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8086/8088 Instruction Set
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Instructions wnich relerence the llac register lile as 5 16-bit opject

8086
REGISTER MODEL

A" | AL | accumuLaTOR ]
8~ | 8L BASE )
CH | CL | count l L2
oH | DU DATA | £z
] :J w
[ZzZ
SP STACK PCINTES P B2 .
ap 8ASE POINTER i =
St SOUACE INDEX |
8] DESTINATION INDEX |
[ 1P INSTRUCTICN POINTER J
[ FLAGS~ | FLAGS. | STATUS FLAGS
-
cs . | copeseamens -
0s DATA SEGMENT 1_ gc !
SS STACK SEGMENT 55 !
=3y EXTRA SEGMENT | @ c l
|
f

use the symbol FLAGS 1o represent tne file:

15

7

0

X = Don't Care

AF: AUXILIARY CARRY — BCD
‘P:If CARRY FLAG
* PARITY FLAG" 8080 F
SF: SIGN FLAG . 'LAGS
ZF: ZERO FLAG 4

DOF: DIRECTION FLAG (STRINGS,

IF: INTERRUPT ENABLE FLAG
OF: OVERFLOW FLAG (CF B 5F}

TF: TRAP — SINGLE STEP FLAG

| xjx |x | x|oF jor]iF[TF[sF[zF [x|aF | x|pF ] xjcs |
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D88 Instruction Set

OPERAND SUMMARY

"reg” lleld Bit Assignments: . .
16-BIt (w = 1) 8-Bit(w=0) | Segment
000 AX 000 AL 00 ES ,
001 CX 001 CL 01 CS. o
010 DX 010 OL 10 SS
011 BX 011 BL 11 DS
100 §? 100 AH
101 B8P 101 CH
. ; 10 Si 110 OH
111 Ol 111 BH

SECOND INSTRUCTION BYTE SUMMARY

mod-  xxx r/m

mod ‘ Displacement

00 |DISP = C*, disp-low and disp-nigh are absent
0V [ DISP = diso-low sign-exlended 10 16-Dits, disp-hign 1s absent

10 | DISP = aqisp-hign: disp-low T
11 | ¢/m s treated as a "reg” leld

-

r/m | Operand Address

N 000 [1BX: + 1SI. 4+ DISP

- 001 |1BX: + (DIl + DISP
010 [ (BP: ¥ 1SI' + DISP
011 |:BP + DI 1t DISP
1 :Sl. + DISP
101 [ DI+ DISP
110 [ (BP '+ DISP* -~
111 |{BX + DISP

D!SP foliows 2nd byte ol instruction (belore data if required:.

*sxcept if mod w 00 and r/m = 110 Lhen EA = qisp-nign: disp-iow.

Operand Address (EA) Timing (clocks):

Acc 4 clocks for word operands at ODD ADDRESSES!

Immed Offsel1 =6 :

Base |1BX, 8P.SI, D=5

Base + DISP=9"~

Base + Ingex (BP + DI BX + Sh =7

Base + Incex (BP + SI,BX +Dl) = 8

Base + Ingex I8P + DI, BX + SI) + DISP = 11 e
Base + Index (BP + SI. BX + Dl + DISP = 12

- ——

— —
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/uqv = Move

[1010000w |  addeiow T addrhick |
Timing: 10 clocks
' Aczumulator to memory
[1010001 w! addr-low | addehigk |
Timing: 10 clocks vy ~
Regrster/memory to segment register
(ADO0 1110 [mos0reg r/m |
Tim:ng 1clocks:: register to reqister 2
memory to.register B-EA
__Segment register to register/memory
{1C051100 imodOreg /m |
Timing iclocks: }egzsler 1o register 2
25 recisler 1o memory G=-EA
_PUS}-Q = Push
f"Reg-sler.fmemcry
[[fy1i1111 [mog1 10 o/m |
I Timing Iclocksi:  register 10
t ' memory 16+EA
l Register
i [0 1010 reg |
? iming: 10 clocks
f Seqgment register ;
| [o00reg110]
L"ﬁmlng: 10 clpcks
PQP = Pop
" Register/memory
| (0001111 modoo0 e/m | ;
’f Timing (clocks): * ::gri::_'; 17+EA -
' Register

DATA TRANSFER

Aegister/mamory 1o/from register
[100010d w[mod reg r/m ]

Timing (clocks). reglster 10 register 2
! memory to registar BH+EA
i register 1o memory 9+EA

