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8086 Register Model

AX: AH AL ACCUMULATOR

BX: BH BL BASE

CX: CH CL COUNT

DX: DH DL DATA
SP STACK POINTER
BP BASE POINTER
S| SOURCE INDEX
DI DESTINATION INDEX
P STACK POINTER

FLAGS, [ FLAGS, | STATUS FLAGS

CS CODE SEGMENT
DS DATA SEGMENT
SS STACK SEGMENT
ES EXTRA SEGMENT

GENERAL
REGISTER FILE

SEGMENT
REGISTER FILE

Instructions that reference the flag register file as a 16-bit object use
the symbol FLAGS to represent the file:
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[x I x [xx JorJor[ i Trr]sF]zF ] x |ar| x [Pe] x JcF

X = Don't Care

Flags

AF: AUXILIARY CARRY — BCD
CF: CARRY FLAG

DF: DIRECTION FLAG (STRINGS)
IF: INTERRUPT ENABLE FLAG
OF: OVERFLOW FLAG (CF SF)
PF: PARITY FLAG

SF: SIGN FLAG

TF: TRAP (SINGLE STEP FLAG)
ZF: ZERO FLAG



Operand Summary

‘“reg" field Bit Assignments:

Word Operand Byte Operand Segment
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

Second Instruction Byte Summary

I mod xxx r/m J

mod | Displacement

00 | DISP = 0%, disp-low and disp-high are absent

01 | DISP = disp-low sign-extended to 16-bits, disp-high is
absent

10 | DISP = disp-high: disp-low

11 | r/mis treated as a “reg" field

r/m Operand Address

000 | (BX)+ (SI) + DISP
001 | (BX)+ (DI) + DISP
010 | (BP) + (Sl) + DISP
011 | (BP) + (D) + DISP
100 | (SI) + DISP

101 | (DI) + DISP

110 | (BP) + DISP*

111 | (BX) + DISP

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

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.

Operand Address (EA) Timing (Clocks):

Add 4 clocks for word operands at ODD ADDRESSES.
Immed Offset = 6

Base (BX, BP,SI,Dl) =5

Base + DISP = 9

Base + Index (BP + DI,
Base + Index (BP + SI,
Base + Index (BP + DI,
Base + Index (BP + SI, BX
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Memory Segmentation Model

LOGICAL
MEMORY SPACE

OFFSET
ADDRESS

15

SELECTED
SEGMENT
REGISTER

€S SS DS &5
OR NONE
FOR 1O INT

x r

o
FEFFFH

64 KB

1

CODE SEGMENT

4 XxxX0H

DISPLACEMENT

STACK SEGMENT

7/
h
s

WORD

Ms8

LSB DATA SEGMENT

BYTE

ADDER

EXTRA DATA
SEGMENT

Foo000m

PHYSICAL
ADDRESS
LATCH

Segment Override Prefix

001reg110

Timing: 2 clocks

Use of Segment Override

Operand Register Default With Override Prefix
IP (code address) CS Never
SP (stack address) SS Never
BP (stack address or SS BP + DS or ES, or CS
stack marker)
Sl or DI (not incl. strings) DS ES, SS, or CS
Sl (implicit source addr DS ES, SS, or CS
for strings)
DI (implicit dest addr ES Never
for strings)




8086/8088 Instructions
Notes for 8086/8088 Instructions

The individual instruction descriptions are shown by
a format box such as the following:

[Lopoode T mjopieim [T — =]

These are byte-wise representations of the object code
generated by the assembler and are interpreted as
follows:

*  Opcode is the 8-bit opcode for the instruction.
The actual opcode generated is defined in the
*“Opcode” column of the instruction table that
follows each format box.

* m/op/r/mis the byte that specifies the operands
of the instruction. It contains a 2-bit mode field
(m), a 3-bit register field (op), and a 3-bit regis-
ter or memory (r/m) field.

* Dashed blank boxes following the m/op/r/m box
are for any displacement required by the mode
field.

e Data is for a byte of immediate data.

e A dashed blank box following a Data box is used
whenever the immediate operand is a.word
quantity.

FYL2X = Compute Y ° Log, X

[ war [ opt | op2 |
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 F1 CD19F1 950 T,=--ST(1) * log. (ST)
900-1100 pop stack

ST=T,

FYL2XP1 = Compute Y * Log, (X+ 1)

[ war [ opt [ op2 |
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 F9 CD 19 F9 850 T,<ST +1
700-1000 T.=-ST(1)"log, T,
pop stack
ST -T,

89



FXAM = Examine Stack Top

[ war | opt | op2 |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 E5 CD 19 E5 17 set condition code
12-28

FXCH = Exchange Registers

[ war | opt [ op2+i |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 C8 CD19C8 12 T,~ST(1)
10-15 ST(1)=ST
ST=T,
9B D9 C8+i CD19C8+i 12 T,=ST(i)
10-15 ST(i) =ST
ST=T,

FXTRACT = Extract Exponent and

Significand
FWAIT [ opl l op2 |
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Rang Operation
9B D9 F4 CD 19 F4 50 T, =exponent (ST)
27-55 T, =-significand (ST)
ST=T,
push stack
ST=-T,
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AAA = ASCII Adjust for Addition

Opcode Clocks Operation

37 4 adjust AL, flags, AH

AAD = ASCII Adjust for Division

L Long——Opcode ]

Opcode Clocks Operation

D5,0A 60 Adjust AL, AH prior to division

AAM = ASCII Adjust for Multiplication
| Long——Opcode |

Opcode Clocks Operation

D4,0A 83 Adjust AL, AH after
multiplication

AAS = ASCII Adjust for Subtraction
Opcode

Opcode Clocks Operation

3F 4 adjust AL, flags, AH



ADC = Integer Add with Carry

Memory/Reg + Reg

[Opcode lmodregr/m] : l :]

Opcode Clocks Operation

Byte 12 3 Reg8 - CF + Reg 8 + Reg8
12 9+EA Reg8 «-CF + Reg8 + Mem8
10 16+EA Mem8 «CF + Mem8 + Reg8

Word 13 3 Reg16 -—-CF + Reg16 + Reg16
13 9+EA Reg16 = CF + Reg16 + Mem16
" 16+EA Mem16 --CF + Mem16 +

Reg16
Immed to AX/AL

IOpoodel Data I :j

Opcode Clocks Operation

Byte 14 4 AL =CF + AL + Immed8
Word 15 4 AX =-CF + AX + Immed16

Immed to Memory/Reg

[ brow] ~ T = Tow [ — ]

Opcode Clocks Operation

Byte 80 4 Reg8 = CF + Reg8 + Immed8
80 17+EA Mem8 «-CF + Mem8 + Immed8
Word 81 4 Reg16 «<-CF + Reg16 +
Immed16
81 17+EA Mem16 =-CF + Mem16 +
Immed16
83 4 Reg16 <—-CF + Reg16 + Immed8
83 17+EA Mem16 =-CF + Mem16 +
Immed8
6

FSUBRP = Subtract Real Reversed and Pop

[ war [ opt | op2+i |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B DE E1 CD1EE1 90 ST(1)=-ST — ST(1)
75-105 pop stack

9BDEEO+i CD1EEQ+i 90 ST(i)=-ST — ST(i)
75-105 pop stack

FTST = Test Stack Top Against + 0.0

[ war [ opt | op2 |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 E4 CD 19 E4 42 ST -ST — 0.0
38-48

FWAIT = (CPU) Wait While 8087 Is Busy

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B 90 3+5n 8086 wait instruction
3+5n
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FSUBP = Subtract Real and Pop

I WAIT l op1 ] op2 ~ﬂ

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B DE E9 CD1EE9 90 ST(1)=+ST(1) — ST
75-105 pop stack

9B DE E8+i CD 1E EB+i 90 ST(i) =ST(i)) — ST
75-105 pop stack

FSUBR = Subtract Real Reversed

Stack top and Stack element

[ war T opt T op2+i |
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D8 E8+i CDD8E8+i 87 ST=ST(i)) — ST
70-100
9BDC EO+i CD1C EO+i 87 ST(i) =-ST — ST{(j)
70-100

Stack top and memory operand

[ war T “opt Jmod 101 r/m| ad_inIaEd-_rZ:I

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B DB m5rm CD 18 m5rm 105+EA  ST<+mem-op — ST
(90-120)+EA (short-real)

9B DC m5rm CD 1C m5rm 110+EA ST<mem-op — ST
(95-125)+EA (long-real)
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ADD = Integer Addition

Memory/Reg + Reg

&code |mod reg rm| : 2l : j

Opcode Clocks Operation
Byte 02 3 Reg8 --Reg8 + Reg8
02 9+EA Reg8 --Reg8 + Mem8
00 16+EA Mem8 --Mem8 + Reg8
Word 03 3 Reg16 --Reg16 + Reg16
03 9+EA Reg16 --Reg16 + Mem16
01 16+EA Mem16 --Mem16 + Reg16

Immed to AX/AL

| opcode | Data | :j

Opcode Clocks Operation
04 4 AL<AL + Immed8
05 4 AX < AX + Immed16

Immed to Memory/Reg

[oreie postoorr] ~ T~ o [ ]

Opcode Clocks Operation

Byte 80 4 Reg8 --Reg8 + Immed8
80 17+EA Mem8 <-Mem8 + Immed8
Word 81 4 Reg16 <-Reg16 + Immed16
81 17+EA Mem16 <-Mem16 + Immed16
83 4 Reg16 <Reg16 + Immed8
83 17+EA Mem16 --Mem16 + Immed8



AND = Logical AND

Memory/Reg with Reg

[_Opcode Jmodregrm[  — T T j

Opcode Clocks Operation

Byte 22 3 Reg8 +Reg8 AND Reg8
22 9+EA Reg8 --Reg8 AND Mem8
20 16+EA Mem8 -—-Mem8 AND Reg8
Word 23 3 Reg16 --Reg16 AND Reg16
23 9+EA Reg16 —-Reg16 AND Mem16
21 16+EA Mem16 <-Mem16 AND Reg16

Immed to AX/AL

LOpcode ] Data r:j

Opcode Clocks Operation
Byte 24 4 AL <AL AND Immed8
Word 25 4 AX <~ AX AND Immed16

Immed to Memory/Reg

(oo oo~ ~ T~ Tow = ]

Opcode Clocks Operation

Byte 80 4 RegB «-Reg8 AND Immed8
80 17+EA Mem8 --Mem8 AND Immed8
Word 81 4 Reg16 «-Reg16 AND Immed16
81 17+EA Mem16 <-Mem16 AND Immed16

FSTSW
= Store Status Word
FNSTSW
[war | opt  [mogtitom adart | a;d_r2:l
Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B DD m7rm CD 1D m7rm 15+EA mem-op = 8087 status
(12-18)+EA word
90 DD m7rm CD 1D m7rm 15+EA mem-op --8087 status
(12-18)+EA word
(no wait)

FSUB = Subtract Real

Stack top and Stack element

[ WAIT l opl l op2 +i I

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B DBEO+i CD 18 EO+i 85 ST= ST — ST(i)
70-100
9BDCE8+i CD1CE8+i 85 ST(i) =ST(i) — ST
70-100

Stack top and memory operand

[TWAT | opt [mod100¢/m| adart l :-F_erj

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B D8 mdrm CD 18 mdrm 105+EA  ST- ST — mem-op
(90-120)+ EA (short-real)

9B DC m4rm CD1Cm4rm  110+EA  ST=ST — mem-op
(95-125)+EA (long-real)

RS



FSTP = Store Real and Pop
Stack top to Stack element

] Op2+i—l

[ war [ opt

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B DD D8+i CD 1D D8+i 20 ST(i) =ST
17-24 pop stack

Stack top to memory operand
[mod o1t rjm] ~ addrt | adarz_|

Long Real or Short Real

[ war [ opt

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 m3rm CD 19 m3rm 89+EA mem-op = ST
(86-92) +EA pop stack
(short-real)

