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Assembly Instruction
Set

In this appendix, we show the binary encoding of a typical 8086

instruction and give a summary of the common 8086, 8087, 80286, and
80386 instructions.

Typtcal 8086 A machine instruction for the 8086 occupies from one to six bytes.
lnstruction Format For most instructions, the first byle contains the opeode, the second byte
contains the addressing modes of the operands, and the other bytes contain
either address information or immediate data. A typical two-operand instcuc-
tion has the format given in Figure £ 1 )
In the first byte, we see a six-bit opcode that identifies the operation.
The same opcode is used for both 8- and 16-bit operations. The size of the
opetands is glven by the W bit: W = 0 means 8-bit data and W = 1 means
16-bit data.
for register-to-register, register-to-memory, and memory-to-register op-
erations, the REG field in the second byte contains a register number and the
D bit specifies whether the register in the REG field is a source or destination
operand, D = 0 means source and D = 1 means destination. For other types of
operations, the REG field contains a three-bit extension of the opcode.

Byte i Byte 2 Byte3 Byted Byte 5 Byte 6
76 5 4 3 2 1 07 6 5 4 3 2 1 0flowdisp{highdisp|low high
OPCODE | Djw | MOD | REG | R ordata |ordata {data | data

-Fi—gure F1 Opcode Format
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MOD=11 Effective Address Calculation

/M Wsd | W= RIM MOD = 00 MOD = 01 MOD = 10
000 Al AX 000 (BX) + {51) (BX) + (S} + DB {BX) + (SI) + D16
001 CL (@4 001 (BX) + (D) (BX) + {DI) + DB {8X} + (DI) + D16
010 DL (334 010 {BP} + (5I) (BP) + (SI}) + DB {8P) + (SI} + D16
o1t BL BX on (BP) + (DI) (BP) + (DI} + D8 (8P) + (DI) + D16
100 AH SP 100 (Sl1) (S + D8 (Sh) + D16
101 CH BP 101 [(+])] (D1) + D8 {Dl) + D16
110 OH H| 110 DIRECT ADDRESS (BP) + D8 (8P} + D16
1" BH Dt 1M (BX) (BX) + D8 (8X) + D16

MOD = 11 means register mode.

MOD = 00 means memory mode with no displacement, except when RAM = 110, then a 16-bit

dispiacement foliows.
MOD « 01 means memory, with 8-bit displacement following (D8).
MOD = 10 means memory mode with 16-bit displacement following (D16).

Figure F.2 MOD and R/M Fieids

The combination of the W bit and the REG field can specily a total
of 16 registers, see Table ¥1

The second operand Is specified by the MOD and R/M felds. Figure
F2 shows the various modes.

For segment registers, the field is indicated by SEG: Table E2 shows
the segment register encodings.

8086 Instructions

502

The following set of 8086 instructions appears in alphabetical order.
In the set

*  (register) stands for the contents of the register

* (EA) stands for the contents of the memory location given by
the effective address EA

* flags affected means those flags that are modified by the in-
struction according to the result

* flags undeflined means the values of those flags are unreliable
* disp means 8-bit displacement

* disp-low disp-hi means 16-bit displacement
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Table F.I Register Encoding

REG w=0 w=1
000 AL AX
001 CL cX
010 DL DX

011 BL. BX
100 AH Sp

101 CH BP

110 DH Sl

111 BH DI

Table F.2 Segment Register Encoding

SEG Register
00 ES
01 CS
10 SS
11 Ds

AAA: ASCII Adjust for Addition

Corrects the result in AL of adding two unpacked BCD digits or two ASClI digits.

Format: AAA

Oprratlon:  If the lower nibble of AL Is greater than 9 or if AF s set to
1, then AL is incremented by 6, AH |s incremented by 1,
and AF is set to 1. Thisinstruction always clears the upper
nibble of AL and copies AF to CF.

Flags. Affected-AF, CF )
Undefined-OF, PE, SF, 2F
Encoding: 00110111
37

AAD: ASCII Adjust for Division

Adjusts the unpacked BCD dividend In AX In preparation for division.

Format: AAD

Operation:  The unpacked BCD operand in AX is converted Into binary
and stored in AL. Thisis achieved by multiplying AH by 10
and adding theresult to AL. AH Isthen cleared.

Flags: Affected—PF, SF, ZF
Undefined-AF, CF, OF
Encoding: 11010101 00001010
D5 0A

AAM: ASCII Adjust for Multiplication

Converts the result of multiplying two BCD digits into unpacked BCD format.

Can be usd in conveting numbers lower than 100 into unpacked BCD format.
Format: AnM

Operation:  The contents of AL are converted into two unpacked BCD

digitsand placed in AX. AL isdivided by 10 and the quo-
tient is placed in AH and the remainder in Al..
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Flags. Affected—PF, SF, ZF
I Indefined—AlL, CT, OF
Eneading: — Tiolojoe pouolaly
D4 A

AAS: ASCIl Adjust for Subtraction

Correctstheresult in AL of subtracting two unpacked BCD numbers.
Format: ARS

Operation:  If the lower nibble of AL Isgreater than 9 or If Al: isset to
1, then AL 1s decremented by 6, AH s decremented by 1,
and AF is set to 1. Thisinstruction always clears the upper
nibble of AL and copies AF to CF

Flags: Affected—AF, CF
Undefined-OF, PR, SF, ZF

Encoding: 00111111

3F

ADC: Add with Carry
The carry flag is added to the sum of the source and destination.

Format: ADC destinatien, source

Opetation: 11 CF =1, then (dest) = (source) + (cest) + |
It C¥ =0, then (dest) = (source) + (dest)

Flags: Affected-AC CF, OF, PF, SF, ZF

Encoding:  Memory or reglster with register
000100dw mod reg r/m
Iminediate to accumulator
0001 010w data

Immediate to memory or register
100000sw mod 010 r/m data

(s is st if a byte of data is added to 16-bit memory or register.)

ADD: Addition

Yormal: ADD destination, source
Operation:  (dest) = {source) t (dest)
Flags: Affected-AF, CE, OF, PF, SF, ZF

Encoding:  Memory or register with register
000000dw nod reg r/m
Immediate to accumulator
000001 0w data
Immediate to memory or register
1U000USw mod QU0 1/m data
(s isset if abyte datais added to 16-bit memory or register.)

