORZLQJ�WKH�'/(�VKRXOG�EH�SURFHVVHG�E\
VXEWUDFWLQJ����IURP�LWV�YDOXH�DQG�VHQGLQJ�WKDW�QXPEHU�RI�EODQNV��1RWH�WKDW�QHJDWLYH�UHVXOWV��REYLRXVO\
LQ�HUURU��DUH�WUDQVODWHG�WR�D�YDOXH�RI�]HUR��$OVR�QRWH�WKDW�WKH�EODQN�FRXQW�E\WH�PD\�QRW�EH�WKH�QH[W�LQSXW
E\WH�SURFHVVHG��EHFDXVH�RI�GHYLFH�VZLWFKLQJ��7KLV��WKHUHIRUH��UHTXLUHV�WKH�PDLQWHQDQFH�RI�D�IODJ�IRU�HDFK
GHYLFH�WR�LQGLFDWH�WKDW�LW�LV�FXUUHQWO\�SURFHVVLQJ�D�'/(��7KH�'/(�FKDUDFWHU�DQG�WKH�EODQN�FRXQW�E\WH
DUHQ
W�QRUPDOO\�VHQW�WR�WKH�GHYLFH��VHH�WKH�SDUDJUDSK���1263(&�%LW���EHORZ��

&DUULDJH�5HWXUQ�³�/LQH�)HHG

7H[W�ILOHV�FRQWDLQ�$6&,,�&5
V��GHFLPDO�����DW�WKH�HQG�RI�OLQHV��:H�GHILQH�WKLV�FKDUDFWHU�DV�PHDQLQJ��1HZ
/LQH���WKDW�LV��D�FDUULDJH�UHWXUQ�IROORZHG�E\�D�OLQH�IHHG��7KXV��LW�LV�WKH�UHVSRQVLELOLW\�RI�WKH�563�,2�WR�VHQG
DQ�$6&,,�/)��GHFLPDO�����DIWHU�VHQGLQJ�HDFK�&5�

12&5/)�%LW

:KHQ�ELW����YDOXH����RI�WKH�&21752/�SDUDPHWHU�LV�VHW��WKH�VSHFLDO�KDQGOLQJ�DFFRUGHG�D�&5�LV�WXUQHG�RII�
WKDW�LV��D�/)�LVQ
W�DXWRPDWLFDOO\�DSSHQGHG��DQG�WKH�&5�LV�VHQW�RXW�OLNH�DQRWKHU�FKDUDFWHU�

4.3.2.2. Special Character I nput Handling

7KHUH�DUH�VHYHUDO�FKDUDFWHUV�ZKLFK�VKRXOG�UHFHLYH�VSHFLDO�WUHDWPHQW�ZKHQ�UHFHLYHG�IURP�WKH�FRQVROH��WKH
SULQWHU��WKH�UHPRWH�RU�WKH�VHULDO�GHYLFHV��LQ�D�FRPSOHWH�LPSOHPHQWDWLRQ�RI�WKLV�,�2�V\VWHP��$OO�EXW�WZR�RI
WKHP��KRZHYHU��DUH�KDQGOHG�E\�WKH�%,26��7KRVH�ZKLFK�DUH�KDQGOHG�LQ�WKH�563�,2�DUH�WKH�(2)�DQG
$/3+$/2&.�FKDUDFWHUV�

(2)�&KDUDFWHU

7KH� (2)� FKDUDFWHU�� ZKHQ� UHFHLYHG� IURP� WKH� FRQVROH�� SULQWHU� RU� UHPRWH� GHYLFHV�� VLJQDOV� WKDW� WKH
HQG�RI�WKH�ILOH�KDV�EHHQ�UHDFKHG�RQ�WKDW�SDUWLFXODU�XQLW��5DWKHU�WKDQ�EHLQJ�D�IL[HG�$6&,,�FRGH��(2)�LV�D
�VRIW�FKDUDFWHU���7KDW�LV��WKH�H[DFW�FKDUDFWHU�FRGH�ZKLFK�ZLOO�EH�LQWHUSUHWHG�YV�HQG�RI�ILOH�PD\�EH�FKDQJHG
GXULQJ�V\VWHP�H[HFXWLRQ�E\�WKH�3DVFDO�XVHU��)XUWKHU�GLVFXVVLRQ�RI�WKH�VRIW�FKDUDFWHUV�XVHG�E\�WKH�,�2
VXEV\VWHP�PD\�EH�IRXQG�LQ�WKH�VHFWLRQ���&KDUDFWHU�&RGHV���EHORZ��7KH�(2)�FKDUDFWHU�LV�LQ�WKH�6<6&20
GDWD�DUHD�DQG�PXVW�EH�DFFHVVHG�E\�WKH�563�,2�WR�GHWHUPLQH�ZKDW�FKDUDFWHU�WR�ORRN�IRU��:KHQ�WKH�(2)
FKDUDFWHU�LV�IRXQG�LQ�WKH�LQSXW�VWUHDP��WKH�DFWLRQ�WR�EH�WDNHQ�GHSHQGV�VRPHZKDW�XSRQ�ZKLFK�GHYLFH�ZDV
UHIHUHQFHG��,I�\RX�DUH�UHDGLQJ�IURP�81,7����&2162/(����WKHQ�WKH�UHVW�RI�\RXU�EXIIHU��VWDUWLQJ�DW�WKH
FXUUHQW�SRVLWLRQ��LV�SDFNHG�ZLWK�QXOOV��GHFLPDO�����)RU�81,7����6<67(50����WKH�SULQWHU�DQG�WKH�UHPRWH�
WKH�(2)�FKDUDFWHU�LV�SXW�LQWR�\RXU�EXIIHU��,Q�DOO�FDVHV��QR�IXUWKHU�FKDUDFWHUV�DUH�WUDQVIHUUHG�WR�WKH�EXIIHU
DQG�FRQWURO�UHWXUQV�LPPHGLDWHO\�
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$/3+$/2&.�&KDUDFWHU

7KH�$/3+$/2&.�FKDUDFWHU��ZKHQ�UHFHLYHG�IURP�D�GHYLFH�E\�WKH�563�,2��VLJQDOV�D�GHIDXOW�FDVH�FKDQJH
IRU�DOO�DOSKDEHWLF�FKDUDFWHUV��$OO�ORZHUFDVH�DOSKDEHWLF�FKDUDFWHUV��WKDW�LV�� 
D
�WR� 
]
��UHFHLYHG�DIWHU�WKH
$/3+$/2&.�FKDUDFWHU�ZLOO�EH�FRQYHUWHG�WR�XSSHUFDVH��5HFHLSW�RI�DQRWKHU�$/3+$/2&.�FKDUDFWHU�ZLOO
FDXVH�WKH�FDVH�WR�UHYHUW�EDFN�WR�QRQ�FRQYHUWLQJ�PRGH��WKH�GHIDXOW�PRGH���$V�IRU�'/(�KDQGOLQJ�GHVFULEHG
DERYH�� D� IODJ�� IRU� HDFK� GHYLFH� WR� LQGLFDWH� WKDW� LW� LV� FXUUHQWO\� LQ� WKH� $/3+$/2&.� VWDWH�� VKRXOG� EH
PDLQWDLQHG�WR�HQVXUH�SURSHU�KDQGOLQJ�ZKHQ�GHYLFHV�DUH�VZLWFKHG��7KH�$/3+$/2&.�FKDUDFWHU�LV�QRW
QRUPDOO\�UHWXUQHG�LQ�WKH�EXIIHU��VHH�WKH�SDUDJUDSK���1263(&�%LW���EHORZ��

2WKHU�&KDUDFWHUV

7KH�UHPDLQLQJ�VSHFLDO�LQSXW�FKDUDFWHUV�³�%5($.��67$57�6723��)/86+��DQG�&+$50$6.�³�DUH�XVHG
RQO\�IRU�LQSXW�IURP�WKH�FRQVROH��QRW�IURP�WKH�SULQWHU�RU��UHPRWH�GHYLFHV��7KH\�DUH�KDQGOHG�E\�WKH�%,26
DQG�DUH�GHVFULEHG�XQGHU��,QSXW�2SWLRQV���EHORZ�

4.3.2.3. NOSPEC Bit

:KHQ�ELW����YDOXH����RI�WKH�&21752/�SDUDPHWHU�LV�VHW��WKH�VSHFLDO�KDQGOLQJ�DFFRUGHG�'/(
V��DQG�WKH�(2)
DQG�$/3+$/2&.�VHQVLQJ�IXQFWLRQV�GHVFULEHG�DERYH�DUH�WXUQHG�RII��7KHVH�FKDUDFWHUV�DUH�WKHQ�WUDQVIHUUHG
DV�DUH�DQ\�RWKHU�FKDUDFWHUV��7KH�%,26�IXQFWLRQV�DUHQ
W�DIIHFWHG�

4.3.2.4. Translation for Subsidi ary Volumes

7KH�563�LV�DOVR�UHVSRQVLEOH�IRU�FRQYHUWLQJ�GLVN�UHDG�ZULWH�FDOOV�WR�VXEVLGLDU\�YROXPHV�LQWR�GLVN�FDOOV�IRU
DFFHVVLQJ�WKH�SK\VLFDO�GLVN�GULYH��LQVWHDG�RI�WKH�YLUWXDO�VXEVLGLDU\�YROXPH��

7KH�6<6&20�DUHD�FRQWDLQV�D�SRLQWHU�WR�WKH�XQLWDEOH�ZKLFK�FRQWDLQV�D�UHFRUG�IRU�HDFK�S�6\VWHP�XQLW�
(DFK�UHFRUG�IRU�VWRUDJH�GHYLFHV�FRQWDLQV�D�EORFN�RIIVHW�DQG�D�SK\VLFDO�GLVN�XQLW�QXPEHU��7KH�563�PXVW
ORRN�XS�FDOOV�WR�VXEVLGLDU\�YROXPHV�DQG�JLYH�WKH�SK\VLFDO�GLVN�QXPEHU�DQG�FRUUHFW�EORFN�QXPEHU�ZKHQ�WKH
FDOO�WR�WKH�%,26�LV�PDGH�

7KH�VXEVLGLDU\�YROXPH�UHTXLUHV�VRPH�VSHFLDO�FKHFNLQJ�LQ�WKH�563��7KH�IROORZLQJ�3DVFDO�FRGH�IUDJPHQW
GHVFULEHV�KRZ�WKH�563�KDQGOHV�VXEVLGLDU\�YROXPHV�

if unit# in [syscom^.subsidstart..
            syscom^.subsidstart + syscom^.unitdivision.subsidmax - 1]
 then {translate svol parameters}
      with syscom^.unitable^[unit#] do
        begin
          if ueovblk=0 then return_ioresult( 9 );
          if block# >= ueovblk then return_ioresult( 17 );
          block# := block# + ublkoff;
          unit# := uphysvol;
        end
 else {no translation for other volumes needed};
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4.4. BIOS

$V�H[SODLQHG�DERYH��WKH�%,26�LV�UHVSRQVLEOH�IRU�SURYLGLQJ�WKH�DFWXDO�DFFHVV�WR�,�2�GHYLFHV��%RWK�WKH�GHVLJQ
DQG�LPSOHPHQWDWLRQ�RI�WKH�%,26�DUH�VSHFLILF�WR�D�JLYHQ�SURFHVVRU�DQG�,�2�FRQILJXUDWLRQ��,Q�WKLV�VHFWLRQ�
ZH�ZLOO�DWWHPSW�WR�VSHFLI\�WKH�QDWXUH�RI�WKH�%,26�LQ�GHWDLO�VXIILFLHQW�IRU�DQ�H[SHULHQFHG�SURJUDPPHU�WR
ZULWH�WKH�FRGH�IRU�D�JLYHQ�SURFHVVRU�DQG�D�VHW�RI�SHULSKHUDOV�

7KH�JHQHUDO�VFKHPH�GLVFXVVHG�EHORZ�XVHV�YHFWRUV�IURP�WKH�563�,2�WR�WKH�%,26�VXEURXWLQHV�IRU�UHDGLQJ�
ZULWLQJ��LQLWLDOL]LQJ�DQG�FRQWUROOLQJ��DQG�DQVZHULQJ�VWDWXV�UHTXHVWV��7KH�H[DFW�YHFWRU�VFKHPH�DQG�PHDQV
RI�SDVVLQJ�SDUDPHWHUV�PXVW�EH�ZRUNHG�RXW�VHSDUDWHO\�IRU�HDFK�SURFHVVRU��$UUDQJHPHQWV�WKDW�KDYH�DOUHDG\
EHHQ�ZRUNHG�RXW�IRU�FHUWDLQ�SURFHVVRUV�DUH�LOOXVWUDWHG�LQ��3URFHVVRU�6SHFLILF�%,26�&DOOV���EHORZ�

4.4.1. Design Goals

7KH�VSHHG�DW�ZKLFK�%,26�FRGH�H[HFXWHV�LV�IDLUO\�LQVLJQLILFDQW�FRPSDUHG�WR�WKH��VORZ��VSHHG�RI�WKH�,�2
GHYLFHV�WKDW�LW�KDQGOHV��:KHQ�SHULSKHUDOV�DUH�FKDQJHG��ZKLFK�PD\�RFFXU�IUHTXHQWO\��LW�RIWHQ�SURYHV�WKDW
RQO\�PLQRU�FKDQJHV�QHHG�WR�EH�PDGH�WR�DQ�H[LVWLQJ�%,26�WR�VHUYLFH�WKH�QHZ�KDUGZDUH��$OVR��VLQFH�WKH
%,26�DOZD\V�UHVLGHV� LQ�PDLQ�PHPRU\��HDFK�E\WH� LW�RFFXSLHV�PHDQV�RQH�E\WH� OHVV� LV�DYDLODEOH�WR�WKH
SURJUDPPHU��)RU� WKHVH� UHDVRQV��ZH� VXJJHVW� WKDW�PDMRU�GHVLJQ�JRDOV� �DVVXPLQJ� FRUUHFWQHVV��� EH�� ���
FRPSDFWQHVV��DQG�����FODULW\�

/LNH�WKH�UHVW�RI�WKH�30(��WKH�%,26�VKRXOG�EH�520�DEOH��2EYLRXVO\��LW�ZLOO�DOVR�UHTXLUH�DFFHVV�WR�VRPH
5$0��7KH�DGGUHVVHV�WKDW�WKH�%,26�UHIHUHQFHV�VKRXOG�EH�VSHFLILHG�LQ�WKH�DVVHPEO\�FRGH�E\�HTXDWHV��VR�WKDW
LW�LV�D�VLPSOH�PDWWHU�WR�FKDQJH�WKHP�DQG�UHDVVHPEOH�WKH�%,26�ZKHQHYHU�WKHUH�LV�D�FKDQJH�LQ�WKH�,�2�SRUWV
RU�WKH�PHPRU\�FRQILJXUDWLRQ�

4.4.2. Completion Codes

$OO�UHDG��ZULWH��LQLWLDOL]DWLRQ�DQG�FRQWURO��DQG�VWDWXV�FDOOV�WR�WKH�%,26�PXVW�UHWXUQ�D�E\WH�WR�WKH�563�WKDW
FRQWDLQV�VWDWXV�LQIRUPDWLRQ�DERXW�WKH�,�2�UHTXHVW�MXVW�VHUYLFHG��7KH�YDOXH�RI�WKLV�E\WH�LV�WKH��FRPSOHWLRQ
FRGH�� GLVFXVVHG� LQ� WKH� VHFWLRQ�� �,25(68/7� DQG� &RPSOHWLRQ� &RGHV��� DERYH�� 0RVW� RI� WKH� VWDQGDUG
FRPSOHWLRQ�FRGHV�DUHQ
W�UHOHYDQW�WR�WKH�%,26�³�WKH\�DUH�UHWXUQHG�E\�WKH�RSHUDWLQJ�V\VWHP�IRU�ILOH�HUURUV
DQG�WKH�OLNH��7KH�IROORZLQJ�VWDQGDUG�HUURUV�FDQ�EH�UHWXUQHG�E\�WKH�%,26�

� 1R�HUURU
� &5&�HUURU
� LOOHJDO�GHYLFH�QXPEHU
� ,OOHJDO�RSHUDWLRQ�RQ�GHYLFH
� 8QGHILQHG�KDUGZDUH�HUURU
� 'HYLFH�QRW�RQ�OLQH
�� 5LQJ�EXIIHU�RYHUIORZ
�� :ULWH�SURWHFW��ZULWH�DWWHPSW�WR�SURWHFWHG�GLVN
�� ,OOHJDO�EORFN�QXPEHU
�� ,OOHJDO�EXIIHU�DGGUHVV
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$OO�RWKHU�HUURUV�DUH�FRQVLGHUHG�KDUGZDUH�GHSHQGHQW��)RU�WKHVH��WKH�%,26�VKRXOG�UHWXUQ�FRGHV�LQ�WKH�UDQJH
����WKURXJK������7KH�VHOHFWLRQ�RI�DSSURSULDWH�FRGHV�LV�OHIW�WR�WKH�%,26�ZULWHU�

1RWH��$Q\�SUHGHILQHG�GHYLFHV�QRW�LPSOHPHQWHG�PXVW�DUUDQJH�WR�UHWXUQ�D�FRPSOHWLRQ�FRGH�RI�����GHYLFH�QRW
RQ�OLQH���ZKHQ�DQ�DWWHPSW�LV�PDGH�WR�LQLWLDOL]H�RU�XVH�WKHP�

$Q\�XVHU�GHILQHG�GHYLFHV�QRW�LPSOHPHQWHG�VKRXOG�UHWXUQ�D�FRPSOHWLRQ�FRGH�RI�����LOOHJDO�GHYLFH�QXPEHU��
ZKHQ�DQ�DWWHPSW�LV�PDGH�WR�DFFHVV�WKHP�

4.4.3. Calling Mechanisms

,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�SDUDPHWHUV�UHTXLUHG�LQ�WKH�%,26�FDOOV�IRU�HDFK�GHYLFH��(DFK�GHYLFH�KDV�IRXU
%,26�FDOOV�DVVRFLDWHG�ZLWK�LW��5($'��:5,7(��&21752/��DQG�67$786��(DFK�GHYLFH�KDV�YDU\LQJ�QHHGV
IRU�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�WKHVH�IXQFWLRQV��5HPHPEHU�WKDW�DOO�FDOOV�PXVW�UHWXUQ�D�FRPSOHWLRQ�FRGH
E\WH��7KH�%,26�FDOOLQJ�UHTXLUHPHQWV�DUH�VXPPDUL]HG�EHORZ�

4.4.3.1. Console

2QO\�RQH�SDUDPHWHU�LV�QHHGHG�IRU�UHDGLQJ�DQG�ZULWLQJ�³�WKH�GDWD�E\WH�WR�EH�WUDQVIHUUHG��7KH�VWDWXV
UHTXHVW� UHTXLUHV� WZR� SDUDPHWHUV�� WKH� &21752/� ZRUG� DQG� WKH� SRLQWHU� WR� WKH� VWDWXV� UHFRUG�� )RU
LQLWLDOL]DWLRQ�DQG�FRQWURO�RI�WKH�FRQVROH��WKH�%,26�UHTXLUHV�D�QXPEHU�RI�VSHFLDO�FRQWURO�FKDUDFWHUV��7KHVH
DUH�SURYLGHG�E\�SDVVLQJ�WKH�%,26�FRQVROH�LQLWLDOL]DWLRQ�URXWLQH�D�SRLQWHU�WR�WKH�EDVH�RI�WKH�6<6&20�GDWD
DUHD��DQG�D�SRLQWHU�WR�D�EUHDN�KDQGOHU�URXWLQH�

4.4.3.2. Printer

7R�UHDG�IURP�DQG�ZULWH�WR�WKH�SULQWHU��D�VLQJOH�SDUDPHWHU�LV�UHTXLUHG�³�WKH�E\WH�WKDW�FRQWDLQV�WKH�GDWD�
7R� FKHFN� WKH� VWDWXV�� WKH� &21752/�ZRUG� DQG� WKH� SRLQWHU� WR� WKH� VWDWXV� UHFRUG� DUH� UHTXLUHG�� )RU
LQLWLDOL]DWLRQ�DQG�FRQWURO��QR�SDUDPHWHUV�DUH�QHHGHG�
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4.4.3.3. Disks

5HDGLQJ�DQG�ZULWLQJ�ZLWK�GLVN�GHYLFHV�UHTXLUHV�ILYH�SDUDPHWHUV�

�� $�VWDUWLQJ�ORJLFDO�EORFN�QXPEHU�DV�GHVFULEHG�DERYH�

�� $�FRXQW�RI�WKH�QXPEHU�RI�E\WHV�WR�WUDQVIHU��SRVLWLYH�VLJQHG����ELWV��WKDW�LV����WR���.����

�� 7KH�DGGUHVV�RI�WKH�GDWD�DUHD�WR�WUDQVIHU�WR�RU�IURP�

�� $�GULYH�QXPEHU����WKURXJK�Q����JLYHQ�Q�GULYHV��&XUUHQWO\�Q ��LV�DVVXPHG��

�� 7KH�&21752/�SDUDPHWHU�

7R�FKHFN�WKH�VWDWXV��WKH�&21752/�ZRUG�DQG�D�SRLQWHU�WR�WKH�VWDWXV�UHFRUG�DUH�SDVVHG�DV�SDUDPHWHUV��)RU
LQLWLDOL]DWLRQ�DQG�FRQWURO��WKH�GULYH�QXPEHU�LV�SDVVHG�

4.4.3.4. Remote

7KH�UHPRWH�GHYLFH�UHTXLUHV�D�VLQJOH�SDUDPHWHU�IRU�UHDGLQJ�DQG�ZULWLQJ�³�D�E\WH�WKDW�FRQWDLQV�WKH�GDWD
EHLQJ�WUDQVIHUUHG��$V�ZLWK�WKH�GHYLFHV�MXVW�GHVFULEHG��WKH�VWDWXV�UHTXLUHV�WKH�&21752/�ZRUG�DQG�WKH
SRLQWHU�WR�WKH�VWDWXV�UHFRUG��,QLWLDOL]DWLRQ�DQG�FRQWURO�RI�WKH�UHPRWH�GHYLFH�UHTXLUHV�QR�SDUDPHWHUV�

4.4.3.5. User-Defined Devices

5HDGLQJ�DQG�ZULWLQJ�ZLWK�D�XVHU�GHILQHG�GHYLFH�UHTXLUHV�ILYH�SDUDPHWHUV�

�� $�VWDUWLQJ�ORJLFDO�EORFN�QXPEHU�DV�GHVFULEHG�DERYH�

�� $�FRXQW�RI�WKH�QXPEHU�RI�E\WHV�WR�WUDQVIHU��SRVLWLYH�VLJQHG����ELWV��WKDW�LV����WR���.����

�� 7KH�DGGUHVV�RI�WKH�GDWD�DUHD�WR�WUDQVIHU�WR�RU�IURP�

�� $�GHYLFH�QXPEHU��WKLV�ZLOO�EH�WKH�VDPH�DV�81,7180%(5��

�� 7KH�&21752/�SDUDPHWHU�

7KH�QDWLYH�FRGH�LQ�WKH�%,26�PD\�FKRRVH�WR�LJQRUH�VRPH�RI�WKLV�LQIRUPDWLRQ��RI�FRXUVH�

:KHQ�FKHFNLQJ�VWDWXV��WKH�&21752/�ZRUG��GHYLFH�QXPEHU��DQG�D�SRLQWHU�WR�WKH�VWDWXV�UHFRUG�DUH�SDVVHG�
)RU�LQLWLDOL]DWLRQ�DQG�FRQWURO��WKH�GHYLFH�QXPEHU�LV�SDVVHG��,W�LV�OHIW�WR�WKH�GHYLFH�KDQGOHU�WR�GHWHUPLQH
WKH�VSHFLILF�GHYLFH�IURP�LWV�GHYLFH�QXPEHU�
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4.4.4. Character Codes

7KH� V\VWHP� DVVXPHV� WKDW� WKH� SULQWHU� DQG� FRQVROH� GHYLFHV� ZLOO� VXSSRUW� WKH� XVH� RI� SULQWDEOH� $6&,,
FKDUDFWHUV�DQG�D�IHZ�VWDQGDUG�FRQWURO�FRGHV��&5��/)��63��18/�DQG�%(/���7KH�UHPDLQLQJ�FRQWURO�FRGHV
WKDW�PD\�EH�XVHIXO��VXFK�DV�FXUVRU�SRVLWLRQLQJ�DQG�VFUHHQ�HUDVXUH��DUH��VRIW��FKDUDFWHUV�WKDW�PD\�EH
FKDQJHG�E\�WKH�XVHU��XVLQJ�WKH�XWLOLW\�6(783��WR�PHHW�WKH�UHTXLUHPHQWV�RI�VRPH�DUWLFXODU�KDUGZDUH�

7KHVH�VRIW�FKDUDFWHUV��DORQJ�ZLWK�DOO�RWKHU�LQIRUPDWLRQ�WKDW�LV�HQWHUHG�XVLQJ�6(783��DUH�VWRUHG�LQ�WKH�ILOH

6<67(0�0,6&,1)2��6<67(0�0,6&,1)2�LV�UHDG�LQWR�D�SRUWLRQ�RI�WKH�JOREDO�GDWD�DUHD�6<6&20
ZKHQHYHU�WKH�V\VWHP�LV�ERRWHG�RU�UHLQLWLDOL]HG�

7KH�UHDVRQ�IRU�NHHSLQJ�WKLV�KDUGZDUH�GHSHQGHQW�LQIRUPDWLRQ�DW�VXFK�D�KLJK�OHYHO�WR�EH�DEOH�WR�FKDQJH�D
WHUPLQDO��DV�KDSSHQV�IDLUO\�RIWHQ��ZLWKRXW�FUHDWLQJ�D�QHZ�%,26��2QH�ZD\�WR�GR�WKLV�LV�WR�PDS�ORJLFDO
FRQWURO�V\PEROV�LQWR�FRQWURO�FRGHV�WKDW�DUH�UHFRJQL]HG�E\�WKH�KDUGZDUH�

6XSSRVH��IRU�H[DPSOH��WKDW�WKHUH�LV�D�SUH�GHFODUHG�SURFHGXUH�&85625%$&.�ZKLFK�FDXVHV�WKH�FXUVRU�RQ
D�VFUHHQ�WHUPLQDO� WR�PRYH�OHIW�RQH�FROXPQ��6RPHZKHUH�LQ�WKH�V\VWHP��&85625%$&.�PXVW�FDXVH�D
FRQWURO�FRGH�WR�EH�VHQW�WR�WKH�WHUPLQDO��ZKLFK�ZLOO�FDXVH�WKH�GHVLUHG�UHVSRQVH��FRQWURO�8��FRQWURO�+��RU�DQ
HVFDSH�VHTXHQFH��2QH�ZD\�WR�GR�WKLV�ZRXOG�EH�IRU�WKH�FRPSLOHU�WR�HPLW�D�VWDQGDUG�FRGH�ZKLFK�WKH�%,26
WKHQ�WUDQVODWHV�LQWR�ZKDWHYHU�LV�FRUUHFW�IRU�WKH�FXUUHQW�WHUPLQDO��7KLV�KDV�WKH�GLVDGYDQWDJH�RI�UHTXLULQJ
D�QHZ�%,26�IRU�HYHU\�VOLJKWO\�GLIIHUHQW�WHUPLQDO��7KH�DSSURDFK�ZKLFK�ZH�KDYH�WDNHQ�VHHV�WR�LW�WKDW�WKH
FRUUHFW�FRGH�LV�VHQW�WR�WKH�%,26�IRU�WKH�WHUPLQDO�WKDW�LV�FXUUHQWO\�RQ�OLQH�

6LQFH�PDQ\�GHYLFHV�FDQ�PDNH�XVH�RI���ELW�FRQWURO�FRGHV��WKH�V\VWHP�PDNHV�QR�DVVXPSWLRQV�DERXW�WKH
UHOHYDQFH�RI�WKH�KLJK�RUGHU�ELW��DQG�WUDQVIHUV�WKH�ZKROH�E\WH�XQFKDQJHG��:KHQ�XVLQJ���ELW�$6&,,��WKH
YDOXH�RI�WKH�KLJK�RUGHU�ELW�LV�GHILQHG�WR�EH�]HUR��7KLV�PHDQV�WKDW�WKH�%,26�PXVW�PDVN�DOO�FKDUDFWHUV�IURP
WKH�FRQVROH�ZLWK�WKH�FKDUDFWHU�PDVN�LQ�WKH�6<6&20��ZKLFK�LV������GHFLPDO��LI���ELW�$6&,,�LV�EHLQJ�XVHG�

7KH� 563� VHQGV� ERWK� XSSHUFDVH� DQG� ORZHUFDVH� FKDUDFWHUV� WR� WKH�%,26�� ,I� D� GHYLFH� FDQ� KDQGOH� RQO\
XSSHUFDVH�FKDUDFWHUV��WKH�%,26�PXVW�PDS�ORZHUFDVH�LQWR�XSSHUFDVH�
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4.4.5. BIOS Responsibilities

4.4.5.1. Console

,Q�WKH�IROORZLQJ�GLVFXVVLRQ��WKH�FRQVROH�GHYLFH�LV�DVVXPHG�WR�EH�D�&57�WHUPLQDO�

&RQVROH�2XWSXW�5HTXLUHPHQWV

$V�D�PLQLPXP��HYHU\�FRQVROH�GHYLFH�VKRXOG�SURYLGH�WKH�IROORZLQJ�NH\ERDUG�IXQFWLRQV�

&5��FDUULDJH�UHWXUQ!��KH[DGHFLPDO��'��³�0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�OLQH��FROXPQ
���

/)��OLQH�IHHG!��KH[DGHFLPDO��$��³�0RYHV�WKH�FXUVRU�GRZQ�RQH�OLQH�ZKLOH�WKH�FROXPQ�SRVLWLRQ�UHPDLQV
WKH�VDPH��6WDUWLQJ�IURP�DQ\�EXW�WKH�ODVW�OLQH�RQ�WKH�VFUHHQ��WKH�FRQWHQWV�RI�WKH�VFUHHQ�VKRXOG�UHPDLQ�WKH
VDPH�ZKLOH�WKH�FXUVRU�PRYHV�GRZQZDUG��,I�WKH�FXUVRU�LV�RQ�WKH�ODVW�OLQH�ZKHQ�WKH�/)�LV�LVVXHG��LW�VKRXOG
UHPDLQ�LQ�WKH�VDPH�SRVLWLRQ�ZKLOH�WKH�UHVW�RI�WKH�GLVSOD\�VFUROOV�XSZDUG�RQH�OLQH�DQG�WKH�ERWWRP�OLQH
FOHDUV�

%(/��EHOO!��KH[DGHFLPDO�����³�,I�DQ�DXGLR�VLJQDO�LV�DYDLODEOH��LW�ZLOO�VRXQG�ZKHQ�WKH�DSSURSULDWH�NH\
LV�SUHVVHG��LI�RQH�LVQ
W�DYDLODEOH��WKH�WHUPLQDO�ZLOO�GR�QRWKLQJ�

63��VSDFH!��KH[DGHFLPDO�����³�:ULWHV�D�VSDFH�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ��HUDVLQJ�ZKDWHYHU�LV�WKHUH�
DQG�DGYDQFH�WKH�FXUVRU�SRVLWLRQ�E\�RQH�FROXPQ��,I�WKH�FXUVRU�LV�DOUHDG\�DW�WKH�ODVW�SRVLWLRQ�LQ�D�OLQH��WKH
SRVLWLRQ�RI�WKH�FXUVRU�DIWHU�WKH�63�LV�XQGHILQHG���:H�SUHIHU�WKDW�WKH�FXUVRU�UHPDLQ�LQ�LWV�SULRU�SRVLWLRQ�LQ
WKLV�FDVH��,I�WKH�FXUVRU�LV�LQ�WKH�ODVW�FROXPQ�RI�WKH�ODVW�OLQH�RQ�WKH�VFUHHQ��QRW�RQO\�LV�WKH�SRVLWLRQ�RI�WKH
FXUVRU�XQGHILQHG�DIWHU�WKH�63��EXW�VR�LV�WKH�VWDWH�RI�WKH�VFUHHQ�PD\EH�LW�VFUROOHG�DQG�PD\EH�LW�GLGQ
W��:H
SUHIHU�WKDW�WKH�FXUVRU�UHPDLQ�ZKHUH�LW�ZDV�DQG�WKDW�WKH�VFUHHQ�QRW�VFUROO��

18/��QXOO!��������³�&DXVHV�D�GHOD\�RI�WKH�WLPH�UHTXLUHG�WR�ZULWH�RQH�FKDUDFWHU��7KH�VWDWH�RI�WKH�FRQVROH
VKRXOGQ
W�FKDQJH�

3ULQWDEOH�&KDUDFWHUV��KH[DGHFLPDO�����(��³�6DPH�DV�WKH�GLVFXVVLRQ�IRU�63��H[FHSW��RI�FRXUVH��ZULWH�WKH
FKDUDFWHU�

1RWH��7KH�HIIHFW�RI�VHQGLQJ�QRQ�SULQWDEOH�FKDUDFWHUV�RWKHU�WKHQ�WKRVH�GHVFULEHG�DERYH�LVQ
W�GHILQHG�KHUH
VLQFH�LW�YDULHV�IURP�WHUPLQDO�WR�WHUPLQDO�
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&RQVROH�2XWSXW�2SWLRQV

7KH�IROORZLQJ�VHW�RI�FXUVRU�DQG�VFUHHQ�IXQFWLRQV�VKRXOG�EH�SURYLGHG�LI�SRVVLEOH��7KH�FRQWURO�FKDUDFWHUV�RU
VHTXHQFHV�RI�FKDUDFWHUV�WKDW�SHUIRUP�WKHVH�IXQFWLRQV�DUH�OHIW�XQVSHFLILHG��WKH\�DUH�VRIW�FKDUDFWHUV���,I�D
VWDQG�DORQH�$6&,,�WHUPLQDO�LV�FRQQHFWHG�WR�WKH�KRVW�V\VWHP��WKHVH�IXQFWLRQV�PD\�EH�SURYLGHG�E\�WKH
WHUPLQDO�LWVHOI��,Q�WKLV�FDVH��DOO�WKH�%,26�QHHG�GR�LV�SDVV�WKH�DSSURSULDWH�FRQWURO�FKDUDFWHUV�

5HYHUVH�/LQH�)HHG��0RYHV�WKH�FXUVRU�WR�WKH�QH[W�OLQH�KLJKHU�RQ�WKH�VFUHHQ�ZLWKRXW�FKDQJLQJ�WKH�FROXPQ
RU�WKH�FRQWHQWV�RI�WKH�VFUHHQ��,I�WKH�FXUVRU�LV�DOUHDG\�RQ�WKH�WRS�OLQH��WKH�UHVXOW�LV�XQGHILQHG��,I�SRVVLEOH�
WKH�VFUHHQ�VKRXOG�UHYHUVH�VFUROO�LQ�VXFK�D�FDVH��RU�LI�WKDW�LVQ
W�IHDVLEOH��WKH�FXUVRU�DQG�VFUHHQ�VKRXOG�MXVW
UHPDLQ�DV�WKH\�ZHUH�

1RQ�'HVWUXFWLYH�)RUZDUG�DQG�%DFNZDUG�6SDFH��0RYHV�WKH�FXUVRU�LQ�WKH�GLUHFWLRQ�LQGLFDWHG�ZLWKRXW
FKDQJLQJ�WKH�FRQWHQWV�RI�WKH�VFUHHQ��WKDW�LV��PRYHV�LW��QRQ�GHVWUXFWLYHO\���7KH�SRVLWLRQ�RI�WKH�FXUVRU�LV
XQGHILQHG�LI�DQ�DWWHPSW�LV�PDGH�WR�PRYH�LW�EH\RQG�WKH�EHJLQQLQJ�RU�WKH�HQG�RI�D�OLQH��7KH�SUHIHUUHG�UHVXOW
LV�WKDW�FXUVRU�DQG�VFUHHQ�UHPDLQ�XQFKDQJHG�LQ�VXFK�D�FDVH�

&XUVRU�+20(��0RYHV� WKH�FXUVRU�WR�WKH�XSSHU� OHIW�KDQG�FRUQHU�RI� WKH�VFUHHQ�ZLWKRXW�FKDQJLQJ�WKH
FRQWHQWV�RI�WKH�VFUHHQ�

&XUVRU�;�<�3RVLWLRQLQJ��0RYHV� WKH� FXUVRU� WR� VRPH�DEVROXWHO\�GHWHUPLQHG� URZ�DQG� FROXPQ�ZLWKRXW
GLVWXUELQJ�WKH�FRQWHQWV�RI�WKH�VFUHHQ��7KH�UHVXOW�LV�XQGHILQHG�LI�DQ�DWWHPSW�LV�PDGH�WR�PRYH�WKH�FXUVRU�WR
D�QRQH[LVWHQW�SRVLWLRQ�

(UDVH�WR�(QG�RI�6FUHHQ��(UDVHV�IURP�WKH�FXUVRU�SRVLWLRQ�WR�WKH�HQG�RI�WKH�VFUHHQ��OHDYLQJ�WKH�FXUVRU�ZKHUH
LW�VWDUWHG�DQG�WKH�RWKHU�FRQWHQWV�RI�WKH�VFUHHQ�XQGLVWXUEHG�

(UDVH�WR�(QG�RI�/LQH��(UDVHV�IURP�WKH�FXUVRU�SRVLWLRQ�WR�WKH�HQG�RI�WKH�FXUUHQW�OLQH��OHDYLQJ�WKH�FXUVRU
ZKHUH�LW�VWDUWHG�DQG�WKH�UHVW�RI�WKH�VFUHHQ�XQGLVWXUEHG�

&RQVROH�,QSXW�5HTXLUHPHQWV

,QSXW�IURP�WKH�FRQVROH�VKRXOG�QRW�EH�HFKRHG�WR�WKH�VFUHHQ�E\�WKH�%,26��WKLV�IXQFWLRQ�LV�KDQGOHG�E\
563�,2��.H\V�ZKLFK�UHSUHVHQW�$6&,,�FKDUDFWHUV�VKRXOG�JHQHUDWH���ELW�FRGHV�EHWZHHQ���DQG������2WKHU
�QRQ�$6&,,��WKDW�LV��VSHFLDO�IXQFWLRQ��NH\V�FDQ�JHQHUDWH�FRGHV�EHWZHHQ�����DQG������LI�GHVLUHG�
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&RQVROH�,QSXW�2SWLRQV

,I�SRVVLEOH��ZH�UHFRPPHQG�WKDW�WKH�FRQVROH�LQSXW�%,26�EH�UHVSRQVLEOH�IRU�WKH�IROORZLQJ�VSHFLDO�IXQFWLRQV�

67$57�6723

7KH�67$57�6723�FKDUDFWHU�LV�XVHG�WR�FRQWURO�FRQVROH�RXWSXW��:KHQ�67$57�6723��D�VRIW�FKDUDFWHU��LV
UHFHLYHG��FRQVROH�RXWSXW�LV�VXVSHQGHG�XQWLO������DQRWKHU�67$57�6723�FKDUDFWHU�LV�UHFHLYHG������D�)/86+
FKDUDFWHU�LV�UHFHLYHG������WKH�FRQVROH�%,26�LV�UHLQLWLDOL]HG��RU�����WKH�%5($.�FKDUDFWHU�LV�UHFHLYHG��7KH
DFWLRQ�WR�WDNH�LQ�WKH�ODVW� WKUHH�FDVHV�LV�GLVFXVVHG�EHORZ��6KRXOG�DQRWKHU�67$57�6723�FKDUDFWHU�EH
UHFHLYHG�� WKH� VXVSHQGHG� DFWLYLWLHV� VKRXOG� UHVXPH� H[DFWO\� DV� WKH\� OHIW� RII�� 7KH� FKLHI� EHQHILW� RI� WKLV
DUUDQJHPHQW�LV�WKDW�\RX�FDQ�VXVSHQG�RXWSXW�SURFHVVHV�ZKLFK�DUH�SURFHHGLQJ�WRR�IDVW��IRU�H[DPSOH��D�WH[W
ILOH�VFUROOLQJ�DFURVV�WKH�VFUHHQ�DW������EDXG���7KH�VXVSHQVLRQ�SURFHVV�WDNHV�SODFH�ZKROO\�ZLWKLQ�WKH�%,26�
DQG�UHTXLUHV�QR�FRPPXQLFDWLRQ�WR�WKH�563���1RWH�WKDW�WKH�67$57�6723�FKDUDFWHU�LV�QHYHU�UHWXUQHG�WR
WKH�563��7KH�TXHXLQJ�RI�NH\ERDUG�LQSXW��LI�LPSOHPHQWHG��VKRXOG�FRQWLQXH�GXULQJ�WKH�VXVSHQVLRQ���

)/86+

)/86+�LV�DQRWKHU�VRIW�FRQWURO�FKDUDFWHU��:KHQ�)/86+�LV�W\SHG��WKH�FRQVROH�RXWSXW�%,26�GLVFDUGV�DOO
RXWSXW�FKDUDFWHUV��WKDW�LV��GRHVQ
W�GLVSOD\�WKHP��XQWLO������)/86+�LV�HQWHUHG�DJDLQ������LQSXW�LV�UHTXHVWHG
IURP�WKH�FRQVROH�%,26������WKH�FRQVROH�%,26�LV�UHLQLWLDOL]HG��RU�����WKH�%5($.�FKDUDFWHU�LV�UHFHLYHG��7KH
)/86+�FKDUDFWHU�LV�QHYHU�UHWXUQHG�WR�WKH�563��,I�)/86+�LV�UHFHLYHG�ZKLOH�D�67$57�6723�VXVSHQVLRQ
LV�SHQGLQJ��WKH�VXVSHQVLRQ�LV�FDQFHOHG�DQG�)/86+�KDV�LWV�XVXDO�HIIHFW��7KLV�IHDWXUH�LV�XVHIXO�ZKHQ�D�ORQJ
WH[W� ILOH� LV� EHLQJ�GLVSOD\HG�RQ� WKH� FRQVROH� DQG�\RX
UH� WLUHG�RI� ORRNLQJ�DW� LW�� ,I� \RX�SXVK�)/86+�� LW
WHUPLQDWHV�UDWKHU�TXLFNO\��,W�LV�DOVR�XVHIXO�ZKHQ�D�SURFHVV�LV�JHQHUDWLQJ�FRQVROH�RXWSXW�WKDW�LV�LUUHOHYDQW�
EXW�VORZV�GRZQ�WKH�SURFHVV��1RWH�WKDW�)/86+�DSSOLHV�RQO\�WR�FRQVROH�RXWSXW�

%5($.

:KHQ�%5($.��DOVR�D�VRIW�FKDUDFWHU��LV�HQWHUHG��WKH�FRQVROH�LQSXW�%,26�VKRXOG�FKHFN�WKH�VWDWH�RI�WKH
12%5($.�IODJ�ELW�LQ�WKH�6<6&20�GDWD�DUHD��,I�WKH�12%5($.�IODJ�LV�D����WKHQ�WKH�%5($.�NH\�VKRXOG
EH�LJQRUHG��WKH�FRQVROH�LQSXW�URXWLQH�VKRXOG�JR�EDFN�WR�ZDLWLQJ�IRU�D�FKDUDFWHU�IURP�WKH�FRQVROH���,I�WKH
12%5($.�IODJ�LV�D����WKHQ�WKH�%,26�VKRXOG�LPPHGLDWHO\�JLYH�FRQWURO�WR�D�VSHFLDO�30(�URXWLQH��7KH
YHFWRU�WR�WKLV�URXWLQH�LV�SDVVHG�DW�FRQVROH�LQLWLDOL]DWLRQ�WLPH��$IWHU�H[HFXWLRQ�RI�WKH�%5($.�URXWLQH��WKH
%,26�VKRXOG�FRQWLQXH�DV�EHIRUH��7KH�%5($.�URXWLQH�LV�UHVSRQVLEOH�IRU�QRWLI\LQJ�WKH�30(�WKDW�D�%5($.
VKRXOG�EH�H[HFXWHG�EHIRUH�WKH�QH[W�S�FRGH� LV� LQWHUSUHWHG�� �1RWH�WKDW�WKH�%5($.�FKDUDFWHU� LV�QHYHU
UHWXUQHG�WR�WKH�563��5HFHLSW�RI�%5($.�VKRXOG�WHUPLQDWH�DQ\�67$57�6723�RU�)/86+�VXVSHQVLRQ
SHQGLQJ��

7KH�V\VWHP�VWRUHV�WKH�12%5($.�ERROHDQ�LQ�WKH�GDWD�DUHD�FDOOHG�6<6&20��$�SRLQWHU�WR�6<6&20�LV
SDVVHG�WR�WKH�FRQVROH�LQLWLDOL]DWLRQ�URXWLQH��7KH�E\WH�FRQWDLQLQJ�WKH�12%5($.�ERROHDQ�PXVW�EH�PDVNHG
ZLWK����������ELQDU\�����KH[DGHFLPDO��EHIRUH�H[DPLQLQJ�WKH�12%5($.�ERROHDQ��WKH�RWKHU�ELWV�DUHQ
W
QHFHVVDULO\�]HUR�
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7\SH�$KHDG

:KHQ�QRQ�VSHFLDO�FKDUDFWHUV��RQHV�QRW�GHVFULEHG�LQ�WKH�VHFWLRQV�DERYH��DUH�UHFHLYHG�IURP�WKH�NH\ERDUG�
DQG�ZKHQ�D�QR�UHDG�UHTXHVW�LV�SHQGLQJ��WKH\�VKRXOG�EH�TXHXHG�XQWLO�WKH�QH[W�UHDG�UHTXHVW��7KH�QH[W�UHDG
UHTXHVW�VKRXOG�UHPRYH�WKH�ILUVW�FKDUDFWHU�IURP�WKH�TXHXH��:KHQ�FKDUDFWHUV�LQ�H[FHVV�RI�WKH�PD[LPXP
TXHXH�VL]H�DUH�UHFHLYHG��WKH\�VKRXOG�EH�LJQRUHG��WKH�TXHXH�VKRXOG�UHPDLQ�LQWDFW��:KLOH�D�W\SH�DKHDG�RI
HYHQ���FKDUDFWHU�LV�EHWWHU�WKDQ�QRQH�DW�DOO��ZH�UHFRPPHQG�D�PLQLPXP�TXHXH�VL]H�RI�DERXW����FKDUDFWHUV�
,I�SRVVLEOH�� WKH�EHOO�VKRXOG�EH�VRXQGHG�IRU�HDFK�FKDUDFWHU�HQWHUHG� IURP�WKH�NH\ERDUG�DIWHU�QR�URRP
UHPDLQV�LQ�WKH�TXHXH�

,QSXW�&KDUDFWHU�0DVN

,Q� WKH�S�6\VWHP��SULRU� WR� YHUVLRQ� ,9���� DOO� FKDUDFWHUV� LQSXW� IURP� WKH� FRQVROH�ZHUH�PDVNHG�ZLWK��)
�KH[DGHFLPDO�� WR� FOHDU� WKH�SDULW\�ELW� LQ�ELW� ���7KLV� FKDQJHG�� LQ� YHUVLRQ� ,9���� WR� DOORZ� WHUPLQDOV� �RU
NH\ERDUGV�� WKDW� XVH� IXOO� ��ELW� FKDUDFWHU� FRGHV� WR� UHWXUQ� WKHP�XQPDVNHG�� DQG� WR� FRQWLQXH� WR� DOORZ
WHUPLQDOV�WKDW�QHHGHG�WR�KDYH�WKH�SDULW\�ELW�FOHDUHG�WR�ZRUN�

(YHU\� FKDUDFWHU� UHDG� IURP� WKH� FRQVROH� VKRXOG�EH�$1'HG�ZLWK� WKH�&+$5B0$6.�E\WH� IRXQG� LQ� WKH
6<6&20�GDWD�DUHD��7KLV�ZLOO�EH�VHW�ZLWK�WKH�6(783�XWLOLW\�WR�EH�HLWKHU��)�RU�))��KH[DGHFLPDO��DV�QHHGHG�
7KH�PDVNLQJ�VKRXOG�EH�GRQH�EHIRUH�FKHFNLQJ�IRU�%5($.��67$57�6723�RU�)/86+�

4.4.5.2. Initialization and Control

7KH� LQLWLDOL]DWLRQ� DQG� FRQWURO� SDUW� RI� WKH� FRQVROH� %,26� LV� UHVSRQVLEOH� IRU� WKH� IROORZLQJ� WDVNV� �DQG
ZKDWHYHU�HOVH�WKH�%,26�LPSOHPHQWRU�ILQGV�H[SHGLHQW��

6<6&20�'DWD�$UHD��7KH�V\VWHP�VWRUHV�VRIW�FKDUDFWHUV��67$57�6723��)/86+��%5($.�DQG�RWKHU�VSHFLDO
YDULDEOHV�LQ�WKH�6<6&20�GDWD�DUHD��7KHVH�DUH�YDULDEOHV�WKDW�PXVW�EH�DFFHVVLEOH�IURP�ERWK�WKH�RSHUDWLQJ
V\VWHP�DQG�WKH�ORZ�OHYHO�URXWLQHV��30(��563��DQG�%,26���2QH�SDUDPHWHU�WR�WKH�FRQVROH�LQLWLDOL]DWLRQ�DQG
FRQWURO�URXWLQH�LV�D�SRLQWHU�WR�WKH�VWDUW�RI�WKH�6<6&20�DUHD��7KH�6<6&20�LV�D�SDFNHG
UHFRUG�GHFODUHG�LQ�WKH�LQWHUIDFH�VHFWLRQ�RI�WKH�XQLW�.(51(/��%\WH�RIIVHWV�ZLWKLQ�6<6&20�GHSHQG�RQ�WKH
SURFHVVRU� VH[� �ORZ�E\WH� RU� KLJK�E\WH� ILUVW��� 7KH� RIIVHWV� WR� YDULDEOHV� XVHG� LQ� WKH�%,26� DQG�563� DUH
�H[SUHVVHG�DV�SRVLWLYH�E\WH�RIIVHWV��

              LSB first (decimal)      MSB first (decimal)
              decimal  hex  octal      decimal  hex  octal     Usage
              -------------------      -------------------     -----
FLUSH      -       83   53    123           82   52    122     BIOS
BREAK      -       84   54    124           85   55    125     BIOS
STOP/START -       85   55    125           84   54    124     BIOS
CHARMASK   -       92   5C    134           93   5D    135     BIOS
NOBREAK    -       58   3A     72           59   3B     73     BIOS
EOF        -       82   53    122           83   53    123      RSP
ALPHALOCK  -       93   5D    135           92   5C    134      RSP



p-System™ Internal Architecture Reference Manual

229

%5($.�9HFWRU��$QRWKHU�LQLWLDOL]DWLRQ�DQG�FRQWURO�SDUDPHWHU�LV�WKH�DGGUHVV�RI�WKH�30(�URXWLQH�ZKLFK
KDQGOHV�%5($.��7KH�FRQVROH�LQLWLDOL]DWLRQ�FRGH�LV�UHVSRQVLEOH�IRU�VHWWLQJ�XS�D�YHFWRU�WR�WKLV�DGGUHVV�YLD
LWV�SULYDWH�GDWD�DUHD�DQG�FDOOLQJ�WKLV�URXWLQH�ZKHQ�WKH�%5($.�FKDUDFWHU�LV�UHFHLYHG�

)ODJV��,QLWLDOL]DWLRQ�VKRXOG�FDXVH�WKH�67$57�6723�DQG�)/86+�IODJV�WR�EH�FOHDUHG��RU�ZKDWHYHU�HOVH�PD\
EH�UHTXLUHG�WR�UHWXUQ�WR�QRUPDO��

7\SH�$KHDG�4XHXH��,QLWLDOL]DWLRQ�VKRXOG�FDXVH�DQ\�FKDUDFWHUV�FXUUHQWO\�ZDLWLQJ�LQ�WKH�W\SH�DKHDG�TXHXH
WR�EH�GLVFDUGHG�

&RQVROH�6WDWXV

$V�GHVFULEHG�LQ��&RQWURO�3DUDPHWHUV���DW�WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU��ELW����YDOXH����RI�WKH�&21752/
ZRUG�GHILQHV�WKH�GLUHFWLRQ�RI�WKH�VWDWXV�UHTXHVW��7KH�UHTXHVW�VKRXOG�UHWXUQ��LQ�WKH�ILUVW�ZRUG�RI�WKH�VWDWXV
UHFRUG��WKH�QXPEHU�RI�FKDUDFWHUV�FXUUHQWO\�TXHXHG�IRU�WKH�GLUHFWLRQ�VSHFLILHG��,I�VRPH�IRUP�RI�EXIIHULQJ
LV�EHLQJ�XVHG��WKLV�ZLOO�VLPSO\�EH�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�EXIIHU��LI�QR�EXIIHULQJ�LV�LPSOHPHQWHG�
WKH�RXWSXW�VWDWXV�ZLOO�DOZD\V�UHWXUQ����EXW�WKH�LQSXW�VWDWXV�ZLOO�UHWXUQ���LI�D�FKDUDFWHU�LV�ZDLW�WR�EH�UHDG
RU���LI�QRQH�LV�ZDLWLQJ�

4.4.5.3. Printer

7KH�SULQWHU�LV�H[SHFWHG�WR�EH�D�OLQH�SULQWHU�RU�RWKHU�KDUG�FRS\�GHYLFH��,Q�DFWXDO�SUDFWLFH�DQ\�$6&,,�GLVSOD\
GHYLFH�PD\�EH�XVHG�

3ULQWHU�2XWSXW�5HTXLUHPHQWV

,Q�RUGHU�WR�VHUYH�WKH�ZLGHVW�YDULHW\�RI�KDUG�FRS\�GHYLFHV��WKH�563�,2�GRHVQ
W�EXIIHU�D�OLQH�RI�WH[W�DQG�VHQG
LW�DOO�DW�RQFH��5DWKHU��LW�VHQGV�WKH�SULQWHU�%,26�D�VLQJOH�FKDUDFWHU��DW�D�WLPH��0DQ\�OLQH�SULQWHUV�PXVW
EXIIHU�D�OLQH�DQG�WKHQ�SULQW�LW�DOO�DW�RQFH��LI�WKLV�LV�WKH�FDVH��LW�LV�WKH�%,26�WKDW�PXVW�GR�VR��LQ�ZKLFK�FDVH�
WKH�%,26�PXVW� UHFRJQL]H� WKH� HQG� RI� D� OLQH� �(2/1���(2/1� LV� VLJQDOHG� E\� D� FHUWDLQ� FKDUDFWHU�� WKH
SRVVLELOLWLHV�DUH�OLVWHG�EHORZ��

&5��FDUULDJH�UHWXUQ!��KH[DGHFLPDO��'��³�3ULQW�WKH�OLQH�DQG�UHWXUQ�WKH�FDUULDJH�WR�WKH�ILUVW�FROXPQ��$Q
DXWRPDWLF�OLQH�IHHG�VKRXOG�QRW�EH�GRQH�

/)��OLQH�IHHG!��KH[DGHFLPDO��$��³�,Q�QRUPDO�RSHUDWLRQ��WKH�563�,2�ZLOO�RQO\�VHQG�DQ�/)�WR�WKH�%,26
LPPHGLDWHO\�DIWHU�D�&5��,I�WKH�KDUGZDUH�DOORZV�D�VLPSOH�OLQH�IHHG�WR�EH�SHUIRUPHG��ZLWKRXW�D�UHWXUQ���WKHQ
WKLV�VKRXOG�EH�GRQH��,I�D�FRPSOHWH��QHZ�OLQH��RSHUDWLRQ��WKDW�LV��UHWXUQ�DQG�OLQH�IHHG��LV�WKH�RQO\�ZD\�\RXU
SULQWHU�FDQ�SULQW�D�OLQH��WKHQ�GR�VR�DW�DQ�/)�³�GRQ
W�GR�DQ\WKLQJ�DERXW�D�&5�

))��IRUP�IHHG!��KH[DGHFLPDO����³�7KH�SULQWHU�VKRXOG�DGYDQFH�WKH�SDSHU�WR�WRS�RI�IRUP��LI�SRVVLEOH��DQG
SHUIRUP�D�FDUULDJH�UHWXUQ��,I�QR�VXFK�IHDWXUH�LV�DYDLODEOH��WKH�SULQWHU�PD\�H[HFXWH�D��QHZ�OLQH��RSHUDWLRQ�
WKDW�LV��D�UHWXUQ�IROORZHG�E\�D�OLQH�IHHG�
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3ULQWHU�,QSXW�5HTXLUHPHQWV

7KHUH�DUH�QR�VWULFW�UHTXLUHPHQWV�IRU�LQSXW�IURP�WKH�SULQWHU�GHYLFH��,I�WKH�SULQWHU�GHYLFH�KDV�WKH�FDSDELOLW\
WR�WUDQVPLW�GDWD��WKHQ�WKH�SULQWHU�LQSXW�%,26�VKRXOG�UHWXUQ�DOO�HLJKW�GDWD�ELWV�XQFKDQJHG��,I�QRW��WKHQ
LQSXW�VKRXOGQ
W�EH�DOORZHG�DQG�VKRXOG�UHWXUQ�FRPSOHWLRQ�FRGH�����LOOHJDO�RSHUDWLRQ�RQ�GHYLFH���

3ULQWHU�,QLWLDOL]DWLRQ�DQG�&RQWURO

,QLWLDOL]DWLRQ�RI�WKH�SULQWHU�GHYLFH�VKRXOG�PDNH�LW�UHDG\�WR�SULQW�DW�WKH�EHJLQQLQJ�RI�D�EODQN�OLQH��$��QHZ
OLQH�� �FDUULDJH�UHWXUQ�DQG�OLQH�IHHG��RSHUDWLRQ�PD\�EH�LQ�RUGHU�KHUH��$Q\�FKDUDFWHUV�WKDW�KDYH�EHHQ
EXIIHUHG�EXW�QRW�SULQWHG�DUH�ORVW��7KH�SULQWHU�GRHVQ
W�QHHG�WR�GR�D�IRUP�IHHG�HDFK�WLPH�LW�LV�LQLWLDOL]HG�

3ULQWHU�6WDWXV

$V�GHVFULEHG�DERYH��WKH�QXPEHU�RI�FKDUDFWHUV�EXIIHUHG�IRU�WKH�GLUHFWLRQ�VSHFLILHG�LQ�WKH�&21752/�ZRUG
VKRXOG�EH�UHWXUQHG�LQ�WKH�ILUVW�VWDWXV�ZRUG��,I�WKH�SULQWHU�KDV�QR�IRUP�RI�VHOI�FKHFNLQJ��UHWXUQ���

:KHQ�UHWXUQLQJ�RXWSXW�FKDQQHO�VWDWXV�WKH�QXPEHU�RI�FKDUDFWHUV�EXIIHUHG�KDV�D�VSHFLDO�PHDQLQJ��$�]HUR
UHWXUQHG��IRU�QXPEHU�RI��FKDUDFWHUV�EXIIHUHG��PHDQV�WKH�SULQWHU�LV�UHDG\�WR�UHFHLYH�D�FKDUDFWHU��D�QRQ�]HUR
YDOXH�LQ�LQWHUSUHWHG�DV�PHDQLQJ�WKH�SULQWHU��LVQ
W�UHDG\�WR�UHFHLYH�DQRWKHU�FKDUDFWHU��7KH�SULQW�VSRROHU
XVHV�WKLV� WR�GHWHUPLQH� LI� LW�FDQ�VHQG�D�FKDUDFWHU�WR�WKH�SULQWHU�ZLWKRXW�KDQJLQJ� WKH�V\VWHP��LQ�WKH
EDFNJURXQG�WDVN��RQ�D�ZULWH�WR�WKH�SULQWHU�

4.4.5.4. Disk

0DSSLQJ�%ORFNV�RQ�3K\VLFDO�6HFWRUV

7KH�GLVN�GHYLFH�PD\�EH�DQ\�W\SH�RI�GLVN�GULYH��IRU�H[DPSOH��IORSS\�RU�KDUG�GLVN���7KH�DFWXDO�VHFWRULQJ
DUUDQJHPHQWV�RI�WKH�GLVN�DUH�LPPDWHULDO��7KH�V\VWHP�DGGUHVVHV�WKH�GLVN�LQ�WHUPV�RI�FRQVHFXWLYH�ORJLFDO
EORFNV�RI�����E\WHV�HDFK��$�SULPDU\�IXQFWLRQ�RI�WKH�GLVN�%,26��WKHUHIRUH��LV�WR�SURYLGH�DQ�DSSURSULDWH
PDSSLQJ�VFKHPH�LQWR�WKH�DFWXDO��SK\VLFDO��VHFWRUV�XVHG�RQ�WKH�GLVN��7KH�VHFWRU�LQWHUOHDYLQJ�DOJRULWKP
VKRXOG�EH�RSWLPDO�IRU�WKH�KDUGZDUH�

7KH�V\VWHP�PDNHV�QR�DVVXPSWLRQV�DERXW�WKH� LQWHUOHDYLQJ�PHWKRG�XVHG�E\� WKH�%,26� �H[FHSW�WKDW� LW
ZRUNV���

%RRWVWUDS�/RFDWLRQ

:KLOH�ERRWVWUDS�VFKHPHV�YDU\��W\SLFDO�LPSOHPHQWDWLRQV�PDNH�XVH�RI�D�KDUGZDUH��XVXDOO\�520��ERRWVWUDS
WR�ORDG�DQG�H[HFXWH�D�SULPDU\�VRIWZDUH�ERRWVWUDS�ZKLFK��LQ�WXUQ��ORDGV�DQG�H[HFXWHV�D�VHFRQGDU\�VRIWZDUH
ERRWVWUDS�� 7KH� VHFRQGDU\� ERRWVWUDS� WKHQ� ORDGV� WKH� 30(� DQG� RSHUDWLQJ� V\VWHP�� SHUIRUPV� UHTXLUHG
LQLWLDOL]DWLRQV��DQG�VWDUWV�WKH�V\VWHP�
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7R�EH�DFFHVVLEOH�WR�WKH�KDUGZDUH�ERRWVWUDS��WKH�SULPDU\�VRIWZDUH�ERRWVWUDS�PXVW�UHVLGH�DW�D�ORFDWLRQ�RQ
WKH�GLVN�ZKLFK�LV�SUHGHWHUPLQHG�E\�WKH�KDUGZDUH�YHQGRU��6LQFH�WKHVH�ORFDWLRQV�FDQ�YDU\�ZLGHO\��LW�LV
QHFHVVDU\�WKDW�WKH�V\VWHP
V�UHTXLUHPHQWV�IRU�D�SK\VLFDO�GLVN�IRUPDW�EH�IOH[LEOH�LQ�WKLV�UHJDUG�

7KH�SULPDU\�ERRWVWUDS�DUHD�PXVW�QRW�RYHUODS�GLVN�GDWD�VWUXFWXUHV�PDLQWDLQHG�E\�WKH�V\VWHP��FKLHIO\�WKH
GLUHFWRU\�DQG�WKH�ERRWVWUDS�LWVHOI��

/RJLFDO�EORFNV���DQG���RI�HDFK�GLVN�DUH�XVXDOO\�UHVHUYHG�IRU�ERRWVWUDS�FRGH��D�WRWDO�RI������E\WHV���7KLV�LV
WKH�PRVW�FRQYHQLHQW�DOWHUQDWLYH�

,I������E\WHV�DUHQ
W�HQRXJK�URRP��RU�LI�WKH�LQWHUOHDYLQJ�IRUPDW�LV�XQDFFHSWDEOH�WR�WKH�KDUGZDUH�ERRWVWUDS�
WKH�SULPDU\�ERRWVWUDS�DUHD�PXVW�EH�RXWVLGH�RI�WKH��3DVFDO�GLVN���7KH�3DVFDO�ORJLFDO�EORFNV�PXVW�EH�PDSSHG
RQWR�WKH�GLVN�LQ�VXFK�D�ZD\�WKDW�WKH�KDUGZDUH�GHILQHG�ERRWVWUDS�DUHD�LV�LQDFFHVVLEOH�WR�WKH�S�6\VWHP�DV
D�ORJLFDO�EORFN���,W�ZLOO�VWLOO�EH�DFFHVVLEOH�LQ�3K\VLFDO�6HFWRU�0RGH��VHH�DERYH��

)RU�DGDSWDEOH�V\VWHPV��IXOO�GHWDLOV�DERXW�ERRWVWUDS�ORFDWLRQV�DQG�WKH�PHFKDQLVPV�RI�ERRWLQJ�PD\�EH�IRXQG
LQ�WKH�$GDSWDEOH�6\VWHP�,QVWDOODWLRQ�0DQXDO�

3K\VLFDO�6HFWRU�0RGH

:KHQ�ELW����YDOXH����RI�WKH�&21752/�ZRUG�LV�VHW��GLVN�DFFHVV�VKRXOG�EH�SHUIRUPHG�LQ�3K\VLFDO�6HFWRU
0RGH��DV�GHVFULEHG�LQ�WKH�VHFWLRQ���3K\VLFDO�6HFWRU�$GGUHVVLQJ�0RGH���DERYH�

'LVN�2XWSXW�5HTXLUHPHQWV

7KH�GLVN�GHYLFH�%,26�PXVW�WUDQVIHU�DV�PDQ\�DFWXDO�VHFWRUV�DV�DUH�QHHGHG�WR�DFFRPPRGDWH�WKH�GDWD��7R
VLPSOLI\�D�GLVN�ZULWH�LQ�ZKLFK��%<7(67275$16)(5��02'�����LVQ
W�HTXDO�WR�]HUR��IRU�H[DPSOH��D�EORFN
LV�SDUWLDOO\�ZULWWHQ�WR���WKH�UHPDLQLQJ�FRQWHQWV�RI�WKH�ODVW�EORFN�DUH�XQGHILQHG��7KLV�PDNHV�LW�SRVVLEOH�WR
ZULWH�DV�PXFK�RI�ZKDWHYHU�JDUEDJH�UHPDLQV�LQ�WKH�EXIIHU��LI�WKDW�LV�PRVW�FRQYHQLHQW��WR�ILOO�XS�D�ZKROH
VHFWRU��)LJXUH������LOOXVWUDWHV�WKLV�VLWXDWLRQ��7KH�ODQJXDJH�OHYHO�LV�UHVSRQVLEOH�IRU�NHHSLQJ�WUDFN��LQ�ORJLFDO
EORFN�QXPEHUV�DQG�E\WH�FRXQWV��RI�ZKHUH�WKH�JRRG�GDWD�LV�
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(;$03/(�

Write, to disk.