98 DD m3rm CD 1B m3rm 102 +EA mem-op=ST
(98-106)+ EA pop stack
(long-real)

Temp Real

[ wAaT | opt  [modtt1ym displo | disp-hi |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9BDBm7rm CD1Dm7rm  55+EA  mem-op =ST E
(52-58)+EA pop stack
(temp-real)

84

CALL = Call

Within segment or group, IP relative

| Opcode | Disp | DispH |

Opcode Clocks Operation

E8 19 IP <P+ Disp16—(SP) «-return
link

Within segment or group, Indirect

Operation

[Copcode Jmodotorm

Opcode Clocks

FF 16 IP =-Reg16—(SP) <return link
FF 21+EA IP =—-Mem16—(SP) = return link
FF 21+EA IP <= Mem16—(SP) «-return link

Inter-segment or group, Direct

[Opcodel offset [ offset lsegbaselsegbase];egbasel

Opcode Clocks Operation
9A 28 CS «-segbase
IP «offset

Inter-segment or group, Indirect

| |

| Opcode |mod 011 r/m|

Opcode Clocks Operation
FF 37+EA CS --segbase
IP - offset



CBW = Convert Byte to Word

Opcode Clocks
98 2

Operation

convert byte in AL to word in AX

CLC = Clear Carry Flag
Opcode

Opcode Clocks Operation

F8 2 clear the carry flag

CLD = Clear Direction Flag

Opcode Clocks Operation

FC 2 clear direction flag

CLI = Clear Interrupt Enable Flag

Opcode Clocks Operation

FA 2 clear interrupt flag

CMC = Complement Carry Flag

Opcode Clocks Operation

F5 2 complement carry flag

:ﬁ;f-ng = Store Environment

[ WAT [ opt [modt10gm| adart | adarz_]

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B D9 mérm CD 19 m6rm 45+EA mem-op =~ 8087

(40-50)+ EA environment
90 D9 r6rm CD 19 mérm 45+EA mem-op - 8087
(40-50)+EA environment

(no wait)



FST = Store Real

Stack top to Stack element

[ war [ opt [ op2+i |

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B DD DO+i CD 1D DO+i 18 ST(i)=-ST
15-22

Stack top to memory operand

[ war T “opt [mod 010 mm| ;j [ aidrzj

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation
9B D9 m2rm CD 19 m2rm 87 +EA mem-op =ST
(84-90)+EA (short-real)

9B DD m2rm CD 1D m2rm 100+EA mem-op= ST
(96-104)+EA (long-real)

Eﬁ;?gw = Store Control Word

[ war T “opt Jmod 111 1jm] adEnJ ad__dr2:|

Execution
Clocks
8087 Emulator Typical
Encoding Encoding Range Operation

9B D9 m7rm CD 19 m7rm 15+EA mem-op < processor

(12-18)+EA control word
90 D9 m7rm CD 19 m7rm 15+EA mem-op =-processor
(12-18)+EA control word
(no wait)

82

CMP = Compare Two Operands

Memory/Reg with Reg

| opcode |mod reg r/m| : | ::]

Opcode Clocks Operation

Byte 38 3 flags - Reg8 - Reg8
38 9+EA flags --Reg8 - Mem8
3A 9+EA flags =-Mem8 - Reg8
Word 39 3 flags <-Reg16 - Reg16
39 9+EA flags --Reg16 - Mem16
3B 9+EA flags <-Mem16 - Reg16

Immed to AX/AL

upcode ] Data I : j

Opcode Clocks Operation

Byte 3C 4 flags AL - Immed8
Word 3D 4 flags AX - Immed16

Immed to Memory/Reg

IOpcodeImod111r/ml : | :?_

Opcode Clocks Operation

Byte 80 4 flags = Reg8 - Immed8
80 10+EA flags <Mem8 - Immed8

Word 81 4 flags < Reg16 - Immed16
81 10+EA flags <-Mem16 - Immed16
83 4 flags «Reg16 - Immed8
83 10+EA flags <-Mem16 - Immed8

CWD = Convert Word to Doubleword

Opcode Clocks Operation

99 5 convert word in AX to
doubleword in DX:AX



DAA = Decimal Adjust for Addition

Opcode Clocks Operation

27 4 adjust AL, flags, AH

DAS = Decimal Adjust for Subtraction

Opcode Clocks Operation

oF 4 adjust AL, flags, AH

DEC = Decrement by 1
Word Register

Opcode + reg

Opcode Clocks Operation

48+reg 2 Reg16 = Reg16 - 1

Memory/Byte Register

ropcode Imod 001 r/ﬂ[i : l : j

Opcode Clocks Operation

Byte FE 3 RegB =Reg8 - 1
FE 15+EA Mem8 < Mem8 - 1
Word FF 15+EA Mem16 <Mem16 - 1

FSCALE = Scale

| war | opt | op2 |

Execution
Clocks
8087 Typical
Encoding Range
9B D9 FD 35
32-38

FSQRT = Square Root

[ WAIT ] op1 l op2 J

Execution
Clocks
8087 Typical
Encoding Range
9B D9 FA 183
180-186

Operation

ST=ST*2 '

Operation

ST =\ ST

R1



FRNDINT = Round to Integer
L WAIT l op1 l op2 j

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 FC 45 ST = nearest

16-50 integer (ST)

FRSTOR = Restore Saved State

I WAIT l op1 [mod100r/ml Edn raEﬁj

Execution
Clocks
8087 Typical
Encoding Range Operation
98 DD md4rm 202 +EA 8087 state - mem-op

(197-207)+ EA

FSAVE
= Save State
FNSAVE
[ WAIT [ op1 lmod 110 r/ml ad_d-n r a;rzj
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DD mérm 202+EA mem-op-- 8087 state
(197-207)+EA

90 DD mérm 202 +EA mem-op --8087 state

(197-207)+EA (no wait)
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DIV = Unsigned Division

Memory/Reg with AX or DX:AX

|opcodf[mod110r/mL: | :j

Opcode Clocks Operation

Byte F6 80-90 AH,AL = AX / Reg8
F6 (86-96)+EA  AH,AL=AX /Mem8
Word F7 144-162 DX,AX =-DX:AX / Reg16

F7  (150-168)+EA DX,AX=DX:AX / Mem16

ESC = Escape
rOpoode + ilmod XXX r/mI : L : j

Opcode Clocks Operation

D8+i 8+EA data bus = (EA)
D8+i 2 data bus = (EA)
HLT = Halt
Opcode

Opcode Clocks Operation

F4 2 halt operation

IDIV = Signed Division

Memory/Reg with AX or DX:AX

[ opcode [mod 111 1/m] : L:j

Opcode Clocks Operation

Byte F6 101-112  AH,AL =AX / Reg8
F6  (107-118)+EA AH,AL =AX / Mem8
word  F7 165-184  DX,AX <+DX:AX / Reg16

F7 (171-190)+EA DX,AX = DX:AX / Mem16




IMUL = Signed Multiplication
Memory/Reg with AL or AX

[ opcode mod 101 r/m] : ~ it : :I

Opcode Clocks Operation

Byte F6 80-98 AX = AL"Reg8
F6  (86-104)+EA AX <AL'Mem8
Word  F7 128-154  DX:AX =AX'Reg16

F7 (134-160)+EA DX:AX = AX*Mem16

IN = Input Byte, Word

Fixed port

| opcode [ Port ]

Opcode Clocks Operation

Byte E4 10 AL =Port8
ES 10 AX = Port8

Variable port

Opcode Clocks Operation

Word EC 8 AL =Port16(in DX)
ED 8 AX = Port16(in DX)

FNOP = No Operation

I WAIT l op1 l op2 j

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 DO 13 ST =ST
10-16

FPATAN = Partial Arctangent

LWAIT ] opi l opﬁ

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 F3 650 T, - arctan (ST(1)/ST)
250-800 pop stack
ST =T,
FPREM = Partial Remainder
[ war | opt [ op2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 F8 125 ST - REPEAT

15-190 (ST — ST(1))

FPTAN = Partial Tangent

[ war [ opt | op2 ]
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 F2 450 Y/X <TAN (ST)
30-540 ST=Y
push stack
ST=X

79



FMUL = Multiply Real

Stack top and Stack element

| war [ opt [ op2+i |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 C8+i 138 ST =ST * ST(i)
130-145
9B DC C8+i 138 ST(i) =-ST(i) — ST
130-145

Stack top and memory operand

[Cwar T opt  [modootm] adari | addz |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 mirm 118+EA ST= ST * mem-op
(110-125)+EA (short real)
98B DC mirm 161+EA ST =ST * mem-op

(154-168)+EA (long real)

FMULP = Multiply Real and Pop

| war | opt | op2+i |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DEC9 +i 142 ST(i) =ST(i) * ST
134-148 pop stack
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INC = Increment by 1
Word Register

Opcode+reg

Opcode Clocks Operation

40+reg 2 Reg16 =-Reg16 + 1

Memory/Byte Register

[ Opcode hod 000 r/ml

]

Opcode Clocks Operation

Byte FE 3 Reg8 =Reg8 + 1
FE 15+EA Mem8 =Mem8 + 1
Word FF 15+EA Mem16 -=Mem16 + 1

INT _
INTO = Interrupt

(s T i ]

Opcode Clocks Operation

cC 52 Interrupt 3

CcD 51 Interrupt ‘type’

CE 53 or4 Interrupt4 if FLAGS.OF =1,
else NOP

IRET = Return from Interrupt

Opcode Clocks Operation

CF 24 Return from interrupt



Jcond = Jump on Condition

Operation

if condition is true then do;

sign-extend displacement to 16 bits;
IP=IP + sign-extended displacement;

end if;

Format

[ Opcode |

Disﬂ

Opcode Clocks

77 16or4
73 16or4
72 16or4
76 16or4
72 16or4
74 16or4
7F 16or4
7D 16or4
7C 16or4
7E 16or4
76 16or4
72 160r4
73 16or4
77 16o0r4
73 16 ord
75 16 or 4
7E 16or4
7C 16or4
70 16or4
7F 16 or4
7 16or4
7B 16 or4
79 16ord
75 16or4
70 16or4d
7A 16 or4
7A 16o0r4
78 16ord
78 16oré
74 18 or 6
E3 18or6

Operation

jump if above

jump if above or equal

jump if below

jump if below or equal

jump if carry set

jump if equal

jump if greater

jump if greater or
equal

jump if less

jump if less or equal

jump if not above

jump if neither above
nor equal

jump if not below

jump if neither below
nor equal

jump if no carry

jump if not equal

jump if not greater

jump if neither greater
nor equal

jump if not less

jump if neither less nor
equal

jump if no overflow

jump if no parity

jump if positive

jump if not zero

jump if overflow

jump if parity

jump if parity even

jump if parity odd

jump if sign

jump if zero

jump if CX is zero
(does not test flags)

FLDL2T = Load Log,10

op2 j

| war | opt |

Execution
Clocks
8087 Typical
Encoding Range
9B D9 E9 19
16-22

FLDLG2 = Load Log,,2

I WAIT r op1 ] op2 —I

Execution
Clocks
8087 Typical
Encoding Range
9B D9 EC 21
18-24

FLDPI = Load 7

[ WAIT [ opl I

op2 j

Execution
Clocks
8087 Typical
Encoding Range
9B D9 EB 19
16-22

FLDZ = Load + 0.0

[ WAIT [ op1 I op2 ]
Execution
Clocks
8087 Typical
Encoding Range
9B D9 EE 14
11-17

Operation

push stack
ST =log,10

Operation

push stack
ST =log,,2

Operation

push stack
ST=n

Operation

push stack
ST=0.0

s/



FLD1 = Load + 1.0

[ war | opt | op2 |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 E8 18 push stack

15-21 ST -1.0

FLDCW = Load Control Word
[CWAT T “opi [modi0irjm adart | adar2_|

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 m5rm 10+EA processor control