AND: Logical AND

Format: AND destination, source

Operation:  Each hit of the source is ANDed with the corresponding bit
in the destination, with the result stored in the destination.
C¥F and QF are cleared.

Flags: Atfected—CF, 01) PF, SE ZF
Undefined: Al:

Encoding:  Memory or register with register
001000dw mod reg r/m
Immediate to accumulator
0010010w  dula
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Immediate to memory or reglister
1000000w nod 100 r/m data

CALL: Procedure Call

Format: CALL target

Operation:  The offset address of the next sequentlal Instruction is
pushed onto the stack, and control Is transferred to the tar-
get operand. The target address Is computed as follows: (1)
intrasegment direct, offset = IP + displacemmt, (2) intraseg-
ment indirect, offset = (BA), (3) Intersegment direct, seg-
ment:offset given in instruction, and (4) Intersegment
indirect, segment = (EA +2), offset = (EA).

Hags Affected-none

Encoding: Intrasegment  Direct
11101000 disp~low disp-high
Intra-segment |ndlrect
11111111 nod 010 r/m
Intersegment  Direct
10011010 off=eot-low offscl-high scg~low soyg-
hi gh '
Intersegment  Indirect
11111111 mod 011 r/m

CBW: Convert Byte to Word

Converts the signed 8.bit number in AL into a signed M-bit number in AX.

Format: CBW
Operation;  If bit 7 of AL is set, then AH gets FFh.
It bit 7 of AL Is clear, then All is cleaced.

Flags. Affected-none
Encoding: 10011000
98

CLC: Clear Carry Flag

Format: CLC
Operation: Clears CF
Flags: Affected—CF
Encoding; 11111000

8

CLD: Clear Direction Flag

Format: anb
Operation: Clears DF
Flags. Affected-DF
Encoding: 11111100

FC

CLI: Clear Interrupt Flag
Disshles maskable externa Interrupts.

Format: CLI

Operation: Clears IF

Hags Affected-IF

Encoding: 11111010
FA
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CMC: Complement Carry Flag

Format: CMC
Operation:  Complements CF
Flags: Affected-CF
Encoding: 11110100

F5

CMP: Compare

Compares two operands by subt raction. The flags are affected, hut the result
iy not stored.,

Format: CWP destination, source

Operation: The source operand is subtracted from the destination and

the flags are set according to the result. The operands are
not affected,

Flags: Affected-U, CF, OF, PR SI, ZF
Encoding: Memory or register with register
001110dw nod reg r/m
Immediate with accumulator
0011110w data
Immediate with memory or register
100000sw mod 111 r/m data

CMIPS/CMPSB/ICMPSW: Compare Byte or Word String

Compares two memory operands. If preceded by a REP pretix, strings of
arbitrary  size can be compared,

l‘ormat: CMPS source-string, dest-string
or
CMPSB
or
CVPSW

Operation: The dest-string indexed by ES:DJ is subtracted from the
saurce-string indexed by Sl ‘I'he status flags are affected. If
the control flag DF is 0, then Sl and D! are incremented; oth-
erwise, they are decremented. The increments are 1 for byte
strings and 2 for word strings.

Flags: Affected-AR CF, OF, PF, SF, ZF

Encoding: 1010011"

CWD: Convert Word to Double Word

Converts the signed 16-bit number in AX into a signed 32-bit number In
DX:AX.

Format: oD
Operation:  If bit 15 of AX is set, then DX gets FFIF,
If hit 15 of AX Is clear, then DX Is cleared.

Flags: Aficcted-none
Lncoding: 10011001
99

DAA: Decimal Adjust for Addition

Corrects the result in AL of adding two packed BCD operands.

Formal: DAA

Operation: If the lower nibble of AL is greater than 9 or if AF is set to
1, then AL is incremented by 6, and Al: is setto 1. If AL is
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greater than 9Fh or if the CT: is set, then 60h is added to AL
and CFis set to 1.
Flags: Affected—AL, CF, VE, 5E, ZF
Undefined-OF
Encoding: 00100111
27

DAS: Decimal Adjust for Subtraction

Corrects the result in AL of subtracting two packed BCD operands.

Format: DAS

Operation:  If the lower nibble of AL is greater than 9 ar if AT is setto
I, then 601 Is subtracted from AL and CEIS setlo |

Flags: Alfected—AT, Cl, PESE 28
Encoding: 00101111
2F

DEC: Decrement

Format: DEC destination
Operation: Decrements the destination operand by 1
Flags: Affected-AF, OF, PF, SF, ZF
Encoding: Register  (word)
01001 reg

Memory or register
1111111w nod 001 y/m

DIV: Divide

Performs unsi gned division.
Format: DV source

Operation:  The divisor is the source operand, which is either memon
or register. For byte division (R-bit source) the dividend is
AX, and for word diviskion (I 6-bit spuree) the dividenad iy
DX:AX. The quotient is retutned to AL (AX for word divi
sion), and the remainder is returned to AH (DX for word di-
vision). If the quotient is greater than 8 bits (16 bits for
word division), then an INT 0 is generated.

Flags: Undefined-AK CF, OF, PF, SF, ZF
Encoding: 1111011w nmod 110 r/m
ESC: Escape

Allows other processors, such as the 8087 coprocessor, to acCess instructlons,

The 8086 processor performs no operation except to fetch a memory operand
for the other processor.

For mat ; ESC external-opcode, source
Flags: none
Encoding: 11011xxx mod xxx r/m

(The xxx sequence indicates an opcode for the coprocessor.)

HLT: Halt
Causes the processor to enter its halt state to wait for an external interrupt,
Fonmat: HLT
Flags: none
Encoding: 11110100
F4
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IDIV: Integer Divide

Performs  signed  division.

Format: IDIV Source

Operation:  The divisor is the source operand, which is either memory
or register, For byte division (H-bit source) the dividend Is
AX, and for word division {16-bit source) the dividend is
DX:AX. The quotient is returned to AL (AX for word divi-
sion), and the remainder s returned to AH (DX for word di-
vision). It the quotient is greater than 8 bits (16 bits for
word division), then an INT 0 is generated.

Flags: Undefined-AF, CF, OF, PF, SF, ZF

Encoding: 1111011w mod 111 r/m

IMUL: integer Multiply

Performs signed multiplication.
Format: IMUL source

Operation:  The multiplier is the source operand, which is either mem-
ory or register, For byte multiplication (8-bit source) the mul-
tiplicand is AL, and for word multiplication (16-bit source)
the multiplicand is AX. The product is returned to AX
(DX:AX for word multiplication). The flags CI' and OF are

set if the upper half of the product is not the sign-rwtension
of the lower half.

Flags: Affected-U, QF
Undefined—ALE, PF, SF, ZF
Encoding: 1111011w mod 101 r/m

IN: Input Byte or Word

Format: IN accumulator,port

Operation: ~ ‘The contents of the accumulator are replaced by the con-
tents of the designated1/Q port. The port operand is either
a constant (for fixed port), or DX (for variable port).

Hagy: Altected —none

Encoding: i xed port
1110010w port
Variable port

1110110w

INC: Increment

Format: INc destination
Operation:  increments the destination operand by 1.
Flags: Affected-Al; OF, PF, SF, ZF
Encoding: Register (word)
01000 reg

Memery or register
I1liw  mod 000 r/m

INT: Interrupt

Transfers control to one of 2.56 interrupt routines.

Format; INT  Interrupt-type

Operation:  The FLAGS register is pushed onto the stack, then TF and IF
are cleared, C$ is pushed onlo the stack and then fifled by
ahie high-order word of the interrupt vector, 11" is pushed
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Flags:
Encoding:

ontu the stack and then filled by the low-order word of the

interrupt vector.
Alfected—IETF

Type 3

11001100
Other types
11001101 type

INTO: Interrupt if Overflow

Generates an INT 4 if OF is set.

Format:
Operation:

Ilags:

Encoding:

INTO

if OF = 1, then same operation as INT 4. If OF = 0, then no

operation takes place.

I OF=1 then OF and TF are cleared.
If OF=0 then no fags are affected.

110031110
CE

IRET: Interrupt Return

Provides a return from an interrupt routine.

Format:
QOperation:
Flags:
Encoding:

IRET

Pops the slack into the registers 11, CS, and FLAGS.

Affected-—all
11001111
CF

J(condition): Jump Short, if Condition Is Met

Format:
Operation:

Flags:

instruction
JA
JAE
B
JBE
il
ICXz
JE

1G
JGE
L
JLE
INA
INAE
INS
JNBE
INC
INE

Ji{condition) short-label

If the condition is true, then a short jump is made to the la-
bel. The label must be within -128 to +127 bytes of the next

instruction.
Affected—none

Jump if

above

above or equal
below

below or equal
carry

CXisO

equal

greater

greater or equal
less

less or equal

not above

not above or equal
not below

not beiow or equal
not carry

not equal

Condition
CF=0and 2F =0
CF=0

CF=1
CF=10rZF =1
CF=0

(CForzR) =0

ZF =1

ZF = 0 and SF = OF
2F = OF

(5F xor OF) =1

(SF xor OF) or ZF = 1

CF=1or2fF =1
CF=1
CF=0

CF=0and ZF =0
CF=0
ZF=0

Encoding
77 disp
73 disp
72 disp
76 disp
72 disp
£3 disp
74 disp
7F disp
7D disp
7C disp
7E disp
76 disp
72 disp
73 disp
77 disp
73 disp
75 disp
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ING not greater (SF xor OF) or 2F =1 7t disp

JINGE not greater nor equal 7C disp

GFxor Of) =1
INL not less SF = OF 7D disp
INLE not less nor equal 2F = 0 and SF = OF 7F disp
INO not overflow OF=0 71 disp
INP not parity PF=0 7B disp
NS not sign SF=0 79 disp
INZ not zero F=0 75 disp
JO overflow OF=1 70 disp
ip parnty PF=1 7A disp
JPE panty even PF=1 7A disp
JPO parity odd PF=0 7B disp
15 sign SF=1 %disp
i 18i0 IF=1 74 disp
JMP: Jump
Format: JMP t ar got
Operation:  Controlis transterred (o target Jabel.
ags: Alfected—none

Lncoding:  Intrasegment direct
11101001 disp-low disp-hi
intrasegiment direct short
11101013 disp
intersegment direct
11101010
Intersegment  indirect
11111111 mod 101 r/m
tntrasegment  indirect
TLLILITT mod 100 r/m

LAHKHF: Load AH from Flags

For mat : LAHE

Operation: The low eight bits of the FLAGS register are transferred to
AH.

Plags: Alfected—none

Encoding: 10011111
9p

LDS: Load Data Segment Hegister

Loads the DS register with a segment address and a general register with an

offset so that data at the segment:offset may be accessed,

Format: LDS destinatiomn, source

Operation: The source is a doubleword memory operand. The lower
ward is placed in the destination register, and the up-
perword is placed in DS.

Flags: Affected—none

Locoding: 11000101 wod reg r/m

LEA: Load Effective Address

Loads an offset memory address 10 g register,
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Format: LEA destination, source

Operation:  The offset address of the source memory operand is placed
in the destination, which is a general register.

Flags: Affected-none

Encoding: 10001101 mod reg r/m

LES: Load Extra Segment Register

L oads the LS register with a segment address and a general register with an

offset so that data at the segment:offset may be accessed.

Format: LES destination, source

Operation:  The source I's a doubleword memory operand. The lower
word }s placed in the destination register, and the up-
perword |s placed In ES.

Flags: none

Encoding: 11000100 mod veq v /7 m

LOCK: Lock Bus

In & multiprocessor rnvironment, locks the bus.