Immediate 10 r {!'rer!mbmcry

(110001 1w [mod 000 r/m | daa |

Timing: 10+EA clocks

Immediate lo register

[101 1w reg | dan | datadwer |
Timing: 4 clocks

Memory to accumulator

(01011 reg ]
Timing: 8 clocks

Segment register

[000reg 111 |

Timing: 8 clocks

~,

"

—

R T RS T |

3

XCHG = Exchange
Register/memory with register
(1000011 w([med reg o/m |

Timing (clocks):  register with register 4
: memory with register 17+EA

Register with accumulator
10010 reg
Timing: 3 clocks

IN = Input to AL/AX from
Fixed port SR

111001 0w] port |
Timing: 10 clocks

Variable port (DX)

Timing: 8 clocks

QUT = Quiput from AL/AX to
Fixed pon

l!ll{ﬂ‘i‘lw[ porl ]
Timing: 10 clocks
Vanable pon [DX)

Timing: 8 clocks

XLAT = Translate byte 1o AL

11010 )11 1

Timing. 11 clocks

LEA = Loac EA to register
[Tocov 101 Imoc rec c/m |

Timing: 2+EA clocks

LDS = Load pointer to DS -
(11000101 [mod reg tm |

Timing: 16—EA clocks

LES = Load pointer to ES
71000100 |mod reg t/m |
Timing: 16+EA clocks '
LAHF = Load AH with llags
10011111
Timing: 4 clocks
SAHF = Store AH into flags 4

—

:

.
E
=)

Q
~
o
(]
(2]
x
3

1

PUSHF = Push flags
10011100

=
3
=]
a
—
o
o
o
(1]
>
»

- POPF = Pop flags
10011101
Timing: 8 clocks

:
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ARITHMETIC

ADD = Agd
Reg./memory with ragisier 1o silhar

[00 pocdd wImJJ @i:r M ]

iggister 1o regisles

3
G+EA
16+EA

Timing (clocks): immediate (o register
immadiate 1o memory

Immediate Irom register/mamory

4
17+EA

“[oco00swimogron im | oan

B

Timing (clocks);  Immediale from register
immediate from memaory

Immediate from accumulator

I data w s w.m]

4
17+EA

——

foo1o0100w] 2ala [ oatawel |

Turmnq (clocks)
memary (o register
register 1p memaory
Immediate to register/memaory _
| 1000008 w|mod0O00 1/m I QL}_L 9_4_”_ r_s el :,: ]

Timing: 4 clocks
SBB = Subtracl with borrow

[coct10dwlimod reg r;rn_—]

Timing iclocksy  register from register
memory from register

J
9+EA

register from memory 16TEA .

Immediate from register’memory

(“‘ﬁag/mernory and register 1o either
|

[1C000C sw|med011 ¢/m | 0atz

T gana ot s we0i ]

Timing (clocks):  immediate Irom regisier

immediate lrcm memory 17-EA

Immediate from accumulator

P aco01iowl @a | calai v

i
F
L Timing; 4 clocks

DEC = Decrement
- Register/mamory

M11illiw|m0000| r!m—l

T:mmg (clocks):  regisier A 2
memory 15+EA
Register
[03:00 1 reg |
Timing: 2 clocks
* NEG = Change sign
J [1111011w([mod0 11 tym |
ﬁmmg {clocks): register 3
memory 16+EA
CMP = Compare ’
Register/memory and req:sler
[0011100wimod reg rim |
Timing (clocks)  register with register 3
© memory with register 9+EA
register with memory S-EA

Immediate 1o accumulator

(0oco010w] cata | gata il wel

. |

Timing: 4 clocks

1Contmued ¢
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PROCESSOR CONTROL

CLC = Clear carry STC = Set carry
[11:111000 | IEEEEEYER
Timing: 2 clocks -~ ?immg: 2 clocks
CMC = Complement carry NOP = No operatlar.'z
(11110101 ] + [oorocue
‘Timing: 2 clocks Timing: 3 clocks
CLD = Clear direction STD = Set direction
EEEREEETYE I IEEEEEr
Timing: 2 clocks Timing: 2 clocxs-
CLI =-Clear interrupt STI = Set interrun:
171111840 EREEEXEER
Timing: 2 clocks ' Timing: 2 cicsxs
HLT = Hal WAIT = Wait
11;110100] [vocryoer |
Timing: 2 ¢locks-. _ l Timing: 3 clocks
LOCK = Bus lock prefix ESC = Escaps "to exiernal device:
[fri10000 | LEERERIAT LIS 1
Timing: 2 ciocks Timing: 7—EA clocxs
Footnoies: y

iifd=1tnen 0™ if d =0 then “from” .