(7-14)+EA  word =mem-op

FLDENV = Load Environment

[CWAT T opt [mod100jm adart | adorz_|

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 m4rm 40+EA 8087 environment =
(35-45)+-EA mem-op

FLDL2E = Load Log,e

[ war [ opt | op2 |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 EA 18 push stack

15-21 ST =log.e

76

JMP = Jump

Within segment or group, IP relative

r0pcode l DispL ] DEH:I

Opcode Clocks Operation

ES 15 IP =P + Disp16
EB 15 IP =P + Disp8
(Disp8 sign-extended)

Within segment or group, Indirect

[[opcode modto0rm]  — "] :‘

Opcede Clocks Operation

FF 1 IP<+Reg16
FF 18+EA  IP=Mem16
FF 18+EA  IP=Mem16

Inter-segment or group, Direct

Iiopcode roﬁset I offset [ segbase l segbase ]

Opcode Clocks Operation

EA 15 CS =segbase
IP = offset

Inter-segment or group, Indirect

[ Opcode lmod101 f/ml : i : ]

Opcode Clocks Operation

FF 24+EA CS = segbase
IP = offset
LAHF = Load AH from Flags
Opcode

Opcode Clocks Operation

9F 4 copy low byte of flags word
to AH



LDS/LES = Load Pointer to DS/ES and

Register

[Opoode Imod regr/mL __ l

o -]

Opcode Clocks Operation

C4 16+EA dword pointer at EA goes to
reg16 (1st word) and ES
(2nd word)

C5 16+EA dword pointer at EA goes to

reg16 (1st word) and DS

(2nd word)

LEA = Load Effective Address
S |

Operation

I Opcode lmod reg v/mr

Opcode Clocks

8D 2+EA Reg16 =EA

LOCK = Assert Bus Lock

Opcode Clocks
FO 2

Operation

assert the bus lock
next instruction

LOOPxx = Loop Control
Disp j

Opcode Clocks Operation

[_Opcode |

E1 18 or 6 dec CX; loop if equal and CX
not0

EO 19 or 5 dec CX; loop if not equal and
CXnot0

E1 18 or 6 dec CX; loop if zero and CX
not 0

EO 19 or 5 dec CX; loop if not zero and CX
not 0

E2 17 or 5 dec CX; loop if CX not 0

xx =
LOOPE
LOOPNE
LOOPZ
LOOPNZ
LOOP

FLD = Load Real

Stack element to Stack top

| war [ opt | op2+i |
Execution
Clocks
8087 Typical
Encoding Range
9B D9 CO+i 20
17-22

Memory operand to Stack top
Short Integer or Long Integer

[ war |

op1  [mod 000 r/m[

Operation
T, =ST(j)

push stack
ST-T,

& T ]

Execution
Clocks
8087 Typical
Encoding Range Operation
98 D9 mOrm 43+EA push stack
(38-56)+EA ST - mem-op
(short integer)
98 DD mOrm 46+EA push stack
(40-60)+EA ST =-mem-op
(long integer)
Temp Real
[TWaT | opt | mod101 | adart | ad_cIij
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DB m5rm 57+EA push stack
(53-65)+EA ST -=mem-op
(temp real)
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FISUB = Integer Subtract

I WAIT I opt lmod100 r/m[ ad_i1 ] a§r2j

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA md4rm 125+EA ST= ST — mem-op
(108-143)+EA (short integer)
9B DE mé4rm 120 +EA ST=ST — mem-op

(102-137)+EA (word integer)

FISUBR = Integer Subtract Reversed

[ war | opt |mod 101 r/m| addr1 | ad_dr2j
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA m5rm 125+EA ST=mem-op — ST
(109-144) +EA (short integer)
9B DE m5rm 120+EA ST-= mem-op — ST

(103-139)+EA (word integer)
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MOV = Move Data

Memory/Reg to or from Reg

[Copcode [modregm]  — [ ]

Opcode Clocks Operation

Byte 88 9+EA Mem8 =-Reg8
88 2 Reg8 =-Reg8
8A 8+EA Reg8 =-Mem8
Word 89 9+EA Mem16 =-Reg16
89 2 Reg16 = Reg16
8B 8+EA Reg16 <Mem16

Direct-Addressed Memory to or from AX/AL

| opcode | AdarL | AdarH |

Opcode Clocks Operation
Byte A0 10 AL-=Mem8
A2 10 Mem8 <AL
Word Al 10 AX=-Mem16
A3 10 Mem16 =-AX

Immed to Reg

IOpcodel Data I : j

Opcode Clocks Operation

Byte BO+reg 4 Reg 8 =-Immed8
Word BB8-+reg 4 Reg16 = Immed16

Immed to Memory/Reg

[ poswoorr]. — T =i

Opcode Clocks Operation
C6 4 Reg8 <-Immed8
Cé 10+EA Mem8 <-Immed8
C7 4 Reg16 = Immed16
c7 10+EA Mem16 = Immed16



Memory/Reg to or from SReg

2N T e

Opcode Clocks Operation

Word 8C 9+EA Mem16 = SReg
8C 2 Reg16 =-SReg
8E 8+EA SReg=Mem16
8E 2 SReg = Reg16

MUL = Unsigned Multiplication

Memory/Reg with AL or AX

[_Opcode Jmod 100rm[  — "1™ T 7]

Opcode Clocks Operation

Byte F6 70-77 AX=-AL'Reg8
F6 (76-83)+EA AX=AL'Mem8
Word F7 118-133 DX:AX =-AX'Reg16

F7  (124-139)+EA DX:AX~AX"Mem16

NEG = Negate an Integer

Memory/Reg

| Opcode [mod 011 r/m| - : T : j

Opcode Clocks Operation

F6 3 Reg8--00H - Reg 8

F7 3 Reg16 +-0000H - Reg16
F6 16+EA Mem8 =-00H - Mem8

F7 16+EA Mem16--0000H - Mem16

NOP = No Operation

Opcode Clocks Operation

90 3 no operation

FIST = Integer Store

[ wat T “opt Jmodoiorm] Edn [ aEiij

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DB m2rm 88+EA mem-op = ST
(82-92) + EA (short integer)
9B DF m2rm 86+EA mem-op =ST
(80-90)+EA (word integer)

FISTP = Integer Store and Pop

Short Integer or Word Integer

[Cwar T “opt [modottm] adEn T ad__Tir2j

Execution
Clocks
8087 Typical
Encoding Range Operation
98 DB m3rm 90+EA mem-op < ST
(84-94)+EA pop stack
(short integer)
9B DF m3rm 88+EA mem-op=ST
(82-92)+EA pop stack
(word integer)

Long Integer

[ wAT [ oot [ modti1 [ adari | agarz |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DF m7rm 100+EA  mem-op ST
(94-105)+EA pop stack

(long integer)
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FIMUL = Integer Multiply

I WAIT I op1 lmodom r/mI a;n I aErZ |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA mirm 136 + EA  ST=ST * mem-op
(130-144)+EA  (short integer)
9B DE mirm 130 + EA ST =ST * mem-op

(124-138)+EA  (word integer)

FINCSTP = Increment Stack Pointer

[ WAIT I op1 I op2 ]
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 F7 9 stack pointer -
6-12 stack pointer + 1
FINIT e
= Initialize Processor
FNINIT
[ WAIT L op1 l op2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DB E3 5 initialize 8087
2-8
90 DB E3 5 initialize 8087
2-8 (no wait)
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NOT = Form One’s Complement

Memory/Reg

| opcode [mod 010 r/m| : _I_ : j

Opcode Clocks Operation

Byte F6 3 Reg8~OFFH - Reg8
F6 16+EA  Mem8 =-OFFH - Mem8
Word  F7 3 Reg16 < OFFFFH - Reg16
F7 16+EA  Mem16~0FFFFH - Mem16

OR = Logical Inclusive OR

Memory/Reg with Reg

[ opcode Jmodregrm[ — — "1 T 7]

Opcode Clocks Operation

Byte 0A 3 Reg8 =-Reg8 OR Reg8
0A 9+EA Reg8 <--Reg8 OR Mem8
08 16+EA Mem8 -=-Mem8 OR Reg8
Word 0B 3 Reg16 = Reg16 OR Reg 16
0B 9+EA Reg16 =Reg16 OR Mem16
09 16+EA Mem16 --Mem16 OR Reg16

Immed to AX/AL

@codel Data [ :]

Opcode Clocks Operation

oc 4 AL= AL OR Immed8
oD 4 AX-=AX OR Immed16

Immed to Memory/Reg

[ Opcode lmod 001 r/m[ : I : : j

Opcode Clocks Operation

Byte 80 4 Reg8<+Reg8 OR Immed8
80 17+EA Mem8 =-Mem8 OR Immed8
Word 81 4 Reg16<Reg16 OR Immed16
81 17+EA Mem16 = Mem16 OR Immed16
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OUT = Output Byte, Word

Fixed port

[ Opcode l Port J

Opcode Clocks Operation

Byte E6 10 Port8 =—AL
E7 10 Port8 = AX

Variable port

Opcode Clocks Operation

Word  EE 8 Port16 (in DX) <AL
EF 8 POrt16 (in DX) +AX

POP = Pop a Word from the Stack

Word Memory

| opcode [mod 000 r/m| :I : :I

Opcode Clocks Operation

8F 17+EA  Mem16=(SP)+ +
Word Register
Opcode + reg
Opcode Clocks Operation
58-+reg 8 Reg16 =(SP)+ +
Segment Register

Opcode Clocks Operation
07+SReg 8 SReg=(SP)+ +

FIDIVR = Integer Divide Reversed

[ wAT T opt  [mod 111 0m] a'd_in_l_az_draj

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA m7rm 237+EA ST < mem-op/ST
(231-245)+EA (short integer)
9B DE m7rm 230+EA ST = mem-op/ST

(225-239)+EA (word integer)

FILD = Integer Load

Word Integer or Short Integer

[WAT | opt _[mod000rjm| adort | adar2_|

Execution
Clocks
8087 Typical
Encoding Range Operation
98 DB mOrm 56+ EA push stack

(52-60)+ EA ST <=-mem-op
(short integer)

9B DF mOrm 50+EA push stack
(46-54)+EA ST =-mem-op
(word integer)

Long Integer

[ war [ opt | modtor | aE_F_n [ a@rzj

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DF m5rm 64+EA push stack

(60-68)+EA ST =-mem-op
(long integer)
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FICOM = Integer Compare

[ waT T “opt  [modot0r/m| a£r1 I@z]

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA m2rm 85+EA ST — mem-op
(78-91)+EA (short integer)
t9B DE m2rm 80+EA ST — mem-op
(72-86)+EA (word integer)

FICOMP = Integer Compare and Pop

IJAIT ] opt lmod 011 r/mr aEn I @mj

Execution
Clocks
8087 Typical
Encoding Range Operation
98B DA m3rm 87+EA ST — mem-op
(80-93)+EA pop stack
(short integer)

9B DE m3rm 82+EA ST — mem-op
(74-88)+EA pop stack

(word integer)

FIDIV = Integer Divide

[ wAT [ opt [modt10rm] adari | adarz |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DA mérm 236+EA ST =ST/mem-op
(230-243)+EA (short integer)
9B DE mérm 230+EA ST =-ST/mem-op

(224-238)+EA (word integer)
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POPF = Pop the TOS into the Flags

Opcode Clocks Operation

9D 8 FLAGS =(SP)+ +

PUSH = Push a Word onto the Stack
Memory/Reg

| opcode |mod 110 r/m| : I : :I

Opcode Clocks Operation

FF 16+EA —(SP)=Mem16

Word Register

Opcode + reg

Opcode Clocks Operation

50+reg 1 —(SP)=Reg16

Segment Register

Opcode + SReg

Opcode Clocks Operation

06+SReg 10 —(SP) =-SReg

PUSHF = Push the Flags to the Stack

Opcode Clocks Operation

9C 10 —(SP)=FLAGS



RCL = Rotate Left Through Carry FENI _ Enable Interrupts

FNENI
Memory or Reg by 1 [War | o T opzj
[ Opcode modotorm| | :] Execution
Clocks
Opcode Clocks Operation 8087 Typical
Byte D0 2 rotate Reg 8 by 1 Encoding Range Operation
+
o RLEN foste Mamo by '} 98B DB E0 5 clear 8087 interrupt
Word g: s -iEA rotate :':g :66 by 11 28 mask
TOtate Mmooy ' 90 DB E0 5 clear 8087 interrupt
' 2-8 mask (no wait)
Memory or Reg by count in CL
[ Opcode |modotorm] | ] FFREE = Free Register
Opcode Clocks Operation [ WAIT l op1 I op2 + i |
Byte D2 8+4/bit rotate Reg8 by CL
D2 20+EA+4/bit rotate Mem8 by CL Execution
Word D3 8+4/bit  rotate Reg16 by CL Siocks
D3 20+EA+4/bit rotate Mem16 by CL 8087 Typical
Encoding Range Operation
- 9B DD CO+i 1 TAG(i) masked empty
RCR = Rotate Right Through Carry 9-16

Memory or Reg by |

[opcode Jmodorim] — T "]

Opcode Clocks Operation

FIADD = Integer Add
[ war T opt [mod 000 r/m] a§1 [ a_T_a_rz:]

Byte DO 2 rotate Reg8 by 1 aen
DO 15+EA rotate Mem8 by 1 i e
ypical
Word D1 2 rotate Reg16 by 1
D1 15+4EA rotate Mem16 by 1 Engadeg Range Oparstion
98 DA mOrm 125+EA ST =ST + mem-op
Memory or Reg by count in CL (108-143)+EA (short integer)
— P = 9B DE mOrm 120+EA ST =ST + mem-op
[ Opcode Imod 011 r/ml j ] ’ (102-137)+EA (word integer)
Opcode Clocks Operation
Byte D2 8-+4/bit rotate Reg8 by CL
D2 20+EA+4/bit rotate Mem8 by CL
Word D3 8+4/bit rotate Reg16 by CL

D3  20+EA+4/bit rotate Mem16 by CL
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FDIVR = Divide Real Reversed

Stack top and Stack element

[ war T opt T op2+i |
Execution
Clocks
8087 Typical
Encoding Range
9B D8 F8+i 199
194-204
9B DC FO+i 199
194-204

Stack top and memory operand

Operation

ST =ST(i)/ST

ST(i) =ST/ST()

[ war [ opt

Imod111r/m ad_i1 l ader2j

8087
Encoding

9B D8 m7rm

9B DC m7rm

Execution

Clocks

Typical
Range

221 +EA
(216-226) + EA
226+EA
(221-231)+EA

Operation

ST = mem-op/ST

(short-real)

ST = mem-op/ST

(long-real)

FDIVRP = Divide Real Reversed and Pop

[ war | opt [ op2+i |
Execution
Clocks
8087 Typical
Encoding Range
9B DE F1 203
198-208
9B DE FO+i 203
198-208
68

Operation

ST(1) =ST/ST(1)
pop stack

ST(i) =ST/ST()

REPx = Repeat Prefix

Opcode
Opcode Clocks Operation REPx =

F3 2 repeat next instruction until REP
CX=0

F3 2 repeat next instruction until REPE
CX=0or ZF=1 REPZ

F2 2 repeat next instruction until REPNE
CX=0or ZF=0 REPNZ

RET = Return from Subroutine
Opcode

Opcode Clocks Operation

C3 8 intra-segment return
CcB 18 inter-segment return

Return and add constant to SP

[ Opcod:[ DatalL [ Dataﬁ

Opcode Clocks Operation

c2 12 intra-segment ret and add
CA 17 inter-segment ret and add
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ROL = Rotate Left

Memory or Reg by 1

[[opcode Jmodotoym— — "™ T 7]

Opcode Clocks Operation

Byte DO 2 rotate Reg8 by 1
Do 15+EA rotate Mem8 by 1

Word D1 2 rotate Reg16 by 1
D1 15+EA rotate Mem16 by 1

Memory or Reg by count in CL

[ opcode [mod 010 r/m[ - : I : :|

Opcode Clocks Operation

Byte D2 8+4/bit rotate Reg8 by CL
D2 20+Ea+4/bit rotate Mem8 by CL
Word D3 8-+4/bit rotate Reg16 by CL

D3  20+EA-+4/bit rotate Mem16 by CL

ROR = Rotate Right

Memory or Reg by 1

[ Opcode [mod 011 r/m| : I Le

Opcode Clocks Operation

Byte DO 2 rotate Reg8 by 1
DO 15+EA rotate Mem8 by 1

Word D1 2 rotate Reg16 by 1
D1 15+EA rotate Mem16 by 1

Memory or Reg by count in CL

[ Opcode ]E\od(lﬂr/ml :—E:j

Opcode Clocks Operation

Byte D2 8+4/bit rotate Reg8 by CL
D2  20+EA+4/bit rotate Mem8 by CL
D3 8-+4/bit rotate Reg16 by CL

D3 20+EA+4/bit rotate Mem16 by CL
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FDIV = Divide Real

Stack top and Stack element

[ war | opt [ op2+i |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 FO+i 198 ST =ST/ST(i)
193-203
9B DC F8+i 198 ST(i) = ST(i)/ST
193-203

Stack top and memory operand

[ wAT T opt [modt10rm[ adori | adar2 |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 m6rm 220+EA ST =ST/mem-op
(215-225)+ EA (short-real)
9B DC m6rm 225+EA ST = ST/mem-op

(220-230)+EA (long-real)

FDIVP = Divide Real and Pop

L WAIT L opl l op2 + i J

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DE F9 202 ST(1) =ST(1)/ST
197-207 pop stack
9B DE F8+i 202 ST(i) =-ST(i)/ST
197-207 pop stack
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FDECSTP = Decrement Stack Pointer

[ war [ opt | op2 ]

Execution
Clocks
8087 Typical
Encoding Range
9B D9 F6 9
6-12

ggg'& = Disable Interrupts

[ war | oot T op2 |

Execution
Clocks
8087 Typical
Encoding Range
9B DB E1 5
2-8
90 DB E1 5
2-8

Operation

stack pointer =
stack pointer 1

Operation
Set 8087 interrupt
mask

Set 8087 interrupt
mask (no wait)

SAHF = Store AH in Flags

Opcode Clocks Operation

9E 4 copy AH to low byte of flags

word

SAL/SHL = Arithmetic/Logical Left Shift

Memory or Reg by 1

[ opcode [mod 100 r/m] : —[— : :I

Opcode Clocks Operation

Byte DO 2 shift Reg8 by 1
DO 15+EA shift Mem8 by 1

Word D1 2 shift Reg16 by 1
D1 15+EA shift Mem16 by 1

Memory or Reg by count in CL

I Opcode lmod100 r/;r : J : ]

Opcode Clocks Operation

Byte D2 8+4/bit  shift Reg8 by CL
D2  20+EA+4/bit shift Mem8 by CL
Word D3 8+4/bit  shift Reg16 by CL

D3 20+EA+4/bit shift Mem16 by CL
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SAR = Arithmetic Right Shift

Memory or Reg by |

| “opcode |mod 111 r/m{ :__[_ :_:I

Opcode Clocks Operation

Byte DO 2 shift Reg8 by 1
DO 15+EA shift Mem8 by 1

Word D1 2 shift Reg16 by 1
D1 15+EA shift Mem16 by 1

Memory or Reg by count in CL

[ opcode Jmod 111 r/m| __ | —___:]

Opcode Clocks Operation

Byte D2 8+4/bit  shift Reg8 by CL
D2  20+EA-+4/bit shift Mem8 by CL
word D3 8+4/bit  shift Reg16 by CL

D3 20+EA+4/bit shift Mem16 by CL
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FCOMP = Compare Real and Pop

Compare Stack top and Stack element and pop

[ war | opt [ op2+i |

Execution
Clocks
8087 Typical
Encoding Range Operation
98 D8 D9 47 ST — ST(1)
42-52 pop stack
98 D8 D8+i 47 ST — ST(i)
42-52 pop stack

Compare Stack top and memory operand and pop

[WAT [ opt [modotirm| addri | adarz |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 m3rm 68+EA ST — mem-op
(63-73)+EA pop stack
(short-real)
98 DC m3rm 72+EA ST — mem-op
(67-77)+EA pop stack
(long-real)

FCOMPP = Compare Real and Pop Twice

[ war [ opt | op2 |

Execution
Clocks
8087 Typical
Encoding Range Operation
98B DE D9 50 ST — ST(1)
45-55 pop stack

pop stack
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FCLEX
FNCLEX

= Clear Exceptions

[ war | opt |

op2 |

8087
Encoding

9B DB E2

90 DB E2

FCOM =

Execution
Clocks

Typical
Range
5
2-8

5
2-8

Compare Real

Operation

clear 8087 exceptions

clear 8087 exceptions

Compare Stack top and Stack element

| war [ opt

[ op2+i |

8087
Encoding

9B D8 D1

9B D8 DO+i

Execution
Clocks

Typical
Range
45
40-50

45
40-50

(no wait)
Operation
ST — ST(1)
ST — ST(i)

Compare Stack top and memory operands

[ WAT | opt [mod0t0rm| addri | addr2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 m2rm 65+EA ST — memop
(60-70)+EA (short-real)
9B DC m2rm 70+EA ST — memop
(65-75)+EA (long-real)
64

SBB = Integer Subtraction with Borrow

Memory/Reg with Reg

| Opcode [mod reg r/m| : |

i

Opcode Clocks Operation

Byte 1A 3 Reg8 - Reg8 - Reg8 - CF
1A 9+EA Reg8 - Reg8 - Mem8 - CF
18 16+EA Mem8 < Mem8 - Reg8 - CF
Word 1B 3 Reg16 = Reg16 - Reg16 - CF
iB 9+EA Reg16 - Reg16 - Mem16 - CF
19 16+EA Mem16 - Mem16 - Reg16 - CF

Immed from AX/AL

[Opcode [ Data L:j

Opcode Clocks Operation
iC 4 AL =AL - Immed8 - CF
iD 4 AX = AX - Immed16 - CF

Immed from Memory/Reg

[[opcode modot1ym— — T |

Opcode Clocks

Operation

80 4 Reg8 - Reg8 - Inmed8 - CF

80 17+EA Mem8 -« Mem8 - Immed8 - CF

81 4 Reg16 < Reg16 - Immed16 - CF

81 17+EA Mem16 = Mem16 - Immed16 -
CF

83 4 Reg16 = Reg16 - Immed8 - CF

83 17+EA Mem16 - Mem16 - Immed8 - CF

(Immeds is sign-extended
before subtract)



SHR = Logical Right Shift

Memory or Reg by 1

[Copcode Jmod 101 ym]

IR

Opcode Clocks

Byte Do 2
DO 15+EA

Word D1 2
D1 15+EA

Operation
shift Reg8 by 1
shift Mem8 by 1

shift Reg16 by 1
shift Mem16 by 1

Memory or Reg by count in CL

| Opcode |mod 101 r/m|

| ihal

Opcode Clocks

Byte D2 8+4/bit
D2 20+Ea+4/bit

Word D3 8+4/bit

D3 20+EA+4/bit

STC = Set Carry Flag

Opcode
F9 2

Clocks

Operation

shift Reg8 by CL
shift Mem8 by CL.

shift Reg16 by CL
shift Mem16 by CL

Operation

set the carry flag

STD = Set Direction Flags

Opcode Clocks
FD 2

Operation
set direction flag

FBLD = Packed Decimal (BCD) Load

[ war | opt |mod 100 r/m| £dr1 I gzorz:I

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DF mé4rm 300+EA  push stack

(290-310)+EA ST =-mem-op

FBSTP = Packed Decimal (BCD) Store and
Pop

| war | opt |mod 110 r/m|

i s

Execution
Clocks
8087 Typical
Encoding Range Operation
9B DF mérm 530+EA  mem-op = ST
(520-540)+ EA pop stack
FCHS = Change Sign
| war [ opt | op2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 EO 15 ST=—ST
10-17

63



FADD = Add Real

Stack top + Stack element

l 0p2+i4|

[ war [ opt

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 CO+i 85 ST =ST + ST(i)
70-100
9B DC CO+i 85 ST(i) = ST + ST(i)
70-100

Stack top + memory operand

[ WAT | opt [mod000rm| addri | add2 |

Execution
Clocks
8087 Typical
Encoding Range Operation
9B D8 mOrm 105+EA ST = ST + mem-op
(90-120)+EA (short-real)
9B DC mOrm 110+EA ST =ST + mem-op
(95-125)+EA (long-real)
FADDP = Add Real and Pop
Stack top + Stack Element
rWAIT l op1 l op2 +i4]
Execution
Clocks
8087 Typical
Encoding Range Operation
9B DE C1 90 ST(1) =ST + ST(1)
75-105 pop stack
9B DE CO+i 90 ST(i) =ST + ST(i)
75-105 pop stack
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STl = Set Interrupt Enable Flag
Opcode

Opcode Clocks Operation

FB 2 set interrupt flag

String = String Operations
Opcode

Opcode Clocks Operation

A6 22 flags =(SI) - (DI)
A7 22 flags=(Sl) - (DI)
A4 18 (DI)=(SI)
A5 18 (DI) =(Sl)
AE 15  flags =(DI) - AL
AF 15  flags =(DI) - AX
AC 12 AL=(S)
AD 12 AX=(SI)
AA 11 (Dl) =AL
AB 11 (Dl) <#X

String =

CMPS
CMPS
MOVS
MOVS
SCAS
SCAS
LODS
LODS
STOS
STOS
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SUB = Integer Subtraction
Memory/Reg with Reg

I Opcode Imod reg r/ml I I

Opcode Clocks Operation

Byte 2A 3 Reg8 Reg8 - Reg8
2A 9+EA Reg8 Reg8 - Mem8
28 16+EA Mem8 Mems8 - Reg8
Word 2B 3 Regl6 Reg16 - Reg16
2B 9+EA Reg16 Reg16 - Mem16
29 16+EA Mem16 Mem16 - Reg16

Immed to AX/AL
[Copcode | Daa | — ]

Opcode Clocks Operation

AL <AL - Immed8
AX =AX - Immed16

Byte 2C 4
Word 2D 4

Immed to Memory/Reg

[Opcode froatorye]  — T " " owa T _ ]

Opcode Clocks Operation

Byte 80 4 Reg8 <=-Reg8 - Immed8
80 17+EA Mem8 <= Mem8 - Immed8
Word 81 4 Reg16 «Reg16 - Immed16
81 17+EA Mem16 <Mem16 - Immed16
83 4 Reg16 «Reg16 - Immed8
83 17+EA Mem16 =-Mem16 - Immed8
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For FSQRT:
For FSCALE:
For F2XM1:
For FYL2X:

For FYL2XP1:

For FPTAN:
For FPATAN:

—-0<ST(0)<+oo
—2'<8T(1)<+2's and ST(1) integer
0<ST(0)=<2 °

0<ST(0)<oo

—o<ST(1)<+wm

o<IsT(0)[ <2—\/2)2
—oo=<ST(1)<oo

0<ST(0)<n/4
0<ST(0)<ST(1)<+

F2XMI = Compute 2* — 1

[ war T opt | op2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 FO 500 ST =251
310-630
FABS = Absolute Value
L war | opt | op2 |
Execution
Clocks
8087 Typical
Encoding Range Operation
9B D9 E1 14 ST=lsTl
10-17



8087 Instruction Set

Notes for 8087 Instructions

The individual instruction descriptions are shown by
a format box such as the following:

[ war | opt [ mjpoprim [ addrt | adar2 |

These are the byte-wise representations of the object
code generated by the assembler and are interpreted
as follows:

e  WAIT is an 8086 wait instruction, NOP or
emulator instruction.

e opl is the opcode, possibly taking two bytes.

e m/op/r/m byte (middle 3-bits is part of the
opcode).
e addrl and addr2 are offsets of either 8 or 16 bits.

For integer functions, m = 0 for short-integer memory operand; 1
for word-integer memory operand.

For real functions, m = 0 for short-real memory operand; 1 for
longreal memory operand.

i = stack element index.

If mod = 00 then DISP = 0, disp-lo and disp-hi are absent.

If mod = 01 then DISP = disp-lo sign-extended to 16 bits, disp-hi
is absent.

If mod = 10 then DISP = disp-hi; disp-lo.

If mod = 11 then r/m is treated as an ST(i) field.

If r/m = 000 then EA = (BX)+(Sl)+DISP

If r/m = 001 then EA = (BX)+(DI)+DISP

If r/m = 010 then EA = (BP)+(Sl)+DISP

If r/m = 011 then EA = (BP)+(DI)+DISP

If r/m = 100 then EA = (SI)+DISP

If r/m = 101 then EA = (DI)+DISP

If r/m = 110 then EA (BP)+DISP*

If r/m = 111 then EA = (BX)+DISP
*Except if mod = 000 and r/m = 110 then EA = disp-hi;
disp-lo.

ST(0) = Current stack top
ST(i) = i" register below stack top
d = Destination
0 — Destination is ST(0)
1 — Destination is ST(i)

P = Pop

0 — No pop

1 — Pop ST(0)
R = Reverse

0 — Destination (op) source
1 — Source (op) destination

TEST = Logical Compare

Memory/Reg with Reg

| Opcode [mod reg r/m|

[

Opcode Clocks

Byte 84 3
84 9+EA

Word 85 3
85 9+EA

Immed to AX/AL

Operation
flags = Reg8 AND Reg8
flags <= Reg8 AND Mem8

flags = Reg16 AND Reg16
flags «-Reg16 AND Mem16

[[Opoode [ Data [ — ]

Opcode Clocks

Byte A8 4
Word A9 4

Immed to Memory/Reg

Operation

flags = AL AND Immed8
flags = AX AND Immed16

(oo fresiobtnl _ T “Tows T¢ T

Opcode Clocks

Byte F6 5

Fé 11+EA
Word F7 5

F7 11+EA

Operation
flags = Reg8 AND Immed8
flags =-Mem8 AND Immed8

flags - Reg16 AND Immed16
flags .. Mem16 AND Immed16

WAIT = Wait While TEST Pin Not Asserted

Opcode Clocks
9B 3+5n

Operation

none
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XCHG = Exchange Memory/Register with

Register

Memory/Reg with Reg

L Opcode lmod reg r/ml

Opcode Clocks

Byte 86 4

86 17+EA
Word 87 4

87 17+EA

Word Register with AX

Opcode Clocks

90+Reg 3

XLAT
XLATB

Opcode Clocks
D7 1

34

s ot |

Reg8 = +Reg8
Mem8 = +=Mem8

Reg16 =+Reg16
Mem16 ==Mem16

Operation

AX ==+Reg16

= Table Look-up Translation

Operation

replace AL with table entry

8087 Instruction Decoding Guide (cont.)

15t Byte AsSM-86
Hex Binary Aot byks Bytew ¥t Format
DD [ 1101 1101 | 111~ —— reserved
DE | 1101 1110 | MOD0O0 OR/M | (disp-lo).(disp-hi) FIADD word-integer
DE | 1101 1110 | MODOO 1R/M | (disp-o).(disp-hi) FIMUL word-integer
DE (1101 1110 | MODO1 OR/M | (disp-io),(disp-hi) | FICOM word-integer
DE | 1101 1110 [ MODO1 1R/M [ (disp-Io).(disp-hi) FICOMP word-integer
DE | 1101 1110 | MOD10 OR/M | (disp-lo).(disp-hi) FISUBR word-integer
DE | 1101 1110 | MOD10 1R/M | (disp-lo).(disp-hi) Fisus word-integer
DE | 1101 1110 [ MOD11 OR/M | (disp-lo).(disp-hi) FIDIVR word-integer
DE | 1101 1110 | MOD11  1R/M | (disp-lo),(disp-hi) FIDIV word-integer
DE | 1101 1110 | 1100 OREG FADDP ST(1).ST
DE | 1101 1110 | 1100 1REG FMULP ST(1).ST
DE | 1101 1110 1101 0-- ‘(5)
DE [ 1101 1110} 1101 1000 reserved
DE | 1101 1110 | 1101 1001 FCOMPP
DE | 1101 1110 | 1101 101- reserved
DE | 1101 1110 | 1101 1M reserved
DE | 1101 1110 | 1110 OREG FSUBRP ST(1).ST
DE | 1101 1110 | 1110 1REG FSUBP ST(1).ST
DE | 1101 1110| 1111 OREG FDIVRP ST(1).8T
DE | 1101 1110 | 111y 1REG FDIVP ST().ST
DF | 1101 1111 | MODOO OR/M | (disp-lo).(disp-hi) FILD word-integer
DF | 1101 1111 | MODOO 1R/M | (disp-lo),(disp-hi) reserved
DF 1101 1111 | MODO1  OR/M | (disp-lo).(disp-hi) FIST word-integer
DF 1101 1111 | MODO1  1R/M | (disp-lo).(disp-hi) FISTP word-integer
DF | 1101 1111 | MOD10 OR/M | (disp-lo).(disp-hi) FBLD packed-decimal
DF | 1101 1111 | MOD10 1R/M | (disp-lo),(disp-hi) FILD long-integer
DF | 1101 1111 | MOD11  OR/M | (disp-lo),(disp-hi) FBSTP packed-decimal
DF | 1101 1111 | MOD11 1R/M | (disp-io),(disp-hi) FISTP long-integer
DF [ 1101 1111 1100 OREG *(6)
DF | 1101 1111 1100 1REG ‘(7
DF | 1101 1111 1101 OREG "(8)
DF | 1101 1111 | 1101 1REG *(9)
ﬂ 1101 1111 111- ——— reserved
*The marked are not by the it, however, the 8087
one one these inthe i stream. it will execute it as follows

(1) FSTP ST())

(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(1)

{0



8087 Instruction Decoding Guide (cont.)

(554 1st Byte ASM-86 Instruction
proeed Binary 2nd Byte I Bytes 3,4 Format
D9 | 1101 1001 | MODO1 1R/M | (disp-lo).(disp-hi) FSTP short-real
D9 | 1101 1001 | MOD10  OR/M | (disp-lo).(disp-hi) | FLDENV 14-bytes
D9 | 1101 1001 | MOD10 1R/M | (disp-lo).(disp-hi) FLDCW 2-bytes
D9 | 1101 1001 [ MOD11 OR/M | (disp-lo).(disp-hi) | FSTENV 14-bytes
D9 | 1101 1001 | MOD11  1R/M | (disp-lo).(disp-hi) FSTCW 2-bytes
D9 | 1101 1001 | 1100 OREG FLD ST()
D9 | 1101 1001 | 1100 1REG FXCH ST(i)
D9 | 1101 1001 | 1101 0000 FNOP
D9 | 1101 1001 | 1101 0001 reserved
D9 | 1101 1001 | 1101 001- reserved
D9 | 1101 1001 | 1101 01—~ reserved
D9 1101 1001 | 1101 1REG m
D9 | 1101 1001 | 1110 0000 FCHS
D9 | 1101 1001 [ 1110 0001 FABS
D9 | 1101 1001 | 1110 001- reserved
D9 | 1101 1001 | 1110 0100 FTST
D9 | 1101 1001 | 1110 0101 FXAM
D9 1101 1001 | 1110 011~ reserved
D9 1101 1001 | 1110 1000 FLD1
D9 | 1101 1001 | 1110 1001 FLOL2T
D9 | 1101 1001 | 1110 1010 FLDL2E
D9 | 1101 1001 | 1110 1011 | FLDPI
D9 | 1101 1001 | 1110 1100 FLDLG2
D9 | 1101 1001 | 1110 1101 FLDLN2
D9 | 1101 1001 | 1110 110 FLDZ
D3 1101 1001 | 1110 1 reserved
D9 | 1101 1001 | 1111 0000 F2XM1
D9 | 1101 1001 [ 1111 0001 FyYL2x
D9 1101 1001 | 1111 0010 FPTAN
D9 | 1101 1001 | 1111 0011 FPATAN
D9 1101 1001 | 1111 0100 FXTRACT
D9 | 1101 1001 | 1111 0101 reserved
D09 | 1101 1001 | 1111 0110 FDECSTP
D9 | 1101 1001 | 1111 o1 FINCSTP
D9 | 1101 1001 | 1111 1000 FPREM
D9 | 1101 1001 | 1111 1001 FYL2XP1
D9 | 1101 1001 | 1111 1010 FSQRT
D9 | 1101 1001 | 1111 1011 reserved
D9 | 1101 1001 | 1111 1100 FRNDINT
D9 | 1101 1001 | 1111 1101 FSCALE
D9 | 1101 1001 | 1111 11- reserved
DA | 1101 1010 | MODOO OR/M | (disp-lo).(disp-hi) FIADD short-integer
DA | 1101 1010 | MODOO 1R/M | (disp-lo),(disp-hi) FIMUL short-integer
DA | 1101 1010 | MODO1 OR/M | (disp-lo).(disp-hi) FICOM short-integer
DA | 1101 1010 | MODO1 1R/M | (disp-lo),(disp-ht) FICOMP short-integer
DA | 1101 1010 | MOD10 OR/M | (disp-lo).(disp-hi) FISUB short-integer
DA | 1101 1010 | MOD10 1R/M | (disp-lo).(disp-hi) FISUBR short-integer
58

