














































































































































































































































































































































































































































































































Error Messages 

B-4 

ERR 98:MORE THAN 16 CHANNELS 
MORE THAN 16 CHANNELS SPECIFIED IN A CHANNEL LIST. 

ERR 99:EXCESSIVE ITERATED DATA 
THE AMOUNT OF DATA TO BE REPEATED THROUGHOUT A RANGE 
OF MEMORY EXCEEDS THE SIZE OF THE BUFFER ALLOCATED TO 
HOLD SUCH DATA. 

ERR 9A:TOO MANY GROUPS 
NUMBER OF GROUPS DEFINED BY USER MAY NOT EXCEED 43. 

ERR 9B:TOO MANY CHANNELS 
NUMBER OF CHANNELS DEFINED BY USER MAY NOT EXCEED 128. 

ERR 9C:UNSUITABLE EXECUTE FILE 
THE FILE REFERENCED IN AN EXECUTE COMMAND EITHER CON­
TAINS CODE THAT IS OUT-OF-BOUNDS FOR THE EXECUTE COM­
MAND OR IT IS A MAIN MODULE. 

ERR 9D:LlNE TOO LONG 
COMMAND LINE WAS LONGER THAN 122 CHARACTERS. 

ERR 9E:HOST-ONL Y COMMAND 
THE COMMAND ISSUED IS NOT ALLOWED IN AN ACTIVATION LIST. 

ERR 9F:PROCESS ALREADY ACTIVE 
ATTEMPT MADE TO ACTIVATE A PROCESS THAT WAS ALREADY 
ACTIVE. 

ERR AO:TOO MANY PARTITIONS 
NUMBER OF PARTITIONS OR SINGLE BREAKPOINTS IN A BREAK­
POINT REGISTER EXCEED MAXIMUM PERMISSIBLE VALUE. 

ERR A1 :PARTITION CROSSES PAGE 
BREAKPOINT PARTITION WAS NOT CONTAINED ON A SINGLE PAGE. 

ERR A2:ILLEGAL CLOCK VALUE 
VALUE SPECIFIED FOR CLOCK IS NOT A PERMISSIBLE VALUE. 

ERR A3:PROCESS ALREADY DORMANT 
ATTEMPT MADE TO SUSPEND OR TERMINATE A DORMANT 
PROCESS. 

ERR A4:MACRO FILE FULL 
MACRO FILE CONTAINS MORE THAN 64K CHARACTERS. 

ERR A7:POINTERVALUE REQUIRED 
A NON-POINTER VALUE WAS USED IN A CONTEXT THAT MUST USE A 
POINTER. 

ERR A8:INTEGERVALUE REQUIRED 
A NON-INTEGER (I.E., POINTER WITH NON-ZERO BASE) VALUE WAS 
USED IN A CONTEXT THAT MUST USE AN INTEGER. 

ERR A9:CANNOT REDECLARE MAP 
AN ATTEMPT WAS MADE TO DECLARE THE DISK MAP AFTER IT WAS 
ALREADY DECLARED-THE MAP MUST BE RESET IN ORDER TO 
REDECLARE. 
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ERR AA:MEMORY UNAVAILABLE 
THE INTELLEC OR DISK MEMORY EXPLICITLY GIVEN IN A SET-MAP 
COMMAND WAS NEVER DECLARED; OR NO EXPLICIT MEMORY WAS 
GIVEN AND THERE IS NO MORE INTELLEC, DISK OR ICE MEMORY 
AVAILABLE FORTHE ICE-88 EMULATOR TO ASSIGN. 

ERR AC:T AKES TOO MANY BRS 
A MATCH CONDITION WAS GIVEN THAT REQUIRES MORE BREAK­
POINT REGISTERS THAN IS ALLOWED IN THE CURRENT CONTEXT; 
EITHER IT REQUIRED MORE THAN ONE REGISTER IN A SET BREAK­
POINT COMMAND, OR REQUIRED MORE THAN TWO REGISTERS IN A 
TILL CLAUSE. 

ERR AD:DIFFERING BASES 
TWO POINTERS WITH DIFFERENT BASES WERE USED IN A CONTEXT 
WHERE THEY MUST HAVE THE SAME BASE; E.G., THE LOWER AND 
UPPER BOUNDS OF A PARTITION. 

ERR AE:INVALID "AND" IN GO-REG 
THE GO-REGISTER IS "TILL BRO AND BR1" DURING A GO COMMAND 
BUT EITHER (1) BRO OR BR1 CONTAINS AN EXECUTION-TYPE MATCH 
CONDITION OR (2) BRO CONTAINS A DATA-TIME CONDITION AND BR1 
CONTAINS AN ADDRESS-TIME CONDITION. 

ERR B2:INVALID BASE 
THE BASE USED IN THE DISPLAY BREAKPOINT ITRACEPOINT COM­
MAND IS OUT OF RANGE FOR PART OR ALL OF THE ADDRESSES IN 
THE REGISTER (E.G., "BRO BASE 0" WHEN BRO CONTAINS ADDRESS 
10000H). 

ERR B3:SYMBOL HAS NO TYPE 
A SYMBOL BEING USED IN A TYPED MEMORY REFERENCE (E.G., 
"!X") HAS NO TYPE. 

ERR B5:BLOCK IS EMPTY 

WARN CO:UNSATISFIED EXTERNALS 
THE PROGRAM JUST LOADED CONTAINS EXTERNALS WHICH WERE 
NOT SATISFIED AT LINK TIME. THE PROGRAM WAS LOADED 
CORRECTLY EXCEPT FOR REFERENCES TO THE UNSATISFIED 
EXTERNALS. 

WARN C1 :MAPPING OVER SYSTEM 
THE USER HAS MODIFIED THE MAP SO THAT PART OF HIS ADDRESS 
SPACE INCLUDES EITHER THE ISIS SYSTEM OR THE GID SOFTWARE 
PACKAGE. 

WARN C2:HARDWARE MISSING 
AT ATTEMPT WAS MADE TO INITIALIZE THE DEVICE WHOSE GENERIC 
DEVICE CODE NUMBER IS PRINTED ON THE PREVIOUS LINE BUT NO 
DEVICE RESPONDED. A GENERIC DEVICE CODE IS THE FIRST OF 
FOUR CONSECUTIVE DEVICE CODES RESERVED FOR A SPECIFIC 
TYPE OF DEVICE. 

WARN C3:MULTIPLE HARDWARE 
AN ATTEMPT WAS MADE TO INITIALIZE THE DEVICE WHOSE DEVICE 
CODE NUMBER IS PRINTED ON THE PREVIOUS LINE BUT MORE 
THAN ONE DEVICE RESPONDED. 
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WARN C4:INVALID "AND" IN GR 
THE GO-REGISTER IS AS DESCRIBED FOR ERR AE AFTER GR, BRO OR 
BR1 WAS CHANGED. 

WARN C5:INTELLEC MEM FAILURE 
THE INTELLEC MEMORY WHOSE PHYSICAL SEGMENT NUMBER IS 
ON PREVIOUS LINE DOES NOT VERIFY WHEN WRITTEN TO: IT MAY 
BE MISSING, NON-WRITABLE, OR BAD MEMORY. 

WARN C6:HARDWARE REINITIALIZED 
THE HARDWARE HAS BEEN REINITIALIZED, CLEARING THE MAP 
AND MAKING TRACE UNCONDITIONALLY ON. 

WARN C7:CLEARING TFL TO 0 

WARN C8:REINITIALIZING-FAUL T 
THE HARDWARE IS BEING REINITIALIZED 

ERR E7:ILLEGAL FILENAME [4] 
THE FILENAME SPECIFIED DOES NOT CONFORM TO A WELL­
FORMED ISIS FILENAME. 

ERR E8:ILLEGAL DEVICE [5] 
ILLEGAL OR UNRECOGNIZED DEVICE IN FILENAME. 

ERR E9:FILE OPEN FOR INPUT [6] 
ATTEMPT TO WRITE TO A FILE OPEN FOR INPUT. 

ERR EB:FILE OPEN FOR OUTPUT [8] 

ERR EC:DIRECTORY FULL [9] 

ERR EE:FILE ALREADY IN USE [11] 

ERR EF:FILE ALREADY OPEN [12] 
ATTEMPT TO OPEN A FILE THAT WAS ALREADY OPEN. 

ERR FO:NO SUCH FILE [13] 
THE FILE SPECIFIED DOES NOT EXIST. 

ERR F1 :WRITE-PROTECT FILE [14] 
ATTEMPT TO OPEN A WRITE-PROTECTED FILE FOR THE PURPOSES 
OF WRITING DATA INTO IT. 

ERR F3:CHECKSUM ERROR [16] 
A CHECKSUM ERROR IN A HEX OBJECT FILE WAS ENCOUNTERED 
DURING LOADING. 

ERR F6:DISK FILE REQUIRED [19] 
ATTEMPT TO USE A NON-DISKETTE FILE WHERE A DISKETTE FILE 
WAS REQUIRED. 

ERR F9:ILLEGAL ACCESS [22] 
ATTEMPT TO OPEN A READ-ONLY FILE FOR'THE PURPOSES OF 
STORING DATA (I.E., SPECIFYING :CI: AS THE LIST DEVICE) OR A . 
WRITE-ONLY FILE AS A SOURCE OF DATA (I.E., :LP: IN A LOAD 
COMMAND). 

ICE-88 
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Change 1 

ERR FA:NO FILE NAME [23] 
NO FILENAME SPECIFIED FOR A DISKETTE FILE (I.E., NO FILENAME 
FOLLOWING :F1 :). 

ERR FD:"DONE" TIMED OUT 
THE DEVICE WHOSE DEVICE CODE NUMBER IS PRINTED ON THE 
PRECEDING LINE WAS INVOKED BUT FAILED TO RETURN DONE 
WITHIN FIVE SECONDS. 

ERR FE:"ACKNOWLEDGE" TIMED OUT 
THE DEVICE WHOSE DEVICE CODE NUMBER IS PRINTED ON THE 
PRECEDING LINE WAS INVOKED BUT FAILED TO ACKNOWLEDGE 
WITHIN 5 MILLISECONDS. 

ERR FF:NULL FILE EXTENSION [28] 
A FILE WAS SPECIFIED SO AS TO CONTAIN AN EXTENSION BUT NO 
EXTENSION WAS SPECIFIED. 

Note 1. If error 35, 4A, or 4B occurs during emulation, hardware will be reset as if 
a RESET HARDWARE was executed. The emulation will not be recover­
able as all registers will be set to the values they contained at the begin­
ning of emulation. Warning message C6 may be issued. 

Note 2. Error 49 will cause emulation to exit properly and warning message C6 will 
be issued. 

Note 3. Bracketed number following error l1lessage refers to the ISIS error iden­
tified by this number. 

Note 4. Error messages other than those documented in this list should not 
occur. If you encounter such an error, please report it to Intel Corpo­
ration, MCSD Customer Marketing, 3065 Bowers Avenue, Santa Clara, 
CA 95051, or to your local Field Application Engineer. 
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APPENDIX C 
ICE-88' COMMAND SYNTAX SUMMARY 

Command Summary 

debug session == [top-level command cr] ... 

top-level command == define macro command:: remove macro command:: command 

command == compound command:: simple command 

compound command == if command:: repeat command:: count command:: write command 

simple command == display break/trace command:: set break/trace command:: 
go command:: step command:: go-register command:: 
enable/disable trace command:: traoe command:: oldest command:: 
newest command:: print command:: move command: : clock command:: 
command signal timeout command:: enable/disable ready command:: 
display command:: change command:: define command:: 
display symbols command:: display lines command:: 
display modules command:: change symbol command:: 
remove symbols command:: set domain command:: 
reset domain command:: display map command:: 
declare map command:: set map command:: reset map command:: 
load command:: save command:: suffix command: : base command:: 
evaluate command:: list command:: exit command:: 
reset hardware command:: display macro command:: 
put macro command:: dir command:: include command 

Expressions 

expr == boolean term [or-op boolean term] ... 

or-op == OR :: XOR 

boolean term == boolean factor [AND boolean factor] ... 

boolean factor == [NOT] boolean primary 

boolean primary == arith expr [rel-op arith expr] 

rel-op == < :: > :: <= :: >= :: <> :: = 

arith expr == memory reference :: port name :: address 

address == arith term [MASK arith term] .,. 

arith term == term [Plus-op term] ... 

plus-op == + ::-

term == factor [mult-op factor] ... 

mult-op == * :: I :: MOD 

factor == [Plus-op] [segment-op] primary 

segment-op ==primary::: OFFSET:: SEGMENT 

primary == (expr) :: numeric constant:: source statement number:: string:: 
symbolic reference:: keyword reference 

symbolic reference == [module name] symbol [symbol] ... 

module name == . .identifier 

symbol == .identifier 

C-I 



Command Syntax Summary 

C-2 

source statement number == [module name] # primary-1 0 

primary-tO == primary 

keyword reference == register name:: flag name:: pin name:: typed memory reference 

partition == address [TO address] :: address LENGTH address 

Keyword Operators 

register name == RAL:: RAH:: RBL:: RBH:: RCL:: RCH:: RDL:: RDH:: RAX:: RBX:: RCX:: 
RDX:: SP:: BP:: SI:: DI:: SS:: DS:: ES:: IP:: CAUSE:: OPCODE:: RF:: PIP:: 
TIMER:: HTIMER:: BUFFERSIZE:UPPER:LOWER 

flag name == AFL :: CFL :: DFL :: IFL :: OFL :: PFL :: SFL :: TFL :: ZFL 

pin name == RDY:: NMI:: TEST:: HOLD:: RST:: MN:: IR 

port name == PORT address:: WPORT address 

memory reference == memory-designation address 

memory-designation == BYTE:: WORD:: SINTEGER:: INTEGER:: POINTER 

typed memory reference == l!! identifier] ! identifier [! identifier] ... 

Emulation Controls and Commands 

display break/trace command == break/trace reg [display break/trace mode] 

set break/trace command == break/trace reg = match-cond 

break/trace reg == break reg:: trace reg 

break reg == BR:: BRO:: BR1 

trace reg == aNT RACE :: OFFTRACE 

display break/trace mode == ABSOLUTE:: BASE [expr] 

match-cond == execution match code: : non-execution match cond 

execution match cond == match value EXECUTED 

non-execution match cond == address match range [match status list] [data match range] 
[segment register usage] :: match status list [data match range] 
[segment register usage] :: data match range 
[segment register usage] :: segment register usage 

match value == address:: masked constant 

address match range == match range 

data match range == VALU E match range 

match range == match value:: match partition [, match partition] ... :: address up/down 

match partition == partition:: OBJECT memory reference:: OBJECT typed memory reference 

upldown == UP:: DOWN 

match status list == match status [, match status] ... 

match status == READ:: WRITTEN:: INPUT:: OUTPUT:: FETCHED: : HALT:: ACKNOWLEDGE 

segment register usage == USING segment register name 

segment register name == SS :: CS :: DS : : ES 

go command == GO [FROM address] [go-register] 

step command == STEP [FROM address] 

go-register command == G R [= go-register] 
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go-register == FOREVER:: TILL break 

break == break reg [and/or break reg] :: match-cond [and/or match-cond] 

and/or == AND:: OR 

enable/disable trace command == ENABLE TRACE [CONDITIONALLY [NOW initial trace ]] :: 
DISABLE TRACE 

initial trace == ON :: OFF 

trace command == TRACE [= trace mode] 

trace mode == FRAME:: INSTRUCTION 

oldest command == OLDEST 

newest command == NEWEST 

print command == PRINT [ [Plus-op] primary-10] :: PRINT ALL 

move command == MOVE [ [Plus-op] primary-10] 

clock command == CLOCK [= clock setting] 

clock setting == INTERNAL:: EXTERNAL 

command signal timeout command == RWTIMEOUT [= new signal] 

new signal == INFINITE:: expr-10 [ERROR]:: expr-10 NOERROR 

expr-10 == expr 

enable/disable ready command == ENABLE RDY:: DISABLE RDY 

Interrogation and Utility Commands 

display command == reference [, reference] ... :: mem or i/o partition:: ASM partition:: 
REGISTER:: FLAG:: PIN:: STACK expr :: BOOL expr 

mem or i/o == memory-designaltion :: PORT:: WPORT 

change command == reference = expr :: mem or i/o partition = change exp [, change exp 1 ... 

change exp == mem or i/o partition:: expr :: string 

define command == DEFIN E [module name] symbol = expr [OF type 1 

display symbols command == SYMBOL:: symbolic reference 

display lines command == LIN E :: source statement number 

display modules command == MODULE 

change symbol command == symbolic reference = expr [OF type 1 

remove symbols command == REMOVE symbolic reference [, symbolic reference] ... :: 
REMOVE SYMBOL:: 
REMOVE MODU LE module name [, module name] ... 

type == memory desig 

set domain command == DOMAIN module name 

reset domain command == RESET DOMAIN 

display map command == MAP [partition] 

declare map command == MAP DISK = file name:: MAP I NTELLEC = partition [, partition f ... 
set map command == MAP partition = new memory map 

reset map command == RESET MAP 

new memory map == GUARDED:: USER [NOVERIFYl :: ICE [address] [NOVERIFY] :: 
INTELLEC [address] [NOVERIFY] :: DISK [address] [NOVERIFY] 
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load command == LOAD path name {NOCODE } 
NOSYMBOL 
NOLINE 

save command == SAVE path name {save code } 
NOSYMBOL 
NOLINE 

save code == NOCODE :: parition [, partition] ... 

suffix command == SUFFIX [= suffix] 

base command == BASE [=base] 

suffix == Y : : 0 : : Q :: T :: H 

base == suffix:: ASCII 

display nesting command == NESTING 

evaluate command == EVALUATE expr [SYMBOLICALLY] 

list command == LIST path name 

exit command == EXIT 

reset hardware command == RESET HARDWARE 

cr == carriage-return line-feed 

Macro Definition Command 

define macro command == DEFINE MACRO macro name cr macro body EM 

macro name == identifier 

macro body == [command cr] ... 

IF Command 

if command == IF expr [THEN] cr true-list 
[ORIF expr [THEN] crtrue-list] ... 
[ELSE cr false-list] 

true-list == [command cr] .. . 

false-list == [command cr] .. . 

end if == END 

Looping Commands 

repeat command == REPEAT cr loop-list end-repeat 

end-repeat == END 

count command == COUNT expr-10 cr loop-list end-count 

expr-10.== expr 

end-count == END 

loop-list == [loop elemen t cr] ... 

loop element == command:: loop exit 

loop exit == WHILE EXPR :: UNTIL expr 
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Macro Invocation Command 

macro invocation command == macro name:: [actual parameter list] 

actual parameter list == actual parameter [, actual parameter] ... 

actual parameter == [limited token] ... :: string 

limited token == any token except cr, string or "," 

Remove Macro Command 

remove macro command == REMOVE MACRO [macro list] 

macro list == macro name [, macro name] ... 

Display Macro Command 

display macro command == MACRO [macro list] 

Put Macro Command 

put macro command == PUT file name MACRO [macro list] 

Director Command 

dir command == DlR directory 

directory == MACRO 

Include Command 

include command == INCLUDE file name 

Write Command 

write command == WRITE list element [, list element] ... 

list element == string:: expr :: BOOl expr 

Command Syntax Summary 
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APPENDIX D 
ELECTRICAL AND PHYSICAL 

CHARACTERISTICS 

DC Characteristics of ICE-88 User Cable 

1. Output Low Voltages VoL(Max) IOL(Min) 

ADO-AD7, AS-A15 O.4V SmA 

A16/S3-A19/S6, SSO, RD, lOCK, OSO, OS1, SO, S1, O.4V BmA 
S2, WR, 101M, DT/R, DEN, ALE, INTA 

HlDA O.4V 7mA 

MATCHO O.4V 16mA 

2. Output High Voltages VoH(Min) IOH(Min) 

ADO-AD7, AB-A 15 2.4V - 2mA 

A16/S3-A19/S6, SSO, RD, lOCK, OSO, OS1, SO, S1, 
2.4V -2mA 

S2, WR, 101M, DT/A, DEN, ALE, INTA 

HlDA 2.4V -3.0 rnA 

MATCHO OR MATCH1 2.4V -O.B rnA 

3. Input Low Voltages V1L(Max) IIL(Max) 

ADO-AD7, AB-A 15 O.BV -0.2 rnA 

NMI, ClK O.BV -0.4 rnA 

READY O.BV -0.8 rnA 

INTR, HOLD, TEST, RESET O.BV -1.4 rnA 

MN/MX (0.1Ilf to GND) O.BV -3.3 rnA 

4. Input High Voltages V1H(Min) IIH(Max) 

ADO-AD7, AB-A15 2.0V BOllA 

NMI,ClK 2.0V 20llA 

READY 2.0V 60llA 

INTR,HOlD,TEST,RESET 2.0V -0.4 rnA 

MN/MX 2.0V -1.1 rnA 

5. RQ/GTO, RQ/GT1 are pulled up to +5V through a 5.6K ohm resistor. No current is taken 
from user circuit at Vcc pin. 

Specifications 

ICE-88 Operating Environment 

Required Hardware: 
IntelJec Microcomputer Development System with: 

1. Three adjacent slots for ICE-BB 
2. 64K of Intellec Memory. If expansion memory is desired, no more than 32K may be 16K 

RAM boards. 
System Console 
Intellec Diskette Operating System 
ICE-8B Module 
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Required Software: 
System Monitor 
ISIS-II, Version 3.4 or subsequent 
ICE-88 Software 

Equipment Supplied 
Printed Circuit Boards (3) 
Interface Cable and Emulation Buffer Module 
Operator's Manual 
ICE-88 Software 

Emulation Clock 
User system clock up to 5 MHz or 2 MHz internal clock in stand-along mode. 

Physical Characteristics 

Printed Circuit Boards: 

Width 
Height 
Depth 
Packaged Weight 

Electrical Characteristics 

Vee = +5V ±1% 
Icc = 16A maximum; 11A typical 
VDD = +12V ±5% 
IDD = 120 mA maximum; 80 mA typical 
Vss = -10V ±5% or -12V ± 5% (optional) 
Iss = 15 mA maximum; 12 rnA typical 

Environmental Characteristics 
Operating Temperature: 0° to 40°C 

12.00 in 
6.75 in 
0.50 in 

(30.48 cm) 
(17.15 cm) 
( 1.27cm) 

Operating Humidity: Up to 95% relative humidity without condensation. 
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00 00000000 MOD REGR/M ADD 
01 00000001 MOD REGR/M ADD 
02 00000010 MOD REGR/M ADD 
03 00000011 MOD REGR/M ADD 
04 00000100 ADD 
05 00000101 ADD 
06 00000110 PUSH 
07 00000111 POP 
08 00001000 MOD REGR/M OR 
09 00001001 MOD REGR/M OR 
OA 00001010 MOD REGR/M OR 
OB 00001011 MOD REGR/M OR 
OC 00001100 OR 
0000001101 OR 
OE 00001110 PUSH 
OF 00001111 (not used) 
10 00010000 MOD REGR/M ADC 
11 00010001 MOD REGR/M ADC 
12 00010010 MOD REGR/M ADC 
13 00010011 MOD REGR/M ADC 
14 00010100 ADC 
15 00010101 ADC 
16 00010110 PUSH 
17 00010111 POP 
18 00011000 MOD REGR/M SBB 
19 00011001 MOD REGR/M SBB 
1A 00011010 MOD REGR/M SBB 
1 B 00011011 MOD REGR/M SBB 
1C 00011100 SBB 
1000011101 SBB 
1 E 00011110 PUSH 
1 F 00011111 POP 
20 00100000 MOD REGR/M AND 
21 00100001 MOD REGR/M AND 
22 00100010 MOD REGR/M AND 
23 00100011 MOD REGR/M AND 
24 00100100 AND 
25 00100101 AND 
26 00100110 ES: 
27 00100111 DAA 
28 00101000 MOD REGR/M SUB 
29 00101001 MOD REGR/M SUB 
2A 00101010 MOD REGR/M SUB 
2B 00101011 MOD REGR/M SUB 
2C 00101100 SUB 
2000101101 SUB 
2E 00101110 CS: 
2F 00101111 DAS 
30 00110000 MOD REGR/M XOR 
31 00110001 MOD REGR/M XOR 
32 00110010 MOD REGR/M XOR 
33 00110011 MOD REGR/M XOR 
34 00110100 XOR 
35 00110101 XOR 
36 00110110 SS: 
37 00110111 AAA 
38 00111000 MOD REGR/M CMP 
39 00111001 MOD REGR/M CMP 
3A 00111010 MOD REGR/M CMP 
3B 00111011 MOD REGR/M CMP 
3C 00111100 CMP 
3D 00111101 CMP 
3E 00111110 OS: 
3F 00111111 AAS 
40 01000000 INC 
41 01000001 INC 

APPENDIX E 
INSTRUCTIONS IN 

HEXADECIMAL ORDER 

EA,REG BYTE ADD (REG) TO EA 
EA,REG WORD ADD (REG) TO EA 
REG,EA BYTE ADD (EA) TO REG 
REG,EA WORD ADD (EA) TO REG 
AL,DATA8 BYTE ADD DATA TO REG AL 
AX,DATA16 WORD ADD DATA TO REG AX 
ES PUSH (ES) ON STACK 
ES POP STACK TO REG ES 
EA,REG BYTE OR (REG) TO EA 
EA,REG WORD OR (REG) TO EA 
REG,EA BYTE OR (EA) TO REG 
REG,EA WORD OR (EA) TO REG 
AL,DATA8 BYTEOR DATA TO REG AL 
AX,DATA16 WORD OR DATA TO REG AX 
CS PUSH (CS) ON STACK 

EA,REG BYTE ADD (REG) W I CARRY TO EA 
EA,REG WORD ADD (REG) WI CARRY TO EA 
REA,EA BYTE ADD (EA) WI CARRY TO REG 
REG,EA WORD ADD (EA) W I CARRY TO REG 
AL,DATA8 BYTE ADD DATAW/CARRYTO REG AL 
AX,DATA16 WORD ADD DATA WI CARRY TO REG AX 
SS PUSH (SS) ON STACK 
SS POP STACK TO REG SS 
EA,REG BYTE SUB (REG) WI BORROW FROM EA 
EA,REG WORD SUB (REG) WI BORROW FROM EA 
REG,EA BYTE SUB (EA) WI BORROW FROM REG 
REG,EA WORD SUB (EA) WI BORROW FROM REG 
AL,DATA8 BYTE SUB DATA W I BORROW FROM REG AL 
AX,DATA16 WORD SUB DATA WI BORROW FROM REG AX 
OS PUSH (OS) ON STACK 
OS POP STACK TO REG OS 
EA,REG BYTE AND (REG) TO EA 
EA,REG WORD AND (REG) TO EA 
REG,EA BYTE AND (EA) TO REG 
REG,EA WORD AND (EA) TO REG 
AL,DATA8 BYTE AND DATA TO REG AL 
AX,DATA16 WORD AND DATA TO REG AX 

SEGMENT OVERIDE WI SEGMENT REG ES 
DECIMAL ADJUST FOR ADD 

EA,REG BYTE SUBTRACT (REG) FROM EA 
EA,REG WORD SUBTRACT (REG) FROM EA 
REG,EA BYTE SUBTRACT (EA) FROM REG 
REG,EA WORD SUBTRACT (EA) FROM REG 
AL,DATA8 BYTE SUBTRACT DATA FROM REG AL 
AX,DATA16 WORD SUBTRACT DATA FROM REG AX 

SEGMENT OVERIDE WI SEGMENT REG CS 
DECIMAL ADJUST FOR SU BTRACT 

EA,REG BYTE XOR (REG) TO EA 
EA,REG WORD XOR (REG) TO EA 
REG,EA BYTE XOR (EA) TO REG 
REG,EA WORD XOR (EA) TO REG 
AL,DATA8 BYTE XOR DATA TO REG AL 
AX,DATA16 WORD XOR DATA TO REG AX 

SEGMENT OVERIDE WI SEGMENT REG SS 
ASCII ADJ UST FOR ADD 

EA,REG BYTE COMPARE (EA) WITH (REG) 
EA,REG WORD COMPARE (EA) WITH (REG) 
REG,EA BYTE COMPARE (REG) WITH (EA) 
REG,EA WORD COMPARE (REG) WITH (EA) 
AL,DATA8 BYTE COMPARE DATA WITH (AL) 
AX,DATA16 WORD COMPARE DATA WITH (AX) 

SEGMENT OVERIDE WI SEGMENT REG OS 
ASCII ADJUST FOR SUBTRACT 

AX INCREMENT (AX) 
CX INCREMENT (CX) 
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Instructions in Hexadecimal Order 

E-2 

42 01000010 
43 01000011 
44 01000100 
45 01000101 
46 01000110 
47 01000111 
48 01001000 
49 01001001 
4A 01001010 
4B 01001011 
4C 01001100 
4D 01001101 
4E 01001110 
4F 01001111 
50 01010000 
51 01010001 
52 01010010 
53 01010011 
54 01010100 
55 01010101 
56 01010110 
57 01010111 
58 01011000 
59 01011001 
5A 01011010 
5B 01011011 
5C 01011100 
5D 01011101 
5E 01011110 
5F 01011111 
60 01100000 
61 01100001 
62 01100010 
63 01100011 
64 01100100 
65 01100101 
66 01100110 
67 01100111 
68 01101000 
69 01101001 
6A 01101010 
6B 01101011 
6C 01101100 
6D 01101101 
6E 01101110 
6F 01101111 
70 01110000 
71 01110001 
72 01110010 
73 01110011 
.74 01110100 
75 01110101 
76 01110110 
77 01110111 
78 01111000 
79 01111001 
7A 01111010 
7B 01111011 
7C 01111100 
7D 01111101 
7E 01111110 
7F 01111111 
80 10000000 MOD 000 RIM 
80 10000000 MOD 001 RIM 
80 10000000 MOD 010 RIM 
80 10000000 MOD 011 RIM 
80 10000000 MOD 100 RIM 
80 10000000 MOD 101 RIM 
80 10000000 MOD 110 RIM 
80 10000000 MOD 111 RIM 
81 10000001 MOD 000 RIM 
81 10000001 MOD 001 RIM 
81 10000001 MOD 010 RIM 

INC DX 
INC BX 
INC SP 
INC BP 
INC SI 
INC DI 
DEC AX 
DEC CX 
DEC DX 
DEC BX 
DEC SP 
DEC BP 
DEC SI 
DEC DI 
PUSH AX 
PUSH CX 
PUSH DX 
PUSH BX 
PUSH SP 
PUSH BP 
PUSH SI 
PUSH DI 
POP AX 
POP CX 
POP DX 
POP BX 
POP SP 
POP BP 
POP SI 
POP DI 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
JO DISP8 
JNO DISP8 
JB/JNAE DISP8 
JNB/JAE DISP8 
JE/JZ DISP8 
JNE/JNZ DISP8 
JBE/JNA DISP8 
JNBE/JA DISP8 
JS DISP8 
JNS DISP8 
JP/JPE DISP8 
JNP/JPO DISP8 
JL/JNGE DISP8 
JNL/JGE DISP8 
JLE/JNG DISP8 
JNLE/JG DISP8 
ADD EA, DA T A8 
OR EA,DATA8 
ADC EA,DATA8 
SBB EA,DATA8 
AND EA,DATA8 
SUB EA,DATA8 
XOR EA,DATA8 
CMP EA,DATA8 
ADD EA,DATA16 
OR EA,DATA16 
ADC EA,DATA16 

INCREMENT (DX) 
INCREMENT (BX) 
INCREMENT (SP) 
INCREMENT (BP) 
INCREMENT (SI) 
INCREMENT (DI) 
DECREMENT (AX) 
DECREMENT (CX) 
DECREMENT (OX) 
DECREMENT (BX) 
DECREMENT (SP) 
DECREMENT (BP) 
DECREMENT (SI) 
DECREMENT (01) 
PUSH (AX) ON STACK 
PUSH (CX) ON STACK 
PUSH (DX) ON STACK 
PUSH (BX) ON STACK 
PUSH (SP) ON STACK 
PUSH (BP) ON STACK 
PUSH (SI) ON STACK 
PUSH (DI) ON STACK 
POP STACK TO REG AX 
POP STACK TO REG CX 
POP STACK TO REG DX 
POP STACK TO REG BX 
POP STACK TO REG SP 
POP STACK TO REG BP 
POP STACK TO REG SI 
POP STACK TO REG DI 

8088 Assembly Language 

JUMP ON OVERFLOW 
JUMP ON NOT OVERFLOW 
JUMPON BELOW/NOT ABOVEOR EQUAL 
JUMPO~ NOT BELOW/ABOVE OR EQUAL 
JUMP ON EQUAL/ZERO 
JUMP ON NOT EQUAL/NOT ZERO 
JUMP ON BELOW OR EQUAL/NOT ABOVE 
JUMPON NOT BELOW OR EQUAL/ABOVE 
JUMPON SIGN 
JUMP ON NOT SIGN 
JUMP ON PARITY /PARITY EVEN 
JUMP ON NOT PARITY /PARITY ODD 
JUMP ON LESS/NOT GREATER OR EQUAL 
JUMP ON NOT LESS/GREATER OR EQUAL 
JUMP ON LESS OR EQUAL/NOT GREATER 
JUMP ON NOT LESS OR EQUAL/GREATER 
BYTE ADD DATA TO EA 
BYTE OR DATA TO EA 
BYTE ADD DATA W / CARRY TO EA 
BYTE SUB DATA W/ BORROW FROM EA 
BYTE AND DATA TO EA 
BYTE SUBTRACT DATA FROM EA 
BYTE XOR DATA TO EA 
BYTE COMPARE DATA WITH (EA) 
WORD ADD DATA TO EA 
WORDOR DATA TO EA 
WORD ADD DATA W / CARRY TO EA 
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81 10000001 MOD 011 RIM SBB EA,DATA16 WORD SUB DATA W I BORROW FROM EA 
85 10000001 MOD 100 RIM AND EA,DATA16 WORD AND DATA TO EA 
81 10000001 MOD 101 RIM SUB EA,DATA16 WORD SUBTRACT DATA FROM EA 
81 10000001 MOD 110 RIM XOR EA,DATA16 WORD XOR OAT A TO EA 
81 10000001 MOD 111 RIM CMP EA,DATA16 WORD COMPARE DATA WITH (EA) 
82 10000010 MOD 000 RIM ADD EA,DATA8 BYTE ADD DATA TO EA 
82 10000010 MOD 001 RIM (not used) 
82 10000010 MOD 010 RIM ADC EA,DATA8 BYTE ADD DATA W I CARRY TO EA 
82 10000010 MOD 011 RIM SBB EA,DATA8 BYTE SUB DATA WI BORROW FROM EA 
82 10000010 MOD 100 RIM (not used) 
82 10000010 MOD 101 RIM SUB EA,DATA8 BYTE SUBTRACT DATA FROM EA 
82 10000010 MOD 110 RIM (not used) 
82 10000010 MOD 111 RIM CMP EA,DATA8 BYTE COMPARE DATA WITH (EA) 
83 10000011 MOD 000 RIM ADD EA,DATA8 WORD ADD OAT A TO EA 
83 10000011 MOD 001 RIM (not used) 
83 10000011 MOD 010 RIM ADC EA,DATA8 WORD ADD DATA W I CARRY TO EA 
83 10000011 MOD 011 RIM SBB EA,DATA8 WORD SU B DATA W I BORROW FROM EA 
83 10000011 MOD 100 RIM (not used) 
83 10000011 MOD 101 RIM SUB EA,DATA8 WORDSUBTRACTDATAFROMEA 
83 10000011 MOD 110 RIM (not used) 
83 10000011 MOD 111 RIM CMP EA,DATA8 WORD COMPARE DATA WITH (EA) 
84 10000100 MOD REGR/M TEST EA,REG BYTE TEST (EA) WITH (REG) 
85 10000101 MOD REGR/M TEST EA,REG WORD TEST (EA) WITH (REG) 
86 10000110 MOD REGR/M XCHG REG,EA BYTE EXCHANGE (REG) WITH (EA) 
87 10000111 MOD REGR/M XCHG REG,EA WORD EXCHANGE (REG) WITH (EA) 
88 10001000 MOD REGR/M MOV EA,REG BYTE MOVE (REG) TO EA 
89 10001001 MOD REGR/M MOV EA,REG WORD MOVE (REG) TO EA 
8A 10001010 MOD REGR/M MOV REG,EA BYTE MOVE (EA) TO REG 
8B 10001011 MOD REGR/M MOV REG,EA WORD MOVE (EA) TO REG 
8C 10001100 MOD OSR RIM MOV EA,SR WORD MOVE (SEGMENT REG SR) TO EA 
8C 10001100 MOD 1-- RIM (not used) 
8010001101 MOD REGR/M LEA REG,EA LOAD EFFECTIVE ADDRESS OF EA TO REG 
8E 10001110 MOD OSR RIM MOV SR,EA WORD MOVE (EA) TO SEGMENT REG SR 
8E 10001110 MOD -- RIM (not used) 
8F 10001111 MOD 000 RIM POP EA POP STACK TO EA 
8F 10001111 MOD 001 RIM (not used) 
8F 10001111 MOD 010 RIM (not used) 
8F 10001111 MOD 011 RIM (not used) 
8F 10001111 MOD 100 RIM (not used) 
8F 10001111 MOD 101 RIM (not used) 
8F 10001111 MOD 110 RIM (not used) 
8F 10001111 MOD 111 RIM (not used) 
90 10010000 XCHG AX,AX EXCHANGE (AX) WITH (AX), (NOP) 
91 10010001 XCHG AX,CX EXCHANGE (AX) WITH (CX) 
92 10010010 XCHG AX,DX EXCHANGE (AX) WITH (OX) 
93 10010011 XCHG AX,BX EXCHANGE (AX) WITH (BX) 
94 10010100 XCHG AX,SP EXCHANGE (AX) WITH (SP) 
95 10010101 XCHG AX,BP EXCHANGE (AX) WITH (BP) 
96 10010110 XCHG AX,SI EXCHANGE (AX) WITH (SI) 
97 10010111 XCHG AX,DI EXCHANGE (AX) WITH (01) 
98 10011000 CBW BYTE CONVERT (AL) TO WORD (AX) 
99 10011001 CWO WORD CONVERT (AX) TO DOUBLE WORD 
9A 10011010 CALL DISP16,SEG16 DIRECT INTER SEGMENT CALL 
9B 10011011 WAIT WAIT FOR TEST SIGNAL 
9C 10011100 PUSHF PUSH FLAGS ON STACK 
9010011101 POPF POP STACK TO FLAGS 
9E 10011110 SAHF STORE (AH) INTO FLAGS 
9F 10011111 LAHF LOAD REG AH WITH FLAGS 
AO 10100000 MOV AL,ADDR16 BYTE MOVE (ADDR) TO REG AL 
All0100001 MOV AX,ADDR16 WORD MOVE (ADDR) TO REG AX 
A210100010 MOV ADDR16,AL BYTE MOVE (AL) TO ADDR 
A310100011 MOV ADDR16,AX WORD MOVE (AX) TO ADDR 
A410100100 MOVS DST8SRC8 BYTE MOVE, STRING OP 
A510100101 MOVS DST16,SRC16 WORD MOVE, STRING OP 
A610100110 CMPS SIPTR,DIPTR COMPARE BYTE, STRING OP 
A710100111 CMPS SIPTR,DIPTR COMPARE WORD, STRING OP 
A810101000 TEST AL,DATA8 BYTE TEST (AL) WITH OAT A 
A910101001 TEST AX,DATA16 WORD TEST (AX) WITH DATA 
AA10101010 STOS DST8 BYTE STORE, STRING OP 
AB10l0l0ll STOS DST16 WORD STORE, STRING OP 
AC10l0ll00 LODS SRC8 BYTE LOAD, STRING OP 
AD10101101 LODS SRC16 WORD LOAD, STRING OP 
AE10l0lll0 SCAS DIPTR8 BYTE SCAN, STRING OP 
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AF 10101111 SCAS DIPTR16 WORD SCAN, STRING OP 
BO 10110000 MOV Al,DATA8 BYTE MOVE DATA TO REG Al 
B1 10110001 MOV Cl,DATA8 BYTE MOVE DATA TO REG Cl 
B210110010 MOV Dl,DATA8 BYTE MOVE DATA TO REG Dl 
B310110011 MOV Bl,DATA8 BYTE MOVE DATA TO REG Bl 
B410110100 MOV AH,DATA8 BYTE MOVE DATA TO REG AH 
B510110101 MOV CH,DATA8 BYTE MOVE DATA TO REG CH 
B610110110 MOV DH,DATA8 BYTE MOVE DATA TO REG DH 
B710110111 MOV BH,DATA8 BYTE MOVE DATA TO REG BH 
B810111000 MOV AX,DATA16 WORD MOVE DATA TO REG AX 
B910111001 MOV CX,DATA16 WORDMOVEDATATOREGCX 
BA 10111010 MOV DX,DATA16 WORD MOVE DATA TO REG DX 
BB10111011 MOV BX,DATA16 WORDMOVEDATATOREGBX 
BC10111100 MOV SP,DATA16 WORDMOVEDATATOREGSP 
B010111101 MOV BP,OATA16 WORD MOVE DATA TO REG BP 
BE10111110 MOV SI,OATA16 WORD MOVE DATA TO REG SI 
BF10111111 MOV DI,OATA16 WORD MOVE DATA TO REG 01 
CO 11000000 (not used) 
C111000001 (not used) 
C211000010 RET DATA16 INTRA SEGMENT RETURN, ADD DATA TO REG SP 
C311000011 RET INTRA SEGMENT RETURN 
C411000100 MOD REGR/M lES REG,EA WORD lOAD REG AND SEGMENT REG ES 
C511000101 MOD REGR/M lOS REG,EA WORD lOAD REG AND SEGMENT REG OS 
C611000110 MOD 000 RIM MOV EA,DATA8 BYTE MOVE DATA TO EA 
C611000110 MOD 001 RIM (not used) 
C611000110 MOD 010 RIM (not used) 
C611000110 MOD 011 RIM (not used) 
C611000110 MOD 100 RIM (not used) 
C611000110 MOD 101 RIM (not used) 
C611000110 MOD 110 RIM (not used) 
C611000110 MOD 111 RIM (not used) 
C711000111 MOD 000 RIM MOV EA,DATA16 WORD MOVE DATA TO EA 
C711000111 MOD 001 RIM (not used) 
C711000111 MOD 010 RIM (not used) 
C711000111 MOD 011 RIM (not used) 
C711000111 MOD 100 RIM (not used) 
C711000111 MOD 101 RIM (not used) 
C711000111 MOD 110 RIM (not used) 
C711000111 MOD 111 RIM (not used) 
C811001000 (not used) 
C911001001 (not used) 
CA 11001010 RET DATA16 INTER SEGMENT RETURN, ADD DATA TO REG SP 
CB11001011 RET INTER SEGMENT RETURN 
CC11001100 INT 3 TYPE 31NTERRUPT 
C011001101 INT TYPE TYPED INTERRUPT 
CE11001110 INTO INTERRUPT ON OVERFLOW 
CF 11001111 IRET RETURN FROM INTERRUPT 
DO 11010000 MOD 000 RIM ROl EA,1 BYTE ROT ATE EA lEFT 1 BIT 
DO 11010000 MOD 001 RIM ROR EA,1 BYTE ROTATE EA RIGHT 1 BIT 
DO 11010000 MOD 010 RIM RCl EA,1 BYTE ROTATE EA lEFT THRU CARRY 1 BIT 
DO 11010000 MOD 011 RIM RCR EA,1 BYTE ROTATE EA RIGHT THRU CARRY 1 BIT 
DO 11010000 MOD 100 RIM SHl EA,1 BYTE SHIFT EA lEFT 1 BIT 
DO 11010000 MOD 101 RIM SHR EA,1 BYTE SHIFT EA RIGHT 1 BIT 
DO 11010000 MOD 110 RIM (not used) 
DO 11010000 MOD 111 RIM SAR EA,1 BYTE SHIFT SIGNED EA RIGHT 1 BIT 
0111010001 MOD 000 RIM ROl EA,1 WORD ROT A TE EA lEFT 1 BIT 
01 11010001 MOD 001 RIM ROR EA,1 WORD ROTATE EA RIGHT 1 BIT 
D1 11010001 MOD 010 RIM RCl EA,1 WORD ROTATE EA lEFT THRU CARRY 1 BIT 
D1 11010001 MOD 011 RIM RCR EA,1 WORD ROTATE EA RIGHTTHRU CARRY 1 BIT 
01 11010001 MOD 100 RIM SHl EA,1 WORD SHIFT EA lEFT 1 BIT 
01 11010001 MOD 101 RIM SHR EA,1 WORD SHIFT EA RIGHT 1 BIT 
01 11010001 MOD 110 RIM (not used) 
01 11010001 MOD 111 RIM SAR EA,1 WORD SHIFT SIGNED EA RIGHT 1 BIT 
0211010010 MOD 000 RIM ROl EA,Cl BYTE ROTATE EA lEFT (Cl) BITS 
0211010010 MOD 001 RIM ROR EA,Cl BYTE ROTATE EA RIGHT (Cl) BITS 
0211010010 MOD 010 RIM RCl EA,Cl BYTE ROTATE EA lEFTTHRU CARRY (Cl) BITS 
0211010010 MOD 011 RIM RCR EA,Cl BYTE ROTATE EA RIGHTTHRU CARRY (Cl) BITS 
0211010010 MOD 100 RIM SHl EA,Cl BYTE SHIFT EA lEFT (Cl) BITS 
0211010010 MOD 101 RIM SHR EA,Cl BYTE SHIFT EA RIGHT (Cl) BITS 
0211010010 MOD 110 RIM (not used) 
0211010010 MOD 111 RIM SAR EA,Cl BYTE SHIFT SIGNED EA RIGHT (Cl) BITS 
0311010011 MOD 000 RIM ROl EA,Cl WORD ROTATE EA lEFT (Cl) BITS 
0311010011 MOD 001 RIM ROR EA,Cl WORD ROTATE EA RIGHT (Cl) BITS 
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0311010011 MOD 010 RIM RCL EA,CL WORD ROTATE EA LEFTTHRU CARRY (CL) BITS 
0311010011 MOD 011 RIM RCR EA,CL WORD ROTATE EA RIGHT THRU CARRY (CL) BITS 
0311010011 MOD 100 RIM SHL EA,CL WORD SHIFT EA LEFT (CL) BITS 
0311010011 MOD 101 RIM SHR EA,CL WORD SHIFT EA RIGHT (CL) BITS 
0311010011 MOD 110 RIM (not used) 
0311010011 MOD 111 RIM SAR EA,CL WORD SHIFT SIGNED EA RIGHT (CL) BITS 
0411010100 00001010 AAM ASCII ADJUST FOR MULTIPLY 
0511010101 00001010 ADD ASCII ADJUST FOR DIVIDE 
0611010110 (not used) 
0711010111 XLAT TABLE TRANSLATE USING (BX) 
08 11011--- MOD --- RIM ESC EA ESCAPE TO EXTERNAL DEVICE 
EO 11100000 LOOPNZI LOOPNE DISP8 LOOP (CX) TIMES WHILE NOT ZERO/NOT EQUAL 
E1 11100001 LOOPZ/LOOPE DISP8 LOOP (CX) TIMES WHILE ZERO/EQUAL 
E211100010 LOOP DISP8 LOOP (CX) TIMES 
E3 11100011 JCXZ DISP8 JUMP ON (CX)=O 
E411100100 IN AL,PORT BYTE INPUT FROM PORT TO REG AL 
E511100101 IN AX,PORT WORD INPUT FROM PORT TO REG AX 
E611100110 OUT AL,PORT BYTE OUTPUT (AL) TO PORT 
E711100111 OUT AX,PORT WORD OUTPUT (AX) TO PORT 
E811101000 CALL DISP16 DIRECT INTRA SEGMENT CALL 
E911101001 JMP DISP16 DIRECT INTRA SEGMENT JUMP 
EA11101010 JMP DISP16,SEG16 DIRECT INTER SEGMENT JUMP 
EB11101010 JMP DISP8 DIRECT INTRA SEGMENT JUMP 
EC11101010 IN AL,DX BYTE INPUT FROM PORT (OX) TO REG AL 
ED11101010 IN AX,DX WORD INPUT FROM PORT (OX) TO REG AX 
EE 11101010 OUT OX BYTE OUTPUT (AL) TO PORT (OX) 
EF 11101010 OUT OX WORD OUTPUT (AX) TO PORT (OX) 
FO 11110000 LOCK BUS LOCK PREFIX 
F1 11110001 (not used) 
F2 11110010 REPNZ REPEAT WHILE (CX)*O AND (ZF)=O 
F3 11110011 REPN REPEAT WHILE (CX)*O AND (ZF)=1 
F411110100 HLT HALT 
F5 11110101 CMC COMPLEMENT CARRY FLAG 
F6 11110110 MOD 000 RIM TEST EA,DATA8 BYTE TEST (EA) WITH OAT A 
F6 11110110 MOD 001 RIM (not used) 
F611110110 MOD 010 RIM NOT EA BYTE INVERT EA 
F611110110 MOD 011 RIM NEG EA BYTE NEGATE EA 
F611110110 MOD 100 RIM MUL EA BYTE MULTIPLY BY (EA), UNSIGNED 
F611110110 MOD 101 RIM IMUL EA BYTE MULTIPLY BY (EA), SIGNED 
F611110110 MOD 110 RIM DIV EA BYTE DIVIDE BY (EA), UNSIGNED 
F6 11110110 MOD 111 RIM IDIV EA BYTE DIVIDE BY (EA), SIGNED 
F7 11110111 MOD 000 RIM TEST EA,DATA16 WORD TEST (EA) WITH DATA 
F7 11110111 MOD 001 RIM (not used) 
F7 11110111 MOD 010 RIM NOT EA WORD INVERT EA 
F7 11110111 MOD 011 RIM NEG EA WORD NEGATE EA 
F7 11110111 MOD 100 RIM MUL EA WORD MULTIPLY BY (EA), UNSIGNED 
F7 11110111 MOD 101 RIM IMUL EA WORD MULTIPLY BY (EA), SIGNED 
F7 11110111 MOD 110 RIM DIV EA WORD DIVIDE BY (EA), UNSIGNED 
F7 11110111 MOD 111 RIM IDIV EA WORD DIVIDE BY (EA), SIGNED 
F811111000 CLC CLEAR CARRY FLAG 
F9 11111001 STC SET CARRY FLAG 
FA 11111010 CLI CLEAR INTERRUPT FLAG 
FB11111011 STI SET INTERRUPT FLAG 
FC 11111100 CLD CLEAR DIRECTION FLAG 
FD 11111101 STD SET DIRECTION FLAG 
FE 11111110 MOD 000 RIM INC EA BYTE INCREMENT EA 
FE 11111110 MOD 001 RIM DEC EA BYTE DECREMENT EA 
FE 11111110 MOD 010 RIM (not used) 
FE 11111110 MOD 011 RIM (not used) 
FE 11111110 MOD 100 RIM (not used) 
FE 11111110 MOD 101 RIM (not used) 
FE 11111110 MOD 110 RIM (not used) 
FE 11111110 MOD 111 RIM (not used) 
FF 11111111 MOD 000 RIM INC EA WORD INCREMENT EA 
FF 11111111 MOD 001 RIM DEC EA WORD DECREMENT EA 
FF 11111111 MOD 010 RIM CALL EA INDIRECT INTRA SEGMENT CALL 
FF 11111111 MOD 011 RIM CALL EA INDIRECT INTER SEGMENT CALL 
FF 11111111 MOD 100 RIM JMP EA INDIRECT INTRA SEGMENT JUMP 
FF 11111111 MOD 101 RIM JMP EA INDIRECT INTER SEGMENT JUMP 
FF 11111111 MOD 110 RIM PUSH EA PUSH (EA) ON STACK 
FF 11111111 MOD 111 RIM (not used) 
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REG IS ASSIGNED ACCORDING TO THE FOLLOWING TABLE: 

16-81T (W=1) 8-81T (W=O) SEGMENT REG 

000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 DL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 01 111 BH 

EA IS COMPUTED AS FOLLOWS: (DISP8 SIGN EXTENDED TO 16 BITS) 

00 000 (BX) + (SI) OS 
00 001 (BX) + (01) OS 
00 010 (BP) + (SI) SS 
00 011 (BP)+(DI) SS 
00 100 (SI) DS 
00 101 (DI) DS 
00 110 DISP16 (DIRECT ADDRESS) DS 
00 111 (BX) DS 
01 000 (BX) + (SI) + DISP8 DS 
01 001 (BX)+(DI)+DISP8 DS 
01 010 (BP) + (SI) + DISP8 SS 
01 011 (BP) + (DI) + DISP8 SS 
01 100 (SI) + DISP8 OS 
01 101 (01) + DISP8 OS 
01 110 (BP) + 0lSP8 SS 
01 111 (BX)+DISP8 OS 
10 000 (BX) + (SI) + DISP16 OS 
10 001 (BX)+(DI)+DISP16 OS 
10 010 (BP)+(SI)+DlSP16 SS 
10 011 (BP)+(DI)+DISP16 SS 
10 100 (SI) + DISP16 DS 
10 101 (01) + DISP16 DS 
10 110 (BP)+DISP16 SS 
10 111 (BX)+DISP16 DS 
11 000 REG AX 1 AL 
11 001 REG CX 1 CL 
11 010 REG OX 1 DL 
11 011 REGBX/BL 
11 100 REG SP 1 AH 
11 101 REG BP 1 CH 
11 110 REG SII DH 
11 111 REG 011 BH 

FLAGS REGISTER CONTAINS: 

X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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SET MATRIX 

Lo 
Hi 8 9 A B C 0 E 

0 OR OR OR OR OR OR PUSH 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i W.I CS 

1 SBB SBB SBB SBB SBB SBB PUSH 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i w.i OS 

2 SUB SUB SUB SUB SUB SUB SEG 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i W.I eCS 

3 CMP CMP CMP CMP CMP CMP SEG 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i W.I oDS 

4 DEC DEC DEC DEC DEC DEC DEC 
AX CX DX BX SP BP SI 

5 POP POP POP POP POP POP POP 
AX CX DX BX SP BP SI 

6 

7 JS JNS JPI JNPI JLI JNLI JLEI 
JPE JPO JNGE JGE. JNG 

8 MOV MOV MOV MOV MOV LEA MOV 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m sr,f,r/m sr,t,r/m 

9 CBW CWD CALL WAIT PUSHF POPF SAHF I.d 

A TeST TeST STOS STOS LOOS LOOS SCAS b,i,a w,l,a 
... - ---

B MOV MOV MOV MOV MOV MOV MOV 
i-AX i - CX i - DX i - BX i - SP i - BP i - SI 

C RET. RET INT INT INTO 1.(i+SP) I Type 3 (Any) 

0 ESC ESC ESC ESC ESC ESC ESC 
0 1 2 3 4 5 6 

E CALL JMP JMP JMP IN IN OUT 
d d I.d si.d v,b v,w v,b 

F CLC STC CLI STI CLD STD 
Grp 2 
b.r/m 

where 

modDr/m 000 001 010 011 100 101 110 

Immed ADD OR ADC SBB AND SUB XOR 

Shift ROl ROR RCl RCR SHLISAl SHR -
Grp 1 TEST - NOT NEG MUL IMUl DIV 

Grp2 INC DEC CAll CAll JMP JMP PUSH 
id Lid id Lid 

F Hi 
0 

POP 1 
DS 

DAS 2 

AAS 3 

DEC 4 
DI 

POP 5 
DI 

6 

JNLEI 7 
JG 

POP 8 
rim 

LAHF 9 

SCAS A 

MOV 8 
i - DI 

IRET C 

ESC 0 
7 

OUT E 
v,w 

Grp 2 F 
w.r/m 

111 

CMP 

SAR 

IDIV 

-

Instructions in Hexadecimal Order 

8086 INSTRUCTION 

Lo 
0 1 2 

ADD ADD ADD 
b.f.r/m w.f.r/m b.t.r/m 

ADC ADC ADC 
b.f.r/m w.t.r/m b.t.r/m 

AND AND AND 
b.f.r/m w.f.r/m b.t.r/m 

XOR XOR XOR 
b.t.r/m w.f.r/m b.t.r/m 

INC INC INC 
AX CX DX 

PUSH PUSH PUSH 
AX CX DX 

JO JNO JBI 
JNAE 

Immed Immed Immed 
b.r/m w.r/m b.r/m 

XCHG XCHG XCHG 
AX CX DX 

MOV MOV MOV 
m - AL m -AX AL - m 

MOV MOV MOV 
i - AL i - CL i - DL 

RET. 
(i+SP) 

Shift Shift Shift 
b w b.v 

LOOPNZI LOOPZI LOOP LOOPNE LOOPE 

LOCK REP 

b = byte operation 
d = direct 
f = from CPU reg 
i = immediate 
ia = immed. to accum. 
id = indirect 

3 

ADD 
w.t.r/m 

ADC 
w.t.r/m 

AND 
w.t.r/m 

XOR 
w.t.r/m 

INC 
BX 

PUSH 
BX 

JNBI 
JAE 

Immed 
is.r/m 

XCHG 
BX 

MOV 
AX - m 

MOV 
i.- BL 

RET 

Shift 
w.v 

JCXZ 

REP 
Z 

is = immed. byte. sign ext. 
I = long ie. intersegment 

4 5 6 
ADD ADD PUSH 
b. ia w.ia ES 
ADC ADC PUSH 
b.i W.I SS 

AND AND SEG 
b.i w.i oES 

XOR XOR SEG 
b.i w.i oSS 

INC INC INC 
SP BP SI 

PUSH PUSH PUSH 
SP BP SI 

JEI JNEI JBEI 
JZ JNZ JNA 

TEST TEST XCHG 
b.r/m w.r/m b.r/m 

XCHG XCHG XCHG 
SP BP SI 

MOVS MOVS CMPS 

MOV MOV MOV 
i - AH i - CH i - DH 

LES LDS MOV 
b.i.r/m 

AAM AAD 

IN IN OUT 
b w b 

HLT CMC 
Grp 1 
b.r/m 

m = memory 
rIm = EA is second byte 
si = short intrasegment 
sr = segment register 
t = to CPU reg 
v = variable 
w = word operation 
z = zero 

7 

POP 
ES 

POP 
SS 

DAA 

AAA 

INC 
DI 

PUSH 
DI 

JNBEI 
JA 

XCHG 
w.r/m 

XCHG 
DI 

CMPS 

MOV 
i - BH 

MOV 
w.i.r/m 

XLAT 

OUT 
w 

Grp 1 
w.r/m 
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Generalized Development Cycle with 
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GO command, 6-3, 6-15 
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GR register, 4-12, 6-2, 6-10 
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ICE-88 firmware, 1-9 
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PFL, 4-11, 7-16 
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Set! change commands, 4-12 

Set CLOCK command, 6-19 
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SFL, 4-11,7-16 
SI, 4-9, 7-15 
Simple commands, 4-12 
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TYPE command, 7-44, 7-51 
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Unary operators, 5-9,5-11,5-14 
UNTIL, 8-1, 8-2, 8-3 
UP, 6-7,6-8 
UPPER, 4-10, 7-15 
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