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1. INTRODUCTION

1.1.  PURPOSE

7KLV�PDQXDO� SURYLGHV� D� FRPSOHWH� GHVFULSWLRQ� RI� WKH� FRPPXQLFDWLRQ� SURWRFRO� XVHG� E\� WKH� WHUPLQDO
HPXODWRU�SDFNDJHV��VWDUWLQJ�ZLWK�7HUPLQDO�(PXODWRU�,,���,W�GHVFULEHV�WKH�VWHSV�QHHGHG�WR�GLVSOD\�WH[W�
FUHDWH�DQG�GLVSOD\�JUDSKLFV�DQG�FUHDWH�DQG�H[HFXWH�VRXQG�DQG�VSHHFK�RQ�WKH�7,������XVLQJ�WKH�WHUPLQDO
HPXODWRU�SURWRFROV�

1.2.  AUDIENCE

7KLV�PDQXDO�LV�GHVLJQHG�IRU�SURJUDPPHUV�RI�KRVW�V\VWHPV�FKDUJHG�ZLWK�ZULWLQJ�VRIWZDUH�WR�LQWHUIDFH�ZLWK
WKH�WHUPLQDO�HPXODWRU�SDFNDJHV�

1.3. CONVENTIONS

7KH�IROORZLQJ�FRQYHQWLRQV�ZLOO�EH�REVHUYHG�

�� +H[�QXPEHUV�ZLOO�EH�GHQRWHG�ZLWK�D�JUHDWHU�WKDQ�V\PERO��!���)RU�H[DPSOH�KH[����ZLOO�EH�ZULWWHQ
DV�!���

�� %LWV�ZLOO�EH�QXPEHUHG�IURP�OHIW�WR�ULJKW��)RU�H[DPSOH�WKH�ELW�QXPEHULQJ�IRU�D�E\WH�ZRXOG�EH�

+-+-+-+-+-+-+-+-+
|0|1|2|3|4|5|6|7|
+-+-+-+-+-+-+-+-+
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2. THE TI-99/4 ENVIRONMENT

2.1. INTRODUCTION

(IIHFWLYH�XVH�RI�WKH�WHUPLQDO�HPXODWRU�SURWRFROV�UHTXLUHV�D�ZRUNLQJ�NQRZOHGJH�RI�WKH�7,�������7KLV�VHFWLRQ
SURYLGHV�LQIRUPDWLRQ�DERXW�YLGHR�FRQWURO��VRXQG��VSHHFK�DQG�ILOH�DFFHVV�QHHGHG�WR�LPSOHPHQW�WKH�SURWRFROV
RQ�D�KRVW�V\VWHP��/DWHU�VHFWLRQV�GHVFULEH�WKH�DFWXDO�IRUPDW�RI�WKH�SURWRFROV�

2.2. VIDEO CONTROL

7KH�WHUPLQDO�HPXODWRU�VXSSRUWV�WKH�JUDSKLFV�DQG�WH[W�PRGHV�RI�YLGHR�RSHUDWLRQV��7KH�JUDSKLFV�PRGH�ZLOO
EH�H[SODLQHG�IROORZHG�E\�WKH�GLIIHUHQFHV�EHWZHHQ�JUDSKLFV�DQG�WH[W�PRGHV�

2.2.1. GRAPHICS MODE

7KH�7,������VXSSRUWV�����GLIIHUHQW�FKDUDFWHUV�IRU�VFUHHQ�GLVSOD\��7KH�FKDUDFWHUV�DUH�LGHQWLILHG�E\�QXPHULF
FRGHV�!��WR�!))��&RGHV�LQ�WKH�UDQJH�!���WR�!�(�DUH�VXSSOLHG�D�GHIDXOW�GHILQLWLRQ�E\�WKH�WHUPLQDO
HPXODWRU��)RU�H[DPSOH��FRGH�!��� LV�GHIDXOWHG�WR�WKH�OHWWHU�$���6HH�$SSHQGL[�$�IRU�D�FRPSOHWH�OLVW�RI
GHIDXOWV���7KH�XVHU�FDQ�UHGHILQH�DQ\�RI�WKH�����FKDUDFWHUV�E\�XVLQJ�WKH�SURWRFROV��VHH�VHFWLRQ��������

1RWH�� �$Q\�RI�WKH�����FKDUDFWHUV�FDQ�EH�JLYHQ�D�GHILQLWLRQ�E\�WKH�XVHU��+RZHYHU��QRW�DOO�WKH
FKDUDFWHUV�FDQ�EH�GLVSOD\HG�E\�WKH�HPXODWRU�SDFNDJH��&KDUDFWHUV�!����!�$��!�&��!�%��!���
!�$��!�&�DQG�!�%�FDQQRW�EH�GLVSOD\HG�E\�WKH�HPXODWRU�LQ�JUDSKLFV�PRGH�

2.2.1.1. The Screen Display

,Q�JUDSKLFV�PRGH�WKH�VFUHHQ�LV�GLYLGHG�LQWR����OLQHV�ZLWK����FKDUDFWHUV�RQ�HDFK�OLQH��7KXV��WKHUH�DUH�D�WRWDO
RI�����FKDUDFWHU�SRVLWLRQV�RQ�WKH�VFUHHQ��7KH�OLQHV�DUH�QXPEHUHG�IURP���WR����DQG�WKH�FROXPQV�DUH
QXPEHUHG�IURP���WR����

7KH�WHUPLQDO�HPXODWRU�PDLQWDLQV�D� ORJLFDO�FXUVRU�SRVLWLRQ�RQ�WKH� VFUHHQ��7KH�FXUVRU�V\PERO� LV�QRW
GLVSOD\HG�ZKLOH�LQ�JUDSKLFV�PRGH��7KH�QH[W�FKDUDFWHU�UHFHLYHG�ZLOO�EH�SODFHG�RQ�WKH�VFUHHQ�DW�WKH�SRVLWLRQ
LGHQWLILHG�E\�WKH�FXUVRU��7KH�FXUVRU�LV�WKHQ�DGYDQFHG�WR�WKH�QH[W�VFUHHQ�SRVLWLRQ��7R�GLVSOD\�D�FKDUDFWHU
DW�WKH�JLYHQ�FXUVRU�SRVLWLRQ�WKH�FKDUDFWHU�FRGH�LV�WUDQVPLWWHG�WR�WKH�7,�������)RU�H[DPSOH��WR�GLVSOD\�WKH
GHIDXOW�FKDUDFWHU�VSHFLILHG�E\�FRGH�!����WKH�OHWWHU�$��RQ�WKH�VFUHHQ��WKH�KRVW�V\VWHP�ZRXOG�WUDQVPLW�WKH
!���WR�WKH�HPXODWRU�

7KH�SURWRFRO�OHWV�WKH�XVHU�SRVLWLRQ�WKH�FXUVRU�RQ�WKH�VFUHHQ��7KXV�WKH�KRVW�FRXOG�GLVSOD\�RQH�FKDUDFWHU�DW
OLQH����FROXPQ���DQG�WKH�QH[W�FKDUDFWHU�DW�OLQH���FROXPQ�����6HH�VHFWLRQ������
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2.2.1.2. Character Banks

6WDQGDUG�GDWD�WUDQVPLVVLRQ�DOORZV�IRU���ELWV�RI�GDWD�DQG���ELW�WR�FKHFN�IRU�SDULW\��%HFDXVH�RI�WKH�SDULW\
ELW�WKH�PD[LPXP�QXPEHU�WKDW�FDQ�EH�WUDQVPLWWHG�WR�WKH�7,������LV�!�)��8VLQJ�VWDQGDUG�WUDQVPLVVLRQV
WKH�KRVW�FDQQRW�GLVSOD\�FKDUDFWHUV�LQ�WKH�UDQJH�!���WR�!))�

7R�RYHUFRPH�WKLV�OLPLWDWLRQ�WKH�WHUPLQDO�HPXODWRU�KDV�GLYLGHG�WKH�FKDUDFWHUV�LQWR�WZR�EDQNV�IRU�GLVSOD\
SXUSRVHV��%DQN����RU�WKH�ORZHU�EDQN��FRQWDLQV�WKH�FKDUDFWHUV�!��WR�!�)�DQG�EDQN����RU�WKH�XSSHU�EDQN�
FRQWDLQV� WKH� FKDUDFWHUV�!��� WR�!))�� %\� GHIDXOW� WKH� WHUPLQDO� HPXODWRU�ZLOO� XVH� EDQN� �� WR� GLVSOD\
FKDUDFWHUV��7KH�SURWRFROV��KRZHYHU��FRQWDLQ�D�FRPPDQG�VHTXHQFH�WR�OHW�WKH�KRVW�VZLWFK�EHWZHHQ�EDQNV�

:KHQ�WKH�HPXODWRU�LV�XVLQJ�WKH�XSSHU�EDQN��!���LV�DGGHG�WR�WKH�UHFHLYHG�FKDUDFWHU�FRGH�EHIRUH�WKH�FRGH
LV�SODFHG�RQ�WKH�VFUHHQ��)RU�H[DPSOH��VXSSRVH�WKH�XVHU�ZDQWV�WR�GLVSOD\�!����!%��DQG�!����6LQFH�WKH
HPXODWRU�GHIDXOWV�WR�WKH�ORZHU�EDQN�WKH�XVHU�WUDQVPLWV�!���IRU�WKH�ILUVW�FKDUDFWHU��7KH�FKDUDFWHU�!%�
LV�LQ�WKH�XSSHU�EDQN��!���WR�!))��VR�WKH�KRVW�PXVW�VHQG�WKH�FRPPDQG�VHTXHQFH�WR�VZLWFK�EDQNV��7KH�KRVW
FDQ�VHQG�HLWKHU�!%��RU�!����!%����!����IRU�WKH�VHFRQG�FKDUDFWHU��6LQFH�WKH�SDULW\�ELW�LV�DOZD\V�UHPRYHG
E\�WKH�HPXODWRU��WKH�E\WH�ZLOO�EH�!���ZKHQ�WKH�HPXODWRU�LV�UHDG\�WR�GLVSOD\�LW�

1RWH��6RPH�KRVW�V\VWHPV�PD\�SXW�OLPLWDWLRQV�RQ�WKH�WUDQVPLVVLRQ�RI�FKDUDFWHUV�LQ�WKH�UDQJH�!��
WR�!))��%H�FHUWDLQ�WKH�FRQVWUDLQWV�RI�WKH�KRVW�V\VWHP�DUH�XQGHUVWRRG�ZKHQ�GHVLJQLQJ�SURJUDPV�
5HJDUGOHVV�RI�ZKDW�WUDQVPLVVLRQV�WKH�KRVW�DOORZV��DOO�E\WHV�LQ�WKH�UDQJH�!���WR�!))�ZLOO�EH
FRQYHUWHG�WR�WKH�UDQJH�!��WR�!�)�ZKHQ�WKH�SDULW\�ELW�LV�UHPRYHG�

6LQFH�WKH�HPXODWRU�LV�QRZ�RSHUDWLQJ�RQ�WKH�XSSHU�EDQN��!���ZLOO�EH�DGGHG�WR�WKH�UHFHLYHG�E\WH�DQG�!%�
�!�����!����ZLOO�EH�GLVSOD\HG�

7KH�ILQDO�FKDUDFWHU�WR�VHQG�LV�!���ZKLFK�LV�LQ�WKH�ORZHU�EDQN��!��WR�!�)���7KH�XVHU�PXVW�VHQG�WKH�FRQWURO
VHTXHQFH�WR�VZLWFK�EDQNV�VR�WKH�HPXODWRU�ZLOO�RQFH�DJDLQ�EH�RSHUDWLQJ�RQ�WKH�ORZHU�EDQN��7KH�FKDUDFWHU
FDQ�WKHQ�EH�WUDQVPLWWHG���6HH�VHFWLRQ��������

2.2.1.3. Character Def inition

7KHUH�DUH�����FKDUDFWHU�SRVLWLRQV�RQ�D�VWDQGDUG�JUDSKLFV�VFUHHQ��(DFK�SDWWHUQ�SRVLWLRQ�LV�FRPSRVHG�RI
DQ���E\���JULG�RI�GRWV�FDOOHG�SL[HOV��(DFK�SL[HO�LQ�WKH�FKDUDFWHU�JULG�FDQ�EH�HLWKHU��RQ��RU��RII���$�FKDUDFWHU
GHILQLWLRQ�VLPSO\�GHILQHV�WKH�VWDWXV��RQ�RU�RII��RI�HDFK�RI�WKH����SL[HOV�LQ�D�FKDUDFWHU�JULG�

7R�GHILQH�D�FKDUDFWHU�XVLQJ�WKH�WHUPLQDO�HPXODWRU�SURWRFROV�WKH�XVHU�VSHFLILHV�WKH�FRGH�RI�WKH�FKDUDFWHU
WR�EH�GHILQHG��!��WR�!))��DQG�HLJKW�E\WHV�RI�KH[�GDWD��7KHUH�DUH�D�WRWDO�RI����ELWV�LQ�WKH�HLJKW�E\WHV�RI
GDWD��(DFK�RI�WKH�ELWV�FRUUHVSRQGV�WR�RQH�RI�WKH�SL[HOV�LQ�WKH�FKDUDFWHU�JULG��7KH�HLJKW�ELWV�LQ�E\WH�RQH�UHIHU
WR�WKH�ILUVW�URZ�RI�HLJKW�SL[HOV��WKH�HLJKW�ELWV�LQ�E\WH�WZR�UHIHU�WR�WKH�VHFRQG�URZ�RI���SL[HOV�DQG�VR�RQ�

,I�D�ELW�LQ�WKH�FKDUDFWHU�GHILQLWLRQ�FRQWDLQV�D���WKH�FRUUHVSRQGLQJ�SL[HO�LV�WXUQHG�RQ��,I�D�ELW�FRQWDLQV�D��
WKH�FRUUHVSRQGLQJ�SL[HO�LV�WXUQHG�RII��)LJXUH�����LV�DQ�H[DPSOH�RI�WKH�KH[�GDWD�UHTXLUHG�WR�GHILQH�WKH�OHWWHU
7���6HH�VHFWLRQ��������
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Character Grid                Hex Data

Row 1 1 1 1 1 1 1 1 1     Byte 1  FF
Row 2 1 1 1 1 1 1 1 1     Byte 2  FF
Row 3 0 0 0 1 1 0 0 0     Byte 3  18
Row 4 0 0 0 1 1 0 0 0     Byte 4  18
Row 5 0 0 0 1 1 0 0 0     Byte 5  18
Row 6 0 0 0 1 1 0 0 0     Byte 6  18
Row 7 0 0 0 1 1 0 0 0     Byte 7  18
Row 8 0 0 0 1 1 0 0 0     Byte 8  18

Figure 2-1: LETTER T DEFINITION

2.2.1.4. Defining Ch aracter C olor

7KH�7,������VXSSRUWV����GLIIHUHQW�FRORUV�RQ�WKH�YLGHR�GLVSOD\��+RZHYHU�DQ\�JLYHQ�FKDUDFWHU�FDQ�RQO\
FRQWDLQ�WZR�FRORUV�FDOOHG�WKH�IRUHJURXQG�FRORU�DQG�WKH�EDFNJURXQG�FRORU��7KH�FRORUV�DUH�GHQRWHG�E\
QXPHULF�FRGHV�UDQJLQJ�IURP�!��WR�!)��7DEOH�����OLVWV�WKH�FRORUV�DQG�KH[�FRGHV�VXSSRUWHG�E\�WKH�HPXODWRU�

Table 2-1 COLOR CODES

+H[ &RORU

!� 7UDQVSDUHQW
!� %ODFN
!� 0HGLXP�*UHHQ
!� /LJKW�*UHHQ
!� 'DUN�%OXH
!� /LJKW�%OXH
!� 'DUN�5HG
!� &\DQ
!� 0HGLXP�5HG
!� /LJKW�5HG
!$ 'DUN�<HOORZ
!% /LJKW�<HOORZ
!& 'DUN�*UHHQ
!' 0DJHQWD
!( *UD\
!) :KLWH

(DFK�SL[HO�LQ�WKH�FKDUDFWHU�JULG�RQ�WKH�YLGHR�FDQ�EH�HLWKHU�WKH�IRUHJURXQG�RU�WKH�EDFNJURXQG�FRORU��7KH
ELWV�LQ�WKH�FKDUDFWHU�GHILQLWLRQ�VSHFLI\�WKH�FRORU��,I�WKH�ELW�FRQWDLQV�D���WKH�FRUUHVSRQGLQJ�SL[HO�XVHV�WKH
IRUHJURXQG�FRORU��WKH�SL[HO�LV��RQ����,I�WKH�ELW�FRQWDLQV�D���WKH�FRUUHVSRQGLQJ�SL[HO�XVHV�WKH�EDFNJURXQG
FRORU��WKH�SL[HO�LV��RII���
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)RU�FRORU�FRQWURO�WKH�����FKDUDFWHUV�DUH�GLYLGHG�LQWR����JURXSV�FDOOHG�FRORU�VHWV��(DFK�FRORU�VHW�FRQWDLQV
HLJKW�FKDUDFWHUV��7DEOH�����JLYHV�WKH�FRORU�VHWV�

Table 2-2 COLOR SETS

&RORU�6HW &KDUDFWHUV

!�� !���WR�!��
!�� !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�$ !���WR�!��
!�% !���WR�!�)
!�& !���WR�!��
!�' !���WR�!�)
!�( !���WR�!��
!�) !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�� !���WR�!��
!�� !���WR�!�)
!�� !$��WR�!$�
!�� !$��WR�!$)
!�� !%��WR�!%�
!�� !%��WR�!%)
!�� !&��WR�!&�
!�� !&��WR�!&)
!�$ !)��WR�!'�
!�% !'��WR�!')
!�& !(��WR�!(�
!�' !(��WR�!()
!�( !)��WR�!)�
!�) !)��WR�!))