Formal: LOCE

Operation:  LOCK isused as a prefix that can precede any instruction.
I'he bus is locked for the duration df the execution of the in-

struction to prevent other processors from accessing memory.
Ilags: nong
Encoding: 11110000

FO

LODS/LODSB/LODSW: Load Byte or Word String

Transfers a memory byte or word indexed by Sl to the accumulator.
l'ormat: Lons source-string
or

LODSA

or
LODSW

Operation:  The source byte (word) is loaded into AL (or AN3. §i is incre-
mented by 1 (or 2) if D¥ is clear; otherwise §l isdecremented
by 1 (or 2.

Flags: Affected—none

Encoding:  1010110w

LOOP
Loop until count is complete.
Format: LOOP  short-1 abel

Operation:  CX Is decremented by 1, and if the result Is not zero then
control is transferred to the labeled instructlon; otherwise
control flows to the next instruction.

Ilags: Alfected—none
Encoding: 11100010 disp
E2

LOOPEALOOPZ: Loop if Equal/Loop If zero

A loop is controlled by the counter and the ZF.
Format: LOOPE  short -1 abel
or
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LOOPZ short-label

Operatlon:  CX is decremented by 1, if the tesult Is not zero and 2F = |,
then control is transferred to the labeled instruction; other-
wise, contro! flows to the next instruction.

Flags: Affected—none
Encoding: 11100001 disp
El :

LOOPNE/LOOPNZ: Loop If Not Equal/Loop If Not Zero

A loop is controlled by the counter and the ZF.

Format: LOOPNE short-label
or
LOOPNZ short-label

Operation:  CX is decremented by 1, if the result is not zero and ZF = 0,
then control is transferred to the labeled instruction; other-
wise, control flows to the next Instruction.

Flags: Atlected—none
Encoding: 11100000 disp
EQ
MOV: Move
Move data.
Format: MOV destination, source
Operation:  Copies the source operand to the destination operand.
Flags: Alfected—none

Encuding:  “lo mensory {rom accumulitor
1010001w addr-low addr-high
To accumulator frormn memory
1010000w addr-low addr-high
‘To segment register from memory or register
10001110 mod 0 seg r/m
To memory or register from segment register
10001100 mod 0 seqg r/m
‘To register from memory or register/ To memory from reg
100010dl mod reg r/m (addr-low addr-high)
To register from immediate-data
1011w reg data {data-high)
To memary or register from linmediate-data
1100011lw mod 000 r/m data (data-high)

MOVS/MOVSB/MOVSW: Move Byte or Word String

Transfers memory data addressed by SI to memory location addressed by
ES:D1. Multiple bytes (or words) can be transferred if the profix REP is used,
Format: MOVS dest-string, source-string

or

MOVSH

or

MOVSW

Operation:  The source string byte (or word) is transferred to the destina-
tion operand. Both SI and D1 are then incremented by 1 (or
2 for word strings) if DF = 0; otherwise, both are
decremented by 1 {or 2 for word strings).

Flags: Affected—none

Encoding:  1010010w
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MUL:  Multiply

Unsigned multiplication.

Format: MUL source

Operation: The multiplier Is the source operand which is either mem-
ory or register. For byte multiplication (g-bit source) the mul-
tiplicand is AL and for word multiplication (16-bit source)
the multiplicand is AX. The product is returned to AX
(DX:AX for word multiplication). The flags CF and QF are
set if the upper half of the product is not zero.

Flags. Affected-CF, OF
Undcfined—AF, PF, SF, ZF

Encoding: 1111011% mod 100 r/m

NEG: Negate

forms two's complement.
Format: KEG  destination
Operation:  The destination operand is subtracted from dl I's (OFFh for

bytes and OFFFIh for words). Then a 1 is added and the re-
sult placed in the destination.

Flags: Affected—AF, CF, OF, PF, SF, ZF
Encoding: 3111011w mod 011 r/m

noP: No Operation

Fornat: NOP
Operation:  NO operation |s performed
Flags: Affected-none
Encoding: 13010000
30

NOT: Logical Not

Format: NOT destination

Operation:  Forms the one’s complement of the destination.
Flags. Affected-none

Encoding: 1111011lw mod 010 r/m

OR: Logical Inclusive Or

Format: OH destination, source

Operation:  Performs logical OR operatlon 0N each bit position of the op-

crands and places the result in the destination.
Flags: Affected-CF, OF, PF, SF, ZF

Undefined-Al:
Encoding:  Memory or register with register

000010dw mod reg r/m

immediate to accumulator

C0o00110w data

lmmediate to memory or register

1000000w mod 001 r/m

OUT: Output Byto or Word

lormat; CUT accumulator,port

Operation:  The contents of the designated /O port are replaced by the
contents of the accumulator. The port is either a constant
(for fixed port) or DX (for variable port).
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Hags:
Fncoding:

Affcctcd-none
Fixed lort
1110011%’ port
Variable port
111011 1w

POP: Pop Word Off Stack to Destination

Format:
Operation;

Flags:
Encoding:

EOP destination
The contents ot the destination are replaced by the word at

the top of the stack. The stack pointer is incremented by 2.
Atfected-none

General register

01011 req

Segment register

SISTV Y I B

Memory or register
10001111 mod0 0 0 r/m

POPF: Pop Flags Off Stack

Format:
Operation:

Flags:
Encoding:

POPE

Transfers tlag bits from the top of the stack to the FLAGS reg-
1ster and then increments SP by 2.

Atlccted--all

1o011101

E1l)

PUSH: Push Word onto Stack

Forimat:
Operation:

Flags:
Fncoding:

PUZH source

Decrements the SP register by 2 and then transfers a word
from the source operand to the new top of stack.
nounge

Gueoeral registes
Ul010reg

Segiment register

000 seg 110

Memory or register
111111 1med 110y 7/ m

PUSHF: Push Flags onto Stack

Format:
Operation:
Ilags:
Fncoding:

PUSHF

Decrements SP by 2 and transfers flag bits to the top of the stack.
Affected—none

10011100

yc

RCL: Rotate Left Through Carry

Rotates destination left through the CF flag one or more times.

Format:

Operation:

KCL destination,l

gr

KCL destination,CL

The first format rotates the destination once through CF re-
sulling in the msb being placed in CF and the old CF ended
1 thetsh. o totate more thin onee, the count must b
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placed in CL. When the count is 1 and the leftmost two bits
of the old destination are equal, then OP Is cleared; if they
arc unequal, (OF is set to 1. When the count is not 1, then
OF is undefined. CL is not changed.

