APPENDIX A

The 8088 Instruction m_mu

The 8088 instruction set ts summarized in the series of tables that makes
up the bulk of this appendix. Examples of typical assembler-language
statements are provided for each instruction listed. The time required to
execute each instruction is indicated by the number of clocks specified. If
“*+EA" appears in this column, it indicates that time must be spent caleu- L~
lating the effective address of an operand that Is located in main memory. ¢
This time depends on the addressing mode used to access the operand and
can be obtained from Table A-1. The way each instruction affects the vari- T
ous 8088 flags is indicated in the box at the upper right corner of each
table, The flag codes are explained in Table A-2.

The information provided here has been extracted from the 8086/8087/
8088 Macro Assembly Language Reference Manual and is reprinted
with permission from Intel Corp.

Table A-1. Effective-Address Calculation Time

EA Components Clocks*
Displacement Only 6
Base or Index Only (BX. BF. SL DI 5
Displacement
+ S
Base or Index {BX, BP, 5L DI
Base BP + DI, BX + Sl 7
i
Index BP + SI, BX + DI 8
Displacement BP + DI + DISP
+ BX + Sl + DISP 11
Base
+ BP + S1 + DISP
Index BX + DI + DISP 12

*Add 2 clocks for segment override,
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8088 Assembler Language Programming: The IBM PC The 8088 Instruction Set
Table A-2. Key to Flag Codes g ADC destination,source Flags ODITSZAPC
, ADC Add with carry X XXXXX
Code Meaning :
Operands Clacks | Transfers*| Bytes Coding Example
1 unconditionally set -
0 uncondlitionally cleared register, register 3 - 2 | ADC AX, SI
X altered to reflect operation result register, memory 9+E 1 2-4 | ADC DX, BETA {8]
u undefined {mask [t out) memory, register 16+EA 2 2.4 | ADC ALPHA [BX] {81, DI
W replaced from mermory [e.g., SAHF) register, immediate 4 - 3-4 | ADC BX, 256
[biank} unaffected memory, immediate 17+EA 2 _| 38 | ADC GAMMA, 30H
accumulator, Immedlate 4 - 2-3 | ADC AL, 5
INSTRUCTION-SET TABLES ADD destination,source Flags ODITSZAPC
ADD Addition X XXXXX
AAA (no operands) - ODITSZAPC Operands Clocks | Transfers® | Bytes Coding Example
: iys a;
AAA ASCII adjust for addition £ u UUXUX register, reglster 3 - 2 |ADDCX, DX
- register, memory 9+EA 1 2.4 | ADD Di, [BX], ALPHA
Operands Ciocks | Transfers*|Bytes Coding Example memory, register 16+EA 2 2-4 | ADD TEMP, CL
. 4 register. immediate 4 — 34 |ADDCL. 2
o operands) 4 - 1 |asa memory, immediate 17+EA 2 3-6 | ADD ALPHA, 2
accumulator, immediate 4 — 2-3 | ADD AX, 200
AAD (no operands) - ODITSZAPC
AAD ASCIH adjust for division ags | XXUXU AND destination,source Flags ODITSZAPC
; . AND Logical AND : 0  XXUXO0
Operands Clocks | Transfers*| Bytes Coding Example
. ) :
ino aperands) &0 _ 2 | AAD Operands Clocks | Transfers®| Bytes - Coding Example
register, register 3 - 2 | AND AL, BL
register, memory 9+EA 1 2-4¢ | AND CX, FLAG_WORD
| memory, register 16+EA 2 2.4 | AND ASCII DJ.AL
"AAM n register, immedlate 4 — 3-4 | AND CXO, FOH
AAM >mo=~mm cvmmm:amu - Flags ODITSZAPC memory, immediate 17+EA 2 3.6 | AND BETA, 01H
just for multiply U XXUXU accumulator, immediaie 4 - 2-3 | AND AX, 010100008
Operands Clocks ﬂ.mbm».n_nmu Bytes Coding Example . .
{no operands) 83 — 1 [AaAM CALL
target
Flags OD ITSZAPC
CALL Call a procedure
’ * C E: 1
AAS (no omum_.m.dnwu . ODITSZAPC . Operands Clocks | Transfers* | Bytes oding Examples
AAS ASCII adjust for subtraction |' 26 U UUXUX near-proe 19 1 3 |CALL NEAR_PROC
. far-proc 28 2 5 CALL FAR_PROC
) ds memptr 16 21 +EA 2 2-4 |CALL PROC_TABLE (31
Operarn Clocks ] Transfers*| Bytes Coding Example regpir 16 16 1 2 CALL AX
{no operands) 4 - 1 | AAS memplr 32 : 37+EA 4 24 |CALL [BX|, TASK [S]]
* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the + For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer. 8088, add four elocks for each 16-bit word transfer.
¢ . '
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The 8088 Instruction Set