$OO�FKDUDFWHUV�LQ�D�JLYHQ�FRORU�VHW�DUH�DVVLJQHG�WKH�VDPH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV��)RU�H[DPSOH�
DVVXPH�FKDUDFWHU�!���KDV�D�IRUHJURXQG�FRORU�RI�EODFN�DQG�D�EDFNJURXQG�FRORU�RI�F\DQ��7KHQ�DOO�FKDUDFWHUV
LQ�FRORU�VHW�!���FKDUDFWHUV�!���WR�!����ZLOO�KDYH�WKH�VDPH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV��7KH�RQO\
ZD\�FKDUDFWHUV�FDQ�KDYH�GLIIHUHQW�FRORUV�LV�IRU�WKHP�WR�EH�IURP�GLIIHUHQW�FRORU�VHWV�
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2QH�E\WH�LV�UHTXLUHG�WR�GHILQH�WKH�FRORU�IRU�D�FRORU�VHW��1XPEHULQJ�ELWV���WR���IURP�OHIW�WR�ULJKW��ELWV����
FRQWDLQ�WKH�IRUHJURXQG�FRORU�DQG�ELWV�����FRQWDLQ�WKH�EDFNJURXQG�FRORU��)RU�H[DPSOH��DVVXPH�FRORU�VHW
!%�LV�WR�KDYH�D�IRUHJURXQG�FRORU�RI�EODFN�DQG�D�EDFNJURXQG�FRORU�RI�F\DQ��)URP�7DEOH�����ZH�NQRZ�EODFN
KDV�D�FRORU�FRGH�RI�!��DQG�F\DQ�KDV�D�FRORU�FRGH�RI�!���7KH�E\WH�UHTXLUHG�WR�GHILQH�WKH�FRORU�ZRXOG�EH�!���

7KH�KRVW�V\VWHP�FDQ�GHILQH�WKH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV�IRU�WKH�FKDUDFWHUV�XVLQJ�WKH�SURWRFROV�
7KH� KRVW�PXVW� VXSSO\� WKH� FRORU� VHW� LGHQWLILHU� �!�� WR�!�)�� IROORZHG� E\� WKH� GHVLUHG� IRUHJURXQG� DQG
EDFNJURXQG�FRORUV���6HH�VHFWLRQ��������

2.2.1.5. Defining S creen C olor

7KH�7,������DOVR�OHWV�D�XVHU�DVVLJQ�D�FRORU�WR�WKH�HQWLUH�VFUHHQ��7KLV�LQFOXGHV�WKH�DUHD�DW�WKH�WRS�DQG
ERWWRP�RI�WKH�VFUHHQ��FDOOHG�WKH�ERUGHU��ZKHUH�FKDUDFWHUV�FDQQRW�EH�SODFHG��7KH�VFUHHQ�FRORU�LV�WKH�FRORU
GLVSOD\HG�ZKHQ� WUDQVSDUHQW� �FRORU� FRGH�!��� LV� XVHG� DV� D� FKDUDFWHU� FRORU�� 7KH� SURWRFROV� VXSSRUWV� D
FRPPDQG�VHTXHQFH�WKDW�OHWV�WKH�KRVW�GHILQH�WKH�VFUHHQ�FRORU���6HH�VHFWLRQ���������

2.2.2. TEXT MODE

7H[W�PRGH�GLIIHUV�IURP�JUDSKLFV�PRGH�LQ�WKH�IROORZLQJ�ZD\V�

�� (DFK�OLQH�RQ�WKH�VFUHHQ�LV����FKDUDFWHUV�ORQJ��7KXV�WKHUH�DUH�����FKDUDFWHU�SRVLWLRQV�RQ�WKH
GLVSOD\�

�� (DFK�FKDUDFWHU�JULG�RQ�WKH�VFUHHQ�FRQVLVWV�RI�VL[�FROXPQV�DQG�HLJKW�URZV�RI�SL[HOV�IRU�D�WRWDO�RI���
SL[HOV�SHU�FKDUDFWHU��(LJKW�E\WHV�RI�GDWD�DUH�VWLOO�UHTXLUHG�WR�GHILQH�WKH�JULG��+RZHYHU��WKH�ODVW�WZR
ELWV�LQ�HDFK�E\WH�DUH�LJQRUHG�E\�WKH�V\VWHP�

�� $OO�FKDUDFWHUV�DUH�OLPLWHG�WR�WKH�VDPH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV��$�VSHFLDO�FRPPDQG
VHTXHQFH�LV�XVHG�WR�FKDQJH�WKH�FRORUV��7KH�VDPH�FRPPDQG�VHTXHQFH�ZLOO�FKDQJH�WKH�VFUHHQ�FRORU
�UHIHU�WR����������ZKHQ�WKH�HPXODWRU�LV�LQ�JUDSKLFV�PRGH�

�� &KDUDFWHUV�!���WR�!�)��!�)��!���WR�!�)�DQG�!))�ZLOO�QRW�EH�GLVSOD\HG�ZKLOH�LQ�WH[W�PRGH�

7KH�SURWRFRO�KDV�D�VSHFLDO�FRPPDQG�VHTXHQFH�XVHG�WR�VZLWFK�EHWZHHQ�WH[W�DQG�JUDSKLFV�PRGHV���6HH
VHFWLRQ������
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2.3. SOUND

7KH�7,������VXSSRUWV�WKUHH�VRXQG�JHQHUDWRUV�DQG�RQH�QRLVH�JHQHUDWRU��7KH�WHUPLQDO�HPXODWRU�SURWRFROV
OHW�WKH�KRVW�V\VWHP�FRQWURO�WKH�JHQHUDWRUV��7KH�JHQHUDWRUV�FDQ�EH�XVHG�WR�FUHDWH�PXVLF�DQG�VRXQG�HIIHFWV�

2.3.1. SOUND LIST

7KH�YROXPH�DQG�IUHTXHQF\�RI�WKH�JHQHUDWRUV�DUH�FRQWUROOHG�E\�D�PHPRU\�UHVLGHQW�WDEOH�FDOOHG�D�VRXQG�OLVW�
7KH�VRXQG�OLVW�LV�FRPSRVHG�RI�YDULDEOH�OHQJWK�FRQWURO�EORFNV��7KH�JHQHUDO�IRUPDW�RI�D�FRQWURO�EORFN�LV�

+------+----+----+
|LENGTH|DATA|TIME|
+------+----+----+

/(1*7+�LV�D�RQH�E\WH�ILHOG�WKDW�VSHFLILHV�WKH�QXPEHU�RI�E\WHV�FRQWDLQHG�LQ�'$7$��'$7$�LV�D�YDULDEOH
OHQJWK�DUHD�WKDW�FRQWUROV�WKH�YROXPH�DQG�IUHTXHQF\�RXWSXW�RI�WKH�JHQHUDWRUV��7,0(�LV�D�RQH�E\WH�ILHOG�WKDW
VSHFLILHV�WKH�WLPH�LQWHUYDO�WKH�7,������LV�WR�ZDLW�EHIRUH�LW�VWDUWV�SURFHVVLQJ�WKH�QH[W�FRQWURO�EORFN��7KH
WLPHU�LV�LQ���WKV�RI�D�VHFRQG�

)RU�H[DPSOH��DVVXPH�WKDW�WKH�XVHU�KDV�GHILQHG�WHQ�E\WHV�RI�JHQHUDWRU�FRQWURO�LQIRUPDWLRQ��D�FRPSOHWH
H[SODQDWLRQ�RI�WKLV�DUHD�LV�EHORZ���7KH�7,������LV�WR�SURFHVV�D�EORFN�ZLWK�WKH�WHQ�E\WHV�RI�GDWD�DQG�SDXVH
IRU�����VHFRQG��7KH�OHQJWK�E\WH��/7+��ZRXOG�FRQWDLQ�!$�WR�VSHFLI\�WKDW�WHQ�E\WHV�RI�FRQWURO�LQIRUPDWLRQ
IROORZV��'$7$���1H[W�ZRXOG�FRPH�WKH�DFWXDO�FRQWURO�LQIRUPDWLRQ��$QG�ILQDOO\�WKH�WLPHU�E\WH��7,0(�
ZRXOG� FRQWDLQ�D�!�(�WR�VSHFLI\�WKDW�D�SDXVH�RI�����VHFRQG�������WKV�RI�D�VHFRQG�� LV� WR�RFFXU�EHIRUH
SURFHVVLQJ� WKH� QH[W� FRQWURO� EORFN�� 7KH� VRXQG�ZLOO� UHPDLQ� FRQVWDQW� XQWLO� WKH� QH[W� FRQWURO� EORFN� LV
SURFHVVHG��7KH�DFWXDO�VRXQG�OLVW�ZRXOG�EH�

+--+--+--+--+--+--+--+--+--+--+--+--+
|0A|B0|B1|B2|B3|B4|B5|B6|B7|B8|B9|1E|
+--+--+--+--+--+--+--+--+--+--+--+--+

$�VRXQG�OLVW�RQ�WKH�7,������FDQ�EH�WHUPLQDWHG�LQ�WZR�ZD\V��2QH�RSWLRQ�LV�WR�VWRS�SURFHVVLQJ�WKH�VRXQG�OLVWV
FRPSOHWHO\��7R�GR�WKLV�WKH�WLPHU�E\WH�RI�WKH�ODVW�FRQWURO�EORFN�ZLWKLQ�WKH�OLVW�PXVW�FRQWDLQ�D�]HUR��7KH
FRQWURO�EORFN�DVVRFLDWHG�ZLWK�WKH�]HUR�WLPHU�E\WH�ZLOO�EH�SURFHVVHG�

1RWH��2QFH�D�JHQHUDWRU�KDV�EHHQ�VWDUWHG� LW�ZLOO�FRQWLQXH�WR�RXWSXW�VRXQG�DW�D�FRQVWDQW�YROXPH�DQG
IUHTXHQF\�XQWLO�D�FRQWURO�EORFN�LQ�D�VRXQG�OLVW�PRGLILHV�WKH�VHWWLQJV��8QOHVV�WKH�SURJUDPPHU�ZDQWV�D�VRXQG
WR�FRQWLQXH�DW�D�FRQVWDQW�YROXPH�DQG�IUHTXHQF\��WKH�FRQWURO�EORFN�WKDW�WHUPLQDWHV�WKH�VRXQG�OLVW��FRQWURO
EORFN�ZLWK�D�WLPHU�E\WH�RI�]HUR��VKRXOG�WXUQ�RII�DOO�JHQHUDWRUV�E\�VHWWLQJ�DOO�YROXPHV�WR�RII�
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7KH�RWKHU�WHUPLQDWLRQ�RSWLRQ�LV�WR�XVH�WKH�ODVW�HQWU\�LQ�D�VRXQG�OLVW�WR�EUDQFK�WR�WKH�VWDUW�RI�WKH�VDPH
VRXQG�OLVW�RU�WR�WKH�VWDUW�RI�DQRWKHU�VRXQG�OLVW��8VLQJ�WKLV�PHWKRG�WKH�KRVW�FDQ�SURGXFH�FRQWLQXRXV�VRXQG
ZLWK�D�OLPLWHG�DPRXQW�RI�FRQWURO�GDWD��7R�OLQN�WR�DQRWKHU�VRXQG�OLVW��RU�WR�WKH�VWDUW�RI�WKH�VDPH�OLVW��VSHFLI\
D� OHQJWK�E\WH�RI�]HUR� IROORZHG�E\�WKH�WZR�E\WH�DGGUHVV�RI� WKH�QH[W�VRXQG� OLVW��7KH�SURWRFROV�KDYH�D
FRPPDQG�VHTXHQFH�WR�WXUQ�RII�DOO�VRXQG�JHQHUDWRUV��7KLV�SURYLGHV�D�PHDQV�RI�VWRSSLQJ�FRQWLQXRXV�VRXQG�
�6HH�VHFWLRQ��������

7KH�HPXODWRU�SDFNDJH�KDV�VHW�DVLGH����WDEOH�DUHDV�LQ�PHPRU\�WR�KROG�VRXQG�OLVWV��7KH�WDEOHV�DUH�QXPEHUHG
!��WR�!)��(DFK�WDEOH�LV�����E\WHV�LQ�OHQJWK�DQG�WKH�DUHDV�DUH�FRQWLJXRXV�LQ�PHPRU\��7KH�ILUVW�WDEOH
�QXPEHU����LV�DW�DGGUHVV�!������WKH�VHFRQG�WDEOH��QXPEHU����LV�DW�!�����DQG�VR�RQ��7KH�KRVW�FDQ�XVH�WKH
SURWRFROV�WR�VWRUH�GDWD�LQ�WKH�WDEOHV���6HH�VHFWLRQ��������

$�VRXQG�OLVW�PD\�EH�ODUJHU�WKDQ�����E\WHV��,I�LW�LV�ODUJHU�WKDQ�����E\WHV�LW�ZLOO�XVH�SDUW�RI�WKH�QH[W�WDEOH
LQ�VHTXHQFH�WR�KROG�WKH�H[FHVV��)RU�H[DPSOH��DVVXPH�WDEOH�!��LV�ORDGHG�ZLWK�D�����E\WH�VRXQG�OLVW��7KHQ
DOO�RI�WDEOH�!��LV�XVHG�DQG����������������E\WHV�RI�WDEOH�!��DUH�DOVR�XVHG��,I�WKH�XVHU�WULHG�WR�ORDG�DQRWKHU
VRXQG�OLVW�LQWR�WDEOH�!��KH�ZRXOG�GHVWUR\�WKH�ODVW����E\WHV�RI�WKH�VRXQG�OLVW�ORDGHG�LQ�WDEOH�!��

$VVXPH�WKH�KRVW�ZDQWV�WR�SODFH�D�VRXQG�OLVW�LQ�WDEOH�!��DQG�OLQN�LW�WR�SOD\�PXVLF�FRQWLQXRXVO\��7KH�KRVW
FRQVWUXFWV�WKH�VRXQG�OLVW�DQG�ORDGV�LW�LQWR�WDEOH�!���7KH�ODVW�FRQWURO�EORFN�LQ�WKH�OLVW�ZRXOG�FRQWDLQ�D
OHQJWK�E\WH�RI�]HUR�IROORZHG�E\�DGGUHVV�!������PHPRU\�DGGUHVV�RI�VRXQG�WDEOH�!���

2.3.2. SOUND LIST CONTROL BLOCK

7KH�FRQWURO�EORFN�VSHFLILHV�WKUHH�LWHPV�RI�LQIRUPDWLRQ��YROXPH�OHYHO�IRU�VRXQG�DQG�QRLVH�JHQHUDWRUV�
IUHTXHQF\�IRU�VRXQG�JHQHUDWRUV�DQG�IUHTXHQF\�IRU�WKH�QRLVH�JHQHUDWRU��7KH�LQIRUPDWLRQ�FDQ�EH�VSHFLILHG
LQ�DQ\�VHTXHQFH�DQG�IRU�DQ\�QXPEHU�RI�JHQHUDWRUV�

2.3.2.1. Volume Level

(LJKW�ELWV�RI�LQIRUPDWLRQ�DUH�UHTXLUHG�WR�FRQWURO�YROXPH�OHYHOV��7KH�ELWV�DUH�QXPEHUHG���WR���IURP�OHIW�WR
ULJKW��7KH�IRUPDW�RI�WKH�ELWV�LV�

�� ELW���³�0XVW�EH�VHW�WR���

�� ELWV�����³�'HQRWHV�WKH�JHQHUDWRU�WR�FRQWURO��9DOLG�HQWULHV�DUH�

D�����³�6RXQG�JHQHUDWRU���

E�����³�6RXQG�JHQHUDWRU���

F�����³�6RXQG�JHQHUDWRU���

G�����³�1RLVH�JHQHUDWRU�

�� ELW���³�6HW�WR���WR�LQGLFDWH�YROXPH�FRQWURO�
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�� ELWV�����³�9ROXPH�VHWWLQJ�WR�XVH��3RVVLEOH�YDOXHV��LQ�ELQDU\��UDQJH�IURP������WR������������LV�WKH
KLJKHVW�YROXPH�������LV�D�PHGLXP�YROXPH�DQG������WXUQV�WKH�JHQHUDWRU�RII�

)RU�H[DPSOH�WR�WXUQ�JHQHUDWRU���WR�WKH�KLJKHVW�YROXPH�WKH�YROXPH�OHYHO�E\WH�ZRXOG�EH���������������7R
WXUQ�WKH�JHQHUDWRU���WR�D�PHGLXP�YROXPH�WKH�YROXPH�OHYHO�E\WH�ZRXOG�EH���������������7R�WXUQ�JHQHUDWRU
���QRLVH�JHQHUDWRU��RII�WKH�YROXPH�OHYHO�E\WH�ZRXOG�EH��������������

2.3.2.2. Sound Gen erator Frequency Control

7ZR�E\WHV�DUH�UHTXLUHG�WR�FRQWURO�WKH�IUHTXHQF\�RI�WKH�VRXQG�JHQHUDWRUV��7KH�ELWV�DUH�QXPEHUHG���WR���
IURP�OHIW�WR�ULJKW�

7KH�IUHTXHQF\�LV�FRQYHUWHG�WR�D�YDOXH�FDOOHG�WKH�IUHTXHQF\�FRXQW��7KH�FRXQW�LV�WKHQ�VSHFLILHG�LQ�WKH�FRQWURO
E\WH�LQVWHDG�RI�WKH�RULJLQDO�IUHTXHQF\��7KH�FRXQW�LV�DOZD\V�VSHFLILHG�DV�WHQ�ELWV�RI�GDWD��7KH�IRUPXOD�XVHG
IRU�WKH�FRQYHUVLRQ�LV�&2817����������)5(48(1&<��)RU�H[DPSOH��WKH�FRXQW�IRU�D�IUHTXHQF\�RI�����+]
ZRXOG�EH��������������ZKLFK�LV���������6LQFH�WKH�FRXQW�PXVW�EH�DQ�LQWHJHU�WKLV�URXQGV�WR������

1RWH���7KH�IUHTXHQF\�UDQJH�DOORZHG�LV�����+]�WR��������+]��RU�D�FRXQW�RI������WR���

7KH�IRUPDW�RI�WKH�IUHTXHQF\�E\WHV�LV�

�� ELW���³�PXVW�EH�VHW�WR���

�� ELWV�����³�*HQHUDWRU�WR�ZRUN�ZLWK��9DOLG�HQWULHV�DUH�

D�����³�6RXQG�JHQHUDWRU���

E�����³�6RXQG�JHQHUDWRU���

F�����³�6RXQG�JHQHUDWRU���

1RWH��7KH�QRLVH�JHQHUDWRU��ELW�VHWWLQJ�����LV�QRW�D�YDOLG�HQWU\�

�� ELW���³�6HW�WR���WR�LQGLFDWH�IUHTXHQF\�FRQWURO�

�� ELWV�����³�7KH�/$67�IRXU�ELWV�RI�WKH�FRXQW�

�� ELWV�����³�6HW�WR����

�� ELWV�������³�7KH�),567�VL[�ELWV�RI�WKH�FRXQW�
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$V�DQ�H[DPSOH�DVVXPH�WKDW�JHQHUDWRU���LV�WR�EH�VHW�WR�D�IUHTXHQF\�RI�������+]��)LUVW�WKH�IUHTXHQF\�PXVW
EH�FRQYHUWHG�WR�WKH�FRXQW��8VLQJ�WKH�IRUPXOD�VSHFLILHG�LQ���������JLYHV��&2817� ��������������� ������
7KH�FRXQW�LV�WKHQ�URXQGHG�WR�����1H[W�WKH�FRXQW�PXVW�EH�FRQYHUWHG�WR����ELWV��7KLV�JLYHV��������������
5HPHPEHU��WKH�ODVW���ELWV��������JR�LQWR�ELWV�����DQG�WKH�ILUVW���ELWV����������JR�LQWR�ELWV�������

7KH�IXOO����ELWV�UHTXLUHG�WR�VHW�WKH�IUHTXHQF\�IRU�WKH�DERYH�H[DPSOH�LV�

���������������������

2.3.2.3. Noise Frequency Control

(LJKW�ELWV�DUH�UHTXLUHG�WR�FRQWURO�WKH�IUHTXHQF\�RI�WKH�QRLVH�JHQHUDWRU��7KH�ELWV�DUH�QXPEHUHG���WR���IURP
OHIW�WR�ULJKW��7KH�IRUPDW�RI�WKH�E\WH�LV�

�� ELW���³�0XVW�EH�VHW�WR���

�� ELWV�����³�*HQHUDWRU�WR�ZRUN�ZLWK��0867�EH�VHW�WR����IRU�WKH�QRLVH�JHQHUDWRU�

�� ELW���³�6HW�WR���WR�LQGLFDWH�IUHTXHQF\�FRQWURO�

�� ELW���³�0XVW�EH�VHW�WR���

�� ELW���³�7\SH�RI�QRLVH�LQGLFDWRU���� �:KLWH�QRLVH���� �3HULRGLF�QRLVH�

�� ELWV�����³�4XDOLW\�RI�QRLVH��9DOLG�HQWULHV�DUH������������DQG�����,I����LV�XVHG�WKH�QRLVH�LV�GHSHQGHQW
RQ�WKH�IUHTXHQF\�VSHFLILHG�IRU�JHQHUDWRU���

'LIIHUHQW��TXDOLWLHV��RI�QRLVH�FDQ�EH�SURGXFHG�E\�YDU\LQJ�ELWV������7KH�EHVW�DSSURDFK�LV�WR�WU\�WKH�GLIIHUHQW
YDOXHV�DOORZHG�DQG�REVHUYH�WKH�UHVXOWV��([SHULPHQW�ZLWK�ELWV�����DV��������DQG�����$OVR�VHW�ELWV�����WR����
WU\�GLIIHUHQW�FRXQWV�IRU�JHQHUDWRU���DQG�REVHUYH�WKH�GLIIHUHQW��TXDOLWLHV��RI�QRLVH�

2.4. SPEECH

'LFWLRQDU\�VSHHFK�DQG�WH[W�WR�VSHHFK�DUH�WZR�IRUPV�RI�VSHHFK�VXSSRUWHG�E\�WKH�HPXODWRU�SURWRFROV��$
VSHHFK�V\QWKHVL]HU�PXVW�EH�FRQQHFWHG�WR�WKH�7,������EHIRUH�HLWKHU�IRUP�RI�VSHHFK�FDQ�EH�XVHG�

2.4.1. SPEECH DICTIONARY

7KH�VSHHFK�SHULSKHUDO�WKDW�DWWDFKHV�WR�WKH�7,������KDV�D�OLVW�RI�ZRUGV�LW�FDQ�VSHDN�FDOOHG�WKH�VSHHFK
GLFWLRQDU\�� 7KHVH�ZRUGV�DUH� FUHDWHG�E\� UHFRUGLQJ� WKH�ZRUGV�DQG� FRQYHUWLQJ� WKH� UHFRUGLQJ� WR� OLQHDU
SUHGLFWLYH�FRGH��7KH�GDWD�LV�WKHQ�VWRUHG�LQ�WKH�SHULSKHUDO��7KH�VSHHFK�SHULSKHUDO�PDQXDO�FRQWDLQV�D
FRPSOHWH� OLVW� RI� WKH� ZRUGV� LQ� WKH� GLFWLRQDU\�� 7KH� SURWRFROV� OHW� WKH� KRVW� VSHDN� WKH� ZRUGV� IURP� WKH
GLFWLRQDU\�
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2.4.2. TEXT-TO-SPEECH