  Number of bytes to transfer = 1174
  Starting logical block number = 72
  Data area address = DATAAREA

      |                 |                 |     :           |
      |    Block 72     |    Block 73     |    Block 74     |
      |   (512 bytes)   |   (512 bytes)   | 150 :(362 bytes)|
      |<-----------------data------------------>:<undefined>|
      |                 |                 |     :           |
      ^                                         ^           ^
      |                                         |           |
      start of data area               end of data area     |
                                                            |
                                            end of last block

Figure 4-10. State of Blo cks on Disk After Be ing Written

'LVN�,QSXW�5HTXLUHPHQWV

2Q�LQSXW�IURP�D�GLVN�GHYLFH��LW
V�QRW�SHUPLVVLEOH�WR�RYHU�ZULWH�WKH�HQG�RI�WKH�DVVLJQHG�GDWD�DUHD��7KHUHIRUH�
WKH�%,26� LV� UHVSRQVLEOH� IRU� WUDQVIHUULQJ�QR�PRUH� WKDQ� WKH�QXPEHU�RI� E\WHV� UHTXHVWHG��2QH�ZD\� WR
DFFRPSOLVK�WKLV�LV�WR�EXIIHU�WKH�ODVW�VHFWRU�DQG�WKHQ�WUDQVIHU�RQO\�WKH�UHTXHVWHG�SDUW�

'LVN�,QLWLDOL]DWLRQ�DQG�&RQWURO

,QLWLDOL]DWLRQ�RI�D�GLVN�GHYLFH�VKRXOG�EULQJ�LW�WR�D�VWDWH�LQ�ZKLFK�LW�LV�UHDG\�WR�UHDG�RU�ZULWH�IURP�DQ\�JLYHQ
WUDFN�RU�VHFWRU��)RU�VRPH�GULYHV�ZLWK�VLPSOH�FRQWUROOHUV��WKH�KHDG�PD\�QHHG�WR�EH�VWHSSHG�WR�WUDFN���WR
IDFLOLWDWH�WKH�%,26�GLVN�GULYHU
V�UHPHPEHULQJ�WKH�FXUUHQW�WUDFN��$Q\�EXIIHUHG�GDWD�LV�ORVW�

'LVN�6WDWXV

6WDWXV�UHTXHVWV�IURP�WKH�GLVN�ZLOO�UHWXUQ�WKH�IROORZLQJ�ZRUGV�LQ�WKH�VWDWXV�UHFRUG�

:RUG���³�7KH�QXPEHU�RI�E\WHV�FXUUHQWO\�EXIIHUHG�IRU�WKH�GLUHFWLRQ�VSHFLILHG�LQ�WKH�&21752/�ZRUG��DV
GHVFULEHG�LQ�WKH�VHFWLRQ���&RQVROH�6WDWXV���DERYH��,I�QR�FDSDELOLW\�IRU�FKHFNLQJ�LV�DYDLODEOH��LW�VKRXOG�EH�VHW
WR���

:RUG���³�7KH�QXPEHU�RI�E\WHV�SHU�VHFWRU�

:RUG���³�7KH�QXPEHU�RI�VHFWRUV�SHU�WUDFN�

:RUG���³�7KH�QXPEHU�RI�WUDFNV�SHU�GLVN�



p-System™ Internal Architecture Reference Manual

233

4.4.5.5. Remote

7KLV�XQLW�LV�LQWHQGHG�WR�EH�DQ�56�����VHULDO�OLQH�IRU�VXSSRUWLQJ�YDULRXV�W\SHV�RI�FRPPXQLFDWLRQ��,W�LV
LPSRUWDQW�WKDW�LW�WUDQVIHU�UDZ�GDWD�ZLWKRXW�FKDQJLQJ�LW�LQ�DQ\�ZD\��$OO�HLJKW�ELWV�RI�WKH�WUDQVIHUUHG�E\WH
VKRXOG�EH�FRQVLGHUHG�VLJQLILFDQW��7KH�WUDQVIHU�UDWH�LV�XVXDOO\�VHW�WR������EDXG�

5HPRWH�2XWSXW�5HTXLUHPHQWV

$V�QRWHG�DERYH��DOO���ELWV�RI�WKH�GDWD�E\WH�VKRXOG�EH�WUDQVPLWWHG��7KH�UHPRWH�%,26�GULYHU�LV�VHQW�RQH�E\WH
DW�D�WLPH�

5HPRWH�,QSXW�5HTXLUHPHQWV

,QSXW�IURP�D�UHPRWH�GHYLFH�VKRXOG�EH�EXIIHUHG��LI�SRVVLEOH��E\�WKH�VFKHPH�VXJJHVWHG�LQ��7\SH�$KHDG�
VHFWLRQ��$V�QRWHG�DERYH��DOO�HLJKW�GDWD�ELWV�PXVW�EH�UHWXUQHG�

5HPRWH�,QLWLDOL]DWLRQ�DQG�&RQWURO

,QLWLDOL]DWLRQ�RI�WKH�UHPRWH�GHYLFH�VKRXOG�EULQJ�LW�WR�D�VWDWH�LQ�ZKLFK�LW�LV�UHDG\�WR�UHDG�RU�ZULWH�

5HPRWH�6WDWXV

7KH�QXPEHU�RI�E\WHV�EXIIHUHG�IRU�WKH�GLUHFWLRQ�VSHFLILHG�LQ�WKH�&21752/�ZRUG�VKRXOG�EH�UHWXUQHG�LQ�WKH
ILUVW�VWDWXV�ZRUG��DV�GHVFULEHG�LQ�WKH��&RQVROH�6WDWXV��VHFWLRQ��DERYH��,I�QR�FDSDELOLW\�IRU�FKHFNLQJ�LV
DYDLODEOH��LW�VKRXOG�UHWXUQ���

4.4.5.6. User-Defined Devices

7KHVH�GHYLFHV�DUH�LQWHQGHG�WR�DOORZ�\RX�WKH�IUHHGRP�WR�LPSOHPHQW�GHYLFHV�QRW�VSHFLILFDOO\�GHILQHG�LQ�WKLV
GRFXPHQW��7KH�DFWXDO�LPSOHPHQWDWLRQ�LV�OHIW�HQWLUHO\�WR�\RX��7KH�RQO\�UHTXLUHPHQW�LV�WKDW�WKH\�UHWXUQ�D
FRPSOHWLRQ�FRGH�ZKHQ�ILQLVKHG�DQG��LI�WKH�81,7180%(5�LVQ
W�GHILQHG��WKDW�LW�UHWXUQ�FRGH�����LOOHJDO�XQLW
QXPEHU����<RX�VKRXOG�XVH�GHYLFH�QXPEHUV�VWDUWLQJ�IURP������VHH��8VHU�'HILQHG�'HYLFHV���DERYH��

4.4.6. Special BIOS Calls

7KHVH�IXQFWLRQV�DUH�SURYLGHG�E\�WKH�%,26�WR�PDNH�FRQILJXUDWLRQ�VSHFLILF�IXQFWLRQV�DFFHVVLEOH�WR�WKH�30(�
$OWKRXJK� WKHVH� IXQFWLRQV� DUHQ
W� UHODWHG� WR� ,�2�� WKH\� DUH� SXW� LQWR� WKH� %,26� DV� WKH� UHSRVLWRU\� IRU
FRQILJXUDWLRQ�VSHFLILF�FRGH�

$V�ZLWK�DOO�RWKHU�URXWLQHV�LQ�WKH�%,26��HDFK�VKRXOG�UHWXUQ�D�FRPSOHWLRQ�FRGH�

4.4.6.1. System Output

6\VWHP�2XWSXW�LV�UHVHUYHG�IRU�IXWXUH�H[SDQVLRQ�DQG��DW�WKLV�WLPH��VKRXOG�FDXVH�WKH�V\VWHP�WR�+$/7���1RWH
WKDW�+$/7�PD\�DFWXDOO\�FDXVH�D�UHERRW�RQ�VRPH��IHZ��LPSOHPHQWDWLRQV��
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4.4.6.2. System Input

6\VWHP�,QSXW�LV�DOVR�UHVHUYHG�IRU�IXWXUH�XVH��DQG�OLNH�6\VWHP�2XWSXW��VKRXOG�FDXVH�D�+$/7�

4.4.6.3. System Initialization and Control

7KH�6\VWHP�,QLWLDOL]DWLRQ�DQG�&RQWURO�%,26�URXWLQH�VKRXOG�LQLWLDOL]H�VXFK�WKLQJV�DV�WKH�FORFN��UHVHW�LW�WR
���DQG�WKH�LQWHUUXSW�V\VWHP��LI�HLWKHU�LV�WR�EH�XVHG�

4.4.6.4. System Status

7KH�6\VWHP�6WDWXV�%,26�URXWLQH�VKRXOG�UHWXUQ�WKH�IROORZLQJ�LQIRUPDWLRQ�LQ�WKH�VWDWXV�UHFRUG�

:RUG���³�7KH�DGGUHVV�RI�WKH�ODVW�ZRUG�LQ�DFFHVVLEOH�FRQWLJXRXV�5$0�PHPRU\��IRU�H[DPSOH��RQ�DQ�����
V\VWHP�ZLWK���.�E\WHV�RI�5$0��WKH�ODVW�E\WH�DGGUHVV�PD\�EH�
))))
��EXW�WKH�ODVW�ZRUG�DGGUHVV�LV�
)))(
�
�
:RUG���³�7KH�OHDVW�VLJQLILFDQW�SDUW�RI�WKH����ELW�ZRUG�XVHG�E\�WKH�V\VWHP�FORFN��,I�D�FORFN�LVQ
W�SUHVHQW�
WKHQ�WKLV�PXVW�EH�VHW�WR���

:RUG���³�7KH�PRVW�VLJQLILFDQW�SDUW�RI�WKH����ELW�ZRUG�XVHG�E\�WKH�V\VWHP�FORFN��,I�D�FORFN�LVQ
W�SUHVHQW�
WKHQ�WKLV�PXVW�EH�VHW�WR���

1RWH��,I�D�FORFN�LV�XVHG��WKH�V\VWHP�DVVXPHV�WKDW�WKH�WZR�ZRUGV�UHWXUQHG�DUH�UHSUHVHQWDWLYH�RI�WKH�WLPH�LQ
��WKV�RI�D�VHFRQG��,W�LV�WKH�FORFN�GULYHU
V�UHVSRQVLELOLW\�WR�PDLQWDLQ�WKH�FORVHVW�DSSUR[LPDWLRQ�WR�WKLV�WLPH�
7KH�WLPH�LV�GHILQHG�WR�EH���DW�FORFN�LQLWLDOL]DWLRQ��&XUUHQWO\��WKH�&21752/�ZRUG�LV�LJQRUHG�
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4.5. BIOS CALLING CONVENTIONS

7KH�IROORZLQJ�LV�D�VXPPDU\�RI�WKH�FDOOLQJ�FRQYHQWLRQV�GHVFULEHG�HDUOLHU��7KH�SURFHVVRU�VSHFLILF�SURWRFROV
IRU�FHUWDLQ�PDFKLQHV�DUH�VKRZQ�LQ�WKH�IROORZLQJ�VHFWLRQ��$OO�FDOOV�WR�WKH�%,26�UHWXUQ�D�FRPSOHWLRQ�FRGH�

(QWU\�3RLQW 3DUDPHWHUV

&2162/(5($' VLQJOH�GDWD�E\WH
&2162/(:5,7( VLQJOH�GDWD�E\WH
&2162/(&75/ %5($.�YHFWRU

6<6&20�SRLQWHU
&2162/(67$7 67$75(&�SRLQWHU

&21752/�ZRUG
35,17(55($' VLQJOH�GDWD�E\WH
35,17(5:5,7( VLQJOH�GDWD�E\WH
35,17(5&75/ �QRQH�
35,17(567$7 67$75(&�SRLQWHU

&21752/�ZRUG

',6.5($' EORFN�QXPEHU
E\WH�FRXQW
GDWD�DUHD�DGGUHVV
GULYH�QXPEHU
&21752/�ZRUG

',6.:5,7( �VDPH�DV�',6.5($'�
',6.&75/ GULYH�QXPEHU
',6.67$7 GULYH�QXPEHU

67$75(&�SRLQWHU
&21752/�ZRUG

5(027(5($' VLQJOH�GDWD�E\WH
5(027(:5,7( VLQJOH�GDWD�E\WH
5(027(&75/ �QRQH�
5(027(67$7 67$75(&�SRLQWHU

&21752/�ZRUG

86(55($' EORFN�QXPEHU
E\WH�FRXQW
GDWD�DUHD�DGGUHVV
GHYLFH�QXPEHU
&21752/�ZRUG

86(5:5,7( �VDPH�DV�86(55($'�
86(5&75/ GHYLFH�QXPEHU
86(567$7 GHYLFH�QXPEHU

67$75(&�SRLQWHU
&21752/�ZRUG
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6<65($' EORFN�QXPEHU
E\WH�FRXQW
GDWD�DUHD�DGGUHVV
GHYLFH�QXPEHU
&21752/�ZRUG

6<6:5,7( �VDPH�DV�6<65($'�
6<6&75/ GHYLFH�QXPEHU

(9(17�YHFWRU
6<667$7 67$75(&�SRLQWHU

&21752/�ZRUG

48,(7 �QRQH�
(1$%/( �QRQH�

6(55($' GHYLFH�QXPEHU
VLQJOH�GDWD�E\WH

6(5:5,7( GHYLFH�QXPEHU
VLQJOH�GDWD�E\WH

6(5&75/ GHYLFH�QXPEHU
6(567$7 GHYLFH�QXPEHU

67$75(&�SRLQWHU
&21752/�ZRUG
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4.6. PROCESSOR-SPECIFIC BIOS CALLS

4.6.1. 8086/8088

(QWU\�3RLQWV��$OO�%,26�HQWU\�SRLQWV�DUH�JLYHQ�DV�SRVLWLYH�RIIVHWV�IURP�WKH�%,26�YHFWRU�WDEOH��7KH�ORFDWLRQ
RI�WKLV�YHFWRU�WDEOH�LV�JLYHQ�E\�WKH�ODEHO�%,269&��ZKLFK�LV�GHILQHG�ZLWK�D�'()�LQ�WKH�%,26��(DFK�HQWU\
LQ�WKH�YHFWRU�WDEOH�VKRXOG�EH�D�SRLQWHU�WR�WKH�URXWLQH�WKDW�LPSOHPHQWV�WKDW�%,26�IXQFWLRQ��7KH�SRLQWHU
LV�UHODWLYH�WR�EH�EHJLQQLQJ�RI�WKH�30(�

3DUDPHWHUV��:KHQ�SDUDPHWHUV�DUHQ
W�EHLQJ�SDVVHG�LQ�D�VSHFLILHG�UHJLVWHU��WKH\�DUH�SXVKHG�RQWR�WKH�VWDFN�
2IIVHWV�IURP�WKH�DGGUHVV�SRLQWHG�WR�E\�63��LQGLFDWHG�DV��63���DUH�JLYHQ���5HPHPEHU�WKDW�WKH�VWDFN�JURZV
GRZQ�DQG�WKDW�63�QRUPDOO\�SRLQWV�DW�WKH�ODVW�ZRUG�SXVKHG�RQ�WKH�VWDFN��

&RPSOHWLRQ�&RGH��5HWXUQ�LQ�UHJLVWHU�$+�

&DOOLQJ�6HTXHQFH��7KH�563�ZLOO�XVH�WKH�&$//�%,269&�%;���LQWUD�VHJPHQW��LQGLUHFW��WR�FDOO�WKH�URXWLQH
ZLWKLQ�WKH�%,26��7KH�%,26�URXWLQHV�PD\�PDNH�IUHH�XVH�RI�UHJLVWHUV�$;�%;�&;�';�%3�6,�',��ZLWK�WKH
H[FHSWLRQ� RI� 48,(7�� (1$%/(�� DQG� 6<67(067$7� ZKLFK� PD\� RQO\� XVH� $;�%;�&;�',�� 5HJLVWHUV
&6�'6�66�(6�PXVW�EH�UHWXUQHG�XQFKDQJHG�

Entry Point Offset (hex) Parameters

CONSOLEREAD 00 return data byte in AL
CONSOLEWRITE 02 write data byte in AL
CONSOLECTRL 04 BREAK vector at (SP)+2, (SP)+3

SYSCOM pointer at (SP)+4, (SP)+5
CONSOLESTAT 06 STATREC pointer at (SP)+2, (SP)+3

CONTROL word at (SP)+4, (SP)+5

PRINTERREAD 08 return data byte in AL
PRINTERWRITE 0A write data byte in AL
PRINTERCTRL 0C (none)
PRINTERSTAT 0E STATREC pointer at (SP)+2, (SP)+3

CONTROL word at (SP)+4, (SP)+5

DISKREAD 10 block number at (SP)+2, (SP)+3
byte count at (SP)+4, (SP)+5
data area address at (SP)+6, (SP)+7
drive number at (SP)+8, (SP)+9
CONTROL word at (SP)+10, (SP)+1l
data area segment in ES

DISKWRITE 12 (same as DISKREAD)
DISKCTRL 14 drive number in CL
DISKSTAT 16 drive number in CL

STATREC pointer at (SP)+2, (SP)+3
CONTROL word at (SP)+4, (SP)+5
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REMOTEREAD 18 return data byte in AL
REMOTEWRITE 1A write data byte in AL
REMOTECTRL 1C (none)
REMOTESTAT 1E STATREC pointer at (SP)+2, (SP)+3

CONTROL word at (SP)+4, (SP)+5

USERREAD 20 block number at (SP)+2, (SP)+3
byte count at (SP)+4, (SP)+5
data area address at (SP)+6, (SP)+7
device number at (SP)+8, (SP)+9
CONTROL word at (SP)+10, (Sp)+11
data area segment in ES

USERWRITE 22 (same as USERREAD)
USERCTRL 24 device number in CL
USERSTAT 26 device number in CL

STATREC pointer in (SP)+2, (SP)+3
CONTROL word in (SP)+4, (SP)+5

SYSREAD 28 block number at (SP)+2, (SP)+3
byte count at (SP)+4, (sp)+5
data area address at (SP)+6, (SP)+7
drive number at (SP)+8, (SP)+9
CONTROL word at (SP)+10, (SP)+11
data area segment in ES

SYSWRITE 2A (same as SYSREAD)
SYSCTRL 2C EVENT vector at (SP)+2, (SP)+3

device number in CL
SYSSTAT 2E device number in CL

STATREC pointer in (SP)+2, (SP)+3
CONTROL word in (SP)+4, (SP)+5

QUIET 30 (none)
ENABLE 32 (none)

SERIALREAD 34 return data byte in AL
device number in CL

SERIALWRITE 36 write data byte in AL
device number in CL

SERIALCTRL 38 device number in CL
SERIALSTAT 3A device number in CL

STATREC pointer in (SP)+2, (SP)+3
CONTROL word in (SP)+4, (SP)+5
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4.6.2. 8080/Z80

(QWU\�3RLQWV��$OO�%,26�HQWU\�SRLQWV�DUH�JLYHQ�DV�SRVLWLYH�RIIVHWV�IURP�WKH�EHJLQQLQJ�RI�WKH�%,26�FRGH
VSDFH��7KHVH�ORFDWLRQV�VKRXOG�FRQWDLQ�D�-03�LQVWUXFWLRQ�WR�WKH�DSSURSULDWH�DGGUHVV�LQ�WKH�%,26�

3DUDPHWHUV��:KHQ�SDUDPHWHUV�DUHQ
W�EHLQJ�SDVVHG�LQ�D�VSHFLILHG�UHJLVWHU��WKH\�DUH�SXVKHG�RQWR�WKH�VWDFN�
2IIVHWV�IURP�WRS�RI�VWDFN�DUH�JLYHQ��WKH�VWDFN�JURZV�GRZQ��

&RPSOHWLRQ�&RGH��5HWXUQ�LQ�UHJLVWHU�$�

&DOOLQJ�6HTXHQFH��7KH�563�ZLOO�XVH�WKH�&$//�LQVWUXFWLRQ�WR�FDOO�WKH�%,26��7KXV�WKH�UHWXUQ�DGGUHVV�LV�DW
�63���63�����$OO�UHJLVWHUV�DUH�DYDLODEOH�IRU�XVH�E\�WKH�%,26��7KH�%,26�VKRXOG�FOHDQ�RII�WKH�VWDFN�EHIRUH
UHWXUQLQJ�WR�WKH�563�

Entry Point Offset (hex) Parameters

CONSOLEREAD 00 return data byte in Reg C
CONSOLEWRlTE 03 write data byte in Reg C
CONSOLECTRL 06 BREAK vector at (SP)+2,(SP)+3

SYSCOM pointer at (SP)+4,(SP)+5
CONSOLESTAT 09 STATREC pointer at (SP)+2,(SP)+1,

CONTROL word at (SP)+4,(SP)+5

PRINTERREAD 0C return data byte in Reg C
PRINTERWRITE 0F write data byte in Reg C
PRINTERCTRL 12 (none)
PRINTERSTAT 15 STATREC pointer at (SP)+2,(SP)+3

CONTROL word at (SP)+4,(SP)+5

DISKREAD 18 block number at (SP)+2,(SP)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
drive number at (SP)+8,(SP)+9
CONTROL word at (SP)+A,(SP)+B

DISKWRITE 1B (same as DISKREAD)
DISKCTRL 1E drive number in Reg C
DISKSTAT 21 drive number in Reg C

STATREC pointer at (SP)+2r(SP)+3
CONTROL word at (SP)+4,(SP)+5

REMOTEREAD 24 return data byte in Reg C
REMOTEWRITE 27 write data byte in Reg C
REMOTECTRL 2A (none)
REMOTESTAT 2D STATREC pointer at (SP)+2,(SP)+3

CONTROL word at (SP)+4,(SP)+5
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USERREAD 30 block number at (SP)+2,(SP)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
device number at (SP)+8,(SP)+9
CONTROL word at (SP)+A,(SP)+B

USERWRITE 33 (same as USERREAD)
USERCTRL 36 device number in Reg C
USERSTAT 39 device number in Reg C

STATREC pointer at (SP)+2,(SP)43
CONTROL word at (SP)+4,(SP)+5

SYSREAD 3C block number at (SP)+2,(SP)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
device number at (SP)+8,(SP)+9
CONTROL word at (SP)+A,(SP)4B

SYSWRITE 3F (same as SYSREAD)
SYSCTRL 42 EVENT vector at (SP)+2, (SP)+3
SYSSTAT 45 STATREC pointer at (SP)+2, (SP)43

CONTROL word at (SP)+4, (SP)+5

QUIET 48 (none)
ENABLE 4B (none)

SERIALREAD 4E return data byte in C
device number at (SP)+2, (SP)+3

SERIALWRITE 51 write data byte in C
device number at (SP)+2, (SP)+3

SERIALCTRL 54 device number at (SP)+2, (SP)+3
SERIALSTAT 57 device number at (SP)+2, (SP)+3

STATREC pointer in (SP)+4, (SP)+5
CONTROL word in (SP)+6, (SP)+7
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4.6.3. 6502

(QWU\�3RLQWV��$OO�%,26�HQWU\�SRLQWV�DUH�JLYHQ�DV�SRVLWLYH�RIIVHWV�IURP�WKH�EHJLQQLQJ�RI�WKH�%,26�FRGH
VSDFH��7KHVH�ORFDWLRQV�VKRXOG�FRQWDLQ�D�-03�LQVWUXFWLRQ�WR�WKH�DSSURSULDWH�DGGUHVV�LQ�%,26�

3DUDPHWHUV��:KHQ�SDUDPHWHUV�DUHQ
W�EHLQJ�SDVVHG�LQ�D�VSHFLILHG�UHJLVWHU��WKH\�DUH�SXVKHG�RQWR�WKH�VWDFN�
2IIVHWV�IURP�WKH�DGGUHVV�SRLQWHG�WR�E\�6��LQGLFDWHG�E\��6���DUH�JLYHQ��WKH�VWDFN�JURZV�GRZQ��DQG�WKDW�6
QRUPDOO\�SRLQWV�WR�WKH�ILUVW�DYDLODEOH�DGGUHVV�EHORZ�YDOLG�GDWD��

&RPSOHWLRQ�&RGH��5HWXUQ�LQ�UHJLVWHU�;�

&DOOLQJ�6HTXHQFH��7KH�563�ZLOO�XVH�WKH�-65�LQVWUXFWLRQ�WR�FDOO�WKH�%,26��7KXV�WKH�UHWXUQ�DGGUHVV�LV�DW
�6������6�����$OO�UHJLVWHUV�DUH�DYDLODEOH�IRU�XVH��7KH�VWDFN�VKRXOG�EH�FOHDQHG�RII�E\�WKH�%,26�EHIRUH
UHWXUQLQJ�WR�WKH�563�

Entry Point Offset (hex) Parameters

CONSOLEREAD 00 return data byte in Reg A
CONSOLEWRITE 03 write data byte in Reg A
CONSOLECTRL 06 BREAK vector at (S)+3,(S)+4

SYSCOM pointer at(S)+5,(S)+6
CONSOLESTAT 09 STATREC pointer at (S)+3,(S)+4

CONTROL word at (S)+5,(S)+6

PRINTERREAD 0C return data byte in Reg A
PRINTERWRITE 0F write data byte in Reg A
PRINTERCTRL 12 (none)
PRINTERSTAT 15 STATREC pointer at (S)+3,(S)+4

CONTROL word at (S)+5,(S)+6

DISKREAD 18 block number at (S)+3,(S)+4
byte count at (S)+5,(S)+6
data area address at (S)+7 (S)+8
drive number at (S)+9,(S)+A
CONTROL word at (S)+B,(S)+C

DISKWRITE 1B (same as DISKREAD)
DISKCTRL 1E drive number in Reg A
DISKSTAT 21 drive number in Reg A

STATREC pointer at (S)+3,(S)+4
CONTROL word at (S)+5,(S)+6
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REMOTEREAD 24 return data byte in Reg A
REMOTEWRITE 27 write data byte in Reg A
REMOTECTRL 2A (none)
REMOTESTAT 2D STATREC pointer at (S)+3,(S)+4

CONTROL word at (S)+5,(S)+6
USERREAD block number at (S)+3,(S)+4
byte count at (S)+5,(S)+6
data area address at (S)+7,(S)+8
device number at (S)+9,(S)+A
CONTROL word at (S)+B,(S)+C

USERWRITE 33 (same as USERREAD)
USERCTRL 36 device number in Reg A
USERSTAT 39 device number in Reg A

STATREC pointer at (S)+3,(S)+4
CONTROL word at (S)+5,(S)+6

SYSREAD 3C block number at (S)+3,(S)+4
byte count at (S)+5,(S)+6
data area address at (S)+7,(S)+8
device number at (S)+9,(S)+A
CONTROL word at (S)+B,(S)+C

SYSWRITE 3F (same as SYSREAD)
SYSCTRL 42 device number in A

EVENT vector at (S)+3, (S)+4
SYSSTAT 45 device number in A

STATREC pointer in (S)+3, (S)+4
CONTROL word in (S)+5, (S)+6

QUIET 48 (none)
ENABLE 4B (none)

SERIALREAD 4E return data byte in A
device number in Y

SERIALWRITE 51 write data byte in A
device number in Y

SERIALCTRL 54 device number in A
SERIALSTAT 57 device number in A

STATREC pointer in (S)+3, (S)+4
CONTROL, word in (S)+5, (S)+6
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4.6.4. 6809

(QWU\�3RLQWV��$OO�%,26�HQWU\�SRLQWV�DUH�JLYHQ�DV�SRVLWLYH�RIIVHWV�IURP�WKH�EHJLQQLQJ�RI�WKH�%,26�FRGH
VSDFH��7KHVH�ORFDWLRQV�VKRXOG�FRQWDLQ�D�YHFWRU�WR�WKH�DSSURSULDWH�DGGUHVV�LQ�WKH�%,26�

3DUDPHWHUV��:KHQ�SDUDPHWHUV�DUHQ
W�EHLQJ�SDVVHG�LQ�D�VSHFLILHG�UHJLVWHU��WKH\�DUH�SXVKHG�RQWR�WKH�VWDFN�
2IIVHWV�IURP�WKH�DGGUHVV�SRLQWHG�WR�E\�63��LQGLFDWHG�E\��63���DUH�JLYHQ��WKH�VWDFN�JURZV�GRZQ��DQG�WKDW
63�QRUPDOO\�SRLQWV�DW�WKH�ODVW�LWHP�SXVKHG�RQ�WKH�VWDFN��

&RPSOHWLRQ�&RGH��5HWXUQ�LQ�UHJLVWHU�%�

&DOOLQJ�6HTXHQFH��7KH�563�ZLOO�XVH�WKH�-65�LQVWUXFWLRQ�WR�FDOO�WKH�%,26��7KXV��WKH�UHWXUQ�DGGUHVV�ZLOO
EH�DW��63������63�����7KH�8�DQG�<�UHJLVWHUV�FRQWDLQ�30(�LQIRUPDWLRQ�ZKLFK�PXVW�EH�SUHVHUYHG�UHVWRUHG
E\�WKH�%,26�SULRU�WR�UHWXUQLQJ�WR�WKH�563��$OO�RWKHU�UHJLVWHUV�DUH�DYDLODEOH�IRU�XVH��7KH�VWDFN�VKRXOG�EH
FOHDQHG�RII�E\�WKH�%,26�EHIRUH�UHWXUQLQJ�WR�WKH�563�

Entry Point Offset (hex) Parameters

CONSOLEREAD 00 return data byte in Reg A
CONSOLEWRITE 03 write data byte in Reg A
CONSOLECTRL 06 BREAK vector at (SP)+2,(SP)+3

SYSCOM pointer at (SP)+4,(SP)+5
CONSOLESTAT 09 STATREC pointer at (SP)+2,(SP)43

CONTROL word at (SP)+4,(SP)+5

PRINTERREAD 0C return data byte in Reg A
PRINTERWRITE 0F write data byte in Reg A
PRINTERCTRL 12 (none)
PRINTERSTAT 15 STATREC pointer at (SP)+2,(SP)+3

CONTROL word at (SP)+4,(SP)+5

DISKREAD 18 block number at (SP)+2,(SP)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
drive number at (SP)+8,(SP)+9
CONTROL word at (SP)+A,(SP)+B

DISKWRITE 1B (same as DISKREAD)
DISKCTRL IF drive number in Reg A
DISKSTAT 21 drive number in Reg A

STATREC pointer at (SP)+2,(SP)+3
CONTROL word at (SP)+4,(SP)+5

REMOTEREAD 24 return data byte in Reg A
REMOTEWRITE 27 write data byte in Reg A
REMOTECTRL 2A (none)
REMOTESTAT 2D STATREC pointer at (SP)+2,(SP)+3

CONTROL word at (SP)+4,(SP)+5
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USERREAD 30 block number at (SP)+2,(Sp)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
device number at (SP)+8,(Sp)+9
CONTROL word at (SP)+A,(SP)+B

USERWRITE 33 (same as USERREAD)
USERCTRL 36 device number in Reg A
USERSTAT 39 device number in Reg A

STATREC pointer at (SP)+2,(SP)+3
CONTROL word at (SP)+4,(SP)+5

SYSREAD 3C block number at (SP)+2,(SP)+3
byte count at (SP)+4,(SP)+5
data area address at (SP)+6,(SP)+7
device number at (SP)+8,(SP)+9
CONTROL word at (SP)+A,(SP)+B
SYSWRITE 3F (same as SYSREAD)

SYSCTRL 42 device number in A
EVENT vector at (SP)+2, (SP)43

SYSSTAT 45 device number in A
STATREC pointer at (SP)+2, (SP)+3
CONTROL word at (SP)+4, (SP)+5

QUIET 48 (none)
ENABLE 4B (none)

SERIALREAD 4E return data byte in A
device number at(SP)+2, (SP)+3

SERIALWRITE 51 write data byte in A
device number at(SP)+2, (SP)+3

SERIALCTRL 54 device number at(SP)+2, (SP)+3
SERIALSTAT 57 device number at A

STATREC pointer in (SP)+2, (SP)+3
CONTROL word in (SP)+4, (SP)+5
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4.6.5. 68000

(QWU\�3RLQWV��$OO�%,26�HQWU\�SRLQWV�DUH�JLYHQ�DV�SRVLWLYH�RIIVHWV�IURP�WKH�%,26�MXPS�WDEOH��7KH�ORFDWLRQ
RI�WKLV�MXPS�WDEOH�LV�JLYHQ�E\�WKH�ODEHO�%,269&�ZKLFK�LV�GHILQHG�ZLWK�D��'()�LQ�WKH�%,26��(DFK�HQWU\�LQ
WKH�MXPS�WDEOH�VKRXOG�EH�D�ORQJ�%5$QFK�WR�WKH�URXWLQH�WKDW�LPSOHPHQWV�WKDW�%,26�IXQFWLRQ�

3DUDPHWHUV��,Q�JHQHUDO��SDUDPHWHUV�DUH�SDVVHG�WR�WKH�%,26�XVLQJ�WKH�IROORZLQJ�UHJLVWHU�VFKHPH�

'��%���FKDUDFWHU $����IUHH
'��%���UHVXOW�FRGH $����IUHH
'��:���FRQWURO $����EXIIHU�DGGUHVV
'��:���EORFN�QXPEHU
'��:���E\WHV
'��%���XQLW�QXPEHU

&RPSOHWLRQ�&RGH��5HWXUQHG�LQ�UHJLVWHU�'��%�

&DOOLQJ�6HTXHQFH��7KH�563�ZLOO�XVH�WKH�-65�LQVWUXFWLRQ�WR�FDOO�LQWR�WKH�MXPS�WDEOH�ZLWKLQ�WKH�%,26��7KH
%,26�URXWLQHV�PD\�PDNH�IUHH�XVH�RI�UHJLVWHUV�'��'��$��$���1R�RWKHU�UHJLVWHUV��LQFOXGLQJ�WKH�SDUDPHWHU
UHJLVWHUV��PD\�EH�GHVWUR\HG�

Entry Point Offset (hex) Parameters

CONSOLEREAD 00 return data byte in D0.B
CONSOLEWRITE 04 write data byte in D0.B
CONSOLECTRL 08 SYSCOM pointer in A0

BREAK vector in A1
CONSOLESTAT 0C STATREC pointer in A2

CONTROL word in D2.W

PRINTERREAD 10 return data byte in D0.B
PRINTERWRITE 14 write data byte in D0.B
PRINTERCTRL 18 (none)
PRINTERSTAT 1C STATREC pointer in A

CONTROL word in D2.W

DISKREAD 20 block number in D3.W
byte count in D4.W
data area address in A2
drive number in D5.B
CONTROL word in D2.W

DISKWRITE 24 (same as DISKREAD)
DISKCTRL 28 drive number in D5.B
DISKSTAT 2C drive number in D5.B

STATREC pointer in A2
CONTROL word in D2.W
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REMOTEREAD 30 return data byte in D0.B
REMOTEWRITE 34 write data byte in D0.B
REMOTECTRL 38 (none)
REMOTESTAT 3C STATREC pointer in A2

CONTROL word in D2.W

USERREAD 40 block number in D3.W
byte count in D4.W
data area address in A2
device number in D5.B
CONTROL word in D2.W

USERWRITE 44 (same as USERREAD)
USERCTRL 48 device number in D5.B
USERSTAT 4C device number in D5.B

STATREC pointer in A2
CONTROL word in D2.W

SYSREAD 50 block number in D3.W
byte count in D4.W
data area address in A2
device number in D5.B
CONTROL word in D2.W

SYSWRITE 54 (same as SYSREAD)
SYSCTRL 58 device number in D5.B

EVENT vector in A0
SYSSTAT 5C device number in D5.B

STATREC pointer in A2
CONTROL word in D2.W

QUIET 60 (none)
ENABLE 64 (none)

SERIALREAD 68 return data byte in D0.B
device number in E5.B

SERIALWRITE 6C write data byte in D0.B
device number in D5.B

SERIALCTRL 70 device number in D5.B
SERIALSTAT 74 device number in D5.B

STATREC pointer in A2
CONTROL word in D2.W
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5. THE OPERATING SYSTEM

5.1. OVERVIEW OF THE OS

7KH�RSHUDWLQJ�V\VWHP�LV�D�FROOHFWLRQ�RI�3DVFDO�81,7V��7KH�RUJDQL]DWLRQ�RI�81,7V�LQ�WKH�RSHUDWLQJ�V\VWHP
ZDV� GHWHUPLQHG� E\� WKUHH� FRQVLGHUDWLRQV�� IXQFWLRQDO� JURXSLQJ�� VSDFH� DQG� ODQJXDJH� UHVWULFWLRQV�� DQG
QHFHVVDU\�FRGH�VKDULQJ�ZLWK�RWKHU�SRUWLRQV�RI� WKH�V\VWHP��6RPH�81,7V� �VXFK�DV�6&5((1236��DUH
LQWHQGHG�WR�EH�DFFHVVLEOH�WR�\RXU�SURJUDPV�DV�ZHOO��7KH�QDPH�RI�D�81,7�LQ�WKH�RSHUDWLQJ�V\VWHP�JHQHUDOO\
UHIOHFWV�LWV�IXQFWLRQ��7KLV�LV�D�IXOO�OLVW�RI�RSHUDWLQJ�V\VWHP�81,7V�

8QLW�1DPH )XQFWLRQ

+($3236 +HDS�RSHUDWRUV
(;75$+($3
3(50+($3

6&5((1236 6FUHHQ�FRQWURO

),/(236 )LOH�DQG�GLUHFWRU\�RSHUDWLRQV

3$6&$/,2 )LOH�OHYHO�,�2
(;75$,2
62)7236

60$//&200$1' ,�2�UHGLUHFWLRQ�DQG�FKDLQLQJ
&200$1',2

675,1*236 6WULQJ�LQWULQVLFV

2687,/ &RQYHUVLRQ�XWLOLWLHV

&21&855(1&< &RQFXUUHQF\

5($/236 )ORDWLQJ�SRLQW�IXQFWLRQV�DQG�UHDO�QXPEHU�,�2

/21*236 /RQJ�LQWHJHU�RSHUDWLRQV

*272;< 6FUHHQ�FXUVRU�FRQWURO��PD\�EH�XVHU�VXSSOLHG�

.(51(/ 1RQ�VZDSSDEOH�FHQWUDO�IDFLOLWLHV�RI�RS��V\VWHP��DOZD\V�UHVLGHQW�LQ�PDLQ�PHPRU\�

*(7&0' 6XEVLGLDU\�VHJPHQWV�RI�.(51(/��VZDSSDEOH�
86(5352*
,1,7,$/,=(
35,17(5525
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.(51(/� FRQWDLQV� WKH� UHVLGHQW� FRGH� QHFHVVDU\� WR�PDLQWDLQ� WKH� FRGH� SRRO�� KDQGOH� IDXOWV�� DQG� UHDG
VHJPHQWV��7KH�.HUQHO�DOVR�FRQWDLQV�IRXU�VXEVLGLDU\�VHJPHQWV��ZKLFK�DUH�VZDSSDEOH�

*(7&0'�SURFHVVHV�\RXU�LQSXW�DW�WKH�PDLQ�FRPPDQG�OHYHO��DQG�EXLOGV�\RXU�SURJUDP
V�UXQ�WLPH
HQYLURQPHQW�

86(5352*�LV�WKH�UHVHUYHG�VHJPHQW�VORW�IRU�\RXU�SURJUDP��DW�ERRWVWUDS�WLPH�LW�FRQWDLQV�WKH
3DVFDO�OHYHO�FRGH�ZKLFK�EXLOGV�WKH�LQLWLDO�UXQ�WLPH�HQYLURQPHQW�IRU�WKH�RSHUDWLQJ�V\VWHP��

,1,7,$/,=(�LV�FDOOHG�ZKHQ�WKH�V\VWHP�LV�ERRWHG�RU�UHLQLWLDOL]HG��,W�UHDGV�6<67(0�0,6&,1)2�
ORFDWHV�WKH�V\VWHP�FRGH�ILOHV�DQG�VHWV�XS�WKH�WDEOH�RI�GHYLFHV�

35,17(5525�SULQWV�UXQ�WLPH�HUURU�PHVVDJHV�

7KH�RSHUDWLQJ�V\VWHP�81,7V�DUH�FRPSLOHG�VHSDUDWHO\��7KH\�DUH�ERXQG�WRJHWKHU�LQ�D�VLQJOH�FRGH�ILOH�
6<67(0�3$6&$/��E\�XVLQJ�WKH�XWLOLW\�/,%5$5<�

%HFDXVH�RI�FHUWDLQ�ERRWVWUDS�UHVWULFWLRQV��.(51(/�PXVW�DOZD\V�UHVLGH�LQ�VHJPHQW�VORW���DQG�86(5352*
PXVW� DOZD\V� UHVLGH� LQ� VORW� ���� 7KHUH� DUH� QR� RWKHU� UHVWULFWLRQV� RQ� WKH� ORFDWLRQ� RI� XQLWV� ZLWKLQ
6<67(0�3$6&$/�

5.2. P-MACHINE SUPPORT

5.2.1. The Heap: An Overview

7KH�KHDS�LV�DQ�DUHD�LQ�ORZ�PHPRU\�XVHG�IRU�WKH�DOORFDWLRQ�RI�G\QDPLFDOO\�VWRUHG�YDULDEOHV��7KH�XSSHU
ERXQG�RI�WKH�KHDS�GHSHQGV�XSRQ�WKH�VL]H�RI�WKH�VWDFN��DQG�WKH�FRGH�SRRO�LI�LW�LV�LQWHUQDO���7KH�DUHD�EHWZHHQ
WKH�KHDS�DQG�LWV�XSSHU�ERXQG�LV�SURYLVLRQDOO\�DYDLODEOH�WR�WKH�KHDS��VWDFN�IDXOWV�DQG�VHJPHQW�IDXOWV�PD\
FKDQJH�WKH�VL]H�RI�WKLV�DUHD��+HDS�IDXOWV�DUH�XVHG�E\�WKH�KHDS�RSHUDWRUV�WR�UHTXHVW�WKDW�PRUH�VSDFH�EH
DOORFDWHG�WR�WKH�KHDS�

7KH�KHDS�LV�PDQLSXODWHG�E\�D�QXPEHU�RI�LQWULQVLF�URXWLQHV�WKDW�DOORFDWH�RU�GHDOORFDWH�KHDS�VSDFH�LQ�D
SDUWLFXODU�ZD\��7KHVH�URXWLQHV�DUH�GHVFULEHG�EHORZ�

5.2.2. MARK and RELEASE

0$5.�VDYHV�WKH�ORFDWLRQ�RI�WKH�FXUUHQW�WRS�RI�WKH�KHDS��5(/($6(�FXWV�WKH�KHDS�EDFN�WR�WKH�ORFDWLRQ�RI
WKH�FRUUHVSRQGLQJ�PDUN��9DULDEOHV�ZKLFK�ZHUH�DOORFDWHG�EHWZHHQ�WKH�WLPH�RI�WKH�0$5.�DQG�WKH�WLPH�RI
WKH�5(/($6(�DUH�UHPRYHG�IURP�WKH�KHDS��H[FHSW�IRU�YDULDEOHV�DOORFDWHG�E\�3(501(:��0$5.�DQG
5(/($6(�PD\�EH�QHVWHG��WKH�LQWHJULW\�RI�WKH�KHDS�UHTXLUHV�WKDW�WKH\�EH�FRUUHFWO\�SDLUHG�
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5.2.3. NEW and VARNEW

1(:�DQG�9$51(:�FDXVH�YDULDEOHV�WR�EH�DOORFDWHG�RQ�WKH�KHDS�DERYH�WKH�WRSPRVW�PDUN��1(:�3���ZKHUH
YDULDEOH�3�LV�D�SRLQWHU�WR�W\SH�7��FDXVHV�WKH�QXPEHU�RI�ZRUGV�LQ�W\SH�7�WR�EH�DOORFDWHG��3�LV�DVVLJQHG�WKH
DGGUHVV�RI�WKH�ILUVW�ORFDWLRQ�DOORFDWHG�WR�3�RQ�WKH�KHDS��,I�7�LV�D�UHFRUG�ZLWK�YDULDQWV��VSDFH�IRU�WKH�ODUJHVW
YDULDQW�LV�DOORFDWHG��,Q�3DVFDO��D�FDOO�WR�1(:�PD\�GHVLJQDWH�D�SDUWLFXODU�YDULDQW��VR�WKDW�VSDFH�IRU�WKLV
SDUWLFXODU�YDULDQW�LV�DOORFDWHG��ZKLFK�PD\�EH�OHVV�WKDQ�WKH�ODUJHVW�YDULDQW�LQ�WKDW�UHFRUG��

9$51(:�3�1:RUGV���ZKHUH�3�LV�D�SRLQWHU�WR�W\SH�7��FDXVHV�1:RUGV�WR�EH�DOORFDWHG�RQ�WKH�KHDS��7�ZRXOG
PRVW�FRPPRQO\�EH�DQ�DUUD\��1:RUGV��LQGLUHFWO\��GHWHUPLQHV�KRZ�PDQ\�HOHPHQWV�RI�WKH�DUUD\�DUH�DFWXDOO\
DYDLODEOH�LQ�WKLV�LQVWDQFH��3�UHWXUQV�WKH�DGGUHVV�RI�WKH�ILUVW�ORFDWLRQ�DOORFDWHG�RQ�WKH�KHDS�

9$51(:�LV�D�IXQFWLRQ��DQG�UHWXUQV�WKH�QXPEHU�RI�ZRUGV�WKDW�DFWXDOO\�ZHUH�DOORFDWHG��7KLV�VKRXOG�HTXDO
1:RUGV��LI�LW�LV����WKHQ�WKHUH�ZDV�OHVV�WKDQ�1:RUGV�RI�DYDLODEOH�VSDFH��DQG�LI�LW�LV�VRPH�RWKHU�QXPEHU�
VRPHWKLQJ�ZHQW�ZURQJ�

5.2.4. DISPOSE and VARDISPOSE

',6326(� DQG� 9$5',6326(� GH�DOORFDWH� VSDFH� UHVHUYHG� E\� 1(:� DQG� 9$51(:�� UHVSHFWLYHO\�
',6326(�3��IUHHV�WKH�QXPEHU�RI�ZRUGV�SRLQWHG�WR�E\�3��9$5',6326(�3�1:RUGV��IUHHV�1:RUGV�ZRUGV�
,Q�ERWK�FDVHV��3�LV�DVVLJQHG�WKH�YDOXH�1,/�

7R�DYRLG�GHVWUR\LQJ�LPSRUWDQW�LQIRUPDWLRQ�WKDW�LV�RQ�WKH�KHDS��H[WUHPH�FDXWLRQ�VKRXOG�EH�XVHG�ZLWK�WKHVH
LQWULQVLFV��ZKLFK�GR�OLWWOH�HUURU�FKHFNLQJ�RI�WKHLU�RZQ��+HDS�VSDFH�DOORFDWHG�E\�D�9$51(:�VKRXOG�EH�IUHHG
RQO\�E\�D�9$5',6326(�ZLWK�WKH�VDPH�1:RUGV�SDUDPHWHU��DQG�0$5.�5(/($6(�SDLUV�VKRXOG�DOZD\V
PDWFK��)XUWKHUPRUH�� LI� WKH�1(:�LV�FDOOHG�IRU�D�VSHFLILF�YDULDQW��WKH�VDPH�YDULDQW�VKRXOG�EH�XVHG�WR
',6326(�WKDW�DUHD�

,I�WKHVH�LQWULQVLFV�DUH�PLVXVHG��WKH�V\VWHP�LV�OLNHO\�WR�FUDVK��7KLV�LV�WKH�OHDVW�P\VWHULRXV�RI�WKH�V\PSWRPV
WKDW�PD\�RFFXU�

5.2.5. PERMNEW and PERMDISPOSE

$�YDULDEOH�FDQ�EH�DOORFDWHG�RQ�WKH�KHDS�E\�3(501(:�3���ZKHUH�3�LV�D�SRLQWHU�WR�WKH�YDULDEOH
V�W\SH��$
YDULDEOH�DOORFDWHG�E\�3(501(:�FDQ�RQO\�EH�GHDOORFDWHG�E\�3(50',6326(�3���(YHQ�D�5(/($6(�FDQ
W
UHPRYH�LW��7KHVH�URXWLQHV�DUH�PHDQW�IRU�WKH�V\VWHP
V�XVH��QRW�\RXUV�

7KH�RSHUDWLQJ�V\VWHP�XVHV�WKHVH�URXWLQHV�WR�DOORZ�YDULDEOHV�WR�UHPDLQ�GHILQHG�DFURVV�0$5.�5(/($6(
SDLUV��3URJUDP�&+$,1�FRPPDQGV�DUH�VDYHG�RQ�WKH�KHDS�ZLWK�3(501(:��VR�WKDW�HYHQ�DIWHU�WKH�FKDLQLQJ
SURJUDP�WHUPLQDWHV��DQG�LWV�KHDS�VSDFH�LV�UHOHDVHG��WKHVH�FRPPDQGV�DUH�VWLOO�DYDLODEOH�WR�GHWHUPLQH�WKH
IXUWKHU�DFWLRQV�RI�WKH�V\VWHP�
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5.3. Heap Implementation

5.3.1. Unit Organization

&RGH�IRU�WKH�KHDS�RSHUDWRUV�LV�FRQWDLQHG�LQ�WKUHH�XQLWV��+($3236��(;75$+($3��DQG�3(50+($3�
+($3236� FRQWDLQV� 0$5.�� 5(/($6(�� DQG� 1(:�� (;75$+($3� FRQWDLQV� ',6326(�� 9$51(:�
9$5$9$,/��0(0/2&.��DQG�0(06:$3��3(50+($3�FRQWDLQV�3(501(:��3(50',6326(��DQG
3(505(/($6(���9$5$9$,/��0(0/2&.��DQG�0(06:$3�DUH�IRU�VHJPHQW�PDQDJHPHQW�DQG�DUH
GLVFXVVHG�HOVHZKHUH��

5.3.2. Heap Globals

7KH�RSHUDWLQJ�V\VWHP�XVHV�VHYHUDO�YDULDEOHV�WR�PDQDJH�WKH�KHDS��7KH�KHDS�LV�PDLQWDLQHG�E\�D�OLQNHG�OLVW
RI�0$5.V��7KH�WRSPRVW�0$5.�LV�LQGLFDWHG�E\�+HDS,QIR�7RS0DUN��$�0$5.��DOVR�FDOOHG�DQ�+05��IRU
KHDS�PDUN�UHFRUG��KDV�WKH�IROORZLQJ�VWUXFWXUH�

TYPE
 MemLink = RECORD
             Avail_list: MemPtr;
             NWords: integer;
             CASE Boolean OF
               true: (Last_Avail,
                       Prev_Mark: MemPtr);
           END;

,Q�D�0$5.��1:RUGV�LV�DOZD\V����DQG�WKH�YDULDQW�LV�DOZD\V�758(��1:RUGV�LV���EHFDXVH�WKH�0$5.�PHUHO\
PDUNV�D�ORFDWLRQ�RQ�WKH�KHDS��DQG�GRHVQ
W�UHVHUYH�DQ\�VSDFH�

(DFK�0$5.�SRLQWV�WR�DQ�$YDLOB/LVW��ZKLFK�LV�D�OLVW�RI�UHFRUGV�RI�W\SH�0HP/LQN��7KHVH�UHFRUGV�DUH�)$/6(
YDULDQWV�RI�0HP/LQN��DQG�1:RUGV�FRQWDLQV�WKH�QXPEHU�RI�ZRUGV�RI�DYDLODEOH�VSDFH��LQFOXGLQJ�WKH�WZR
ZRUGV�RI�WKH�UHFRUG�LWVHOI���7KH�$YDLOB/LVW�FKDLQ�LV�HQGHG�E\�DQ�$YDLOB/LVW�RI�1,/�

7KH�ILUVW�0$5.�RQ�WKH�KHDS�FRQWDLQV�D�3UHYB0DUN�RI�1,/��$OO�VXFFHVVLYH�0$5.V�SRLQW�EDFN�WR�WKHLU
SUHGHFHVVRU��VR�WKDW�WKH�0$5.�FKDLQ�FDQ�EH�WUDYHUVHG�

)RU�HDFK�0$5.��WKH�ILUVW�$YDLOB/LVW�UHFRUG�LV�WKH�ORZHVW�XQDOORFDWHG�VSDFH�DERYH�WKH�0$5.��/DVWB$YDLO
SRLQWV�WR�WKH�ODVW�RI�WKH�DYDLODEOH�VSDFH��7KLV�LV�W\SLFDOO\�ERXQGHG�E\�DOORFDWHG�KHDS�VSDFH�RU�E\�DQRWKHU
0$5.��LI�WKH�0$5.�LV�7RS0DUN��/DVWB$YDLO�LV�ERXQGHG�E\�WKH�FRGH�SRRO�LI�WKH�SRRO�LV�LQWHUQDO�RU�E\�WKH
VWDFN�LI�WKH�SRRO�LV�H[WHUQDO�
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7KH�KHDS�PDLQWHQDQFH�YDULDEOHV�KDYH�WKH�IROORZLQJ�VWUXFWXUH�

VAR
 Heaplnfo: RECORD
             Lock: semaphore;
             TopMark,
             HeapTop: MemPtr;
           END;
 PermList: MemPtr;

7KH�/RFN�VHPDSKRUH�JXDUDQWHHV�WKDW�WKH�KHDS�LV�PRGLILHG�E\�RQO\�RQH�SURFHVV�DW�D�WLPH��7RS0DUN�SRLQWV
WR�WKH�KLJKHVW�0$5.��+HDS7RS�SRLQWV�WR�WKH�KLJKHVW�DOORFDWHG�VSDFH�RQ�WKH�KHDS��7KH�)DXOWKDQGOHU�XVHV
+HDS7RS�WR�GHWHUPLQH�KRZ�FORVH�WKH�FRGH�SRRO�RU�WKH�VWDFN�FDQ�EH�WR�WKH�KHDS��$�EDVH�YDOXH�LV�FRPSXWHG
ZKLFK�LV�HLWKHU�WKH�EDVH�RI�WKH�FRGH�SRRO��LI�LQWHUQDO��RU�63B/RZ��LI�WKH�SRRO�LV�H[WHUQDO���3HUP/LVW�SRLQWV
WR�D�OLQNHG�OLVW�RI�3(501(:
HG�YDULDEOHV��7KH�OLVW�LV�LGHQWLFDO�LQ�VWUXFWXUH�WR�DQ�$YDLOB/LVW��EXW�HDFK
1:RUGV�LQGLFDWHV�WKH�QXPEHU�RI�ZRUGV�DOORFDWHG�E\�D�3(501(:��,I�3HUP/LVW�LV�1,/��WKHQ�QR�YDULDEOHV
KDYH�EHHQ�3(501(:
HG�

5.3.3. Tactics

,Q�JHQHUDO��D�UHTXHVW�IRU�KHDS�VSDFH�WKURXJK�D�0$5.��1(:��9$51(:��RU�3(501(:�FDXVHV�+HDS7RS
WR�EH�VHW�WR�WKH�QHZ�WRS�RI�WKH�KHDS��7KH�IDXOW�KDQGOHU�DOZD\V�SODFHV�WKH�FRGH�SRRO��ORFDWHG�DW�3RRO%DVH�
DERYH�+HDS7RS�LI�WKH�SRRO�LV�LQWHUQDO��,I�WKH�SRRO�LV�H[WHUQDO��WKH�VWDFN�DQG�KHDS�DUH�DOORZHG�WR�JURZ
WRZDUG�HDFK�RWKHU��,I�WKH\�PHHW��D�VWDFN�RYHUIORZ�FRQGLWLRQ�H[LVWV��7KXV��+HDS7RS�UHVHUYHV�VSDFH�IRU�WKH
KHDS�DV�VRRQ�DV�D�KHDS�RSHUDWRU�UHTXHVWV�LW��7KLV�LV�QHFHVVDU\�EHFDXVH�RI�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ
VWDFN�IDXOW�KDQGOLQJ�DQG�KHDS�VSDFH�DOORFDWLRQ�

7KH�RSHUDWLQJ�V\VWHP�XVHV�WKH�JOREDO�YDULDEOH�6\V&RPA�*'LU3��JOREDO�GLUHFWRU\�SRLQWHU��WR�DOORFDWH�D
GLVN�GLUHFWRU\�RQ�WKH�KHDS��7KH�RSHUDWLQJ�V\VWHP
V�XVH�RI�WKLV�KHDS�VSDFH�LV�PHDQW�WR�EH�LQYLVLEOH�WR�\RX�
7KHUHIRUH��EHIRUH�DQ\�KHDS�RSHUDWLRQ��H[FHSW�',6326(���6<6&20A�*'LU3�LV�',6326(HG�WR�PDNH�WKH
VSDFH�RFFXSLHG�E\�WKH�GLUHFWRU\�DYDLODEOH�DJDLQ�

5.3.4. Run-Time Environment

6LQFH� ERWK� \RX� DQG� WKH� RSHUDWLQJ� V\VWHP� XVH� WKH� KHDS�� WKH� RSHUDWLQJ� V\VWHP� 0$5.
V� WKH� KHDS
LPPHGLDWHO\�EHIRUH�WKH�H[HFXWLRQ�RI�\RXU�SURJUDP�E\�WKH�FDOO�

MARK (EMPTYHEAP);

$IWHU�\RXU�SURJUDP�WHUPLQDWHV��WKH�RSHUDWLQJ�V\VWHP�FDOOV�

RELEASE (EMPTYHEAP);

7KXV��DOO�\RXU�VSDFH�LV�IUHHG�DIWHU�WKH�SURJUDP�WHUPLQDWHV��XQOHVV�VSDFH�KDV�EHHQ�DOORFDWHG�E\�RQH�RU�PRUH
FDOOV�WR�3(501(:�
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0$5.��(037<+($3��RFFXUV�DIWHU�WKH�UXQ�WLPH�HQYLURQPHQW�IRU�\RXU�SURJUDP�KDV�EHHQ�EXLOW��7KH
SURJUDP
V�UXQ�WLPH�HQYLURQPHQW�VWUXFWXUHV�VXFK�DV�6,%V��(B5HF
V��DQG�(B9HFW
V��DUH�IRU�WKH�XVH�RI�WKH
RSHUDWLQJ�V\VWHP��DQG�DUH�DOORFDWHG�VSDFH�EHIRUH�(037<+($3��'DWD�WKDW�LV�JOREDO�WR�\RXU�SURJUDP�DQG
DQ\�XQLWV�LW�86(6�DOVR�DSSHDUV�EHIRUH�(037<+($3��+HDS�VSDFH�WKDW�IROORZV�(037<+($3�LV�LQWHQGHG
RQO\�IRU�WKH�ORFDO�XVH�RI�\RXU�SURJUDP�

7KH�KHDS�LV�VKDUHG�E\�DOO�WDVNV�LQ�WKH�V\VWHP�

5.4. THE CODE POOL

7KH�FRGH�SRRO�UHVLGHV�LQ�PDLQ�PHPRU\�EHWZHHQ�WKH�VWDFN�DQG�WKH�KHDS��,W�FRQWDLQV�H[HFXWDEOH�FRGH
VHJPHQWV�WKDW�PD\�SRVVLEO\�EH�GLVFDUGHG��RU�VZDSSHG�LQ�IURP�GLVN�DJDLQ��7KXV��WKH�FRQWHQWV��VL]H��DQG
SRVLWLRQ�RI�WKH�FRGH�SRRO�PD\�FKDQJH�GXULQJ�D�SURJUDP
V�H[HFXWLRQ��7KH�IOH[LELOLW\�RI�FRGH�SRRO�KDQGOLQJ
FDQ�SURYLGH�D�UXQQLQJ�SURJUDP�ZLWK�PRUH�IUHH�PHPRU\�VSDFH�WKDQ�LQ�SUHYLRXV�YHUVLRQV�

$�VHJPHQW�LQ�WKH�FRGH�SRRO�PXVW�EH�HLWKHU�S�FRGH�RU�UHORFDWDEOH�QDWLYH�FRGH��1RQ�UHORFDWDEOH�QDWLYH�FRGH
VHJPHQWV�UHVLGH�RQ�WKH�KHDS��WKH\�DUH�SODFHG�WKHUH�DW�DVVRFLDWH�WLPH�

7KH�FRGH�SRRO�LV�D�FRQWLJXRXV�EORFN�RI�FRGH�VHJPHQWV�³�ZKHQHYHU�D�VHJPHQW�LV�GLVFDUGHG��WKH�VXUURXQGLQJ
VHJPHQWV�DUH�PRYHG�WRJHWKHU��6HJPHQWV�EHLQJ�VZDSSHG�LQ�DUH�JLYHQ�VSDFH�DW�HLWKHU�HQG�RI�WKH�FRGH�SRRO�

6HJPHQWV�LQ�WKH�FRGH�SRRO�DUH�RUJDQL]HG�LQWR�D�GRXEO\�OLQNHG�OLVW�E\�SRLQWHUV�LQ�HDFK�VHJPHQW
V�6,%
�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHU��

7KH�URXWLQHV�WKDW�PDQDJH�WKH�FRGH�SRRO�DUH�LQ�WKH�RSHUDWLQJ�V\VWHP
V�.(51(/�XQLW��7KH\�PDNH�XVH�RI
WKH�IROORZLQJ�JOREDO�YDOXHV�

6HJ3RRO��A3RRO'HV�
7KLV�ILHOG�LV�ZLWKLQ�WKH�6,%��,W�SRLQWV�WR�D�GHVFULSWLRQ�RI�WKH�FRGH�SRRO��ZKLFK�LV�GHFODUHG�DV�IROORZV�

Pooldes = Record
            PoolBase : fulladdress;
            PoolSize : integer;
            MinOffset : memptr;
            Maxoffset : memptr;
            Resolution : interger; (in bytes)
            PoolHead : SIB_P;
            Perm SIB : SIB_P;
            Extended : boolean;
          End;

3RRO%DVH��)XOOB$GGUHVV�
3RLQWV�WR�WKH�PHPRU\�ORFDWLRQ�DW�WKH�EDVH�RI�WKH�FRGH�SRRO���$�)XOOB$GGUHVV�LV�D����ELW�DGGUHVV��

3RRO6L]H��,QWHJHU�
7KH�VL]H�RI�WKH�FRGH�SRRO�LQ�ZRUGV��6HW�E\�WKH�6(783�XWLOLW\�
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0LQ2IIVHW��,QWHJHU�
/RZHU�ERXQGDU\�RI�FRGH�SRRO�

0D[2IIVHW��,QWHJHU�
8SSHU�ERXQGDU\�RI�FRGH�SRRO�

5HVROXWLRQ��,QWHJHU�
$�VHJPHQW�PXVW�EH�SODFHG� LQ�PHPRU\�VWDUWLQJ�DW�D� ORFDWLRQ�ZKLFK�KDV�DQ�DGGUHVV�WKDW� LV�D
PXOWLSOH� RI� WKLV� QXPEHU�� 7KLV� LV� VHW� E\� WKH� 6(*0(17� $/,*10(17� ILHOG� LQ
6<67(0�0,6&,1)2��GHWHUPLQHG�E\�WKH�6(783�XWLOLW\��

3RRO+HDG��6,%B3�
3RLQWV�WR�WKH�6,%�RI�WKH�VHJPHQW�DW�WKH�EDVH�RI�WKH�FRGH�SRRO��QH[W�WR�WKH�KHDS��

3HUP6,%��6,%B3�
3RLQWV�WR�WKH�6,%�RI�WKH�VHJPHQW�WKDW�LV�DOZD\V�UHVLGHQW�LQ�WKH�FRGH�SRRO��FXUUHQWO\��*272;<��

([WHQGHG��%RROHDQ�
7UXH�LI�H[WHQGHG�PHPRU\�LV�XVHG��IDOVH��RWKHUZLVH��6HW�IURP�WKH�+$6�(;7(1'('�0(025<�ILHOG
LQ�6<67(0�0,6&,1)2��GHWHUPLQHG�E\�WKH�6(783�XWLOLW\��

63�/RZ��0HPB3WU�
7KH�ORZHVW�SRVVLEOH�ERXQG�RI�WKH�VWDFN��WKLV�SRLQWV�WR�WKH�DGGUHVV�ZKLFK�LV�RQH�ZRUG�DERYH�WKH�WRS
RI�WKH�FRGH�SRRO��LI�LW�LV�LQWHUQDO���63�/RZ�LV�LQ�WKH�7,%�

+HDS7RS��0HPB3WU�
3RLQWV�WR�WKH�WRS�RI�WKH�KHDS��+HDS7RS�LV�SDUW�RI�WKH�+HDS,QIR�UHFRUG�

,I� WKH� FRGH�SRRO� LV� LQWHUQDO�ZKHQ� VSDFH� LV� UHTXHVWHG� HLWKHU� IRU� WKH�KHDS�RU� WKH� VWDFN�� WKH� FRGH�SRRO
PDQDJHPHQW�URXWLQHV�ILUVW�DWWHPSW�WR�UHSRVLWLRQ�WKH�FRGH�SRRO�ZLWKRXW�VZDSSLQJ�RXW�DQ\�VHJPHQWV�

7KH�DFWXDO�ERXQGV�RI�WKH�FRGH�SRRO�DUH�LQ�0LQ2IIVHW��ZKLFK�SRLQWV�WR�WKH�ORZ�HQG�RI�WKH�FRGH�SRRO��DQG
0D[2IIVHW��ZKLFK�SRLQWV�WR�RQH�ZRUG�DERYH�WKH�WRS�RI�WKH�FRGH�SRRO��7KH�FRGH�SRRO�RSHUDWRUV�PD\�PRYH
WKH�SRRO�DOO�WKH�ZD\�WR�+HDS7RS�RQ�WKH�KHDS�VLGH��RU�XS�WR�63�PLQXV�D����ZRUG�PDUJLQ�RQ�WKH�VWDFN�VLGH
�LI�WKH�SRRO�LV�LQWHUQDO���0D[2IIVHW�LV�WKH�VDPH�DV�63�/RZ�IRU�DQ�LQWHUQDO�SRRO�
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$Q�LQWHUQDO�FRGH�SRRO�PD\�EH�PRGLILHG�XQGHU�DQ\�RI�WKH�IROORZLQJ�FLUFXPVWDQFHV�

�� $�KHDS�IDXOW�LV�GHWHFWHG��DQG�WKH�FRGH�SRRO�LV�PRYHG�XS�LQ�PHPRU\�WRZDUG�WKH�VWDFN�WR�IUHH�WKH
QHHGHG�QXPEHU�RI�ZRUGV�IRU�WKH�KHDS�

�� $�VWDFN�IDXOW�LV�GHWHFWHG��DQG�WKH�FRGH�SRRO�LV�PRYHG�GRZQ�LQ�PHPRU\�WRZDUG�WKH�KHDS�WR�IUHH�WKH
QHHGHG�QXPEHU�RI�ZRUGV�IRU�WKH�VWDFN�

�� $�KHDS�IDXOW�RU�VWDFN�IDXOW�LV�GHWHFWHG��DQG�WKH�FRGH�SRRO�FDQ
W�EH�PRYHG�WR�DOORFDWH�WKH�VSDFH��RQH
RU�PRUH�VHJPHQWV�DUH�VZDSSHG�RXW��WKH�UHPDLQLQJ�VHJPHQWV�DUH�PRYHG�WRJHWKHU��DQG�WKH�FRGH�SRRO
LV�SRVLWLRQHG�WR�DOORZ�IRU�WKH�QHHGHG�KHDS�RU�VWDFN�VSDFH�

�� $�KHDS�RU�VWDFN�IDXOW�LV�GHWHFWHG��DQG�HYHQ�DIWHU�VZDSSLQJ�RXW�DOO�RI�WKH�VZDSSDEOH�VHJPHQWV��QRW
HQRXJK�VSDFH�LV�DYDLODEOH��D�VWDFN�RYHUIORZ�HUURU�LV�UHSRUWHG��DQG�WKH�V\VWHP�LV�UHLQLWLDOL]HG�

$Q� LQWHUQDO�RU�H[WHUQDO�FRGH�SRRO�PD\�EH�PRGLILHG�ZKHQ�D�VHJPHQW� IDXOW� LV�GHWHFWHG��7KH�FRGH�SRRO
PDQDJHPHQW�URXWLQHV�ILUVW�WU\�WR�UHDG�WKH�VHJPHQW�LQ�DW�HLWKHU�HQG�RI�WKH�FRGH�SRRO�ZLWKRXW�PRYLQJ�LW��,I
WKLV�LV�LPSRVVLEOH��DQG�WKH�SRRO�LV�LQWHUQDO��WKH\�DWWHPSW�WR�FUHDWH�PRUH�URRP�E\�PRYLQJ�WKH�FRGH�SRRO
WRZDUG�HLWKHU�WKH�VWDFN�RU�WKH�KHDS��DQG�WKHQ�UHDG�WKH�VHJPHQW��,I�WKLV�WRR�LV�LPSRVVLEOH��RU�WKH�SRRO�LV
H[WHUQDO��VHJPHQWV�DUH�VZDSSHG�RXW�WR�PDNH�URRP��DQG�WKH�QHZ�VHJPHQW�LV�WKHQ�UHDG�LQ��,I�WKLV�ODVW�HIIRUW
DOVR�IDLOV��D�VWDFN�RYHUIORZ�HUURU�LV�UHSRUWHG�LI�WKH�SRRO�LV�LQWHUQDO�RU�D�SRRO�RYHUIORZ�HUURU�LV�UHSRUWHG�LI
WKH�SRRO�LV�H[WHUQDO��7KH�V\VWHP�LV�UHLQLWLDOL]HG�

7KH�FRGH�SRRO�PDQDJHPHQW�URXWLQHV�DUH�RQO\�FDOOHG�E\�WKH�)DXOWKDQGOHU��6LQFH�WKH�)DXOWKDQGOHU�LV�D
VXEVLGLDU\�WDVN��LWV�RZQ�VWDFN�LV�VWDWLFDOO\�DOORFDWHG��7KXV��WKH�)DXOWKDQGOHU�FDQ�PDQLSXODWH�WKH�FRGH�SRRO
IUHHO\��ZLWKRXW�IHDU�RI�FDXVLQJ�D�VWDFN�IDXOW�

5.4.1. Fault Handling

:KHQ�PHPRU\�VSDFH�LV�UHTXLUHG�E\�WKH�VWDFN�RU�KHDS��RU�HQWU\�LQWR�D�QRQUHVLGHQW�VHJPHQW�LV�DWWHPSWHG�
D�IDXOW�LV�LVVXHG��7KH�)DXOWKDQGOHU�SURFHVV�LV�DFWLYDWHG��DQG�XVHV�WKH�FRGH�SRRO�PDQDJHPHQW�URXWLQHV�WR
UHDUUDQJH�PDLQ�PHPRU\��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ���

7KH�)DXOWKDQGOHU�LV�D�SURFHVV�WKDW�LV�67$57HG�DW�ERRWVWUDS�WLPH��0RVW�RI�WKH�WLPH�LW�LV�LGOH��LW�:$,7V�IRU
D�VHPDSKRUH��:KHQ�WKH�VHPDSKRUH�LV�6,*1$/HG��WKH�)DXOWKDQGOHU�LV�DFWLYDWHG�DQG�SHUIRUPV�LWV�PHPRU\
PDQDJHPHQW�IXQFWLRQV�

)DXOWV�FDQ�EH�6,*1$/HG�E\�WKH�30(��VWDFN�DQG�VHJPHQW�IDXOWV���RU�E\�WKH�(;(&(5525�SURFHGXUH�LQ
WKH�RSHUDWLQJ�V\VWHP��KHDS�IDXOWV�DQG�RQH�VHJPHQW�IDXOW��
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7KH�VHPDSKRUH�UHFRUG�XVHG�E\�WKH�)DXOWKDQGOHU�UHVLGHV�LQ�6<6&20��,W�LV�GHFODUHG�DV�IROORZV�

Fault_Message = RECORD
                  Fault_TIB: TIB_Ptr;
                  Fault_E_Rec: E_Rec_Ptr;
                  Fault_Words: integer;
                  Fault_Type: Seg_Fault .. Pool_Fault;
                END;

Fault_Sem: RECORD
              Real_Sem: Message_Sem: semaphore;
              Message: Fault_Message;
            END;

7KH�30(�GHWHFWV�RQO\�VWDFN�DQG�VHJPHQW�IDXOWV��:KHQ�WKH�30(�GHWHFWV�D�IDXOW��LW�SODFHV�WKH�DSSURSULDWH
LQIRUPDWLRQ�LQ�)DXOWB6HP�0HVVDJH�DQG�6,*1$/V�)DXOWB6HP�0HVVDJHB6HP��7KH�6,*1$/�FDXVHV�D�WDVN
VZLWFK�WR�WKH�)DXOWKDQGOHU��DQG�WKH�IDXOW�LV�SURFHVVHG��$IWHU�LW�KDV�GHDOW�ZLWK�WKH�FRGH�SRRO��)DXOWKDQGOHU
:$,7V�³�WKLV�FDXVHV�D�WDVN�VZLWFK�EDFN�WR�WKH�SUHYLRXVO\�UXQQLQJ�SURFHVV��7KH�LQVWUXFWLRQ�WKDW�FDXVHG
WKH�IDXOW�LV�UH�H[HFXWHG�

7KH�RSHUDWLQJ�V\VWHP�LVVXHV�KHDS�IDXOWV��DQG�LQ�RQH�LQVWDQFH��D�VHJPHQW�IDXOW��+HDS�IDXOWV�DUH�GHWHFWHG
E\� WKH� KHDS� RSHUDWRUV� ZKHQ� UHTXHVWV� DUH� PDGH� IRU� KHDS� VSDFH� E\� 0$5.�� 1(:�� 9$51(:�� DQG
3(501(:��7KH�RQH�VHJPHQW�IDXOW�LV�LVVXHG�E\�0(0/2&.�LI�D�VHJPHQW�WR�EH�ORFNHG�LQ�WKH�FRGH�SRRO�LVQ
W
DOUHDG\� UHVLGHQW�� 7R� LVVXH� D� IDXOW�� WKH� RSHUDWLQJ� V\VWHP� FDOOV� WKH� H[HFXWLRQ� HUURU� SURFHGXUH
�(;(&(5525��� DQG� SDVVHV� LW� WKH�QHHGHG� LQIRUPDWLRQ��(;(&(5525� WKHQ�SHUIRUPV�D�6,*1$/�RQ
0HVVDJHB6HP�

7KH�)DXOWKDQGOHU�ILUVW�HQVXUHV�WKDW�WKH�FXUUHQWO\�UXQQLQJ�VHJPHQW�LVQ
W�VZDSSHG�RXW��DQG�WKHQ�XVHV�WKH
FRGH�SRRO�PDQDJHPHQW�URXWLQHV�WR�DGMXVW�WKH�PDLQ�PHPRU\�OD\RXW�

,I�D�VWDFN�IDXOW�LV�FDXVHG�E\�D�FDOO�WR�D�URXWLQH�LQ�D�GLIIHUHQW�VHJPHQW��)DXOWKDQGOHU�PXVW�ORFN�ERWK�FDOOLQJ
DQG�FDOOHG�VHJPHQWV�LQWR�PHPRU\�

5.4.2. Concurrency

2SHUDWLQJ�V\VWHP�URXWLQHV�VXSSRUW�FRQFXUUHQF\�RQO\�E\�WKH�DFWLYDWLRQ�DQG�GHDFWLYDWLRQ�RI�SURFHVVHV�
DFWXDO�WDVN�VZLWFKLQJ�LV�DFFRPSOLVKHG�E\�WKH�S�PDFKLQH�RSHUDWLRQV�6,*1$/�DQG�:$,7�

&RQFXUUHQF\�VXSSRUW�LV�LQWHQGHG�IRU�ORZ�OHYHO�WDVNV��0RVW�V\VWHP�OHYHO�IDFLOLWLHV��SDUWLFXODUO\�,�2��DUH
V\QFKURQRXV��)RU�LQVWDQFH��D�5($'�RU�81,75($'�IURP�WKH�FRQVROH�GRHVQ
W�UHWXUQ�WR�WKH�FDOOHU�XQWLO�D
FKDUDFWHU�LV�DYDLODEOH��1R�WDVN�VZLWFK�FDQ�RFFXU�GXULQJ�WKH�ZDLWLQJ�SHULRG�
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7KH�RSHUDWLQJ�V\VWHP�JOREDO�YDULDEOH�7DVNB,QIR�LV�XVHG�WR�NHHS�WUDFN�RI�VRPH�RI�WKH�GDWD�IRU�VXEVLGLDU\
SURFHVVHV��,WV�VWUXFWXUH�LV�DV�IROORZV�

Task_Info: RECORD
             Lock,
             Task_Done: semaphore;
             N_Tasks: integer;
           END {of Task_Info};

7DVNB,QIR�/RFN�LV�XVHG�WR�HQVXUH�PXWXDO�H[FOXVLRQ�ZKLOH�FKDQJLQJ�WKH�YDOXHV�RI�RWKHU�7DVNB,QIR�ILHOGV�
7DVNB'RQH�LV�XVHG�WR�:$,7�IRU�WKH�WHUPLQDWLRQ�RI�DQ\�VXEVLGLDU\�SURFHVVHV��1B7DVNV�LV�WKH�QXPEHU�RI
VXEVLGLDU\�WDVNV�WKDW�KDYH�EHHQ�67$57HG�

7KH� XQLW� &21&855(1&<� KDV� WKUHH� URXWLQHV�� 67$57�� 6723�� DQG� %/.B(;,7�� )RU� HDFK� SURFHVV
LQLWLDWLRQ�� WKH� FRPSLOHU� HPLWV� LQLWLDOL]DWLRQ� FRGH� WKDW� VLJQDOV� WKH� VHPDSKRUH�SDVVHG� WR�67$57��7KH
FRPSLOHU�DOVR�HPLWV�D�FDOO�WR�6723�LQ�WKH�H[LW�FRGH�RI�HDFK�SURFHVV��D�FDOO�WR�%/.B(;,7�LV�SDUW�RI�WKH�H[LW
FRGH�RI�D�PDLQ�SURFHVV�

67$57�EXLOGV�WKH�GDWD�VWUXFWXUHV�IRU�D�QHZ�WDVN�DQG�VHWV�LW�LQ�H[HFXWLRQ��7KH�WDVN
V�7,%��DFWLYDWLRQ
UHFRUG��DQG�VWDFN�VSDFH�DUH�DOORFDWHG�RQ�WKH�KHDS��DQG�WKH�RSHUDWLQJ�V\VWHP�IRUFHV�D�WDVN�VZLWFK�E\�LVVXLQJ
D�:$,7��3UHVXPDEO\��WKH�QHZ�SURFHVV�VWDUWV�H[HFXWLQJ��DQG�VZLWFKHV�EDFN�WR�67$57�E\�GRLQJ�D�6,*1$/
DIWHU�LWV�SDUDPHWHUV�KDYH�EHHQ�FRSLHG��$FWXDOO\��ZKHQ�67$57�SHUIRUPV�WKH�:$,7��LW�LV�WKH�SURFHVV�ZLWK
WKH�KLJKHVW�SULRULW\�WKDW�EHJLQV�H[HFXWLQJ�

6723� UHFRUGV� WKH� WHUPLQDWLRQ� RI� D� SURFHVV�� LW� GHFUHPHQWV� 7DVNB,QIR�1B7DVNV�� 6,*1$/V
7DVNB,QIR�7DVNB'RQH�� DQG� WKHQ� LQLWLDOL]HV� DQG� ZDLWV� IRU� D� GXPP\� VHPDSKRUH� LQ� RUGHU� WR� IRUFH� D
SHUPDQHQW�WDVN�VZLWFK�IURP�WKH�WHUPLQDWLQJ�SURFHVV�

%/.B(;,7�LV�FDOOHG�E\�D�PDLQ�WDVN��DQG�ZDLWV�IRU�WKH�WHUPLQDWLRQ�RI�DOO�VXEVLGLDU\�WDVNV��,W�ZDLWV�RQ
7DVNB'RQH��DQG�WHUPLQDWHV�WKH�PDLQ�WDVN�ZKHQ�1B7DVNV�HTXDOV�]HUR�
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5.5. I/O SUPPORT

5.5.1. FIBs

)LOH�,�2�LV�FRQWUROOHG�ZLWK�D�VWUXFWXUH�FDOOHG�D�),%��)LOH�,QIRUPDWLRQ�%ORFN���:KHQ�\RX�GHFODUH�D�ILOH��WKH
FRPSLOHU�HPLWV�FRGH�WR�LQLWLDOL]H�D�),%�IRU�WKDW�ILOH��$�),%�LV�GHFODUHG�DV�IROORZV�

FIB = RECORD
       FWindow: Window_P;
       FEOF, FEOLN: Boolean;
       FState : (FJandW, FNeedChar, FGotChar);
       FRecsize: integer;
       FLock: semaphore;
       CASE FIsOpen: Boolean OF
         true: (FIsBlkd: Boolean;
                FUNIT:UNITNUM;
                FVID:VID:
                FReptCnt,
                FNxtBlk,
                FMaxBlk: integer;
                FModified: Boolean;
                FHeader: DirEntry;
                CASE FSoftBuf: Boolean OF
                  true: (FNxtByte, FMaxByte: integer;
                         FBUfChngd: Boolean;
                         FBuffer: PACKED ARRAY [0..FBlkSize]
                                    OF CHAR))
       END {of FIB}

):LQGRZ�SRLQWV�WR�WKH�FXUUHQW�FKDUDFWHU�LQ�WKH�ILOH
V�EXIIHU��)(2)�DQG�)(2/1�DUH�WKH�(2)�DQG�(2/1
IODJV��)6WDWH�LQGLFDWHV�WKDW�WKH�ILOH�LV�HLWKHU�D�VWDQGDUG��-HQVHQ�DQG�:LUWK��ILOH��DQ�,17(5$&7,9(�ILOH
DZDLWLQJ�D�FKDUDFWHU��RU�DQ�,17(5$&7,9(�ILOH�ZLWK�D�FKDUDFWHU��)5HF6L]H�LV���IRU�XQHQWHUHG�ILOHV����IRU
,17(5$&7,9(�ILOHV�DQG�WH[W�ILOHV��LI�LW�LV�ODUJHU�WKDQ�]HUR��LW�LQGLFDWHV�WKH�VL]H��LQ�E\WHV��RI�D�UHFRUG�
)/RFN�LV�XVHG�WR�HQVXUH�WKDW�RQO\�RQH�SURFHVV�DW�D�WLPH�PD\�PRGLI\�WKH�ILOH��),V2SHQ�LV�758(�RQO\�ZKHQ
WKH�ILOH�LV�RSHQ�

,I�),V2SHQ�LV�758(��WKHQ�VHYHUDO�RWKHU�ILHOGV�EHFRPH�UHOHYDQW��),V%ONG�LV�758(�LI�WKH�ILOH�UHVLGHV�RQ�D
VWRUDJH�GHYLFH��)'HY�LV�WKH�QXPEHU�RI�WKDW�GHYLFH��DQG�)9RO,'�LV�WKH�QDPH�RI�WKH�YROXPH��)5HSW&QW
FRQWDLQV�D�FRXQW�RI�WKH�QXPEHU�RI�WLPHV�WKH�ZLQGRZ�YDOXH�LV�YDOLG�EHIRUH�DQRWKHU�*(7�LV�QHHGHG��)1[W%ON
LV�WKH�QH[W��UHODWLYH��EORFN�WR�DFFHVV��)0D[%ON�LV�WKH�PD[LPXP��UHODWLYH��EORFN�WKDW�FDQ�EH�DFFHVVHG�
0RGLILHG�EHFRPHV�758(�LI�WKH�ILOH�LV�PRGLILHG��D�QHZ�GDWH�LV�WKHQ�VHW�LQ�WKH�GLUHFWRU\��)+HDGHU�LV�D�FRS\
RI�WKH�ILOH
V�GLUHFWRU\�HQWU\��)6RIW%XI�LV�758(�LI�VRIW�EXIIHUHG�,�2�LV�XVHG��7KLV�LV�WKH�FDVH�IRU�DOO�ILOHV�RQ
VWRUDJH�GHYLFH��H[FHSW�XQHQWHUHG�ILOHV�

,I�)6RIW%XI�LV�758(��WKHQ�WKH�ODVW�VHW�RI�),%�ILHOGV�DUH�XVHG��)1[W%\WH�DQG�)0D[%\WH�DUH�XVHG�IRU�EXIIHU
KDQGOLQJ��)%XI&KQJG�LQGLFDWHV�WKDW�WKH�EXIIHU�FRQWHQWV�KDYH�EHHQ�PRGLILHG��DQG�)%XIIHU�LV�WKH�EXIIHU
LWVHOI�
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5.5.2. Directories

)WJXUH�����LOOXVWUDWHV�WKH�VWUXFWXUH�RI�D�GLUHFWRU\��DV�RQ�D�GLVN�RU�RWKHU�VWRUDJH�GHYLFH��

Figure 5-1. Di rectory Format
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5.6. VARIETIES OF I/O

5.6.1. Record I/O

5HFRUG�,�2�DSSOLHV�WR�HQWHUHG�3DVFDO�ILOHV��XVLQJ�WKH�LQWULQVLFV�*(7�DQG�387�

5.6.2. Screen I/O

6FUHHQ�,�2�PD\�EH�KDQGOHG�E\�WKH�XQLW�6&5((1236��ZKRVH�URXWLQHV�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ
VHFWLRQ�

,QSXW� IURP� WKH� VFUHHQ� LV� DFFRPSOLVKHG� E\� WKH� SURFHGXUH� &+$5B'(9B*(7�� ZKLFK� XVHV
6&B&+(&.B&+$5��LQ�6&5((1236��DQG�6<6&20A�0,6&,1)2�WR�GHWHUPLQH�ZKHWKHU�DQ\�VSHFLDO
KDQGOLQJ�QHHGV�WR�EH�GRQH�

2XWSXW�WR�WKH�VFUHHQ�LV�DFFRPSOLVKHG�E\�D�VLPSOH�81,7:5,7(�

5.6.3. Block I/O

%ORFN�,�2�DSSOLHV�WR�XQHQWHUHG�ILOHV��7KH�URXWLQHV�%/2&.5($'�DQG�%/2&.:5,7(�DUH�XVHG��7KHVH�DUH
SDUW�RI�WKH�V\VWHP�URXWLQH�)%/2&.,2�LQ�WKH�(;75$,2�XQLW�

:KHQ�D�ILOH�LV�DFFHVVHG�DV�DQ�XQHQWHUHG�ILOH�DOO�RWKHU�ILOH�IRUPDWWLQJ�LV�GLVDEOHG�

5.6.4. Text I/O

$�WH[W�ILOH�LV�D�ILOH�RI�$6&,,�FKDUDFWHUV��,W�KDV�D���EORFN�KHDGHU�WKDW�FRQWDLQV�IRUPDWWLQJ�LQIRUPDWLRQ�XVHG
E\�WKH�6FUHHQ�2ULHQWHG�(GLWRU��:KHQ�D�WH[W�ILOH�LV�XVHG�E\�D�V\VWHP�SURJUDP�RWKHU�WKDQ�WKH�HGLWRU��WKH
RSHUDWLQJ�V\VWHP�LJQRUHV�WKLV�KHDGHU��:KHQ�D�QHZ�WH[W�ILOH�LV�FUHDWHG��WKH�RSHUDWLQJ�V\VWHP�ZULWHV�D
��EORFN�KHDGHU�ILOOHG�ZLWK�18/V��:KHQ�6RI7HFK
V�LQWHUQDO�SDUW�QXPEHU�LV�DGGHG�WR�D�WH[W�ILOH��LW�LV�VWRUHG
LQ�WKH�ODVW�WZR�ZRUGV�RI�WKH�KHDGHU��HQG�RI�EORFN����

7H[W�ILOHV�DOZD\V�KDYH�DQ�HYHQ�QXPEHU�RI�EORFNV��7KXV��WKH�VPDOOHVW�SRVVLEOH�WH[W�ILOH�LV�IRXU�EORFNV�ORQJ�
(DFK�SDLU�RI�EORFNV�DIWHU�WKH�KHDGHU�LV�FRQVLGHUHG�DV�D��SDJH���(DFK�SDJH�FRQWDLQV�OLQHV�RI�WH[W�WHUPLQDWHG
E\��UHWXUQ!��7KH�ODVW�OLQH�RI�WH[W�LQ�D�SDJH�PXVW�QRW�EH�FRQWLQXHG�RQ�WKH�QH[W�SDJH�LQ�WKH�WH[W�ILOH��([WUD
VSDFH�DIWHU�WKH�ODVW�OLQH�LQ�HDFK�SDJH�PXVW�EH�ILOOHG�ZLWK�18/V��GHFLPDO����
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(DFK�OLQH�LQ�D�WH[W�ILOH�PD\�RSWLRQDOO\�VWDUW�ZLWK�D�'/(��GHFLPDO������ZKLFK�LV�LQWHUSUHWHG�DV�D�EODQN
FRPSUHVVLRQ�FRGH��7KH�E\WH�IROORZLQJ�D�EODQN�FRPSUHVVLRQ�FRGH�LV�$6&,,�FRGH����Q��ZKHUH�Q�LV�WKH
QXPEHU�RI�OHDGLQJ�EODQNV��7KLV�EODQN�FRPSUHVVLRQ�FRGH�LV�JHQHUDWHG�E\�WKH�HGLWRU��FKLHIO\�IRU�WKH�SXUSRVH
RI�VDYLQJ�VSDFH�LQ�LQGHQWHG�SURJUDP�VRXUFH��

<RXU�SURJUDPV�W\SLFDOO\�KDQGOH�WH[W�ILOHV�ZLWK�5($'��5($'/1��:5,7(��DQG�:5,7(/1��*(7�DQG�387
PD\�EH�XVHG��DQG�IROORZ�WKH�-HQVHQ�DQG�:LUWK�VWDQGDUG�IRU�ILOHV�RI�W\SH�7(;7�
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6. PROGRAM EXECUTION

6.1. BUILDING A RUN-TIME ENVIRONMENT

7KH� UXQ�WLPH� HQYLURQPHQW� IRU� \RXU� SURJUDP� LV� FUHDWHG� E\� WKH� RSHUDWLQJ� V\VWHP
V� *(7&0'� XQLW�
*(7&0'�VWDUWV�WKH�H[HFXWLRQ�RI�V\VWHP�SURJUDPV�VXFK�DV�WKH�FRPSLOHU��OLQNHU��ILOHU��DQG�VR�RQ��DQG�\RXU
SURJUDPV�QDPHG�LQ�WKH��;�HFXWH�FRPPDQG��,Q�DOO�VXFK�FDVHV��*(7&0'�FDOOV�WKH�SURFHGXUH�$662&,$7(�
ZKLFK�ILQGV�WKH�DSSURSULDWH�FRGH�ILOH��DQG�WKHQ�FDOOV�%8,/'(19��%8,/'(19�FRQVWUXFWV�D�SURJUDP
V
UXQ�WLPH�HQYLURQPHQW��DV�RXWOLQHG�LQ�&KDSWHU�����7KH�3�0DFKLQH��

%8,/'(19�UHFXUVLYHO\�WUDYHUVHV�WKH�VHJPHQWV�XVHG�E\�D�SURJUDP��)RU�HDFK�VHJPHQW��LW�LQLWLDOL]HV�DQ
(B9HFW��(B5HF��DQG�6,%��$V�HDFK�(B5HF�LV�FUHDWHG��LW�LV�OLQNHG�WR�D�FKDLQ�RI�VHJPHQWV�WKDW�DUH�DOUHDG\
DFWLYH�� ,Q�WKLV�ZD\�� WKH�RSHUDWLQJ� V\VWHP�FDQ�NHHS�WUDFN�RI�DOO�DFWLYH�VHJPHQWV��%HIRUH�%8,/'(19
LQLWLDOL]HV�VHJPHQW�LQIRUPDWLRQ��LW�FKHFNV�WR�VHH�LI�WKDW�VHJPHQW�LV�DOUHDG\�DFWLYH��DQG�LI�LW�LV��LW�GRHV
QRWKLQJ�EXW�LQLWLDOL]H�WKH�SURSHU�SRLQWHUV��2WKHUZLVH��WKH�(B9HFW��(B5HF��DQG�6,%�PXVW�EH�FUHDWHG�IURP
LQIRUPDWLRQ�SUHVHQW�LQ�WKH�FRGH�ILOH�

6(*5()V�DUH�VHJPHQW�UHIHUHQFH�DVVLJQPHQWV�HPLWWHG�E\�WKH�FRPSLOHU��6HJPHQW�QXPEHUV�DUH�ORFDO�WR�D
FRGH�VHJPHQW��7KH�PDLQ�SURJUDP�LV�VHJPHQW����DQG�VXEVLGLDU\�VHJPHQWV��LI�DQ\��DUH�QXPEHUHG�VWDUWLQJ
IURP����6HJPHQW���LV�DOZD\V�WKH�RSHUDWLQJ�V\VWHP
V�.(51(/�XQLW��6(*5()V�DUH�HPLWWHG�IRU�DQ\�SULQFLSDO
VHJPHQWV�XVHG�E\�WKH�FRPSLODWLRQ��VXFK�DV�D�XVHG�XQLW���$W�DVVRFLDWH�WLPH��%8,/'(19�XVHV�WKH�6(*5()
OLVW�WR�ILQG�WKH�VHJPHQWV�WKDW�WKH�SURJUDP�XVHV�

$OO�UXQ�WLPH�HUURUV�GHWHFWHG�E\�WKH�V\VWHP�FDXVH�WKH�FXUUHQW�SURJUDP�WR�KDOW��7KH�V\VWHP�GLVSOD\V�DQ
HUURU�PHVVDJH�� DQG� ZKHQ� \RX� SUHVV� �VSDFH!�� WKH� V\VWHP� LV� UHLQLWLDOL]HG�� 7KH� SURJUDP
V� UXQ�WLPH
HQYLURQPHQW�LV�ORVW�

:KHQ�D�SURJUDP�WHUPLQDWHV��FRQWURO�UHWXUQV�WR�*(7&0'��ZKLFK�ZDLWV�IRU�IXUWKHU�LQVWUXFWLRQV��:KHQ
D�SURJUDP�WHUPLQDWHV�QRUPDOO\��LWV�HQYLURQPHQW�LV�QRW�ORVW��DQG�WKH�SURJUDP�FDQ�EH�UHVWDUWHG�ZLWK�WKH
8�VHU�UHVWDUW�FRPPDQG��7KH�V\VWHP�PD\�RU�PD\�QRW�QHHG�WR�FDOO�%8,/'(19�DJDLQ�
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6.2. QUICKSTARTING PROGRAMS

7KH�48,&.67$57�XWLOLW\��GHVFULEHG�LQ�WKH�2SHUDWLQJ�6\VWHP�5HIHUHQFH�0DQXDO��FRQVWUXFWV�D�GHVFULSWLRQ
RI�WKH�H[HFXWLRQ�HQYLURQPHQW�IRU�D�SURJUDP�DQG�JHQHUDWHV�D�FRGH�ILOH�IRU�WKH�SURJUDP�ZKLFK�FRQWDLQV�WKLV
H[HFXWLRQ�HQYLURQPHQW�GHVFULSWLRQ��7KH�*(7&0'�XQLW�GHWHFWV�WKH�SUHVHQFH�RI�H[HFXWLRQ�HQYLURQPHQW
GHVFULSWLRQV�ZLWKLQ�FRGH�ILOHV�DQG�DWWHPSWV�WR�UHFRQVWUXFW�WKH�UHTXLUHG�H[HFXWLRQ�HQYLURQPHQW�IURP�VXFK
GHVFULSWLRQV�ZKHQ�WKH�SURJUDPV�DUH�LQYRNHG��,Q�WKLV�VHFWLRQ��DQ�H[HFXWLRQ�HQYLURQPHQW�GHVFULSWLRQ�EXLOW
E\�WKH�48,&.67$57�XWLOLW\�LV�FDOOHG�D��3URJUDP�(QYLURQPHQW�'HVFULSWRU��RU��3('��IRU�VKRUW�

6.2.1. Program Invocat ion O verview

:KHQ�WKH�H[HFXWLRQ�RI�D�SURJUDP�LV�UHTXHVWHG��WKH�V\VWHP�ILUVW�LQVSHFWV�WKH�FRGH�ILOH�WR�GHWHUPLQH�LI�DQ
H[HFXWLRQ� HQYLURQPHQW�GHVFULSWLRQ� LV� SUHVHQW�ZLWKLQ� LW�� ,I� VXFK�D�GHVFULSWLRQ� LV� SUHVHQW�� WKH� V\VWHP
DWWHPSWV�WR�UHFRQVWUXFW�WKH�H[HFXWLRQ�HQYLURQPHQW�UHTXLUHG�E\�WKH�SURJUDP�IURP�WKH�GHVFULSWLRQ�LQ�WKH
FRGH�ILOH��LI�WKH�FRGH�ILOH�GRHVQ
W�FRQWDLQ�DQ�HQYLURQPHQW�GHVFULSWLRQ��RU�WKH�HQYLURQPHQW�GHVFULSWLRQ
FRQWDLQHG�ZLWKLQ�WKH�FRGH�ILOH�LV�GHWHUPLQHG�WR�EH�REVROHWH��WKH�V\VWHP�DWWHPSWV�WR�EXLOG�WKH�HQYLURQPHQW
IRU�WKH�SURJUDP�LQ�WKH�QRUPDO�PDQQHU�

7KH�SURJUDP�LQYRFDWLRQ�SURFHVV�EHJLQV�ZLWK�DQ�DWWHPSW�DW�RSHQLQJ�WKH�FRGH� ILOH�� ,I� WKH�FRGH� ILOH� LV
VXFFHVVIXOO\�ORFDWHG��DQG�WKH�ILOH�LV�MXGJHG�WR�EH�D�FRGH�ILOH��EDVHG�RQ�GLUHFWRU\�LQIRUPDWLRQ���WKHQ�WKH
VHJPHQW�GLFWLRQDU\�LV�UHDG�IURP�EORFN�]HUR��:LWKLQ�WKH�VHJPHQW�GLFWLRQDU\�DUH�WZR�ILHOGV�ZKLFK�LQGLFDWH
WKH�SUHVHQFH��VL]H��DQG�ORFDWLRQ�RI�DQ�LPEHGGHG�3('���6HH�GHVFULSWLRQ�RI�WKH�VHJPHQW�GLFWLRQDU\�VWUXFWXUH
LQ�WKH�QH[W�VHFWLRQ��

,I�WKH�3('B%/.�ILHOG�RI�WKH�VHJPHQW�GLFWLRQDU\�LVQ
W�]HUR��D�3('�H[LVWV�ZLWKLQ�WKH�FRGH�ILOH��DQG�DQ
DWWHPSW�LV�PDGH�WR�UHFRQVWUXFW�WKH�H[HFXWLRQ�HQYLURQPHQW�IRU�WKH�SURJUDP�XVLQJ�WKH�LQIRUPDWLRQ�VWRUHG
LQ�WKH�3('��,I�WKLV�UHFRQVWUXFWLRQ�RI�WKH�H[HFXWLRQ�HQYLURQPHQW�IDLOV��WKH�V\VWHP�DXWRPDWLFDOO\�DWWHPSWV
WR�FRQVWUXFW�WKH�SURJUDP
V�H[HFXWLRQ�HQYLURQPHQW�XVLQJ�WKH�QRUPDO�H[HFXWLRQ�HQYLURQPHQW�FRQVWUXFWLRQ
SURFHVV��:KHQ�WKH�3('B%/.�ZRUG�FRQWDLQV�]HUR��WKH�QRUPDO�H[HFXWLRQ�HQYLURQPHQW�FRQVWUXFWLRQ�SURFHVV
LV�XVHG�

$�3('�FRPSOHWHO\�GHVFULEHV�WKH�H[HFXWLRQ�HQYLURQPHQW�UHTXLUHG�E\�D�SURJUDP��$�GHWDLOHG�GHVFULSWLRQ�RI
WKH�VWUXFWXUH�RI�D�3('�LV�JLYH�LQ�WKH��3('�6WUXFWXUH��VHFWLRQ��EHORZ�

$�3('�FRQWDLQV�D�OLVW�RI�S�6\VWHP�RSHUDWLQJ�V\VWHP�XQLWV�ZKLFK�DUH�UHIHUHQFHG�E\�WKH�SURJUDP��(DFK�RI
WKHVH�UHIHUHQFHG�RSHUDWLQJ�V\VWHP�XQLWV�PXVW�EH�SUHVHQW�ZLWKLQ�WKH�V\VWHP�HQYLURQPHQW�LQ�ZKLFK�WKH
SURJUDP�LV�EHLQJ�LQYRNHG��7KH�H[HFXWLRQ�HQYLURQPHQWV�IRU�WKHVH�RSHUDWLQJ�V\VWHP�XQLWV�DUH�FUHDWHG�E\
WKH�S�6\VWHP�DW�S�6\VWHP�ERRWVWUDS�WLPH��7KH�H[HFXWLRQ�HQYLURQPHQWV�IRU�UHIHUHQFHG�XQLWV�ZKLFK�DUH
UHVLGHQW�LQ�RWKHU�OLEUDU\�FRGH�ILOHV��VXFK�DV�6<67(0�/,%5$5<�RU�D�XVHU�OLEUDU\�FRGH�ILOH��DUH�GHVFULEHG
FRPSOHWHO\� VR� WKDW� WKH� H[HFXWLRQ� HQYLURQPHQW� FDQ� EH� UHFRQVWUXFWHG� ZLWKRXW� SHUIRUPLQJ� GHWDLOHG
H[DPLQDWLRQV�RI�WKH�OLEUDULHV�
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$OVR�LQFOXGHG�ZLWKLQ�WKH�3('�LV�D�OLVW�RI�UHIHUHQFHG�OLEUDU\�FRGH�ILOHV��7KH�GHVFULSWLRQ�RI�HDFK�OLEUDU\�FRGH
ILOH�LQFOXGHV�WKH�QDPH�RI�WKH�OLEUDU\�FRGH�ILOH�DQG�WKH�QDPH�RI�WKH�YROXPH�RQ�ZKLFK�WKH�OLEUDU\�FRGH�ILOH
UHVLGHG�DW�WKH�WLPH�WKH�3('�ZDV�FRQVWUXFWHG��3DUW�RI�WKH�HQYLURQPHQW�UHFRQVWUXFWLRQ�SURFHVV�LQYROYHV
HVWDEOLVKLQJ�WKH�ORFDWLRQ�RI�HDFK�UHIHUHQFHG�OLEUDU\�FRGH�ILOH��$�SDUWLFXODU�OLEUDU\�FRGH�ILOH�LV�VRXJKW�ILUVW
RQ�WKH�YROXPH�LQGLFDWHG�LQ�WKH�3('�LQIRUPDWLRQ��WKHQ�RQ�WKH�SUHIL[�YROXPH��DQG�WKHQ�RQ�WKH�URRW�YROXPH�

:KLOH�VSHFLILF�YROXPH�EORFN�RIIVHWV�IRU�UHIHUHQFHG�OLEUDU\�FRGH�ILOHV�DUHQ
W�UHFRUGHG�ZLWKLQ�D�3('��WKH
UHODWLYH�EORFN� ORFDWLRQV�RI�VHJPHQWV�ZLWKLQ�WKH�YDULRXV�UHIHUHQFHG� OLEUDU\� FRGH� ILOHV�DUH�UHFRUGHG��$
PHFKDQLVP� LV� UHTXLUHG� WR� DVVXUH� WKDW� WKLV� LQWHUQDO� FRGH� ILOH� FRQILJXUDWLRQ� LV� WKH� VDPH� DW� SURJUDP
LQYRFDWLRQ�WLPH�DV�LW�ZDV�ZKHQ�WKH�3('�ZDV�FRQVWUXFWHG�

,Q�RUGHU�WR�SHUIRUP�WKLV�FKHFN��WKH�48,&.67$57�XWLOLW\�LQVWDOOV�LQWR�EORFN�]HUR�RI�HDFK�UHIHUHQFHG
OLEUDU\�FRGH�ILOH�D�QXPEHU�LQ�WKH�IRUP�RI�D����ELW�FKHFNVXP�FDOFXODWHG�RYHU�WKH�HQWLUH�FRQWHQWV�RI�WKH
OLEUDU\�ILOH��7KH�48,&.67$57�XWLOLW\�SURJUDP�RQO\�LQVWDOOV�D�QHZ�FKHFNVXP�LQWR�D�UHIHUHQFHG�OLEUDU\
FRGH�ILOH�ZKHQ�LW�ODFNV�D�YDOLG�FKHFNVXP��7KH�FKHFNVXP�YDOXH�]HUR�LV�UHVHUYHG�WR�LQGLFDWH�WKH�DEVHQFH�RI
D�YDOLG�FKHFNVXP��7KH�S�6\VWHP�FRPSLOHUV�DQG�DVVHPEOHUV�FUHDWH�FRGH�ILOHV�ZLWK�WKH�FKHFNVXP�ILHOG�VHW
WR�]HUR��7KH�S�6\VWHP�/,%5$5<�XWLOLW\�SURJUDP�FOHDUV�WKH�FKHFNVXP�ILHOG�ZKHQ�LW�FUHDWHV�D�QHZ�RXWSXW
FRGH�ILOH�

$�FRS\�RI�WKH�FKHFNVXP�IRU�HDFK�UHIHUHQFHG�OLEUDU\�FRGH�ILOH�LV�DOVR�VWRUHG�ZLWKLQ�WKH�3('��'XULQJ�WKH
HQYLURQPHQW� UHFRQVWUXFWLRQ� SURFHVV�� WKH� FKHFNVXP� LQ� HDFK� OLEUDU\� FRGH� ILOH� LV� FRPSDUHG� ZLWK� WKH
FRUUHVSRQGLQJ�FKHFNVXP�LQ�WKH�3('��,I�WKH�FKHFNVXPV�DUHQ
W�WKH�VDPH��WKH�FRQILJXUDWLRQ�ZKLFK�H[LVWHG
DW�48,&.67$57�WLPH�KDV�FKDQJHG��DQG�WKH�UHFRQVWUXFWLRQ�RI�WKH�H[HFXWLRQ�HQYLURQPHQW�XVLQJ�WKH
LQIRUPDWLRQ�VWRUHG�LQ�WKH�3('�LV�DERUWHG��7KXV��ZKHQHYHU�D�UHIHUHQFHG�OLEUDU\�FRGH�ILOH�LV�PRGLILHG��DQ\
3('V�ZKLFK�UHIHUHQFH�WKDW�OLEUDU\�FRGH�ILOH�EHFRPH�REVROHWH�

7KH�IROORZLQJ�LV�D�URXJK�VNHWFK�RI�WKH�VWHSV�WDNHQ�E\�WKH�V\VWHP�ZKHQ�UHFRQVWUXFWLQJ�WKH�H[HFXWLRQ
HQYLURQPHQW�IRU�D�SURJUDP�IURP�D�3('�

� 8VLQJ�WKH�LQIRUPDWLRQ�VWRUHG�LQ�EORFN�]HUR�RI�WKH�FRGH�ILOH��UHDG�WKH�FRQWHQWV�RI�WKH�3('�LQWR�D
WHPSRUDU\�EXIIHU�

� ([WUDFW� WKH� OLVW� RI� V\VWHP�XQLW� QDPHV� IURP� WKH�3('� DQG� ORFDWH� WKH�(B5HF� IRU� HDFK� RI� WKH
UHIHUHQFHG�V\VWHP�XQLWV�

� ([WUDFW�WKH�UHIHUHQFHG�OLEUDU\�FRGH�ILOH�GHVFULSWRUV�IURP�WKH�3('��$V�HDFK�GHVFULSWRU�LV�H[WUDFWHG�
HVWDEOLVK�WKH�ORFDWLRQ�RI�WKH�VSHFLILHG�OLEUDU\�FRGH�ILOH�E\�VHDUFKLQJ�WKH�IROORZLQJ�YROXPHV��WKH
YROXPH�VSHFLILHG�LQ�WKH�GHVFULSWRU��WKH�SUHIL[�YROXPH��WKH�URRW�YROXPH��5HSRUW�DQ�HQYLURQPHQW
UHFRQVWUXFWLRQ�IDLOXUH�LI�D�SDUWLFXODU�OLEUDU\�FRGH�ILOH�FDQ
W�EH�ORFDWHG��RU�LI�WKH�FKHFNVXP�VWRUHG
LQ�D�ORFDWHG�OLEUDU\�FRGH�ILOH�GRHVQ
W�PDWFK�WKH�FKHFNVXP�LQ�WKH�FRUUHVSRQGLQJ�GHVFULSWRU�LQ�WKH
3('�

� $OORFDWH�HQRXJK�PHPRU\�WR�FRQWDLQ�WKH�(B9HFW
V��(B5HF
V��DQG�6,%V�ZKLFK�DUH�QHFHVVDU\�WR
UHSUHVHQW�WKH�H[HFXWLRQ�HQYLURQPHQW�IRU�WKH�SURJUDP�
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� ([WUDFW�WKH�VHW�RI�(B9HFW�WHPSODWHV�IURP�WKH�3('�DQG�PRYH�WKHP�LQWR�SRVLWLRQ�

� ([DPLQH�HDFK�(B9HFW��FRQYHUWLQJ�HDFK�RI�LWV�HQWULHV�IURP�D��JOREDO�VHJPHQW�QXPEHU��WR�D�SRLQWHU
WR�WKH�DSSURSULDWH�(B5HF�VWUXFWXUH�

� ([WUDFW�WKH�VHW�RI�6,%�WHPSODWHV�IURP�WKH�3('�DQG�FRQVWUXFW�WKH�6,%V�IRU�DOO�RI�WKH�XQLWV�DQG
VXEVLGLDU\�VHJPHQWV�ZLWKLQ�WKH�SURJUDP
V�H[HFXWLRQ�HQYLURQPHQW�

� /LQN�WKH�(B5HF
V�IRU�WKH�SULQFLSDO�VHJPHQWV�ZLWKLQ�WKH�HQYLURQPHQW�LQWR�WKH�V\VWHP
V�OLVW�RI�DFWLYH
(B5HF
V�

6.2.2. Segment Dictionary Structure

)LJXUH�����VKRZV�WKH�UHYLVHG�VWUXFWXUH�RI�EORFN�]HUR�RI�D�S�6\VWHP�FRGH�ILOH�DIWHU�QHZ�ILHOGV�UHODWHG�WR
48,&.67$57�KDYH�EHHQ�DVVLJQHG��7KH�ILYH�ZRUGV�ZKLFK�DUH�ODEHOHG�LQ�WKH�ILJXUH�FRUUHVSRQG�WR�WKH�ILYH
XQXVHG�ZRUGV�LQ�WKH�RULJLQDO�EORFN�]HUR�VWUXFWXUH�

)URP�WKLV� ILJXUH�� LW� FDQ�EH�VHHQ�WKDW�WKH� ILUVW�SUHYLRXVO\�XQXVHG�ZRUG�KDV�EHHQ�DOORFDWHG�WR�KROG�D
FKHFNVXP�IRU�WKH�FRGH�ILOH���7KH�XVDJH�RI�WKLV�FKHFNVXP�ZDV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��

7KH�QH[W�QHZ�ILHOG�LV�FDOOHG�3('B%/.�DQG�LV�WKH�UHODWLYH�EORFN�QXPEHU�ZLWKLQ�WKH�FRGH�ILOH�ZKHUH�WKH
3('�LV�ORFDWHG��,I�WKH�3('�%/.�ZRUG�FRQWDLQV�]HUR��WKH�FRGH�ILOH�GRHVQ
W�KDYH�D�3('�

7KH�WKLUG�QHZ�ZRUG�LV�FDOOHG�3('�%/.�&2817�DQG�FRQWDLQV�WKH�VL]H�RI�WKH�3('�LQ�EORFNV�
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    ----------------------------
    |                          |
    |                          |
    |    Segment Dictionary    |
    |        Information       |
    |                          |
    |                          |
    |--------------------------|
    |       NEXT_DICT          |
    |--------------------------|
    |        unused            |
    |--------------------------|
    |        unused            |
    |--------------------------|
1:  |       CHECKSUM           |
    |--------------------------|
2:  |        PED_BLK           |
    |--------------------------|
3:  |      PED_BLK_COUNT       |
    |--------------------------|
4:  |       Reserved For       |
    |--                      --|
5:  |   SofTech Part Number    |
    |--------------------------|
    |                          |
    |    Copyright Notice      |
    |                          |
    |--------------------------|
    |   Byte Sex Indicator     |
    ----------------------------

Figure 6-1. Code File Block Zero Structure
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6.2.3. PED Structure

7KH�JHQHUDO�VWUXFWXUH�RI�D�3('�LV�LOOXVWUDWHG�LQ�)LJXUH������)URP�WKLV�ILJXUH��LW�FDQ�EH�VHHQ�WKDW�D�3('
EHJLQV�ZLWK�D�KHDGHU�UHFRUG��7KLV�UHFRUG�FRQWDLQV�JOREDO�LQIRUPDWLRQ�DERXW�WKH�SURJUDP�DQG�DERXW�WKH
UHPDLQLQJ�VWUXFWXUHV�FRQWDLQHG�ZLWKLQ�WKH�3('��7KH�VWUXFWXUH�RI�WKLV�KHDGHU�UHFRUG�LV�GHILQHG�E\�WKH
3('B+($'(5�W\SH�GHFODUDWLRQ�VKRZQ�LQ�)LJXUH�����

7KH�3('B%<7(B6(;�ILHOG�RI�WKH�KHDGHU�UHFRUG�LQGLFDWHV�WKH�E\WH�VH[�RI�WKH�3('��$�YDOXH�RI���LV�SODFHG
LQWR�WKLV�ILHOG�DW�WKH�WLPH�WKH�3('�LV�FRQVWUXFWHG��,I�DW�SURJUDP�LQYRFDWLRQ�WLPH�WKLV�ILHOG�FRQWDLQV�WKH
YDOXH������ WKHQ�WKH�3('�KDV� WKH�RSSRVLWH�E\WH�VH[� IURP�WKH�E\WH�VH[�RI� WKH�SURFHVVRU�RQ�ZKLFK�WKH
TXLFN�VWDUWHG�SURJUDP�LV�EHLQJ�LQYRNHG�

7KH� 3('B/$67B6<67(0B6(*0(17� ILHOG� RI� WKH� 3('B+($'(5� UHFRUG� FRQWDLQV� WKH� QXPEHU� RI
RSHUDWLQJ�V\VWHP�VHJPHQWV�ZKLFK�DUH�UHIHUHQFHG�E\�WKH�H[HFXWLRQ�HQYLURQPHQW�IRU�WKH�SURJUDP�GHVFULEHG
E\�WKH�3('��7KLV�ILHOG�RI�WKH�KHDGHU�UHFRUG�LV�VHW�WR�WKH�YDOXH�]HUR�LI�WKH�3('�GHVFULEHV�WKH�H[HFXWLRQ
HQYLURQPHQW�RI�WKH�RSHUDWLQJ�V\VWHP�LWVHOI�
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–---------------------------
|                          |
|       PED_HEADER         |
|                          |
|                          |
|--------------------------|<----|
|     System Unit Name     |     |
|--------------------------|     |  Sequence of
|     System Unit Name     |     |  referenced
---------------------------|     |  system unit
|            .             |     |  names.
|            .             |<----|
|            .             |   
|--------------------------|<----|
| Library file descriptor  |     |
|--------------------------|     |  Sequence of
| Library file descriptor  |     |  library code
|--------------------------|     |  file
|            .             |     |  descriptors.
|            .             |<----|
|            .             |   
|                          |
|--------------------------|<----|
|        PED_EVEC          |     |
|                          |     |
|                          |     |  Sequence of
|--------------------------|     |  variable length
|        PED_EVEC          |     |  E_Vect templates,
|                          |     |  with global
|                          |     |  segment numbers.
|--------------------------|     |
|            .             |     |
|            .             |<----|
|            .             |   
|                          |
|--------------------------|<----}
|      PED_PSEUDO_SIB      |     |  Sequence of
|--------------------------|     |  pseudo SIBs
|      PED_PSEUDO_SIB      |     |  with library
|--------------------------|     |  number and
|            .             |     |  library
|            .             |     |  relative
|            .             |     |  disk locations.
|                          |     |
|--------------------------|<----|

Figure 6-2. Gen eral PED Structure
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type {PED header record.}

   ped-header =
     record
       ped_byte_sex: integer;
                      {PED Byte sex indicator.}

       ped_format_level: integer;
                      {PED structures version indicator.}

       ped_library_count: integer;
                      {Number of library file descriptors.}

       ped_principal_segment_count: integer;
                      {Number of principal segments described.}

       ped_subsidiary_segment_count: integer;
                      {Number of subsidiary segments described.}

       ped_total_evec_words: integer;
                      {Size of EVEC templates.}

       ped_last_system_segment: integer;
                      {Number of system segments referenced by environment.}

       ped_start_unit: integer;
                      {Global segment number of principal segment
                       where execution should begin.}

       ped_uses_realops_unit: boolean;
                      {TRUE if REALOPS unit required.}

       ped_expansion_area:
           array[1..5] of 0..0;
                      {Reserved for future use.}
   end;

Figure 6-3. PED Header Structure

)ROORZLQJ�WKH�3('�+($'(5�UHFRUG�LV�D�VHTXHQFH�RI���FKDUDFWHU�V\VWHP�XQLW�QDPHV��7KH�QXPEHU�RI
QDPHV�LQ�WKH�VHTXHQFH�LV�JLYHQ�E\�WKH�3('B/$67B6<67(0B6(*0(17�ILHOG�RI�WKH�3('B+($'(5
UHFRUG��(DFK�QDPH�LQ�WKH�VHTXHQFH�LV�WKH�QDPH�RI�D�V\VWHP�XQLW�ZKLFK�LV�UHIHUHQFHG�E\�WKH�H[HFXWLRQ
HQYLURQPHQW�GHVFULEHG�E\�WKH�3('�
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7KH�OLVW�RI�V\VWHP�XQLW�QDPHV�LV�IROORZHG�E\�D�VHTXHQFH�RI�OLEUDU\�ILOH�GHVFULSWRUV��7KH�QXPEHU�RI�OLEUDU\
ILOH�GHVFULSWRUV�LV�JLYHQ�E\�WKH�3('B/,%5$5<B&2817�ILHOG�RI�WKH�3('B+($'(5�UHFRUG��(DFK�OLEUDU\
ILOH�GHVFULSWRU�FRQWDLQV�D�ZRUG�ZLWK�WKH�FKHFNVXP�IRU�WKH�UHIHUHQFHG�OLEUDU\�ILOH��IROORZHG�E\�D�VWULQJ
LGHQWLI\LQJ�WKH�YROXPH�WKH�OLEUDU\�ILOH�VKRXOG�EH�ORFDWHG�RQ�DQG�D�VWULQJ�FRQWDLQLQJ�WKH�WLWOH�RI�WKH�OLEUDU\
ILOH��7KHVH�VWULQJV�RFFXS\�WKH�PLQLPXP�QXPEHU�RI�ZRUGV�UHTXLUHG�IRU�WKH�VWULQJ�YDOXH��)RU�HDFK�RI�WKHVH
VWULQJ�YDOXHV��LI�WKH�OHQJWK�RI�WKH�VWULQJ�SOXV�WKH�OHQJWK�E\WH�LV�RGG��D�SDGGLQJ�E\WH�RI�]HUR�ZLOO�IROORZ�WKH
VWULQJ�WR�FDXVH�WKH�VWULQJ�WR�RFFXS\�DQ�LQWHJUDO�QXPEHU�RI�ZRUGV�LQ�WKH�3('�

7KH�OLEUDU\�ILOH�GHVFULSWRUV�DUH�LQ�WXUQ�IROORZHG�E\�D�VHTXHQFH�RI�(B9HFW�WHPSODWHV��7KHUH�DUH�D�WRWDO�RI
3('B35,1&,3$/B6(*0(17B&2817�(B9HFW�WHPSODWHV�ZKLFK�RFFXS\�3('B727$/B(9(&B:25'6
LQ� WKH�3('��7KHVH�(B9HFW�WHPSODWHV�DUH�H[DFWO\�WKH�VDPH�VL]H�DV�WKH�(B9HFW
V�ZKLFK�DUH�QHHGHG� WR
UHSUHVHQW�WKH�H[HFXWLRQ�HQYLURQPHQW�RI�WKH�SURJUDP�

(DFK�RI�WKHVH�(B9HFW�WHPSODWHV�EHJLQV�ZLWK�D�ZRUG�FRQWDLQLQJ�WKH�QXPEHU�RI�HQWULHV�LQ�WKH�(B9HFW��7KLV
FRXQW�ZRUG�LV�LQ�WXUQ�IROORZHG�E\�WKH�ZRUGV�IRU�WKH�(B9HFW�HQWULHV��7KH�(B9HFW�HQWULHV�DUH�IROORZHG�LQ�WKH
WHPSODWH�E\�DQ�H[WUD�HQWU\��RQH�ZRUG�LQ�OHQJWK��ZKLFK�LV�UHTXLUHG�E\�WKH�RSHUDWLQJ�V\VWHP�

(DFK�RI�WKH�(B9HFW�HQWULHV�VWRUHG�LQ�WKH�(B9HFW�WHPSODWHV�RI�WKH�3('�UHIHUHQFHV�D�SDUWLFXODU�VHJPHQW�RI
WKH�SURJUDP
V�HQYLURQPHQW�YLD�D��JOREDO�VHJPHQW�QXPEHU��

7KH�JOREDO�VHJPHQW�QXPEHU�]HUR�LV�UHVHUYHG�WR�GHQRWH�DQ�HPSW\�(B9HFW�HQWU\�ZKLFK�VKRXOG�EH�LQLWLDOL]HG
WR�WKH�YDOXH�1,/�

$Q� (B9HFW� HQWU\� FRQWDLQLQJ� D� QHJDWLYH� JOREDO� VHJPHQW� QXPEHU� LQ� WKH� UDQJH
3('B/$67B6<67(0B6(*0(17�����GHQRWHV� D� UHIHUHQFH� WR� D� V\VWHP�VHJPHQW��7KH� LGHQWLW\� RI� WKH
UHIHUHQFHG�V\VWHP�VHJPHQW�LV�HVWDEOLVKHG�E\�XVLQJ�WKH�DEVROXWH�YDOXH�RI�WKH�JOREDO�VHJPHQW�QXPEHU�DV�DQ
LQGH[�LQWR�WKH�VHTXHQFH�RI�V\VWHP�VHJPHQW�QDPHV�

$Q� (B9HFW� HQWU\� FRQWDLQLQJ� D� SRVLWLYH� JOREDO� VHJPHQW� QXPEHU� LQ� WKH� UDQJH
����3('B35,1&,3$/B6(*0(17B&2817���3('B68%6,',$5<B6(*0(17B&2817�� LQGLFDWHV� D
UHIHUHQFH�WR�WKH�(B5HF�IRU�RQH�RI�WKH�VHJPHQWV�RI�WKH�HQYLURQPHQW�GHVFULEHG�LQ�WKH�3('��7KH�(B5HF
VWUXFWXUH�IRU�D�JLYHQ�QRQ�V\VWHP�VHJPHQW�LV�ORFDWHG�E\�XVLQJ�WKH�JOREDO�VHJPHQW�QXPEHU�DV�DQ�LQGH[�LQWR
DQ�DUUD\�RI�(B5HF�VWUXFWXUHV�ZKLFK�LV�DOORFDWHG�DW�HQYLURQPHQW�UHFRQVWUXFWLRQ�WLPH��$Q�LQGH[�YDOXH�LQ
WKH�UDQJH����3('B35,1&,3$/B6(*0(17B&2817�VHOHFWV�WKH�(B5HF�IRU�RQH�RI�WKH�SULQFLSDO�VHJPHQWV
ZLWKLQ� WKH� H[HFXWLRQ� HQYLURQPHQW�� $Q� LQGH[� YDOXH� ZKLFK� LV� JUHDWHU� WKDQ
3('B35,1&,3$/B6(*0(17B&2817�VSHFLILHV�D�UHIHUHQFH�WR�RQH�RI�WKH�VXEVLGLDU\�VHJPHQWV�ZLWKLQ
WKH�SURJUDP�H[HFXWLRQ�HQYLURQPHQW�

)ROORZLQJ�WKH�(B9HFW�WHPSODWHV�LQ�WKH�3('�LV�D�VHTXHQFH�RI��SVHXGR�6,%��UHFRUGV��7KH�VWUXFWXUH�RI�D
SVHXGR�6,%�LV�GHILQHG�LQ�)LJXUH������(DFK�SVHXGR�6,%�LV�D�WHPSODWH�IRU�D�IUDJPHQW�RI�DQ�DFWXDO�6,%��ZKLFK
PXVW�EH�DOORFDWHG�ZKHQ�WKH�SURJUDP
V�H[HFXWLRQ�HQYLURQPHQW�LV�UHFRQVWUXFWHG��7KXV��WKHUH�H[LVWV�RQH
SVHXGR�6,%�IRU�HDFK�QRQ�V\VWHP�VHJPHQW�LQ�WKH�HQYLURQPHQW��7KH�SVHXGR�6,%V�IRU�WKH�SULQFLSDO�VHJPHQWV
DSSHDU�ILUVW�LQ�WKH�VHTXHQFH�IROORZHG�E\�WKH�SVHXGR�6,%V�IRU�WKH�VXEVLGLDU\�VHJPHQWV�LQ�WKH�HQYLURQPHQW�
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type
ped_pseudo_sib =
  record
    ps_seg_name: alpha;
                   {name of segment.}

    ps_seg_leng: integer;
                   {Length of segment.}

    ps_seg_addr: integer;
                   {Relative block address of segment in library file.}

    ps_seg_data_size: integer;
                   {Size of segment data area.}

    ps_seg_lib_num: integer;
                   {Index into sequence of library code file descriptors.}

    ps_seg_attributes:
      packed
      record
        ps_relocatable: boolean;
                   {Relocatable indicator from segment dictionary.}

       ps_mach_type: m_types;
                   {Type of code in segment.}

       ps_filler: 0..2047;
                   {11 bits of filler to round out to one word.}
  end;
end;

Figure 6-4. Pseudo SIB Structure

7KH� LQIRUPDWLRQ�VWRUHG� LQ�HDFK�SVHXGR�6,%�VWUXFWXUH�FRQVLVWV�RI� WKH� LQIRUPDWLRQ� IURP�WKH�VHJPHQW
GLFWLRQDU\� HQWU\� IRU� WKH� VHJPHQW�ZKLFK� LV� QHHGHG� WR� FRQVWUXFW� WKH� DFWXDO� 6,%�ZKHQ� WKH� SURJUDP
V
HQYLURQPHQW�LV�UHFRQVWUXFWHG��7KH�36B6(*B/,%B180�ILHOG�RI�D�SVHXGR�6,%�LV�XVHG�WR�HVWDEOLVK�WKH
LGHQWLW\�RI�WKH�OLEUDU\�FRGH�ILOH�ZKLFK�FRQWDLQV�WKH�VHJPHQW�GHVFULEHG�E\�WKH�SVHXGR�6,%��7KLV�LGHQWLW\�LV
HVWDEOLVKHG�E\�XVLQJ�WKH�36B6(*B/,%B180�ILHOG�DV�DQ�LQGH[�LQWR�WKH�VHTXHQFH�RI�OLEUDU\�ILOH�GHVFULSWRUV
ZLWKLQ�WKH�3('��7KH�LQGH[�YDOXH�RQH�VHOHFWV�WKH�ILUVW�OLEUDU\�ILOH�GHVFULSWRU�LQ�WKH�VHTXHQFH�
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APPENDIX A. P-MACHINE OPCODES (Alphabetic Order )

2SFRGH 'HF +H[ 'HVFULSWLRQ

$%, ��� (� $EVROXWH�9DOXH�,QWHJHU
$%5 ��� (� $EVROXWH�9DOXH�5HDO
$', ��� $� $GG�,QWHJHU
$'- ��� &� $GMXVW�6HW
$'5 ��� &� $GG�5HDO
$675 ��� (% $VVLJQ�6WULQJ
%127 ��� �) %RROHDQ�1RW
%37 ��� �( %UHDN�SRLQW
&$3 ��� $% &RS\�$UUD\�3DUDPHWHU
&)3 ��� �� &DOO�)RUPDO�3URFHGXUH
&*3 ��� �� &DOO�*OREDO�3URFHGXUH
&+. ��� &% &KHFN�6XEUDQJH�%RXQGV
&,3 ��� �� &DOO�,QWHUPHGLDWH�3URFHGXUH
&/3 ��� �� &DOO�/RFDO�3URFHGXUH
&63 ��� $& &RS\�6WULQJ�3DUDPHWHU
&675 ��� (& &KHFN�6WULQJ�,QGH[
&;* ��� �� &DOO�([WHUQDO�*OREDO
&;, ��� �� &DOO�([WHUQDO�,QWHUPH�LDWH
&;/ ��� �� &DOO�([WHUQDO�/RFDO
'(&, ��� (( 'HFUHPHQW�,QWHJHU
',) ��� '� 6HW�'LIIHUHQFH
'83, ��� (� 'XSOLFDWH�RQH�:RUG
'835 ��� &� 'XSOLFDWH�5HDO
'9, ��� �' 'LYLGH�,QWHJHU
'95 ��� &� 'LYLGH�5HDO
()- ��� '� (TXDO�)DOVH�-XPS
(4%<7 ��� %� (TXDO�%\WH�$UUD\
(43:5 ��� %� (TXDO�6HW
(45($/ ��� &' (TXDO�5HDO
(4675 ��� (� (TXDO�6WULQJ
(48, ��� %� (TXDO�,QWHJHU
)-3 ��� '� )DOVH�-XPS
)-3/ ��� '� )DOVH�-XPS�/RQJ
)/7 ��� && )ORDW
*(%<7 ��� %% *UHDWHU�7KDQ�RU�(TXDO�%\WH�$UUD\
*(3:5 ��� %� *UHDWHU�7KDQ�RU�(TXDO�6HW
*(4, ��� %� *UHDWHU�7KDQ�RU�(TXDO�,QWHJHU
*(5($/ ��� &) *UHDWHU�7KDQ�RU�(TXDO�5HDO
*(675 ��� ($ *UHDWHU�7KDQ�RU�(TXDO�6WULQJ
*(86: ��� %� *UHDWHU�7KDQ�RU�(TXDO�8QVLJQHG
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,1& ��� (� ,QFUHPHQW
,1&, ��� (' ,QFUHPHQW�,QWHJHU
,1' ��� (� ,QGH[
,11 ��� '$ 6HW�0HPEHUVKLS
,17 ��� '& 6HW�,QWHUVHFWLRQ
,;$ ��� '� ,QGH[�$UUD\
,;3 ��� '� ,QGH[�3DFNHG�$UUD\
/$( ��� �% /RDG�([WHQGHG�$GGUHVV
/$1' ��� $� /RJLFDO�$QG
/$2 ��� �� /RDG�*OREDO�$GGUHVV
/&2 ��� �� /RDG�&RQVWDQW�2IIVHW
/'$ ��� �� /RDG�,QWHUPHGLDWH�$GGUHVV
/'% ��� $� /RDG�%\WH
/'& ��� �� /RDG�&RQVWDQW
/'&% ��� �� /RDG�&RQVWDQW�%\WH
/'&, ��� �� /RDG�&RQVWDQW�,QWHJHU
/'&1 ��� �� /RDG�&RQVWDQW�1,/
/'&5/ ��� )� /RDG�&RQVWDQW�5HDO
/'( ��� �$ /RDG�([WHQGHG
/'/ ��� �� /RDG�/RFDO
/'0 ��� '� /RDG�0XOWLSOH
/'2 ��� �� /RDG�*OREDO
/' ���� &� /RDG�3DFNHG
/'5/ ��� )� /RDG�5HDO
/(%<7 ��� %$ /HVV�7KDQ�RU�(TXDO�%\WH�$UUD\
/(3:5 ��� %� /HVV�7KDQ�RU�(TXDO�6HW
/(4, ��� %� /HVV�7KDQ�RU�(TXDO�,QWHJHU
/(5($/ ��� &( /HVV�7KDQ�RU�(TXDO�5HDO
/(675 ��� (� /HVV�7KDQ�RU�(TXDO�6WULQJ
/(86: ��� %� 8QVLJQHG�/HVV�7KDQ�RU�(TXDO
//$ ��� �� /RDG�/RFDO�$GGUHVV
/127 ��� (� /RJLFDO�1RW
/2' ��� �� /RDG�,QWHUPHGLDWH
/25 ��� $� /RJLFDO�2U
/35 ��� �' /RDG�3URFHVVRU�5HJLVWHU
/6/ ��� �� /RDG�6WDWLF�/LQN
02', ��� �) 0RGXOR�,QWHJHUV
029 ��� &� 0RYH
03, ��� �& 0XOWLSO\�,QWHJHU
035 ��� &� 0XOWLSO\�5HDO
1$7 ��� $� (QWHU�1DWLYH�&RGH
1$7�,1)2 ��� $� 1DWLYH�&RGH�,QIRUPDWLRQ
1(4, ��� %� 1RW�(TXDO�,QWHJHU
1)- ��� '� 1RW�(TXDO�)DOVH�-XPS
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1*, ��� (� 1HJDWH�,QWHJHU
1*5 ��� (� 1HJDWH�5HDO
123 ��� �& 1R�2SHUDWLRQ
5(6(59(� ��� )$ UHVHUYHG
5(6(59(� ��� )% �
5(6(59(� ��� )& �
5(6(59(� ��� )' �
5(6(59(� ��� )( �
5(6(59(� ��� )) �
51' ��� %) 5RXQG�5HDO
538 ��� �� 5HWXUQ�IURP�3URFHGXUH
6%, ��� $� 6XEWUDFW�,QWHJHU
6%) ��� &� 6XEWUDFW�5HDO
6&3,� ��� () 6KRUW�&DOO�,QWHUPHGLDWH�3URFHGXUH
6&3,� ��� )� �
6&;*� ��� �� 6KRUW�&DOO�([WHUQDO�*OREDO
6&;*� ��� �� �
6&;*� ��� �� �
6&;*� ��� �� �
6&;*� ��� �� �
6&;*� ��� �� �
6&;*� ��� �� �
6&;*� ��� �� �
6,*1$/ ��� '( 6LJQDO
6,1'� ��� �� 6KRUW�,QGH[
6,1'� ��� �� �
6,1'� ��� �$ �
6,1'� ��� �% �
6,1'� ��� �& �
6,1'� ��� �' �
6,1'� ��� �( �
6,1'� ��� �) �
6/'&� � �� 6KRUW�/RDG�&RQVWDQW
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&� � �� �
6/'&�� �� �$ �
6/'&�� �� �% �
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6/'&�� �� �& �
6/'&�� �� �' �
6/'&�� �� �( �
6/'&�� �� �) �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �� �
6/'&�� �� �$ �
6/'&�� �� �% �
6/'&�� �� �& �
6/'&�� �� �' �
6/'&�� �� �( �
6/'&�� �� �) �
6/'/� �� �� 6KRUW�/RDG�/RFDO
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/� �� �� �
6/'/�� �� �� �
6/'/�� �� �$ �
6/'/�� �� �� �
6/'/�� �� �& �
6/'/�� �� �' �
6/'/�� �� �( �
6/'/�� �� �) �
6/'2� �� �� 6KRUW�/RDG�*OREDO
6/'2� �� �� �
6/'2� �� �� �
6/'2� �� �� �
6/'2� �� �� �
6/'2� �� �� �
6/'2� �� �� �
6/'2� �� �� �
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6/'2� �� �� �
6/'2�� �� �� �
6/'2�� �� �$ �
6/'2�� �� �% �
6/'2�� �� �& �
6/'2�� �� �' �
6/'2�� �� �( �
6/'2�� �� �) �
6//$� �� �� 6KRUW�/RDG�/RFDO�$GGUHVV
6//$� �� �� �
6//$� �� �� �
6//$� �� �� �
6//$� ��� �� �
6//$� ��� �� �
6//$� ��� �� �
6//$� ��� �� �
6/2'� ��� $' 6KRUW�/RDG�,QWHUPHGLDWH
6/2'� ��� $( �
635 ��� '� 6WRUH�3URFHVVRU�5HJLVWHU
652 ��� $� 6WRUH�*OREDO
636 ��� %& 6XEUDQJH�6HW
667/� ��� �� 6KRUW�6WRUH�/RFDO
667/� ��� �� �
667/� ��� �$ �
667/� ��� �% �
667/� ��� �& �
667/� ��� �' �
667/� ��� �( �
667/� ��� �) �
67% ��� &� 6WRUH�%\WH
67( ��� '� 6WRUH�([WHQGHG
67/ ��� $� 6WRUH�/RFDO
670 ��� %( 6WRUH�0XOWLSOH
672 ��� &� 6WRUH
673 ��� &$ 6WRUH�3DFNHG
675 ��� $� 6WRUH�,QWHUPHGLDWH
673/ ��� )� 6WRUH�5HDO
6:$3 ��� %' 6ZDS
7-3 ��� )� 7UXH�-XPS
71& ��� %( 7UXQFDWH�5HDO
8-3 ��� �$ 8QFRQGLWLRQDO�-XPS
863/ ��� %% 8QFRQGLWLRQDO�-XPS�/RQJ
81, ��� '% 6HW�8QLRQ
:$,7 ��� ') :DLW
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;-3 ��� '� &DVH�-XPS
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APPENDIX B. P-MACHINE OPCODES (Numeric Order )

'HF� +H[ 2SFRGH 'HVFULSWLRQ

� �� 6/'&� 6KRUW�/RDG�&RQVWDQW
� �� 6/'&� ��
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
� �� 6/'&� �
�� �$ 6/'&�� �
�� �% 6/'&�� �
�� �& 6/'&�� �
�� �' 6/'&�� �
�� �( 6/'&�� �
�� �) 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �� 6/'&�� �
�� �$ 6/'&�� �
�� �% 6/'&�� �
�� �& 6/'&�� �
�� �' 6/'&�� �
�� �( 6/'&�� �
�� �) 6/'&�� �
�� �� 6/'/� 6KRUW�/RDG�/RFDO
�� �� 6/'/� �
�� �� 6/'/� �
�� �� 6/'/� �
�� �� 6/'/� �
�� �� 6/'/� �
�� �� 6/'/� �
�� �� 6/'/� �
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�� �� 6/'/� �
�� �� 6/'/�� �
�� �$ 6/'/�� �
�� �% 6/'/�� �
�� �& 6/'/�� �
�� �' 6/'/�� �
�� �( 6/'/�� �
�� �) 6/'/�� �
�� �� 6/'2� 6KRUW�/RDG�*OREDO
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2� �
�� �� 6/'2�� �
�� �$ 6/'2�� �
�� �% 6/'2�� �
�� �& 6/'2�� �
�� �' 6/'2�� �
�� �( 6/'2�� �
�� �) 6/'2�� �
�� �� XQXVHG
��� �
�� �) �
�� �� 6//$� 6KRUW�/RDG�/RFDO�$GGUHVV
�� �� 6//$� �
�� �� 6//$� �
�� �� 6//$� �
��� �� 6//$� �
��� �� 6//$� �
��� �� 6//$� �
��� �� 6//$� �
��� �� 667/� 6KRUW�6WRUH�/RFDO
��� �� 667/� �
��� �$ 667/� �
��� �% 667/� �
��� �& 667/� �
��� �' 667/� �
��� �( 667/� �
��� �) 667/� �
��� �� 6&;*� 6KRUW�&DOO�([WHUQDO�*OREDO
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��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6&;*� �
��� �� 6,1'� 6KRUW�,QGH[
��� �� 6,1'� �
��� �$ 6,1'� �
��� �% 6,1'� �
��� �& 6,1'� �
��� �' 6,1'� �
��� �( 6,1'� �
��� �) 6,1'� �
��� �� /'&% /RDG�&RQVWDQW�%\WH
��� �� /'&, /RDG�&RQVWDQW�,QWHJHU
��� �� /&2 /RDG�&RQVWDQW�2IIVHW
��� �� /'& /RDG�:RUG�&RQVWDQW
��� �� //$ /RDG�/RFDO�$GGUHVV
��� �� /'2 /RDG�*OREDO
��� �� /$2 /RDG�*OREDO�$GGUHVV
��� �� /'/ /RDG�/RFDO
��� �� /'$ /RDG�,QWHUPHGLDWH�$GGUHVV
��� �� /2' /RDG�,QWHUPHGLDWH
��� �$ 8-3 8QFRQGLWLRQDO�-XPS
��� �% 8-3/ 8QFRQGLWLRQDO�-XPS�/RQJ
��� �& 03, 0XOWLSO\�,QWHJHU
��� �' '9, 'LYLGH�,QWHJHU
��� �( 670 6WRUH�0XOWLSOH
��� �) 02', 0RGXOR�,QWHJHUV
��� �� &/3 &DOO�/RFDO�3URFHGXUH
��� �� &*3 &DOO�*OREDO�3URFHGXUH
��� �� &,3 &DOO�,QWHUPHGLDWH�3URFHGXUH
��� �� &;/ &DOO�([WHUQDO�/RFDO
��� �� &;* &DOO�([WHUQDO�*OREDO
��� �� &;, &DOO�([WHUQDO�,QWHUPHGLDWH
��� �� 538 5HWXUQ�I�URP�3URFHGXUH
��� �� &)3 &DOO�)RUPDO�3URFHGXUH
��� �� /'&1 /RDG�&RQVWDQW�1,/
��� �� /6/ /RDG�6WDWLF�/LQN
��� �$ /'( /RDG�([WHQGHG
��� �% /$( /RDG�([WHQGHG�$GGUHVV
��� �& 123 1R�2SHUDWLRQ
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��� �' /35 /RDG�3URFHVVRU�5HJLVWHU
��� �( %37 %UHDN�SRLQW
��� �) %127 %RROHDQ�1RW
��� $� /25 /RJLFDO�2U
��� $� /$1' /RJLFDO�$QG
��� $� $', $GG�,QWHJHU
��� $� 6%, 6XEWUDFW�,QWHJHU
��� $� 67/ 6WRUH�/RFDO
��� $� 652 6WRUH�*OREDO
��� $� 675 6WRUH�,QWHUPHGLDWH
��� $� /'% /RDG�%\WH
��� $� 1$7 (QWHU�1DWLYH�&RGH
��� $� 1$7�,1)2 1DWLYH�&RGH�,QIRUPDWLRQ
��� $$ UHVHUYHG
��� $% &$3 &RS\�$UUD\�3DUDPHWHU
��� $& &63 &RS\�6WULQJ�3DUDPHWHU
��� $' 6/2'� 6KRUW�/RDG�,QWHUPHGLDWH
��� $( 6/2'� �
��� $) XQXVHG
��� %� (48, (TXDO�,QWHJHU
��� %� 1(4, 1RW�(TXDO�,QWHJHU
��� %� /(4, /HVV�7KDQ�RU�(TXDO�,QWHJHU
��� %� *(4, *UHDWHU�7KDQ�RU�(TXDO�,QWHJHU
��� %� /(86: /HVV�7KDQ�RU�(TXDO�8QVLJQHG
��� %� *(86: *UHDWHU�7KDQ�RU�(TXDO�8QVLJQHG
��� %� (43:5 (TXDO�6HW
��� %� /(3:5 /HVV�7KDQ�RU�(TXDO�6HW
��� %� *(3:5 *UHDWHU�7KDQ�RU�(TXDO�6HW
��� %� (4%<7 (TXDO�%\WH�$UUD\
��� %$ /(%<7 /HVV�7KDQ�RU�(TXDO�%\WH�$UUD\
��� %% *(%<7 *UHDWHU�7KDQ�RU�(TXDO�%\WH�$UUD\
��� %& 656 6XEUDQJH�6HW
��� %' 6:$3 6ZDS
��� %( 71& 7UXQFDWH�5HDO
��� %) 51' 5RXQG�5HDO
��� &� $'5 $GG�5HDO
��� &� 6%5 6XEWUDFW�5HDO
��� &� 035 0XOWLSO\�5HDO
��� &� '95 'LYLGH�5HDO
��� &� 672 6WRUH
��� &� 029 0RYH
��� &� '835 'XSOLFDWH�5HDO
��� &� $'- $GMXVW�6HW
��� &6 67% 6WRUH�%\WH



p-System™ Internal Architecture Reference Manual

281

��� &� /'3 /RDG�3DFNHG
��� &$ 673 6WRUH�3DFNHG
��� &% &+. &KHFN�6XEUDQJH�%RXQGV
��� && )/7 )ORDW
��� &' (45($/ (TXDO�5HDO
��� &( /(5($/ /HVV�7KDQ�RU�(TXDO�5HDO
��� &) *(5($/ *UHDWHU�7KDQ�RU�(TXDO�5HDO
��� '� /'0 /RDG�0XOWLSOH
��� '� 635 6WRUH�3URFHVVRU�5HJLVWHU
��� '� ()- (TXDO�)DOVH�-XPS
��� '� 1)- 1RW�(TXDO�)DOVH�-XPS
��� '� )-3 )DOVH�-XPS
��� '� )-3/ )DOVH�/RQJ�-XPS
��� '� ;-3 &DVH�-XPS
��� '� ,;$ ,QGH[�$UUD\
��� '� ,;3 ,QGH[�3DFNHG�$UUD\
��� '� 67( 6WRUH�([WHQGHG
��� '$ ,11 6HW�0HPEHUVKLS
��� '% 81, 6HW�8QLRQ
��� '& ,17 6HW�,QWHUVHFWLRQ
��� '' ',) 6HW�'LIIHUHQFH
��� '( 6,*1$/ 6LJQDO
��� ') :$,7 :DLW
��� (�� $%, $EVROXWH�9DOXH�,QWHJHU
��� (�� 1*, 1HJDWH�,QWHJHU
��� (�� '83� 'XSOLFDWH�2QH�:RUG
��� (�� $%5 $EVROXWH�9DOXH�5HDO
��� (�� 1*5 1HJDWH�5HDO
��� (�� /127 /RJLFDO�1RW
��� (�� ,1' ,QGH[
��� (�� ,1& ,QFUHPHQW
��� (�� (4675 (TXDO�6WULQJ
��� (�� /(675 /HVV�7KDQ�RU�(TXDO�6WULQJ
��� ($ *(675 *UHDWHU�7KDQ�RU�(TXDO�6WULQJ
��� (% $675 $VVLJQ�6WULQJ
��� (& &675 &KHFN�6WULQJ�,QGH[
��� (' ,1&, ,QFUHPHQW�,QWHJHU
��� (( '(&, 'HFUHPHQW�,QWHJHU
��� () 6&3,� 6KRUW�&DOO�,QWHUPHGLDWH�3URFHGXUH
��� )�� 6&3,� �
��� )� 7-3 7UXH�-XPS
��� )� /'&5/ /RDG�&RQVWDQW�5HDO
��� )� /'5/ /RDG�5HDO
��� )� 675/ 6WRUH�5HDO
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��� )� XQXVHG
��� �
��� )� �
��� )$ 5(6(59(� UHVHUYHG
��� )% 5(6(59(� �
��� )& 5(6(59(� �
��� )' 5(6(59(� �
��� )( 5(6(59(� �
��� )) 5(6(59(� �
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APPENDIX C. P-MACHINE INTRINSICS

.HUQHO�SURFHGXUHV�SURYLGHG�LQ�WKH�S�PDFKLQH�HPXODWRU�

 1 - reserved
 2 - "
 3 - "
 4 - Procedure RELOCSEG( seg_erec:erec_p );
 5 - reserved
 6 - "
 7 - "
 8 - "
 9 - "
10 - "
11 - "
12 - "
13 - "
14 - Procedure MOVESEG( seg_sib:sib_p; src_pool:poolptr; src_offset:memptr );
15 - Procedure MOVELEFT( var source:bytearray; var dest:bytearray;
                         n_bytes:integer );
16 - Procedure MOVERIGHT ( var source:bytearray; var dest:bytearray;
                           n_bytes:integer );
17 - reserved
18 - Procedure UNITREAD( unit:unitnum; var buff:bytearray;
                         n-bytes, block, control:integer );
19 - Procedure UNITWRITE( unit:unitnum; var buff:bytearray;
                          n_bytes, block, control:integer );
20 - Procedure TIME( var hi_word, lo_word:integer );
21 - Procedure FILLCHAR( var dest:bytearray; n-bytes, value:integer );

{The SCAN parameters shown here do not match those in an actual SCAN call:
 the Pascal compiler generates the appropriate parameters.}

22 - Function SCAN( disp:integer; not_equal:boolean; target:byte;
                     var a:bytearray; start_index, mask-integer );
23 - Procedure IOCHECK;
24 - Procedure GETPOOLBYTES( var dest:bytearray; pooldesc:poolptr;
                             pooloffset:memptr; nbytes:integer );
25 - Procedure PUTPOOLBYTES( source:bytearray; pooldesc:poolptr;
                             pooloffset:memptr; nbytes:integer );
26 - Procedure FLIPSEGBYTES( seg_erec:erec_p; seg_offset, n_words:integer );
27 - Procedure QUIET;
28 - Procedure ENABLE;
29 - Procedure ATTACH( sem:sem_p; vector:integer );
30 - Function IORESULT:integer;
31 - Function UNITBUSY( unit:unitnum ):boolean;
32 - Function POWEROFTEN( arg:integer ):real;
33 - Procedure UNITWAIT( unit:unitnum );
34 _ Procedure UNITCLEAR( unit:unitnum );
35 - reserved
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36 - Procedure UNITSTATUS( unit:unitnum; var stat_rec:status_rec;
                           control:integer );
37 - Procedure IDSEARCH( var symcursor:symrec; var buffer:bytearray );
38 - Function TREESEARCH( root:treerec_p; var node:treerec;
                          name:alpha ):integer;
39 - Function READSEG( seg_erec:erec_p ):integer;
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APPENDIX D. PASCAL DEFINITIONAL RSP

{$U-}
Unit Globals;

Interface

Uses    {$u opsys:kernel.code} kernel( {types} syscomrec, bytearray );

Type    syscom_ptr=^syscomrec;
        statrec=array[0..29] of integer;
        statctrl=packed record
                   io+direction:(output_status,input_status);
                   reserved:array[l..121] of boolean;
                   user_defined:array[13..15] of boolean;
                 end;             
        rwctrl=packed record
                 async:boolean;
                 physsect:boolean;
                 no_spec:boolean;
                 no_crlf:boolean;
                 reserved:array[4..12] of boolean;
                 user_defined:array[13..15] of boolean;
               end;
        word_array=array[0..0] of integer;
        char_array=packed array[0..0] of char;
        p_memory=record case integer of
                   0:( i:integer );
                   1:( c:char );
                   2:( pb:^byte_array );
                   3:( pw:^word_array );
                   4:( pc:^char_array );
                 end;
        disk_inforec=record
                       tracks_per_disk:integer;
                       sectors_per_track:integer;
                       bytes_per_sector:integer;
                       interleave:integer;
                       first_pascal_track:integer;
                       track_skew:integer;
                     end {disk_inforec};

Procedure PME_Signal_Event( event_num:integer );
Procedure PME_Got_Break;

Implementation

End {Globals}.

{$T PASCAL DEFINITIONAL RUN-TIME SUPPORT PACKAGE }
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{$U-}
{$D ASYNCHRONOUS-}

Unit RSP;

Interface

Uses    {$U opsys:kernel.code} kernel( { const } DLE,
                                       { types } iorsltwd,
                                       bytearray, full_address,
                                       unitnum, utable, syscomrec,
                                       { vars } syscom ),
        {$U globals.code} globals;

Procedure UNITCLEAR( unit_no:unitnum );
Procedure UNITSTATUS( unit_no:unitnum; var status:statrec; control:statctrl );

{Buffer parameter declarations for UNITREAD and UNITWRITE, below, do not
 reflect the way Pascal programs use these procedures.  In an actual
 call, the Pascal compiler generates the appropriate parameters.  The
 byte-pointer has been separated into two parameters so that the RSP
 can handle them individually.}

Procedure UNITREAD( unit_no:unitnum; buffer:p_memory; index:integer;
                    length:integer; block:integer; control:rwctrl );
Procedure UNITWRITE( unit_no:unitnum; buffer:p_memory; index:integer;
                     length:integer; block:integer; control:rwctrl );
Procedure SYSREAD( unitno:unitnum; buffer:p_memory; index:integer;
                   length:integer; block:integer; control:rwctrl;
                   codepool:full_address );
Function UNITBUSY( unit_no:unitnum ):boolean;
Procedure UNITWAIT( unit_no:unitnum );
Function IORESULT:iorsltwd;
Procedure IOCHECK;
Procedure QUIET;
Procedure ENABLE;
Procedure TIME( var hiword, loword:integer );

{$P}
Implementation

{Note that actual calls to the bios are between two assembly language routines
 and parameters may not be passed as in Pascal procedures, in particular
 parameters and results are often in registers. }

Uses    {$u bios.code} BIOS;

Const   max_char_vols=29;        { console,printer,remote & 26 serial vols }
        lf=10;                   {ASCII linefeed}
        cr=13;                   {ASCII carriage return}
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Type    unit_types=(bad,sys,con,dsk,prn,rem,ser,usr);
        op_types=(read_op,write_op,init_op,status_op);
Var     event_code:p_memory;     {filled in by interpreter}
        break_code:p_memory;     {filled in by interpreter}
        alpha_locked:packed array[1..max_char_vols] of boolean;
        dle_rcvd:packed array[1..max_char_vols] of boolean;
{$P}
Function Translate( unit_no:unitnum; operation:op_types;
                   var block:integer; var blocked:boolean; var device:integer;
                   var flags:integer; var u_type:unit_types ):iorsltwd;

  procedure trans_err( err:iorsltwd );
  begin
    translate:=err;
    u_type:=bad;
    exit(translate);
  end;

begin
  { if an error occurs in translate then u_type will be "bad" and
    the function result will indicate what error occurred. }
  u_type:=bad;
  translate:=i_no_error;
  if unit_no<=8
    then begin
           device:=0;
           case unit_no of
             0:   u_type:=sys;
             1,2: u_type:=con;
             3:   trans_err( i_bad_unit );
             4,5: begin
                  u_type:=dsk;
                  device:=unit_no-4;
                end;
             6:   u_type:=prn;
             7: if operation=write_op   {remin}
                  then trans_err( i_bad_mode )
                  else u_type:=rem;
             8: if operation=read_op    {remout}
                  then trans_err( i_bad_mode )
                  else u_type:=rem;
           end {case};
         end
    else if unit_no<(syscom^.subsidstart)
           then begin
                  u_type:=dsk;
                  device:=unit_no-9+2;
                end
           else if unit_no<(syscom^.subsidstart +
                            syscom^.unitdivision.subsidmax)
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           then with syscom^.unitable^[unit_no] do
                  begin
                    if ueovblk=0 then trans_err( i_no_unit );
                    if block>=ueovblk then trans_err( i_ill_block );
                    u_type:=dsk;
                    unit_no:=uphysvol;
                    if unit_no>=9 then device:=unit_no-9+2
                                  else device:=unit_no-4;
                    block:=block+ublkoff;
                    translate:=i_no_error;
                 end
           else if unit_no<(syscom^.subsidstart+
                            syscom^.unitdivision.subsidmax+
                            syscom^.unitdivision.serialmax)
                 then begin
                        u_type:=ser;
                        device:=unit_no-(syscom^.subsidstart+
                                syscom^.unitdivision.subsidmax);
                      end
                 else if unit_no>=128
                        then begin
                               u_type:=usr;
                               device:=unit_no-128;
                             end
                        else trans_err( i_bad_unit );
  blocked:=u_type in [sys,dsk,usr];
  case u_type of
    con: flags:=l;
    rem: flags:=2;
    prn: flags:=3;
    ser: flags:=4+device;
  end {case};
end {translate};

{$P}
Procedure UNITREAD{ unit_no:unitnum, buffer:p_memory; index:integer;
                    length:integer; block:integer, control:rwctr };
var     stack_addr:fulladdress;
begin
  stack_addr[0]:=0;
  stack_addr[1]:=0;
  SYSREAD( unit_no, buffer, index, length, block, control, stack_addr );
end {UNITREAD};

Procedure SYSREAD{ unit_no:unitnum; buffer:p_memory; index:integer;
                   length:integer; block:integer; control:rwctrl;
                   codepool:fulladdress };

var     device,flags:integer;
        blocked:boolean;
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        u_type:unit_types;
        iorslt:iorsltwd;

  Function Char_In:iorsltwd;
  label 100;
  var   ch:char;
        iorslt:iorsltwd;

    Procedure check_result;
    begin
      if iorslt<>i_no_error
        then begin
                char_in:=iorslt;
                exit(char_in);
              end;
    end {check_result};

    Procedure echo_char( ch:char );
    begin
          iorslt:=bios_con_write( ch );
          check_result;
          if (ch=chr(cr)) and (not control.no_crlf)
            then echo_char( chr(lf)
        end {echo_char};

      begin
        while length>0 do
          begin
            case u_type of
              con: iorslt:=bios_con_read( ch );
              prn: iorslt:=bios_prn_read( ch );
              rem: iorslt:=bios_rem_read( ch );
              ser: iorslt:=bios_ser_read( device, ch );
            end;
            check_result;
            if not control.no_spec then
              begin
                if ch_syscom^.crtinfo.eof
                  then begin
                         if unit_no=1
                           then fillchar( buffer.pc^[index], length, chr(0) )
                           else buffer.pc^[index):=ch;
                         exit(char_in);
                       end;
                if ch_syscom^.crtinfo.alphalok
                  then begin
                          alpha_locked[flags]:=not alpha_locked[flags];
                          goto 100;
                        end;
               end {not no_spec};
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             if alpha_locked[flags]
               then if ch in [
                      then ch:_chr( ord(ch)-32 );
             if unit_no=1 then echo_char( ch );
             buffer.pc^[index]:=ch;
             index:=index+1;
             length:=length-1;
             100:
           end {while length>0};
         char_in:=iorslt;
       end {char_in};

begin
  syscom^.iorslt:=translate( unit_no, read_op, block, blocked,
                             device, flags, u_type );
  if syscom^.iorslt<>i_no_error then exit(SYSREAD);
  if blocked
     then case u_type of
            sys: syscom^.iorslt:=bios_sys_read( block, length, buffer, index,
                                                device, control );
            dsk: syscom^.iorslt:=bios_dsk_read( block, length, buffer, index,
                                                device, control, codepool );
            usr: syscom^.iorslt:=bios_usr_read( block, length, buffer, index,
                                                device, control );
          end {case}
      else syscom^.iorslt:=char_in;
end {SYSREAD};

{$P}
Procedure UNITWRITE{ unit_no:unitnum; buffer:p_memory; index:integer;
                    length:integer; block:integer; control:rwctrl };
var     device,flags:integer;
        blocked:boolean;
        u_type:=unit_types;
        iorslt:iorsltwd;

  Function Char_Out:iorsltwd;
  var   ch:char,
        iorslt:iorsltwd;
        i:integer;

    Procedure check_result;
    begin
      if iorslt<>i_no_error
        then begin
               char_out:=iorslt;
               exit(char_out);
             end;
    end {check-result};
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    Procedure Send_Char( ch:char );
    begin
      case u_type of
        con: iorslt:=bios_con_write( ch );
        prn: iors1t:=bios_prn_write( ch );
        rem: iorslt:=bios_rem_write( ch );
        ser: iorslt:=bios_ser_write( device, ch );
      end;
      check_result;
      if (ch=chr(cr)) and (not control.no_crlf)
        then send_char( chr(lf) );
    end {send_char};

  begin
    while length>0 do
      begin
        ch:=buffer.pc^[index];
        if control.no_spec
          then send_char( ch );
          else if dle_rcvd[flags]
                 then begin
                        for i:=1 to ord(ch)-32 do send-char(
                        dle_rcvd[flags]:=false;
                       end
                 else if ch=chr(dle)
                        then dle_rcvd[flags]:=true
                        else send_char( ch );
        index:=index+1;
        length:=length-1;
      end {while length>0};
    char_out:=iorslt;
  end {char_out};

begin
  syscom^.iorslt:=translate( unit_no, write_op, block, blocked,
                             device, flags u_type );
  if syscom^.iorslt<>i_no_error then exit(UNITWRITE);
  if blocked
    then case u_type of
           sys: syscom^.iorslt:=bios_sys_write( block, length, buffer, index,
                                                device, control );
           dsk: syscom^.iorslt:=bios_dsk_write( block, length, buffer, index,
                                                device, control );
           usr: syscom^.iorslt:=bios_usr_write( block, length, buffer, index,
                                                device, control );
         end {case}
    else syscom^.iorslt:=char_out;
end {UNITWRITE};

{$P}
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Procedure UNITCLEAR{ unit_no:unitnum };
var     block,device,flags:integer;
        blocked:boolean;
        u_type:unit_types;
begin
  syscom^.iorslt:=translate( unit_no, init_op, block, blocked,
                             device, flags, u_type );
  if syscom^.iorslt<>i_no_error then exit(UNITCLEAR);
  case u_type of
    sys: syscom^.iorslt:=bios_sys_init( device, PME_signal_event );
    con: syscom^.iorslt:=bios_con_init( PME_got_break, syscom );
    dsk: syscom^.iorslt:=bios_dsk_init( device );
    prn: syscom^.iorslt:=bios_prn_init;
    rem: syscom^.iorslt:=bios_rem_init;
    ser: syscom^.iorslt:=bios_ser_init( device );
    usr: syscom^.iorslt:=bios_usr_init( device );
  end {case};
  if not blocked
    then begin
           alpha_locked[flags]:=false;
           dle_rcvd[flags]:=false;
         end;
end {UNITCLEAR};

{$P}
Procedure UNITSTATUS{ unit_no:unitnum; var status:statrec; control:statctrl };
var     block,device,flags:integer;
        blocked:boolean;
        u_type:unit_types;
begin
  syscom^.iorslt:=translate( unit_no, status_op, block, blocked,
                             device, flags, u_type );
  if syscom^.iorslt<>i_no_error then exit(UNITSTATUS);
  case u_type of
    sys: syscom^.iorslt:=bios_sys_stat( status, control );
    con: syscom^.iorslt:=bios_con_stat( status, control );
    dsk: syscom^.iorslt:=bios_dsk_stat( device, status, control );
    prn: syscom^.iorslt:=bios_prn_stat( status, control );
    rem: syscom^.iorslt:=bios_rem_stat( status, control );
    ser: syscom^.iorslt:=bios_ser_stat( device, status, control );
    usr: syscom^.iorslt:=bios_usr_stat( device, status, control );
  end {case};
end {UNITSTATUS};

{$P}
Function  UNITBUSY{ unit_no:unitnum ):boolean};
var     in_status,
        out_status: statrec;
        control_word: statctrl;
begin
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  {$B ASYNCHRONOUS+}
  control_word.io_direction:=input_status;
  unitstatus( unit_no, in_status, control_word );
  control_word.io_direction:=output_status;
  unitstatus( unit_no, out_status, control_word );
  unitbusy:= (in_status[0]<>0) or (out_status[0]<>0);
  {$E ASYNCHRONOUS+}
  {$B ASYNCHRONOUS-}
  unitbusy:=false,
  {$E ASYNCHRONOUS-}
end {UNITBUSY};

Procedure UNITWAIT{ unit_no:unitnum };
var     in_status,
        out_status: statrec;
        in_ctrl_word,
        out_ctrl_word: statctrl;
begin
  {$B ASYNCHRONOUS+1}
  in_ctrl_word.io_direction:=input_status;
  out_ctrl_word.io_direction:=output_status;
  repeat
    unitstatus( unit_no, in_status, in_ctrl_word );
    unitstatus( unit_no, out_status, out_ctrl_word );
  until (in_status[0]=0) and (out_status[0]=0);
  {$E ASYNCHRONOUT+}
  {$B ASYNCHRONOUS-}
  {unitwait does nothing on synchronous systems}
  {$E ASYNCHRONOUS-}
end {UNITWAIT};

($P)
Function IORESULT{:iorsltwd};
begin
  ioresult:=syscom^.iorslt;
end {IORESULT};

Procedure IOCHECK;
begin
  if syscom^.iorslt<>i_no_error then { exec-error( 10 ) };
end {IOCHECK};

Procedure QUIET;
begin
  bios_quiet;
end {QUIET};

Procedure ENABLE;
begin
  bios_enable;
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end {ENABLE};

Procedure TIME{ var hiword, loword:integer };
Var     status: statrec;
        control: statctrl;
begin
  UNITSTATUS(0,status,control);
  loword:=status[1];
  hiword:=status[2];
end {TIME};

End {RSP}.
��
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APPENDIX E. PASCAL DEFINITIONAL BIOS

{$T PASCAL DEFINITIONAL BASIC INPUT/OUTPUT SYSTEM }
{$U-}

Unit BIOS;

Interface

Uses    {$u opsys:kernel.code} KERNEL( { types } full_address, bytearray,
                                       iorsltwd, syscomrec ),
        {$u globals.code} globals;

Var     curform:disk_inforec;           {initialized by bootstrap}
        sect_per_block:integer;         {initialized by bootstrap}
        hi_addr:p_memory;               {initialized by bootstrap}
        sector_buffer:p_memory;         {initialized by bootstrap}
        sect_trans:p_memory;            {initialized by bootstrap}

Function bios_con_read( var ch:char ):iorsltwd;
Function bios_con_write( ch:char ):iorsltwd;
Function bios_con_init( procedure got_break; syscom:syscom_ptr ):iorsltwd;
Function bios_con_stat( var status:statrec; control:statctrl ):iorsltwd;

Function bios_prn_read( var ch:char ):iorsltwd;
Function bios_prn_write( ch:char ):iorsltwd;
Function bios_prn_init:iorsltwd;
Function bios_prn_stat( var status:statrec; control:statctrl ):iorsltwd

Function bios_dsk_read( block:integer; length:integer; buffer:p_memory;
                        index, drive:integer; control:rwctrl;
                        codepool:fulladdress ):iorsltwd;
Function bios_dsk_write( block:integer; length:integer; buffer:p_memory;
                         index, drive:integer; control:rwctrl ):iorsltwd;
Function bios_dsk_init( drive:integer ):iorsltwd;
Function bios_dsk_stat( drive:integer; var status:statrec;
                        control:statctrl ):iorsltwd;

Function bios_rem_read( var ch:char ):iorsltwd;
Function bios_rem_write( ch:char ):iorsltwd;
Function bios_rem_init:iorsltwd;
Function bios_rem_stat( var status:statrec; control:statctrl ):iorsltwd;

Function bios_usr_read( block:integer; length:integer; buffer:p_memory;
                        index, device:integer; control:rwctrl ):iorsltwd;
Function bios_usr_write( block:integer; length:integer; buffer:p_memory;
                         index, device:integer; control:rwctrl ):iorsltwd;
Function bios_usr_init( device:integer ):iorsltwd;
Function bios_usr_stat( device:integer; var status:statrec;
                        control:statctrl ):iorsltwd;
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Function bios_sys_read( block:integer; length:integer; buffer:p_memory;
                        index, device:integer; control:rwctrl ):iorsltwd;
Function bios_sys_write( block:integer; length:integer; buffer:p_memory;
                         index, device: integer; control:rwctrl ):iorsltwd;
Function bios_sys_init( device:integer;
                       procedure signal_event( event_num:integer ) ):iorsltwd;
Function bios_sys_stat( var status:statrec; control:statctrl ):iorsltwd;

Procedure bios_quiet;
Procedure bios_enable;

Function bios_ser_read( device:integer; var ch:char ):iorsltwd;
Function bios_ser_write( device:integer; ch:char ):iorsltwd;
Function bios_ser_init( device:integer ):iorsltwd;
Function bios_ser_stat( device:integer; var status:statrec;
                        control:statctrl ):iorsltwd;

Procedure disk_change( var newform:disk_inforec ); {called by bootstrap}

Implementation

Uses    {$u sbios.code} SBIOS;

Const   q_size=64;
        q_empty=0;
        bell=7;

Type    q_rec=record
                bottom,top:integer;
                iorslt:iorsltwd;
                ringbell:boolean;
                data:packed array[l..q_size] of char;
              end;

Var     save_syscom_ptr:syscom_ptr;
        { save_break_proc:procedure; } {can
        flush_flag,stop_flag:boolean;

        con_queue:q_rec;
        prn_queue:q_rec;
        rem_queue:q_rec;

Procedure pollunits; forward;

Procedure q_init( var q:q_rec );
begin
  {set up empty queue}
  q.bottom:=q_size;
  q.top:=q_empty;
  q.iorslt:=i_noerror;
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end {q_init};

Function q_count( q:q_rec ):integer;
begin
  if q.top>q.bottom then q_count:=q.top-q.bottom
                    else q_count:=q_size-q.bottom+q.top;
end {q_count};

Function q_get( var q:q_rec ):char;
begin
  repeat
    pollunits;
  until q_count( q )>0;
  if q.bottom=q_size
    then q.bottom:=l
    else q.bottom:=q.bottom+1;
  q_get:=q.data[q.bottom];
  if q.bottom=q.top then q_init( q );
end {q_get};

Procedure q_put( var q:q_rec; ch:char );
var old_top:integer;
begin
  old_top:=q.top;
  if q.top=q_size
    then q.top:=1
    else q.top:=q.top+1;
  if q.top=q.bottom
    then begin {overflow}
           q.top:=old_top;
           if q.ringbell
             then q.iorslt:=conwrit( chr(bell );
           exit(q_put);
         end;
  q.data[q.top]:=ch;
end {q_put};

Procedure pollunits;
var char_rdy:boolean;
    ch:char;

Function special_char( var ch:char ):boolean;
{only used on console}
begin
  with save_syscom_ptr^.crtinfo do
    begin
      special_char:=true;
      ch:=chr(ord( odd(ord(ch)) and
                   odd(ord(char_mask)) ));
      if ch=break
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        then begin
               {call save_break_proc}
               stop_flag:=false;
               flush_flag:=false;
             end
        else if ch=stop
               then stop_flag:=not stop_flag
               else if ch=flush
                      then begin
                             flush_flag:=not flush_flag;
                             stop_flag:=false;
                           end
                      else special_char:=false;
    end;

    end {special_char};

  begin
    with con_queue do
      begin
        iorslt:=constat( char_rdy );
        if char_rdy and (iorslt=i_noerror)
          then begin
                 iorslt:=conread( ch );
                 if iorslt=i_noerror
                    then if not special_char( ch )
                           then q_put( con_queue, ch );
               end;
      end;
    with prn_queue do
      begin
        iorslt:=prnstat( char_rdy );
        if char_rdy and (iorslt=i_noerror)
          then begin
                 iorslt:=prnread( ch );
                 if iorslt=i_noerror
                   then q_put( prn_queue, ch );
               end;
      end;
    with rem_queue do
      begin
        iorslt:=remstat( char_rdy );
        if char_rdy and (iorslt=i_noerror)
          then begin
                 iorslt:=remread( ch );
                 if iorslt=i_noerror
                   then q_put( rem_queue, ch );
               end;
      end;
end {pollunits};
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Function bios_con_read{ var ch:char ):iorsltwd};
begin
  flush_flag:=false;
  stop_flag:=false;
  ch:=q_get( con_queue );
  bios_con_read:=con_queue.iorslt;
end;

Function bios_con_write( ch:char ):iorsltwd);
begin
  bios_con_write:=i_no_error;
  repeat
    pollunits;
    if flush_flag then exit(bios_con_write);
  until stop_flag=false;
  bios_con_write:=conwrit( ch );
end;

Function bios_con_init{ procedure got_break; syscom:syscom_ptr ):iorsltwd};
begin

  { Note:  the address of got_break procedure should be saved at this point,
    this cannot be shown in Pascal; however, the following describes what is
    actually done in a bios:
  save_break_proc:= got_break; }
  save_syscom_ptr:=syscom;      {save syscom pointer}
  flush_flag:=false;
  stop_flag:=false;
  q_init( con_queue );
  con_queue.ringbell:=true;
  bios_con_init:=coninit;
end;

Function bios_con_stat{ var status:statrec, control:statctrl ):iorsltwd};
begin
  pollunits;
  if control.io_direction=input_status
    then status[0]:=q_count( con_queue )
    else status[0]:=0;
  bios_con_stat:=con_queue.iorslt;
end;

Function bios_prn_read{ var ch:char ):iorsltwd};
begin
  ch:=q_get( prn_queue );
  bios_prn_read:=prn_queue.iorslt;
end;

Function bios_prn_write{ ch:char ):iorsltwd},
begin
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  pollunits;
  bios_prn_write:=prnwrit( ch );
end;

Function bios_prn_init{:iorsltwd};
begin
  q_init( prn_queue );
  prn_queue.ringbell:=false;
  bios_prn_init:=prninit;
end;

Function bios_prn_stat{ var status:statrec; control:statctrl ):iorsltwd};
begin
  pollunits;
  if control.io_direction-input_status
    then status[0]:=q_count( prn_queue )
    else status[0]:=0;
  bios_prn_stat:=prn_queue.iorslt;
end;

Procedure disk_change{ var newform:disk_inforec };
const   blksize=512;
var     phys_sector,logic_sector,tryit:integer,
        used:boolean;
begin
  curform:=newform;
  sect_per_block:=blksize div curform.bytes_per_sector;
  {initialize sector_translation_table}
  phys_sector:=0;
  for logic_sector:=0 to curform.sectors_per_track-1 do
    begin
      repeat
        if phys_sector>=curform.sectors_per_track
          then phys_sector:=phys_sector-curform.sectors_per_track;
        used:=false;
        for tryit:=0 to logic_sector-1 do
          if sect_trans.pb^[tryit]=phys_sector then used:=true;
        if used then phys_sector:=phys_sector+1;
      until not used;
      sect_trans.pb^[logic_sector]:=phys_sector;
      phys_sector:=phys_sector+curform.interleave;
    end;
end {disk_change};

Function disk_rw( block:integer; length:integer; buffer:p_memory;
                  index, drive:integer; control:rwctrl;
                  baseaddr:fulladdress; read_disk:boolean ):iorsltwd;
label   10,99;
const   max_retry=5;
var     partial:boolean;
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        retry,rel_sector,logic_sector,logic_track,skew,
        sector,track:integer;
        stackbase:fulladdress;
        iorslt:iorsltwd;

  procedure calc_sect;
  {calculate physical sector address from logical sector address}
  begin
    sector:=( (sect_trans.pb^[logic_sector]+skew) mod
              curform.sectors_per_track )+1;
  end;

  procedure convert;
  {convert block parameter to track and sector address}
  begin
    if control.physsect
      then begin
             length:=curform.bytes_per_sector;
             track:=block div curform.sectors_per_track;
             sector:=(block mod curform.sectors_per_track)+1;
           end
      else begin
             rel_sector:=block*sect_per_block;
             logic_track :=rel_sector div curform.sectors_per_track;
             logic_sector:=rel_sector mod curform.sectors_per_track;
             track:=logic_track+curform.first_pascal_track;
             skew:=logic_track*curform.track_skew;
             calc_sect;
           end;
  end {convert};

begin
  setdisk( drive );
partial:=false;
convert;
dskstrt;
settrak( track );
while length>0 do
  begin
    retry:=max_retry;
    if track>curform.tracks_per_disk
      then begin
             iorslt:=i_ill_block;
             goto 99;
           end;
    if (length<curform.bytes_per_sector) and read_disk
      then begin
             partial:=true;
             stackbase[0]:=0;
             stackbase[1]:=0;
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             setbufr( sector_buffer, 0, stackbase );
           end
    else setbufr( buffer, index, baseaddress );
  setsect ( sector );
  10:
  pollunits;
  if read_disk then iorslt:=dskread
               else iorslt:=dskwrit;
  if iorslt<>i_no_error
    then begin
           if iorslt<>i_bad_block then goto 99;
           if retry=max_retry
             then begin
                    iorslt:=dskinit;
                    if iorslt=i_no_unit then goto 99;
                  end;
           retry:=retry-1;
           if retry>0 then goto 10;
           goto 99;
         end;
  if partial
    then begin
           {Note:  when copying partial sector buffer, destination
            address also includes "baseaddr" which is not shown below}
           moveleft( sector_buffer.pb^[0], buffer.pb^[index], length );
           goto 99;
         end,
  index:=index+curform.bytes_per_sector;
  length:=length-curform.bytes_per_sector;
  logic_sector:=logic_sector+1;
  if logic_sector>=curform.sectors_per_track
    then begin
           skew:=skew+curform.track_skew;
           track:=track+1;
           settrak( track );
           logic_sector:=0;
         end,
  calc_sect;
end {while length>0};
  99:
  dskstop;
  disk_rw:=iorslt;
end {disk_rw}

Function bios_dsk_read{ block:integer; length:integer; buffer:p_memory;
                        index, drive:integer; control:rwctrl;
                        codepool:fulladdress ):iorsltwd};
begin
  bios_dsk_read:=disk_rw( block, length, buffer, index, drive, control,
                          codepool, true );
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end;

Function bios_dsk_write{ block:integer; length:integer; buffer:p_memory;
                         index, drive:integer; control:rwctrl ):iorsltwd};
var     baseaddrfulladdress;
begin
  baseaddr[0]:=0;
  baseaddr[1l:=0;
  bios_dsk_write:=disk_rw( block, length, buffer, index, drive, control,
                           baseaddr, false );
end;

Function bios_dsk_init{ drive:integer ):iorsltwd};
begin
  setdisk( drive );
  dskstrt;
  bios_dsk_init:=dskinit;
  dskstop;
end;

Function bios_dsk_stat{ drive:integer; var status:statrec;
                        control:statctrl ):iorsltwd};
begin
  setdisk( drive );     {setdisk might call disk_change}
  status[0]:=0;
  status[1]:=curform.bytes_per_sector;
  status[2]:=curform.sectors_per_track;
  status[3]:=curform.tracks_per_disk;
  bios_dsk_stat:=i_no_error;
end;

Function bios_rem_read{ var ch:char ):iorsltwd};
begin
  ch:=q_get( rem_queue );
  bios_rem_read:=rem_queue.iorslt;
end;

Function bios_rem_write{ ch:char ):iorsltwd};
begin
  pollunits,
  bios_rem_write:=remwrit( ch );
end;

Function bios_rem_init{:iorsltwd};
begin
  q_init( rem_queue );
  rem_queue.ringbell:=false;
  bios_rem_init:=reminit;
end;
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Function bios_rem_stat{ var status: statrec; control:statctrl ) :iorsltwd};
begin
  pollunits;
  if control.io_direction=input_status
    then status[0]:=q_count( rem_queue )
    else status[0]:=0;
  bios_rem_stat:=rem_queue.iorslt;
end;

Function bios_usr_read{ block:integer; length:integer; buffer:p_memory;
                        index, device:integer; control:rwctrl ):iorsltwd};
begin
  bios_usr_read:=usrread( block, length, buffer, index, device, control );
end;

Function bios_usr_write{ block:integer; length:integer; buffer:p_memory;
                         index, device:integer; control:rwctrl ):iorsltwd};
begin
  bios_usr_write:=usrwrit( block, length, buffer, index, device, control );
end;

Function bios_usr_init{ device:integer ):iorsltwd};
begin
  bios_usr_init:=usrinit( device );
end;

Function bios_usr_stat{ device:integer; var status:statrec;
                        control:statctrl ):iorsltwd};
begin
  bios_usr_stat:=usrstat( device, status, control );
end;

Function bios_sys_read{ block:integer; length:integer; buffer:p_memory;
                        index, device:integer; control:rwctrl ):iorsltwd};
begin
  syshalt;
end;

Function bios_sys_write{ block:integer; length:integer; buffer:p_memory;
                         index, device:integer; control:rwctrl ):iorsltwd};
begin
  syshalt;
end;

Function bios_sys_init{ device:integer;
                      procedure signal_event{ event_num:integer ) ):iorsltwd};
begin
  bios_sys_init:=sysinit( signal_event, pollunits, disk_change );
end;
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Function bios_sys_stat{ var status:statrec; control:statctrl ):iorsltwd};
begin
  status[0]:=hi_addr.i;
  bios_sys_stat:=clkread( status[2], status[1] );
end;

Procedure bios_quiet;
begin
  quiet;
end;

Procedure bios_enable,
begin
  enable,
end;

Function bios_ser_read{ device:integer; var ch:char ):iorsltwd};
begin
  bios_ser_read:=i_no_unit;
end;

Function bios_ser_write{ device:integer; ch:char ):iorsltwd};
begin
  bios_ser_write:=i_no_unit,
end;

Function bios_ser_init{ device:integer ):iorsltwd};
begin
  bios_ser_init:=i_no_unit;
end;

Function bios_ser_stat{ device:integer; var status:statrec;
                        control:statctrl );iorsltwd};
begin
  bios_ser_stat:=i_no_unit;
end;

End {BIOS}.
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APPENDIX F. ASCII TABLE

 0 000 00 NUL    32 040 20 SP    64 100 40 @     96 140 60 `
 1 001 01 SOH    33 041 21 !     65 101 41 A     97 141 61 a
 2 002 02 STX    34 042 22 "     66 102 42 B     98 142 62 b
 3 003 03 ETX    35 043 23 #     67 103 43 C     99 143 63 c
 4 004 04 EOT    36 044 24 $     68 104 44 D    100 144 64 d
 5 005 05 ENQ    37 045 25 %     69 105 45 E    101 145 65 e
 6 006 06 ACK    38 046 26 &     70 106 46 F    102 146 66 f
 7 007 07 BEL    39 047 27 '     71 107 47 G    103 147 67 g
 8 010 08 BS     40 050 28 (     72 110 48 H    104 150 68 h
 9 011 09 HT     41 051 29 )     73 111 49 I    105 151 69 i
10 012 0A LF     42 052 2A *     74 112 4A J    106 152 6A j
11 013 0B VT     43 053 2B +     75 113 4B K    107 153 6B k
12 014 0C FF     44 054 2C ,     76 114 4C L    108 154 6C l
13 015 0D CR     45 055 2D -     77 115 4D M    109 155 6D m
14 016 0E SO     46 056 2E .     78 116 4E N    110 156 6E n
15 017 0F SI     47 057 2F /     79 117 4F 0    111 157 6F o
16 020 10 DLE    48 060 30 0     80 120 50 P    112 160 70 p
17 021 11 DC1    49 061 31 1     81 121 51 Q    113 161 71 q
18 022 12 DC2    50 062 32 2     82 122 52 R    114 162 72 r
19 023 13 DC3    51 063 33 3     83 123 53 S    115 163 73 s
20 024 14 DC4    52 064 34 4     84 124 54 T    116 164 74 t
21 025 15 NAK    53 065 35 5     85 125 55 U    117 165 75 u
22 026 16 SYN    54 066 36 6     86 126 56 V    118 166 76 v
23 027 17 ETB    55 067 37 7     87 127 57 W    119 167 77 w
24 030 18 CAN    56 070 38 8     88 130 58 X    120 170 78 x
25 031 19 EM     57 071 39 9     89 131 59 Y    121 171 79 y
26 032 1A SUB    58 072 3A :     90 132 5A Z    122 172 7A z
27 033 1B ESC    59 073 3B ;     91 133 5B [    123 173 7B {
28 034 1C FS     60 074 3C <     92 134 5C \    124 174 7C |
29 035 1D GS     61 075 3D =     93 135 5D ]    125 175 7D }
30 036 1E RS     62 076 3E >     94 136 5E ^    126 176 7E ~
31 037 1F US     63 077 3F ?     95 137 5F _    127 177 7F DEL
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APPENDIX G. GLOSSARY

7KLV�VSHFLDOL]HG�JORVVDU\�LV�LQWHQGHG�DV�DQ�DLG�WR�UHDGHUV�ZKR�DUH�XQIDPLOLDU�ZLWK�VRPH�RI�WKH�WHUPV�XVHG
LQ�WKLV�GRFXPHQW��,W�LVQ
W�PHDQW�WR�EH�FRPSUHKHQVLYH�

$662&,$7(�7,0(�³�7KDW� SDUW� RI� D� SURJUDP
V� OLIHWLPH� LQ�ZKLFK� WKH� VHJPHQWV� DQG� WKHLU� YDULRXV
UHIHUHQFHV�WR�HDFK�RWKHU�DUH�DVVRFLDWHG�E\�WKH�RSHUDWLQJ�V\VWHP��7KLV�RFFXUV�ZKHQ�WKH�SURJUDP�LV�SUHSDUHG
IRU�H[HFXWLRQ�

%/$1.�),//('�³�$OO���ELW�E\WHV�ZLWKLQ�WKH�VSHFLILHG�UHJLRQ�DUH�ILOOHG�ZLWK�EODQNV��$6&,,�����

%/2&.�³�$Q�DUHD�RI�PHPRU\��XVXDOO\�RQ�D�GLVN��ZLWK�D�IL[HG�VL]H�RI�����FRQWLJXRXV���ELW�E\WHV�����
FRQWLJXRXV����ELW�ZRUGV��

%/2&.�%281'$5<�³�%\WH�]HUR�RI�DQ\�EORFN�

%<7(�32,17(5�³�$�E\WH�DGGUHVV��DV�RSSRVHG�WR�D�ZRUG�DGGUHVV��

%<7(�6(;�³�6RPH�SURFHVVRUV�DGGUHVV����ELW�ZRUGV�ZLWK�WKH�PRVW�VLJQLILFDQW�E\WH�ILUVW��RWKHUV�ZLWK�WKH
OHDVW�VLJQLILFDQW�E\WH�ILUVW��%\WH�VH[�UHIHUV�WR�WKLV�GLIIHUHQFH�LQ�DGGUHVVLQJ��WZR�PDFKLQHV�ZLWK�GLIIHUHQW
DGGUHVVLQJ�VW\OHV�DUH�VDLG�WR�KDYH�GLIIHUHQW��RU�RSSRVLWH��E\WH�VH[�

&203,/$7,21�81,7�³�$�SURJUDP�RU�SRUWLRQ�RI�D�SURJUDP�WKDW�FDQ�EH�FRPSLOHG�E\�LWVHOI�³�LQ�RWKHU
ZRUGV��D�SURJUDP�RU�D�81,7�

&203,/(�7,0(�³�7KDW�SDUW�RI�D�SURJUDP
V�OLIHWLPH�LQ�ZKLFK�LW�LV�EHLQJ�FRPSLOHG��RU�DVVHPEOHG��

&21&855(1&<�³�7KH�H[HFXWLRQ�RI�WZR�RU�PRUH�WDVNV�RU�SURFHVVHV�LQ�SDUDOOHO��WKDW�LV��DW�WKH�VDPH�WLPH�
6\QRQ\PRXV�ZLWK�PXOWLWDVNLQJ�

'<1$0,&�³�,QIRUPDWLRQ�ZKLFK�FKDQJHV�GXULQJ�SURJUDP�H[HFXWLRQ��RU�LVQ
W�NQRZQ�EHIRUH�UXQ�WLPH��

),//(5�³�$�ILHOG�LQ�D�GDWD�VWUXFWXUH�WKDW�LV�DW�SUHVHQW�XQXVHG��,I�WKLV�DUHD�LV�GHVFULEHG�DV��UHVHUYHG�IRU
IXWXUH�XVH���WKHQ�LW�XVXDOO\�VKRXOG�EH�]HUR�ILOOHG��7KLV�DYRLGV�FRQIXVLRQ�ZKHQ�IXWXUH�YHUVLRQV�RI�WKH�V\VWHP
PDNH�XVH�RI�ILOOHU�VSDFH�

,17(56(*0(17�³�7KH�GDWD��RU�SURJUDP��LQ�TXHVWLRQ�RFFXSLHV�PRUH�WKDQ�RQH�VHJPHQW��RU�FRQWDLQV
SRLQWHUV�WR�DQRWKHU�VHJPHQW�

/,1.�7,0(�³�7KDW�SDUW�RI�D�SURJUDP
V�OLIHWLPH�LQ�ZKLFK�LW�LV�EHLQJ�RSHUDWHG�RQ�E\�WKH�OLQNHU�

08/7,352*5$00,1*�³�$Q�HQYLURQPHQW�WKDW�VXSSRUWV�PRUH�WKDQ�RQH�XVHU��ZKHUH�HDFK�XVHU�FDQ
SHUIRUP�PXOWLWDVNLQJ���7KH�S�6\VWHP�GRHVQ
W�VXSSRUW�PXOWLSURJUDPPLQJ��
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08/7,7$6.,1*�³�7KH�H[HFXWLRQ�RI�WZR�RU�PRUH�WDVNV�LQ�SDUDOOHO��WKDW�LV��DW�WKH�VDPH�WLPH��$�WDVN�LV
D�352&(66�IURP�\RXU�SRLQW�RI�YLHZ�� IURP� WKH� V\VWHP
V�SRLQW�RI�YLHZ� LW�PLJKW�EH�D�SURJUDP�� �7KH
S�6\VWHP�GRHV�VXSSRUW�PXOWLWDVNLQJ��

08/7,:25'�³�6RPH�SRVLWLYH�LQWHJUDO�QXPEHU�RI�ZRUGV�

1$7,9(�&2'(�³�$VVHPEOHG�FRGH�IRU�VRPH�SK\VLFDO��DV�RSSRVHG�WR�LGHDO��SURFHVVRU��$OVR�FDOOHG�PDFKLQH
FRGH�RU��VRPHWLPHV��KDUG�FRGH�

21(
6�&203/(0(17�³�$OO�ELWV�LQ�WKH�GHVLJQDWHG�ILHOG�DUH�IOLSSHG�

3�&2'(�³�$VVHPEOHG�FRGH�IRU�DQ�LGHDO�SURFHVVRU��3�FRGH�VWDQGV�IRU��SVHXGR�FRGH���7KH�S�6\VWHP�30(
LPSOHPHQWV�D��SVHXGR�PDFKLQH�HPXODWRU��

3267352&(6625�³�$�SURJUDP�ZKLFK�LV�H[HFXWHG�DIWHU�WKH�FRPSOHWLRQ�RI�VRPH�RWKHU�SURJUDP��DQG�XVHV
DV�LQSXW�WKH�RXWSXW�RI�WKDW�SUHYLRXV�SURJUDP��$�SRVWSURFHVVRU�WKDW�FUHDWHV�RXWSXW�ZKLFK�FDQ�EH�XVHG��E\
VWLOO�DQRWKHU�SURJUDP�LV�RIWHQ�FDOOHG�D��ILOWHU��

35,1&,3$/�6(*0(17�³�$�VHJPHQW�WKDW�KDV�D�VHJPHQW�UHIHUHQFH�OLVW��IRU�H[DPSOH��D�VHJPHQW�ZLWK�D
6(*B7<3(�RI�352*B6(*�RU�81,7B6(*��&RUUHVSRQGV�WR�WKH�RXWHU�VHJPHQW�RI�DQ\�FRPSLODWLRQ�XQLW�
81,7V��)2575$1�SURJUDPV��DQG�WKH�RXWHUPRVW�EORFN�RI�D�3DVFDO�SURJUDP�DUH�DOO�SULQFLSDO�VHJPHQWV�

5(/2&$7$%/(�³�$�SRUWLRQ�RI�REMHFW�FRGH�WKDW�FDQ�EH�PRYHG�WR�GLIIHUHQW�ORFDWLRQV�LQ�PHPRU\�ZLWKRXW
FKDQJLQJ�LWV�PHDQLQJ��3�FRGH�LV�UHORFDWDEOH��1DWLYH�FRGH�PD\�RU�PD\�QRW�EH�

581�7,0(�³�7KDW�SDUW�RI�D�SURJUDP
V�OLIHWLPH�LQ�ZKLFK�LW�LV�EHLQJ�H[HFXWHG��RU��UXQ���

6(/)�02',)<,1*�³�&RGH�ZKLFK�RYHUZULWHV�RU�PRGLILHV�LWVHOI�GXULQJ�H[HFXWLRQ�� WKXV�FKDQJLQJ�LWV
PHDQLQJ��7KLV�LVQ
W�UHFRPPHQGHG�

6(*�5(/$7,9(�³�7KH�DGGUHVV�RI�DQ�REMHFW�LV�VSHFLILHG�DV�DQ�RIIVHW�IURP�WKH�EHJLQQLQJ�RI�WKH�FRGH
VHJPHQW�LQ�ZKLFK�LW�UHVLGHV�

67$7,&�³� ,QIRUPDWLRQ� ZKLFK� GRHVQ
W� FKDQJH� WKURXJKRXW� SURJUDP� H[HFXWLRQ� �LW� LV� NQRZQ� EHIRUH
UXQ�WLPH��

68%6,',$5<�6(*0(17�³�$�VHJPHQW�WKDW�KDV�QR�VHJPHQW�UHIHUHQFH�OLVW��IRU�H[DPSOH��D�VHJPHQW�ZLWK
D�6(*B7<3(�RI�352&B6(*�RU�6(357B6(*��&RUUHVSRQGV�WR�WKH�REMHFW�FRGH�RI�DQ\�VHJPHQW�ZKRVH�VRXUFH
WH[W� LV�QRW� VHSDUDWHO\� FRPSLODEOH��3DVFDO� VHJPHQW� SURFHGXUHV� DQG� VHJPHQWV�SURGXFHG�E\� WKH�8&6'
DGDSWDEOH�DVVHPEOHU�DUH�VXEVLGLDU\�VHJPHQWV�

726�³�6KRUW�IRU��WRS�RI�VWDFN���$OVR�UHSUHVHQWV�WKH�REMHFW�WKDW�LV�RQ�WKH�WRS�RI�WKH�S�PDFKLQH�VWDFN��ZKLFK
LV�WKH�REMHFW�WKDW�ZDV�PRVW�UHFHQWO\�SXVKHG��
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83:$5'�&203$7,%,/,7<�³�&RGH�WKDW�UXQV�RQ�FXUUHQW� YHUVLRQV�RI�D�V\VWHP�ZLOO�UXQ�RQ�IXWXUH
YHUVLRQV�RI�WKDW�V\VWHP��$�PRUH�OLPLWHG�DQG�PRUH�HDVLO\�REWDLQHG�YHUVLRQ�RI�XSZDUG�FRPSDWLELOLW\�UHTXLUHV
VRXUFH�FRGH�WR�EH�UHFRPSLOHG�RQ�QHZ�YHUVLRQV��EXW�HQVXUHV�WKDW�LW�ZLOO�UXQ�ZKHQ�UHFRPSLOHG�

:25'�³�6L[WHHQ�ELWV�DOLJQHG�RQ�DQ�HYHQ�E\WH�DGGUHVV�ERXQGDU\��7KH�E\WH�ZKLFK�LV�PRVW�VLJQLILFDQW�LV
GHWHUPLQHG�E\�WKH�E\WH�VH[�RI�WKH�PDFKLQH�IRU�ZKLFK�LW�ZDV�JHQHUDWHG�

:25'�32,17(5�³�$�ZRUG�DGGUHVV��DV�RSSRVHG�WR�D�E\WH�DGGUHVV���7KH�DGGUHVV�RI�D�ZRUG�PXVW�EH�HYHQ�

=(52�),//('�³�$�ILHOG�RI�GDWD�WKDW�FRQWDLQV�QRWKLQJ�EXW�]HURHV��DOO�ELWV�PXVW�EH����
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Statement of File Origin

7KLV�ILOH�ZDV�FUHDWHG�E\�VFDQQLQJ�WKH�S�6\VWHP��6RIWZDUH�5HIHUHQFH�/LEUDU\�,QWHUQDO�$UFKLWHFWXUH�PDQXDO�

:KLOH�HYHU\�HIIRUW�ZDV�PDGH�WR�HQVXUH�WKDW�WKH�WH[W�DQG�JUDSKLFV�FRQWHQW�RI�WKLV�ILOH�DUH�DQ�DFFXUDWH�FRS\
RI�WKH�RULJLQDO�PDQXDO��QR�UHVSRQVLELOLW\�FDQ�EH�DVVXPHG�IRU�DQ\�HUURUV�LQWURGXFHG�GXULQJ�VFDQQLQJ�
HGLWLQJ��RU�FRQYHUVLRQ�

9HUVLRQ���������


