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42 01000010 INC 
43 01000011 INC 
44 01000100 INC 
45 01000101 INC 
46 01000110 INC 
47 01000111 INC 
48 01001000 DEC 
49 01001001 DEC 
4A 01001010 DEC 
4B 01001011 DEC 
4C 01001100 DEC 
4D 01001101 DEC 
4E 01001110 DEC 
4F 01001111 DEC 
50 01010000 PUSH 
51 01010001 PUSH 
52 01010010 PUSH 
53 01010011 PUSH 
54 01010100 PUSH 
55 01010101 PUSH 
56 01010110 PUSH 
57 01010111 PUSH 
58 01011000 POP 
59 01011001 POP 
SA 01011010 POP 
5B 01011011 POP 
5C 01011100 POP 
5D 01011101 POP 
5E 01011110 POP 
SF 01011111 POP 
60 01100000 PUSHA 
61 01100001 POPA 
62 01100010 MOD REG R/M BOUND 
63 01100011 (not used) 
64 01100100 (not used) 
65 01100101 (not used) 
66 01100110 (not used) 
67 01100111 (not used) 

DX 
DX 
SP 
BP 
SI 
DI 
AX 
CX 
DX 
BX 
SP 
BP 
SI 
DI 
AX 
CX 
DX 
BX 
SP 
BP 
SI 
DI 
AX 
CX 
DX 
BX 
SP 
BP 
SI 
DI 

REG,EA 

INCREMENT (DX) 
INCREMENT (BX) 
INCREMENT (SP) 
INCREMENT (BP) 
INCREMENT (SI) 
INCREMENT (DI) 
DECREMENT (AX) 
DECREMENT (CX) 
DECREMENT (DX) 
DECREMENT (BX) 
DECREMENT (SP) 
DECREMENT (BP) 
DECREMENT (SI) 
DECREMENT (DI) 
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 
PUSH ALL DATA, INDEX, AND POINTER REGISTEI 
POP ALL DATA, INDEX, AND POINTER REGISTER: 
CHECK INDEX IN REG AGAINST BOUNDS AT EA 

68 01101000 PUSH DATA 16 PUSH WORD DATA ON STACK 
69 01101001 MOD REG A/M IMUL REG,EA,DATA16 MULTIPLY (EA) BY WORD DATA; SIGNED 
6A 01101010 PUSH DATA8 PUSH BYTE DATA ON STACK; SIGN-EXTEND 
6B 01101011 MOD REG R/M IMUL REG,EA,DATA8 MULTIPLY (EA) BY BYTE DATA; SIGNED 
6C 01101100 INS DST8 BYTEINPUT,STRINGOP 
6D 01101101 INS DST16 WORD INPUT, STRING OP 
6E 01101110 OUTS DST8 BYTE OUTPUT, STRING OP 
6F 01101111 OUTS DST16 WORD OUTPUT, STRING OP 
70 01110000 JO DISP8 JUMP ON OVERFLOW 
71 01110001 JNO DISP8 JUMP ON NOT OVERFLOW 
72 01110010 JC/JB/JNAE DISP8 JUMP ON BELOW/NOT ABOVE OR EQUAL 
73 01110011 JNC/JNB/JAE DISP8 JUMP ON NOT BELOW/ABOVE OR EQUAL 
74 01110100 JE/JZ DISP8 JUMP ON EQUAL/ZERO 
75 01110101 JNE/JNZ DISP8 JUMP ON NOT EQUAL/NOT ZERO 
76 01110110 JBE/JNA DISP8 JUMP ON BELOW OR EQUAL/NOT ABOVE 
77 01110111 JNBE/JA DISP8 JUMP ON NOT BELOW OR EQUAL/ABOVE 
78 01111000 JS DISP8 JUMP ON SIGN 
79 01111001 JNS DISP8 JUMP ON NOT SIGN 
7A 01111010 JP/JPE DISP8 JUMP ON PARITYjPARITY EVEN 
7B 01111011 JNP /JPO DISP8 JUMP ON NOT PARITY/PARITY ODD 
7C 01111100 JL/JNGE DISP8 JUMP ON LESS/NOT GREATER OR EQUAL 
7D 01111101 JNL/JGE DISP8 JUMP ON NOT LESS/GREATER OR EQUAL 
7E 01111110 JLE/JNG DISP8 JUMP ON LESS OR EQUAL/NOT GREATER 
7F 01111111 JNLE/JG DISP8 JUMP ON NOT LESS OR EQUAL/GREATER 
80 10000000 MOD 000 R/M ADD EA,DATA8 BYTE ADD DATA TO EA 
80 10000000 MOD 001 R/M OR EA,DATA8 BYTE OR DATA TO EA 
80 10000000 MOD 010 R/M ADC EA,DATA8 BYTE ADD DATA W/CARRY TO EA 
80 10000000 MOD 011 R/M SBB EA,DATA8 BYTE SUB DATA W/BORROW FROM EA 
80 10000000 MOD 100 R/M AND EA,DATA8 BYTE AND DATA TO EA 
80 10000000 MOD 101 R/M SUB EA,DATA8 BYTE SUBTRACT DATA FROM EA 
80 10000000 MOD 110 R/M XOR EA,DATA8 BYTE XOR DATA TO EA 
80 10000000 MOD 111 R/M CMP EA,DATA8 BYTE COMPARE DATA WITH (EA) 
81 10000001 MOD 000 R/M ADD EA,DATA16 WORD ADD DATA TO EA 
81 10000001 MOD 001 R/M OR EA,DATA16 WORD OR DATA TO EA 
81 10000001 MOD 010 R/M ADC EA,DATA16 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 
81 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 DATA 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 WI 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 DATA 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 SUB DATA W I BORROW FROM EA 
83 10000011 MOD 100 RIM (not used) 
83 10000011 MOD 101 RIM SUB EA,DATA8 WORD SUBTRACT DATA FROM EA 
83 10000011 MOD 110 RIM (not used) 
83 10000011 MOD 111 RIM CMP EA,DATA8 WORD COMPARE DATA WITH (EA) 
84 10000100 MOD HEG RIM TEST EA,REG BYTE TEST (EA) WITH (REG) 
85 10000101 MOD HEG RIM TEST EA,REG WORD TEST (EA) WITH (REG) 
86 10000110 MOD HEG RIM XCHG REG,EA BYTE EXCHANGE (REG) WITH (EA) 
87 10000111 MOD HEG RIM XCHG REG,EA WORD EXCHANGE (REG) WITH (EA) 
88 10001000 MOD HEG RIM MOV EA,REG BYTE MOVE (REG) TO EA 
89 10001001 MOD HEG RIM MOV EA,REG WORD MOVE (REG) TO EA 
8A 10001010 MOD HEG RIM MOV REG,EA BYTE MOVE (EA) TO REG 
8B 10001011 MOD !=lEG RIM 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) 
8D10001101 MOD !=lEG RIM 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 (DX) 
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 (DI) 
98 10011000 CBW BYTE CONVERT (AL) TO WORD (AX) 
99 10011001 CWD WORD CONVERT (AX) TO DOU BLE WORD 
9A 10011010 CALL DISP113,SEG16 DIRECT INTER SEGMENT CALL 
9810011011 WAIT WAIT FOR TEST SIGNAL 
9C 10011100 PUSHF PUSH FLAGS ON STACK 
9D 10011101 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 
A110100001 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 DST8,SRC8 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 DATA 
A910101001 TEST AX,DATA16 WORD TEST (AX) WITH DATA 
AA 10101010 STOS DST8 BYTE STORE, STRING OP 
AB10101011 STOS DST16 WORD STORE, STRING OP 
AC10101100 LODS SRC8 BYTE LOAD, STRING OP 
AD10101101 LODS SRC16 WORD LOAD, STRING OP 
AE10101110 SCAS DIPTR8 BYTE SCAN, STRING OP 
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AF10101111 SCAS DIPTR16 WORD SCAN, STRING OP 
BO 10110000 MOV AL,DATA8 BYTE MOVE DATA TO REG AL 
B110110001 MOV CL,DATA8 BYTE MOVE DATA TO REG CL 
B2 10110010 MOV DL,DATA8 BYTE MOVE DATA TO REG DL 
B3 10110011 MOV BL,DATA8 BYTE MOVE DATA TO REG BL 
B4 10110100 MOV AH,DATA8 BYTE MOVE DATA TO REG AH 
B5 10110101 MOV CH,DATA8 BYTE MOVE DATA TO REG CH 
B6 10110110 MOV DH,DATA8 BYTE MOVE DATA TO REG DH 
B710110111 MOV BH,DATA8 BYTE MOVE DATA TO REG BH 
B8 10111000 MOV AX,DATA16 WORD MOVE DATA TO REG AX 
B9 10111001 MOV CX,DATA16 WORD MOVE DATA TO REG CX 
BA10111010 MOV DX,DATA16 WORD MOVE DATA TO REG DX 
BB10111011 MOV BX,DATA16 WORD MOVE DATA TO REG BX 
BC1 01111 00 MOV SP,DATA16 WORD MOVE DATA TO REG SP 
BD10111101 MOV BP,DATA16 WORD MOVE DATA TO REG BP 
BE10111110 MOV SI,DATA16 WORD MOVE DATA TO REG SI 
B F 10111111 MOV DI,DATA16 WORD MOVE DATA TO REG DI 

CO 11000000 MOD 000 RIM ROL EA,DATA8 BYTE ROTATE EA LEFT DATA8 BITS 
CO 11000000 MOD 001 RIM ROR EA,DATA8 BYTE ROTATE EA RIGHT DATA8 BITS 
CO 11000000 MOD 010 RIM RCL EA,DATA8 BYTE ROTATE EA LEFTTHRU CARRY DATA8 E 
CO 11000000 MOD 011 RIM RCR EA,DATA8 BYTE ROTATE EA RIGHT THRU CARRY DATA8 
CO 11000000 MOD 100 RIM SHL/SAL EA,DATA8 BYTE SHIFT EA LEFT DATA8 BITS 
CO 11000000 MO:) 101 RIM SHR EA,DATA8 BYTE SHIFT EA RIGHT DATA8 BITS 
CO 11000000 MOD 110 RIM (not used) 
CO 11000000 MOD 111 RIM SAR EA,DATA8 BYTE SHIFT SIGNED EA RIGHT DATA8 BITS 

C1 .~ 1 000001 MOD 000 RIM ROL EA,DATA8 WORD ROTATE EA LEFT DATA8 BITS 
C1 11000001 MOD 001 RIM ROR EA,DATA8 WORD ROTATE EA RIGHT DATA8 BITS 
C1 11000001 MOD 010 RIM RCL EA,DATA8 WORD ROTATE EA LEFTTHRU CARRY DATA8 
C1 11000001 MOD 011 RIM RCR EA,DATA8 WORD ROTATE EA RIGHTTHRU CARRY DATAl 
C1 11000001 MOD 100 RIM SHL/SAL EA,DATA8 WORD SHIFT EA LEFT DATA8 BITS 
C1 11000001 MOD 101 RIM SHR EA,DATA8 WORD SHIFT EA RIGHT DATA8 BITS 
C1 11000001 MOD 110 RIM (not used) 
C1 11000001 MOD 111 RIM SAR EA,DATA8 WORD SHIFT SIGNED EA RIGHT DATA8 BITS 

C211000010 RET DATA16 INTRA SEGMENT RETURN, ADD DATA TO REG SP 
C311000011 RET INTRA SEGMENT RETURN 
C411000100 MOD REG RIM LES REG,EA WORD LOAD REG AND SEGMENT REG ES 
C5 11000101 MOD REG RIM LDS REG,EA WORD LOAD REG AND SEGMENT REG DS 
C6 11000110 MOD 000 RIM MOV EA,DATA8 BYTE MOVE DATA TO EA 
C6 11000110 MOD 001 RIM (not used) 
C611000110 MOD 010 RIM (not used) 
C611000110 MOD 011 RIM (not used) 
C6 11000110 MOD 100 RIM (not used) 
C6 11000110 MOD 101 RIM (not used) 
C6 11000110 MOD 110 RIM (not used) 
C6 11000110 MOD 111 RIM (not used) 
C711000111 MOD 000 RIM MOV EA,DATA16 WORD MOVE DATA TO EA 
C7 11000111 MOD 001 RIM (not used) 
C711000111 MOD 010 RIM (not used) 
C7 11000111 MOD 011 RIM (not used) 
C7 11000111 MOD 100 RIM (not used) 
C7 11000111 MOD 101 RIM (not used) 
C7 11000111 MOD 110 RIM (not used) 
C711000111 MOD 111 RIM (not used) 
C8 11001000 ENTER DATA16,DATA8 PERFORM ENTER SEQUENCE 
C9 11001001 LEAVE PERFORM LEAVE SEQUENCE 
CA 11001010 RET DATA16 INTER SEGMENT RETURN, ADD DATA TO REG SP 
CB11001011 RET INTER SEGMENT RETURN 
CC11001100 INT 3 TYPE 31NTERRUPT 
CD11001101 INT TYPE TYPED INTERRUPT 
CE11001110 INTO INTERRUPT ON OVERFLOW 
CF11001111 IRET RETURN FROM INTERRUPT 
DO 11010000 MOD 000 RIM ROL EA,1 BYTE ROTATE 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 LEFTTHRU 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 
D1 11010001 MOD 000 RIM ROL EA,1 WORD ROTATE EA LEFT 1 BIT 
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01 11010001 MOD 001 RIM ROR EA,1 WORD ROTATE EA RIGHT 1 BIT 
01 11010001 MOD 010 RIM RCl EA,1 WORD ROTATE EA lEFT THRU CARRY 1 BIT 
01 11010001 MOD 011 RIM RCR EA,1 WORD ROTATE EA RIGHTTHRU CARRY 1 BIT 
0"1 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 0"10 RIM RCl EA,Cl BYTE ROTATE EA lEFT THRU CARRY (Cl) BITS 
02 11010010 MOD 0"11 RIM RCR EA,Cl BYTE ROTATE EA RIGHT THRU CARRY (CLl BITS 
02 11010010 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 
02 11010010 MOD 1"10 RIM (not used) 
0211010010 MOD 1"11 RIM SAR EA,Cl BYTE SHIFT SIGNED EA RIGHT (Cl) BITS 
0311010011 MOD 000 RIM ROl EA,Cl WORD ROTATE EA lEFT (Cl) BITS 

03 11010011 MOD 001 RIM ROR EA,CL. WORD ROTATE EA RIGHT (Cl) BITS 
0311010011 MOD 0-10 RIM RCl EA,Cl WORD ROTATE EA lEFT THRU CARRY (Cl) BITS 
0311010011 MOD 0-11 RIM RCR EA,Cl WORD ROTATE EA RIGHT THRU CARRY (Cl) BITS 
03 11010011 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 
03 11010011 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 AAD ASCII ADJUST FOR DIVIDE 
06 11010110 (not used) 
07 11010111 XlAT TABLE TRANSLATE USING (BX) 
08 11011--- MOD --"- RIM ESC EA ESCAPE TO EXTERNAL DEVICE 
0811011000 MOD 000 RIM FAOO Short-real ADD 4-BYTE EA TO ST 
0811011000 MOD 001 RIM FMUl Short-real MUl TIPl Y ST BY 4-BYTE EA 
0811011000 MOD 010 RIM FCOM Short-real COMPARE 4-BYTE EA WITH ST 
0811011000 MOD 011 RIM FCOMP Short-real COMPARE 4-BYTE EA WITH ST AND POP 
0811011000 MOD 100 RIM FSUB Short-real SUBTRACT 4-BYTE EA FROM ST 
0811011000 MOD 101 RIM FSUBR Short-real SUBTRACT ST FROM 4-BYTE EA 
0811011000 MOD 110 RIM FOIV Short-real DIVIDE ST BY 4-BYTE EA 
0811011000 MOD 111 RIM FOIVR Short-real DIVIDE 4-BYTE EA BY ST 
0811011000 1 1 000 (i) FAOO ST, ST(i) ADD ELEMENT TO ST 
0811011000 1 1 001 (i) FMUl ST, ST(i) MUl TIPl Y ST BY ELEMENT 
08 11011000 1 1 010 (i) FCOM ST(i) COMPARE ST(i) WITH ST 
08 11011000 1 1 011 (i) FCOMP ST(i) COMPARE ST(i) WITH ST AND POP 
08 11011000 1 1 100 (i) FSUB ST, ST(i) SUBTRACT ELEMENT FROM ST 
08 11011000 1 1 101 (i) FSUBR ST,ST(i) SUBTRACT ST FROM STACK ELEMENT 
08 11011000 1 1 110 (i) FOIV ST, ST(i) DIVIDE ST BY ELEMENT 
0811011000 1 1 111 (i) FDIVR ST, ST(i) DIVIDE ST(i) BY ST 
09 11011001 MOD 000 RIM FLO Short-real PUSH 4-BYTE EA TO ST 
0911011001 MOD 001 RIM (not used) 
0911011001 MOD 010 RIM FST Short-real STORE 4-BYTE REAL TO EA 
0911011001 MOD 011 RIM FSTP Short-real STORE 4-BYTE REAL TO EA AND POP 
0911011001 MOD 100 RIM FlOENV 14 BYTES lOAD 8087 ENVIRONMENT FROM EA 
0911011001 MOD 101 RIM FlOCW 2-BYTE!3 lOAD CONTROL WORD FROM EA 
09 "11011001 MOD 110 RIM FSTENV 14-BYTES STORE 8087 ENVIRONMENT INTO EA 
09 "11011001 MOD 111 RIM FSTCW 2-BYTES STORE CONTROL WORD INTO EA 
0911011001 1 1 000 (i) FLO ST(i) PUSH ST(i) ONTO ST 
09 "11011001 1 1 001 (i) FXCH ST(i) EXCHANGE ST AND ST(i) 
09 -11011001 1 1 010 000 FNOP STORE ST IN ST 
0911011001 1 1 010 001 (not used) 
0911011001 1 1 010 01- (not used) 
0911011001 1 1 010 1-- (not used) 
0911011001 1 1 011 (i) * (1) 
0911011001 1 1 100 000 FCHS CHANGE SIGN OF ST 
0911011001 1 1 100 001 FABS TAKE ABSOLUTE VALUE OF ST 
0911011001 1 1 100 01- (not used) 
09 i 1 011 001 1 1 100 100 FTST TEST ST AGAINST 0"0 
09 11011001 1 1 100 101 FXAM EXAMINE ST AND REPORT CONDITION CODE 
0911011001 1 1 100 11- (not used) 
0911011001 1 1 10"1 000 Fl01 PUSH +1_0 TO ST 
0911011001 1 1 10"1 001 FlOl2T PUSH 109210 TO ST 
0911011001 1 1 10"1 010 FlOl2E PUSH 1092e TO ST 
09 11011001 1 1 10"1 011 FlOPI PUSH Pi TO ST 
09 11011001 1 1 10-1 100 FlOlG2 PUSH 109102 TO ST 
09 11011001 1 1 10-1 101 FlDlN2 PUSH 10ge2 TO ST 
0911011001 1 1 10-1 110 FlOZ PUSH ZERO TO ST 
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D9 11011001 101 111 (not used) 
D9 11011001 110 000 F2XM1 CALCULATE 2x-1 

D9 11011001 110 001 FYL2X CALCULATE FUNCTION Y*log2 X 

D911011001 110 010 FPTAN CALCULATE TAN OF e AS A RATIO 

D911011001 110 011 FPATAN CALCU LA TE ARCT AN OF e 
D9 11011001 110 100 FXTRACT EXTRACT EXPONENT AND SIGNIFICAND FROM S-

D911011001 110 101 (not used) 
D911011001 110 110 FDECSTP DECREMENT STACK POINTER IN STATUS WORD 

D911011001 110 111 FINCSTP INCREMENT STACK POINTER IN STATUS WORD 

D911011001 111 000 FPREM MODU LO DIVISION OF ST BY ST(1) 

D911011001 110 001 FYL2XP1 CALCULATE VALUE OF Y*log2 (X+1) 

D911011001 111 010 FSQRT CALCULATE SQUARE ROOT OF ST 

D911011001 111 011 (not used) 
D911011001 111 100 FRNDINT ROUND ST TO INTEGER 
D911011001 111 "101 FSCALE ADD ST(1) TO EXPONENT OF ST 
D911011001 1 1 111 11- (not used) 

DA 11011010 MOD 000 RIM FIADD Short-integer ADD 4-BYTE INTEGER EA TO ST 
DA 11011010 MOD 001 f~/M FIMUL Short-integer MULTIPLY ST BY 4-BYTE INTEGER EA 
DA11011010 MOD 010 f~/M FICOM Short-integer CONVERT 4-BYTE INTEGER EA, AND COMPARE W 
DA11011010 MOD 011 f~/M FICOMP Short-integer CONVERT 4-BYTE INTEGER EA, COMPARE WITH S 
DA 11011010 MOD 100 f~/M FISUB Short-integer SUBTRACT 4-BYTE INTEGER EA FROM ST 
DA11011010 MOD 101 RIM FISUBR Short-integer SUBTRACT ST FROM 4-BYTE INTEGER EA 
DA11011010 MOD 110 RIM FIDIV Short-integer DIVIDE ST BY 4-BYTE INTEGER EA 
DA11011010 MOD 111 RIM FIDIVR Short-integer DIVIDE 4-BYTE INTEGER EA BY ST 
DA11011010 1 1 -- (not used) 
DB 11 011 011 MOD 000 F~/M FILD Short-integer PUSH 4-BYTE INTEGER EA ONTO ST 
DB 11011011 MOD 001 RIM (not used) 
DB 11011011 MOD 010 RIM FIST Short integer STORE ROUNDED ST IN 4-BYTE INTEGER EA 
DB11011011 MOD 011 RIM FISTP Short-integer STORE ROUNDED ST IN 4-BYTE INTEGER EA, POP 
DB11011011 MOD 100 RIM (not used) 
DB11011011 MOD 101 RIM FLD Temp-real PUSH 10-BYTE EA ONTO ST 
DB 11011011 MOD 110 RIM Reserved 
DB 11011011 MOD 111 RIM FSTP Temp-real STORE ST INTO 10-BYTE EA, POP 
DB 11011011 1 1 0-- Reserved 
DB11011011 1 1 100 000 FENI ENABLE INTERRUPT 
DB11 011 011 1 1 100 001 FDISI DISABLE INTERRU PTS 
DB 11011011 1 1 100 010 FCLEX CLEAR EXCEPTIONS 
DB11011011 1 1 100 011 FINIT INITIALIZE PROCESSOR 
DB11011011 1 1 100 1-- Reserved 
DB11011011 1 1 101 Reserved 
DB11 011 011 1 1 11- Reserved 
DC11 0111 00 MOD 000 F~/M FADD Long-real ADD 8-BYTE EA TO ST 
DC11 0111 00 MOD 001 RIM FMUL Long-real MUL TIPLY ST BY 8-BYTE EA 
DC11011100 MOD 010 RIM FCOM Long-real COMPARE ST WITH 8-BYTE EA 
DC11011100 MOD 011 RIM FCOMP Long-real COMPARE ST WITH 8-BYTE EA, POP STACK 
DC11 0111 00 MOD 100 RIM FSUB Long-real SUBTRACT 8-BYTE EA FROM ST 
DC11 0111 00 MOD 101 Fl/M FSUBR Long-real SUBTRACT ST FROM 8-BYTE EA 
DC11 0111 00 MOD 110 RIM FDIV Long-real DIVIDE ST BY 8-BYTE EA 
DC11 0111 00 MOD 111 RIM FDIVR Long-real DIVIDE 8-BYTE EA BY ST 
DC11011100 1 1 000 (i) FADD ST(i), ST ADD ST TO ELEMENT 
DC11 0111 00 1 1 001 (i) FMUL ST(i), ST MULTIPLY ELEMENT BY ST 
DC11 0111 00 1 1 010 (i) *(2) 
DC11011100 1 1 011 (i) * (3) 
DC11 0111 00 1 1 100 (i) FSUBR ST(i), ST SUBTRACT ST FROM ELEMENT 
DC11 0111 00 1 1 101 (i) FSUB ST(i), ST SUBTRACT ELEMENT FROM ST 
DC11011100 1 1 110 (i) FDIVR ST(i), ST DIVIDE ST(i) BY ST 
DC11011100 1 1 111 (i) FDIV ST(i), ST DIVIDE ST BY ST(i) 
DD11 0111 01 MOD 000 RIM FLD Long-real PUSH 8-BYTE EA ONTO ST 
DD11011101 MOD 001 RIM Reserved 
DD11011101 MOD 010 RIM FST Long-real STORE ST INTO 8-BYTE EA 
DD11011101 MOD 011 RIM FSTP Long-real STORE ST INTO 8-BYTE EA, POP 
DD11011101 MOD 100 RIM FRSTOR 94-BYTES RESTORE 8087 STATE FROM EA 
DD11011101 MOD 101 RIM Reserved 
DD11011101 MOD 110 RIM FSAVE 94-BYES SAVE 8087 STATE TO EA 
DD11011101 MOD 111 RIM FSTSW 2-BYTES STORE 8087 STATUS WORD TO 2-BYTE EA 
DD11011101 1 1 000 (i) FFREE ST(i) SET STACK TAG TO "EMPTY" 
DD11 0111 01 1 1 001 (i) * (4) 
DD11 0111 01 1 1 010 (i) FST ST(i) STORE ST INTO ST(i) 
DD11011101 1 1 011 (i) FSTP ST(i) STORE ST INTO ST(i), POP 
DD11011101 1 1 1-- Reserved 
DE11011110 MOD 000 RIM FIADD Word-integer ADD 2-BYTE INTEGER EA TO ST 
DE11011110 MOD 001 RIM FIMUL Word-inteqer MULTIPL Y ST BY 2-BYTE INTEGER EA 
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DE11011110 MOD 010 RIM FICOM Word-integer COMPARE 2-BYTE EA INTEGER WITH ST 
DE 11011110 MOD 011 RIM FICOMP Word-integer COMPARE 2-BYTE INTEGER EA WITH ST. POP 
DE11011110 MOD 100 RIM FISUB Word-integer SUBTRACT 2-BYTE INTEGER EA FROM ST 
DE 11 01111 0 MOD 101 RIM FISUBR Word-integer SUBTRACT ST FROM 2-BYTE INTEGER EA 
DE 11011110 MOD 110 RIM FIDIV Word-integer DIVIDE ST BY 2-BYTE INTEGER EA 
DE11011110 MOD 111 RIM FIDIVR Word-integer DIVIDE 2-BYTE INTEGER EA BY ST 
DE11011110 1 1 000 (i) FADDP ST(i), ST ADD ST TO ELEMENT, POP 
DE11011110 1 1 001 (i) FMULP ST(i), ST MULTIPLY ST BY ELEMENT, POP 
DE11011110 1 1 010 *(5) 
DE11011110 1 1 011 000 Reserved 
DE11011110 1 1 011 001 FCOMPP COMPARE ST WITH ST(1), POP TWICE 
DE11011110 011 01- Reserved 
DE11011110 0"11 1-- Reserved 
DE 1101111 0 100 (i) FSUBRP ST(i), ST SUBTRACT ST FROM ELEMENT, POP 
DE11011110 101 (i) FSUBP ST(i), ST SUBTRACT ST(i) FROM ST, POP 
DE11011110 1"10 (i) FDIVRP ST(i), ST DIVIDE STACK ELEMENT BY ST, POP 
DE11011110 1 1 1 "11 (i) FDIVP ST(i), ST DIVIDE ST BY STACK ELEMENT, POP 
D F 11011111 MOD 000 RIM FILD Word-integer CONVERT 2-BYTE EA AND PUSH ONTO STACK 
DF11011111 MOD 001 RIM Reserved 
DF11011111 MOD 010 RIM FIST Word-integer ROUND ST AND STORE IN 2-BYTE INTEGER EA 
DF11011111 MOD 011 RIM FISTP Word-integer ROUND ST, STORE IN 2-BYTE INTEGER EA, POP 
DF11011111 MOD 100 RIM FBLD Packed decimal LOAD BCD TO ST 
DF11011111 MOD 101 RIM FILD Long-integer CONVERT 8-BYTE INTEGER EA AND PUSH ONTO STACK 
OF 11011111 MOD 110 RIM FBSTP Packed decimal CONVERT ST, STORE IN 10-BYTE BCD EA, POP 
DF11011111 MOD 111 RIM FISTP Long-integer ROUND ST, STORE IN 8-BYTE INTEGER EA, POP 
OF 11011111 1 1 000 (i) '(6) 
OF 11011111 1 1 001 (i) *(7) 
DF11011111 1 1 010 (i) *(8) 
DF11011111 1 1 011 (i) *(9) 
DF11011111 1 1 Reserved 
EO 11100000 LOOPNZ/LOOPNE DISP8 LOOP (CX) TIMES WHILE NOT ZERO/NOT EQUAL 
E111100001 LOOPZ/LOOPE DISP8 LOOP (CX) TIMES WHILE ZERO/EQUAL 
E211100010 LOOP DISP8 LOOP (CX) TIMES 
E311100011 JCXZ DISP8 JUMP ON (CX)=O 
E411100100 IN AL,POFtT BYTE IN PUT FROM PORT TO REG AL 
E5 11100101 IN AX,POHT WORD INPUT FROM PORT TO REG AX 
E611100110 OUT PORT,AL BYTE OUTPUT (AL) TO PORT 
E711100111 OUT PORT,AX WORD OUTPUT (AX) TO PORT 
E8 11101000 CALL DISP16 DIRECT INTRA SEGMENT CALL 
E9 11101001 JMP DISP16 DIRECT INTRA SEGMENT JUMP 
EA11101010 JMP DISP16,SEG16 DIRECT INTER SEGMENT JUMP 
EB 111 01 01 0 JMP DISP8 DIRECT INTRA SEGMENT JUMP 
EC11101010 IN AL,DX BYTE INPUT FROM PORT (OX) TO REG AL 
ED11101010 IN AX,DX WORD IN PUT FROM PORT (OX) TO REG AX 
EE11101010 OUT DX,AL BYTE OUTPUT (AL) TO PORT (OX) 
EF 11101010 OUT DX,AX WORD OUTPUT (AX) TO PORT (OX) 
FO 11110000 LOCK BUS LOCK PREFIX 
F1 11110001 (not used) 
F211110010 REPNZ/REPNE REPEAT WHILE (CX)*O AND (ZF)=O 
F311110011 REPZ/REPE/REP REPEAT WHILE (CX)*O AND (ZF)=1 
F411110100 HLT HALT 
F511110101 CMC COMPLEMENT CARRY FLAG 
F6 11110110 MOD 000 RIM TEST EA,DATA8 BYTE TEST (EA) WITH DATA 
F611110110 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 
F6 11110110 MOD 101 RIM IMUL EA BYTE MULTIPLY BY (EA), SIGNED 
F611110110 MOD 110 RIM DIV EA BYTE DIVIDE BY (EA), UNSIGNED 
F611110110 MOP 111 RIM IDIV EA BYTE DIVIDE BY (EA), SIGNED 
F711110111 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 
F711110111 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 
F8 11111000 CLC CLEAR CARRY FLAG 
F9 11111001 STC SET CARRY FLAG 
FA 11111010 CLI CLEAR INTERRUPT FLAG 
F B 11111011 STI SET INTERRUPT FLAG 
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FC11111100 
FD 11111101 
FE 11111110 MOD 000 RIM 
FE 11111110 MOD 001 RIM 
FE 11111110 MOD 010 RIM 
FE 11111110 MOD 011 RIM 
FE 11111110 MOD 100 RIM 
FE 11111110 MOD 101 RIM 
FE 11111110 MOD 110 RIM 
FE 11111110 MOD 111 RIM 
FF 11111111 MOD 000 RIM 
FF 11111111 MOD 001 RIM 
FF 11111111 MOD 010 RIM 
FF 11111111 MOD 011 RIM 
FF 11111111 MOD 100 RIM 
FF 11111111 MOD 101 RIM 
FF 11111111 MOD 110 RIM 
FF 11111111 MOD 111 RIM 

CLD 
STD 
INC EA 
DEC EA 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
(not used) 
INC EA 
DEC EA 
CALL EA 
CALL EA 
JMP EA 
JMP EA 
PUSH EA 
(not used) 

CLEAR DIRECTION FLAG 
SET DIRECTION FLAG 
BYTE INCREMENT EA 
BYTE DECREMENT EA 

WORD INCREMENT EA 
WORD DECREMENT EA 
INDIRECT INTRA SEGMENT CALL 
INDIRECT INTER SEGMENT CALL 
INDIRECT INTRA SEGMENT JUMP 
INDIRECT INTER SEGMENT JUMP 
PUSH (EA) ON STACK 

REG IS ASSIGNED ACCORDING TO THE FOLLOWING TABLE: 

16-BIT (W=1) 8-BIT (W=O) SEGMENT REG 

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

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

00 000 (BX) + (SI) DS 
00 001 (BX) + (DI) DS 
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 DS 
01 101 (DI) + DISP8 DS 
01 110 (BP)+DISP8 SS 
01 111 (BX)+ DISP8 DS 
10 000 (BX)+(SI)+DISP16 DS 
10 001 (BX)+(DI)+DiSP16 DS 
10 010 (BP)+(SI)+DISP16 SS 
10 011 (BP)+(DI)+DISP16 SS 
10 100 (SI)+DISP16 DS 
10 101 (DI)+DISP16 DS 
10 110 (BP)+DISP16 SS 
10 111 (BX) + DISP16 DS 
11 000 REG AX I AL 
11 001 REG CX I CL 
11 010 REG DX I DL 
11 011 REGBX/BL 
11 100 REG SP I AH 
11 101 REGBP/CH 
11 110 REG SII DH 
11 111 REG DII BH 

FLAGS REGISTER CONTAINS: 

X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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*The marked encodings are NOT generated by the language translators. If however, 
the 8087 encounters one of these encodings in the instruction stream, it will execute 
it as follows: 

(1) FSTP ST(i) 

(2) FCOM ST(i) 

(3) FCOMP ST(i) 

(4) FXCH ST(i) 

(5) FCOMP ST(i) 

(6) FFREE ST(i) and pop stack 

(7) FXCH ST(i) 

(8) FSTP ST(i) 

(9) FSTP ST(i) 

IAPX 86/88/186 INSTRUCTION SET MATRIX 

Hi Lo Hi Lo 

A 

B 

c 

o 

ADC 
b.f.r/m 

AND 
b.f.r/m 

XOR 
b.f.r/m 

INC 
AX 

PUSH 
AX 

JO 

Immed 
b.r/m 

ADC 
w.f.r/m 

AND 
w.f.r/m 

XOR 
w.f.r/m 

INC 
CX 

PUSH 
CX 

JNO 

ADC ADC ADC ADC PUSH 
b.t.r/m w.t.r/m b.i w.i SS 

POP 
SS 

·+··.-----i 
AND AND AND AND SEG 

b.t.r/m w.t.r/m b.i w.i ES DAA 
··~r---·-+---·_r-----~ 

XOR XOR XOR XOR SEG AAA 
b.t.r/m w.t.r/m b.i w.i SS -+--_._ ..... _+ 

INC INC INC INC INC INC 
DX BX SP BP SI DI 

----r-----~----+- ----~--------i 

PUSH PUSH PUSH PUSH PUSH PUSH 
DX BX SI' BP SI DI 

-----4-------~·----+-----_+-----i 

JBI JNBI JEI JNEI JBEI JNBEI 
JNAE JAE JZ JNZ JNA JA 

"--"+---"--i 
Immed Immed Immed TEST TEST XCHG XCHG 
w.r/m b.r/m is.r/m b.r/m w.r/m b.r/m w.r/m 

NOP XCHG XCHG XCHG XCHG XCHG XCHG XCHG 
CX DX BX SF' BP SI DI 

.--+----.---_l 
MOV MOV MOV MOV MOVS MOVS CMPS CMPS 

m-AL m-AX AL-m AX-m b w b w 
~------+---.-.-.. +- -.-+ .... -- .. ----~--.--~----+-----~-----__1 

MOV MOV MOV MOV MOV MOV MOV MOV 
i -+ AL i - CL i - DL i .. BL i - AH i - CH i - DH i .. BH 

LOCK REP 

RET 

Shift 
W.V 

JCXZ 

REP 
Z 

-+---- ---+ · .. -·· .... ·· .. --f-·--+---·----; 

LES 

AAM 

IN 
b 

HLT 

LDS 

AAD 

IN 
w 

CMC 

MOV MOV 
b.i.r/m w.i.r/m 

OUT 
b. 

Grp1 
b.r/m 

XLAT 

OUT 
w 

Grp 1 
w.r/m 

where 

= 186 only instruction 

A 

c 

D 

SBB SBB SBB SBB 
b.f.r/m w.f.r/m w.t.r/m b.i 

SUB SUB SUB SUB SUB 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i 

CMP CMP CMP CMP CMP 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m b.i 

DEC DEC DEC DEC DEC 
AX CX DX BX SP 

POP POP POP POP POP 
AX CX DX BX SP 

MOV MOV MOV MOV MOV 
b.f.r/m w.f.r/m b.t.r/m w.t.r/m sr.f.r/m 

CBW CWD CALL WAIT PUSHF 
i.d 

TEST TEST STOS STOS LODS 

SBB 
w.i 

SUB 
w.i 

CMP 
w.i 

DEC 
BP 

POP 
BP 

LEA 

POPF 

LODS 
w 

MOV 
~-b~,i--~-w--.i __ _l----b---~---w----+-- b 

MOV MOV MOV MOV MOV 
i-AX i .. ex i - DX i .. BX i - SP i - BP 
~~--1~==~-----1------1-------+­

INT 

----' __ -'--1 ____ .--j~'-'-----+-(.AnJL. 

PUSH 
DS 

SEG 
CS 

SEG 
DS 

DEC 
SI 

POP 
SI 

MOV 
sr.t.r/m 

SAHF 

SCAS 
b 

MOV 
i- SI 

INTO 

F 

POP 
DS 

DAS 

AAS 

DEC 
DI 

POP 
DI 

JG 

POP 
rim 

LAHF 

SCAS 
w 

MOV 
i - DI 

IRET 

ESC ESC ESC ESC ESC ESC ESC 
o 1 2 4 5 6 7 

r--~---_+--- 1····----1-------+---····-~------~---__1 
CALL JMP JMP JMP IN IN OUT OUT 

d d i.d si.d v.b V.W v.d v.w 

CLC STC CLI STI CLD STD ~~j~ 

~ byte operation 
~ direct 
~ from CPU reg 
~ immediate 

ia ~ immed. to accum. 
ib ~ immediate byte 
id ~ indirect 
is ~ immed. byte sign ext. 
iw ~ immediate word 
I ~ long ie. intersegment 
m ~ memory 
r ~ register 
rim ~ EA is second byte 
si ~ short intrasegment 
sr ~ segment register 
t ~ to CPU reg 
v ~ variable 
w ~ word operation 

~ zero 

Grp 2 
w.r/m 
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This appendix presents some example macros. These macros are designed to support 
the writing of ASM86 routines that will be linked to other modules for the SMALL 
model of computation (see An Introduction to ASM86). The intent here is not to 
show the full power of MPL. Instead, it is to demonstrate a practical use for macros 
in a common programming situation. 

These macros could be built into an include file. If you were developing a large set of 
ASM86 modules, you could use this include file at the beginning of each of your 
modules to define a common interface betwet:n the modules (in this case SMALL). 
Similar sets of macros could be defined to support other models of computation. 

;A SET OF MACROS TO SUPPORT THE SMALL MODEL OF COMPUTATION 
;TO BE USED AS AN INCLUDE FILE 

$NOLIST 

;THIS MACRO WILL GENERATE A PUBLIC SEGMENT STATEMENT WITH 
;A NAME AS A PARAMETER 

%*DEFINE (SEG(NAME» (%NAME SEGMENT PUBLIC '%NAME') 

;THESE MACROS ARE USED TO GENERATE THE SEGMENT DIRECTIVES 
;FOR THE SMALL MODEL 

;CODE SEGMENT 

%*DEFINE (CSEG) (%SEG(CODE» 

%*DEFINE (CEND) (CODE ENDS) 

;DATA SEGMENT 

%*DEFINE (DSEG) (%SEG(DATA» 

%*DEFINE (DEND) (DATA ENDS) 

;CONST SEGMENT 

%*DEFINE (CONSEG) (%SEG(CONST» 

%*DEFINE (CONEND) (CONST ENDS) 

;MEMORY SEGMENT 

%*DEFINE (MEMSEG) (MEMORY SEGMENT MEMORY 'MEMORY') 

%*DEFINE (MEMEND) (MEMORY ENDS) 

;THIS MACRO WILL DEFINE A STACK SEGMENT. THE NUMBER OF 
;WORDS TO RESERVE FOR THE STACK IS PASSED AS A PARAMETER. 

%*DEFINE (STACKSEG(LENGTH» (STACK SEGMENT STACK 'STACK' 

OW %LENGTH DUP (?) 

F-l 



Example Macros 

F-2 

STACK ENDS) 

;THE FOLLOWING MACRO WILL GENERATE THE CODE TO INITIALIZE 
;A SEGMENT REGISTER. IT WILL USE THE AX REGISTER. 

%*DEFINE (INIT(SEGREG, SEGBASE» (MOVE AX, %SEGBASE 
MOV %SEGREG, AX) 

;THE FOLLOWING MACROS GENERATE THE PROLOGS AND EPILOGS USED 
;AT THE BEGINNING AND ENDINGS OF PROCS. 

%*DEFINE (PROLOG) (PUSH BP 
MOV BP, SP 

) 

;NO PARAMETERS 

%*DEFINE (EPILOG) (POP BP 
RET 

) 

;PARAMETERS TO BE POPPED OFF THE STACK 

%*DEFINE (EPI(PARMBYTECOUNT» (POP BP 
RET %PARMBYTECOUNT 

$LIST 

;GROUP DECLARATIONS FOR THE SMALL MODEL 

CGROUP GROUP CODE 

DGROUP GROUP DATA, CONST, STACK, MEMORY 

ASSUME CS:CGROUP, DS:DGROUP, SS:DGROUP, ES:DGROUP 

;END OF INCLUDE FILE 

The following is an example source file that uses these macros. 

;AN EXAMPLE SOURCE FILE USING THE SMALL MODEL MACRO 
;INCLUDE FILE 

$INCLUDE SMALL.LIB 

%DSEG 

;some data 

%DEND 

%CONSEG 

;constant definitions 

%CONEND 

;reserve 10 words of stack 

%STACKSEG(10) 
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%CSEG 

APROC PROC NEAR 
%PROLOG 

icode goes here 

%EPILOG 
APROC ENDP 

XPROC PROC NEAR 
%PROLOG 

icode goes here 

%EPI (6) iPOP 6 bytes of parameters 
XPROC ENDP 

%CEND 

END 

The above source module would expand to the following form: 

iAN EXAMPLE SOURCE FILE USING THE SMALL MODEL MACRO 
iINCLUDE FILE 

$INCLUDE SMALL.LIB 

iA SET OF MACROS TO SUPPORT THE SMALL MODEL OF COMPUTATION 
iTO BE USED AS AN INCLUDE FILE 

$NOLIST 

iGROUP DECLARATIONS FOR THE SMALL MODEL 

CGROUP GROUP CODE 

DGROUP GROUP DATA, CONST, STACK, MEMORY 

ASSUME CS:CGROUP, DS:DGROUP, SS:DGROUP, ES:DGROUP 

iEND OF INCLUDE FILE 

DATA SEGMENT PUBLIC 'DATA' 

isome data 

DATA ENDS 

CONST SEGMENT PUBLIC 'CONST' 

iconstant definitions 

CONST ENDS 
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;reserve 10 words of stack 

STACK SEGMENT STACK 'STACK' 

OW 10 DUP (?) 

STACK ENDS 

CODE SEGMENT PUBLIC 'CODE' 

APROC PROC NEAR 
PUSH BP 
MOV B P, SP 

;code goes here 

POP BP 
RET 

APROC ENDP 

XPROC PROC NEAR 
PUSH BP 
MOV B P, SP 

;code goes here 

POP BP ;pop 6 bytes of parameters 
RET 6 

XPROC ENDP 

CODE ENDS 

END 

F-4 



• (R) ~ APPENDIX G n ~ __________ E_X_A_M_P_L_E __ P_R_O_G_R_A_M_S~ 

In this Appendix., several sample programs are presented, each with several 
solutions. 

The first two examples illustrate transferring control to one of eight routines, 
depending on which bit of the accumulator has been set to 1 (by earlier instructions, 
not shown). 

Examples 3, 4, and 5 discuss additional methods of passing data and parameters to 
procedures, illustrating the use of both the registers and the stack for passing 
parameters. Examples 6 and 7 cover multibyte addition and subtraction. Interrupt 
procedures and timing loops are described in examples 8 and 9. Examples 10-13 
illustrate input/ output control. 

The 8086 code examples given here are not optimal, and the presentation is not an 
attempt at an exhaustive and complete overview of the language. These examples are 
presented more as a gradual method of building familiarity, perhaps suggestive of 
further improvements, rather than as ideal, finished models. Some instruction usage 
is not introduced until the need for it has been suggested by the discussion of prior 
code. 

Examples 1 and 2 

Consider a program that executes one of eight routines depending on which bit of 
the accumulator is set: 

Jump to routine 1 if the accumulator holds 00000001 
Jump to routine 2 if the accumulator holds 00000010 
Jump to routine 3 if the accumulator holds 00000100 
Jump to routine 4 if the accumulator holds 00001000 
Jump to routine 5 if the accumulator holds 00010000 
Jump to routine 6 if the accumulator holds 00100000 
Jump to routine 7 if ttle accumulator holds 01000000 
Jump to routine 8 if the accumulator holds 10000000 

MAIN PROGRAM BRANCH TABLE 
PROGRAM 

JUMP 
ROUTINES 

(normal procedure return sequence not provided by branch table program) 

Example 1 below is a routine which transfers control to one of the eight possible pro­
cedures depending on which bit of the accumulator is 1. 

It moves the low··order bit of the accumulator into a flag register to find the one 
signalling the correct routine, and then transfers based on that flag. This routine 
uses seven instructions, including a test to prevent an infinite loop and an indirect 
transfer via register BX. 

Example 2 achieves the same transfer using a different technique for selecting the 
appropriate address. It shifts the high-order bit of AL, and uses register SI as an 
index into the branch table. 

Each example contains comments, and is followed by a brief explanation. 
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Example 1: 

BRANCH ADDRESSES SEGMENT 
- BRANCH_TABLE_1 DW 

DW 
DW 
DW 
DW 
DW 
DW 
DW 

ROUTINE 1 
ROUTINE-2 
ROUTINE-3 
ROUTINE-4 
ROUTINE-S 
ROUTINE-6 
ROUTINE-7 
ROUTINE=8 

BRANCH_ADDRESSES ENDS 

PROCEDURE_SELECT SEGMENT 

& 

L: 

ASSUME CS:PROCEDURE_SELECT, 
DS:BRANCH_ADDRESSES 

MOV BX,BRANCH_ADDRESSES 
MOV DS,BX ;moves above segment 

;base-address into 
;segment register DS. 

CMP AL,O ;this test assures that 
JE CONTINUE MAIN LINE ;some bit of AL has been 

;set by-earlTer instructions to specify 
;a routine (prior insts. not shown). 

LEA BX,BRANCH_TABLE_1 

SHR AL,1 

JMP WORD PTR [BX] 

JMP L 

;BX set to location holding 
;address of first routine. 
;puts least-significant bit 
;of AL into the carry flag 
; (CF). 
;if CF = a, the ON bit 
;in AL has not yet 
;been found. 
;if CF = 1, then control 
;is transferred (see 
;explanation below). 

;if no transfer, then 
;the bit that is ON has 
;not yet been found, so 
;BX is set to point to 
;the next entry in the 
;address-table, by adding 2. 
;jump to L to shift 
;and retest 

CONTINUE_MAIN LINE: ;we reach here only 
;if no bit was set to 
;indicate a desired 
;routine 
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PROCEDURE_SELECT ENDS 

The line after "L:", JNC NOT_YET, reads "jump if no carry", which means 
jump if CF = O. This will skip over the next line's transfer if the" 1" bit, signalling 
the desired procedure, has not yet appeared. If it has been found, CF will be 1 and 
this conditional jump JNC will be skipped. The appropriate procedure is then 
reached by the indirect jump instruction JMP WORD PTR [BX]. 

A jump is always to an address in the code segment, i.e., relative to CS. The offset 
defining that address in the code segment is not given explicitly here. Instead, an 
indirect JMP is used, with [BX] given as a pointer to the memory location where that 
offset is stored. 

Register BX as used here within square brackets automatically refers to the contents 
of a location in the data segment. The contents of that location are the desired offset 
for the jump. In other words, the Instruction Pointer is replaced by the contents of a 
location in the data segment, whose offset is in BX. The next instruction, ADD BX, 
TYPE BRANCH __ T ABLE_I, adds 2 to BX, the index into the branch table. This 
causes BX to point to the next word of the table. The contents of that word are the 
offset of the "next" routine, again in the code segment. 

Example 2: 

BRANCH ADDRESSES 
BRANCH_TABLE 

SEGMENT 
1 DW 

DW 
DW 
DW 
DW 
DW 
DW 
DW 

ROUTINE 1 
ROUTINE-2 
ROUTINE-3 
ROUTINE-4 
ROUTINE-S 
ROUTINE-6 
ROUTINE-7 
ROUTINE=8 

BRANCH_ADDRESSES ENDS 
PROCEDURE_SELECT SEGMENT 

ASSUME CS:PROCEDURE SELECT, 
& DS:BRANCH_AD~RESSES 

L: 

MOV 
MOV 

L.EA 

MOV 

MOV 

SHL 

JNC 

JMP 

BX,BRANCH ADDRESSES 
DS,BX -

BX,BRANCH_TABLE_1 

SI,7*TYPE BRANCH_TABLE 

CX,8 

A L , 1 

NOT YET 

WORD PTR [BX][SI] 

ibase-address of 
isegment containing 
ilists 
ibase-address of list 
iof branch addresses 
ipoints initially to 
i last such ent ry 
iin list 
i loop-counter allowing 
;8 shifts maximum 
ishifts high-order 
iAL bit into CF 
iif CF = 0, routine 
irepresented by that 
ibit not desired 
iif CF = 1, transfer 
ito procedure 
irepresented by most 
irecent bit tested 
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NOT VET: SUB SI,TVPE BRANCH TABLE 1 

LOOP L 

CONTINUE MAIN LINE: 

ROUTINE 1: 

ROUTINE 2: 

ROUTINE 3: 

PROCEDURE SELECT ENDS 

;adjust index register 
;to point to I Inext l I 
;branch-address 
;decrement CX, if 
;CX > 0, transfer to 
;L so as to shift 
;AL and retest 
;we reach here onLy 
;if no bit was set 
;to indicate a 
;desi red routine 

In Example 2 several elements have changed, though the net result is the same. 
Instead of being incremented, BX stays constant, pointing to the beginning of the 
list of branch addresses. SI is used as an index (subscript) within that list. 

The number of shifts is controlled by the count register CX, which the LOOP 
instruction automatically decrements after each iteration. The accumulator AL is 
searched from its most-significant-bit using the shift-left instruction (SHL) instead 
of SHR. This accounts for the initialization of SI to 14, pointing initially to the last 
branch-address in the list, 14 bytes past the base-address in BX. SI is subsequently 
decremented in each iteration just as Example 1 's BX was incremented. 

The instruction JMP WORD PTR [BX][SI] uses the sum of BX and SI just as Exam­
ple 1 used BX alone. That is, the sum gives the offset of a word in the data segment, 
and the contents of that word replaces the IP. The next instruction executed is thus 
the one whose code-segment offset was stored in the branch table. 

If more than 1 bit were set in AL, these two examples would select different routines 
due to selecting the rightmost or leftmost such bit. 

Transferring Data to Procedures 

The data on which a procedure performs its operations may be made available in 
registers or memory locations. In many applications, however, reserving registers 
for this purpose can be inconvenient to the system flow of control and uneconomical 
in execution time, requiring frequent register saves and restores. 

Reserving memory, on the other hand, can be uneconomical of space, especially if 
such data is needed only temporarily. It is often preferable to use and reuse a special 
area called a stack, storing and deleting interim data and parameters as needed. 

Regardless of the method used to pass data to procedures, a stack will be necessary 
and useful. The CALL instruction uses the stack to save the return address. The 
RET instruction expects the return address to be on the stack. The stack is also 
usually used to save the caller's register values at the beginning of a procedure. 
Then, just before the procedure returns to the caller, these values can be restored. 
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Example 3 shows the use of memory to pass parameters. Registers are used for this 
in Example 4. Example 5 uses a stack. 

One way to use memory to pass data is to place the required elements (called a 
parameter list) in some data area. You then pass the first address of this area to the 
procedure. 

For example, the following procedure, ADSUB, expects the address of a three-byte 
parameter list in the SI register. It adds the first and second bytes of the list, and 
stores the result in the third byte of the list. 

The first time ADSUB is called, at label CALLI, it loads the accumulator from 
PLIST, adds the value from the next byte and stores the result in PLIST+2. Return 
is then made to the instruction at RETI. 

AFTER first call to ADSUB: 

[ ADsu.j 
51 06 PLl5T 

06 PLl5T+ 1 

14 PLIST+2 

The second time ADSUB is called, at label CALL2, the prior instruction has caused 
the SI register to point to the parameter list LIST2. The accumulator is loaded with 
10, 35 is added, and the sum is stored at LIST2 + 2. Return is then made to the 
instruction at RET2. 

Example 3: 

PARAMS SEGMENT 

PLIST DB 6 
DB 8 
DB ? 

LIST2 DB 1 a 
DB 35 
DB ? 

PARAMS ENDS 

STACK SEGMENT 
DW 1+ DUP (?) 

STACK TOP LABEL WORD 
STACK ENDS 

ADDING 
ASSUME 

START: 

SEGMENT 
CS:ADDING, 

MOV 
MOV 
MOV 
MOV 

DS:PARAMS, SS:STACK 

AX,PARAMS 
DS,AX 
AX,STACK 
SS,AX 

;initialize DS 

;initialize SS 
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CALL1: 
RET 1 : 

CALL2: 
RET2: 

ADSUB 

ADSUB 

MOV 
MOV 
CALL 

LEA 
CALL 

PROC 
MOV 
ADD 
MOV 
RET 
ENDP 

ADDING ENDS 
END START 

SP,OFFSET STACK TOP ;initialize SP 
SI,OFFSET PLIST-
ADSUB 

SI,LIST2 
ADSUB 

AL,[SIJ 
AL,[SI+1J 
[SI+2J,AL 

iget 1st parameter 
;add 2nd parameter 
;store result in 
;3rd parameter 

The instructions just prior to each CALL load the SI register with the offset of the 
first parameter to be added. The MOV statement prior to CALLI makes use of the 
OFFSET operator (discussed in Chapter 4). If this operator were omitted, SI would 
receive the contents of PLIST instead of its offset. The LEA instruction prior to 
CALL2 automatically puts the offset of its source (2nd operand) into the register 
destination (1 st operand). The MOV statement is more efficient, but may only be 
used if just the offset is being loaded into the register. If the address involves an 
indexing register (e.g., PLIST [SI + 1]), then the LEA should be used, since this will 
add the contents of the SI, 1, and the offset of PLIST, putting the sum in the 
destination register. 

A More General Solution 

The approach used in Example 3 has its limitations, however. As coded, ADSUB 
will process a list of two and only two numbers to be added, and they must be con­
tiguous in memory. Suppose you wanted a subroutine (GENAD) which would add 
an array containing an arbitrary number of bytes, located anywhere in memory, and 
leave the sum in the accumulator. 

CALL to GENAD: 

EJ BX I 
r::l 
L::J 

.. PARM1 

PARM2 

PARM3 

PARM4 

ASM86 
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Example 4 below shows how this process can be written in ASM86. GENAD returns 
the sum in the accumulator. It receives the address of the array in the BX register, 
and the number of array elements in ex. 

Example 4: 

INITIAL PARAMETERS SEGMENT 
RESULT - DB 0 
PARM DB 6, 82, 13, 16 

INITIAL_PARAMETERS ENDS 

GENERAL PROCEDURES SEGMENT 
- ASSUME CS:generaL_procedures DS:initiaL_parameters 

;The procedure is pLaced first, to avoid forward 
;referencing the FAR procedure GENAD. Note that the 
;program ;start address is after the procedure, at LabeL 
;"START2. 

GENAD 

I NIT: 

MORE?: 

PROC FAR 
PUSH SI 

MOV AL, 0 
MOV SI, 0 

;save current vaLue of SI on the 
;stack (discussed beLow), so that 
;this routine can use this 
;register freeLy, restoring its 
;originaL contents just prior 
;to returning controL to 
;caLLing routine. 
; i nit i aLi z e A L tor e c e i ve sum. 
;initiaLize SI to point to first 
;array eLement 

ADD AL, [BX][SI] ;add next array eLement to sum. 
;BX points to the start of the 
;array, and SI selects an eLement 
;of the array. 

INC S I 

LOOP MORE? 

POP SI 
RET 

;have SI index the next 
;array element. 
;continue looping unti l CX is 
;zero (all array elements have 
;been added into AL) 

;restore original contents of SI. 
;transfer to instruction 
; i mmed i ate l y f 0 l Low i n 9 CAL L . 

GENAD ENDP 

;Program execution starts here (due to the label "start" 
;na~ed on the END directive below). Point OS to the 
;INITIAL_PARAMETERS segment, and call GENAD with the array 
;PARM. 
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START: MOV AX, INITIAL PARAMETERS 
MOV OS, AX 

MOV CX, SIZE PARM 

MOV ex, OFFSET PARM 

CALL GENAD 
MOV RESULT, AL 

;number of elements is 
;passed in CX 
;address of array PARM is 
;passed in ex. 

;Sum is returned in AL 

HLT 
GENERAL PROCEDURES 

END START 

;******* end of program ******* 
ENDS 

In GENAD, the first action is to save (PUSH) onto the stack the current value of SI 
before using it. Just before the RETurn, this value is restored (via POP). Thus this 
procedure does not destroy the status of registers (except AL and CX) possibly relied 
upon by the calling routine. Stacks are discussed in Chapter 4. Further examples 
appear below. 

The routine does not explicitly save the value of CS because the CALL and RETurn 
save CS on the stack and restore it automatically. The accumulator AL is here 
expected to be usable without saving its pre-CALL contents. Using AL, the sum is 
modulo 256. 

The FAR type declaration on the PROC statement forces the use of "long" CALLs 
to and RETurns from this procedure. This means the procedure is not expected to be 
in the same segment as all of the CALLs to it. In a "long" CALL the contents of CS 
are PUSHed onto the stack first, then the IP is PUSHed onto the stack. (This allows 
an eventual return to the next sequential instruction.) Control is then transferred to 
the procedure by first moving into CS the segment base address for the procedure, 
and then replacing the contents of IP with the offset of the procedure in that seg­
ment. A "long" RETurn reverses this process by POPping the former IP contents 
back off the stack into IP, and then POPping the former CS contents off the stack 
back into CS. 

Within the inner body of GENAD, the statement 

MOV AL,O 

initializes the sum to zero. The statement 

MOV SI,O 

initializes SI to zero, to index the first element of the passed array. 

The first statement in the loop 

ADD AL, [eX] [SI] 

adds the array element indexed by SI into the sum in the accumulator (recall that the 
BX register points to the parameter array). In the next statement (INC SI), the array 
index in SI is incremented to point to the next array element. The last statement in 
the loop 

LOOP MORE? 

executes the loop repeatedly until the count in CX (passed in as a parameter) is 
exhausted. 
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Using a Stack 

Passing parameters on the stack offers different advantages than passing them in 
registers. Passing parameters in registers is faster, but more complicated. The con­
ventions as to which parameter should end up in which register can be confusing, 
especially if there are many procedures. 

For parameters passed on the stack, the convention need only specify the order they 
should be pushed onto the stack. High level language compilers (e.g., PL/M-86) 
generate code which passes parameters on the stack. Therefore, any procedure 
which expects its parameters on the stack is callable from PL/M (see Appendix B of 
the Operator's Guide for more details). The 8086 also offers special instructions to 
facilitate using the stack for passing parameters. The RET instruction has an 
optional byte count (e.g., RET 4), which says how many bytes should be popped off 
the stack in addition to the return address. This makes returning from procedures 
very easy. Moreover, since the BP indexing-register uses the SS segment by default, 
it is very economical to use BP to reference data near the top of the stack. 

Use of stacks may require some further introduction. A stack segment is expected to 
be used relative to the contents of the stack-segment register SS, just as a code seg­
ment uses CS and data segments use DS or ES. The stack segment below is defined 
for use in this discussion and the examples. 

PARAMS PASS SEGMENT STACK 
DW 12 DUP (0) 

LAST WORD LABEL WORD 
PARAMS PASS ENDS 

Four instructions use a stack in predefined ways: PUSH, CALL, POP, and 
RETurn. They automatically use the stack pointer SP as an offset to the segment­
base-address in SS. One of your first actions in a module which will use a stack must 
be to initialize SS and SP. e.g., 

MOV AX,PARAMS_PASS 
MOV SS,AX 
MOV SP, OFFSET LAST_WORD 

This use of LAST _WORD is critically important due to the built-in actions of the 
four instructions named above. 

The first two, PUSH and CALL, store additional words on the stack by decrement­
ing SP by 2. Thus the stack "grows downward" from the last word in the stack seg­
ment toward the segment-base-address lower in memory. Each successive address 
used for new data on the stack is a lower number. The location pointed to by SP is 
called the Top Of Stack (TOS). When a word is stored on the stack, e.g., by the 
instruction 

PUSH SOURCE DATA 

SP is decremented by 2 and the source data is moved onto the stack at the new offset 
now in SP. As described above in Example 4, CALL implicitly uses PUSH before 
transferring control to a procedure. 

The instruction 

POP DESTINATION 

takes the word at the "top-of-stack", i.e., pointed at by SP, and moves that word 
into the specified destination. POP also then automatically adds 2 to SP. This 
causes SP to point to the next higher-addressed word in the stack segment, farther 
from the segment's base-address. The figures accompanying the examples below 
show the expansion and contraction of a stack. 
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Example 5 below illustrates the use of a stack to pass the number of byte parameters 
plus the address of the first one. For this example all the parameters are expected in 
successive bytes after that one. 

Supplying the Number of Parameters and the First Address, 
On the Stack 

Example 5: 

fi rst DB 
second DB 
thi rd DB 
result DX 
data_items 

SEGMENT STACK 
DW 12 DUP (?) 

LABEL WORD 

ENDS 

SEGMENT 

11, 22,33,44, 55,66 
4, 5, 6 
94, 88 
? 

ENDS 

stk_usage_xmpl SEGMENT 

;reserve 12 words of 
;stack space 
; last word is the 
;offset of top of 
;stack 

ASSUME C S : stk_usage_xmpl, DS: data_items, 

genaddr PROC FAR 

PUSH BP ;save old copy of BP 
PUSH BP, SP ;move tos to BP (see 

;figure 4) 
PUSH BX ;save BX, so ok to use 

;genaddr 
PUSH ex ;save CX, so ok to use 

;genaddr (figure 5) 
MOV ex, [BP + 8] ;get count of number of 

; i n array 

SS:params_1 

BX in 

ex in 

bytes 

MOV BX, [BP + 1 0 ] ;get address of array of 
;bytes 

MOV AX, 0 ;AX : = O. AX holds running 
;sum in adder loop. 

adder: ADD A L, [ B X] ;add in the fir s t byte 
ADe AH, 0 ;and add any carry into A H. 
INC BX ;point to next byte to be 

;added in. 
LOOP adder ;CX : = ex - 1 ; I F ex <> 0 THEN 

;GOTO ADDER; 

POP CX ;The registers must be 
; restored in the 

POP BX ;reverse order they were 
;pushed. 

POP BP 
RET 4 ; ret urn, popping off the 2 

;WORD parameters 
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genaddr ENOP 

stk_usage_xmpl ENDS 

caller SEGMENT 
ASSUME CS: caller, OS: data_items, SS: params_pass 

start: 

caller 

MOV 

MOV 
MOV 

MOV 
MOV 

MOV 

PUSH 
MOV 

PUSH 
CALL 

MOV 

MOV 
PUSH 
MOV 
PUSH 

AX, data - items 

OS, AX 
AX, params_pass 

S S , AX 
SP, OFFSET last word 

AX, OFFSET fir s t 

AX 
AX, SIZE fir s t 

AX 
genaddr 

result,AX 

AX, OFFSET second 
AX 
AX, SIZE second 
AX 

CALL genaddr 
MOV result,AX 

MOV AX, OFFSET thi rd 
PUSH AX 
MOV AX, SIZE thi rd 

PUSH AX 
CALL. genaddr 
MOV result,AX 

H L T 
ENDS 
END start 

;paragraph number of 
;data segment to AX 
;and then to OS. 
;paragraph number of 
;stack segment to AX 
;and then to SS 
;offset of the 
;stack_top to the SP 

;offset of fir s t to 
;AX 
;then onto the stack 
;number of bytes i n 
;first array to AX 
;then onto the stack 
; Cal l the far 
;procedure 

;same as above except 
idoing second 

isame as above except 
;doing third 

To indicate why each register was saved, the above code has each PUSH placed just 
prior to the first local use of that register. Earlier examples clustered those PUSHes 
at the top of the routine, just as the POPs appear (in reverse order) at the end. This 
makes it easy to see the proper order of saving and restoring. In either case you must 
consider carefully where the parameters are relative to the pointer you are using, 
e.g., BP. Making your own diagrams can help. 
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Note that the RET instruction of "genaddr" is a RET 4; the two parameters are 
popped off the stack as the RETurn is executed. Without the 4, this 12 word stack 
named "P ARAMS_PASS" could only be used three times. The fourth call would 
cause two words outside that segment to be clobbered. 

This is why: prior to each call the parameter words are pushed onto the stack. Then 
each call uses two words of the stack to store the return address. Each execution of 
the procedure pushes three more words onto the stack to preserve register values. 
These last five words are popped off by the procedure's end and return, but those 
first two parameters would remain. 

Multibyte Addition and Subtraction 

The carry flag and the ADC (add with carry) instructions may be used to add 
unsigned data quantities of arbitrary length. Consider the following addition of two 
three-byte unsigned hexadecimal numbers: 

32AF8A 

+84BA90 

B76A1A 

To perform this addition, you can use ADD or ADC to add the low-order byte of 
each number. ADD sets the carry flag for use in subsequent instructions, but does 
not include the carry flag in the addition. 

Step 3 

32 
84 

B7 

carry=1 

Step 2 

AF 
BA 

6A 

carry=1 

Step 1 

8A 

90 

1A 

The routine below performs this multibyte addition, making these assumptions: 

The numbers to be added are stored from low-order byte to high-order byte begin­
ning at memory locations FIRST and SECOND, respectively. 

The result will be stored from low-order byte to high-order byte beginning at 
memory location FIRST, replacing the original contents of these locations~ 

MEMORY BEFORE 

FIRST + SECON 0 + CF 

8A + 

AF + 

32 + 

90 

BA 

84 

+ 0 = 1A 

+ = 6A 

+ 1 = B7 

MEMORY AFTER 

FIRST SECON 0 

1A 

6A 

B7 

90 

BA 

84 

The routine uses an ADC instruction to add the low-order bytes of the operands. 
This could cause the result to be high by one if the carry flag were left set by some 
previous instruction. This routine avoids the problem by clearing the carry flag with 
the CLC instruction just before LOOPER. 

Since none of the instructions in the program loop affect the carry flag except ADC, 
the addition with carry will proceed correctly. 
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MULTI_TWO 

ASSUME 
& 

START: 

SEGMENT 

CS:MULTI TWO, 
DS:ADD_DATA_2 

MOV AX,ADD DATA 2 
MOV DS,AX - -

;The routine determines which number is Longer and stores 
;the resuLt there. The size in bytes of the smaLLer number 
icontroLs LOOP1, i.e., where both numbers do have a byte 
;of data to be added. 
iThe difference in size controLs LOOP2, which is needed if 
ithere is a finaL carry. 

MOV AX, NUM2 

LEA BX, SECOND 

LEA BP, FIRST 

CMP AX, NUM1 
JGE NUM2 BIGGER 

XCHG AX, 

XCHG AX, 

XCHG BX, 

NUM1 

NUM2 

BP 

NUM2_BIGGE-R:MOV C X, NUM2 
SUB C X, N UM1 

MOV NUM2, CX 
MOV C X, NUM1 

C L C 

MOV S I , 0 

LOOP1 : MOV A L, OS: [ B P ] 

ADC [ B X] [ S I , AL 

[ S I ] 

;InitiaLLy assume NUM2 
;Larger, and 
;give BX address of 
; Longer number, 
iBP address of shorter 
;number. 

;Check assumption. 
;continue with vaLues 
;as they are unLess N2 
i> N 1 • 

;Switch NUM2 and NUM1, 
;exchanging 
;through AL NUM2 now < 
iNUM1. 

iMust aLso now switch 
;addresses referred to, 
;so that number of 
;bytes stiLL 
icorresponds with 
;correct number, 
;and sum goes 
ito Longer pLace. 

;NUM2 now gets 
;difference 

;of sizes. Use smaLLer 
;number of bytes for 
;centraL add. 
iCLear carry of 
;possibLe prior 
;setting 
;InitiaLize index to 
;bytes of addends. Then 
;SI=SI+1. 
;Get byte of shorter 
;number. 

;Add it to reLevant 
;byte of 
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INC SI 

LOOP LOOP1 

MOV CX, NUM2 

LOOP2: JNB DONE 

ADC BYTE PTR [ B X J 

INC S I 

LOOP LOOP2 
DONE: 

ENDS 
END START 

[SIJ,O 

;Longer number. Then 
;SI=SI+1 

;Number of bytes yet 
;unused in longer 
;number. 

; I f no carry, CF=O, 
; then don e . 
;Add carry to remaining 
;bytes 
; 0 f longer number. Then 
;SI=SI+1. 

With some additional instructions, this same routine will do arithmetic for packed­
decimal numbers. Packed-decimal means the 8 bits of each byte are interpreted as 2 
decimal digits, e.g., 01100111B would mean 67 decimal instead of 67 hexadecimal 
(103 decimal). 

Below is the core of an 8086 routine to do decimal subtraction for packed-decimal 
numbers. 

Example 7: 

MOV S I , 0 
MOV C X, NUMBYTES 
C L C 

MORE?: MOV A L, FIRST [SIJ 
SBB A L, SECOND [SIJ 
DAS 
MOV SECOND [SIJ, AL 
INC S I 
LOOP MORE? 

Interrupt Procedures 

Example 8: 

;The following illustrates the use of interrupt procedures 
;for the 8086. The code sets up six interrupt procedures 
;for a hypothetical 8086 system involved in some type of 
;process control application. There are 4 sensing devices 
;and two alarm devices, each of which can supply external 
;interrupts to the 8086. The different interrupt-handling 
;procedures shown below are arbitrary, that is, the events 
;and responses described are not inherent in the 8086 but 
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;rather in this hypothetical control application. The 
;procedures merely illustrate the diverse possibi lities 
;for handling situations of varying importance and 
;urgency. 

ASSUME CS:INTERRUPT_PROCEDURES, DS:DATA VAR 

DEVICE 1 PORT 
DEVICE-2-PORT 
DEVICE-3-PORT 
DEVICE=4=PORT 
WARNING LIGHTS 
CONTROL=1 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EXTRN 

OFOOOH 
OF002H 
OF004H 
OF006H 
OEOOOH 
OE008H 
CONVERT VALUE:FAR 
;Positioning this EXTRN here indicates 
;that CONVERT VALUE is outside of 
;all segments-in this module. 

INTERRUPT PROC TABLE SEGMENT BYTE AT 0 
- -ORG 08H 

DO ALARM 1 ;non-maskable interrupt 
type 2 

;One 64K area of memory contains pointers to the routines 
;that handle interrupts. This area begins at absolute 
;address zero. The address for the routine appropriate 
;to each interrupt type is expected as the contents of the 
;double word whose address is 4 times that type. Thus the 
;address for the handler of non-maskable-interrupt type 2 
;is stored as the contents of absolute location 8. These 
;addresses are also called interrupt vectors since they 
;point to the respective procedures. 
;The first 32 interrupt types (0-31) are defined or 
;reserved by INTEL for present and future uses. (See the 
;8086 User's Manual for more detai l.) User-interrupt type 
;32 must therefore use location 128 (=80H) for its 
;interrupt vector. 

ORG 08H 

DO ALARM 2 ;INTERRUPT TYPE 
DO DEVICE 1 ;INTERRUPT TYPE 
DO DEVICE-2 ;INTERRUPT TYPE 
DO DEVICE-3 ;INTERRUPT TYPE 
DO DEVICE=4 ;INTERRUPT TYPE 

INTERRUPT_PROC TABl.E ENDS 

DATA VAR 

EXTRN 
& 
EXTRN 

SEGMENT PUBLIC 

INPUT 1 VAL:BYTE, OUTPUT 2 VAL:BYTE, 
INPUT-3-VAL:BYTE, INPUT ~ iAL:BYTE 
ALARM=FLAG: BYTE, INPUT_F"LAG: BYTE 

32 
33 
34 
35 
36 

;The names above are used by 1 or more of the procedures 
;below, but the location or value referred to is located 
;(defined) in a different module. These EXTeRNal 
;references are resoLved when the modules are linked 
;together, meaning aLL addresses wi II then be known. 
;Declaring these EXTRNs here indicates what segment they 
; are in. 

DATA VAR ENDS 
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iThe names below are defined later in this module. The 
iPUBLIC directive makes their addresses avai lable for 
iother modules to use. 

PUBLIC ALARM 1, ALARM 2, DEVICE 1, DEVICE_2, DEVICE_3, 
& DEVICE_4 - -

INTERRUPT_PROCEDURES SEGMENT 

ALARM 1 PROC FAR 

iThe routine for type 2, "ALARM l' I is the most drastic 
ibecause this interrupt is intended to signal disastrous 
iconditions such as power fai lure. It is non-maskable, 
ii .e., it cannot be inhibited by the CLear Interrupts 
i(CLI) instruction. 

MOV 
MOV 
OUT 
MOV 
MOV 
OUT 
HLT 

ALARM 1 ENDP 

PROC 

OX, 
AL, 
DX,AL 
OX, 
A L, 
DX,AL 

FAR 

OX 

WARNING LIGHTS 
OFFH -

CONTROL 1 
38H 

WARNING LIGHTS 

iturn on all Lights 
, 
;turn off 
;machine 
;stop aLL processing 

PUSH 
PUSH 
MOV 
MOV 
OUT 

AX 
OX, 
A L, 
DX,AL 

1 - ;turn on ~arning light #1 
ito warn operator of device 

MOV ALARM FLAG, OFFH 
POP AX -

POP OX 
IRET 

ALARM_2 ENDP 

DEVICE 1 PROC 

PUSH 
PUSH 
MOV 
IN 
MOV 

MOV 

OX 
AX 
OX, DEVICE 1 PORT 
AL,DX 
INPUT_1_VAL, AL 

INPUT_FLAG,2 

iset aLarm flag to inhibit 
; Later processes which may 
;now be dangerous 

;return from interrupt: 
ithis restores the flags 
iand returns control 
ithe interrupted 
iinstruction stream 

iget input byte from 
idevice store vaLue 

;this may alert another 
iroutine or device that 
ithis interrupt and input 
;occurred 
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POP AX 
POP OX 
IRET 

DEVICE ENDP 
DEVICE_2 PROC 

PUSH 
PUSH 

OX 
AX 

;when this interrupt-type 
;occurs, the action necessary 
;is to notify device 2 port 
;of the event - -

MOV 
MOV 
OUT 
POP 
POP 
IRET 

A L, 
OX, 
DX,AL 
AX 

OUTPUT 2 VAL ;get value, to output 
DEVICE-2-PORT ;to device_2_port 

OX 

DEVICE 2 ENDP 

DEVICE 3 PROC 
- PUSH OX 

PUSH AX 
MOV OX, DEVICE_3_PORT 
IN AL,DX 
AND AL,OFH 
MOV INPUT 3 VAL, AL 
POP AX --

POP OX 
IRET 

DEVICE 3 ENDP 

DEVICE_4 PROC 

PUSH OX 
PUSH CX 
PUSH AX 
MOV OX, DEVICE 4 PORT 

IN AL,DX 
MOV CL, PIL 

CALL CONVERT VALUE 
MOV INPUT 4-VAL, AL 

POP AX 
POP CX 
POP OX 
IRET 

DEVICE 4 ENDP 

INTERRUPT PROCEDURES ENDS 

END 

;when a device 3 interrupt 
;occurs only the lower byte 
;at the port is of value 

;mask off top four bits 
;store value for use 
;by later routines 
;in another module 

ia device 4 interrupt 
iprovides-a value which 
;needs immediate 
iconversion by another 
iprocedurebefore this 
;interrupt-handler can allow 
iit to be used at input_4_val 

iconverts input value in 
iCL to new result in AL 
iand saves that result in 
iinput_4_val 
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Timing Loop 

Example 9: 

;This example is a procedure for supplying timing loops 
;for a program. The amount of time delayed is set by a 
;byte parameter passed in the AL register, with the amount 
;of time = PARAM * 100 microseconds. This is assuming that 
;the 8086 is running at 8 MHZ. 

ASSUME CS:TIMER SEG 

SEGMENT 

PROC 

DELAY LOOP: MOV CL, 78H ;shift count for supplying 
SHR CL,CL ;proper del~y via SHR countdown 
DEC AL ;decrement timer count 
JNZ DELAY LOOP 

RET 
TIME ENDP 
TIMER SEG ENDS 

END 

1/0 Routines 

The examples below (10-13) illustrate the type of procedures used by the SDK86 
Serial I/O Monitor to communicate with the keyboard and display units during 
execution. 

The first, SIO_CHAR_RDY, tests whether an input character is awaiting 
processing. 

The second SIO_OUT _CHAR, outputs a character unless SIO_CHAR_RDY 
reports an input character is there, which is handled first. 

The third, SIO_OUT __ STRING, puts out an entire string of characters, e.g., a 
page heading, using SIO_OUT _CHAR for each output byte. 

Example 10: 

SIO CHAR_ROY PROC 

PUSH BP 
MOV BP, SP 

MOV OX, OFFF2H 
IN AL,DX 
TEST A L, 2 H 

JNZ READY 

MOV A L, 0 
POP BP 
RET 

NEAR 

;save old value 

;address of status port to OX 
;input from status port 
;is read-data-ready line=1, 
;i .e., character pending? 
;if so, return TRUE 

;if not, return FALSE: AL=O 
;restore old value 
;done, no char waiting 
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READY: 

MOV AL, OFFH 
POP BP 

;return TRUE: AL=all ones 
;restore old value 

RET ;done, char 'is waiting 

SIO_CHAR RDY ENDP 

Example 11: 
The above procedure also appears in this example, which introduces names for some 
of the specific numbers used above, and for some that will be used in later examples. 
These names can make it easier to read the procedure and understand what is going 
on, or at least what is intended. 

The example also uses BX and reorders the code to save a few bytes. 

TRUE 
FALSE 

STATUS_PORT 
DATA PORT 

ASCII-MASK 
CONTROL S 
CONTROL=Q 

CARR_RET 

SIO_CHAR_RDY2 

RESULT: 

SIO_CHAR RDY2 

Example 12: 
SIO_OUT_CHAR 

EQU OFFH 
EQU OH 
EQU OFFF2H 
EQU OFFFOH 
EQU 7FH 
EQU 1 :3 H 
EQU 11 H 
EQU ODH 

PROC NEAR 

PUSH IB X 
MOV IB L , TRUE 
MOV OX, STATUS 
IN I~ L, 0 X 
TEST A L, 2 H 
JNZ RESULT 
MOV IBL, FA LS E 

MOV A L, BL 
POP IB X 
RET 

EN DIP 

PROC NEAR 

PORT 

;save old BX value 
;prepare for one result 
;check the facts 
;char waiting??? 
;if 2nd bit ON, char is 
;waiting hence skip over 
;FALSE set-up here if 2nd 
;bit was off, hence no 
;char waiting 
;AL receives whichever 
restore old BX value 

;This routine outputs an input parameter to the USART 
;output port when UART is ready for output transmit 
;buffer empty. The input to this routine is on the stack. 

PUSH BP 
MOV BP, SIP 

CALL 
RCR 
JNB 

SIO CHAR RDY 
A L,-1 
OUTPUT 

;keyboard input pending? 
;put low-byte into CF to test 
;if no input char waiting from 
;keyboard, go to output loop 
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G-20 

CHECK: 

OUTPUT: 

MOV OX, DATA_PORT 
IN AL,DX 

AND AL, ASCII MASK 
MOV CHAR, AL 
CMP AL, CONTROL_S 
JNZ OUTPUT 

CMP 
JZ 

CALL 
RCR 
JNB 

MOV 
IN 
AND 
MOV 
CMP 
JNZ 

JMP 

CHAR, CONTROL Q 
OUTPUT -

SID CHAR ROY 
A L, -1 -
CHECK 

OX, DATA_PORT 
AL,DX 
AL, ASCII MASK 
CHAR, AL -
AL, CARR_RET 
CHECK 

NEXTCOMMAND 

CONTINUE: 

;char waiting: get it 
;char to AL from that port 
;strip off high bit, leaving 
;ASCII code 
;save char 
;is char control-S? 
;if this halt-display signal 
;is not rec'd, continue 
;output at OUTPUT 

;if control-S rec'd, must 
;await its release 
;Control-Q received? 
;;f this continuation-signal 
;rec'd, to do next output 
;keep checking for new keyboard 
;input, looping from CHECK 
;to here unti l input waiting 

;get waiting character 

, 
;if char=carriage-return, 
;skip this instruction, which 
; loops to await control-Q, and 
;go to NEXTCOMMAND 

MOV 
IN 

OX, STATUS_PORT; loop unti l status port 
AL,DX ;and transmit line indicate 

T E S, 
JZ 

AL, 1 ;ready to put out character 

MOV 
MOV 
OUT 

POP 
RET 

Example 13: 

OUTPUT 

OX, DATA PORT 
AL, [BP]-+ 4 
DX,AL 

BP 
2 

SIO_OUT_STRING PROC NEAR 

;output port address to OX 
;character from stack to AL 
;output character in AL through 

;restore original BP value 
;repositions SP behind prior 
;parameter 

;Outputs a string stored in the' 'extra' I segment (uses ES 
;as base), the string being pointed to by a 2-word pointer 
;on the stack 

PUSH BP 
MOV BP, SP 
MOV SI,O 

LES BX, DWORD PTR [BP] + 4 
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; load ES with base address and BX with offset of string 
; (addresses pushed onto stack by calling routine) 

CHECK: 

CMP BYTE PTR ES: [BX] [SI], a 

J Z DONE 

;terminator character 
;is ASCII 
;null = all zeroes if 
;done, exit 

MOV AL,BYTE PTR ES: [BX] [51] ;put next char on 
PUSH AX 
CALL SIO_OUT_CHAR ;stack for output by 

;this called procedure 

INC 

JMP 
DONE: 

POP 
RET 

S I 

CHECK 

BP 
4 

;point index to next 
;char 

;after return, resets 
;SP behind former 
;parameters 

(;-21 





FUNCTION 

DATA TRANSFER 
MOV = Move: 
Register to Register/Memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register/memory to segment register 

Segment register to register/memory 

PUSH = Push: 
Memory 

Register 

Segment register 

POP = Pop: 
Memory 

Register 

Segment register 

:)':':"':"":~'S 

XCHG = Exchange: 
Register/memory with register 

Register with accumulator 

IN = Input from: 
Fixed port 

Variable port 

OUT = Output to: 
Fixed port 

Variable port 

XLAT = Translate byte to AL 

LEA = Load EA to register 

LDS= Load pointer to OS 

LES := Load pOinter to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

APPENDIX H 
186 INSTRUCTION SET SUMMARY 

186 
Clock Comments 

FORMAT Cycles 

!II]]100wl mod reg rIm I 2/12 

!II]] 1 0 1 w I mod reg rim 2/9 

1II.D011W mod 000 rim data I data if w ~ 1 I 12-13 8/16-bit 

rr=ID w reg data dataifw~1 I 3-4 8/16-bit 

IT]JJl 000 w addr-Iow addr~ 9 

IT]JJl 0 0 1 w addr-Iow addr~ 8 
o:::IQJ)1 110 mod 0 reg rIm 2/9 

~O1100 mod 0 reg rIm 2/11 

11 1 1 1 1 1 1 1 J mod 11 0 r/ml 16 
10 1 0 1 0 reg I 10 
I 0 0 0 reg 1 1 0 I 9 

,.",. ..'.:.' ... "":'.' .•. :,. '::.:':.: .. .., ..... ,. ,·i.'·:' 
i (lata> 

..• ,',.'::,:.::::.:':" .... ...... . ... ,,: .. I':·'··'··'·'· 

"::':i,': :::<."':: .. ,::. :':'.'.:\:i:·:'.::·.:::··:·.:·.:: .. " ... i:'·.:'.'·.'::. ',',',',',',.,",."., ::" 
< .. , .... ·:·':.::·::i.' : ,i· «:,::.:.::' i\' :.::.: .. :":<:':::::::.'.: ..... , ... ",: i·:, 'c· ":.< :'::'.::.:. 

[2J]) 1 11 1 I mod 000 rim I 20 

l2J:I1 1 reg ] 10 

@J:Ireg 11 1 I (reg +01) 8 

... , ..... ', .: .,"' .. ' .. '., "",.:, ,.: ·:···:'.:·:'':::'iii:'/: 
,.,., ... ,., .. ,." ... ,." ..... .. ,.,., ...... " ..... ,. , .. , .. , .. ..... 

[TIOO11wl mod reg rIm I 4/17 

I3::TI 1 0 reg I 3 

[IIIOO10wl port I 10 

[III0110wl 8 

rIIIOO11wl port I 9 

rIII0111wl 7 

[IIQ101111 11 

~011011 mod reg rIm I 6 
[D]OO101! mod reg rIm I (mod + 11) 18 

[D]OO100i mod reg rIm I (mod:# 11) 18 
IT:I:§ 1 1 11 1 I 2 

o::TI 1 1 11 o I 3 

o::TI 1 1 1 0 o I 9 

o::TI 1 1 1 0 1 I 8 

Shaded areas indicate instructions not ava.ilable in iAPX 86, 88 microsystems. 
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186 INSTRUCTION SET SUMMARY (Continued) 

186 

FUNCTION FORMAT 
Clock Comments 
Cycles 

ARITHMETIC 
ADD = Add: 
Reg/memory with register to either 10 OOOOOdwl mod reg rm I 3/10 
Immediate to register,memory 11 OOOOOswl mod 000 rm I data I data if s w ~. 01 I 4/16 

Immediate to accumulator 10 000010wl data I data if w - 1 I 3/4 8/16-bit 

ADC = Add wfith carry: 
Reg/memory with register to either 10 o 0 1 o 0 d w I mod reg rm I 3/10 
Immediate to register/memory 11 OOOOOswl mod 0 10 r·m I data I data if s w c· 01 I 4/16 
Immediate to accumulator 10 o 0 1 o 1 0 wi data I data If w - 1 I 3/4 8/16-bit 

INC = Increment: 
Register/memory 11 11 1 1 1 1 wi mod 000 rm I 3/15 
Register 10 1 0 0 0 r!L] 3 

SUB = Subtract: 
Reg/memory and register to either 10 01010dwl mod reg rm I 3/10 
Immediate from register/memory 11 OOOOOswl mod 1 01 rm I data I data If s w - 0 1 I 4/16 
Immediate from accumulator 10 o 1 o 1 1 0 wi data I data if w - 1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 
Reg/memory and register to either 10 00 1 1 o d w I mod reg rm I 3/10 
Immediate from register/memory 11 OOOOOswl mod 0 11 rm I data I data If s w ~ 0 1 I 4/16 

Immediate from accumulator 10 o 0 1 1 1 0 wi data I data ifw - 1 I 3/4 8/16-bit 

DEC = Decrement: 
Register/memory 11 11 1 1 1 1 wi mod 001 rm I 3/15 
Register 10 1 0 0 1 r~ 3 

CMP = Compare: 
Register/memory with register 10 o 1 1 1 0 1 wi mod reg rm I 3/10 
Register with register/memory 10 o 1 1 1 0 0 wi mod reg r'm I 3/10 
Immediate with registerimemory 11 OOOOOswl mod 111 r'm I data I data if s w ~ 0 1 I 3/10 
Immediate with accumulator 10 o 1 1 1 1 0 wi data I data if w-1 I 3/4 8/16-bit 
NEG = Change sign 11 11 1 o 1 1 wi mod 0 11 r'm I 3 

AAA '" ASCII adjust for add 10 o 1 1 o 1 CD 8 
DAA - Decimal adjust for add 

10 o 1 0 0 1 CD 4 
AAS ~ ASCII adjust for subtract 10 o 1 1 1 lDJ 7 
DAS = Decimal adjust for subtract 10 o 1 o 1 1 CIJ 4 

MUl·~ Multiply (unsigned)' 11 11 1 o 1 1 wi mod 100 rm I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

IMUl = Integer multiply (signed) 11 11 1 o 1 1 wi mod 1 01 r.'m I 
Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43 

I~U~.~.ltJtege~illl~e~iat~~\itiPIY 
(Signed}: 10 f 1 .. 0 lOs t! mod.reg ... tim I data I dataifS9G 1. 1 22..;25/2$,;..32 

.. \ 
DIV = Divide (unsigned) 11 11 1 o 1 1 wi mod 110 r'm I 
Register-Byte 29 
Register-Word 38 
Memory-Byte 35 
Memory-Word 44 

Shaded areas indicate instructions not available in iAPX 86,88 microsystems. 
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186 INSTRUCTION SET SUMMARY (Continued) 

186 
Clock Comments 

FUNCTION FORMAT Cycles 

ARITHMETIC (Continued): 

IDIV = Integer divide (signed): [III1 011 wi mod 111 r/~ 44-52 
Register-Byte 
Register-Word 53-61 
Memory-Byte 50-58 
Memory-Word 59-67 
AAM = ASCII adjust for multiply 11 1 0 1 o 1 0 01000010101 19 
AAD = ASCII adjust for divide 11 1 0 1 o 1 0 11000010101 15 
CBW == Convert byte to word o:=:IT1 1 0 0 o I 2 
CWD .~ Convert word to double word o:=:IT1 1 0 0 1 I 4 

LOGIC 
Shift/Rotate Instructions: 
Register/Memory by 1 mod TTT rim 2/15 
Register/Memory by CL 5+n/17+n 

TTT Instruction 
o 0 0 ROL 
o 0 1 ROR 
o 1 0 RCL 
o 1 1 RCR 
1 0 0 SHLISAL 
1 0 1 SHR 
111 SAR 

AND=And: 
Reg/memory and register to either @TI0 0 0 d wi mod reg rim 3/10 

Immediate to register/memory [EoooOwl mod 100 rim data data if w~ 1 4/16 
Immediate to accumulator @TI0010wl data data~ 3/4 8/16-bit 

TEST = And function to lIags. no result: 
Register/memory and register [Eo010wl mod reg rim 3/10 
Immediate data and register/memory ITJ:I1011 wi mod 000 rim data data if w = 1 4/10 
Immediate data and accumulator ITTIO 100 wl- data data~ 3/4 8/16-bit 

OR=Or: 
Reg/memory and register to either @J::I010dwl mod reg rim 3/10 
Immediate to register/memory [IIToOOOwl mod 001 rim (lata dataifw=1 4/16 
Immediate to accumulator @]}0110wl data data~ 3/4 8/16-bit 

XOR = Exclusive or: 
Reg/memory and register to either @J}100dwl mod reg rim 3/10 
Immediate to register/memory [IITOOOOwl mod 11 0 rim data data ifw= 1 4/16 
Immediate to accumulator @J}1010wl data data~ 3/4 8/16-bit 
NOT = Invert register/memory IT:II1011 wi mod 0 10 rim 3 

STRING MANIPULATION: 
MOVS = Move byte/word [iJl0010wl 14 
CMPS = Compare byte/word rr::ITO 0 11 wi 22 
SCAS = Scan byte/word rr::IT0 111 w! 15 
LODS = Load byte/wd to ALIAX rr::IT0 11 0 wi 12 
STOS = Stor bytelWd from ALIA rr::IT0 101 wi 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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186 INSTRUCTION SET SUMMARY (Continued) 

FORMAT 

11 11 1 0 0 1 011010010wl 

11 11 1 0 0 1 z 11 0 1 0 0 1 1 Wi 

11 11 1 0 0 1 z 11 0 1 0 1 1 1 Wi 

11 11 1 0 0 1 011010110Wl 

011010101Wl 

11 1 1 01 0 0 0 disp-Iow disp-high 

11 111 111 1 1 mod 0 10 r m 

11 o 0 1 1 0 1 o I segment offset 

1 segment selector 

11 111111 1 mod 0 11 r m (mod I 11) 

jump: 

11 1 1 0 1 0 1 11 disp-Iow 

11 1 1 0 1 0 0 11 disp-Iow disp-high 

111111 1 1 mod 100 r m 

11 1 1 0 1 0 1 0 I segment offset 

1 segment selector 

11 111111 1 1 mod 1 01 r m (mod f 11) 

11 10000IJ] 

11 10000101 data-low data-high 

11 10010IJ] 

immediate to SP 11 1 0 0 1 0 1 0 1 data-low data-high 

Shaded areas indicate instructions not available in iAPX 86,88 microsystems. 

lI-4 

186 
Clock 
Cycles 

8+8n 
5+22n 
5+15n 
6+11 n 

14 
13/19 

23 

38 

13 
13 

11/17 

13 

26 

16 
18 
22 

25 

ASM86 
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186 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

CONTROL TRANSFER (Continued): 

JE/JZ=Jumponequalzero @TI:=1=0=1 =o=O==:::=====diS=P==~ 
JLlJNGE = Jump on lessmot greater or equal @TI:=1=1==1 =o=O==:::=====diS=P==~ 
JLE/JNG = Jump on less or equalmot greater@TI=1=1==1 =1 =O=*====d=iS=P==~ 
JB/JNAE = Jump on belowiOot above or equal@TI=1 =0=0=1 =O==:::====d=iS=P==~ 
JBE/JNA = Jump on below or equalmot above@TI=1=0==1 =1 =O==:::====d=iS=P==~ 
JP/JPE = Jump on paritrparity even@TI=1=1==0=1=0:::::!:====d=iS=P=====: 

JO ~ Jump on overflow@TI:=1=0==0=0=0:::::!:====d=iS=P=====: 

JS = Jump on sign @TI:=1=1==0 =O=O:::::!:====d=iS=P==~ 
JNE/JNZ = Jump on not equalmot zero CQJ:I:=1=0==1 =0=1:::::!:=====diS=P==~ 
JNLlJGE = Jump on not lessigreater or equal CQJ:I:=1=1==1 =0=1~:=====diS=P==~ 
JNLE/JG = Jump on not less or equal/greater CQJ:I:=1=1=1 =1 =1::;:=====diS=P==~ 
JNB/JAE = Jump on not below/above or equal CQJ:I:=1=0=0 =1 =1=1;=====diS=P==~ 
JNBE/JA = Jump on not below or equal,above CQJ:I:=1=0=1 =1 =1=:::=====diS=P==~ 
JNP/JPO = Jump on not paripar odd CQJ:I:=1=1==0 =1 =1=:::=====di=SP==~ 
JNO = Jump on not overflow CQJ:I:=1=0==0 =0=1~:=====di=SP==~ 
JNS = Jump on not sign CQJ:I:=1=1==0 =0=1~:=====di=SP=====:1 
LOOP = Loop ex times o:::J:1:=o=o==o =1 =O~:=====di=SP=====:1 
LOOPZ/LOOPE ~ Loop while zerofequal o:::J:1~1==1 =1 :::0=0=0:::0=:::;:1=====di:::SP=====:1 

LOOPNZ/LOOPNE = Loop while not zero,equal o:::J:1=o=o=o =O=O=:::====d=iS=P==~1 
JCXZ = Jump on ex zero o:::J:1...:.0...,;0:....;;,..0 _1_1--L ___ d_iS...!.p_---l1 

INT:::: Interrupt: 
Type specified 

Type 3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

/I:TI0110.11 

/I:TI011001 

/I:TIO 11101 

..... , 

type 

\ 

ii··i 

Shaded areas indicate instructions not available in iAPX 86,88 microsystems. 
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186 
Clock 
Cycles 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 
4/13 

4/13 

4/13 

4/13 
4/13 

4/13 

4/13 
5/15 
6/16 
6/16 
16 
5 

47 

45 

48/4 

28 

"",Y 

Comments 

13 if JMP 
taken 

4 if JMP 
not taken 

JMP taken/ 
JMP not taken 

I .••.•• •.•. i' •. 

if I NT. taken/ 
if INT. not 

taken 
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186 INSTRUCTION SET SUMMARY (Continued) 

186 

FUNCTION FORMAT 
Clock Comments 
Cycles 

PROCESSOR CONTROL 
CLC = Clear carry 111110i[I] 2 
CMC = Complement carry 111101011 2 
STC = Set carry 111110~ 2 
CLD ~ Clear direction 1 1 1 1 1 1 i[I] 2 
STD = Set direction 111111 [I] 2 
CLI = Clear interrupt 111110~ 2 
STI = Set interrupt 111110~ 2 
HLT= Halt 1111011[gJ 2 
WAIT = Wait 1 00110111 6 if test = a 
LOCK = Bus lock prefix 1111 OO~ 2 

ESC = Processor Extension Escape 10011TTTI mod LLL rim I 6 
(TTT LLL are opcode to processor extension) 

-
Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FOOTNOTES 

The effective Address (EA) of the memory operand is 
computed according to the mod and rim fields: 

if mod = 11 then rim is treated as a REG fie,ld 

if mod = 00 then OISP = 0*, disp-Iow and disp-high 

are absent 

if mod = 01 then OISP = disp-Iow sign:.extended to 

16-bits, disp-high is absent 

if mod = 10 then OISP = disp-high: disp-Iow 

if rim = 000 then EA = (BX) + (SI) + OISP 

if rim = 001 then EA = (BX) + (01) + OISP 

if rim = 010 then EA = (BP) + (SI) + OISP 

if rim = 011 then EA = (BP) + (01) + OISP 

ifr/m = 100 then EA = (SI) + OISP 

if rim = 101 then EA = (01) + OISP 

if rim = 110 then EA = (BP) + OISP* 

if rim = 111 then EA = (BX) + OiSP 

OISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and rim = 110 then EA = disp-hi,gh: disp-Iow. 

SEGMENT OVERRIDE PREFIX 

[Q 0 1 reg 1 1 0] 

reg is assigned according to the following: 

Segment 
reg Register 

00 ES 
01 CS 
10 SS 
11 OS 

Instruction Set Memory 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 OX 010 OL 

011 BX 011 BL 

100 SP 100 AH 

101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
mgister. The physical addresses of the destination op­
erands of the string primitive operations (those ad­
dressed by the 01 register) are computed using the ES 
segment, which may not be overridden. 
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17-bit number, 3-2 
186 Clocks, H-I-H-7 
186 Instruction Set Summary, H-I-H-7 
8086/8087/8088 Development tools, vi, 1-1, 1-2 
8086/8088 flags 

(see Flags) 
8087 Control word, 6-110 
8087 Data types, 3-1, 3-2, 6-112 
8087 Emulators, 6-116 
8087 environment, 6-109 
8087 Exception pointers, 6-112 
8087 Rounding masks, 6-114 
8087 Status word, 6-109 
8087 Tag word, 6-111 

AAA, ASCII Adjust for Addition, 6·21 
AAD, ASCII Adjust for Division, 6-22 
AAM, ASCII Adjust for Multiplication, 6-23 
AAS, ASCII Adjust for Subtraction, 6-24 
ABS, external type, 5-2 
ADC, Add with Carry, 6-25 
ADD,6-26 
addition operator, +, 4-12 
addressability of data/code, 1-9, 2-5, 4-14-4-1.5 
address expression, 3-4, 2-6, 2-7, 4-7--4-8 
addressing modes, 4-3, 6-1 

based address, 4-4 
based indirect address, 4-4, 4-18 
direct address, 4-3 
indexed address, 4-4 
register indirect address, 4-3, 4-18 

align-type, segment attribute, 2-2 
AND, Logical And, 4-13 
AND, Logical expression operator, 6-27 
anonymous references, 4-5, 6-5 
arithmetic operators, 4-10-A-12 
Assembly language, 1-1 
assembly language statements, 1-5 
ASSUME directive, 1-9,2-5-2-8,4-5,4-14,4-18 
AT, Segment combine-type, 2-3, 4-9 
attribute operators 

attribute overriding operators, 4-4-4-16 
attribute value operators, 4-17-4-21 

base relocatability, 4-9, 4-18 
BOUND, check array, 6-28 
BYTE 

external variable type, 5-2 
segment alignotype, 2-2 
variable type operand, 3-18,4-16,4-17 

CALL,6-29 
CBW, Convert Byte to word, 6-31 
Character Set, 1-3 
CI, console input, 7-19 
classname, segment attribute, 2-3 
CLC, Clear Carry Flag, 6-32 
CLD, Clear Direction Flag, 6-33 
CLI, Clear Interrupt Flag, 6-34 

INDEX 

CMC, Complement Carry Flag, 6-35 
eMP, Compare, 6-36 
CMPS, Compare String, 6-99 
CMPSB, Compare Byte String, 6-99 
CMPSW, Compare Word String, 6-99 
CO, console output, 7-19 
CODEMACRO directive, A-I-A-17 
codemacro matching, A-14 
codemacro modifiers, A-4 
codemacro range specifiers, A-4 
codemacros, A-I-A-17 
codemacro specifiers, A-3 
Codemacros, list of, A-18-A-33 
combine-type, segment attribute, 2-2 
combining logical segments, 2-2, 2-8 
COMMON, segment combine-type, 2-2 
conditional jump instructions, 4-16, 6-12-6-13, 6-52 
constants, 3-2, 3-5, 4-24 

ASCII, 3-3, 3-7, 3-8 
binary, 3-3 
decimal, 3-3 
decimal real, 3-2, 3-3 
hexadecimal, 3-3 
hexadecimal real, 3-2, 3-3 
octal, 3-3 

continuation lines, 1-5 
CPU hardware, overview, 1-5 
Crowley, Aleister, 3-4 
CWD, Convert Word to Double Word, 6-37 

DAA, Decimal Adjust for Addition, 6-38 
DAS, Decimal Adjust for Subtraction, 6-39 
data types, 3-1, 3-2 
DB, Define byte directive,3-3, A-7 
DD, Define directive, 3-3, A-7 
debug information, control of, 3-19 
DEC, Decrement, 6-40 
Delimiters, 1-4, 7-20 
DIV, divide, 6-41 
division operator, /' 4-11 
Dot operator, codemacro operator, A-12 
DQ, Define word directive, 3-4 
DT, Define tbyte directive, 3-4 
DUP, repeated data initialization, 3-7-3-8 
lDW, Define word directive, 3-3, A-7 
lDWORD 

external variable type, 5-2 
variable type operand, 3-18, 4-16, 4-17 

END directive, 5-3-5-5 
ENTER, high level entry, 6-43 
EQ, Relational expression operator, 4-12 
EQU directive, 4-17, 4-24 
ESC, Escape, 6-42 
EVEN directive, 3-19 
expression operands, 4-2, 4-6-4-8 

address expressions, 4-7-4-8 
numbers, 4-2, 4-6, 4-25 

EXTRN directive, 4-9, 4-10, 5-1-5-3 

Index-l 
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F2XMI, Calculate, 6-123 
F ABS, absolute value, 6-124 
FADD, add real, 6-125 
FADDP, Add real and pop, 6-126 
FAR 

external label type, 5-2 
label type operand, 3-18, 4-16, 4-17 
PROC type, 3-17 

FBLD, Load packed decimal, 6-127 
FBSTP, Store packed decimal, 6-128 
FCHS, change sign, 6-129 
FCLEX, clear exceptions, 6-130 
FCOM, Compare real, 6-131 
FCOMP, Compare real and pop, 6-133 
FCOMPP, Compare real and pop twice, 6-135 
FDECSTP, Decrement stack pointer, 6-137 
FDISI, Disable interrupts, 6-138 
FDIV, Divide real, 6-139 
FDIVP, Divide real and pop, 6-140 
FDIVR, Reversed divide real, 6-141 
FDIVRP, Reversed divide real and pop, 6-142 
FENI, Enable interrupts, 6-143 
FFREE, Free stack element, 6-144 
FIADD, Add integer, 6-145 
FICOM, Compare integer, 6-146 
FICOMP, Compare integer and pop, 6-148 
FIDIV, Divide integer, 6-150 
FIDIVR, Reversed divide integer, 6-151 
FILD, Load integer, 6-152 
FIMUL, Multiply integer, 6-153 
FINCSTP, Increment stack pOinter, 6-154 
FINIT , Initialize processor, 6-155 
FIST, Store integer, 6-156 
FISTP, Store integer and pop, 6-157 
FISUB, Subtract integer, 6-158 
FISUBR, Reversed subtract integer, 6-159 
Flags, 6-4, 6-8, 6-14, 6-16, B-I-B-3 
FLD, Load real, 6-160 
FLDCW, Load control word, 6-161 
FLDENV, Load 8087 environment, 6-162 
FLDL2E, Load logze, 6-165 
FLDL2T, Load logzl0, 6-166 
FLDLG2, Load logI02, 6-163 
FLDLN2, Load loge2, 6-164 
FLDPI, Load II, 6-167 
FLDZ, Load +0.0,6-168 
FLD1, Load + 1.0, 6-169 
Floating Point Stack, 4-2, 6-108 
FMUL, Multiply real, 6-170 
FMULP, Multiply read and pop, 6-171 
FNCLEX, Clear exceptions with no WAIT, 6-130 
FNDISI, Disable interrupts with no WAIT, 6-138 
FNENI, Enable interrupts with no WAIT, 6-143 
FNINIT, Initialize processor with no WAIT, 6-155 
FNOP, No operation, 6-172 
FNSAVE, Save 8087 state with no WAIT, 6-178 
FNSTCW, Store control word with no WAIT, 6-183 
FNSTENV, Store 8087 environment with no WAIT, 6-184 
FNSTSW, Store 8087 status word with no WAIT, 6-187 
forward references, 1-3, 2-7 
FPATAN, Partial arctangent, 6-173 
FPREM, Partial remainder, 6-174 
FPT AN, Partial tangent, 6-175 
FRNDINT, Round to integer, 6-176 
FRSTOR, Restore 8087 state, 6-177 
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FSAVE, Save 8087 state, 6-178 
FSCALE, Scale, 6-180 
FSQRT, Square root, 6-181 
FST, Store real, 6-182 
FSTCW, Store control word, 6-183 
FSTENV, Store 8087 environment, 6-184 
FSTP, Store real and pop, 6-186 
FSTSW, Store 8087 status word, 6-187 
FSUB, Subtract real, 6-188 
FSUBP, Subtract real and pop, 6-189 
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FSUBR, Reversed subtract real, 6-190 
FSUBRP, Reversed subtract real and pop, 6-191 
FTST, Test, 6-192 
FWAIT, CPU WAIT alternate form, 6-193 
FXAM, Examine, 6-194 
FXCH, Exchange, 6-195 
FXTRACT, Extract exponent and significand, 6-196 
FYL2X, Calculate Y logzx, 6-198 
FYL2Pl, Calculate Y log2(X + 1), 6-199 

GE, Relational expression operator, 4-12 
GROUP directive, 2-8, 4-9, 4-18 
GT, Relational expression operator, 4-12 

HIGH operator, 4-10 
HLT, Halt, 6-44 

Identifiers, 1-4 
indeterminate initialization of data, 3-6 
initializing a segment register, 2-6, 2-8, 4-18, 5-3-5-5, F-2 
IDIV, Integer Divide, 6-45 
IMUL, Integer Multiply, 6-46 
IN, Input byte or word, 6-48 
INC, Increment, 6-49 
INPAGE, segment align-type, 2-2 
INS, input 10 address to memory, 6-100 
instruction operands, 4-1, 4-2 

immediate, 4-2 
register, 4-2, 6-3 
memory, 4-3, 6-1-6-3 

instruction statements, 4-1, 6-1 
INT, Interrupt, 6-50 
integer constants, 3-2 
INTO, Interrupt on Overflow, 6-50 
Interrupt Procedures, G-14 
interrupts, 6-13-6-14 
IRET, Interrupt Return, 6-51 

JA, Jump or Above, 6-52 
JAE, Jump or Above or Equal, 6-52 
JB, Jump or Below, 6-52 
JBE, Jump or Below or Equal, 6-52 
JC, Jump or Carry Flag, 6-52 
Jcond, conditional jump instructions 

(see conditional jump instructions) 
JCXZ, Jump or CX Zero, 6-52 
JE, Jump or Equal, 6-52 
JG, Jump or Greater, 6-52 
JGE, Jump or Greater or Equal, 6-52 
JL, Jump or Less, 6-52 
JLE, Jump or Less or Equal, 6-52 
JMP, Jump, 6-54-6-55 
JNA, Jump or Not Above, 6-52 
JNAE, Jump or Not Above or Equal, 6-52 
JNB, Jump or Not Below, 6-52 
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JNC, Jump on No Carry Flag, 6-52 
JNBE, Jump or Not Below or Equal, 6-52 
JNE, Jump or Not Equal, 6-52 
JNG, Jump or Not Greater, 6-52 
JNGE, Jump or Not Greater or Equal, 6-52 
JNL, Jump or Not Less, 6-52 
JNLE, Jump or Not Less or Equal, 6-52 
JNO Jump or Not Overflow Flag, 6-52 
JNP, Jump or Not Parity Flag, 6-52 
JNS, Jump or Not Sign Flag, 6-52 
JNZ, Jump or Not Zero Flag, 6-52 
JO, Jump or Overflow Flag, 6-52 
JP, Jump or Parity Flag, 6-52 
JPE, Jump or Parity Even, 6-52 
JPO, Jump or Parity Odd, 6-52 
JS, Jump or Sign, 6-52 
JZ, Jump or Zero Flag, 6-52 

label 
attributes of, 3-1-3-2 
defining, 3-2, 3~15-3-18, 4-1, 4-24 
operand of instruction or expression, 4-3 

LABEL directive, 3-17-3-18,4-17 
LAHF, Load AH with Flags, 6-56 
LDS, Load Pointer into PS, 6-57 
LE, Relational expression operator, 4-12 
LEA, Load Effective Address, 6-58 . 
LEAVE, high level exit, 6-59 
LENGTH operator, 4-20 
LES, Load pointer into ES, 6-57 
Location counter ($), 3-18 
LOCK, Lock Bus, 6-60 
LODS, Load String, 6-100 
LODSB, Load byte string, 6-100 
LODSW, Load word string, 6-100 
logical address, 1-8 
logical segments 

(see segments) 
logical operators, 4-13 
LOOP, 6-61 
LOOPE, Loop while Equal, 6-61 
LOOPNE, Loop while Not Equal, 6-61 
LOOPNZ, Loop while Not Zero, 6-61 
LOOPZ, Loop while Zero, 6-61 
LOW operator, 4-10 
LT, Relational expression operator, 4-12 

Macro Processor Language (MPL), 1-5 
arguments to macros, 7-6 

-arithmetic expressions, 7-11 
bracket function, 7-10 
call-literally character ( ), 7-6 

. CI, console input, 7-19 
CO, console output, 7-19 
comments as macros, 7-8 
conditional assembly, 7-14 
console I/O 

(see CI, CO, IN, OUT under Macro Processing 
Language) 

DEFINE function, 7-2 
delimiters 

comma, 7-6 
identifier, 7-20 
literal,7-21 
other, 7-20 

EQ, relational operator, 7-11 
EQS, string compare function, 7-12 
Escape function, 7-9 
EVAL function, 7-12 
EXIT function, 7-16 
GT, relational operator, 7-11 
GTS, string compare function, 7-12 
IF ... THEN ... [ELSE ... ] Fl function, 7-14 
IN function, 7-19 
LE, relational operator, 7-11 
LEN function, 7-17 
LES, string compare function, 7-12 
Local Symbols, 7-7 
Logical expressions, 7-11, 7-12 
MATCH function, 7-18 
Metacharacter (%), 7-11 
NE, relational operator, 7-11 
NES, string compare function, 7-12 
OUT function, 7-19 
parameters, 7-6 
REPEAT function, 7-16 
SET, Built-in macro function, 7-11 
String compares, 7-12 
SUBSTR function, 7-17 
values, range of; 7-11 
WHILE function, 7-15 

MASK operator, 4-22 
Memory Segmentation model, 1-8 
MEMORY, segment combine-type, 2-2 
mnemonic, 1-1, 1-3,4-1,4-24,6-1,6-6,6-20,6-122 
MOD, expression operator, 4-11 
modrm byte, 6-2, 6-16 
MODRM, Codemacro directive, A-6 
module, source, 1-9,5-1, 5-5 
MOV, Move data, 6-62 
MOVS, Move string, 6-100 
MOVSB, Move byte string, 6-100 
MOVSW, Move word string, 6-100 
MUL, Multiply, 6-64 
multiplication operator, *, 4-11 

NAME directive, 5-5 
NE, Relational expression operator, 4-12 
NEAR 

external label type, 5-2 
label type operand, 3~ 18, 4-16, 4-17 
PROC type, 3-17 

NEG, Negate, 6-65 
NOP, No operation, 6-66 
NOSEGFIX, Codemacro directive, A-5 
NOT, Logical expression operator, 4-13 
NOT, Logical Not, 6-67 
NOTHING, Assume operand, 2-5, 2-7 
numbers, 4-6, 4-10, 4-24 

OFFSET operator, 2-9, 4-15, 4-18 
offset relocatability, 4-9, 4-18 
offset, variable/label attribute, 1-8,3-1,3-4,3-6,3-15, 

4-8, 4-9 
operands, expression 

(see expression operands) 
operands, instruction 

(see instruction operands) 
operator precedence, 4-23, 7-11 

Index 

Index-3 



Index 

operators, expression 
arithmetic, 4-10-4-12 
attribute, 4-14-4-21 
logical, 4-13 
record-specific, 4-21-4-23 
relational,4-12-4-13 

OR, Logical expression operator, 4-13 
OR, Logical Or, 6-68 
ORG directive, 3-18 
OUT, Output byte or word, 6-69 
OUTS, 6-100 

PAGE, segment align-type, 2-2, 4-9 
paragraph number 

segment base pointer, 1-8, 2-7 
variable/label attribute, 3-1, 4-18 

parameter passing, G-4-G-12 
PARA, Segment align-type, 2-2, 4-9 
physical address, 1-8 
physical segments, 1-8, 1-9 

(see segments) 
pointer to variable/labe, 3-6, 6-7 
POP, Pop from stack, 6-70 
POPA, Pop All Registers, 6-71 
POPF, Pop Flags, 6-72 
Prefix, instructions, 4-1 
PREFX, Codemacro directive, A-2 
PROC/ENDP directives, 3-2,3-15-3-17 
PROCLEN, Codemacro directive, A-14 
program linkage, 5-1-5-5 
program module 

(see module, source) 
PTR operator, 4-15-4-16 
PUBLIC directive, 5-1 
PUBLIC, segment combine-type, 2-2, 4-9 
PURGE directive, 3-19 
PUSH, Push onto stack, 6-73 
PUSHA, Push All Registers, 6-75 
PUSHF, Push Flags, 6-76 

QWORD 
external variable type, 5-2 
variable type operand, 4-16, 4-17 

RCL, Rotate through Carry Left, 6-77· 
RCR, Rotate through Carry Right, 6~ 79 
real constants, 3-2-3-3 
RECORD directive, 3-8 
record field-name, usage as shift count, 4-22 
Records 

allocation and initialization, 3-8, 3-10, A-7 
definition, 3-8-3-9 
introduction, 3-8 
record-specific operators, 4-21-;4-23 

Record-specific operators, 4-21-4-23 
register expression, 4-3-4-6, 4-7-4-8, 4-25 
Registers, 4-24 

base or pointer registers, 1-6, 4-3, 4-4, 4-5, 4-7 
general registers, 1-6 
implicit use of, 1-7,4-4-4-6,4-15,6-5 
segment registers, 1-7, 4-4-4-6 

relational operators, 4-12-4-13 
RELB, Codemacro directive, A-8 
relocatable expressions, 4-9, 4-12 
relocatability, 4-9 
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REL W, Codemacro directive, A-8 
REP, Repeat, 6-81 
REPE,6-81 
repeated initialization of data, 3-7-3-8 
REPNE,6-81 
REPNZ, 6-81 
REPZ, 6-81 
reserved words, 6-1 
RET, Return, 6-82 
RFIX, Codemacro directive, A-I0 
RFIXM, Codemacro directive, A-IO 
RNFIX, Codemacro directive, A-II 
RNFIXM, Codemacro directive, A-12 
ROL, Rotate Left, 6-83 
ROR, Rotate Right, 6-85 
RWFIX, Codemacro directive, A-I3 

SAHF, Store AH into Flags, 6-87 
SAL, Shift Arithmetic left, 6-88 
SAR, Shift Arithmetic Right, 6-90 
SBB, Subtract with Borrow, 6-92 
SCAS, Scan string, 6-100 
SCASB, Scan byte string, 6-100 
SCASW, Scan word string, 6-100 
scope of identifiers, 1-4, 3-15 
SEGFIX, Codemacro directive, A-4 
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segment attribute of variables/labels, 3-1, 3-4, 3-6, 4-8, 4-9 
SEGMENT/ENDS directive, 1-9,2-1-2-5,4-9 
Segment override, 4-14-4-15 
Segment Override Prefix, 2-6, 4-14-4-15, 6-2 
segment register, default usage, 4-4-4-6 
segments 

logical segments, 1-8, 2-1, 4-9 
physical segments, 1-8, 2-1, 4-9 

SEG operator, 2-7, 2-9, 4-18 
Separators, 1-4 
shift count, record name, 4-22 
SHL, expression operator, 4-11 
SHL, Shift Left, 6-88 
SHORT operator, 4-16 
SHR, expression operator, 4-11 
SHR, Shift Right, 6-94 
SIZE operator, 4-21 
ST, 8087 registers, 4-2 
STACK, segment combine-type, 2-2, 4-9 
STC, Set Carry Flag, 6-96 
STD, Set Direction Flag, 6-97 
STI, Set Interrupt Flag, 6-98 
storage of 16-bit data in memory 
STOS, Store string, 6-100 
STOSB, Store byte string, 6-100 
STOSW, Store word string, 6-100 
String instructions, 4-5, 6-4-6-6, 6-10-6-12, 6-99 
strings 

(see constants, ASCII) 
structure fields, accessing of, 4-8 
Structures 

allocation and initialization, 3-12-3-14, 4-8 
definition, 3-11-3-12 
introduction, 3-10 

STRUC/ENDS directive, 3-11 
SUB, subtract, 6-102 
subtraction operator, -, 4-12 
syntax notation, 1-10 
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TBYTE 
external variable type, 5-2 
variable type operand, 3-18, 4-16, 4-17 

TEST,6-103 
THIS operator, 4-17 
Tokens, 1-4 
TYPE operator, 4-19-4-20 
typing of operands, 1-3,4-15,4-17 
type of variable or label, 3-1-3-2, 3-4 

variable 
attributes of, 3-1, 4-9 
defining, 3-3-3-5, 4-24 
initializing, 3-4, 3-5-3-8 
operand of instruction or expression, 4-3 

WAIT,6-104 
WIDTH operator, 4-23 

WORD 
external variable type, 5-2 
Segment align-type, 2-2 
Variable type operand, 3-18, 4-16, 4-17 

XCHG, Exchange, 6-105 
XLAT, Translate, 6-106 
XLATB, T.ranslate, 6-106 
XOR, Logical Exclusive Or, 4-13 
XOR, Logical expression operator, 6-107 

-1-, addition operator, 4-12 
I, division operator, 4-11 
'?, indeterminate initialization, 3-6, 3-7, 4-17 
$, location counter symbol, 3-18, 4-17 
*, multiplication operator, 4-11 
'?'!SEG, the default segment, 2-5 
--, subtraction operator, 4-12 

Index 
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