CBW {no operands) CMPS dest-string. source-
CBW Convert byte to word Flags ODITSZAPC string ¢ Flags MU M,—,WMWMM
Compare strin
Operands Clocks| Transfers*| Bytes Coding Example CMPS omp I3
(no operands} 2 - 1 |cew Operands Clocks [Transfers* [Bytes Coding Example
- dest-string, source-string 22 2 1 |cMPs BUFF1, BUFF2
CLC (no operands) - ODITSZAPC {repeat) dest-string, source-string mﬂmn%\ 2¢rep 1 |REPE CMPS 1D, KEY
CLC Clear carry flag ags 0
opemts | coce] st cosing i WD [ icwora |88 0D ITSZ40C
(1o operands) 2 — 1 CLC
Operands Clocks [Transfera* [Bytes Coding Example
CLD {no operands) ODITSZAPC (no eperands) 5 - ]| 1 jcwp
CLD Clear direction flag Flags 0 .
DAA (no operands) Flags ODITSZAPC
Operands Clocks| Transferst| Bytes Coding Example DAA Decimal adjust for addition X XXXXX
o operands) 2 — ! LD Operands Clocks [Transfers* |Bytes Coding Example
[no operands) 4 - 1 DAA
CLI (no operands) Fl ODITSZAPC
CLI Clear interrupt flag ags o DAS (no operands) Flags ODITSZAFC
DAS Decimal adjust for subtraction 288 XAXXX
| Operands Clocks| Transfers*| Bytes Coding Example
0o operands) 2 — 1 CL Operands Clocks |Transfers* [Bytes Coding Example
no operands) 4 - 1 DAS ﬁ.g/
CMC (no operands) ODITSZAPC inati
: FL DEC destinaiion ODITSZAPC | ©
CMC Complement carry flag ags X DEC Decrement by 1 Flags X XXXX <
or ds Clocks | Transfers*| Bytes Cading Fxample Operands Clocks [Transfers* |Bytes Coding Example
[no operands) 2 — 1 cMC ) reg16 2 — 1 DEC AX
reg8 3 — 2 |DEC AL
; 15+EA 2 2-4 |DEC ARRAY [S
CMP destination,source rlage OD 1 TSZAPC memery b o
CMP Compare destination to source | 1285 XHKXX DIV source P ODITSZAPC
Division,unsigned 8 U Uuuuu
Operands Clocks | Transfers*| Bytes Coding Example bv =
register, register 3 - 2 |CMP BX, CX Operands Clocks |Transfers* (Bytes Coding Example
register, memory 9+EA 1 2-4 | CMP DH, ALPHA .
memary, register 9+EA ) 2-4 [CMP [BP+2).51 :ﬂw A _mm.m_.Mw - w Wﬁ mwm
rogioter, immediate N N 34 | CMP BL, 02H e 56-96 1 2-4 | DIV ALPHA _
memory, immediate 10+EA 1 3-8 |CMP [BX),RADAR [DI], e _+m.w>H
3420H ’
accumulator, mmediate 4 - 2-3 [CMP AL, 000100008 . meml16 (oo tsan 1 24 | DIV TABLE 50
* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the . - odd address. For the
8088, add four clocks for each 16-bit word transfer. . . moﬂo% n%%nmmmw.nw%nﬁﬂ% “_M”J MH_MAM”H“_@%B: EMMQ fransfer with an * a
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8088 Assembler Language Programming: The IBM PC

The 8088 Instruction Set

ESC MMM Mnﬁﬂdm_-owooao.mcﬁom Flags ODI1TSZAPC

Operands Clocks |Transfers* | Byies Coding Example
immediate, memary S§+EA 1 2-4 (ESC 6,ARRAY [31
immediate, register 2 - 2 |ESC 20.AL