XOR = Logical Exclusive OR

Memory/Reg with Reg
LOpcode Imod reg r/ml : ] e ]

Opcode Clocks Operation

Byte 32 3 Reg8 = Reg8 XOR Reg8
32 9+EA Reg8 <--Reg8 XOR Mem8
30 16+EA Mem8 - Mem8 XOR Reg8
word 33 3 Reg16 < Reg16 XOR Reg16
33 9+EA Reg16 < Reg16 XOR Mem16
31 16+EA Mem16 =-Mem16 XOR Reg16
Immed to AX/AL

| opcode | Data | : :l

Opcode Clocks Operation

34 4
35 4

AL <AL XOR Immed8
AX < AX XOR Immed16

Immed to Memory/Reg

) T g v

Opcode Clocks Operation

Byte 80 4 Reg8 < Reg8 XOR Immed8
80 17+EA Mem8 = Mem8 XOR Immed8
Word 81 4 Reg16 <-Reg16 XOR Immed16
81 17+EA Mem16 <-Mem16 XOR Immed16
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186/188 INSTRUCTIONS
Notes for iAPX 186/188 Instructions

These instructions can be used only if tte MOD186
control is specificd. When MODI86 is specified,
clocks for all instructions are as stated under **Clocks

for MOD186 Operation.”

BOUND = Check Array Against Bounds
[Copoode | woorw ] =

Opcode Operation
62  if Reg16<Mem16 at EA, or
Reg16>Mem16 at EA+2 then
INTERRUPT 5

ENTER = High Level Procedure Entry
| Opcode | Datal [ DataH | Level |

Opcode Operation
C8  build new stack frame

IMUL = Signed Multiplication

Mem/Reg* Immediate to Reg

N R I I BT

Opcode Operation

6B Reg 16 «Reg 16 * Immed 8
6B Reg 16 «Reg 16 * Immed 8
6B  Reg 16 <Mem 16 * Immed 8
69 Reg 16 <=Reg 16 * Immed 16
69 Reg 16 =Reg 16 * Immed 16
69 Reg 16 =Mem 16 * Immed 16

36

8087 Instruction Decoding Guide

Wy ASM-86 Instruction
Hex Binary nd e Syssa.a Format <t
D8 | 1101 1000 | MODOO OR/M | (disp-l0),(disp-hi) FADD short-real
D8 | 1101 1000 | MODOO 1R/M | (disp-lo).(disp-hi) FMUL short-real
D8 | 1101 1000 | MODO1 OR/M | (disp-l0).(disp-hi) FCOM short-real
D8 | 1101 1000 | MODO! 1R/M | (disp-lo).(disp-hi) FCOMP short-real
D8 (1101 1000 [ MOD1C OR/M | (disp-lo).(disp-hi) | FSUB short-real
D8 | 1101 1000 | MOD10 1R/M | (disp-lo).(disp-hi) | FSUBR short-real
D8 | 1101 1000 | MOD11  OR/M | (disp-10),(diSp-hi) FDIV short-real
D8 |[1101 1000 | MOD11  1R/M [ (disp-lo).(disp-h1) | FDIVR short-real
D8 | 1101 1000 | 1100 OREG FADD ST.STH)
D8 | 1101 1000 | 1100 1REG FMUL ST.ST)
D8 (1101 1000 | 1101 OREG FCOM STH)
D8 | 1101 1000 | 1101 1REG FCOMP ST
D8 | 1101 1000 | 1110 OREG FSUB ST ST
D8 | 1101 1000 | 1110 1REG FSUBR ST STw)
D8 | 1101 1000 | 1111 OREG FDIV ST.8TH)
D8 | 1101 1000 | 1111 1REG FDIVR ST.STH)
D9 | 1101 1001 | MODOO OR/M | (disp-lo).(disp-hi) f FLD short-real
D9 | 1101 1001 | MODOO 1R/M reserved
D9 | 1101 1001 [ MODO1 OR/M | (disp-lo).(disp-h) | FST short-real
DA (1101 1010 [ MOD11  OR/M | (disp-lo).(disp-hi) FIDIV short-integer
DA | 1101 1010 | MOD11  1R/M | (disp-10).(disp-hi) FIDIVR short-integer
DA | 1107 1010 | 11-- Bane reserved
DB | 1101 1011 [ MODOO OR/M | (disp-lo).(disp-h1) FILD short-integer
08 | 1101 1011 | MODOO 1R/M | (disp-10).(disp-hv) reserved
DB [ 1101 1011 | MODO1 OR/M | (disp-l0).(disp-hi) FIST short-integer
DB | 1101 1011 | MODO1 1R/M | (disp-lo).(disp-hi) FISTP short-integer
DB [ 1101 1011 | MOD10 OR/M | (disp-lo).(disp-hi) reserved
DB [ 1101 1011 | MOD10 1R/M | (disp-lo).(disp-hi) FLD temp-real
DB | 1107 1011 | MOD11  OR/M | (disp-lo).(disp-hi) reserved
DB | 1101 1011 | MOD11  1R/M | (disp-l0).(disp-hi) FSTP temp-real
DB (1101 1011 | 110- —=- reserved
DB | 1101 1011 | 1110 0000 FENI
DB | 1101 1011} 1110 0001 FDISI
DB | 1101 1011 | 1110 0010 FCLEX
DB | 1101 1011 1110 oo FINIT
DB | 1101 1011 1110 01-- reserved
DB | 1101 1011 1110 LR reserved
DB | 1101 1011 | 1N et reserved
DC | 1101 1100 | MODOO OR/M | (disp-lo).(disp-i) | FADD long-real
DC | 1101 1100 | MODO0 1R/M | (disp-lo).(disp-hi) FMUL long-real
DOC | 1101 1100 | MODO1 OR/M | (disp-lo),(disp-hi} FCOM long-real
DC [ 1101 1100 | MODO1 1R/M | (disp-lo).(disp-hi) | FCOMP long-real
DC | 1101 1100 | MOD10 OR/M | (disp-lo).(disp-h1) FSUBR long-real
DC | 1101 1100 | MOD10 1R/M | (disp-lo).(disp-hi) Fsus long-real
DC | 1101 1100 | MOD11 OR/M | (disp-lo).(disp-hi) FDIVR long-real
DC | 1101 1100 | MOD11  1R/M | (disp-lo),(disp-hi) FDIV long-real
DC | 1101 1100 | 1100 OREG FADD ST(1).ST
DC | 1101 1100 | 1100 1REG FMUL ST(i).ST
DC | 1101 1100 | 1101 OREG *2)
DC | 1101 1100 | 1101 1REG *(3)
DC | 1101 1100 | 1110 OREG FSUBR ST().ST
DC | 1101 1100 ) 1110 1REG FSuB ST(1).ST
DC | 1101 1100 1111 OREG FDIVR ST(1).ST
DC | 1101 1100 1111 1REG FDIV ST(1).8T
DO | 1101 1101 | MODOO OR/M | (disp-lo).(disp-hi) FLD long-reai
DD | 1101 1101 | MODOO 1R/M reserved
DD | 1101 1101 | MODO1 OR/M | (disp-lo).(disp-hi) FST long-real
DD | 1101 1101 | MODOO 1R/M | (disp-lo),(disp-hi) FSTP long-real
DD | 1101 1101 | MOD10 OR/M | (disp-lo).(disp-hi) FRSTOR 94-bytes
DD | 1101 1101 | MOD10 1R/M | (disp-lo).(disp-hi) reserved
DD | 1101 1101 | MOD11  OR/M | (disp-lo),(disp-hi) FSAVE 94-bytes
DD | 1101 1101 [ MOD11  1R/M | (disp-lo).(disp-hi) FSTSW 2-bytes
DD | 1101 1101 | 1100 OREG FFREE ST(i)
DD | 1101 1101 | 1100 1REG (4)
DD | 1101 1101 | 1101 OREG FST ST
DD |1i01 1101 | 1101 1REG FSTP ST()




8087 Instruction Encoding and Decoding

8087 Instruction Encoding Guide

— v 59 )
[ Lower-addressed Byte Higher-addressed Byte 0.1 or 2 bytes
. 5 {

. . < I
v 1 o 1 1| ora |1 Moo | 1] ore | mam | oiseLAcEment
. —t i I e v

219 1 0 1 1|FoRMAT|OP.A MOD or.8 M | DISPL
> L b vl b {

R vl 1] ors REG
‘ f Y 9 0 1 alofofls It %] | or

+ ~ — 4 . ..
i aiel A s ol 1 orP |

L o 1 i B

VKB A R AT -4 3 E v o

"'Memory transters. includ o control 0 1 or 2desplacement bytes may foliow
?'Memory anthmetic and 0tor2 bytes may follow

*'Stack anthmetic ang companson instructions

“/Constant transcendental. some arithmetic instructions

“'Processor control instructions that do not reference memory

OP OP-A. OP-B instruction opcode. possibly spht into two hields
MOD Same as CPU mode field see table 4-8
R/M Same as CPU register/memory field. see tabie 4-10

FORMAT Defines memory operand
00  short real
01 + short integer
10 long real
11 = word integer
R 0 return result 10 stack top
1+ return result to other register
P 0 do not pop stack
1 - pop stack after operation
REG register stack element
000 - stack top
001  next on stack
010 - thurd stack element etc

LEAVE = High Level Procedure Exit

Opcode Operation

C9  release current stack frame
and return to prior frame.

POPA = Pop All Registers

Opcode Operation

61 restore registers from
stack

PUSH = Push a Word onto the Stack

Word Immediate

[ 0pcodel Data [ : j

Opcode Operation

6A  —(SP)~=Immed8
(sign extended)
68  —(SP)=Immedi6

PUSHA = Push All Registers

Opcode Operation

60  save registers on the stack
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RCL = Rotate Left Through Carry
Mem or Reg by Immed8

[[opcode T mosRm T~ — " T~

| count |

*—(Reg field = 011)
Opcode Operation
CO0  rotate Reg8 by Immed8
C0  rotate Mem8 by Immed8

C1  rotate Reg16 by Immed8
C1  rotate Mem16 by Immed8

RCR = Rotate Right Through Carry

Mem or Reg by Immed8

[Copcode T Modrm- T~ — 7T

] count |

*—(Reg field = 011)
Opcode Operation
CO0  rotate Reg8 by Immed8
CO0  rotate Mem8 by Immed8

C1  rotate Reg16 by Immed8
C1  rotate Mem16 by immed8

ROL = Rotate Left

Mem or Reg by Immed8

[Copcode [ MosRm T~ — " T I

count |

v

*—(Reg field = 000)
Opcode Operation
CO  rotate Reg8 by Immed8 >
C0  rotate Mem8 by Immed8

C1  rotate Reg16 by Immed8
C1  rotate Mem16 by Immed8

38

FSAVE/FRSTOR Storage
INCREASING ADDRESSES
15
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
INSTRUCTION 1P15-0 +6
POINTER|[p19-16 [ o | oPcope +8
OPERAND{ OP15-0 +10
POINTER|| op19-16 | 0 +12
SIGNIFICAND 15-0 +14
— SIGNIFICAND 31-16 +16
TOP STACK
P SIGNIFICAND 47-32 +18
A SIGNIFICAND 63-48 +20
S EXPONENT 14-0 +22
SIGNIFICAND 15-0 +24
s SIGNIFICAND 31-16 +26
NEXT STACK 7
ELEMENT:ST(]) SIGNIFICAND 47-32 +28
4 SIGNIFICAND 63-48 +30
S| EXPONENT 14-0 +32
N (2
al al
SIGNIFICAND 15-0 +84
SIGNIFICAND 31-16 +86
LAST STACK
ELEMENT-ST(7) SIGNIFICAND 47-32 +88
A _SIGNIFICAND 63-48 +90
S| EXPONENT 14-0 +92
NOTES:
$ = Sign
Bit 0 of each field is least signi bit of coi
register field.
Bit 63 of si is integer bit binary point is immediately to
the right).
FSTENV/FLDENV Storage

INCREASING ADDRESSES

CONTROL WORD
STATUS WORD
TAG WORD
INSTRUCTION { 1P15-0
POINTERL | 1p19-16 | 0 [ oOPCODE
OPERAND{ OP15-0
POINTER 0p19_16J 0
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Integer Data Type Storage

Real Data Type Storage

Integer Data Type Storage
o)
3 S
s!ai
2
Tl
- lgg -
o 1 I
i8 8
7 L] °
WORD INTEGER SHORT INTEGER
T
-9 bl )
*8 | MSD
- =
. 'slji s
6 4 6
AR
3 & .5
— - =] -
2
4 T 4
]
3 3
2 2
=5 o
b . 1 =
L
o i o so
1] ) M)
LONG INTEGER PACKED DECIMAL
S Sign bt

MSB/LSB Most/least significant bit
MSO/LSD Most/least significant decimal digit
(X) Bits have no significance

Real Data Type Storage

i
| 14
7 (]
SMORT REAL
i
-9 [sis
H I
1
-8 ]
7 |8
R o)
-6
=L <R
& s
< ﬁ o SR
“
g
< 3
«
$
T o, T T 1
o {%J
° o0
LONG REAL TEMPORARY REAL
S Sign it

MSB/LSE Most/least signiticant exponent bit
MSO/LSF Most/least significant fraction bit

1 Integer bits of significand

Instruction and Data Pointer Storage

15

INSTRUCTION POINTER(15-0)
b ST P ]
INSTRUCTEONONTER T o | INSTRUCTION OPCODE(100)

DATA POINTER (15-0)

DATA POINTER (19-16)

0

ROR = Rotate Right

Mem or Reg by Immed8

| opcode | ModRm® |

count

*—(Reg field = 001)

Opcode Operation

co
Co
Cc1
c1

rotate Reg8 by Immed8
rotate Mem8 by Immed8
rotate Reg16 by Immed8
rotate Mem16 by Immed8

SAL/SHL = Arithmetic/Logical Left Shift

Mem or Reg by immediate count

| opcode | Modrm® | | | count |
*—(Reg field = 100)
Opcode Operation
CO0 rotate Reg8 by Immed8
C0  rotate Mem8 by Immed8
C1  rotate Reg16 by Immed8
C1  rotate Mem16 by Immed8
SAR = Arithmetic Right Shift
Mem or Reg by Immed8
| Opcode | Modrm* | [ 7 T coumt |

*—(Reg field = 111)

Opcode Operation

rotate Reg8 by Immed8
rotate Mem8 by Immed8
rotate Reg16 by Immed8
rotate Mem16 by Immed8
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SHR = Logical Right Shift

Mem or Reg by Immed8

| Opcode | ModrM* |

i

count 1

*—(Reg field = 101)

Opcode Operation

CO0  rotate Reg8 by Immed8
CO0  rotate Mem8 by Immed8
C1  rotate Reg16 by Immed8

C1  rotate Mem16 by Immed8

String = String Operations (INS/OUTS)

Opcode

6E
6F

6D

Clocks

INS
INS
OuTS
ouTsS

Operation

(DI) = port(DX)

(Dl) = port(DX:DX+1)

port(DX) =(Sl)
port(DX:DX+1) =(Sl)

Condition Code Interpretation

Instruction C G C. Co Interpretaon
Compare. Test 0 X X 0 A-B

0 X x 1 A B

1 X X 0 A B

1 X X 1 A 7 B (not comparable)
Remainder Q 0 Qo Q Complete reduction

Q. 1 G 0 Incompiete reduction
Examine 0 0 0 0 Vald. positive. unnormalized

0 0 0 1 Invalid. positive exponent # 0

0 0 1 ] Vahd. negative unnormakzed

0 0 1 1 Invalid, negative exponent # 0

] 1 0 0 Vald. positive. normalized

0 1 0 1 Intiruty. positive

0 1 1 1 Valid. negative. normalized

0 1 0 1 Infinty. egative

1 0 0 o Zero. positive

1 0 0 1 mpty

1 0 1 [ Zero. negative

1 0 1 1 g

1 1 0 0 Invahd. positive. exponent # 0

1 1 0 1 E

1 1 1 0 Invalid, negative. exponent # 0

1 1 1 1 Empty

X - value 18 not affected by instruction
Q- G Cs Gy, hold 3LSBs of the quotient generated during a remainder operalion

Tag Word Format

15 7 (]

[ o [ [0 | i [ rag [ g

Tag values
00 - Vabi (Normal or Unnormat)
01 « 2ero (True)
10 - Special (NOI-A-Number. x_or Dencemal)
11 - Empty

<2



8087 Data Types and Storage Formats

e e LITONIIIRE L S SNSRI R
Data Range | Precision [MOS! SgnitcantByte
Ly 7ol o ofr o o o o off o o]
Byte Integer 10 8Bis | 1, 1y Two's Complement
Word integer 10 168its | 1 14 Two's Complement
Short Integer 101 32 Bits ;_‘,7 ~ 20 7}4 Two's Complement
Long Integer 10 64Bits | 1o 1 Two's
et 3 Complement
Packed BCD 10" | 18Digis s[— Dwu..I ) N ]o.n]
Short Real 0" 24 8uts slsy E,}, 77;;} Fo Impheit
Long Real 10" | saens TLS Eo E& 1 el a4 _r,,] Fo Implicit
Temporary Real | 10" | 4B I_SIE,, = a}» s = »_fy]
Integer 1 Real (-1)°12° ®**)(Fo'F, )
Packed BCD (-1)'(Dy Do) Bias 127 for Short Real
1023 for Long Real
16383 for Temp Real

8087 Storage Allocation Directives

Directive | Interpretation

ow Detine Word

oD Detine Doubleword
DQ | Define Quadword
DT | Define Tenbyte

52

2087 Duta Types
Word integer
Short integer. short real
Long integer. long real
Packed decimal. temporary real

Processor Reset Register Initialization

— ooy (to disable interrupts

Elags and single-stepping)

S oonitt (to begin execution at FFFFOH)
DS = 0000H

SS = 0000H

ES = 0000H

No other registers are acted upon during reset.

MCS®-86 Reserved Locations
Reserved Memory Locations

Intel Corporation reserves the use of memory location
FFFFOH through FFFFFH (with the exception of
FFFFOH - FFFFSH for JMP instr.) for Intel
hardware and software products. If you use these
locations for some other purpose, you may preclude
compatibility of your system with certain of these
procucts.
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Reserved Input/Output Locations

Intel Corporation reserves the use of input/output
locations F8H through FFH for Intel hardware and
software products. Users who wish to maintain
compatibility with present and future Intel products
should not use these locations.

Reserved Interrupt Locations

Intel Corporation reserves the use of interrupts 0-31
(locations 00H through 7FH) for Intel hardware and
software products. Users who wish to maintain
compatibility with present and future Intel products
should not use these locations.

Interrupts O through 4 (00H-13H) currently have
dedicated hardware functions as defined below.

Interrupt Location Function
0 00H-03H Divide by zero
1 04H-07H  Single step
2 08H-0BH Non-maskable interrupt
3 OCH-OFH One-byte
4 10H-13H Interrupt on overflow
Interrupt Pointer Table
0
3FFH
| CSss =
° - P2ss -

LN}
Y

INTERRUPT TYPE VECTOR
x 41S LOCATION FOR

cs, —

TYPE, [ ADDRESS OF INTERRUPT
= Py = SERVICE ROUTINE
— CSo =
TYPEg
— 1Pg =
oH
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Exception Response Summary

Exception Masked Response

Invalid Operation If one operand 1s NAN, return it, if both
are NANs, return, NAN with larger
absolute value, if neither 1s NAN, return
indefinite

Zerodwide Return = signed with “exclusive or” of
operand signs

Denormaized Memory operand, preceed as usual
Register operand convert to valid
unnormal, then re-evaluate for exceptions

Overtiow Return properly signed =

Underfiow Denormalize result

Precision Return rounded result

Unmasked Response
Request interrupt

Request interrupt

Reguest interrupt

Regrster oestinalion. adjust
exponent’, store result,
request interrupt Memory
destination request interrupt
Register destination. adjust
exponent’, store result
request interrupt Memory
destination request interrupt
Return rounded resuit. request

interrupt

* On overflow. 24.576 decimal 15 sublracted from the true resull's exponent. this forces the exponent back INto
range and permits a user exceplion handier 10 ascertain the true result from the adjusted resuit that is
returned On underfiow, the same conslant is added 1O the rue resull’s exponent

STATUS WORD FORMAT

»

7 o
[8]es], st Tezfci[eo[in] Trefuefoefze[oe]e]

]

EXCEPTION FLAGS (1 _EXCEPTION HAS OCCURRED)

INVALID OPER,

ZERODIVIDE
OVERFLOW
UNDERFLOW
PRECISION
(RESERVED)

=

ATION

DENOAMALIZED OPERAND

INTERAUPT REQUEST

STACK
susy

11} See Foliomng Table
ST s .

regater 8 s atach 10p
000 regter | 1 stach 199

11 rageter 7 s stuch top




Appendix
8087 Expanded Register Model

Expanded Register Set

IAPX 86/10, 8810 DAYA“F!’ELD TAGFIELD
15 FLE o | 79 78 64 63 I o)
A1 | SIGN| SIGNIFIC
~ |M:—m_~_.1
cx R3
ox R4
st | ns|
st l::
:: = 1 i
I
—1
!
==
oS
ES
ss
Control Word Format

L T [ o] P

—|

ENABLE MASK()
CONTROLI?)
CONTROLIM
INFINITY CONTROL')

1) Interrupt Enable Mask
~interrupts En
" Inerrupts Drsabied (Mashed)