Flags: Affected—CFOF

Encoding: 110100vw nod 010 r/m
Ifv-0, count-1
I f wy=l,count.- (CL)

RCR: Rotate Right Through Carry

Rotates destination right through the CF flag one or more times.
l'ormat: RCR destination, 1

or

RCR dest 3 nration, CL
Opetation:  The [irst format rotates the destination once through CF re-
sulting 11y (he Isb being placed In CIF and the old C[ ended
in the msD, To rotate more than once, the count must be
placed in CL. When the count |5 1 and the leftmost two bits
of the new destination are equal, then OF is cleared; if they
are unequal, OF is set to 1. When the count is not 1, then
OF 15 undefined. Cl, is not changed.

Phags: Affected—ClF, OF

Encoding:  110100vw mod 011 1/m
If v - 4, count = 1
if v = 1, count = (CL)

REP/REPZ/REPE/REPNE/REPNZ: Repeat String Operation

‘I he string operation that follows is repeated while (CX) is not zero.
Format: REP/REFPZ/REPE/REPNE/REPNZ string-instruction

Operation: |l string operation is carried out until (CX)is decremented

to 0. For CMI'S and SCAS operations, the ZF is also used in

terminating (he iteration, For REP/REPZ/REPE the CMPS and
SCAS operations are repeated if (CX) is not zero and ZF is 1.
For REPNLE/REPNZ, the CMPS and SCAS operations are ge-
peated if (CX}is not zero and ZI Is 0.

Flags: See the associated string instruction.

Encoding: REP/REPZ/REPE 11110011
REPNE/REPNZ 11110010

RET: Return from Procedure

Returns control after a called procedure has been executed.
| ormat: RET [pop-value]

Operalion:  If RET is witliin a NEAR procedure, it is translated into an in-
trasegment return, which updates the I’ by popping one
word from the stack. If RET is within a FAR procedure, it is
translated into an intersegment return that updates both the
II” and CS. The optional pop value specifies a number of
bytes in the stack to be discarded. These are parameters
passed to the procedure.

Flags: Affected—none

Encoding:  Intrasegment
[1900011
Intrasegment with pop value
11000010
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Intersegment
11001011

Intersegment with pop value
11001010

ROL: Rotate Left

Rotates destination |left one or more times.

Format:

Operation:

Flags:
Fncoding:

ROL destination,l

"

ROL destination,CL

The first format rotates the destination once; CF also gets
the msbh. To rotate more than once, the count must be
placed in CL. When the count is 1 and the new CF is not
the same as the msb, then the OF |s set, otherwise, OF is
cleared. When the count is not 1, then OF is undefined. CL
is not changed.

Affected-CF, OF
110100vw mod 000 r/m
It v = 0, count = 1

If v=1, count = (QL)

ROR: Rotate Right

Rotates destination right one or more times.

Format:

Operation:

Nags:
Encoding:

SAHF: Store

Format:
Operation:

Flags:
Encoding:

HOK destination,l

or

ROR destination,CL

The first format rotates the destination once; CF also gets
the I'sb. To rotate more than once, the count must be placed
in CL. When the count is 1 and the leftmost two bits of the
new destination are equal, then OF is cleared; if they are un-
equal, OF is set to 1. When the count is not 1, then OF is
undefined. CL is not changed.

Atfected-—CE OF

110100vw nod 001 r/m

It v = 0, count =1

If v 1, count = (CL)

AH in FLAG5 Register
SAHF

Storesfive bits of AH into the lower byte of the FLAGS regis-
ter. Only the bits corresponding to the flags are transferred.
Theflagsin the lower byte of FLAGS register are SF = hit 7,
ZF = bit 6, AF = bit 4, PF = bit 2, and Cl: = bit 0.
Affected-AF, CF, PF, SF, Z¢

10011110

YE

SAL/SHL: Shift Arithmetic Left/Shift Logical Left

Format:

Qperation:

SAL/SHL destination.1

or

SAL/SH]I, destination,CL

The first format shifts the destination once; CF gets the mish
and 3 0 is shifted into the Isb. "to shift more than once, the
count must be placed in CL. When the count is and the
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Flags:

Encoding:

SAR: Shift

Format:

Operation:

Flags.

Encoding:

new CFis pot the sameasthe msb, thenthe QF is set; other-
wise, OF is cleared. When the count is not 1, then OF isun-
defined. CL is not changed.

Affected—CI; OF, PE, ST, ZF

Undefined-Al:

110100vw mod 100 r/m

If ¢ =0, count =1

If v=1, count = {CL)

Arithmetic Right

SAR destination,1

or

SAR destination,ClL

The first format shifts the destination ongce; CF gets the Bsh
and the msb is repeated (sign is retained). To shift more
than once, the count must be placed in CL. When the
count is1 OF is cleared. When the count is not 1, then OF
is undefined. CL is not changed.

Affected-CR OF, PF, SF, ZF

Undefined—AF

110100vw mod 111 r/m

If v =0, count =1

If v = 1, count = {CL}

SBB: Subtract with Borrow

Format:
Operation:

Flags:
Encoding:

SBR destination, source

Subtracts source from destination; and if CF is 1 then sub-
tract 1 from the result. The result is placed in the destina-
tion.

Aflccted—AF, CF, OF, PF, SF, ZF

Memory or register with register

000110dw mod reg r/m

Immediate from accumulator

0001110w data

Immediate from memory or register

100000sw mod 011 r/ m data

(s is set if an immediate-data-byte is subtracted from 16-bit
memory or register.)

SCASISCASBISCASW: Scan Byte or Word String

Compares memory against the accumulator. Used with REP, it can scan mul-
tiple memory locations for a particular value.

Format:

Operation:

Flags.
Encoding:

SCAS  dest-string

or

SCASB

or

SCASW

Subtracts the destination bytr (or word) addressed by DI
from AL (or AX). Theflags are affected but the result Is not
saved. DI isincremented (if DF = 1), or decremented (if PF =
0) by 1 (byte strings) or 2 (word strings).

Affected-Al) CF, OF, PF, SF, ZF

1010111w
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SHR: Shift Logical Right

Format: SHR destination,l
or
SHR destination,CL

Operation:  'The first format shifts the destination once; CF gets the 1sb
and a 0 is shifted into the msh. o shift more than once,
the count must be placed in CL. When the count is 1 and
the leftmost two bits are equal, then OFis cleared; other-
wise, OFis set to 1. When the count is not 1, then OF is un-
delined. CL s not changed.

Flags: Atfected—Cl, OF, T, SF, ZF
Undefined—AF

Encoding:  110100vw mod 101 r/m
If v = 0, count = 1
If v = 1, count = (CI)

STC: Set Carry Flag

Format: SR
Operation: CFissetto 1,
Flags: Alfected—CF
Encoding:  11:11001

F Y

S10: Set Directicn Flag

Format: DENE!
Operation:  DFisset ol
Ilags: Affected—DV

Encoding: 11111101
P

STI: Set Interrupt Flag

Format: ST1
Operation: I is set to 1, thus enabling external interrupts
ilags: Alfected—IF
fincoding: 11111011
e

STOSISTOSBISTOSW: Store Byte or Word String

Stores the accumulator inlo memory. When used with RED, it can store mul-
tiple memory locations with the same value.
Format: STOS dest-string
or
STOSH
or
STOSW
Operation:  Steres AL (or AX) inte the destination byte (or word) ad-
dressed by DL DEIs incremented (00 = 1), or decremenied
(DF = 0) by 1 (byle strings) or 2 (word strings).
Flags: Affected—none
Encoding: 1010101

e’
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SUB: Subtract

Format: SUB destination, source

Operation:  Subtracts soutce {rom destination, The result is placed In the
dcstlnation.

Fags: Alfecied—ArL, CF, OF, I'F, SF, ZF

Encoding: Mcemory or reglster with register

001 01 0cdw mod reg r/ m
Immediate from accumulator
0010110w data

Immediate from memory or register
100000sw mod 101 r/m data

(s is setif an immediate-data-byte is subtracted from | ti-hit
memory or  register.)

TEST: Test (Logical Compare)

Format: TEST destination, source

Operation:  The lwo operands are ANDed to affect the flags. The oper
ands arc not affected.

Fags: Alfected—CF, OF, PY, SF, Z¥
Undefined—AT

Encoding:  Memory or regisier with register
1000010w mod reg r/m
Immuediate with accumulator
1010100w data
Immediate with memory or regjstcr
1111011w nod 000 r/m data

WAIT

Format: VAT

Operation: ~ The processor is placed in a wait state until activated by an
external intersupt,

Flags: Affected—none
Encoding: 10011011
on

XCHG: Exchange

Format: XCHG dest ination, sqource
Operation:  The source opetand and the destination eperand are inter-
changed.

Mags: Affected—none
Encoding: Register with accumulator
10010reyg

Memory or register with register
1000011w nod reg r/m

XLAT. Translate

Performs a table lookup translation.

Format: XLAT  source-table

Operation:  BX must contain the offset address of the source table, which
Is at most 256 hytes. AL should contain the index of the table

clement. The operation replaces AL by the contents of the fa-
ble clement addressed by RX and AL.

Flags: Affected-none
Encoding: 11010111
D7
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XOR: Exclusive OR

Format;
Operation:

Flags:

Encoding:

8087 instructions

520

XOR destination, sgurce

The exclusve OR operation is performed bit-wise with the
source and destinatlon operands; the result is stored In the
destination. CF and OF are cleared.

Affected-CF, OF, PF, SF, ZF

Undeflned: AF

Memory or register with register

001100dw mod reg r/m

Immediate to accumulator

0011010w data

Immediate to memory or register

1000000w mod 110 r/m data

The 8087 uses several data types, when transfering data to or from

memory, the

memory data definion determines the data type format Table

I3 shows the association between the BOH?7 data types and the memory data
definitions. In this section we only give 8087 instructions for simple arith-
metic operations. Check the 8087 manual for other instructions.

FADD: Add

Format:

Operation:

Real

FADD

or

FADD source

or

FALD destination, source

Adds ) source gperand to the destination. For the lirst form,
the source operand is the top of the stack and the destina-
tion is ST(1). The top of the stack is popped, and its value Is
added to the new top. For the second form, thie source is ei-
ther short real or long real in memory; the destlnation is
the top of the stack. Por the third form, one of the operunds
is the top of the stack and the other is another stack regis-
ter; the stack is nut popped.

Table F.3 8087 Data Types

Data Type Size (bits) Memory Pointer Type
Definition

Word integer 16 bw WORD PTR
Short integer 32 DD DWORD PTR

L ong inmteger 64 DQ QWORD PTR
Packed decimal 80 DT TBYTE IR
Short real 32 DD DWORD PTR
Long real 64 LQ QWORD PTR
Tetporary real 80 DT TBYTE PTR
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FBLD: Packed Decimal Load

Format: FBLD- source

Operation:  l.oads a packed decimal number to the top of the stack. The
source operand is of type DT (10 bytes).

FBSTP: Packed BCD Store and Pop

Format: FBSTP destination «

Operation:  Converts the top of the stack to a packed BCD format and
stores the result in the memory destination. Then the stack

is popped.
FDRIV: Divide Real
Format: FDIV

or

FDIV source

or

FDIV destination, source

Operation:  Divides the destination by the source. For the first form, the
source operand is the top of the stack and the destination js
ST 1). The top of the stack is popped and its value is used to
divide into the new top. For the second form, the source is
cither short real or long real in memory; the destination is

the top of the stack. For the third form, one of the operand5
IS the top of the stack and the other |s another stack regis-
ter; the stack Is not popped.

FIADD: Integer Add

Format: FIADD source
Operation:  Adds the source operand to the top of the stack. The source
opetitid can be cither a short integer or a word integer.

FIDIV: Integer Divide

Format: FIDIV source
Operation:  Divides the top of the stack by the source. The soutce opert-
and can be cither a short integer or a word integer.