{no operands)

INC destination Flags ODITSZAPC
INC Increment by 1 X XXXX
Operands Clocks | Transfers* | Bytes Coding Example
reglé 2 - 1 ImNCex
reg8 3 - 2 |INCBL
memory 15+EA 2 2.4 | INC ALPHA [DT] [BX]
INT interrupt-type Flags ODITSZAPC
INT interrupt 00
Operands Clocks | Transfers* | Bytes Coding Example
immed8 {type=3) 52 5 1 {INT3
tmmed8 (type='3) 51 ‘5 2 {iNTB7
INTR (external maskable in- ODITSZAPC
terrupt} Flags 00
INTR Interrupt if INTR and IF=1
Operandds Clocks | Transfers* | Bytes Coding FExample
no operands) 61 7 N/A |N/A &
D
INTO (no operands) Flags OD1TSZAPC J~
INTO Interrupt if overflow 00
Operands Clocks | Transfers*| Byles Coding Example
53 or 4 5 1 INTO

IRET (no operands)

ODITSZAPC
Flags pRRRRRRRR

(no operands)

IRET Interrupt Retum
Operands Clocks | Transfers* | Bytes Coding Example
24 3 1 |IRET

JA /JNBE short-label

Jump if above/Jump if not

Flags ODITSZAPC

HLT (no operands)
HLT Halt E“ﬁm ODITSZAPC
Operands Clocks |Transfers* (Bytes Coding Example
[no operands) 2 - 1 HLT
IDIV source Flags ODITSZAPC
IDIV Integer division U UuUuuu
Operands Clocks [Transfers* |Bytes Coding Example
reg8 101-112 - 2 |V BL
reglé 165-184 - 2 |IDwv CX
mem8 f107-118) 1 2-4 |IDIV DIVISOR BYTE [SI]
+EA
mem16 171-190) 1 2-4 |IDIV [BX]. DIVI-
+EA SOR_WORD
IMIIL source Flags ODITSZAPC
IMUL Integer multiplication ags x [£191818). 4
Operands Clocks [Transfers*|Bytes Coding Example
reg8 80-98 — 2 [IMULCL
regle 128-154 — 2 IMUL BX
mem8 (86-104) 1 2-4 |IMUL RATE_BYTE
+EA
memi6 (134-160) 1 2-4 |IMUL RATE_WORD [BP|!
+EA oy
IN accumulator,port
’ Flags ODITSZ
IN input byte or word gs O s bv.n
Operands Clocks [Transfers*|Bytes Coding Example
accumulator, immed8 10 1 2 IN AL, OFFEAH
accurmulator, DX 8 1 1 IN AX, DX

* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.

JA /JNBE below nor equal
Operands Clocks | Transfers* | Bytes Coding Example
shorl-label i6ord — 2 JA ABOVE

* For the 8086, add four clocks for each 16-blt word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.
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8088 Assemnbler tanguage Programming: The IBM PC

The 8083 Instruclion Set

. JAE/JNB short-label
Jump if above or equal/Jump |Flags CODITSZAPC
JAE /JNB if not below
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 — 2 JAE ABOVE_EQUAL
JB/JNAE short-label
Jump if below/Jump if not Flags ODITSZAPC
JB/JNAE above nor equal
Operands Clocks | Transfers* | Bytes Coding Example
shiort-label 16 or 4 - 2 JB BELOW
—
JBE/JNA short-label
Jump if below or equal/Jump |Flags ODITSZAPC
JBE/JNA if not above
Operands Clocks | Transfers* {Bytes Coding Example
short-label 16 or 4 - 2 JNA NOT ABOVE.
JC short-label
JcC Jump if ¢ Flags ODITSZAPC
COperands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 — 2 }JC CARRY SET
JCXZ short-label
JCXZ Jump if CX is zero Flags ODITSZAPC
Operands Clocks | Transfers® | Bytes Coding Example
short-label 18 or 6 — 2 JCXZ COUNT DONE
JE /JZ short-label
JE/JZ Jump if equal/Jump if zero Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 - 2 JZ ZERO

* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
80848, add four clocks for each 16-bit word transfer.