10 + Round Up (loward +x=)
1 Chap (Hncate Towars 2or0)
1 ety Control
? Provciive

EXCE"KJN EXCEPTION MASKS (1 + EXCEPTION IS MASKED)
INVALID OPERATION

DENORMALIZED OPERAND

IERODIVOD(

UNDERFLOW

PRECISION

(RESERVED)

iAPX 86/88/186/188 Instruction Set Matrix

Hi| Lo
0 1 2 3 4 5 6 7
0 Al Al ADD ADD USH POP
b.lrim | whe/m | bteim |wtrim| bia w.ia ES ES
1 ADC ADC ADC ADC ADC ADC | PUSH POP
blrim | wiheim | bteim [wtr/im b.i wi SS §S
2 AND AND AND AND AND AND | SEG DAA
birim | wirim | b.te/m |w.te/m b.i w.i ES
3 XOR XOR XOR XOR XOR XOR SEG AAA
blrim | wiem | bteim |wtrim b.i w.i SS
4 INC INC INC INC INC INC INC INC
AX CX DX BX SP BP SI DI
5 PUSH PUSH PUSH | PUSH | PUSH PUSH | PUSH | PUSH
AX Cx DX BX SP :1d Sl DI
6 pofa | BOUND
Lo rim
¢ JB/ JNB/ JE/ JINE/ | JBE/ JNBE/
wQ NO | Nae | uae | Uz Nz | UNA | A
8 | immed | Immed | Immed |Immed | TEST TEST | XCHG | XCHG
b.rim w.rim | brim | is.e/m | be/m w.r/m | b.e/m | w.rim
9 NOP XCHG XCHG | XCHG | XCHG XCHG | XCHG | XCHG
CX DX BX SP BP Sl DI
A MOV MoV MOV MOV MOVS MOVS [ CMPS | CMPS
m=AL [m—=AX | AL=m |AX-=m b w b w
B MOV MoV MOV MOV MOV MOV | MOV MOV
i~ AL I=CL | i=DL |[i=BL | i=AH i-CH |i=DH | i=~BH
c Shift Shift RET MoV MoV
beimi | wrimi | (i-SP) =) LES Los birim | wirim
'] Shift Shift Shift Shift
b - & S AAM AAD XLAT
E |LOOPNZ/ | LOOPZ/ IN IN out out
LOOPNE | Loope | LOOP [JCxz | w | b w
F REP Grp1 Grp1
LOCK REP z HLT cMC brim | wieim
where
mod .. r/im | 000 001 010 01 100 101 10 m
Immed ADD | OR | ADC | SBB AND SUB | XOR |CmP
Shift ROL |[ROR | RCL | RCR | SHL/ISAL [ SHR |[SML/SAL| SAR
Grp1 TEST - NOT | NEG MUL IMUL OV ! 1DV
Grp2 INC | DEC | CALL | CALL JMP JMP | PUSH ; -
53 ) O

= 186 only instruction
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iAPX 86/88/186/188 Instruction Set Matrix

Hi| Lo
8 9 A B C 0 E F
0 OR OR OR OR OR OR PUSH
bfrim | wirim| bteim| wieim D) Wi CcS
1 SBB SBB SBB SBB $88B SBB PUSH POP
bfrim | wteim| btem| witerm '] wi DS DS
2 [sug | su | su | sus ( suB | suB | SEG | e
btrm wlrim| btem| wtrim b wi cs
3 cwp [ cwp | cwp | cwp | cmP | cmP | SEG RS
bfrim |wilrim| btrm weeim | b1 wi DS
) i — ey
4 | DEC DEC | DEC DEC DEC DEC DEC DEC
| Ax cx | Dbx Bx | sP 8p Sl DI
s [ pop | poP # POP | POP POP POP POP POP |
AX cx DX 8x SP 8P sl i |
6 PUSH IMUL PUSH IMUL INS INS ouTs ouTts
L™ rawrim s £18,51m b w b w
| P INP. JL UNL/ | JLE/ | JNLE! |
8 | NS T ee | po | unee | UG | une 6 |
8 [ mov | mov | mov | mov | mov [ . MoV POP
lbfem {whom | btem [ weem | setem sr.irim r.’mJ
® | cew | owo | CALL | wair | puskr | popF | saHF | LanF |
—_ —1——— - — 4 = =4
A | TEST TEST STO0S STO0S LODS LODS SCAS SCAS
[ b1 | wi ® Wb e w b ale
B | MOV MOV MOV MoV MoV MOV MOV MOV
| 1=AX | +=CX | 1=DX J—BX 1 <SP 1~ BP 1= 8l 1~ DI
C [ENTER [ cyve | RET [ RET INT T | sto Wl iner
| iw.b 1 1-SP) | Typeld (Any) |
D | ESC ESC ESC ESC ESC ESC ESC ESC |
| o 1 2 3 4 5 6 |
E | CALL JMP JMP JMP N r IN out out
d d rd sid vb vw vd vw
F E Grp2 Grp2
oc [s1c | cu | sn | o | s { IR ',m_]
b byte operation
d direct
t = fromCPUreg
' = immediate
A wnmed 10accum
b~ immediate byte
d indirect
1S = immed byte sign ext
w = immediate word
| « long e intersegment
m = memory
r register
rim = EA1s second byte
st = shortiatrasegment
sr = segmentregister
t = 10CPUreg
v « vanable
w = word operation
T = zer0

Clocks for MOD 186 Operation

186
FUNCTION FORMAT Clock
"CONTROL TRANSFER (Comtmued)
RT serea —ar ol e
JLINGE o e o e ens —ow ] e
KEMG jmce it 3 iemr %] piit
Aaae e T P
e e oy o s
b - X % ] a3
0 wroen 0 o0 s
pasy o ) a3
TIT g o) PR
T o 5 i
Tio ey T i
Ty i0e Y o s
T ey, m s
1iuse ] a3
Lo00 [ _ouw | ana
TTi00 7 o0 it
AE XX HE ) st ] 515
111 [ 0 | 616
LOOPNZLOOPNE (3w eiwson [ 1 1 [X) o] G‘II.G
X2 myeia T T -] S
M-m [ 7907000] wubw T smiwg T T ] "
i 5
22+16(n-1
s [CTISTEET) w1l
T = tnterupt
et o
e i
WO - et onoverton o
B P | EEY {EEER 2
S Odectaonieineg  [1T10007 0] moony rm | 33-35
not APX 86,88
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Clocks for

MOD 186 Operation

188
Clock
Cycles
8+8n
5+22n
6+15n
6110
6+9n
k i edn
D - Ry (EKICUER S DEKE EERE) Setn
CONTROL TRARSSER
CALL Cat
et i segmen I EX X K3 T3 oa R 7
o s s
:«”“’r ~ct e 1319
Darct mervegmen (B i 3 § SEgmeT ahe” ==} 23
| e e ]
ect Avisagment Loz cocrfroetzornc]: e 8
Shon ong 3¢ % | 13
Durect winn segmen iwes | cuve ] 3
Regater memory AOHC & "2 A egme, wor AT v 117
Dt versegment | I R 3 | vewrws ) 3
i “rere e ]
=i~ - 26
L A8
Wama segment © 16
WR 40g 200G mmec 10 5P 00000 e ra | crare ] 18
messegmes o 2
Imersegmen 200.nG mmeC £'7 10 5P "0 6 wava | erase ) 5
Shaded areas indic. APX 86 88

Clocks for MOD 186 Operation

186
Clock
Cycles
212
23
)| 12-13
3-4
9
]
28
Segment regaver 1o egster memory [ 00 T mecoreg 2n
U = e
Memory 16
Regater 10
Segment regier 9
=y 3 -» 1
——re -
00 - oy
20
o 10
Segment g ey + 0% a
- omEn "
XCHG = Lichunge
s e
[e— 3
= get b
sz 10
- s
OUT = Dupete:
Faea o T T | 9
Vonae oot Tl 7
RUAT  Transiate Byte 1o AL 1101011 ) "
LEA Loae Ao regsier 7000170 1] meawg im] 6
108 (0ag pomcer 1905 3 100070 1] moarwg tm] mes. %
s P T1000100] meaeg im e « 1) 18
LANE 030 AN win gy 0 T 2
A Soore Ao s g B RN 3
PUBHE  Pusn tags 1 11100 9
POPF  Pop Pags. 1 RN 8
Shaded dicate not avail APX 86.88
ac



Clocks for MOD 186 Operation

186
FUNCTION FORMAT ccm'“"‘
ARITHMETIC
ADD = Aed
Regmematy i s e a0
Immegate o reg ster memary ma000 tm [ __em | emise o) 416
Imediate 10 accumusator G NN 7 S 7Y S| 3
ADC = Add with carry
e a0
rmmeaate 1o reg ster memey [oeosese] mesoe im] —w ] cmtie ) 416
e st e 34
WC = increment
Rag e memary Lo - o] wectts 1= ans
Rege 3
SUB ~ Sebract
Reg memary e eguie i e 310
Immegare trom reg:stes memary (08000 a] meo m [ wa ] swaise 0] 416
Imemea.are tiam accumu ator 00 0" 04 s catate ! 34
..
Reg memory and cegstestoemes  [§00 °° 0o a] mosws om 310
Immes.te trom reg ster memary moc0” tm ] _em ] amice o1 4116
Imenesate from accumuator 0eo v 0w E aate * 34
DEC = Decrement
——— ans
e 3
CHP = Compare
| Regster memary min ieg e 007 70" ] meaweg im 310
Regsier o regater memery E87 00 a] mesreg 'm 310
Immeszte ath egater memery T00000sa] mertt rw | enitsa 0] a0
Immegiate weh accumyator 00" 0. P aate '] a4
WEG = Crange s T1r 107 ] meaert iw 3
AL ASCH agwst for ade 118y 8
OAA Demai agius? for 400 10 Y 4
MAS - ASCH agust tor subtract DR 7
OAS Decemalaciustforsudtract [ ) 4
UL Mty (wrsgredt
By 26-28
humv:: 35-37
Memory 32-34
Memory Worg 41-43
" g ooy e
Regsier Byt 25-28
Regrster Word 34-37
Memory-Byte 31-34
Memory- Wore 40-43
w—-—u BT ] weimg v | &u | amitseo )| 22-2529-32
oGt e 24
Regster Worg 38
Memory Byte. 35
Memocy Wore 44
Shaded areas lable n1APX 86. 88 microsystems.

oo J

Clocks for

MOD 186 Operation

186
Clock
FUNCTION FORMAT Cycles
ARITHMETIC (Contnund] 1
10W  inveger dvide isigned) [ e wmeery im]) 44-52
Arg e Byte
Regater Woed 53-61
Memory Byte 50-58
Memory Word 59-67
A ASCH agust hor mutoly 1 1010700000000 19
AAD  ASCH agwst for guide 1107070 'Joco0 "0 0] 15
AW Conuert by s wore ieci 000 2
CWOD  Convert wond iz Soube word r80''80 " 4
o
Regster Memary By EISTERONT i Tiiim ] 215
gy s:n17en
Poymier amery by Cout. S+n17+n
TTT Instruchion
000 RO
80! ROR
e10 AL
orr AR
100 SHLSAL
10 SR
TR SAR
AND « Ang.
e e ez a0
I ate 1 teg ster memary [(scoescon] mev@orm] o0 | emia v ] 416
Immes te 13 accumuator 013010 w o erate ' 34
e 0 reselt
Regrste memory 903 segster 10600 0 w] medwy 1w 310
I deesamdregyermencry [T 1T 07T w] wos000 m ] am ] aute 7 ] 410
NG e 4% 0N M CUT I 10800 23 trate * 34
s 0r
o By o 310
Immadateto 1eg stes memery [0c00000] matot :m] et T oate * ] 416
Immegate to accumuaor g0t ow e I 34
KON = Exclusive or
Reg memory a4 g ster 1o e her 6011000 ] meaeg m 310
Immedate 1 te stes memory 7000060 w] meaii0 im | G ] emte * ) 416
Immegate 1a accumviator ori0iow an 34
NOT  bnvert register memary TI1101 1 w] mee010 im] 3
MOV Move by wore Ty 1
CMPS Comparc tyte word T 2
BCAS  Scan dyle word 38 15
1008 Loaabyte wota ALAX vet 2
ST05 oo dyte mdbemALA Tor 10
90 = gt Dy om0 et ] “
- | CHE] 14
J PX 86.
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