if w= 1 then word instruction; if w =0 then by:2 Ins

if s'w = 01 then 186 bits of ymmediate gata form ne operand
if s'w = 11 then an immediate data byte is sign exienoes

16-b1t operand
il v =0 then "cou
x = don’t-care
z1s used for' s
AL = 8-bit accumulator
AX = 16-bit accumulator
CX = Count register
DS = Data segment
‘DX = Variable port register
ES = Extra segment _
Above/below reters t0 unsigned value

Greater = more positive: _
Less = less positive (more negative) sig

' See page 1 for Operand Summary.
See page 2 for Segment Override Summary.

ome string primitives 1o compars with:

ned vaiues

Mnemonics € intel, 1978.

to form the

nt"=1;if v=1then “count” 1 1CL
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ADC = Add with carry

. Fngmmory with register 1o either
¥10051000 wlmoe g rim |
Timing (clocks):

| Timing (clocks}:
t-'-_ .

T

reqgister 1o register 1
memary to register G+EA
- 4 register to memory 16+EA
immediate to register/memory
{100060s w|modn s ]
‘1 L wlmod0 1 0 om ' can | catz if swel
' Timing (clocks;: immadiate to register 4
{! Immaediate te mamory 17+-EA
immediate to accumulator
| (000107 0w] data | oataidwer |
-'\’__Iummg. 4 clocks
INC = Increment
Registar/memory
L1111 1w, mod000 rtrn_I
Timing tclocks':  registar 2
memory 15-SA
Repister
101000 reg
~Timing: 2 clocks
AAA = ASCII adjust tor add
Ko s te |
o169 11 |
Timing 4 clocks
DAA = Decimai adjust for add
g0108 11 ] b
Timing. 4 clocks
_SUB = Subtract
7 Reg/memory and regisier 10 either
. [001010dwimod reg c/m |
1 Timing (clocks).  register from register 3
memory from register 9-EA
register from memory 16+EA
Immediate with register/memory
[[00000sw moat i1 om | cxa | omaswie0 |
Timing (clocks):  immediate with reqister = _4
immediate with memory 17+EA
immediate with accumulator
[coriirow]| dala | caziwey |
~——Timing: 4 clocks
AAS = ASCI! adjust for subtract
Timing: 4 clocks .
DAS = Decimal adjust for subtract
Timing: 4 clocks
":' MUL = Muluply (unsigned)
(1171011 wlmgi00 /m | .
- Timing (clocks):  8-bil 71+E:
16-bit 124+£

CWoGIoOVDOD INSIrucuon et

IMUL = Integer muitiply (signed)
(V110 V 1 wimedi1 01 t/m |

-t
16-bit

AAM = ASCI| adjust for multiply
[1rer10100Too00trot0 |
Timing: 83 clocks

Timing iclocksi:

" DIV = Divide (unsigned)
[tvi1o1 1 wlmeay10 rim |

B-bit
16-bit

Timing (clocks):

IDIY = Integer divide tsigned)

111101 twimogt 11 rim |

Bebil
16-bnt

AAD = ASCII adjust lor divide
[trerora JECC0YD0

Timing (clocks!

Timing. 60 clocxs

CBW = Conven bvie 1o word

[s001|0003

Timing: 2 clocks
CWD = Converl word 10 couble word

|10C|1700!]

Timing: 5 clocks

LOGIC
» NOT = Invert
| I1l|‘lﬂ1|wjrnosﬁ\ﬂrrm_}

register
memory

~ SHL/SAL = Shilt logical/arithmetic laft

./ [V10100vw|[moa100 ¢/m |

single-bit register
single-bit memory
variable-bit register
varable-bit memory

Timing (clocks):

7" SHR = Shift logical right
; [0 10100vwimodi0l o/m |

single-bit register
single-bit memory
variable-bit register
variable-bit memory

I Timing (clocks):
—

SAR = Shift arithmetic right
[110100vw[mog111 em |
single-bit register
single-bit memory

variable-bil register
variable-bit memaory

__Timing (clocks):

343

N+EA
T44+EA

S0+EA
155+EA

112-EA
177-EA

15+EA
8+4/o11

20+EA=4d/D1t

2

15~EA
B+4&/o1t
20-EA+4/D1

)

15+EA
g=d4/bit
20+ EAr4/EN

1Cantinued of foeming Far
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