JG/JNLE short-label
Jump if greater/Jump if not |Flags ODITSZAFC
JG/JNLE less nor equal
Operands Clocks | Transfers* |Bytes Coding Example
short-label 16 or 4 — 2 | JG GREATER
JGE /JNL short-label
Jump If greater or equal/ Flags ODITSZAFPC
JGE /JNL Jump if not less
Cperands Clocks | Transfers® | Bytes Coding Example
short-label 16 or 4 —_ 2 JGE Dwm.&q.mx._wDCkyr
JL /JNGE short-label
Jump if less/Jump if not Flags ODITSZAPC
JL/JNGE greater nor equal
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 - 2 JJLLESS
JLE/JNG short-label
Jump if less or equal/Jump if } Flags ODITSZAPC
JLE/JNG not greater
Operands Clocks | Transfers* | Bytes -Coding Example
short-label 16 or4 - 2 JNG NOT GREATER
JMP target
ODITSZAP
JMP Jump Flags S ¢
Operands Clocks | Transfers* |Bytes Coding Example
shori-label 15 - 2 JMP SHORT
near-label 15 — 3 JMP WITHIN SEGMENT
far-label 15 - 5 JMP FAR LABEL
memptrl6 18+EA i 2-4 | JMP [BX],TARGET
regptr1é 11 — 2 JMF CX
memptr32 24+EA 2 2.4 | JMP OTHER.SEG [SI]
JNC short-label
JNC Jurnp if not carry Flags ODITSZAPC
Operands Clocks | Transfers* |Bytes Coding Example
shori-label 15 0r 4 — 2 JNC NOT CARRY

* For the BOB6, add four clocks for a\mh\_w.;m&: word transfer with an odd address, For the

8088, add four clocks for each 16-bif word transfer.
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8088 Assembler Language

Pregramming: The IBM PC

The BOBB [nstruction Set

JS short-label

Flags ODITSZAPC

JNE /JNZ short-label
. Jump if not equal/Jump if Flags ODITSZAPC
JNE /JNZ not zero
Operands Clochs | Transfers* | Bytes Coding Example
short-label 16 or 4 - 2 JNE NOT EQUAL
JNO short-label
JNO Jump if not overflow Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 - 2 JNO NO OVERFLOW
JNP/JPO short-label
Jump if not parity/Jump f  |Flags ODITSZAPC
JNP/JPO parity odd
, Operands Clocks | Transfers* | Bytes Coding Example
short-label J6ord - 2 JPO ODD PARITY
JNS shori-label
JNS Jump 1f not sign Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or 4 - - 2 JNS FOSITIVE
JO short-label
JO Jump if overflow Flags ODITSZAPC
Operands Clocks [ Transfers* | Bytes Coding Example
short-label 16 or 4 - 2 |JO SIGNED_OVRFLW
JP/JPE short-label
Jump if parity/Jump if parity [Flags OD ITSZAPC
JP/JPE even
Operands Clocks { Transfers* | Bytes Coding Example
short-label 16 or 4 - . 2 JPE EVEN__PARITY

* For the 80886, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.
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JS Jump if sign
Operands Clocks | Transfers* [Bytes Coding Example
short-label 16 or 4 — 2 J5 NEGATIVE
LAHF {no operands} Flags ODITSZAPC
LAHF Load AH from flags ag
. Operands Clocks | Transfers* |Bytes Coding Example
(no operands) 4 — 1 |LAHF
LDS destination source
Fl ODITSZAPC
LDS Load pointer using DS ags
Operands Clocks | Transfers* | Bytes Coding Example
reglé. mem32 16+EA 2 2-4 | LDS SILDATA.SEG D)
LOCK {no operands) Flags ODITSZAPC
LOCK Lock bus
=
Operands Clocks | Transfers* | Bytes Coding Example —
{no operandsj 2 — H LOCK XCHG FLAG,AL &/
LODS source-string Flags ODITSZAPC
LODS Load string ‘
Operands Clocks | Transfers*| Bytes Coding Fxample
source-string 12 1 1 LODS CUSTOMER NAME
{repeat) source-string 9+ 13/ 1/rep 1 REP LODS NAME
rep
LOOP LOOP shart-label Flags ODITSZAPC
op
Operands Clocks | Transfers*j Bytes Coding Example
short-label 17/5 - 2 LOOF AGAIN
* For the 8086, add four clocks for each Hme word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.
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5088 Assembler Language Programming: The 1BM PC The 8088 Instruction 5Set