FILD: Integer Load

Format; 'l LD source

Operation:  Loads a memory integer operand onto the top of the stack.
The source operand iselther word Integer, short integer, or
long Integer.

FIMUL: Integer Multiply

Format: FIMUL source
Operation:  Mulliplies the sotirce operand to the top of the stack. The
source operand can be ether a dhort integer or a word integer.

FIST. Integer Store

Format: FIST destination

Operation: ~ Hounds the top of thu stack to an integer value and stores to
a memory location. The destination may be word integer or
short integer. The dack is not popped.
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FISTP: integer Store and Pop

Format: FISTP destination

Operation: Rounds the top of the stack to an integer value and stores {y
a memory location. ‘Ihen the stack is popped. The destin-
tion may be word integer, short integer, or long integer.

FISUB: Integer Subtract

Forma FisuB spurce

Operation:  Subtracts the source operand from the top of the stuck. The
source operand can be either a short jnteger or a word integer,

FLD: Load Real

Format: FLD source

Operation:  Loads a real operand onto the top of the stack. The source
may be o stack register §T{i), or 3 memory location. for a meni
ory operand, the data type may be any of the real formats.

FMUL: Multiply Real

Format: FMUL
or
FMUL source
or
FMUL destination, source

Operation: Multiplies a source operand to the destination. for the first
form, the source operand is the top of the stack and the des-
tination is §T(1), The top of the stack is popped and its
value is multiplied to the new top. For the second form, the
source j4 cither short real or long real in memory; the desti-
nation is the top of the stack. For the third form. one of the
operands is the top of the stack and the otheris another
stack register; the stack is not popped.

FST: Store Real

Format: FST destination

Operation:  Stores the top of the stack to a memory location or another
stack register. The memory destination may be shoit real
(doubleword) or long red (quadword), The stack is not
popped,

FSTP; Store Real and Pop

Format: FSTP destination

Operation:  Stores the top of the stack to a memory location or another
stack register. Then the stack is popped. The memory desti-
nation may be short re¢al (doubleword), long real
(quadword), or temporary real (10 bytes).

f5UB: Subtract Heal

l'ormat: FSUB
or
FSUB source
or

FSUB | destinatliou.source
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Operation:  Subtracts a source pperand from the destination. For the
first form, Lhe source aperand is the top of the stack and the
destination is ST(l). The top of the stack is popped and its
value is subtracted from the new top. {0r the second form,
the source is ¢ither short real or long real in memory; the
destination is the top of the stack. For the third form, one
of the operands is the top of the stack and the other is an-
other stack register; the stack Is not popped.

80286 Instructions
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The real-mode 80286 instructlon set Includes all 8086 instructions
phus the extended instruction set. The extended instruction set contains five
groups of instructions, (1) multiply with immediate values (INMUBD, (23 nput
and owlput strings (INS and OUTS), (3 slack operaticus (PO, PUSHE fi-
mediate, PUSHA), and () shifts and rotates with immediate count values,
and (5} instructions for translating high-icvel language constructs (BOUND
and ENTLR). We only give the instructions in groups 1-4.

IMUL: integer Immediate Multiply

Format: IMUL destination, immediale
or
IMUL destination, scurce, immediate
Operation: [or the first format, the innnediale operand, which must be

a byte, is multiplied with the destination, which must be a
16-hit register. The lower 16-bit of the result s stored in the
register. For the second format, the 8- or 16-bit immediate
operand is multiplied with the source operand, which may
be a 16-bit register or a memory word. 1 he lower 16-bit of
the result is stored in the destination, which must be a 16-
bit register. The flags CI and OF are setif the upper half of
the product is not the sign-extension of the lower half.
Flags: Affected—CF, OF
Undelined—ATL, PF, SI, ZF
Encoding: 01101051 mod reg r/md a t a  [data if s=0]

INS/INSB/INSW: Input from Port to String

Transfers a byte or word string clement {rom a port to memory. Multiple
byles or words can be transferred if the prefix RED is used.
Format: INS destination-string,port
or
INSB
or
TNSW
Operation: A byte or word is transferred from the port designated by
DX to the location ES:DI. DI is then incremented by { (or 2
for word strings) if DF = 0; otherwise, DI is decrcmentcd by
1 (or 2 for word strings).
Flags: Affected-none
Encoding: 0L10110w
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OUTS/OUTSs/CUTSW: Output String to Port

‘Transfers a byte or word string element from memory to a port. Multiple
bytes or wordscan be transferred if the prefix REP is used.
Format: QUTS destination-string,port
or
QUTSB
or
QUTSW
Operation: A byte or word Iy transferred from memary located ai D8:§}
to the port designated by DX, st1s then incremented by 1
(or 2 for word strings) if DF = O; otherwise, 81 is
decremented by 1 (or 2 for word strings).
Flags. Affected-none
Encoding:  0110111w

POPA: Pop All General Registers

Format: POPA

Qperati on; ‘The registers are popped in the order D), §i, BP, SE, BX, DX,
CX, and AX.

Encoding: 01100001
61

PUSH:; Push Immediate

Format: PUSH data

Qperation:  The data may be 8 or 16 bits. A data byte is signed extended
into 16 bits before pushing onto the stack.

Flags: Affected-none

Encoding: 0131010s0 data [data if g = 01

PUSHA: Push All Guneral Registers

Format: PUSHA

Operatior:: ~ The registers are pushed in the order AX, CX, DX, BX, origi-
nal §P, BP, SI, and DI.

Flags: Affected-none
Encoding: 01100000
GO

The general format of shifts and rotates with immediate count values is:
Opcode destination, immediate

where opcode Isany one of RCL, RCR, ROL, ROR, SAL, SHL, SAR, andSHR.
If the immediate value is 1, then the instruction is the same as an 8086
instruction. For an immediate vatue of 2-31, the instruction operateslike an
8086 instruction in which CL contains the value. The 80286 does not allow
a constant count value to be greater than 31.

The encodings for immediate values of 2-31 are

RCL

1100000w mod 010 r/m
RCR

1100000w nod 011 r/m
ROL

1100000w mod 000 r/m
ROR

1100000w m o d GG r/wm ., e
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SAL/SHL

1100000w mod 100 r/m
SAR

1100000w mod 111 r/m
SiIR

1100000w mod 101 r/m

80386 Instructions
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The real-mode 80386 instruction set includes al real-mode 80286
instructions plus their 32-bit extensions, together with six groups of new
ingructions, (1) hit scans, (2) hit tests, (3) move with extensons, (4) st byte
o condition, {5) double-precision shifts, and (6) move to or from special
registers. We only give instructionsin groups 1-S.

Bit Scan Instructions

The bit san instructions ae BSE (bit san forward) and BSR  (bit stan
reverse). They are used to scan an operand tofind the first set bit, and they
differ only In the direction of the scan.

Formats: BSF destination, source
or
BSR destination, source
Operation:  The destination must be aregister, the source is either areg-
ister or a memory location. They must he bath words or
both doublewords. The sourcelis scanned for the firsl set bit.
If the bits are all 0, then ZF is cleared; otherwise, ZF is set
and the destination register is loaded with the bit position
of the first set bit. For BSF the scanning is from bit O to the
msb, and for BSR the scanning is from the msb to bit O.
Flags: Affected—2ZF
Encoding:  BSF
00001111 10111101 mod reg r/m
BSR
00001111 10111101 mod req r/m

Bit Test Instructions

The bit test instructions are BT (bit test), BTC (bit test and comple-
ment), BTR (bit test and reset), and BTS (bit test and set). They are used to
copy a hit from the destination operand to the CF so that the bit can be
tested by a JC or INC instruction.

Format: BT destination, source
or
BTC destinatien, source
or
BTR destination, source
or
BTS destination, source

Operation: ~ The source specifies a bit position In the destination to be
copied to the CF. BT simply copies the bit to CF, BTC coples
the bit and complements it in the destination, BTR coples
the bit and resets it In the destination, and BTS copies the
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bit and sets it in the destination. The source is either a16.
bit register, 32-bit regiser, or an R-bit condant. The destina
tion may be a 16-hit or 32-bit register or memory. if the
source is aregister, then the source and destination must
have the same size,

Flags: Affected-CF

Encoding:  Sourceis U-bit immediate data:
Bl
00001111 10111010 mod 100 r/m
YL
00001111 10111010 nod 111 r/m
BTR
00001111 10111010 mod 110 r/m
BTS

00001111 10111010 mod 101 r/m
Source is register:

BT

GOYOTTTT 10 1000 11 mod reg , fm
BTC

00001111 10111011 mod reg rim
BTR

00001111 10110011 mod reg rm
BTS

00001111 10101011 mod reg rim

Move with Extension Instructions

The move with extension instructions are MOV SX (move withsign.
extend) and MOV ZX (move with zero-extend). These instructions move &

small source into abigger destination and extend to the upper half with the
sign or a zero.

Format: MOVSX destination,source
or
MOVZX destination, source

Operation:  The destination must be a register, the source is either a reg
ister or memory. If the source is a byte (or word) the destina-
on iy a word (01 doubleword). MOVSX captes and sign
vxiends the source into the destination. MOVZX copies and

zero extends the source into the destination.
Flags: Affected-none
Encoding:  movsx

00001111 101111lw nod reg r/m
MOVZX

00001111 1011011W mod reg r/m

Set Byte on Condition Instructions

The set byte on condition instructions set the destination byt to 1
if the condition is true and clear it if the condition is false.

Format: SET (condition} destination
Operation:  The destination is either an 8-bit register or memory. It is

set to 1if condition istrue and to O if condition is false.
Nags: Affected-nom

Encoding: 00001111 opcode mod 000 rim
(the opcode byte is glven In the following in hex)
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Instruction
SETA
SETAE
SETB
SETBE
SETC
SCTE
SETGG
SETGE
SETL
SETLE
SCTNA
SETNAE
SETNB
SLTNDE
SETNC
SETNE
SETNG
SETNGE
SETNL
SETNLE
SETNO
SETNP
SETNS
SETNZ
SETO
SETP
SETPE
SETPO
SETS
SETZ

Double-Precision Shift

The doubie-precision shift instructtons are SHLD (double-precision

Set If Condition Opcode
above CFzoand ZF=0 97
above or equal CF=0 93
below CF=1 92
below or enial CF=1lorlf=1 96
carry CF=0 92
equal F=1 94
greater ZF =0 and SF = OF oF
greater or equal ZF = OF 9D
less {SF xor OF) = 1 9C
less or equal (SF xor OF) or ZF =1 9E
not above CF=lorZF =1 96
not above or equal CF=1 92
not below CF=0 93
not below or equal CF=zo0and &F=0 97
not carry CF=0 93
not equal ZF=0 95
not greater (SFxor OF) or ZF = 1 9t
not grcatet nor equal (SF xor OF) = 1 8C
not less SF = OF 9D
not less nor equal ZF = 0 and SF = OF 9F
not overflow OF =0 91
not parity PF = 0 98
not sign SF=0 99
not zero ZF=0 95
overflow OF=z1 90
parity PF=1 9A
parity even PF=1 9A
parity odd PF=0 98
sign SF=1 98
zero F=1 94

Instructions

shift left) and Sl IRD (dlouble-precision shift right).

Format:

Operation:

SHLD destination, source, count
of

SHRD dest inakion, source, count

The destination is either register or memory, the source is a
register, and both must be of the same size (either 16 or 32
bits). Count is either an I-bit constant or CL. The count
specifies the number of shifts for the destination. instead of
shifting in zeros as in the case of the single-precision shifts,
the bits shifted into the destination are from the source.
However, the source is not altered. The SF, zF, and PF flags
are set according to the result; CF is set to the last bit

shifted out; QF and AF are undefined.
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Flags:

Encoding:

Affected—SE, ZF, P, c1:
Undefined-OF, AT

Count is immediate data
SHLD

00001111 10100100 mod
SHRD

00001111 10101100 mod
Count is Cl.:

SHLD

00001111 10100101 mod
SHRD

00001111 10101101 mod

reg

req

reg

reg

r/m

r/m

r/m

r/m

[disp]

[disp]

[disp]

{disp]

data

data
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