
















































































#12. O. 0 
#12. O. 0 8080 CROSS-ASSEMBLER SPECIFICS. 

THE FIRST ELEVEN SECTIONS OF THIS MANUAL HAVE PRESENTED �S�I�E�R�R�~� 

�D�I�G�I�T�A�L�~�S� UNIVERSAL ASSEMBLER FORMAT AS IT IS APPLIED TO ALL CROSS­
ASSEMBLERS IN THE X8 SERIES. THIS SECTION PRESENTS ADDITIONAL 
INFORMATION ON THE APPLICATION OF THE UNIVERSAL ASSEMBLER FORMAT T( 
A SPECIFIC CROSS-ASSEMBLER FOR THE 8080 MICROPROCESSOR. THE 808( 
MICROPROCESSOR WAS DESIGNED BY INTEL CORPORATION, 3065 �B�O�W�E�R�~� 

AVENUE, SANTA CLARA. CALIFORNIA 95051. VERSIONS OF THE 8080 USIN( 
THE SAME INSTRUCTION SET ARE ALSO PRODUCED BY ADVANCED MICR( 
DEVICES INC.. 901 THOMPSON PLACE. SUNNYVALE, CALIFORNIA 94086i 
TEXAS INSTRUMENTS INC. , HOUSTON. TEXAS 77001i AND NEC 
MICROCOMPUTERS INC, 5 MILITIA DRIVE, LEXINGTON MASS. 02173. N( 
ATTEMPTS WILL BE MADE IN THIS MANUAL TO EXPLAIN THE OPERATION OF 
THE MICROPROCESSOR. EXCELLENT MANUALS COVERING THE OPERATION ANI 
PROGRAMMING OF THE MICROPROCESSORS ARE AVAILABLE FROM THEIF 
MANUFACTURERS. SECTION #13 PRESENTS A SUMMARY OF THE INSTRUCTIDr 
MNUEMONIC CODES DEFINED BY INTEL AND RECOGNIZED BY OUR CROSS­
ASSEMBLER. 

#12 1. 0 CROSS-ASSEMBLER FILE NAMES. 

THE CROSS-ASSEMBLER IS PROVIDED ON FILE STRUCTURED MEDIA UNDER THE 
NAMES: 

X8080. SV 
X8080. BN 

- FOR THE OS/8 SAVE IMAGE FILE. 
- FOR THE OS/8 BINARY FORMAT FILE. 

IT IS SUGGESTED THAT THE SAME NAMING CONVENTIONS BE USED �W�H�E�~� 

LOADING THE CROSS-ASSEMBLER FROM PAPER TAPE. 
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#12. 2. 0 PREASSIGNED SYMBOL VALUES. 

THE SYMBOLS REPRESENTING THE REGISTERS, MEMORY, STACK POINTER, AND 
PROGRAM STATUS WORD HAVE BEEN GIVEN STANDARD VALUES AS SHOWN IN THE 
FOLLOWING TABLE: 

SYMBOL 

A 
B 
C 
D 
E 
H 
L 
M 
SP 
PSW 

VALUE 

7 
0 
1 
2 
3 
4 
5 
6 
16 
26 

REPRESENTS 

REGISTER A 
REGISTER B 
REGISTER C 
REGISTER D 
REGISTER E 
REGISTER H 
REGISTER L 
MEMORY REFERENCE 
STACK POINTER 
PROGRAM STATUS WORD 

ALTHOUGH NOT SUGGESTED, THESE SYMBOLS MAY BE USED TO REPRESENT 
THEIR CONSTANTS AT ANY POINT IN AN OPERAND IN ADDITION TO THEIR 
NORMAL USAGE AS REGISTER INDICATORS. ALSO LEGAL BUT NOT SUGGESTED 
IS THE USE OF THE APPROPRIATE CONSTANT IN PLACE OF THE REGISTER 
INDICATOR IN A STATEMENT. THUS THE STATEMENT ·-MVI 2, A·- MEANS LOAD 
REGISTER C WITH THE IMMEDIATE VALUE OF 7. 

#12. 3. 0 LISTING FORMAT. 

THE LISTING FILE IS OUTPUT WITH THE OB.JECT CODE PRINTED TO THE LEFT 
OF THE SOURCE CODE LINES. AS EACH MICROPROCESSOR INSTRUCTION MAY 
CODE INTO ONE, TWO, OR THREE BYTES, ROOM IS PROVIDED FOR THREE 
COLUMNS OF GENERATED OB.JECT CODE PLUS A COLUMN FOR THE ADDRESS. THE 
ADDRESS AND OB.JECT CODE ARE NORMALLY PRINTED IN HEXADECIMAL BUT 
THIS MAY BE CHANGED TO OCTAL WITH THE /0 COMMAND DECODER OPTION. 
SOURCE LINES WHICH EXCEED THE PRINTOUT LIMIT WILL CONTINUED AT 
COLUMN 25 (STANDARD COMMENT TAB STOP) OF THE SOURCE PRINTOUT 
POSITION. TABS OCCURING IN THE SOURCE PROGRAM ARE CONVERTED TO THE 
PROPER NUMBER OF BLANK CHARACTERS BY THE ASSEMBLER. THIS IS DONE 
BY THE ASSEMBLER RATHER THAN THE DEVICE HANDLER OR DEVICE BECAUSE 
THE BEGINNING OF THE SOURCE PRINTOUT DOES NOT OCCUR ON A STANDARD 
TAB STOP. 
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#12. 4. 0 BINARY FILE OUTPUT: 

THE OB.JECT (BINARY) OUTPUT FILE CONSISTS OF ASCII TEST REPRESENTINC 
HEXADECIMAL NUMBERS IN THE FOLLOWING FORMAT: 

LEADER STRINGS OF 100 NULL CHARACTERS PRECEED AND FOLLOW THE OB.JECl 
OUTPUT. EACH LINE BEGINS WITH A COLON AND IS FOLLOWED BY A TWO HE~ 
DIGIT ADDRESS, A TWO HEX DIGIT RECORD TYPE (ALWAYS 0), UP TO 1~ 

BYTES OF DATA (EACH 2 HEX DIGITS), AND A TWO HEX DIGIT CHECKSUM. 

EXAMPLE: 

:CCAAAATTDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDSS 

WHERE: 

CC IS THE TWO HEXADECIMAL DIGIT COUNT FOR THE NUMBER 
OF DATA BYTES (REPRESENTED BY PAIRS OF D~S) IN THE 
LINE. A COUNT OF ZERO INDICATES THE TERMINATION OF 

'THE OB.JECT OUTPUT. (:00) 

AAAA IS THE HEXADECIMAL ADDRESS FOR STORING THE FIRST 
DATA BYTE. EACH ADDITIONAL DATA BYTE IS TO BE 
STORED IN SEQUENTIAL ADDRESSES. THE ADDRESS IS 
PRESENTED WITH ITS MOST SIGNIFICANT BYTE FIRST. 

TT IS THE TWO HEXADECIMAL RECORD TYPE. THIS INDICATOR 
IS CURRENTLY UNUSED AND ASS I GNED A VALUE OF 00. 

DD REPRESENTS TWO HEXADECIMAL DIGITS FOR A BYTE OF 
OB.JECT (BINARY) CODE. UP TO 16 BYTES MAY BE OUTPUT 
ON ONE LINE. 

SS IS THE TWO HEXADECIMAL DIGIT CHECKSUM OF THE LINE. 
ALL EIGHT BIT BYTES IN THE LINE AFTER THE RECORD 
MARK (.-:.-) ARE SUMMED. THE LEAST SIGN I F I CANT BYTE 
OF THE NEGAT I VE OF TH I S VALUE I S THE CHECKSUM. 
THUS, IF ALL BYTES IN THE LINE ARE ADDED TOGETHER 
WITH CARRYS IGNORED, AND THIS SUM IS ADDED TO THE 
CHECKSUM, THE RESULT WILL BE ZERO. 

THE BINARY OUTPUT FILE CAN BE CHANGED TO BNPF FORMAT THROUGH THE 
USE OF THE /B RUN-TIME OPTION. SECTION #2. 4. 0 DESCRIBES THE BNPF 
OUTPUT. 



#12. 5. 0 

#12. 5. 0 ADDITIONAL ERROR MESSAGE FOR THE 8080: 

STANDARD ERROR: 

E:RV BAD REGISTER VALUE FIELD. 
THE VALUE ASSIGNED TO A REGISTER SPECIFICATION FIELD 
DID NOT MATCH ONE OF THE ALLOWABLE VALUES FOR THE 
INSTRUCTION. (NOTE THAT THE ERROR MAY ALSO OCCUR 
FOR A .' RST" PARAMETER OUT OF THE RANGE 0 TO 7). 



#12. 6. 0 SAMPLE PROGRAM #12. 6. 0 

. R X8080 
*TTY:,TTY:<SAMPLE/l/P/J 

E:MO AT POSITN+ 21 
E:MO AT POSITN+ 21 

: 101000000BOOA7F20010E60FOF4FOBOIA7FAIEI05E 
: 10101000C02CI03E800300AF0300FFC30010E67F70 
: 10102000C02610C31310C03510B612C9C03510470B 
: 101030007E2FA012C947E678810FOFOFC6805F3E52 
: 1010400000CE305778E607C64E6F26101AC9010247 
:061050000408102040809E 
: 00 

SAMPLE ROUTINE MAR 12, 1976 

· TITLE SAMPLE ROUT I NE 

X8080-VIA PAGE 1 

THIS ROUTINE REAOS IN STATUS INFORMATION AND 
UPOATES SIXTEEN OIFFERENT 128 BIT FLAG TABLES 
IN RAM. 

1000 

o o 
1 o 

o o 
30 80 
10 0 
OB o 
A7 1002 

1003 F2 o 10 
F 1006 

1008 
1009 
100A 
100C 
1000 
1010 
1013 
1015 
1017 
1018 

E6 
F 

4F 
OB 
A7 
FA 
CO 
3E 
03 
AF 
03 

lOlA FF 

1 

IE 10 
2C 10 
80 
o 

o 

101B C3 0 10 
101E E6 7F 
1020 CO 26 10 
1023 C3 13 10 

IPORTI 
IPORT2 
OPORTI 
TABLES 

LOOP 

$1 

$2 

· EQU 0 
· EQU 1 
· EQU 0 
· EQU 3080 iBASE OF FLAG TABLES 
· ORG 1000 
IN IPORTI ; GET REAOY FLAG AND TABLE # 
ANA A 
JP LOOP 
ANI OF 
RRC 
MOV 
IN 
ANA 
JM 
CALL 
MVI 
OUT 
XRA 

C,A 
IPORT2 
A 
$2 
CLEAR 
A,80 
OPORTI 
A 

OUT OPORTI 
· IFNZRO 71 
RST 7 
· ENOC 
· IFZERO 71 
NOP 
· ENOC 

iWAIT UNTIL OATA REAOY 

iSAVE SHIFTEO TABLE NUMBER 
iGET BIT POSITION NUMBER 

iMOST SIG BIT MEANS SET BIT ON 
iCLEAR BIT FROM TABLE 
iSTROBE ACKNOWLEOGE LINE 

I USER FLAG 1 IS SELECTED FOR 
i OEBUGG I NG. A BREAI(PO I NT CALL 
i (RST 7) IS INSERTEO FOR 
iOEBUGGING ANO A ~NOP~ IS 
i INSERTEO FOR NORMAL OPERATION 

JMP 
ANI 
CALL 

LOOP i LOOP BAC .. :' FOR ANOTHER TRY 
AB 01111111 I MASK OUT SIGN 
SET ISET BIT INTO TABLE 

.JMP $1 



SAMPLE ROUTINE 

1026 CD 35 10 SET 
1029 B6 
102A 12 
102B C9 
102C CD 35 10 CLEAR 
102F 47 
1030 7E 
1031 2F 
1032 AO 
1033 12 
1034 C9 

1035 47 
1036 E6 78 
1038 81 
1039 F 
103A F 
103B F 
103C C6 80 
103E 5F 
103F 3E 0 
1041 CE 30 
1043 57 
1044 78 
1045 E6 7 
1047 C6 4E 
1049 6F 
104A 26 10 
104C lA 
1040 C9 

POSITN 

104E 1 $1 
104F 2 
1050 4 
1051 8 
1052 10 
1053 20 
1054 40 
1055 80 
****** E:MO 

SAMPLE ROUTINE 

#12. 6. 0 

MAR 12, 1976 X8080-VIA PAGE 

· PAGE 
SUBROUTINES TO 
CALL POSITN 
ORA M 
STAX 0 
RET 

POSITN 

SET AND CLEAR BITS IN A 
iPOSITION THE POINTERS 
iOR IN THE DECODED BIT 
iSTORE RESULT BACK 

iPOSITION THE POINTERS 

TABLE 

2 

CALL 
MOV 
MOV 

iSAVE PREVIOUS BYTE TEMPORARILY 
iGET DECODED BIT 

CMA 
ANA 
STAX 
RET 

B 
o 

iMASK OUT SELECTED BIT 
iSTORE BACK RESULT 

ROUTINE TO POSITION THE TABLE BYTE POINTER AND 
DECODE THE BIT POSITION. 

MOV B,A iSAVE TEMPORARILY 
ANI AO 170 iMASK FOR BYTE NUMBER IN TABLE 
ADD C iCOMBINE WITH TABLE NUMBER 
RRC AND FORM BYTE ADDRESS 
RRC 
RRC 
ADI 
MOV 
MVI 
ACI 
MOV 
MOV 
ANI 
ADI 
MOV 
MVI 
LDAX 
RET 
· BIN 
· BYTE 

· BYTE 

JUNK 
· END 

· .... L TABLES 
E, A i SET UP ADDRESS IN 0, E 
A,O 
AM TABLES 
D,A 
A,B 
7 

; DECODE BIT NUMBER WITHIN BYTE 

· .... L $1 
L,A 

iFORM LOOKUP TABLE ADDRESS 
FOR DECODED BIT 

H, · .... M $1 
D iGET TABLE BYTE 

; TABLE IS IN BINARY 
1, 10, 100, 1000 

10000, 100000, 1000000, 10000000 

; SAMPLE ERROR 

MAR 12, 1976 X8080-VIA PAGE 3 

102C CLEAR 
o OPORTl 

o IPORTl 
1035 POSITN 

1 IPORT2 
1026 SET 

1000 LOOP 
3080 TABLES 

ERRORS: 1 
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#13. O. 0 MICROPROCESSOR INSTRUCTION SET. 

THIS SECTION IS A SUMMARY OF THE INSTRUCTION SET OF THE 8080 MICRO­
PROCESSOR AS DEFINED BY THE VENDORS. THE ASSEMBLY CODE FORMAT FOR 
EACH INSTRUCTION IS SHOWN WITH THE HEXADECIMAL OB.JECT CODE. EACH 
INSTRUCTION WILL BE CODED INTO THE PROPER NUMBER OF BYTES. 

DATA TRANSFER INSTRUCTIONS: 

INSTRUCTION 

LOA ADDR 
LDAX B 
LDAX 0 

MOV B,B 
MOV B,C 
MOV B,D 
MOV B,E 
MOV B,H 
MOV B,L 
MOV B,M 
MOV B,A 

MOV C,B 
MOV C,C 
MOV C,D 
MOV C,E 
MOV C,H 
MOV C,L 
MOV C,M 
MOV C,A 

MOV D,B 
MOV D,C 
MOV 0,0 
MOV D,E 
MOV D,H 
MOV D,L 
MOV D,M 
MOV D,A 

MOV E,B 
MOV E,C 
MOV E,D 
MOV E,E 
MOV E,H 
MOV E,L 
MOV E,M 
MOV E,A 

MEANING 

LOAD ACC DIRECTLY FROM ADDR 
LOAD ACC INDIRECTLY FROM B,C 
LOAD ACC INDIRECTLY FROM D,E 

MOVE REG B TO REG B 
MOVE REG C TO REG B 
MOVE REG 0 TO REG B 
MOVE REG E TO REG B 
MOVE REG H TO REG B 
MOVE REG L TO REG B 
MOVE MEMORY TO REG B 
MOVE ACC TO REG B 

MOVE REG B TO REG C 
MOVE REG C TO REG C 
MOVE REG 0 TO REG C 
MOVE REG E TO REG C 
MOVE REG H TO REG C 
MOVE REG L TO REG C 
MOVE MEMORY TO REG C 
MOVE ACC TO REG C 

MOVE REG B TO REG 0 
MOVE REG C TO REG 0 
MOVE REG D TO REG D 
MOVE REG E TO REG D 
MOVE REG H TO REG D 
MOVE REG L TO REG 0 
MOVE MEMORY TO REG D 
MOVE ACC TO REG 0 

MOVE REG B TO REG E 
MOVE REG C TO REG E 
MOVE REG 0 TO REG E 
MOVE REG E TO REG E 
MOVE REG H TO REG E 
MOVE REG L TO REG E 
MOVE MEMORY TO REG E 
MOVE ACC TO REG E 

HEX CODE 

3A 
OA 
1A 

40 
41 

43 
44 
45 
46 
47 

48 
4';:1 

4A 
4B 
4C 
40 
4E 
4F 

50 
51 
52 
53 
54 
55 
56 
57 

58 
59 
5A 
5B 
5C 
50 
5E 
5F 

BYTES 

3 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
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DATA TRANSFER INSTRUCTIONS (CONT. ): 
------------------------------------------------------------------
INSTRUCTIONS MEANING HEX CODE BYTES 
------------------------------------------------------------------
MOV H/B MOVE REG B TO REG H 600 1 
MOV H/C MOVE REG C TO REG H 61 1 
MOV H,D MOVE REG D TO REG H 602 1 
MOV H,E MOVE REG E TO REG H 63 1 
MOV H/H MOVE REG H TO REG H 64 1 
MOV H/L MOVE REG L TO REG H 65 1 
MOV H,M MOVE MEMORY TO REG H 66 1 
MOV H/A MOVE ACC TO REG H 67 1 

MOV L,B MOVE REG B TO REG L 68 1 
MOV L,C MOVE REG C TO REG L 69 1 
MOV L,D MOVE REG D TO REG L 6A 1 
MOV L,E MOVE REG E TO REG L 6B 1 
MOV L,H MOVE REG H TO REG L bC 1 
MOV L/L MOVE REG L TO REG L 60 1 
MOV L,M MOVE MEMORY TO REG L 6E 1 
MOV L/A MOVE ACC TO REG L 6F 1 

MOV M/B MOVE REG B TO MEMORY 70 1 
MOV M/C MOVE REG C TO MEMORY 71 1 
MOV M,D MOVE REG 0 TO MEMORY 72 1 
MOV M/E MOVE REG E TO MEMORY 73 1 
MOV M/H MOVE REG H TO MEMORY 74 1 
MOV M,L MOVE REG L TO MEMORY 75 1 
MOV M,A MOVE MEMORY TO ACC 77 1 

MOV A,B MOVE REG B TO ACC 78 1 
MOV A/C MOVE REG C TO ACC 79 1 
MOV A,D MOVE REG 0 TO ACC 7A 1 
MOV A,E MOVE REG E TO ACC 7B 1 
MOV A,H MOVE REG H TO ACC 7C 1 
MOV A,L MOVE REG L TO ACC 70 1 
MOV A,M MOVE MEMORY TO ACC 7E 1 
MOV A,A MOVE ACC TO ACC 7F 1 

MOVI B,DATA MOVE IMMEDIATE DATA TO REG B 06 2 
MOVI C,DATA MOVE IMMEDIATE DATA TO REG C OE 2 
MOVI D/DATA MOVE IMMEDIATE DATA TO REG 0 16 2 
MOVI E/DATA MOVE IMMEDIATE DATA TO REG E 1E 2 
MOVI H, DATA MOVE IMMEDIATE DATA TO REG H 26 2 
MOVI L,DATA MOVE IMMEDIATE DATA TO REG L 2E 2 
MOVI M,DATA MOVE IMMEDIATE DATA TO MEMORY 36 2 
MOVI A, DATA MOVE IMMEDIATE DATA TO Ace 3E 2 

STA ADDR STORE ACC DIRECT TO ADDR 32 3 

STAX B STORE ACC INDIRECTLY TO B,C 02. 1 
STAX D STORE ACC INDIRECTLY TO D,E 12 1 
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ARITHMETIC INSTRUCTIONS: 
------------------------------------------------------------------
INSTRUCTIONS MEANING HEX CODE BYTES 
------------------------------------------------------------------

ADC B ADD REG B TO ACC WITH CARRY 88 1 
ADC C ADD REG C TO ACC WITH CARRY 89 1 
ADC D ADD REG D TO ACC WITH CARRY 8A 1 
ADC E ADD REG E TO ACC WITH CARRY 8B 1 
ADC H ADD REG H TO ACC WITH CARRY 8C 1 
ADC L ADD REG L TO ACC WITH CARRY 8D 1 
ADC M ADD MEMORY TO ACC WITH CARRY 8E 1 
ADC A ADD Ace TO Ace WITH CARRY 8F 1 

ACI DATA ADD IMMEDIATE TO ACC WITH CARRY CE 2 

ADD B ADD REG B TO ACC 80 1 
ADD C ADD REG C TO ACC :=:1 1 
ADD D ADD REG D TO ACC 82 1 
ADD E ADD REG E TO ACC E:3 1 
ADD H ADD REG H TO ACC 84 1 
ADD L ADD REG L TO ACC 85 1 
ADD M ADD MEMORY TO ACC 86 1 
ADD A ADD ACC TO ACC 87 1 

ADI DATA ADD IMMEDIATE TO ACC C6 2 

ANA B AND REG B WITH ACC AO 1 
ANA C AND REG C WITH ACC Ai 1 
ANA D AND REG D WITH ACC A2 1 
ANA E AND REG E WITH ACC A3 1 
ANA H AND REG H WITH ACC A4 1 
ANA L AND REG L WITH ACC A5 1 
ANA M AND MEMORY WITH ACC A6 1 
ANA A AND ACC WITH ACC A7 1 

ANI DATA ADD IMMEDIATE WITH ACC E6 .~ 

""-

CMF' B COMF'ARE REG B WITH ACC B8 1 
CMF' C COMF'ARE REG e WITH ACC B9 1 
CMF' D COMF'ARE REG D WITH ACC BA 1 
CMF' E COMF'ARE REG E WITH ACC BB 1 
CMF' H COMF'ARE REG H WITH ACC BC 1 
CMF' L COMF'ARE REG L WITH ACC BD 1 
CMF' M COMF'ARE MEMORY WITH Ace BE 1 
CMF' A COMF'ARE ACC WITH ACC BF 1 

CF'I DATA COMF'ARE IMMEDIATE WITH ACC FE 2 
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ARITHMETIC INSTRUCTIONS (CONT. ) : 
------------------------------------------------------------------
INSTRUCTION MEANINO HEX CODE BYTES 
------------------------------------------------------------------
OCR B DECREMENT REO B 05 1 
OCR C DECREMENT REO C OD 1 
DCR D DECREMENT REO 0 15 1 
OCR E DECREMENT REO E 1D 1 
OCR H DECREMENT REO H 25 1 
OCR L DECREMENT REO L 2D 1 
DCR M DECREMENT MEMORY 35 1 
OCR A DECREMENT ACC 3D 1 

INR B INCREMENT REO B 04 1 
INR C INCREMENT REO C OC 1 
INR 0 INCREMENT REO D 14 1 
INR E INCREMENT REO E 1C 1 
INR H INCREMENT REO H 24 1 
INR L INCREMENT REG L 2C 1 
INR M INCREMENT MEMORY 34 1 
INR A INCREMENT ACC 3C 1 

ORA B OR REO B WITH Ace 80 1 
ORA C OR REO C WITH ACC B1 1 
ORA D OR REO 0 WITH Ace B2 1 
ORA E OR REO E WITH ACC B3 1 
ORA H OR REO H WITH ACC B4 1 
ORA L OR REO L WITH ACC B5 1 
ORA M OR MEMORY WITH ACC Be. 1 
ORA A OR ACC WITH ACC B7 1 

ORI DATA OR IMMEDIATE WITH ACC Fe. 2 

SBB B SUBTRACT REO B FROM ACC WITH BORROW 98 1 
SBB C SUBTRACT REO C FROM ACC WITH BORROW 99 1 
SBB D SUBTRACT REO D FROM ACC WITH BORROW 9A 1 
SBB E SUBTRACT REO E FROM ACC WITH BORROW 9B 1 
SBB H SUBTRACT REO H FROM ACC WITH BORROW 9C 1 
SBB L SUBTRACT REO L FROM ACC WITH BORROW 9D 1 
SBB M SUBTRACT MEMORY FROM ACC WITH BORROW O;:/E 1 
SBB A SUBTRACT ACC FROM ACC WITH BORROW 9F 1 

SBI DATA SUBTRACT IMMEDIATE FROM ACC WITH BORROW DE 2 
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ARITHMETIC INSTRUCTIONS (CONTo ): 
------------------------------------------------------------------
INSTRUCTIONS MEANING HEX CODE BYTES 
------------------------------------------------------------------
SUB B SUBTRACT REG B FROM ACC 90 1 
SUB C SUBTRACT REG C FROM ACC 91 1 
SUB 0 SUBTRACT REG 0 FROM ACC 92 1 
SUB E SUBTRACT REG E FROM ACC 9":1 oJ 1 
SUB H SUBTRACT REG H FROM ACC 94 1 
SUB L SUBTRACT REG L FROM ACC 95 1 
SUB M SUBTRACT MEMORY FROM ACC 96 1 
SUB A SUBTRACT ACC FROM ACC 97 1 

SUI DATA SUBTRACT IMMEDIATE FROM ACC 06 2 

XRA B EXCLUSIVE OR REG B WITH ACC A8 1 
XRA C EXCLUSIVE OR REG C WITH ACC A9 1 
XRA 0 EXCLUSIVE OR REG 0 WITH ACC AA 1 
XRA E EXCLUSIVE OR REG E WITH ACC AS 1 
XRA H EXCLUSIVE OR REG H WITH ACC AC 1 
XRA L EXCLUSIVE OR REG L WITH ACC AD 1 
XRA M EXCLUSIVE OR MEMORY WITH ACC AE 1 
XRA A EXCLUSIVE OR Ace WITH ACC AF 1 

XRI DATA EXCLUSIVE OR IMMEDIATE WITH ACC EE 2 
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FLOW CONTROL INSTRUCTIONS: 
-----------------------------------------------------------------
INSTRUCTION MEANING HEX CODE BYTE 
------------------------------------------------------------------
CALL ADDR CALL UNCONDITIONAL CD 3 
CC ADDR CALL ON CARRY DC 3 
CNC ADDR CALL ON NO CARRY D4 3 
CZ ADDR CALL ON ZERO CC 3 
CNZ ADDR CALL ON NON ZERO C4 3 
CP ADDR CALL ON POSITIVE F4 3 
CM ADDR CALL ON MINUS FC 3 
CPE ADDR CALL ON EVEN PARITY EC 3 
CPO ADDR CALL ON ODD PARITY E4 3 

,JMP ADDR ,JUMP UNCONDITIONAL C3 3 
,JC ADDR ,JUMP ON CARRY DA -:;. 

';..0 

.JNC ADDR ,JUMP ON NO CARRY 02 -:;. 
.,;;,0 

,JZ ADDR ,JUMP ON ZERO CA -:;. 
',;;.0 

,JNZ ADDR .JUMP ON NON ZERO C2 3 
,JP . ADDR .JUMP ON POSITIVE F2 3 
,JM ADDR ,JUMP ON MINUS FA 3 
,JPE ADDR .JUMP ON EVEN PARITY EA 3 
,JPO AD DR .JUMP ON ODD PARITY E2 3 

RET RETURN C9 1 
RC RETURN ON CARRY D8 1 
RNC RETURN ON NO CARRY DO 1 
RZ RETURN ON ZERO C8 1 
RNZ RETURN ON NON ZERO CO 1 
RP RETURN ON POSITVE FO 1 
RM RETURN ON MINUS F8 1 
RPE RETURN ON EVEN PARITY E8 1 
RPO RETURN ON ODD PARIY EO 1 

RST 0 RESTART AT ADDRESS 00 C7 1 
RST 1 RESTART AT ADDRESS 10 CF 1 
RST 2 RESTART AT ADDRESS 20 D7 1 
RST 3 RESTART AT ADDRESS 30 DF 1 
RST 4 RESTART AT ADDRESS 40 E7 1 
RST 5 RESTART AT ADDRESS 50 EF 1 
RST 6 RESTART AT ADDRESS 60 F7 1 
RST 7 RESTART AT ADDRESS 70 FF 1 



REGISTER PAIR INSTRUCTIONS: 

INSTRUCTIONS MEANING 

DAD B 
DAD D 
DAD H 
DAD SP 

DCX B 
DCX H 
DCX H 
DCX SP 

INX B 
INX D 
INX H 
INX SP 

LHLD ADDR 

LXI B,DATA 
LXI D,DATA 

·LXI H,DATA 
LXI SP,DATA 

PCHL 

POP B 
POP D 
POP H 
POP PSW 

PUSH B 
PUSH D 
PUSH H 
PUSH PSW 

SHLD ADDR 

SPHL 

XCHG 
XTHL 

ADD B8<C TO H&L 
ADD D8<E TO H&L 
ADD H8<L TO H&L 
ADD STACK POINTER TO H&L 

DECREMENT B&C REGISTERS 
DECREMENT D&E REGISTERS 
DECREMENT H&L REGISTERS 
DECREMENT STACK POINTER 

INCREMENT B&C REGISTERS 
INCREMENT D&E REGISTERS 
INCREMENT H&L REGISTERS 
INCREMENT STACK POINTER 

LOAD H8<L DIRECT 

LOAD IMMEDIATE REG PAIR B&C 
LOAD IMMEDIATE REG PAIR D&E 
LOAD IMMEDIATE REG PAIR H&L 
LOAD IMMEDIATE STACK POINTER 

H&L TO PROGRAM COUNTER 

POP REG PAIR B&C OFF STACK 
POP REG PAIR D&E OFF STACK 
POP REG PAIR H&L OFF STACK 
POP ACC AND FLAGS OFF STACK 

PUSH REG PAIR B&C ON STACK 
PUSH REG PAIR D&E ON STACK 
PUSH REG PAIR H&L ON STACK 
PUSH ACC AND FLAGS ON STACK 

STORE H&L DIRECT 

H&L TO STACK POINTER 

EXCHANGE D&E WITH H&L REGISTERS 
EXCHANGE TOP OF STACK WITH H&L 

#13. O. 0 

HEX CODE BYTES 

09 
19 
29 
39 

OB 
1B 
2B 
3B 

03 
13 
23 
33 

2A 

01 
11 
21 
31 

E9 

C1 
D1 
E1 
F1 

C5 
D5 
E5 
F5 

22 

F9 

EB 
E3 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

3 

3 
3 
3 
3 

1 

1 
1 
1 
1 

1 
1 
1 
1 

3 

1 

1 
1 



ROTATE INSTRUCTIONS: 

INSTRUCTIONS 

RLC 
RRC 
RAL 
RAR 

MEANING 

ROTATE ACC LEFT 
ROTATE ACC RIGHT 
ROTATE ACC LEFT THROUGH CARRY 
ROTATE ACC RIGHT THROUGH CARRY 

I/O INSTRUCTIONS: 

INSTRUCTIONS 

IN PORT 
OUT PORT 

MISCELLANEOUS: 

INSTRUCTIONS 

CMA 
CMC 
STC 
DAA 
EI 
01 
HLT 
NOP 

MEANING 

INPUT FROM PORT 
OUTPUT TO PORT 

MEANING 

COMPLEMENT ACC 
COMPLEMENT CARRY 
SET CARRY 
DECIMAL ADJUST ACC 
ENABLE INTERRUPTS 
DISABLE INTERRUPTS 
HALT 
NO OPERATION 

tH3. O. 0 

HEX CODE 

07 
OF 
17 
1F 

HEX CODE 

DB 
D3 

HEX CODE 

2F 
3F 
37 
27 
FB 
F3 
76 
00 

BYTES 

1 
1 
1 
1 

BYTES 

2 
:2 

BYTES 

1 
1 
1 
1 
1 
1 
1 
1 



APPENDIX A - RUN-TIME OPTIONS. #14. O. 0 

************************************************************** 
/B 
/E 
/H 
/,J 

/K 

/L 

/N 
/0 

/P 

/S 
/T 
/W 
/0 TO /9 

- OUTPUT BINARY FILE IN BNPF FORMAT. 
- INHIBIT ERROR MESSAGES TO CONSOLE. 
- INHIBIT HEADINGS AND PAGINATION. 
- LIST UNASSEMBLED STATEMENTS AND CONDITIONAL 

ASSEMBLY PSEUDO-OPS. 
- EXPAND SYMBOL TABLE STORAGE INTO ADDITIONAL 

CORE. 
- OUTPUT LEADER (NULLS) IN BINARY FILE FOR EACH 

. ORG STATEMENT. 
- LIST ONLY THE SYMBOL TABLE. 
- OUTPUT LISTING IN OCTAL FORMAT INSTEAD OF IN 

HEXADECIMAL. 
- INCLUDE NORMALLY UNLISTED PSEUDO-OPS IN THE 

LISTING. 
- OMIT THE SYMBOL TABLE FROM THE LISTING. 
- REPLACE THE FORM/FEED WITH 3 CR/LF/S. 
- INHIBIT WARNING MESSAGES. 
- USER FLAGS, USED WITH THE ? OPERATOR. 

************************************************************** 

APPENDIX B - INDICATOR SET. 

************************************************************** 

* / 
8< 

+ 

II OR ... 
? 

MUL TIPLICATION. 
DIVISION. 
BOOLEAN AND. 
INCLUSIVE OR. 
ADDITION. 
SUBTRACT ION. 
COMPLEMENT INDICATOR, (UPARROW B). 
BINARY RADIX INDICATOR, (UPARROW B>' 
DECIMAL RADIX INDICATOR, (UPARROW D). 
HEXADECIMAL RADIX INDICATOR, (UPARROW H>' 
OCTAL RADIX INDICATOR, (UPARROW 0). 
LEAST SIGNIFICANT BYTE ACCESS OPERATOR, 
(UPARROW L). 
MOST SIGNIFICANT BYTE ACCESS OPERATOR, 
(UPARROW M). 
COMMENT INDICATOR. 
ASCII CHARACTER INDICATOR. 
USER FLAG OPERATOR. 
CURRENT LOCATION COUNTER, (PERIOD>' 

************************************************************** 



APPENDIX C - PSEUDO-OPS. #14. O. 0 

************************************************************** 

· ADDR 
· BIN 
· BYTE 
· DBYTE 
· DECM 
· DINST 
· END 
· ENDC 
· EQU 
· HEX 
· IFDEF 
· IFNDEF 
· IFNZRO 
· IFZERO 
· LIST 
· OCT 
.ORG 
· PAGE 
· SET 
· TITLE 
· ZERO 

DOUBLE BYTE DATA STORAGE, REVERSED FORMAT. 
CHANGES DEFAULT RADIX TO BINARY. 
SINGLE BYTE DATA STORAGE. 
DOUBLE BYTE DATA STORAGE. 
CHANGES DEFAULT RADIX TO DECIMAL. 
RENAMES A MICROPROCESOR INSTRUCTION. 
PROGRAM TERMINATOR. 
ENDS CONDITIONAL ASSEMBLY. 
ASSIGNS A PERMANENT VALUE TO A SYMBOL. 
CHANGES DEFAULT RADIX TO HEXADECIMAL. 
INCLUDE CODE TO . ENDC IF SYMBOL IS DEFINED. 
INDLUDE CODE TO . ENDC IF SYMBOL IS NOT DEFINED. 
INCLUDE CODE TO . ENDC IF OPERAND DOES NOT EQUAL O. 
INCLUDE CODE TO . EN DC IF OPERAND EQUALS O. 
PROVIDES SELECTIVE LISTINGS. 
CHANGES DEFAULT RADIX TO OCTAL. 
REASSIGNS THE CURRENT LOCATION COUNTER. 
BEGINS NEW PAGE IN LISTING. 
ASSIGNS A TEMPORARY VALUE TO A SYMBOL. 
SPECIFIES HEADING. 
ZEROS A SPECIFED NUMBER OF BYTES. 

************************************************************** 



APPENDIX D - ERROR MESSAGES. #14. o. 0 

************************************************************** 

E:BN 
E:DF 
E:DR 
E: IL 
E: 10 
E:LO 
E:LS 
E:LT 
E:ML 
E:MO 
E:OC 
E:OE 
E:OM 
E:OS 
E:PE 
E:PS 
E:RE 
E:RV 
E:ST 
E:TL 
E:US 
E:WE 

W:EF 
W:UC 

- BAD NEST I NG OF BRACKETS. 
- OUTPUT FILE DEVICE FULL. (FATAL) 
- DIGIT OUTSIDE OF RADIX. 
- ILLEGAL LABEL FIELD. 
- ILLEGAL OPERAND VALUE. 
- LINE I NPUT OVERFLOW. 
- LOCAL SYMBOL SYNTAX ERROR. 
- LOCAL SYMBOL TABLE OVERFLOW. (FATAL) 
- MULTIPLE LABEL DEFINITION. 
- MISSING OR ILLEGAL MNEMONIC IN OPERATOR FIELD. 
- OPERAND TOO COMPLEX. 
- OPEN ERROR IN OUTPUT FILE. (FATAL) 
- OPERAND MISSING. 
- OPERAND SYNTAX ERROR. 
- PHASE ERROR, ADDRESS CONFLICT. (FATAL) 
- ILLEGAl. PERMANENT SYMBOL USAGE IN OPERAND. 
- INPUT FILE READ ERROR. (FATAL) 
- BAD REGISTER VALUE FIELD. 
- SYMBOL TABLE OVERFLO~ (FATAL) 
- LABEL DEFINED TOO LATE. 
- UNDEFINED SYMBOL. 
- OUTPUT FILE WRITE ERROR. (FATAl.) 

- NO . END STATEMENT IN LAST FILE. 
- UNINHIBITED CONDITIONAL ASSEMBLY IN EFFECT 

AT ASSEMBL Y END. 

************************************************************** 
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