 LOOPE/
LOOPE/LOOPZ short-label MOV destination,source
i ODITSZ '
LOOPZ Loop if equal/Loop if zero Flags APC MOV Mave Flags ODITSZAFC
Operands Clocks | Transfers* [ Bytes Coding Example Operands Clocks |Transfers* | Bytes Coding Example
short-label 18or6 - 2 ] LOOPE AGAIN memory, accurmutator 10 1 3 | MOV ARRAY [31], AL
accumulator, memory 10 1 3 | MOV AX. TEMP_RESULT
register, register 2 - 2 | MOV AX.CX
reglster, memory 8+EA 1 2-4 | MOV BP, STACK_TOP
memory, reglster 9+EA 3 2-4 | MOV COUNT [DI). CX
register, immediate 4 - 2-3 |MOVCL. 2
LOOPNE/LOOPNZ short-label : memory. immediate 10+EA 1 3.6 | MOV MASK [BX}[S1, 2 CH
LOOPNE/ Loop if not equal/Loop if not  [Flags ODITS ZAPC seg-reg, Tegl6 2 - 2 | MOVES, CX
LOOPNZ zero .reg. mem16 8+EA 1 2.4 | MOV DS, SEGMENT_BASE
seg-reg
reglB. seg-reg 2 - 2 |MOVBP, 55
Operands Clocks | Transfers* | Bytes Coding Example memory, Seg-reg 9+EA 1 2-4 |MOV [BX|. SEG SAVE,CS
short-label 190r5 - 2 | LOOPNE AGAIN
MOVS dest-string.source-
string Flags ODITSZAPC
MOVS Move string
i £
LEA H_.HMUMM MWMMWMMMMMM Flags ODITSZAPC ) - Operands Clocks [Transfers* |Bytes Coding Example
dest-string, source-string I8 2 1 MOVS LINE,EDIT__DATA
Operands Clocks | Transfers*| Bytes Coding Example [repeat) dest-string, source-string | 9+ 17/ 2/rep t REP MOVS SCREEN, BUF- |
rep FER ~——
regl6, meml6 2+EA — 2-4 | LEA BX. [BP| DI
MOVSB/MOVSW (no oper-
MOVSE / ands) Flags ODITSZAPC
] MOVSW Move string (byte/ word)
LES destination,source PC
LES Load pointer using ES Flags ODITSZA : g
pointer using Operands Clocks [Transfers®|Bytes Coding Example
; (no operands} 18 2 1 MOVSB
[&] ansf ] n—-ﬂﬂ
perands Clocks | Tr ers?) Bytes Co Example ) (repeat] {no operands) - 9417/ 2/rep 1 |REP MOVSW
regl6, mem32 16+EA 2 2.4 | LES DI, [BX]. TEXT._BUFF : rep
MUL source Flags ODITSZAPC
MUL Multiplication, unsigned X UUUUX
NMI {external nonmaskable
interrupt) Flags oD MMMN>$ € Operands Clocks .H.._.EEW-.@." Bytes Coding Example
NMI Interrupt if NMI=1 regB 20-77 _ 2 | MUL BL
reglé 118-133 - 2 [MuLex
Operands Clocks | Transfers*| Bytes Coding Example mems [76-83) 1 2.4 | MUL MONTH (ST
+EA
(no cﬁm-,m.:nmu 50 5 N/&a [DN/A memlB {124-139) 1 2.4 | MUL BAUD_RATE
+EA
+ For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the + For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-blt word transfer. 8088, add four clocks for each 16-bit word transfer.
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8088 Assembler Language Programming: The (BM PC

NEG destination Flags ODITSZAPC
NEG Negate 8 x  XXXX1*
Operands Clocks | Transfers* |Bytes Coding Example
register 3 - 2 |NEG AL
MEenory 16+EA 2 2-4 | NEG MULTIPLIER
*0 if destinatlon = 0
NOP (no operands} _
ODITSZAPC
NOP No Operation Flags S
Operands Clocks |Transfers* [Bytes Coding Example
(no pperands) 3 - 1 NOP
NOT destination
NOT Logical NOT Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example
reglster 3 - 2 [NOT AX
memory 16+EA 2 2-4 | NOT CHARACTER
OR destination,source Flags ODITSZAPC
OR Logical inclusive OR 0  XXUXO
Operands Clocks | Transfers* (Bytes Coding Example
register, reglster 3 — 2 OR AL, BL
register. memory 9+EA 1 2-4 |OR DX, PORT ID [DIi
memory, register 16+EA 2 2-4 | OR FLAG BYTE, CL
accumulator, mmediate 4 - 2-3 |OR AL.O1101108B
register, [mmediate 4 — 3-4 |OR CX,01FH
memory, immediate 17+EA 2 3-6 |OR [BX| CMD WORD,0CFH
OUT port,accumulator
' ITSZAPC
ouT Output byte or word Flags ODITS
Operands Clocks | Transfers*|Bytes Coding Example
immed8, accumulator 10 1 2 |OUT 44. AX
DX, accumulator 8 1 1 QUT DX, AL

+ For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the

BORSR, add four clocks for

each 16-bit word transfer.

The 8088 Instruction Set

POP destination

Flags ODITSZAPC

:
P

POP Pop word off stack
Operands Ciocks |Transfers* |Bytes Coding Example
register 8 1 | 1 JeopDx
seg-reg (CS fllegal) 8 1 L |POPDS
memary uﬂ+__w.> 2 2-¢ | POP PARAMETER
POPF (no operands} Flags ODITSZAPC
POPF Pop flags off stack RRRRRRRRR
Operands Clocks [Transfers®|Bytes Coding Example
(ne operands) 8 1 1 POPF
PUSH source

Flags ODITSZAPC

PUSH Push word onto stack
Operands Clocks |Transfers® |Bytes Coding Example
register 11 1 1 PUSH S1 ;
seg-reg (CS legal) 10 1 1 |PUSHES b
memory 16+EA 2 2-4 } PUSH RETURN CODE [S]] b
PUSHF (no operands) .
4]
PUSHF Push flags onto stack Flags ODITSZAPC
Operands Clocks |Transfers*|Bytes Coding Example
[no operands) 10 N 1 1 PUSHF
RCL destination,count Flags ODITSZAPC
RCL Rotate left through carry X X
Operands Clocks [Transfers* |Bytes Coding Example
reglster, 1 2 - 2 |RCLCX,}
register, CL 8+4/bit — 2 RCL AL. CL
memory, 1 15+EA 2 2-4 [RCL ALPHA, 1
memory, CL 20+EA+ 2 2-4 |RCL BP|. PARM, CL
4 /bit

* For the BO86, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.




8088 Assembler Language Pregramming: The IBM PC

The BOBE Insiruction Set

RCR destination,count Flags ODITSZAPC
RCR Rotate right through carry X X
Operands Clocks | Transfers* | Bytes Coding Example
register. 1 2 - 2 |RCRBX, 1
register, CL 8+47bit - 2 |RCRBL.CL
memory, 1 15+EA 2 2-4 | RCR [BX]. STATUS. 1
memory, CL 20+EA+ 2 2-4 |RCR ARRAY [DI], CL
4/blt
REP [no operands}
OoDIT
REP Repeat string operation Flags ITSZAPC
Operands Clocks | Transfers* [ Bytes Coding Example

no operands)

2 - 1

REP MOVS DEST, SRCE

REPE /REPZ

REPE /REPZ (no operands}
Repeat string operation while
equal/while zero

Flags ODITSZAPC

Operands

Clocks | Transfers® ; Bytes

Coding Example

[no operands}

2 - 1

REPE CMPS DATA, KEY

REPNE/REPNZ (no operands)

REPNE / Repeat string operation while | Flags ODITSZAPC
REPNZ not equal/not zero
Operands Clocks | Transfers*| Bytes Coding Example

[no operands)

2 — 1

REPNE SCAS INPUT LINE

RET optional-pop-value

Flags ODITSZAPC

(inter-segment. pop)

Hﬂmﬂa Return from ﬁHOan-.CHG
Operands Clocks | Transfers*| Bytes Coding Example
{intra-segment, no pop) 8 1 1 RET
(intra-segment. pop} 12 1 3 [RET4
(inter-segment, no pop) 18 2 1 RET
17 2 3 IRETZ2

* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.

ROL destination,count Flags ODITS8ZAPC
ROL Rotate left X X
Operands Clocks |Transfers*{ Bytes Coding Example
register, 1 2 - 2 |ROLBX, 1]
register, CL. B+4/hit - 2 JROL DI, CL
memory, 1 15+EA 2 2-4 |ROL FLAG BYTE [DI}, 1
memory, CL 20+ EAM 2 2-4 {ROL ALPHA, CL
4/bit
ROR destination,count Flags ODITSZAPC
ROR Rotate right ags x X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 - 2 |RORAL.1 .
register, CL B+4/blt - 2 |ROR BX, CL
memory, 1 15+EA 2 24 |ROR PORT STATUS. 1
memory, CL 20+EA -+ 2 2-4 |ROR CMD WORD, CL
4 /bit
SAHF (no operands) Flags CDITSZAPC
SAHF Store AH into flags RRRRR e
Operands Clocks | Transfers*| Bytes Coding Example
{no operands) 4 — 1 SAHF
SAL/SHL destination,count
Shift arithmetic left/Shift | Flags o0 @ >2APC
SAL/SHL logical left
Operands Clocks |Transfers*| Bytes Coding Example
register, 1 2 2 |SALAL. 1
register, CL B+ 4/bit y 2 |SHL Dy, CL
. memory, 1 15+EA 2 2-4 |SHL [BX), OVERDRAW, 1
memory, CL 20+EA+ 2 2-4 1SAL STORE__COUNT, CL
4/bit
SAR destination,source Flags ODITSZAPC
SAR Shift arithmetic right 285 ¥ XXUXX
Operands Clocks |Transfers*] Bytes Coding Example
register. 1 2 - 2 ISARDX. 1
register, CL 8+ 4/bit - 2 |SARDI CL
memory, 1 I5+EA 2 24 |SAR N BLOCKS, 1
memory, CL 20+EA+ 2 2-4 |SAR N BLOCKS. CL
4 /bit

* For the B086, add four clocks for each 16-

8088, add four clocks for each 16-bit word transfer.

hit word transfer with an odd address. For ihe
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8088 Assembler Language Programming: The IBM PC

The 8088 Instruction Set

SBB destination,source Flags ODITSZAPC
SBB Subtract with borrow ags o XXX
Operands Clocks | Transfers*| Bytes Coding Example
regiister, register 3 - 2 |SBBBX, CX
register, memaory 9+EA 1 2-4 | SBB DI, (BX|. PAYMENT
memory, register 16+EA 2 2-4 | SBB BALANCE, AX
aceumulator, immediate 4 - 2-3 | SBB AX, 2
regisler, immediate 4 - 34 [SBBCL. 1
memaory. immediate 17+EA 2 3-6 |SBB COUNT [Sf]. 10
SCAS dest-string Flags ODITSZAPC
SCAS Scan string 8% % xxxxX
Operands Clocks | Transfers*| Bytes Coding Example
dest-string 15 1 1 SCAS INPUT__LINE
{repeat) dest-siring 9+15/ 1/rep 1 |REPNE SCAS BUFFER
rep
SHR destination,count Flags ODITSZAPC
SHR Shift logical right 1ags X
Operands Clocks | Transfers* | Bytes Coding Example
redister, 1 2 — 2 SHRSI 1
register, CL B+4/bit — 2 [SHR S CL
memory. 1 15+EA 2 2-4 |SHR ID BYTE [S]] (BX]. 1
memory, Cl. 20+EA+H 2 2-4 |SHR INPUT WORD, CL
4 /hit
SINGLE STEP (Trap flag in-
ODITSZAPC
SINGLE terrupt) Flags 00
STEP Interrupt if TF = 1
Operands Clocks | Transfers*| Bytes Caodling Example
(no operands) - 50 5 N/A |N/A
STC ino operands) ODITSZAPC
F1
STC Set carry flag ags 1
Operands Clocks | Transfers*{ Bytes Coding Example
(no operands) 2 - 1 STC

* For {he 8086. add four clocks for each 16-bit word transfer with an odd address. For the
#4088, add four clocks for each 16-hit word transfer.

STD (no operands) Flags ODITSZAPC
STD Set direction flag & 1
Operands Clocks| Transfers*| Bytes Coding Example
(no operands) 2 — 1 5TD
STI (no operands) ODITSZAPC
STI Set interrupt enable flag Flag 1

Operands

Clocks | Transfers* | Bytes

Coding Example

{no operands)

2 — 1

5TI

STOS

STOS dest-string
Store byte or word string

Flags ODITSZAPC

Operands

Clocks | Transfers*| Bytes

Coding Example

dest-string .

11 1 1

STOS PRINT LINE

(repeat) dest-string 9+10/ 1/rep 1 |REP STOS DISPLAY

" rep 5

Y
SUB destination,source Flags ODITSZAPC /u
SUB Subtraction 8% x  XXXXX
Operands Clocks | Transfers* | Bytes Coding Exaniple
register, reglster 3 - 2 [SUBCX, BX:
register, memory 9+EA i 2-4 |8UB DX, MATH TOTAL
s

memory, register 16+EA 2 2-4 | SUB [BP+2j, CL
accumulator, immediate E - 2-3 |SUB AL, 10
register, immediate 4 — 3-4 |SUB 8I, 5280
memory, iImmediate 17+EA 2 /.w-m SUB [BP]. BALANCE, 1000

TEST destination,source

ODITSZAPC
Test or nondestructive logical [Flags , XXUX0
TEST AND
Operands Clocks | Transfers* |Bytes Coding Example
regisler, register 3 - 2 [TEST 51, DI
regisier. memory 9+EA 1 24 |TEST 81, END COUNT
accumulator, immediate 4 - 2-3 |TEST AL, 001000008
register, Immediate 5 - 3-4 |TEST BX, OCC4H
memory. immediate 11 +EA — 3-6 |TEST RETURN CODE, 01H

* For Lhe 8086, add four clocks for each 16-bit word transfer with an odd address. For the
BOBS8. add four clocks for each 16-bit word transfer.
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WAIT (no operands)
Wait while TEST pin not as- |Flags ODITSZAPC
WAIT serted
Operands Clocks | Transfers*|Bytes Coding Example APPENDIX B
(no operands) 3+5n - 1 WAIT
;
XCHG destination,source
XCHG Exchange Flags ODITSZAPC
Operands Clocks | Transfers* | Bytes Coding Example wm.ﬂm-nmq-ﬂmm
accumulator, reglé 3 - 1 XCHG aX, BX
memory. register 17+EA 2 2-4 |XCHG SEMAPHORE, AX -
Tegister, register 4 - 2 (XCHG AL. BL
1. The IBM Personal Computer Technical Reference Manual
2. The IBM Personal Computer Disk Operating System Manual
XILAT source-table 3. The IBM Personal! Computer Macro Assembler Manual
XLAT Translate Flags ODITSZAPC 4. Intel iAPX 88 Book
5. Intel 8086 Family User's Manual
operands Clocks | Transfers* |Bytes Coding Example 6. Intel 8086/ 8087 /8088 Macro Assembly Language Reference Man-
source-table 11 1 1 |XLAT ASCH_TAB ual for 8086-Based Development Systems
7. Intel product specifications for the following devices:
A. 8255 Programmable Peripheral Interface
XOR destination,source Flags ODITSZAPC B. 8259 Interrupt Controller o
XOR Logical exclusive OR 0 XXUX0 C. 8237 DMA Controller _
i D. 82853 Timer
Operands Clocks | Transfers® |Bytes Coding Example 8. Motorola product specification for the 6845 CRT Controller q
reglster, register 3 - 2 |XORCX, BX
register, memory 9+EA 1 2-4 |{XOR CL, MASK BYTE
memory. register 16+EA 2 2-4 |XOR ALPHA IS[,DX
accumulator, immediate 1 - 2.3 |XOR AL, 010000108 .
register, immediate 4 - 3-4 IXOR 51, 00C2H
memory, Immediate 17+EA 2 3-6 [XOR RETURN CODE, 0D2H

* For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the
8088, add four clocks for each 16-bit word transfer.
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