7KH�HPXODWRU�DOVR�VXSSRUWV�WKH�WH[W�WR�VSHHFK�FDSDELOLW\�ZKLFK�FDQ�EH�XVHG�LQ�WZR�ZD\V��2QH�PHWKRG�LV
WR�XVH�SURWRFRO�FRPPDQGV�DQG�WUDQVPLW�WH[W�VWULQJV�WR�WKH�HPXODWRU��7KH�HPXODWRU�ZLOO�XVH�UXOHV�RI
JUDPPDU�WR�FRQYHUW�WKH�WH[W�VWULQJ�WR�DOORSKRQHV��7KH�DOORSKRQHV�ZLOO�WKHQ�EH�VSRNHQ��$Q\�WH[W�VWULQJ�FDQ
EH�VSRNHQ�XVLQJ�WH[W�WR�VSHHFK�

7KH�RWKHU�PHWKRG�LV�WR�XVH�SURWRFRO�FRPPDQGV�WR�WUDQVPLW�WKH�DOORSKRQHV�WKHPVHOYHV�WR�WKH�HPXODWRU�
7KH�WHUPLQDO�HPXODWRU�FRPPDQG�PRGXOH�PDQXDO�H[SODLQV�DOORSKRQHV���6HH�VHFWLRQV�������WR���������

2.5. DISK FILES

7KH�GLVNHWWHV�XVHG�E\�WKH�7,������DUH�GLYLGHG�LQWR�VHFWRUV��(DFK�VHFWRU�LV�����E\WHV�LQ�OHQJWK��'LVN�VSDFH
LV�DOORFDWHG�WR�ILOHV�E\�ZKROH�VHFWRUV��$�ILOH�WKDW�LV�����E\WHV�ORQJ�LV�DOORFDWHG�WZR�GLVN�VHFWRUV��2QO\�RQH
E\WH�RXW�RI�WKH�VHFRQG�VHFWRU�ZLOO�EH�XVHG�

7KH�7,������VXSSRUWV�WKUHH�W\SHV�RI�GLVN�ILOHV��7KH\�DUH�

�� )L[HG�/HQJWK�5HFRUG�

�� 9DULDEOH�/HQJWK�5HFRUG�

�� %DVLF�3URJUDP�,PDJH�

2.5.1. FIXED LENGTH RECORD FILES

$W�ILOH�FUHDWLRQ�WLPH�WKH�XVHU�VSHFLILHV�WKH�OHQJWK�RI�WKH�GDWD�UHFRUGV��$OO�UHFRUGV�LQ�WKH�ILOH�KDYH�WKH�VDPH
OHQJWK��)LOH�PDQDJHPHQW�ZLOO�JURXS�WKH�UHFRUGV�LQWR�GLVN�VHFWRUV�

)RU�H[DPSOH��DVVXPH�D�ILOH�KDV�EHHQ�FUHDWHG�ZLWK����E\WH�UHFRUGV��(DFK�GLVN�VHFWRU�ZLOO�FRQWDLQ�WKUHH
UHFRUGV��7KH�WKUHH�UHFRUGV�XVH�����E\WHV����WLPHV�����RI�WKH�����E\WHV�LQ�WKH�VHFWRU��7KH�UHPDLQLQJ���
E\WHV�RI�WKH�VHFWRU�DUH�QRW�XVHG�

2.5.2. VARIABLE LENGTH RECORD FILES

$W�ILOH�FUHDWLRQ�WLPH�WKH�XVHU�VSHFLILHV�D�PD[LPXP�OHQJWK�IRU�WKH�GDWD�UHFRUGV��7KH�IRUPDW�RI�WKH�GDWD�RQ
GLVN�LV�RQH�E\WH�FRQWDLQLQJ�WKH�DFWXDO�OHQJWK�RI�WKH�GDWD�IROORZHG�E\�WKH�GDWD��7KH�PD[LPXP�OHQJWK
DOORZHG�LV�!)(������GHFLPDO���)LOH�PDQDJHPHQW�ZLOO�SXW�DV�PDQ\�UHFRUGV�DV�SRVVLEOH�LQ�D�GLVN�VHFWRU��$
OHQJWK�RI�!))�GHQRWHV�WKH�HQG�RI�GDWD�LQ�D�VHFWRU�
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)RU�H[DPSOH��D�XVHU�KDV�FUHDWHG�D�YDULDEOH�OHQJWK�ILOH�ZLWK�D�PD[LPXP�UHFRUG�VL]H�RI�����E\WHV��7KH�XVHU
KDV�DOUHDG\�ZULWWHQ�RQH�UHFRUG�WR�WKH�ILOH�FRQWDLQLQJ�����E\WHV�RI�GDWD��7KH�IRUPDW�RI�WKH�GLVN�VHFWRU�LV�

+--+-----------------+---------------+
|C8|200 bytes of data|55 unused bytes|
+--+-----------------+---------------+

7KXV�����E\WHV�RI�WKH�VHFWRU��RQH�E\WH�IRU�!&���GHFLPDO������GHQRWLQJ�WKH�UHFRUG�OHQJWK�DQG�����E\WHV
IRU�WKH�GDWD��KDYH�EHHQ�XVHG�

1H[W��WKH�XVHU�ZULWHV�D����E\WH�UHFRUG�WR�WKH�ILOH��7KH�IRUPDW�RI�WKH�VHFWRU�LV�QRZ�

+--+-----------------+--+----------------+--------------+
|C8|200 bytes of data|2F|47 bytes of data|7 unused bytes|
+--+-----------------+--+----------------+--------------+

1RZ�����E\WHV�RI�WKH�VHFWRU������E\WHV�IRU�WKH�ILUVW�UHFRUG��RQH�E\WH�IRU�!�)�����GHFLPDO��GHQRWLQJ�WKH
OHQJWK�RI�WKH�VHFRQG�UHFRUG�DQG����E\WHV�IRU�WKH�VHFRQG�UHFRUG
V�GDWD��KDYH�EHHQ�XVHG�

)LQDOO\��WKH�XVHU�ZULWHV�D����E\WH�UHFRUG�WR�WKH�ILOH��)LOH�PDQDJHPHQW�UHTXLUHV����E\WHV�WR�ZULWH�WKH�UHFRUG
WR�GLVN��RQH�E\WH�IRU�WKH�OHQJWK�DQG����E\WHV�IRU�WKH�GDWD���7KH�FXUUHQW�VHFWRU��KRZHYHU��RQO\�KDV���XQXVHG
E\WHV�UHPDLQLQJ��7KH�HQG�RI�VHFWRU�PDUNHU��!))��LV�SODFHG�LQ�WKH�FXUUHQW�VHFWRU�DQG�WKH�WKLUG�UHFRUG�LV
ZULWWHQ�WR�WKH�QH[W�VHFWRU��7KH�GLVN�VHFWRU�DIWHU�WKH�ZULWH�LV�

+--+-----------------+--+----------------+--+--------------+
|C8|200 bytes of data|2F|47 bytes of data|FF|6 unused bytes|
+--+-----------------+--+----------------+--+--------------+

2.5.3. BASIC PROGRAM IMAGE FILES.

)LOH�PDQDJHPHQW�VWDUWV�ZLWK�WKH�ILUVW�VHFWRU�LQ�D�SURJUDP�ILOH�DQG�FRPSOHWHO\�ILOOV�HDFK�VHFWRU�ZLWK�GDWD
XQWLO�DOO�SURJUDP�GDWD�LV�VDYHG��7KH�ODVW�VHFWRU�LQ�WKH�ILOH�PD\�QRW�EH�FRPSOHWHO\�IXOO��)LOH�PDQDJHPHQW
PDLQWDLQV�D�SRLQWHU�WR�WKH�ILUVW�XQXVHG�E\WH�LQ�WKH�ODVW�VHFWRU�RI�D�SURJUDP�ILOH��1R�VSHFLDO�V\PEROV��VXFK
DV�!))�IRU�WKH�YDULDEOH�OHQJWK�ILOH��DUH�XVHG�WR�PDUN�WKH�HQG�RI�WKH�VHFWRU�LQ�D�SURJUDP�ILOH�

$VVXPH�WKH�XVHU�DUH�JRLQJ�WR�VDYH�D�%$6,&�SURJUDP�WKDW�LV�����E\WHV�ORQJ�WR�GLVN��6HFWRU�E\WHV�DUH
QXPEHUHG�IURP���WR������D�WRWDO�RI�����E\WHV�RQ�WKH�VHFWRU���7KH�ILUVW�VHFWRU�ZLOO�EH�FRPSOHWHO\�ILOOHG��7KH
ILOH�ZLOO�RFFXS\�����E\WHV�RI�WKH�VHFRQG�VHFWRU��7KH�UHPDLQLQJ�����E\WHV�RI�WKH�VHFRQG�VHFWRU�ZLOO�EH
XQXVHG��7KH�SRLQWHU�WR�WKH�E\WH�DIWHU�WKH�ODVW�XVHG�E\WH�LQ�VHFWRU�WZR�ZLOO�EH������!�����7KH�IRUPDW�RI�WKH
VHFWRUV�ZLOO�EH�

           +----------------------+
Sector 1 - |256 data bytes (0-255)|
           +----------------------+
           +----------------------+--------------------+
Sector 2 - |144 data bytes (0-143)|112 unused (144-255)|
           +----------------------+--------------------+
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2.5.4. BASIC FORMAT DATA FILES

:KHQ�D�%$6,&�SURJUDP�DFFHVVHV�WKH�GLVN��ILOH�PDQDJHPHQW�REWDLQV�D�UHFRUG�IURP�GLVN�DQG�SDVVHV�WKH
UHFRUG�WR�WKH�%$6,&�LQWHUSUHWHU��7KH�LQWHUSUHWHU�PXVW�NQRZ�WKH�IRUPDW�RI�WKH�GDWD�ZLWKLQ�WKH�UHFRUG�
&XUUHQWO\�%$6,&�VXSSRUWV�GLVSOD\�DQG�LQWHUQDO�GDWD�IRUPDWV��5HIHU�WR�WKH�8VHU
V�5HIHUHQFH�0DQXDO�IRU
DGGLWLRQDO�LQIRUPDWLRQ�DERXW�GDWD�IRUPDWV�

1RWH��7KH�GDWD�IRUPDW�LV�D�UHTXLUHPHQW�RI�%$6,&��QRW�ILOH�PDQDJHPHQW��7KH�IROORZLQJ�UXOHV�PXVW
EH�REVHUYHG�RQO\�IRU�ILOHV�WKDW�DUH�WR�EH�DFFHVVHG�E\�%$6,&�SURJUDPV�

2.5.4.1. Multiple Items in a Record

:LWK�%$6,&�LW�LV�SRVVLEOH�WR�FUHDWH�UHFRUGV�ZLWK�PRUH�WKDQ�RQH�GDWD�LWHP�LQ�HDFK��:KHQ�VHPL�FRORQV����
RU�FRPPDV�����DUH�XVHG�WR�VHSDUDWH�YDULDEOHV�LQ�D�35,17�VWDWHPHQW��WKH�YDULDEOHV�DUH�ZULWWHQ�WR�WKH�VDPH
UHFRUG��)RU�H[DPSOH��WKH�%$6,&�VHQWHQFH�

PRINT #1:A$;B$

ZRXOG�ILUVW�SXW�$�LQ�WKH�UHFRUG��1H[W�%�ZRXOG�EH�SODFHG�LQ�WKH�UHFRUG�DIWHU�$��6LQFH�%�LV�QRW�IROORZHG�E\
D�VHPL�FRORQ�WKH�UHFRUG�ZRXOG�WKHQ�EH�JLYHQ�WR�ILOH�PDQDJHPHQW�

7R�UHDG�PRUH�WKDQ�RQH�LWHP�IURP�D�UHFRUG�D�FRPPD�����LV�XVHG��)RU�H[DPSOH��WKH�%$6,&�VHQWHQFH�

INPUT #1:A,B

ZRXOG�WDNH�WKH�ILUVW�LWHP�IURP�WKH�UHFRUG�DQG�SODFH�WKH�LWHP�LQ�WKH�YDULDEOH�$��7KH�VHFRQG�LWHP�ZRXOG�EH
UHPRYHG�IURP�WKH�VDPH�UHFRUG�DQG�SODFHG�LQ�YDULDEOH�%�

1RWH��,I�RQO\�RQH�LWHP�RI�GDWD�LV�LQ�WKH�UHFRUG��WKH�%$6,&�LQWHUSUHWHU�ZLOO�UHDG�WKH�QH[W�UHFRUG
IURP�WKH�ILOH�WR�ILOO�YDULDEOH�%�
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2.5.4.2. Display Format

'LVSOD\�IRUPDW�LV�GHVLJQHG�WR�DFW�DV�LI�WKH�GDWD�ZHUH�FRPLQJ�IURP�RU�JRLQJ�WR�WKH�VFUHHQ��0XOWLSOH�GDWD
LWHPV�LQ�WKH�VDPH�UHFRUG�PXVW�EH�VHSDUDWHG�E\�D�FRPPD��)RU�H[DPSOH��WKH�GDWD�UHFRUG�

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|D|I|S|P|L|A|Y| |D|A|T|A|,|2| |I|T|E|M|S|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

ZRXOG�FRQWDLQ�WZR�LWHPV���',63/$<�'$7$��LV�WKH�ILUVW�LWHP�LQ�WKH�UHFRUG��7KH�FRPPD�����PDUNV�WKH�HQG
RI�WKH�ILUVW�LWHP�����,7(06��LV�WKH�VHFRQG�LWHP�LQ�WKH�UHFRUG��7KH�%$6,&�VHQWHQFH�UHTXLUHG�WR�FUHDWH�WKH
UHFRUG�LV�

PRINT #1:"DISPLAY DATA";",";"2 ITEMS"

1RWH��7KH�XVHU�PXVW�PDQXDOO\�SODFH�WKH�FRPPD�����LQ�WKH�GDWD��7KH�V\VWHP�ZLOO�QRW�DXWRPDWLFDOO\
LQVHUW�D�FRPPD�EHWZHHQ�GDWD�LWHPV�

,I�D�FRPPD�LV�QRW�LQ�WKH�GDWD��WKH�UHFRUG�FRQVLVWV�RI�RQH�LWHP��)RU�H[DPSOH�

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|D|I|S|P|L|A|Y| |D|A|T|A| |1| |I|T|E|M|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

ZRXOG�EH�D�UHFRUG�ZLWK�RQO\�RQH�LWHP��(LWKHU�RI�WKH�IROORZLQJ�%$6,&�VHQWHQFHV�ZRXOG�FUHDWH�WKH�UHFRUG�

PRINT #1:"DISPLAY DATA";" 1 ITEM"
PRINT #1:"DISPLAY DATA 1 ITEM"

'LVSOD\�IRUPDW�GDWD�FDQ�EH�LQ�HLWKHU�IL[HG�OHQJWK�RU�YDULDEOH�OHQJWK�UHFRUGV��7KH�DERYH�H[DPSOHV�DUH�IL[HG
OHQJWK�UHFRUGV��WKH\�GR�QRW�FRQWDLQ�D�UHFRUG�OHQJWK�E\WH���$Q�H[DPSOH�RI�D�YDULDEOH�OHQJWK�UHFRUG�ZLWK�WZR
LWHPV�LV�

+--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|14|D|I|S|P|L|A|Y| |D|A|T|A|,|2| |I|T|E|M|S|
+--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

7KH�!���LV�RQH�E\WH�RI�KH[�GDWD�VSHFLI\LQJ�WKH�QXPEHU�RI�E\WHV�LQ�WKH�UHFRUG�

1RWH��)L[HG�OHQJWK�UHFRUGV�DUH�QRW�DOZD\V�FRPSOHWHO\�ILOOHG�ZLWK�GDWD��)RU�H[DPSOH��DVVXPH�WKH
ZRUG��7:2��LV�ZULWWHQ�WR�D�IL[HG�OHQJWK�UHFRUG����E\WHV�ORQJ��2QO\�WKH�ILUVW�WKUHH�E\WHV�RI�WKH
UHFRUG�ZRXOG�FRQWDLQ�YDOLG�GDWD��7KH�UHPDLQLQJ����E\WHV�ZRXOG�EH�XQXVHG��8QXVHG�E\WHV�RI�IL[HG
OHQJWK�GLVSOD\�IRUPDW�UHFRUGV�PXVW�EH�ILOOHG�ZLWK�!���FKDUDFWHUV�
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2.5.4.3. Internal Format

:LWK�LQWHUQDO�IRUPDW�ILOHV�HDFK�LWHP�LQ�WKH�UHFRUG�KDV�LWV�RZQ�OHQJWK�LQGLFDWRU��&RPPDV�DUH�QRW�XVHG�WR
VHSDUDWH�LWHPV�ZLWKLQ�D�UHFRUG�DV�LQ�GLVSOD\�IRUPDW�ILOHV��$Q�H[DPSOH�RI�D�IL[HG�OHQJWK�UHFRUG��LQWHUQDO
IRUPDW�ZLWK�WZR�LWHPV�LV�

+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+-+
|0D|I|N|T|E|R|N|A|L| |D|A|T|A|07|2| |I|T|E|M|S|
+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+-+

7KH�!�'�LV�RQH�E\WH�RI�KH[�GDWD�VSHFLI\LQJ�WKHUH�DUH�GHFLPDO����E\WHV�RI�GDWD�LQ�WKH�ILUVW�LWHP��7KH�!��
LV�RQH�E\WH�RI�GDWD�VSHFLI\LQJ�WKHUH�DUH�VHYHQ�E\WHV�RI�GDWD�LQ�WKH�VHFRQG�LWHP��$Q�H[DPSOH�RI�D�IL[HG�OHQJWK
UHFRUG��LQWHUQDO�IRUPDW�ZLWK�RQH�LWHP�LV�

+--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|14|I|N|T|E|R|N|A|L| |D|A|T|A| |1| |I|T|E|M|
+--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

7KH�!���LV�RQH�E\WH�RI�KH[�GDWD�VSHFLI\LQJ�GHFLPDO����E\WHV�RI�GDWD�LQ�WKH�ILUVW�LWHP�

7KH�OHQJWK�LQGLFDWRUV�IRU�LQWHUQDO�IRUPDW�GDWD�VKRXOG�QRW�EH�FRQIXVHG�ZLWK�WKH�OHQJWK�LQGLFDWRUV�IRU
YDULDEOH� OHQJWK�GDWD� UHFRUGV��2QH� LV�XVHG�E\� WKH�%$6,&� LQWHUSUHWHU�� WKH� RWKHU�E\� ILOH�PDQDJHPHQW�
([DPSOHV�RI�YDULDEOH�OHQJWK�UHFRUGV�ZLWK�LQWHUQDO�IRUPDW�GDWD�DUH�

+--+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+-+
|16|0D|I|N|T|E|R|N|A|L| |D|A|T|A|07|2| |I|T|E|M|S|
+--+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+-+
+--+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+
|15|14|I|N|T|E|R|N|A|L| |D|A|T|A| |1| |I|T|E|M|
+--+--+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-+-+-+-+-+

7KH�ILUVW�E\WH�RI�HDFK�UHFRUG�LV�WKH�KH[�QXPEHU�VSHFLI\LQJ�WKH�DPRXQW�RI�GDWD�LQ�WKH�UHFRUG��7KLV�E\WH�LV
XVHG�E\�ILOH�PDQDJHPHQW�

1RWH��)L[HG�OHQJWK�UHFRUGV�DUH�QRW�DOZD\V�FRPSOHWHO\�ILOOHG�ZLWK�GDWD��)RU�H[DPSOH��DVVXPH�WKH�ZRUG
�7:2��LV�ZULWWHQ�WR�D�IL[HG�OHQJWK�UHFRUG����E\WHV�ORQJ��2QO\�WKH�ILUVW�WKUHH�E\WHV�RI�WKH�UHFRUG�ZRXOG
FRQWDLQ�YDOLG�GDWD��7KH�UHPDLQLQJ����E\WHV�ZRXOG�EH�XQXVHG��8QXVHG�E\WHV�RI�IL[HG�OHQJWK�LQWHUQDO�IRUPDW
UHFRUGV�PXVW�EH�ILOOHG�ZLWK�!���FKDUDFWHUV�
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2.5.5. DISK DIRECTORY

(DFK�GLVNHWWH�FRQWDLQV�D�GLVN�GLUHFWRU\�WKDW�VSHFLILHV�WKH�W\SH�DQG�ORFDWLRQ�RI�ILOHV�FXUUHQWO\�RQ�WKH�GLVN�
(DFK�ILOH�RQ�WKH�GLVN�KDV�DQ�HQWU\� LQ�WKH�GLVN�GLUHFWRU\��(LJKW�E\WHV� RI� WKH�GLVN�GLUHFWRU\�HQWU\�DUH
LPSRUWDQW�WR�WKH�SURWRFROV��%LWV�DUH�QXPEHUHG���WR���IURP�OHIW�WR�ULJKW��7KH�E\WHV�DUH�

�� %\WH�����³�7RWDO�QXPEHU�RI�VHFWRUV�LQ�WKH�ILOH�

�� %\WH���³�)LOH�IODJV�

D� %LW���³�7\SH�RI�UHFRUG���� �)L[HG�OHQJWK�UHFRUGV���� �9DULDEOH�OHQJWK�UHFRUGV�

E� %LWV�����³�1RW�XVHG�

F� %LW���³�3URWHFW�IODJ���� �1RW�GHOHWH�ZULWH�SURWHFWHG���� �'HOHWH�ZULWH�SURWHFWHG�

G� %LW���³�1RW�XVHG�

H� %LW���³�%$6,&�ILOH�LQIRUPDWLRQ���� �'LVSOD\�IRUPDW���� �,QWHUQDO�IRUPDW��7KLV�ELW�LV�QRW
XVHG�E\�ILOH�PDQDJHPHQW�

I� %LW���³�7\SH�RI�ILOH���� �'DWD�ILOH���� �3URJUDP�LPDJH�

�� %\WH���³�1XPEHU�RI�UHFRUGV�SHU�GLVN�VHFWRU��1RW�XVHG�ZLWK�YDULDEOH�OHQJWK�RU�SURJUDP�LPDJH�ILOHV�

�� %\WH���³�(QG�RI�ILOH�RIIVHW��1RW�XVHG�ZLWK�IL[HG�OHQJWK�UHFRUGV��)RU�YDULDEOH�OHQJWK�ILOHV�SRLQWV�WR
WKH�HQG�RI�VHFWRU�PDUNHU��!))��IRU�WKH�ODVW�VHFWRU�LQ�WKH�ILOH��)RU�H[DPSOH��LI�WKH�(2)�RIIVHW�LV
!&���DW�RIIVHW�!&��LQ�WKH�ODVW�VHFWRU�RI�WKH�ILOH�\RX�ZRXOG�ILQG�WKH�HQG�RI�VHFWRU�PDUNHU��!))���)RU
SURJUDP�LPDJH�ILOHV�SRLQWV�WR�WKH�E\WH�DIWHU�WKH�ODVW�GDWD�E\WH�LQ�WKH�VHFWRU��)RU�H[DPSOH��LI�WKH
(2)�RIIVHW�LV�!&���DW�RIIVHW�!&��LQ�WKH�ODVW�VHFWRU�RI�WKH�ILOH�ZRXOG�EH�WKH�ILUVW�XQXVHG�E\WH�RI�WKH
VHFWRU��2IIVHW�!%)�ZRXOG�FRQWDLQ�WKH�ODVW�E\WH�RI�GDWD�LQ�WKH�VHFWRU�

�� %\WH���³�5HFRUG�VL]H��)RU�IL[HG�OHQJWK�UHFRUGV�FRQWDLQV�WKH�DFWXDO�UHFRUG�OHQJWK��)RU�YDULDEOH
OHQJWK�UHFRUGV�FRQWDLQV�WKH�PD[LPXP�UHFRUG�VL]H�DOORZHG��1RW�XVHG�IRU�SURJUDP�LPDJH�ILOHV�

�� %\WHV�����³�7RWDO�QXPEHU�RI�UHFRUGV�LQ�WKH�ILOH�ZLWK�WKH�RUGHU�RI�WKH�E\WHV�UHYHUVHG��1RW�XVHG�IRU
SURJUDP�LPDJH�ILOHV��)RU�H[DPSOH��LI�D�ILOH�FRQWDLQV�����UHFRUGV��!��$���WKH�HQWU\�ZRXOG�EH
!$����
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2.5.6. END OF FILE DETECTION

(DFK�RI�WKH�WKUHH�GLVN�ILOH�W\SHV�KDV�LWV�RZQ�PHWKRG�IRU�GHWHFWLQJ�DQ�HQG�RI�ILOH�FRQGLWLRQ��7KH�PHWKRGV
DUH�

�� 3URJUDP�,PDJH�³�%\WHV�����RI�WKH�GLVN�GLUHFWRU\�VSHFLI\�WKH�WRWDO�QXPEHU�RI�GLVN�VHFWRUV�LQ�WKH
ILOH��0DLQWDLQ�D�FRXQW�RI�WKH�QXPEHU�RI�VHFWRUV�SURFHVVHG��&RQWLQXH�SURFHVVLQJ�XQWLO�WKH�FRXQW
HTXDOV�WKH�QXPEHU�RI�VHFWRUV�LQ�WKH�ILOH��5HPHPEHU��D�SURJUDP�LPDJH�ILOH�PD\�XVH�RQO\�SDUW�RI�WKH
ODVW�GLVN�VHFWRU��:KHQ�SURFHVVLQJ�WKH�ODVW�VHFWRU�XVH�WKH�HQG�RI�ILOH�RIIVHW��VSHFLILHG�LQ�E\WH���RI�WKH
GLVN�GLUHFWRU\��WR�GHWHUPLQH�WKH�QXPEHU�RI�E\WHV�DFWXDOO\�XVHG�

�� )L[HG�/HQJWK�5HFRUGV�³�%\WHV�����RI�WKH�GLVN�GLUHFWRU\�VSHFLI\�WKH�WRWDO�QXPEHU�RI�IL[HG�OHQJWK
UHFRUGV�LQ�WKH�ILOH��0DLQWDLQ�D�FRXQW�RI�WKH�QXPEHU�RI�UHFRUGV�SURFHVVHG��&RQWLQXH�SURFHVVLQJ
XQWLO�WKH�FRXQW�HTXDOV�WKH�QXPEHU�RI�UHFRUGV�LQ�WKH�ILOH�

�� 9DULDEOH�/HQJWK�5HFRUGV�³�%\WHV�����RI�WKH�GLVN�GLUHFWRU\�VSHFLI\�WKH�WRWDO�QXPEHU�RI�GLVN�VHFWRUV
LQ�WKH�ILOH��0DLQWDLQ�D�FRXQW�RI�WKH�QXPEHU�RI�VHFWRUV�SURFHVVHG��&RQWLQXH�SURFHVVLQJ�XQWLO�WKH
FRXQW�HTXDOV�WKH�QXPEHU�RI�VHFWRUV�LQ�WKH�ILOH�
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3. CODED DATA

3.1. REASONS FOR ENCODING DATA

7KH�WHUPLQDO�HPXODWRU�SDFNDJH�FDQQRW�DFFHSW�WKH�IXOO�UDQJH�RI�!��WR�!))�DV�GDWD�LQ�RQH�E\WH��2QH�ELW
RI�HDFK�E\WH�LV�UHVHUYHG�IRU�SDULW\��7KLV�OLPLWV�WKH�PD[LPXP�GDWD�UDQJH�IRU�D�E\WH�WR�!��WKURXJK�!�)�

6RPH�YDOXHV�DUH�DOVR�UHVHUYHG�DV�FRQWURO�FKDUDFWHUV�IRU�FRPPXQLFDWLRQV�V\VWHPV��7UDQVPLVVLRQ�RI�GDWD
LQ�WKH�UDQJH�!��WR�!�)�FDQ�KDYH�YDU\LQJ�UHVXOWV�IURP�V\VWHP�WR�V\VWHP�

7KH�YDOLG�UDQJH�IRU�GDWD�WUDQVPLVVLRQ�WKHQ�LV�OLPLWHG�WR�!���WKURXJK�!�)��6RPH�RI�WKH�VSHFLDO�IHDWXUHV
RI�WKH�HPXODWRU��VXFK�DV�VRXQG��JUDSKLFV�DQG�ILOH�WUDQVIHU��UHTXLUH�WUDQVPLVVLRQ�RI�HLJKW�ELW�E\WHV��7KLV
PHDQV�VRPH�GDWD�PXVW�EH�HQFRGHG�VR�WKDW�WUDQVPLWWHG�E\WHV�IDOO�ZLWKLQ�WKH�!���WR�!�)�UDQJH�

3.2. DATA CODING

(DFK�FRGHG�E\WH�RI�GDWD�FRQWDLQV�VL[�DFWXDO�GDWD�ELWV��7KH�ELWV�DUH�QXPEHUHG���WR���IURP�OHIW�WR�ULJKW��%LW
��LV�UHVHUYHG�IRU�SDULW\�DQG�FDQ�EH�LJQRUHG�GXULQJ�HQFRGLQJ��%LW���LV�DOZD\V�VHW�WR���WR�HQVXUH�WKH�E\WH�ZLOO
QRW�EH�LQ�WKH�UDQJH�!��WR�!�)��%LWV���WR���FRQWDLQ�WKH�DFWXDO�GDWD�

2QO\�VL[�ELWV�RI�DFWXDO�GDWD�DUH�DOORZHG�SHU�FRGHG�E\WH��7KLV�PHWKRG�PDSV�WKUHH�E\WHV�RI�QRUPDO�GDWD�WR
IRXU�E\WHV�RI�FRGHG�GDWD��7KH�PDSSLQJ�LV�

                     BYTE 1      BYTE 2      BYTE 3      BYTE 4

Normal Data   xxxx xxxx   yyyy yyyy   zzzz zzzz
Coded Data    01xx xxxx   01xx yyyy   01yy yyzz   01zz zzzz

$V�DQ�H[DPSOH��DVVXPH�!�%�!���!)��!���LV�WR�EH�HQFRGHG��7KH�ELQDU\�UHSUHVHQWDWLRQ�RI�WKH�IRXU�E\WHV
LV�

0001 1011 1000 0101 1111 0100 0000 0001.

7KH�ELQDU\�UHSUHVHQWDWLRQ�RI�WKH�FRGHG�GDWD�LV�

0100 0110 0111 1000 0101 0111 0111 0100 0100 0000 0101 0000.

7KH�KH[�GDWD�DIWHU�HQFRGLQJ�LV�!���!���!���!���!���!���

1RWH��7KH�HPXODWRU�SDFNDJH�GRHV�QRW�YDOLGDWH�ELW���IRU�D�ELQDU\����,I�WKH�KRVW�V\VWHP�KDV�SUREOHPV
ZLWK�WUDQVPLWWLQJ�D�!�)�WKH�V\VWHP�FDQ�UHVHW�ELW���WR���FRQYHUWLQJ�WKH�!�)�WR�D�!�)��%LW���VKRXOG
DOZD\V�EH�VHW�WR���LI�WKH�WUDQVPLWWHG�E\WH�ZRXOG�EH�LQ�WKH�UDQJH�!���WR�!�)�ZLWK�ELW���VHW�WR���
7KH�HPXODWRU�DOZD\V�VHWV�ELW���WR���ZKHQ�WUDQVPLWWLQJ�HQFRGHG�GDWD�WR�WKH�KRVW�
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4. EMULATOR CONTROL FORMATS

&RQWURO� FKDUDFWHUV�� HVFDSH� VHTXHQFHV� DQG� H[WHQGHG�ZULWHV� DUH� WKH� WKUHH�PHWKRGV� RI� SDVVLQJ� FRQWURO
LQIRUPDWLRQ�WR�WKH�HPXODWRU�

4.1. CONTROL CHARACTERS

&HUWDLQ�RQH�E\WH�FRGHV�LQ�WKH�UDQJH�!��WR�!�)�KDYH�EHHQ�UHVHUYHG�DV�FRQWURO�E\WHV��:KHQ�WKH�HPXODWRU
LV�LQ�WKH�WH[W�PRGH�DQG�D�FRQWURO�FRGH�LV�UHFHLYHG�� WKH�HPXODWRU�ZLOO�SHUIRUP�D�SUH�GHILQHG�IXQFWLRQ�
&RQWURO�FRGHV�VXSSRUWHG�DUH�

�� 62+��!����³�+RPH�WKH�FXUVRU��:KHQ�!���LV�UHFHLYHG�WKH�FXUVRU�LV�PRYHG�WR�WKH�XSSHU�OHIW�KDQG
FRUQHU�RI�WKH�GLVSOD\�

�� %(/��!����³�3URGXFH�D��EHHS��VRXQG�IURP�WKH�7,������

�� %6��!����³�%DFNVSDFH�WKH�FXUVRU�RQH�FKDUDFWHU�SRVLWLRQ��3ODFH�D�VSDFH��!����LQ�WKH�SRVLWLRQ�WKH
FXUVRU�RFFXSLHG�EHIRUH�WKH�EDFNVSDFH�RFFXUUHG��$V�DQ�H[DPSOH�DVVXPH�WKDW��B��GHQRWHV�WKH�FXUVRU
DQG�WKH�FXUUHQW�OLQH�LV�

$%&'B

7ZR�EDFNVSDFH�E\WHV�DUH�UHFHLYHG��7KH�QHZ�OLQH�ZLOO�EH�

$%B

�� /)��!�$��³�$GYDQFH�WKH�FXUVRU�WR�WKH�QH[W�OLQH�ZLWKRXW�FKDQJLQJ�WKH�FROXPQ�SRVLWLRQ��)RU
H[DPSOH��LI�WKH�FXUVRU�LV�DW�FROXPQ����OLQH���DQG�D�!�$�LV�UHFHLYHG��WKH�FXUVRU�ZLOO�EH�SRVLWLRQHG
WR�FROXPQ����OLQH���

�� &5��!�'��³�5HWXUQ�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�OLQH��7KH�FXUVRU�FKDUDFWHU�ZLOO
GLVDSSHDU�IURP�WKH�GLVSOD\�XQWLO�DQRWKHU�FKDUDFWHU�LV�UHFHLYHG�

1RWH��$�FDUULDJH�UHWXUQ��!�'��ZLOO�QRW�DXWRPDWLFDOO\�JHQHUDWH�D�OLQH�IHHG��!�$��

�� ))��!�&��³�&OHDU�WKH�VFUHHQ�DQG�SODFH�WKH�FXUVRU�LQ�WKH�XSSHU�OHIW�KDQG�FRUQHU�RI�WKH�GLVSOD\�

1RWH��7KH�DERYH�FRQWURO�FKDUDFWHUV�DUH�RQO\�LQ�HIIHFW�ZKHQ�WKH�FRPSXWHU�LV�LQ�WH[W�PRGH��:KLOH
LQ�JUDSKLFV�PRGH�FRGHV�!����!�&�DQG�!�$�ZLOO�EH�LJQRUHG��7KH�RWKHU�FRGHV�ZLOO�EH�GLVSOD\HG�
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4.2. SPECIAL ESCAPE SEQUENCES

(VFDSH�VHTXHQFHV�SDVV�LQIRUPDWLRQ�WR�WKH�HPXODWRU�LQ�ERWK�WH[W�DQG�JUDSKLF�PRGHV��$OO�HVFDSH�VHTXHQFHV
KDYH�!�%�DV�WKHLU�ILUVW�E\WH��:KHQ�!�%�LV�UHFHLYHG�WKH�HPXODWRU�H[SHFWV�WKH�QH[W�E\WH�WR�EH�D�VSHFLDO
RSHUDWLRQ�FRGH�GHILQLQJ�WKH�DFWLRQ�WR�EH�SHUIRUPHG��6XSSRUWHG�HVFDSH�VHTXHQFH�RSHUDWLRQ�FRGHV�DUH�

�� !���³�6HW�WKH�ORJLFDO�FXUVRU�DGGUHVV��7KH�RSHUDWLRQ�FRGH�IROORZHG�E\�WZR�E\WHV�VSHFLI\LQJ�WKH
FROXPQ�DQG�OLQH�QXPEHU�IRU�WKH�FXUVRU��7KH�SRVLWLRQ�E\WHV�DUH�VSHFLILHG�UHODWLYH�WR�!����)RU
H[DPSOH�!�%�!���!���!���VHWV�WKH�FXUVRU�WR�FROXPQ�!����!�����!����DQG�OLQH�!���!�����!����

�� !�$�³�/RFNV�WKH�NH\ERDUG�RQ�WKH�FRPSXWHU��.H\V�SUHVVHG�DUH�QRW�WUDQVPLWWHG�XQWLO�WKH�NH\ERDUG
LV�XQORFNHG��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!�$

�� !�%�³�8QORFNV�WKH�NH\ERDUG�RQ�WKH�FRPSXWHU��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!�%�

�� !���³�%HJLQ�DQ�H[WHQGHG�ZULWH��$�FRPSOHWH�H[SODQDWLRQ�RI�H[WHQGHG�ZULWHV�LV�JLYHQ�LQ�VHFWLRQ�����

�� !���³�+RPH�WKH�FXUVRU��3RVLWLRQ�WKH�FXUVRU�LQ�WKH�XSSHU�OHIW�KDQG�FRUQHU�RI�WKH�GLVSOD\��7KLV
VHTXHQFH�ZLOO�QRW�FOHDU�WKH�YLGHR�GLVSOD\��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!���

�� !���³�6\VWHP�UHVHW��8VHG�WR�DERUW�WKH�ILOH�WUDQVIHU��,I�ILOH�WUDQVIHU�LV�LQ�SURJUHVV�WKH�V\VWHP�H[LWV
WKH�WUDQVIHU�DQG�UHWXUQV�WR�QRUPDO�SURFHVVLQJ��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!���

�� !���³�3ODFH�WKH�FRPSXWHU�LQ�JUDSKLFV�PRGH��7KH�FRPPDQG�ZLOO�FOHDU�WKH�VFUHHQ�DQG�SODFH�WKH
ORJLFDO�FXUVRU�LQ�WKH�XSSHU�OHIW�KDQG�FRUQHU�RI�WKH�GLVSOD\��$�FXUVRU�FKDUDFWHU�LV�QRW�GLVSOD\HG�LQ
JUDSKLFV�PRGH��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!���

1RWH��7KH�KDUGZDUH�UHTXLUHV�DERXW����PLOOLVHFRQGV�WR�VZLWFK�PRGHV��,I�DQ\�GDWD�LV�UHFHLYHG�GXULQJ
WKH�VZLWFKLQJ�SHULRG��JDUEDJH�ZLOO�DSSHDU�RQ�WKH�VFUHHQ�

��� !�$�³�3ODFH�WKH�FRPSXWHU�LQ�WH[W�PRGH��7KH�FRPPDQG�ZLOO�FOHDU�WKH�VFUHHQ�DQG�SODFH�WKH�FXUVRU
LQ�WKH�XSSHU�OHIW�KDQG�FRUQHU�RI�WKH�GLVSOD\��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!�$�

1RWH��7KH�KDUGZDUH�UHTXLUHG�DERXW����PLOOLVHFRQGV�WR�VZLWFK�PRGHV��,I�DQ\�GDWD�LV�UHFHLYHG�GXULQJ
WKH�VZLWFKLQJ�SHULRG��JDUEDJH�ZLOO�DSSHDU�RQ�WKH�VFUHHQ�

��� !���³�5HG�EXIIHU��1RWLILHV� WKH� KRVW� WKDW� WKH� UHPRWH�KDV�SURFHVVHG� WKH� WUDQVPLW�FRPPDQG
�H[WHQGHG�ZULWH�!�'��DQG�LV�UHDG\�WR�UHFHLYH�WKH�ILOH�WUDQVIHU��7KH�FRPSOHWH�VHTXHQFH�LV�!�%�!���

,I�WKH�E\WH�IROORZLQJ�WKH�!�%�LV�QRW�RQH�RI�WKH�DERYH�FRGHV�WKH�HVFDSH�VHTXHQFH�LV�WHUPLQDWHG�DQG�WKH
UHFHLYHG�E\WH�LV�LJQRUHG�
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4.3. EXTENDED WRITES

7KH�JHQHUDO�IRUPDW�RI�WKH�H[WHQGHG�ZULWH�LV�

+--+--+--+--+--+----+----+--+--+
|1B|47|7F|1B|28|OPER|DATA|1B|29|
+--+--+--+--+--+----+----+--+--+

7KH�!�%�!���!�)�LV�WKH�VHTXHQFH�ZKLFK�VLJQDOV�DQ�H[WHQGHG�ZULWH�LV�DERXW�WR�EHJLQ��7KH�!�%�!��
LQGLFDWHV�WKDW�WKH�RSHUDWLRQ�FRGH�LV�FRQWDLQHG�LQ�WKH�QH[W�E\WH�

23(5�LV�D�RQH�E\WH�H[WHQGHG�ZULWH�RSHUDWLRQ�FRGH�VSHFLI\LQJ�WKH�ZULWH�EHLQJ�SHUIRUPHG��'$7$�LV�WKH�GDWD
DVVRFLDWHG�ZLWK�WKH�H[WHQGHG�ZULWH��7KH�IRUPDW�RI�'$7$�GHSHQGV�RQ�WKH�ZULWH�RSHUDWLRQ�FRGH��7KH
VHTXHQFH�!�%�!���VLJQDOV�WKH�HQG�RI�WKH�H[WHQGHG�ZULWH�

2QFH�DQ�H[WHQGHG�ZULWH�KDV�VWDUWHG��!�%�!���!�)�!�%�!���KDV�EHHQ�UHFHLYHG��WKH�RQO\�ZD\�WR�WHUPLQDWH
WKH�ZULWH�SURFHVVLQJ�LV�ZLWK�WKH�VHTXHQFH�!�%�!����$Q\�E\WHV�EHWZHHQ�!�%�!���DQG�!�%�!���DUH
FRQVLGHUHG�SDUW�RI�WKH�ZULWH�DQG�ZLOO�QRW�EH�SURFHVVHG�LQ�WKH�QRUPDO�PDQQHU��6XSSRUWHG�RSHUDWLRQV�DUH
OLVWHG�EHORZ�

4.3.1. OPER >20 — DEFINE CHARACTERS

&RPPDQG�VHTXHQFH�WR�GHILQH�RQH�RU�PRUH�FRQVHFXWLYH�FKDUDFWHUV��7KH�ILUVW�WZR�E\WHV�VSHFLI\�WKH�FRGH�RI
WKH�ILUVW�FKDUDFWHU�WR�EH�GHILQHG��7KH�UHPDLQGHU�RI�WKH�GDWD�LV�WKH�LQIRUPDWLRQ�UHTXLUHG�WR�GHILQH�WKH
FKDUDFWHU�V���VHH�VHFWLRQ�����������9DOLG�FKDUDFWHU�FRGHV�DUH�!���WR�!))��7KH�FRPPDQG�UHTXLUHV�WKH�RQH
E\WH�FKDUDFWHU�FRGH�EH�VHQW�DV�WZR�E\WHV��%LWV�����RI�WKH�FKDUDFWHU�FRGH�E\WHV�DUH�DOZD\V�������RU�!����%LWV
����RI�WKH�FRGH�E\WH�DUH�FRSLHG�WR�ELWV�����RI�WKH�ILUVW�FKDUDFWHU�FRGH�E\WH��%LWV�����RI�WKH�FRGH�E\WH�DUH
FRSLHG�WR�ELWV�����RI�WKH�VHFRQG�FKDUDFWHU�FRGH�E\WH��)RU�H[DPSOH��FKDUDFWHU�FRGH�!���ZRXOG�EH�FRQYHUWHG
WR�!���!���LQ�WKH�FRPPDQG�

7KH�GDWD�GHILQLQJ�WKH�FKDUDFWHU��DOO�E\WHV�EHWZHHQ�WKH�FKDUDFWHU�FRGH�DQG�!�%�!����PXVW�EH�HQFRGHG�DV
VSHFLILHG�LQ�VHFWLRQ���

$VVXPH�WKH�KRVW�ZDQWV�WR�GHILQH�FKDUDFWHU�!�$�DV�D�7�DQG�FKDUDFWHU�!�%�DV�D�/��6LQFH�WKH�!�$�DQG�!�%
DUH�FRQVHFXWLYH�FRGHV�WKH\�FDQ�EH�GHILQHG�ZLWK�RQH�H[WHQGHG�ZULWH�FRPPDQG��7KH�FRPPDQG�IRUPDW�FDOOV
IRU�WKH�FRGH�RI�WKH�ILUVW�FKDUDFWHU�WR�EH�H[SUHVVHG�DV�WZR�E\WHV��,Q�WKLV�H[DPSOH�WKH�WZR�E\WHV�ZRXOG�EH�!��
!�$�

1H[W�WKH�HLJKW�E\WHV�GHILQLQJ�HDFK�FRGH�PXVW�EH�GHWHUPLQHG��)URP�WKH�H[DPSOH�LQ�VHFWLRQ���������ZH�NQRZ
WKH�HLJKW�E\WHV�UHTXLUHG�WR�GHILQH�WKH�7�DUH�!))�!))�!���!���!���!���!���!���8VLQJ�WKH�WHFKQLTXH
GHVFULEHG�LQ�WKH�H[DPSOH�ZH�ILQG�WKH�GDWD�QHHGHG�WR�GHILQH�WKH�/�LV�!&��!&��!&��!&��!&��!&��!))
!))�
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7KH����E\WHV�RI�GDWD��HLJKW�E\WHV�QHHGHG�WR�GHILQH�7�DQG�HLJKW�E\WHV�QHHGHG�WR�GHILQH�/��PXVW�EH�HQFRGHG
XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�VHFWLRQ����7KH�GDWD�DIWHU�HQFRGLQJ�LV�

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--
|7F|7F|7C|58|46|41|60|58|46|41|63|40|70|4C|43|40|70|4C|43
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--
+--+--+--+
|7F|7F|70|
+--+--+--+

7KH�FRPSOHWH�FRPPDQG�VHTXHQFH�UHTXLUHG�WR�GHILQH�FKDUDFWHU�!�$�DV�D�7�DQG�!�%�DV�DQ�/�ZRXOG�EH�

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--
|1B|47|7F|1B;28|20|28|2A|7F|7F|7C|58|46|41|60|58|46|41|63
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--
+--+--+--+--+--+--+--+--+--+--+--+--+--+
|40|70|4C|43|40|70|4C|43|7F|7F|70|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+--+

4.3.2. OPER >21 — LOAD SOUND TABLES

/RDG�D�WDEOH�ZLWK�D�VRXQG�OLVW��5HIHU�WR�VHFWLRQ�����IRU�LQIRUPDWLRQ�RQ�VRXQG�OLVWV��7KH�ILUVW�E\WH�LV�WKH
VRXQG�WDEOH�QXPEHU���!����7KH�UHPDLQGHU�RI�WKH�GDWD�LV�WKH�HQFRGHG�VRXQG�OLVW�

7KH�HPXODWRU�VXSSRUWV�VRXQG�WDEOHV�!��WR�!)��9DOLG�HQWULHV�IRU�WKH�WDEOH�QXPEHU�LQ�WKH�FRPPDQG�DUH
!���WR�!�)��)RU�H[DPSOH��WR�VSHFLI\�VRXQG�WDEOH�!$�WKH�ILUVW�E\WH�ZRXOG�EH�!�$��!$���!����

7KH�VRXQG�WDEOHV�DUH�����E\WHV�LQ�OHQJWK�DQG�FRQWLJXRXV�LQ�PHPRU\��6RXQG�OLVWV�FDQ�EH�ORQJHU�WKDQ����
E\WHV��)RU�H[DPSOH��DVVXPH�D�����E\WH�VRXQG�OLVW�LV�WR�EH�ORDGHG�LQWR�WDEOH����7DEOH���ZRXOG�FRQWDLQ����
E\WHV�RI�WKH�OLVW�DQG�WDEOH���ZRXOG�FRQWDLQ�WKH�UHPDLQLQJ����E\WHV��6LQFH�SDUW�RI�WDEOH���LV�EHLQJ�XVHG�IRU
WKH�ILUVW�VRXQG�OLVW��WKH�QH[W�OLVW�ZRXOG�KDYH�WR�EH�ORDGHG�LQWR�WDEOH���

4.3.3. OPER >22 — PLAY SOUND TABLE

3OD\�WKH�VRXQG�OLVW�LQ�WKH�VRXQG�WDEOH�VSHFLILHG�E\�WKH�WDEOH�QXPEHU��7KH�ILUVW�E\WH�LV�WKH�WDEOH�QXPEHU
��!����)RU�H[DPSOH��WR�VSHFLI\�VRXQG�WDEOH�!$�LV�WR�EH�SOD\HG�WKH�ILUVW�E\WH�ZRXOG�EH�!�$��!$���!����
7KH�FRPSOHWH�FRPPDQG�UHTXLUHG�WR�SOD\�D�VRXQG�OLVW�LQ�WDEOH�!$�LV�

+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|22|2A|1B|29|
+--+--+--+--+--+--+--+--+--+
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4.3.4. OPER >23 — STOP SOUND

6WRS�SOD\LQJ�VRXQG�OLVWV��1R�LQIRUPDWLRQ�LV�UHTXLUHG�RWKHU�WKDQ�WKH�RSHUDWLRQ�FRGH��!�����7KH�FRPPDQG
ZLOO�WXUQ�RII�DOO�VRXQG�JHQHUDWRUV��7KH�FRPSOHWH�FRPPDQG�UHTXLUHG�WR�VWRS�VRXQG�LV�

+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|23|1B|29|
+--+--+--+--+--+--+--+--+

4.3.5. OPER >24 - SELECT CHARACTER BANK

6HOHFW�WKH�FKDUDFWHU�EDQN�WR�EH�XVHG�IRU�GLVSOD\��5HIHU�WR�VHFWLRQ���������IRU�GHWDLOV�RQ�FKDUDFWHU�EDQNV�
7KH�ILUVW�E\WH�VSHFLILHV�WKH�EDQN�WR�XVH��7KH�FRGH�!����DQ�$6&,,�/��VHOHFWV�WKH��ORZHU��EDQN��FKDUDFWHU
FRGHV�!��WR�!�)��DQG�!����DQ�$6&,,�8��VHOHFWV�WKH��XSSHU��EDQN��FKDUDFWHU�FRGHV�!���WR�!))���7KH
FRPSOHWH�FRPPDQG�UHTXLUHG�WR�VHOHFW�WKH�XSSHU�EDQN�LV�

+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|24|55|1B|29|
+--+--+--+--+--+--+--+--+--+

4.3.6. OPER >25 — DEFINE COLOR SETS

'HILQH�WKH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV�WR�EH�XVHG�IRU�RQH�RU�PRUH�FRQVHFXWLYH�FRORU�VHWV��5HIHU�WR
VHFWLRQ���������IRU�GHWDLOV�RQ�FRORU�VHWV��7KH�ILUVW�E\WH�LV�WKH�VHW�QXPEHU�RI�WKH�ILUVW�FRORU�VHW�WR�EH�GHILQHG
��!����7KH�UHPDLQLQJ�GDWD�DUH�WKH�IRUHJURXQG�EDFNJURXQG�FRORU�FRGHV��7KH�FRORU�FRGH�E\WHV�PXVW�EH
HQFRGHG�DV�VSHFLILHG�LQ�VHFWLRQ���

(DFK�E\WH�DIWHU�WKH�VHW�QXPEHU�VSHFLILHV�D�IRUHJURXQG�DQG�D�EDFNJURXQG�FRORU��%LWV�����RI�HDFK�E\WH�VSHFLI\
WKH�IRUHJURXQG�FRORU�RI�D�FRORU�VHW��%LWV�����RI�HDFK�E\WH�VSHFLI\�WKH�EDFNJURXQG�FRORU�RI�D�FRORU�VHW��)RU
H[DPSOH��WR�VSHFLI\�D�IRUHJURXQG�FRORU�RI�EODFN�DQG�D�EDFNJURXQG�FRORU�RI�F\DQ�WKH�E\WH�ZRXOG�EH�!����7KH
��LV�WKH�FRORU�FRGH�IRU�EODFN�����������DQG�WKH���LV�WKH�FRORU�FRGH�IRU�F\DQ�

$VVXPH�FRORU�VHW�!�$�LV�WR�KDYH�D�IRUHJURXQG�FRORU�RI�EODFN�DQG�D�EDFNJURXQG�FRORU�RI�F\DQ��6HW�!�%�LV
WR�KDYH�D�IRUHJURXQG�FRORU�RI�GDUN�UHG�DQG�D�EDFNJURXQG�FRORU�RI�OLJKW�\HOORZ��6HW�!�&�LV� WR�KDYH�D
IRUHJURXQG�FRORU�RI�GDUN�EOXH�DQG�D�EDFNJURXQG�FRORU�RI�JUD\��6LQFH�WKH�WKUHH�VHWV�DUH�FRQVHFXWLYH��RQH
H[WHQGHG�ZULWH�FDQ�EH�XVHG�WR�GHILQH�WKH�FRORUV��7KH�FRPPDQG�FDOOV�IRU�WKH�ILUVW�E\WH�WR�EH�WKH�ILUVW�VHW
QXPEHU�WR�GHILQH���!����,Q�WKLV�H[DPSOH�WKH�E\WH�ZRXOG�EH�!�$��!�$���!�����8VLQJ�WDEOH�����ZH�ILQG
WKH�FRORU�E\WH�IRU�WKH�VHW�!�$�LV�!����WKH�FRORU�E\WH�IRU�VHW�!�%�LV�!�%�DQG�WKH�E\WH�IRU�VHW�!�&�LV�!�(�
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7KH�E\WHV�UHTXLUHG�WR�GHILQH�WKH�FRORUV�RI�WKH�WKUHH�VHWV�DUH�!���!�%�!�(��7KH�WKUHH�E\WHV�PXVW�EH
HQFRGHG�DV�GHVFULEHG�LQ�VHFWLRQ����7KH�GDWD�DIWHU�HQFRGLQJ�LV�!���!���!�'�!�(��7KH�FRPSOHWH�FRPPDQG
UHTXLUHG�WR�GHILQH�FRORU�VHWV�!�$�WR�!�&�ZRXOG�EH�

+--+--+--+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|25|3A|45|76|6D|4E|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+--+

4.3.7. OPER >26 — SPEAK AND DISPLAY TEXT

'LVSOD\�WKH�WH[W�GDWD�FRQWDLQHG�ZLWKLQ�WKH�H[WHQGHG�ZULWH�DQG�VSHDN�WKH�GDWD�DIWHU�WKH�ZULWH�WHUPLQDWHV�
7KH� WH[W�GDWD�PXVW�EH�XSSHU� FDVH� OHWWHUV��)RU� H[DPSOH�� WKH� FRPSOHWH� FRPPDQG�QHHGHG� WR�KDYH� WKH
HPXODWRU�VSHDN�DQG�GLVSOD\�WKH�SKUDVH��+2:�$5(�<28��LV�

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|26|48|4F|57|20|41|52|45|20|59|4F|55|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+

1RWH��7KH�KRVW�PXVW�QRW�WUDQVPLW�WR�WKH�HPXODWRU�ZKLOH�WKH�HPXODWRU�LV�VSHDNLQJ��%HORZ�DUH�WZR
PHWKRGV�ZKLFK�FRXOG�EH�XVHG�WR�GHWHUPLQH�ZKHQ�VSHHFK�KDV�WHUPLQDWHG�

�� 7KH�KRVW�VKRXOG�HVWLPDWH�WKH�DPRXQW�RI�WLPH�UHTXLUHG�WR�VSHDN�WKH�VWULQJ�WUDQVPLWWHG�WR
WKH� UHPRWH� �WKH� UDWH� RI� VSHHFK�ZLOO� YDU\���� WR����SHU� FHQW�GHSHQGLQJ�RQ� WKH� VSHHFK
V\QWKHVL]HU���7KH�KRVW�VKRXOG�SDXVH�IRU�WKDW�HVWLPDWHG�WLPH�LQWHUYDO�

�� 7KH�XVHU�RQ�WKH�UHPRWH�VKRXOG�EH�LQVWUXFWHG�WR�SUHVV�HQWHU�ZKHQ�VSHDNLQJ�LV�FRPSOHWHG�
,I� WKH� KRVW� UHFHLYHV� HQWHU� �!�'�� IURP� WKH� UHPRWH�� WKH� VSHHFK� LV� FRPSOHWHG� DQG
WUDQVPLVVLRQV�FDQ�FRQWLQXH�

4.3.8. OPER >27 — SPEAK TEXT WITHOUT DISPLAY

6SHDN�WKH�WH[W�GDWD�FRQWDLQHG�ZLWKLQ�WKH�H[WHQGHG�ZULWH��7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKLV�ZULWH�DQG
H[WHQGHG�ZULWH�!���LV�WKDW�WKH�WH[W�LV�QRW�GLVSOD\HG�WR�WKH�VFUHHQ�XVLQJ�WKLV�ZULWH��2QO\�XSSHU�FDVH�ZRUGV
FDQ�EH�VSRNHQ�XVLQJ�WKLV�FRPPDQG��7KH�FRPSOHWH�FRPPDQG�QHHGHG�WR�KDYH�WKH�HPXODWRU�VSHDN�WKH�SKUDVH
�+2:�$5(�<28��LV�

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|27|48|4F|57|20|41|52|45|20|59|4F|55|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+

4.3.9. OPER >28 — SPEAK ALLOPHONES

6SHDN�WKH�DOORSKRQH�GDWD�FRQWDLQHG�ZLWKLQ�WKH�H[WHQGHG�ZULWH�FRPPDQG��5HIHU�WR�WKH�PDQXDO�VXSSOLHG
ZLWK�WKH�WHUPLQDO�HPXODWRU�FRPPDQG�PRGXOH�IRU�D�GHVFULSWLRQ�RI�DOORSKRQHV��7KH�DOORSKRQH�GDWD�PXVW
EH�HQFRGHG�DV�GHVFULEHG�LQ�VHFWLRQ���
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4.3.10. OPER >29 — LOOK UP WORDS

(TXDWH�WKH�QXPEHU�VSHFLILHG�LQ�WKH�FRPPDQG�WR�WKH�VXSSOLHG�WH[W�GDWD��)LQG�WKH�WH[W�GDWD�LQ�WKH�VSHHFK
GLFWLRQDU\��,I�WKH�ZRUG�LV�QRW�LQ�WKH�GLFWLRQDU\�WKH�FRPPDQG�ZLOO�EH�LJQRUHG�

7KH�ILUVW�E\WH�LQ�WKH�FRPPDQG�LV�WKH�QXPEHU�IRU�WKH�WH[W�GDWD��7KH�YDOLG�UDQJH�IRU�WKH�E\WH�LV�!���WR�!�)�
7KH�UHVW�RI�WKH�GDWD�FRQWDLQV�WKH�ZRUG�WKH�QXPEHU�LV�WR�EH�DVVRFLDWHG�ZLWK�7KH�FRPSOHWH�FRPPDQG
UHTXLUHG�WR�DVVRFLDWH�WKH�QXPEHU�!�$�ZLWK�WKH�ZRUG��+(//2��XV�

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|29|3A|48|45|4C|4C|4F|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+

4.3.11. OPER >2A — SPEAK WORDS ASSOCIATED WITH NUMBERS

(DFK�E\WH�RI�GDWD�LQ�WKH�FRPPDQG�LV�QXPEHU�WKDW�KDV�EHHQ�HTXDWHG�WR�WH[W�XVLQJ�H[WHQGHG�ZULWH�!���
6SHDN�WKH�ZRUGV�DVVRFLDWHG�ZLWK�WKH�QXPEHUV��5HPHPEHU��H[WHQGHG�ZULWH�!���PXVW�EH�XVHG�WR�DVVRFLDWH
WKH�ZRUGV�ZLWK�WKH�QXPEHUV��9DOLG�QXPEHU�UDQJHV�DUH�!���WR�!�)�

$VVXPH�H[WHQGHG�ZULWH�!���ZDV�XVHG�WR�DVVRFLDWH�!���ZLWK��+(//2���!���ZLWK��+2:���!���ZLWK��$5(�
DQG�!�$�ZLWK��<28���7KH�FRPSOHWH�FRPPDQG�UHTXLUHG�WR�VSHDN�WKH�VHQWHQFH��+(//2�+2:�$5(�<28�
LV�

+--+--+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|2A|20|35|47|2A|1B|29|
+--+--+--+--+--+--+--+--+--+--+--+--+

4.3.12. OPER >2B — CHANGE SCREEN COLOR

&KDQJH�WKH�VFUHHQ�FRORU�LQ�JUDSKLFV�PRGH��7KLV�LQFOXGHV�WKH�ERUGHU�DW�WKH�WRS�DQG�ERWWRP�RI�WKH�VFUHHQ�
,I�WKH�HPXODWRU�LV�LQ�WH[W�PRGH�WKLV�ZULWH�ZLOO�VHW�WKH�IRUHJURXQG�DQG�EDFNJURXQG�FRORUV��5HIHU�WR�VHFWLRQ
������IRU�PRUH�LQIRUPDWLRQ�

1RWH��7KH�VFUHHQ�FRORU�LV�WKH�FRORU�XVHG�ZKHQ�WUDQVSDUHQW�LV�GHILQHG�DV�D�FRORU�WR�EH�XVHG�IRU
FKDUDFWHUV��)RU�H[DPSOH��DVVXPH�FKDUDFWHU�;�KDV�D�IRUHJURXQG�FRORU�RI�EODFN�DQG�D�EDFNJURXQG
FRORU�RI�WUDQVSDUHQW��:LWK�WKH�VFUHHQ�FRORU�VHW�WR�F\DQ�FKDUDFWHU�;�ZLOO�EH�GLVSOD\HG�DV�EODFN�DQG
F\DQ��&KDQJLQJ�WKH�VFUHHQ�FRORU�WR�UHG�GLVSOD\V�FKDUDFWHU�;�DV�EODFN�DQG�UHG�
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7KH�GDWD�FRQVLVWV�RI�WZR�E\WHV�VSHFLI\LQJ�WKH�FRORU��%LWV�����RI�ERWK�E\WHV�FRQWDLQV�������RU�!����:KHQ�LQ
JUDSKLFV�PRGH�ELWV�����RI�WKH�ILUVW�E\WH�FRQWDLQV�WKH�FRORU�RI�WKH�VFUHHQ��7DEOH�����JLYHV�WKH�YDOLG�FRORU
FRGHV��7KH�VHFRQG�E\WH� LV� LJQRUHG� LQ�JUDSKLFV�PRGH��)RU�H[DPSOH�� WR�VHW� WKH�VFUHHQ�FRORU�WR�F\DQ� LQ
JUDSKLFV�PRGH�WKH�FRPSOHWH�FRPPDQG�ZRXOG�EH�

+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|2B|27|20|1B|29|
+--+--+--+--+--+--+--+--+--+--+

,Q�WH[W�PRGH�ELWV�����RI�WKH�ILUVW�E\WH�FRQWDLQV�WKH� IRUHJURXQG�FRORU�DQG�ELWV�����RI�WKH�VHFRQG�E\WH
FRQWDLQV�WKH�EDFNJURXQG�FRORU��)RU�H[DPSOH��WR�VHW�WKH�IRUHJURXQG�FRORU�WR�EODFN�DQG�WKH�EDFNJURXQG�FRORU
WR�F\DQ�LQ�WH[W�PRGH�WKH�FRPSOHWH�FRPPDQG�ZRXOG�EH�

+--+--+--+--+--+--+--+--+--+--+
|1B|47|7F|1B|28|2B|21|27|1B|29|
+--+--+--+--+--+--+--+--+--+--+

1RWH��(VFDSH�VHTXHQFHV�VSHFLILHG�LQ�VHFWLRQ�����DUH�XVHG�WR�VZLWFK�EHWZHHQ�WH[W�DQG�JUDSKLF�PRGHV�

4.3.13. OPER >2C — RETURN STATUS

5HWXUQ�WKH�VWDWXV�RI�WKH�WHUPLQDO�HPXODWRU�PRGXOH��7KH�IRUPDW�RI�WKH�UHSO\�LV�

+--+--+--+-------+------+----+----+--+--+
|01|1B|28|VERSION|SCREEN|MODE|WRAP|1B|28|
+--+--+--+-------+------+----+----+--+--+
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(DFK�SDUDPHWHU�UHTXLUHV�RQH�E\WH��7KH�SDUDPHWHUV�DUH�

�� 9(56,21�³�9HUVLRQ�RI�WKH�HPXODWRU�EHLQJ�XVHG��7KH�HPXODWRU�YHUVLRQ�QXPEHU�LV�DGGHG�WR�!���
)RU�H[DPSOH��7HUPLQDO�(PXODWRU�,,�ZRXOG�UHWXUQ�!����!�����!���

�� 6&5((1�³�6FUHHQ�ZLGWK�VHOHFWHG�E\�WKH�XVHU��9DOLG�HQWULHV�DUH����������6�RU�����!����!����!��
RU�!����

�� 02'(�³�'LVSOD\�PRGH�FXUUHQWO\�LQ�HIIHFW�

D� !���³�(PXODWRU�LV�LQ�JUDSKLFV�PRGH�

E� !���³�(PXODWRU�LV�LQ�WH[W�PRGH�

�� :5$3���/LQH�ZUDS�RSWLRQ�FXUUHQWO\�LQ�HIIHFW�

D� !���³�:UDS�LV�RII��7KH�HPXODWRU�XVHV�ORJLFDO�OLQH�OHQJWKV�RI����E\WHV�WR�GLVSOD\�WKH�GDWD�

E� !�(�³�:UDS�LV�RQ��7KH�HPXODWRU�XVHV�ORJLFDO�OLQH�OHQJWK�VHOHFWHG�E\�WKH�XVHU�WR�GLVSOD\
WKH�GDWD�

4.3.14. OPER >2D — TRANSMIT COMMAND

,QLWLDWHV�WKH�ILOH�WUDQVIHU��7KH�IRUPDW�RI�WKH�FRPPDQG�LV�H[SODLQHG�LQ�VHFWLRQ���
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5. FILE TRANSFER

7KH�WHUPLQDO�HPXODWRU�VXSSRUWV�WKH�WUDQVIHU�RI�ILOHV�EHWZHHQ�FRPSXWHU�V\VWHPV��7KH�SURWRFRO�SURYLGHV
IRU�IXOO�HUURU�GHWHFWLRQ�GXULQJ�WKH�WUDQVIHU�

5.1. LRC ERROR DETECTION

7KH�HPXODWRU�XVHV�WKH�/RQJLWXGLQDO�5HGXQGDQF\�&KHFN��/5&��PHWKRG�RI�HUURU�GHWHFWLRQ��'XULQJ�WKH�ILOH
WUDQVIHU�WKH�VHQGHU�FDOFXODWHV�DQ�/5&�E\WH�IRU�HDFK�UHFRUG�WUDQVPLWWHG��7KH�/5&�E\WH�LV�WUDQVPLWWHG�DV
WKH�ODVW�E\WH�RI�WKH�UHFRUG��7KH�/5&�PXVW�EH�JUHDWHU�WKDQ�!����,I�WKH�FDOFXODWHG�/5&�LV�OHVV�WKDQ�!���WKHQ
!���LV�DGGHG�WR�WKH�YDOXH�EHIRUH�WUDQVPLVVLRQ��7KH�IRUPDW�RI�WKH�WUDQVPLVVLRQ�LV�

+------+---+
|Record|LRC|
+------+---+

7KH�/5&�LV�FDOFXODWHG�E\�SHUIRUPLQJ�VXFFHVVLYH�H[FOXVLYH�RU�RSHUDWLRQV��;25��RQ�DOO�WKH�E\WHV�LQ�WKH
UHFRUG��,I�WKH�UHVXOW�LV�OHVV�WKDQ�!���WKHQ�!���LV�DGGHG�WR�WKH�/5&��$V�DQ�H[DPSOH�DVVXPH�WKDW�WKH�UHFRUG
WR�EH�WUDQVPLWWHG�LV���E\WHV�ORQJ�DQG�FRQVLVWV�RI�!���!���!���!����7R�FDOFXODWH�WKH�/5&�ZH�ZRXOG�ILUVW
;25�!���DQG�!���

         >54   0101 0100
         >45   0100 0101
         ---------------
Result - >11   0001 0001

7KH�UHVXOW�RI�!���;25�!���LV�!����1H[W�ZH�;25�!���DQG�!���JLYLQJ�!����)LQDOO\�ZH�;25�!���DQG�!��
JLYLQJ�!����6LQFH�WKH�;25�RI�WKH�UHFRUG�LV�OHVV�WKDQ�!���ZH�PXVW�DGG�!����7KH�/5&�E\WH�LV�!����!��
��!�����7KH�WUDQVPLVVLRQ�IRU�RXU�H[DPSOH�ZRXOG�EH�

+--+--+--+--+--+
|54|45|53|45|37|
+--+--+--+--+--+

5.2. TRANSMISSION BLOCKS AND RECORDS

7KH�SURWRFRO�GLYLGHV�WKH�ILOH�EHLQJ�WUDQVIHUUHG�LQWR�EORFNV��7KH�EORFNV�DUH�IXUWKHU�VXE�GLYLGHG�LQWR�UHFRUGV�
7KH�VL]H�RI�WKH�EORFNV�DQG�UHFRUGV�GHSHQG�RQ�WKH�ILOH�EHLQJ�WUDQVPLWWHG��7DEOH�����JLYHV�WKH�YDULRXV�UHFRUG
VL]HV�DQG�QXPEHU�RI�UHFRUGV�SHU�EORFN�IRU�WKH�GLIIHUHQW�ILOHV�
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Table 5-1 TRANSMISSION RECORD SIZE

'HYLFH 'DWD�(QFRGHG

IRU�7UDQVIHU

/RJLFDO

5HFRUG�6L]H

7UDQVIHU

5HFRUG�6L]H

7UDQVIHU

5HFRUGV�%ORFN

',6. 1R ����� �� �

',6. <HV ����� �� �

&$66(77( 1R ����� �� �

&$66(77( 1R ������� �� �

&$66(77( <HV ����� �� �

&$66(77( <HV ������� �� �

$V�DQ�H[DPSOH�RI�WKH�XVH�RI�WKH�WDEOH��DVVXPH�ZH�DUH�WUDQVIHUULQJ�D�GLVN�ILOH��7KH�GDWD�GRHV�QRW�QHHG�WR�EH
HQFRGHG��DOO�E\WHV�LQ�WKH�ILOH�DUH�LQ�WKH�UDQJH�!���WR�!�)��DQG�WKH�ORJLFDO�UHFRUG�VL]H�LV�����)RU�FROXPQ
RQH�ZH�KDYH��GLVN���IRU�FROXPQ�WZR�ZH�KDYH��QR��DQG�FROXPQ�WKUHH�GRHV�QRW�DIIHFW�GLVN�ILOHV��7KXV�ZH�XVH
URZ�RQH�WR�JHW�WKH�EORFN�LQIRUPDWLRQ��)RU�WKLV�H[DPSOH�HDFK�WUDQVPLVVLRQ�UHFRUG�ZLOO�FRQWDLQ����E\WHV�RI
GDWD�DQG�WKHUH�ZLOO�EH�IRXU�WUDQVPLVVLRQ�UHFRUGV�LQ�HDFK�EORFN�

$VVXPH�ZH�DUH�JRLQJ�WR�WUDQVIHU�D�ILOH�IURP�FDVVHWWH��7KH�GDWD�GRHV�QHHG�WR�EH�HQFRGHG��VRPH�E\WHV�DUH�LQ
WKH�UDQJH�!���WR�!�)�RU�!��� WR�!))��DQG�WKH� ORJLFDO�UHFRUG�VL]H� LV������)RU�FROXPQ�RQH�ZH�KDYH
�FDVVHWWH���IRU�FROXPQ�WZR�ZH�KDYH��\HV��DQG�IRU�FROXPQ�WKUHH�ZH�KDYH��������7KXV��ZH�XVH�URZ�ILYH�WR�JHW
WKH�EORFN�LQIRUPDWLRQ��)RU�WKLV�H[DPSOH��HDFK�WUDQVPLVVLRQ�UHFRUG�ZRXOG�FRQWDLQ����E\WHV�RI�GDWD�DQG
WKHUH�ZRXOG�EH�VL[�WUDQVPLVVLRQ�UHFRUGV�LQ�HDFK�EORFN�

(DFK�EORFN�KDV�D�EORFN�QXPEHU�DVVRFLDWHG�ZLWK�LW��7KH�EORFN�QXPEHU�LV�D�WZR�E\WH�YDOXH�WKDW�VWDUWV�DW
!������7KH�ILUVW�EORFN�LQ�WKH�ILOH�KDV�D�QXPEHU�RI�!������WKH�VHFRQG�EORFN�KDV�D�QXPEHU�RI�!�����DQG
VR�RQ��7KH�PD[LPXP�YDOXH�DOORZHG�LQ�D�EORFN�QXPEHU�E\WH�LV�!�(��%ORFN�!�(�LQ�WKH�ILOH�KDV�D�EORFN
QXPEHU�RI�!���(��%ORFN�!�)�LQ�WKH�ILOH�KRZHYHU�KDV�D�EORFN�QXPEHU�RI�!�����

(DFK�EORFN�LV�GLYLGHG�LQWR�UHFRUGV��7KH�QXPEHU�RI�UHFRUGV�LQ�D�EORFN�LV�JLYHQ�LQ�7DEOH������7KH�UHFRUG
QXPEHU�LV�D�RQH�E\WH�YDOXH�WKDW�VWDUWV�DW�!����7KH�UHFRUG�QXPEHU�UHVHWV�WR�!���IRU�HDFK�GDWD�EORFN
WUDQVPLWWHG�
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5.3. TRANSMIT COMMAND FORMAT

([WHQGHG�ZULWH�!�'�LV�WKH�WUDQVPLW�FRPPDQG��,W�LV�XVHG�WR�QRWLI\�WKH�UHFHLYLQJ�V\VWHP�WKDW�D�ILOH�WUDQVIHU
LV�WR�RFFXU�DQG�WR�SDVV�SDUDPHWHUV�WR�WKH�UHFHLYHU��7KH�IRUPDW�RI�WKH�FRPPDQG�LV�

+--+--+--+--+--+--+----+--+--+---+
|1B|47|7F|1B|28|2D|DATA|1B|29|LRC|
+--+--+--+--+--+--+----+--+--+---+

7KH�'$7$�SDUW�RI�WKH�WUDQVPLW�FRPPDQG�PXVW�EH�HQFRGHG�DV�GHVFULEHG�LQ�VHFWLRQ����7KH�IRUPDW�RI�WKH
GDWD�LV�

�� %\WH���³�'HQRWHV�WKH�W\SH�RI�ILOH�EHLQJ�WUDQVIHUUHG��9DOLG�FRGHV�DUH�

D� !���³�)LOH�LV�FRPLQJ�IURP�FDVVHWWH�

E� !���³�)LOH�LV�FRPLQJ�IURP�GLVN�

�� %\WHV�����³�'LVN�GLUHFWRU\�LQIRUPDWLRQ��%\WHV�����DQG�����RQO\�KDYH�PHDQLQJ�LI�E\WH���FRQWDLQV
D�!����%\WH���DOZD\V�KDV�PHDQLQJ��5HIHU�WR�VHFWLRQ�������IRU�D�FRPSOHWH�GHVFULSWLRQ�RI�WKH�HLJKW
E\WHV��5HPHPEHU��WKH�GLVN�GLUHFWRU\�LQIRUPDWLRQ�LQ�WKH�WUDQVPLW�FRPPDQG�VWDUWV�DW�E\WH����7KH
IRUPDW�RI�WKH�HLJKW�E\WHV�LV�

D� %\WHV�����³�1XPEHU�RI�VHFWRUV�LQ�WKH�ILOH�

E� %\WH���³�)LOH�IODJV��5HIHU�WR�VHFWLRQ�������IRU�PRUH�LQIRUPDWLRQ�DERXW�WKH�IODJV�

F� %\WH���³�1XPEHU�RI�UHFRUGV�SHU�VHFWRU��1RW�XVHG�IRU�IL[HG�OHQJWK�UHFRUGV�RU�SURJUDP
LPDJH�ILOHV�

G� %\WH���³�(QG�RI�ILOH�RIIVHW�

H� %\WH���³�5HFRUG�VL]H��%\WH���LV�UHTXLUHG�IRU�ERWK�GLVN�DQG�FDVVHWWH�GDWD�ILOHV�

I� %\WH�����³�1XPEHU�RI�UHFRUGV�LQ�ILOH��ZLWK�E\WHV�UHYHUVHG��1RW�XVHG�IRU�SURJUDP�LPDJH
ILOHV�

�� %\WHV�������³�'DWD�UHFRUG�VL]H��/HQJWK�RI�'$7$�LQ�WUDQVPLVVLRQ�UHFRUG�

�� %\WH����³�1XPEHU�RI�WUDQVPLWWHG�UHFRUGV�SHU�EORFN�

�� %\WH����³�(PXODWRU�YHUVLRQ�QXPEHU��7HUPLQDO�(PXODWRU�,,�LV�YHUVLRQ�QXPEHU�!���
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�� %\WH����³�'HOD\�LQWHUYDO�LQ�LQFUHPHQWV�RI���VHFRQGV��7KLV�LV�WKH�QXPEHU�RI���VHFRQG�LQWHUYDOV�WKH
UHFHLYHU�LV�WR�ZDLW�IRU�WUDQVPLVVLRQ�IURP�WKH�VHQGHU�EHIRUH�DVVXPLQJ�GDWD�ORVV�KDV�RFFXUUHG��)RU
H[DPSOH��LI�WKLV�E\WH�FRQWDLQV���WKH�UHFHLYHU�LV�WR�ZDLW����VHFRQGV����WLPHV����IRU�WUDQVPLVVLRQ�IURP
WKH�VHQGHU��,I�QR�WUDQVPLVVLRQ�LV�UHFHLYHG�D�1$.�UHFRUG�LV�WR�EH�VHQW�WR�WKH�KRVW�

�� %\WH����³�7\SH�RI�HUURU�FKHFNLQJ��&XUUHQW�YHUVLRQV�RQO\�VXSSRUW�/5&�HUURU�FKHFNLQJ��%\WH���
PXVW�EH�VHW�WR�!�&�IRU�/5&�FKHFNLQJ�

�� %\WH����³�7\SH�RI�GDWD�FRGLQJ��9DOLG�HQWULHV�DUH�

D� !���³�&RGHG�ILOH�GDWD��'DWD�LV�HQFRGHG�DV�GHVFULEHG�LQ�VHFWLRQ���

E� !���³�$6&,,�ILOH�GDWD��1R�HQFRGLQJ�LV�GRQH��'DWD�PXVW�EH�LQ�WKH�UDQJH�!���WR�!�)�RU
XQSUHGLFWDEOH�UHVXOWV�ZLOO�RFFXU�

�� %\WH����³�7\SH�RI�GDWD�UHFRUG�UHWUDQVPLVVLRQ�WR�XVH��&XUUHQW�YHUVLRQV�ZLOO�RQO\�VXSSRUW�!�(�DV
D�YDOLG�HQWU\�

5.4. TRANSMISSION RECORD FORMATS

7KHUH�DUH�WKUHH�WUDQVPLVVLRQ�UHFRUG�IRUPDWV��RQH�IRU�WKH�ILUVW�UHFRUG��RQH�IRU�DOO�UHFRUGV�H[FHSW�WKH�ILUVW
DQG�ODVW�UHFRUGV�DQG�RQH�IRU�WKH�ODVW�UHFRUG��7KH�IRUPDW�RI�WKH�ILUVW�GDWD�UHFRUG�LV�

+--+--+--+---+--+---+--+--+----+--+---+
|02|01|1D|BLK|1E|REC|1B|28|DATA|17|LRC|
+--+--+--+---+--+---+--+--+----+--+---+

7KH�E\WHV�!���DQG�!���VLJQDO�WKH�VWDUW�RI�D�GDWD�UHFRUG��%\WH�!�'�VLJQDOV�WKDW�WKH�WZR�IROORZLQJ�E\WHV
ZLOO�FRQWDLQ�WKH�EORFN�QXPEHU��%/.�LV�D�WZR�E\WH�DUHD�VSHFLI\LQJ�WKH�EORFN�QXPEHU�RI�WKH�UHFRUG�EHLQJ
WUDQVPLWWHG��6HFWLRQ�����GHVFULEHV�WKH�EORFN�QXPEHU�

%\WH�!�(�VLJQDOV�WKDW�WKH�QH[W�E\WH�ZLOO�EH�WKH�UHFRUG�QXPEHU��5(&�LV�D�RQH�E\WH�DUHD�VSHFLI\LQJ�WKH
UHFRUG�QXPEHU�RI�WKH�UHFRUG�EHLQJ�WUDQVPLWWHG��6HFWLRQ�����GHVFULEHV�WKH�UHFRUG�QXPEHU��5HPHPEHU��WKH
QXPEHU�RI�UHFRUGV�LQ�D�EORFN�LV�VSHFLILHG�LQ�WKH�WUDQVPLW�FRPPDQG�

%\WHV�!�%�DQG�!���VLJQDO�WKH�EHJLQQLQJ�RI�WKH�GDWD�SRUWLRQ�RI�WKH�ILUVW�UHFRUG��'$7$�FRQWDLQV�WKH�ILOH
GDWD��7KH�OHQJWK�RI�WKH�WUDQVPLWWHG�'$7$��QRW�WKH�OHQJWK�RI�GDWD�EHIRUH�HQFRGLQJ��LV�VSHFLILHG�LQ�WKH
WUDQVPLW�FRPPDQG��7KH�WUDQVPLW�FRPPDQG�DOVR�WHOOV�LI�WKH�GDWD�KDV�EHHQ�FRGHG�RU�QRW��,I�WKH�WUDQVPLW
FRPPDQG�VSHFLILHV�HQFRGLQJ��RQO\�'$7$�ZLOO�EH�FRGHG��QRW�WKH�RWKHU�E\WHV�LQ�WKH�WUDQVPLVVLRQ�

1RWH��,I�WKH�GDWD�LV�FRGHG�LW�LV�FRGHG�DV�D�EORFN��QRW�DV�D�UHFRUG��7R�GHFRGH�WKH�GDWD�FRUUHFWO\��WKH
HQWLUH�EORFN�PXVW�EH�GHFRGHG�

$�!���VSHFLILHV�WKH�HQG�RI�WKH�GDWD�UHFRUG��7KH�/5&�E\WH�DOZD\V�IROORZV�WKH�!���FRGH�
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7KH�GDWD�UHFRUG�IRUPDW�IRU�DOO�UHFRUGV�EHWZHHQ�WKH�ILUVW�DQG�ODVW�UHFRUGV�LV�

+--+--+--+---+--+---+----+--+---+
|02|01|1D|BLK|1E|REC|DATA|17|LRC|
+--+--+---+---+--+---+---+--+---+

7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKLV�IRUPDW�DQG�WKH�ILUVW�RQH�LV�WKDW�WKLV�IRUPDW�GRHV�QRW�FRQWDLQ�WKH�!�%
!���EHIRUH�'$7$�

7KH�GDWD�UHFRUG�IRUPDW�IRU�WKH�ODVW�UHFRUG�LQ�WKH�ILOH�LV�

+--+--+--+---+--+---+----+--+--+--+---+
|02|01|1D|BLK|1E|REC|DATA|1B|29|03|LRC|
+--+--+--+---+--+---+----+--+--+--+---+

7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�SUHYLRXV�IRUPDW�DQG�WKLV�RQH�LV�WKLV�IRUPDW�HQGV�LQ�DQ�!�%�!���!���
7KHVH�WKUHH�E\WHV�WHOO�WKH�UHPRWH�V\VWHP�WKDW�WKLV�LV�WKH�ODVW�UHFRUG�LQ�WKH�ILOH�WUDQVIHU�

5.5. ACK RECORD FORMAT

$Q�$&.�UHFRUG�LV�VHQW�IRU�HDFK�GDWD�UHFRUG�FRUUHFWO\�UHFHLYHG��7KH�IRUPDW�RI�WKH�UHFRUG�LV�

+--+--+---+--+---+--+--+--+--+--+---+
|01|1D|BLK|1E|REC|1B|29|06|1B|29|LRC|
+--+--+---+--+---+--+--+--+--+--+---+

7KH�%/.�ILHOG�LV�D�WZR�E\WH�ILHOG�FRQWDLQLQJ�WKH�EORFN�QXPEHU�RI�WKH�UHFHLYHG�UHFRUG��7KH�5(&�ILHOG�LV�D
RQH�E\WH�ILHOG�FRQWDLQLQJ�WKH�UHFRUG�QXPEHU�RI�WKH�UHFHLYHG�UHFRUG��$�!���LV�WKH�$6&,,�$&.�FRGH�

5.6. NAK RECORD FORMAT

$�1$.�UHFRUG�LV�VHQW�ZKHQHYHU�DQ�HUURU�LV�GHWHFWHG�LQ�D�WUDQVPLVVLRQ��7KH�IRUPDW�RI�WKH�UHFRUG�LV�

+--+--+---+--+---+--+--+--+--+--+--+---+
|01|1D|BLK|1E|REC|1B|28|15|ID|1B|29|LRC|
+--+--+---+--+---+--+--+--+--+--+--+---+

%/.�LV�D�WZR�E\WH�DUHD�FRQWDLQLQJ�WKH�EORFN�QXPEHU�WKH�VHQGHU�RI�WKH�1$.�ZDV�H[SHFWLQJ��5(&�LV�D�RQH
E\WH�DUHD�FRQWDLQLQJ�WKH�UHFRUG�QXPEHU�WKH�VHQGHU�ZDV�H[SHFWLQJ��$�!���LV�WKH�$6&,,�1$.�FRGH��7KH�,'
ILHOG�LV�RQH�E\WH�WKDW�VSHFLILHV�WKH�W\SH�RI�UHFRUG�EHLQJ�1$.
'��$�!���LQGLFDWHV�WKH�1$.�LV�IRU�D�GDWD
UHFRUG��D�!���LQGLFDWHV�WKH�1$.�LV�IRU�D�UHVSRQVH�UHFRUG��D�1$.�RU�$&.�UHFRUG��

7KH�VHQGHU�VKRXOG�PDLQWDLQ�D�FRXQW�RI�WKH�QXPEHU�RI�1$.V�VHQW�ZKLOH�WU\LQJ�WR�WUDQVIHU�D�UHFRUG��,I�PRUH
WKDQ�ILYH�1$.V�DUH�HQFRXQWHUHG�IRU�DQ\�VLQJOH�UHFRUG�WKH�VHQGHU�VKRXOG�DERUW�WKH�WUDQVIHU��:KHQ�WKH
HPXODWRU�LV�VHQGLQJ�WKH�ILOH�LW�ZLOO�DOORZ�XS�WR�ILYH�1$.V��:KHQ�WKH�HPXODWRU�LV�UHFHLYLQJ�WKH�ILOH�LW�ZLOO
DOORZ�XS�WR�HLJKW�1$.V�
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5.7. FILE TRANSFER FROM REMOTE TO HOST

$SSHQGL[�%�SURYLGHV�DQ�LPSOHPHQWDWLRQ�H[DPSOH�RI�UHPRWH�WR�KRVW�ILOH�WUDQVIHU�

7KH�SURWRFROV�XVH�WKH�WUDQVPLW�FRPPDQG��H[WHQGHG�ZULWH�!�'��WR�VLJQDO�D�ILOH�WUDQVIHU�LV�DERXW�WR�RFFXU
DQG�WR�SDVV�SDUDPHWHUV�WR�WKH�KRVW��6HFWLRQ�����GHVFULEHV�WKH�WUDQVPLW�FRPPDQG��+RVWV�WKDW�HFKR�WKH�E\WHV
WKH\�UHFHLYH�PXVW�NQRZ�LQ�DGYDQFH�WKDW�WKH�ILOH�WUDQVIHU�LV�DERXW�WR�VWDUW��7KH�HFKR�PXVW�EH�WXUQHG�RII
EHIRUH�WKH�WUDQVPLW�FRPPDQG�LV�UHFHLYHG�

7KH�KRVW�FDOFXODWHV�DQ�/5&�E\WH�IRU�WKH�ZULWH��DV�GHVFULEHG�LQ������DQG�FRPSDUHV�WKH�FDOFXODWHG�YDOXH�WR
WKH�UHFHLYHG�/5&�YDOXH��,I�WKH\�GR�QRW�PDWFK�WKH�KRVW�VHQGV�D�V\VWHP�UHVHW��!�%�!����WHUPLQDWLQJ�WKH
WUDQVIHU�

2QFH�WKH�KRVW�GHWHUPLQHV�WKH�WUDQVPLW�FRPPDQG�ZDV�UHFHLYHG�ZLWKRXW�HUURU�D�UHDG�EXIIHU�FRPPDQG��!�%
!����LV�WUDQVPLWWHG�WR�WKH�UHPRWH��7KH�UHDG�EXIIHU�LQIRUPV�WKH�UHPRWH�WKDW�WKH�KRVW�KDV�UHFHLYHG�DQG
SURFHVVHG�WKH�WUDQVPLW�FRPPDQG�DQG�LV�UHDG\�WR�VWDUW�WKH�ILOH�WUDQVIHU��7KH�UHPRWH�WKHQ�EHJLQV�VHQGLQJ
WUDQVPLVVLRQ�UHFRUGV�WR�WKH�KRVW��6HFWLRQ�����GHVFULEHV�WKH�IRUPDW�RI�GDWD�UHFRUGV�

7KH�HUURU�FKHFNLQJ�LV�WKH�VDPH�IRU�DOO�UHFHLYHG�WUDQVPLVVLRQV��GDWD�UHFRUGV�DQG�$&.�1$.�UHVSRQVHV��
)LUVW�WKH�/5&�RI�WKH�UHFRUG�PXVW�EH�FDOFXODWHG��,I�WKH�FDOFXODWHG�/5&�GRHV�QRW�PDWFK�WKH�UHFHLYHG�YDOXH
D�1$.�LV�VHQW�WR�WKH�UHPRWH�XVLQJ�WKH�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV��7KH�KRVW�WKHQ�ZDLWV�IRU�WKH
UHPRWH�WR�UHVHQG�WKH�UHFRUG�

3URYLGHG�WKH�/5&�E\WHV�PDWFK��WKH�KRVW�FKHFNV�WKH�EORFN�QXPEHU�RI�WKH�UHFRUG�DJDLQVW�WKH�H[SHFWHG�EORFN
QXPEHU��,I�WKH�EORFN�QXPEHU�GRHV�QRW�PDWFK�WKH�H[SHFWHG�YDOXH�D�V\VWHP�UHVHW�LV�VHQW��!�%�!�����7KH
KRVW�H[LWV�WKH�ILOH�WUDQVIHU�DQG�UHWXUQV�WR�QRUPDO�SURFHVVLQJ�

1H[W�WKH�KRVW�FKHFNV�WKH�H[SHFWHG�UHFRUG�QXPEHU�DJDLQVW�WKH�UHFHLYHG�UHFRUG�QXPEHU��,I�WKH�QXPEHUV�GR
QRW�PDWFK�WKH�KRVW�VHQGV�D�1$.�XVLQJ�WKH�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV��7KH�KRVW�WKHQ�ZDLWV�IRU
WKH�UHPRWH�WR�UHWUDQVPLW�WKH�UHFRUG�

,I�QR�HUURUV�DUH�GHWHFWHG�WKH�KRVW�SURFHVVHV�WKH�GDWD�UHFRUG��7KH�H[SHFWHG�UHFRUG�QXPEHU�LV�LQFUHPHQWHG
WR�WKH�QH[W�GDWD�UHFRUG��,I�WKLV�LV�WKH�ODVW�UHFRUG�LQ�D�EORFN��WKH�EORFN�QXPEHU�LV�LQFUHPHQWHG�WR�WKH�QH[W
EORFN�DQG�WKH�UHFRUG�QXPEHU�LV�VHW�WR�!����$Q�$&.�LV�VHQW�IRU�WKH�UHFRUG�MXVW�UHFHLYHG�DQG�WKH�KRVW�ZDLWV
IRU�WKH�QH[W�UHFRUG�

$IWHU�WKH�ODVW�UHFRUG�LV�UHFHLYHG�ZLWKRXW�HUURUV�DQG�WKH�KRVW�VHQGV�DQ�$&.��WKH�UHPRWH�ZLOO�VHQG�DQ�HQG
RI�ILOH�UHFRUG��7KH�(2)�UHFRUG�LV�DQ�$&.�ZLWK�D�EORFN�QXPEHU�RI�!�(�(�DQG�D�UHFRUG�QXPEHU�RI�!�(�
7KH�(2)�$&.V�ZLOO�EH�UHIHUUHG�WR�E\�QXPEHU��7KH�(2)�$&.�WKH�UHPRWH�VHQGV�WR�WKH�KRVW�DIWHU�WKH�ODVW
UHFRUG�LV�$&.���

7KH�KRVW�GRHV�QRUPDO�HUURU�FKHFNLQJ�RQ�$&.����,I�QR�HUURUV�DUH�GHIHFWHG�WKH�KRVW�VHQGV�WKH�VDPH�$&.
�$&.����EDFN�WR�WKH�UHPRWH��,I�WKH�UHPRWH�GRHV�QRW�UHFHLYH�$&.���FRUUHFWO\�LW�ZLOO�VHQG�D�1$.�EDFN�WR�WKH
KRVW��,I�WKH�UHPRWH�GRHV�UHFHLYH�$&.���LW�ZLOO�VHQG�WKH�VDPH�$&.��$&.����EDFN�WR�WKH�KRVW�
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7KH�KRVW�LV�QRZ�DZDLWLQJ�$&.���IURP�WKH�UHPRWH��)RXU�WKLQJV�FDQ�KDSSHQ�

�� 7KH�KRVW�FDQ�UHFHLYH�D�1$.�IURP�WKH�UHPRWH��,I�WKH�KRVW�GRHV�UHFHLYH�D�1$.�LW�ZLOO�UHVHQG�$&.��
DQG�FRQWLQXH�WR�ZDLW�IRU�$&.���

�� 7KH�KRVW�FDQ�UHFHLYH�$&.���IURP�WKH�UHPRWH��,I�WKH�$&.�LV�UHFHLYHG�WKH�KRVW�LV�WR�H[LW�ILOH�WUDQVIHU
DQG�UHWXUQ�WR�QRUPDO�SURFHVVLQJ�

�� 7KH�KRVW�FDQ�UHFHLYH�D�WUDQVPLVVLRQ�IURP�WKH�UHPRWH�ZLWK�DQ�HUURU��,I�DQ�HUURU�RFFXUV�WKH�KRVW�LV
WR�H[LW�WKH�ILOH�WUDQVIHU�DQG�UHWXUQ�WR�QRUPDO�SURFHVVLQJ�

�� 7KH�KRVW�FDQ�WLPH�RXW�ZDLWLQJ�IRU�D�UHVSRQVH��,I�WKH�KRVW�GRHV�WLPH�RXW�LW�LV�WR�H[LW�WKH�ILOH�WUDQVIHU
DQG�UHWXUQ�WR�QRUPDO�SURFHVVLQJ�

:KLOH�UHDGLQJ�E\WHV�IURP�WKH�UHPRWH�WKH�KRVW�FRQVWDQWO\�FKHFNV�IRU�D�V\VWHP�UHVHW��!�%�!�����,I�WKH�UHVHW
LV�GHWHFWHG�WKH�KRVW�WHUPLQDWHV�WKH�ILOH�WUDQVIHU�DQG�UHWXUQV�WR�QRUPDO�SURFHVVLQJ�

7KH�WUDQVPLW�FRPPDQG�VSHFLILHV�D�WLPH�LQWHUYDO�WR�WKH�KRVW��7KH�LQWHUYDO�LV�WKH�PD[LPXP�WLPH�WR�ZDLW
IRU�D�E\WH�IURP�WKH�UHPRWH��,I�WKH�WLPH�OLPLW�LV�H[FHHGHG�ZLWKRXW�UHFHLYLQJ�D�E\WH�WKH�KRVW�DVVXPHV�WKH
WUDQVPLVVLRQ�ZDV�ORVW�DQG�VHQGV�D�1$.�XVLQJ�WKH�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV�

7KH�WUDQVPLW�FRPPDQG�VSHFLILHV�KRZ�WKH�GDWD�LV�VHQW��)LOHV�ZLWK�YDULDEOH�OHQJWK�UHFRUGV�RU�ILOHV�ZLWK�GDWD
LQ�WKH�UDQJH�!��WR�!�)�RU�!���WR�!))�DUH�HQFRGHG�DV�GHVFULEHG�LQ�VHFWLRQ����,I�WKH�KRVW�LV�WR�PDQLSXODWH
WKH�ILOH�LW�PXVW�EH�GHFRGHG��7KH�UHPRWH�HQFRGHV�D�EORFN�RI�GDWD�DW�D�WLPH��7KH�KRVW�PXVW�GHFRGH�WKH�GDWD
D�EORFN�DW�D�WLPH��,W�FDQQRW�GHFRGH�WKH�UHFRUGV�LQGHSHQGHQWO\�RI�RQH�DQRWKHU�

5.8. FILE TRANSFER FROM HOST TO REMOTE

7UDQVPLVVLRQV�UHFHLYHG�E\�WKH�KRVW�FDQQRW�EH�HFKRHG��(FKR�PXVW�EH�WXUQHG�RII�EHIRUH�WKH�ILOH�WUDQVIHU�FDQ
EHJLQ��$SSHQGL[�&�SURYLGHV�DQ�LPSOHPHQWDWLRQ�H[DPSOH�RI�KRVW�WR�UHPRWH�ILOH�WUDQVIHU�

:KHQ�WUDQVIHUULQJ�D�ILOH�WR�D�7,������GLVN�ILOH�WKH�KRVW�PXVW�FRQVWUXFW�D�����E\WH�GLVN�VHFWRU��7KH�VHFWRU
LV�WUDQVPLWWHG�DV�RQH�WUDQVPLVVLRQ�EORFN��7UDQVIHU�WR�FDVVHWWH�GRHV�QRW�UHTXLUH�D�NQRZOHGJH�RI�KRZ�WKH
ILOH�LV�VWRUHG�RQ�WKH�FDVVHWWH��7KH�UHFRUGV�DUH�PRYHG�GLUHFWO\�LQWR�WKH�WUDQVPLVVLRQ�EORFN�

7KH�KRVW�PXVW�FRQVWUXFW�DQG�VHQG�WKH�WUDQVPLW�FRPPDQG��H[WHQGHG�ZULWH�!�'��WR�WKH�UHPRWH��7KH
H[WHQGHG�ZULWH�LV�XVHG�WR�QRWLI\�WKH�UHPRWH�D�ILOH�WUDQVIHU�LV�WR�RFFXU�DQG�WR�SDVV�SDUDPHWHUV�WR�WKH�UHPRWH�
6HFWLRQ�����GHVFULEHV�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�ZULWH��7KH�KRVW�FDOFXODWHV�DQ�/5&�E\WH�IRU�WKH
WUDQVPLW�FRPPDQG�DQG�DWWDFKHV�WKH�/5&�WR�WKH�HQG�RI�WKH�FRPPDQG�

$IWHU�WKH�H[WHQGHG�ZULWH�LV�WUDQVPLWWHG�WR�WKH�UHPRWH�WKH�KRVW�ZDLWV�IRU�WKH�UHDG�EXIIHU�FRPPDQG��!�%
!�����7KH�UHDG�EXIIHU�QRWLILHV�WKH�KRVW�WKDW�WKH�UHPRWH�KDV�SURFHVVHG�WKH�H[WHQGHG�ZULWH�DQG�LV�UHDG\�WR
UHFHLYH�WKH�ILOH�WUDQVIHU��7KH�KRVW�GRHV�QRW�WLPH�RXW�ZDLWLQJ�IRU�WKH�UHDG�EXIIHU�
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$IWHU�WKH�UHDG�EXIIHU�LV�UHFHLYHG��WKH�KRVW�JHWV�D�EORFN�RI�GDWD��,I�WKH�WUDQVPLW�FRPPDQG�VSHFLILHG�WKH�GDWD
LV�WR�EH�HQFRGHG��WKH�KRVW�HQFRGHV�WKH�HQWLUH�EORFN�XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�VHFWLRQ����$Q\�ILOH�ZLWK
GDWD�LQ�WKH�UDQJH�!��WR�!�)�RU�!���WR�!))�PXVW�EH�HQFRGHG��$OVR�ILOHV�ZLWK�YDULDEOH�OHQJWK�UHFRUGV�PXVW
EH�HQFRGHG�

7KH�KRVW�GLYLGHV�WKH�EORFN�LQWR�GDWD�UHFRUGV��7KH�OHQJWK�RI�WKH�GDWD�UHFRUG�LV�VSHFLILHG�LQ�WKH�WUDQVPLW
FRPPDQG��7KH�KRVW�WUDQVPLWV�WKH�EORFN�D�UHFRUG�DW�D�WLPH��$Q�/5&�E\WH�LV�FDOFXODWHG�IRU�HDFK�UHFRUG�DQG
DWWDFKHG�DV�WKH�ODVW�E\WH�RI�WKH�UHFRUG��$IWHU�WKH�UHFRUG�LV�WUDQVPLWWHG�WKH�KRVW�ZDLWV�IRU�D�UHSO\�IURP�WKH
UHPRWH��,I�WKH�KRVW�ZDLWV�ORQJHU�WKDQ�WKH�WLPH�VSHFLILHG�LQ�WKH�WUDQVPLW�FRPPDQG�WKH�KRVW�DVVXPHV�WKH
UHVSRQVH� KDV� EHHQ� ORVW� DQG� VHQGV� D�1$.� WR� WKH� UHPRWH� XVLQJ� WKH� EORFN� DQG� UHFRUG� QXPEHU� RI� WKH
WUDQVPLWWHG�UHFRUG�

7KH�KRVW�SHUIRUPV�H[WHQVLYH�HUURU�FKHFNLQJ�RQ�WKH�UHVSRQVHV��)LUVW�WKH�KRVW�FDOFXODWHV�DQ�/5&�E\WH�IRU
WKH�UHVSRQVH��,I�WKH�FDOFXODWHG�/5&�GRHV�QRW�PDWFK�WKH�UHFHLYHG�/5&�WKH�KRVW�VHQGV�D�1$.�XVLQJ�WKH�EORFN
DQG�UHFRUG�QXPEHU�RI�WKH�ODVW�UHFRUG�WUDQVPLWWHG��,I�WKH�/5&�LV�FRUUHFW�WKH�KRVW�FRPSDUHV�WKH�UHFHLYHG
EORFN�QXPEHU�WR�WKH�EORFN�QXPEHU�RI�WKH�ODVW�UHFRUG�WUDQVPLWWHG��,I�WKH�EORFN�QXPEHUV�GR�QRW�PDWFK�WKH
KRVW�VHQGV�D�V\VWHP�UHVHW��!�%�!����DQG�H[LWV�WKH�ILOH�WUDQVIHU��,I�WKH�EORFN�QXPEHUV�PDWFK�WKH�KRVW
FRPSDUHV�WKH�UHFHLYHG�UHFRUG�QXPEHU�WR�WKH�UHFRUG�QXPEHU�RI�WKH�ODVW�UHFRUG�WUDQVPLWWHG��,I�WKH�UHFRUG
QXPEHUV�GR�QRW�PDWFK�WKH�KRVW�VHQGV�D�1$.�XVLQJ�WKH�EORFN�DQG�UHFRUG�QXPEHUV�RI�WKH�ODVW�UHFRUG
WUDQVPLWWHG�

,I�WKHUH�DUH�QR�HUURUV�LQ�WKH�UHVSRQVH�WKH�KRVW�FKHFNV�IRU�DQ�$&.�RU�D�1$.�UHVSRQVH��,I�WKH�UHPRWH�VHQW
D�1$.�WKH�KRVW�UHWUDQVPLWV�WKH�ODVW�UHFRUG�DQG�WKHQ�ZDLWV�IRU�D�UHVSRQVH��,I�WKH�UHPRWH�VHQW�DQ�$&.�WKH
KRVW�WUDQVPLWV�WKH�QH[W�UHFRUG�

$IWHU�WKH�KRVW�KDV�SURFHVVHG�WKH�UHVSRQVH�IRU�WKH�ODVW�UHFRUG�LQ�WKH�WUDQVIHU�LW�VHQGV�DQ�HQG�RI�ILOH�UHFRUG�
7KH�(2)�UHFRUG�LV�DQ�$&.�ZLWK�D�EORFN�QXPEHU�RI�!�(�(�DQG�D�UHFRUG�QXPEHU�RI�!�(��7KH�$&.V�ZLOO
EH�UHIHUUHG�WR�E\�QXPEHU��7KH�(2)�$&.�LV�$&.���

$IWHU�VHQGLQJ�$&.���WKH�KRVW�ZDLWV�IRU�D�UHVSRQVH��:KHQ�WKH�UHVSRQVH�LV�UHFHLYHG�LW�JRHV�WKURXJK�WKH
QRUPDO�HUURU�FKHFNLQJ��,I�DQ�HUURU�LV�GHWHFWHG�D�1$.�LV�VHQW�ZLWK�EORFN�DQG�UHFRUG�QXPEHUV�RI�!�(��,I�QR
HUURUV�DUH�GHWHFWHG�DQG�WKH�UHVSRQVH�LV�D�1$.�WKH�KRVW�UHWUDQVPLWV�$&.���DQG�ZDLWV�IRU�D�UHVSRQVH��,I�WKH
UHVSRQVH�LV�DQ�$&.��$&.����WKH�KRVW�WUDQVPLWV�DQ�$&.��$&.����XVLQJ�EORFN�DQG�UHFRUG�QXPEHUV�RI�!�(
DQG�H[LWV�WKH�ILOH�WUDQVIHU�

7KH�KRVW�FRQVWDQWO\�FKHFNV�WKH�LQSXW�IRU�D�V\VWHP�UHVHW��!�%�!�����,I�D�V\VWHP�UHVHW�LV�GHWHFWHG�WKH�KRVW
H[LWV�WKH�ILOH�WUDQVIHU�DQG�UHWXUQV�WR�QRUPDO�SURFHVVLQJ�

7KH�KRVW�VSHFLILHV�D�WLPH�LQWHUYDO�LQ�WKH�WUDQVPLW�FRPPDQG��7KH�LQWHUYDO�LV�WKH�PD[LPXP�WLPH�WKH�UHPRWH
LV�WR�ZDLW�IRU�D�E\WH�IURP�WKH�KRVW��7KH�KRVW�VKRXOG�XVH�WKH�VDPH�LQWHUYDO�DV�WKH�PD[LPXP�WLPH�LW�ZLOO�ZDLW
IRU�D�E\WH�IURP�WKH�UHPRWH��,I�WKH�WLPH�OLPLW�LV�H[FHHGHG�ZLWKRXW�UHFHLYLQJ�D�E\WH�WKH�KRVW�DVVXPHV�WKH
WUDQVPLVVLRQ�ZDV� ORVW�� ,W� VHQGV�D�1$.�XVLQJ� WKH�EORFN�DQG� UHFRUG�QXPEHUV� RI� WKH� ODVW�GDWD� UHFRUG
WUDQVPLWWHG�
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APPENDIX A. DEFAULT CHARACTER SET

7KH�WHUPLQDO�HPXODWRU�VXSSOLHV�D�GHIDXOW�FKDUDFWHU�VHW��:KHQ�WKH�HPXODWRU�VZLWFKHV�WR�WH[W�PRGH�WKH
GHIDXOW�FKDUDFWHU�VHW�LV�ORDGHG�

Hex code        Character        Hex Code        Character
   20            Space              30              0
   21              !                31              1
   22              "                32              2
   23              #                33              3
   24              $                34              4
   25              %                35              5
   26              &                36              6
   27              '                37              7
   28              (                38              8
   29              )                39              9
   2A              *                3A              :
   2B              +                3B              ;
   2C              ,                3C              <
   2D              -                3D              =
   2E              .                3E              >
   2F              /                3F              ?
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Hex code        Character        Hex Code        Character
   40              @                60              !
   41              A                61              a
   42              B                62              b
   43              C                63              c
   44              D                64              d
   45              E                65              e
   46              F                66              f
   47              G                67              g
   48              H                68              h
   49              I                69              i
   4A              J                6A              j
   4D              K                6B              k
   4C              L                6C              l
   4D              M                6D              m
   4E              N                6E              n
   4F              O                6F              o
   50              P                70              p
   52              R                72              r
   53              S                73              s
   54              T                74              t
   55              U                75              u
   56              V                76              v
   57              W                77              w
   58              X                78              x
   59              Y                79              y
   5A              Z                7A              z
   5B              [                7B              {
   5C              \                7C              |
   5D              ]                7D              }
   5E              '                7E              ~
   5F              _
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APPENDIX B: EXAMPLE OF EMULATOR TO HOST FILE TRANSFER

7KLV�DSSHQGL[�OLVWV�RQH�PHWKRG�IRU�LPSOHPHQWLQJ�WKH�HPXODWRU�WR�KRVW�ILOH�WUDQVIHU�RQ�WKH�KRVW��,W�LV
LQWHQGHG�RQO\�DV�DQ�H[DPSOH�RI�WKH�ILOH�WUDQVIHU�RQ�WKH�KRVW�

�� 7XUQ�RII�HFKR�RI�LQFRPLQJ�FKDUDFWHUV�

�� :DLW�IRU�WUDQVPLW�FRPPDQG�

�� 7UDQVPLW�FRPPDQG�UHFHLYHG�

D� &KHFN�/5&�E\WH�IRU�HUURU��,I�HUURU�VHQG�UHVHW�FRPPDQG�DQG�H[LW�ILOH�WUDQVIHU�

E� 1R�HUURU��VHW�H[SHFWHG�EORFN�QXPEHU�WR�!�����DQG�H[SHFWHG�UHFRUG�QXPEHU�WR�!����6HQG
UHDG�EXIIHU�FRPPDQG�

�� :DLW�IRU�UHVSRQVH�

D� 6WDUW�WLPHU�

E� ,I�WLPHU�H[SLUHV�VHQG�1$.�XVLQJ�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV��*R�WR�VWHS���

F� ,I�V\VWHP�UHVHW�UHFHLYHG�H[LW�ILOH�WUDQVIHU�

�� 5HVSRQVH�UHFHLYHG�

�� &KHFN�/5&�E\WH�IRU�HUURU��,I�HUURU�VHQG�1$.�XVLQJ�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHU��*R�WR�VWHS
��

�� &KHFN�UHFHLYHG�EORFN�QXPEHU�DJDLQVW�H[SHFWHG�EORFN�QXPEHU��,I�QRW�HTXDO�VHQG�V\VWHP�UHVHW��([LW
WKH�ILOH�WUDQVIHU�

�� 1$.�5HFHLYHG��5HVHQG�WKH�UHVSRQVH�IRU�WKH�UHFHLYHG�UHFRUG�QXPEHU��*R�WR�VWHS���

�� 5HFRUG�UHFHLYHG�

D� &KHFN�UHFHLYHG�UHFRUG�QXPEHU�DJDLQVW�H[SHFWHG�UHFRUG�QXPEHU��,I�QRW�HTXDO�VHQG�1$.
XVLQJ�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV��*R�WR�VWHS���

E� ([WUDFW�GDWD�IURP�UHFRUG�DQG�VDYH�LQWR�DFFXPXODWLRQ�DUHD�
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��� 6HQG�$&.�XVLQJ�H[SHFWHG�EORFN�DQG�UHFRUG�QXPEHUV�

��� ,QFUHPHQW�WKH�H[SHFWHG�UHFRUG�QXPEHU��,I�WKLV�LV�WKH�ODVW�UHFRUG�LQ�WKH�EORFN�

D� ,I�GDWD�LV�HQFRGHG�WKHQ�GHFRGH�WKH�GDWD�

E� 6DYH�GDWD�WR�GLVN�

F� ,QFUHPHQW�H[SHFWHG�EORFN�QXPEHU��6HW�UHFRUG�QXPEHU�WR�!���

��� ,I�QRW�WKH�ODVW�UHFRUG�LQ�WKH�WUDQVPLVVLRQ�JR�WR�VWHS���

��� (QG�RI�WUDQVPLVVLRQ�ORJLF��:DLW�IRU�UHVSRQVH�

D� 6WDUW�WLPHU�

E� ,I�WLPHU�H[SLUHV�VHQG�1$.�XVLQJ�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU�RI�!�(�

F� ,I�V\VWHP�UHVHW�UHFHLYHG�H[LW�WKH�ILOH�WUDQVIHU�

��� 5HVSRQVH�UHFHLYHG�

��� &KHFN�/5&�E\WH�IRU�HUURU��,I�HUURU�VHQG�1$.�XVLQJ�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU
RI�!�(��*R�WR�VWHS����

��� 1$.�UHFHLYHG��5HVHQG�WKH�$&.�IRU�WKH�ODVW�GDWD�WUDQVPLVVLRQ��*R�WR�VWHS����

��� $&.�UHFHLYHG�

D� &KHFN�UHFHLYHG�EORFN�QXPEHU�IRU�!�(�(��,I�QRW�HTXDO�VHQG�V\VWHP�UHVHW��([LW�WKH�ILOH
WUDQVIHU�

E� &KHFN�UHFHLYHG�UHFRUG�QXPEHU�IRU�!�(��,I�QRW�HTXDO�VHQG�1$.�XVLQJ�EORFN�QXPEHU�RI
!�(�(�DQG�UHFRUG�QXPEHU�RI�!�(��*R�WR�VWHS����

��� 6HQG�$&.�XVLQJ�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU�!�(�
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��� :DLW�IRU�UHVSRQVH�

D� 6WDUW�WLPHU�

E� ,I�WLPHU�H[SLUHV�H[LW�WKH�ILOH�WUDQVIHU�

��� 5HVSRQVH�UHFHLYHG�

D��,I�UHVSRQVH�KDV�DQ�HUURU�LQ�LW�H[LW�WKH�ILOH�WUDQVIHU�

E� ,I�UHVSRQVH�LV�D�1$.�VHQG�$&.�XVLQJ�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU�RI�!�(�
*R�WR�VWHS����

��� ([LW�WKH�ILOH�WUDQVIHU�
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APPENDIX C: EXAMPLE OF HOST TO EMULATOR FILE TRANSFER

7KLV�DSSHQGL[�FRQWDLQV�RQH�PHWKRG�IRU�LPSOHPHQWLQJ�WKH�KRVW�WR�HPXODWRU�ILOH�WUDQVIHU�RQ�WKH�KRVW��,W�LV
LQWHQGHG�RQO\�DV�DQ�H[DPSOH�RI�WKH�ILOH�WUDQVIHU�RQ�WKH�KRVW�

�� 7XUQ�RII�HFKR�RI�LQFRPLQJ�FKDUDFWHUV�

�� &RQVWUXFW�WUDQVPLW�FRPPDQG�

�� 6HQG�WUDQVPLW�FRPPDQG�WR�UHPRWH�

�� :DLW�IRU�UHVSRQVHV�

D� ,I�V\VWHP�UHVHW�UHFHLYHG�H[LW�WKH�ILOH�WUDQVIHU�

E� ,I�DQ\WKLQJ�RWKHU�WKDQ�D�UHDG�EXIIHU�FRPPDQG�LV�UHFHLYHG�VHQG�D�V\VWHP�UHVHW�DQG�H[LW�WKH
ILOH�WUDQVIHU�

�� 6HW�FXUUHQW�EORFN�QXPEHU�WR�!�����

�� 5HDG�D�EORFN�IURP�GLVN��,I�HQG�RI�ILOH�HQFRXQWHUHG�JR�WR�VWHS����

�� 6HW�FXUUHQW�UHFRUG�QXPEHU�WR�!���

�� ,I�GDWD�QHHGV�WR�EH�HQFRGHG�WKHQ�HQFRGH�WKH�EORFN

�� %UHDN�WKH�EORFN�LQWR�WUDQVPLVVLRQ�UHFRUGV�

��� 6HQG�D�WUDQVPLVVLRQ�UHFRUG�

��� :DLW�IRU�UHVSRQVH�

D� 6WDUW�WLPHU�

E� ,I�WLPHU�H[SLUHV�WKHQ�VHQG�D�1$.�XVLQJ�WKH�FXUUHQW�EORFN�DQG�UHFRUG�QXPEHUV��*R�WR�VWHS
���

F� ,I�V\VWHP�UHVHW�UHFHLYHG�H[LW�WKH�ILOH�WUDQVIHU�

��� 5HVSRQVH�UHFHLYHG�
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��� &KHFN�/5&�RI�WKH�UHVSRQVH��,I�HUURU�VHQG�1$.�XVLQJ�WKH�FXUUHQW�EORFN�DQG�UHFRUG�QXPEHUV��*R
WR�VWHS����

��� &KHFN�UHFHLYHG�EORFN�QXPEHU�DJDLQVW�WKH�FXUUHQW�EORFN�QXPEHU��,I�WKH\�DUH�QRW�HTXDO�VHQG�D
V\VWHP�UHVHW�DQG�H[LW�WKH�ILOH�WUDQVIHU�

��� 1$.�UHFHLYHG��*R�WR�VWHS�����WKLV�UHVHQGV�WKH�UHFRUG��

��� $&.�UHFHLYHG�

D� ,QFUHPHQW�FXUUHQW�UHFRUG�QXPEHU�

E� ,I�DOO�UHFRUGV�LQ�FXUUHQW�EORFN�WUDQVPLWWHG�LQFUHPHQW�FXUUHQW�EORFN�QXPEHU��*R�WR�VWHS
��

F� *R�WR�VWHS�����WKLV�VHQGV�QH[W�UHFRUG�LQ�WKH�EORFN��

��� (QG�RI�WUDQVPLVVLRQ�ORJLF��6HQG�$&.�ZLWK�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU�RI�!�(�

��� :DLW�IRU�UHVSRQVH�

D� 6WDUW�WLPHU�

E� ,I�WLPHU�H[SLUHV�WKHQ�VHQG�1$.�ZLWK�EORFN�QXPEHU�RI�!�(�(�DQG�UHFRUG�QXPEHU�RI�!�(�
*R�WR�VWHS����

F� ,I�V\VWHP�UHVHW�UHFHLYHG�H[LW�WKH�ILOH�WUDQVIHU�

��� 5HVSRQVH�UHFHLYHG�

��� &KHFN�/5&�RI�WKH�UHVSRQVH��,I�HUURU�VHQG�1$.�XVLQJ�D�EORFN�QXPEHU�RI�!�(�(�DQG�D�UHFRUG
QXPEHU�RI�!�(��*R�WR�VWHS����

��� &KHFN�WKH�UHFHLYHG�EORFN�QXPEHU�DJDLQVW�!�(�(��,I�WKH\�DUH�QRW�HTXDO�VHQG�D�V\VWHP�UHVHW�DQG
H[LW�WKH�ILOH�WUDQVIHU�

��� &KHFN�WKH�UHFHLYHG�UHFRUG�QXPEHU�DJDLQVW�!�(��,I�WKH\�DUH�QRW�HTXDO�VHQG�D�1$.�XVLQJ�D�EORFN
QXPEHU�RI�!�(�(�DQG�D�UHFRUG�QXPEHU�RI�!�(��*R�WR�VWHS����
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��� 1$.�UHFHLYHG��*R�WR�VWHS�����WKLV�UHVHQGV�WKH�$&.��

��� $&.�UHFHLYHG�

D� 6HQG�DQ�$&.�XVLQJ�D�EORFN�QXPEHU�RI�!�(�(�DQG�D�UHFRUG�QXPEHU�RI�!�(�

E� ([LW�WKH�ILOH�WUDQVIHU�
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Statement of File Ori gin

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

5HSURGXFHG� ZLWK� SHUPLVVLRQ� RI� WKH� SXEOLVKHU� &RS\ULJKW� ������� 7H[DV� ,QVWUXPHQWV
,QFRUSRUDWHG�� 7KLV� ILOH� ZDV� FUHDWHG� E\� VFDQQLQJ� WKH� 7H[DV� ,QVWUXPHQWV� 7HUPLQDO

(PXODWRU�3URWRFRO�0DQXDO��0D\� ���� ������$OWKRXJK�7H[DV� ,QVWUXPHQWV� KDV� JUDQWHG

SHUPLVVLRQ� IRU� WKLV�� 7,� LV� QR� ZD\� UHVSRQVLEOH� IRU� DQ\� HUURUV�� RPLVVLRQV� RU� FKDQJHV

LQWURGXFHG�E\�WKLV�SURFHVV��,Q�WKH�FDVH�RI�D�GLVSXWH��WKH�XVHU�RI�WKLV�ILOH�LV�UHIHUUHG�WR�WKH

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

VFDQQLQJ��HGLWLQJ��RU�FRQYHUVLRQ�

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

DW�

CaDD Electr onics
45 Centerville Drive

Salem, NH 03079-2674

9HUVLRQ���������


