General, base, and Index

Bits for

Mod =11 Mod=11

- Segment
Reqgisters Registers
bits W=0 w=1 000 ES
000 AL AX/EAX | 001 CS
001 CL CX/ECX | 010 SS
010 DL DX/EDX | 011 DS
011 BL BX/EBX | 100 FS
100 AH SP 101 GS
101 CH BP
110 DH Sl
111 BH DI

rf/m  Mod =00 Mod=01 or 10 W =0 W =1
000 BX+SI DS:[BX+Sl+disp] AL AX
001 BX+DI DS:[BX+DI+disp] CL CX
010 BP+SI SS:[BP+Sl+disp] DL DX
011 BP+DI SS:[BP+Dl+disp] BL BX
100 SI DS:[SI+disp] AH SP
101 DI DS:[DI+disp] CH BP
110 Direct SS:[BP+disp] DH SI
111 BX DS+[BX+disp] BH DI




Instruction Encoding Instruction Encoding Instruction Encoding
¢ (bin)® cHot (bin)® ° (bin)®
ade reg32, reg32 01100110 add reg8, mem§8 0000 0010 and regl6. meml6 0010 0011
0001 00x1 [mod-reg-r/m] [mod-reg-r/m]
[H-regrm] 240 reo16. meml6 0000 0011 and reg32, mem32 0110 0110
ade reg8. mem8 0001 0010 [mod-reg-r/m] 0010 0011
[mod-reg-rm] 744 ¢032 mems32 0110 0110 [mod-reg-r/m]
ade regl6, meml6 0001 0011 00000011 and mem§, reg8 0010 0000
[mod-reg-r'm| |mod-reg-r/m| [mod-reg-r'm]
ade reg32, mem32 01100110 add mem§, reg8 0000 0000 and meml6, regl6 0010 0001
0001 0011 [mod-reg-r/m] [mod-reg-r/m]
[mod-regrm] 144 meml6, regl6 0000 0001 and mem32. reg32 01100110
ade memS3, reg§ 0001 0000 |mod-reg-r/m| 0010 0001
[mod-reg-r'm] 299 mem32, reg32 01100110 [mod-reg-r/m]
adc meml6, regl6 0001 0001 0000 0001 and reg8, imm8 1000 00x0
[mod-reg-r'm]| [mod-reg-r/m] [11-100-r/m]
adc mem32, reg3? 01100110 add regS. imm8 1000 00x0 [imm]
0001 0001 [11-000-r/m] and regl6, immle6 1000 00s1
[mod-reg-r'm] [imum] [11-100-r/m]
ade reg8, imm§ 1000 00x0 add regl6. immlo6 1000 00s0 [imm]
[11-010-r/m] [11-000-r/m] and reg32. imm32 0L10 0110
[1mm] [1mm] 1000 00s 1
ade regl6, imml6 1000 00s0 add reg32. imm32 0110 0110 [11-100-r/m]
[11-010-r/m] 1000 00s0 [imm]
[imm] [11-000-r/m] [and mem$. imm§ 1000 00x0

ade reg32, imm32

01100110
1000 00<0
[11-010-r/m]
[imm]

[1mm)]

add mem§, imm$

1000 00x0
[mod-000-r/m]
[imm]

[mod-100-r/m)]

[1mm]

adc mem§&. imm$§

1000 00x0
[mod-010-r/m|
[1mm |

add meml6, imml16

1000 00s1
|mod-000-r/m]
|1mm|

and

meml6, imml6

1000 00s1
[mod-100-r/m]
[imm)]

and

mem32, imm32

01100110
1000 00s1
[mod-100-r/m]

ade memlo, imml6 1000 00s1 add mem32, imm32 01100110 :
[m0d-010-r/m] 1000 00s 1 [im]
[imm] [mod-000-r/m] [land al. inum 00100100
adec mem32, imm32 01100110 [imm] [imum]
1000 00s1 add al, imm 0000 0100 and ax, mm 00100101
[mod-010-r/m| [imm]| [1mm]
(imm] add ax. imm 0000 0101 and eax, imm 01100110
ade al, 1mm 0001 0100 [1mm] 00100101
[imm] add eax, imm 01100110 [}
adc ax, imm 0001 0101 0000 0101 bound regl6, mem32 0110 0010
[imm)] [1mm] [mod-reg-r/m]
adc eax, imm 01100110 and reg8, reg8 0010 00x0
0001 0101 [11-reg-r/m]
[1mm] and regl6, regl6 0010 00x1 bound reg32, memo64 01100110
add reg8, reg8 0000 00x0 [11-reg-r/m] ([)l 1%0010 ]
/ mod-reg-r/m
[1lregvm]  fonq reg32. reg32 0110 0110
add regl6, regl6 0000 00x1 0010 00x1
j _ bst regl6, regl6 0000 1111
[11-reg-r/m] [11-reg-/rm] _
1011 1100
add reg32. reg32 01100110 and reg8, mem8 0010 0010 [1]-regr/m]
0000 00x1 [mod-reg-r/m]|

[11-reg-r/m]




Instructi Encoding Instruction Encoding Instruction Encoding
pstruetion (bin)® ¢ (bin)® ¢ (bin)®
bst reg32, reg32 01100110 bt mem32, imm 01100110 btr regl6, imm 0000 1111
0000 1111 0000 1111 1011 1010
1011 1100 1011 1010 [11-110-r/m]
[11-reg-r'm] [mod-100-r/m] [imm§]
bsf regl6, meml6 0000 1111 bic regl6. reglt 0000 1111 btr reg32, imm 01100110
1011 1100 1011 1011 0000 1111
[mod-reg-r/m] [11-reg-'m] 1011 1010
bsf reg32, mems32 01100110 bte reg32, reg32 0110 0110 L _11.1204 m]
0000 1111 0000 1111 [imm3]
1011 1100 1011 1011 btr meml6, imm 0000 1111
[mod-reg-r/m| [11-reg-r/m] 1011 1010
bsr regl6, regl6 0000 1111 bte meml6, reglé 0000 1111 [mml'l 10-r/m]
1011 1101 1011 1011 [imm8]
[11-reg-r'm] [mod-reg-r/m] ||btr mem32, imm 01100110
bsr reg32, reg3? 01100110 bic mem32. reg3? 01100110 0000 1111
0000 1111 0000 1111 10111010~
1011 1101 1011 1011 [mod-quo-r.-mj
[L1-reg-r/m] [mod-reg-r/m]| [immS]
bsr regl6, meml6 0000 1111 bte regl6, imm 0000 1111 bts regl6, reglo 0000 1111
1011 1101 1011 1010 1010 1011
[mod-reg-r/m| [L1-111-r/m)] [11-reg-r/m]
bsr reg32, mem32 01100110 [1mm§] bts reg32, reg32 01100110
) 0000 1111 bte reg32. imm 01100110 0000 1111
1011 1101 0000 1111 1010 1011
[mod-reg-r/m] 1011 1010 [11-reg-r/m]
- 2 I1-111-r'm bts meml6. regl6 0000 1111
bswap reg3? 0000 1111 [ I g
T 1100 Lrer [imm§] 1010 1011
bt 10216, 10l 0000 1111 btc meml6. imm 0000 1111 [mod-reg-r/m]
T 1010 0011 1011 1010 bts mem32. reg3?2 01100110
[11-reg-r'm] [mod-111-r/m)] 0000 1111
: ~ - 0“0;“0 [imm3] 1010 1011
bt reg32, reg32 ot/
" & 0000 1111 btc mem32. imm 01100110 [mod-reg-r/m]
1010 0011 0000 1111 bts regl6, imm 0000 1111
[11-reg-t/m] 1011 1010 1011 1010
= mod-111-r/m 11-101-r/m
bt memlé, reglé (ll{(:(l)g (I}{I}Illl { imm§] ] % imms) ]
; btr regl6. regl6 0000 1111 bts reg32, imm 01100110
[mod-reg-/n] 1011 0011 0000 1111
bt mem32, reg32 01100110 [11-reg-r/m] 1011 1010
0000 1111 .
bir reg32. reg3? 01100110 [L1-101-p/m]
1010 0011 g2 Teg
rmod-reg-r/] 0000 1111 [imm8]
- 1011 0011 bts mem]l6, imm 0000 1111
bt reg16, mim 0000 1111 [ll-reg-r.'m] 1011 1010
1011 1010 p
[11-100-rm] [Pt meml6. regl6 0000 1111 [mod-101-r/m]
fimms] 1011 0011 [imms]
mod-reg-r/m]| [bts mem32, imm 01100110
b 32.1 01100110
t 32 2
reess, T YT bir mem32, reg32 0110 0110 UL LRI
1011 1010 4101 r/m]
[11-100-x'm] 1011 0011 [mo !
[imms§] [mod-reg-r/m]| [imms]
- call near 1110 1000
bt mem!6, mm (l)g(l)(lJ i(l)ié [disp16]

[mod-100-r/m]




Instructi Encoding Instruct; Encoding Instructio Encoding
nstruction (bin)® nstruction (bin)? nstruction (bin)®
call far 1001 1010 cmp meml6, mml6 1000 00s1 cmpxchg meml6, reglé 0000 1111
[offset] [mod-111-1/m] 1011 0001
[segment] [imm] [mod-reg-r/m]
call regl6 1111 1111 cmp mem32, imm32 o110 ol1lo
[T1-010-r/'m] 1000 00s L cmpxche mem32, reg32 (01100110
call meml6 1111 1111 [mod-111-r/m] 0000 1111
[mod-010-r/m] [1mm)] 1011 0001
' : [mod-reg-r/m|
call mem32 L1 1111 cmp al, imm 0011 1100 -
[mod-011-r/m] [imum] cmpxche8b memod 0000 1111
: 11000111
cmp ax, Imm 0011 1101
cbw 1001 1000 o [imm] [mod-001-r/m]
ol 01100110 -
e 1001 1001 cmp eax. inum 01100110 cpuid 0000 1111
0011 1101 1010 0010
cle [111 1000 [imum] cwd 1001 1001
cld 11111100 cmpsb 1010 0110 cwde 01100110
cli 1111010 CMpsw 1010 0111 1001 1000
eme LIL0I0L  Jlempsd otiootlo |44 0010 0111
cmp reg8, regd 0011 10x0 10100111 das 0010 1111
[Hregrm]  Jrepe cmpsb 1111 0011 dec reg8 1111 1110
cmp regl6, regl6 0011 10x1 10100110 [11-001-r/m]
[11-reg-v/m] dec regl6 0100 lrrr
cmp reg32. reg32 01100110 repne cmpsb 1111 0010 dec regl6 1111 1111
0011 10x1 10100110

[11-reg-/rm]

11110011

(alternate encoding)

[11-001-r/m]

Tepe Cmpsw dec reg3? 0110 0110
cmp reg8 mem§ 0011 1010 1010 0111 0100 Irr
[mod-reg-r/m] repne cmpsw 1111 0010 dec reg32 01100110
cmp regl6. meml6 00111011 10100111 (alternate encoding) 1L 1111
[mod-reg-t/m] |l rope cmpsd 01100110 [11-001-r/m]
cmp reg32. mem32 01100110 L1117 0011 dec memS 1111110
0011 1011 lolo ot [mod-001-r/m]
mod-reg-r/m —
[mod-reg-r/m] repne cmpsd 01100110 dec meml6 1111 1111
cmp mem§. regd 0011 1000 1111 0010 [mod-001-r/m]|
[mod-reg-r/m] 10100111
- - dec mem32 01100110
cmp meml6, regl6 0011 1001 cmpxchg reg8, reg8 0000 1111 1111 1111
[mod-reg-r/m)| 1011 0000 [mod-001-r/m]
cmp mem32, reg32 01100110 l{ l-r:leg-r.-'n.l] div ree§ 1111 0110
0011 1001 Note: rm is N :
,, first register [11-110-r/m]
[mod-reg-r/m]| . -
: operand. divregl6 1111 0111
cmp  reg8, tmm8 1000 OOX? cmpxchg regl6, regl6 0000 1111 [11-110-r/m]
[L1-111-r/m] . -
. 1011 0001 div reg32 01100110
[imm] : =
: [11-reg-r/m] [111 0111
cmp regl6, imml6 1000 0059 cmpxchg reg32, reg3?2 01100110 [11-110-r/m]
[11-111-r/m] -
[imm] 0000 1111 div mem§ 1111 0110
= ; ST00110 1011 0001 [mod-110-r/m]
cmp reg32, imm3 1-reg-r/ :
P regas. mm> ‘ i N [l 1111 0111
1000 00s0
. cmpxchg memS8, reg8 0000 1111 [mod-110-r/m]
Rl 1011 0000
[1mm] ] div mem32 01100110
[mod-reg-r/m| 1111 0111

cmp mem§, 1mm§

1000 00x0
[mod-111-r/m]
[1mm]

[mod-110-r/m]




Instruct; Encoding Instructio Encoding Instruct Encoding
nstruction (bin)® nsiruction (bin)® nstruction (bin)®
enter local, 0 1100 1000 mmul reg32. reg32, imms8  |0110 0110 nc reg8 Lo
[locals-imml 6] ||imul reg32, imm§ 0110 1011 [ 11-000-r/m]
0000 0000 % l l-rt‘ég]-l' m]| inc regl6 0100 Orrr
ter 1o Lmm
’ . N p— Inc 1eg
enter local, | 1100 1000 216 TR
[locals-imml6] ||imul reg32. reg32, imm  |0110 0110 (alternate encoding) [11-000-r/m]
0000 0001 mmul reg32, mm 0110 1001 - =
enter local, lex 1100 1000 [1lregrm] ||merees gi(])g g] 10
e 1M 3 1T
[locals:imm16) [imm32] _ -
[lex:immg)] imul regl6.meml6.imm8 [0110 1011 En; reg32 ding) (f l[ i? ? 1111?
1-tee-r/m alternate encoding
ht 1111 0100 Fimms.] ] [11-000-1/m]
1div regh 11110110 .
- [11-111-m] [[0oul regl6meml6.imm 0110 1001 ine mems L1l 1110
— [11-reg-r'm] |mod-000-r/m]|
idivregl6 llllul (l)ll 1l [imm16] inc meml6 LI 1110
-1ll-r/m ;
— [ ] mmul reg32. mem32, imm$ (0110 0110 [11‘.10(1—(][)0—1- m]
1div Tc‘g32 01100110 0110 1011 [dISp]
1111 0111 [11-reg-rm]  [linc mem32 0110 0110
[L1-111-r'm] [immS] LL1L 1110
idiv mem§ L111 0110 imul reg32, mem32, imm [0110 0110 [1m0d-000-1/m]
[mod-111-r/m] 0110 1001 isb 1010 1010
1div mem16 Lol [11-reg-r/m] - 1010 1011
[mod-111-r/m] [1mm32] _
[disp] imul reg16. reg16 0000 1111 tnsd [féllg %ll?
idiv mem32 01100110 1010 1111 .
1111 0111 [11-reg-r/m) rep insb 11110010
[mod-111-r/m] (reg 1s dest 1010 1010
imul regS 1111 0110 npcrnnd) rep mnsw L1111 0010
[11-101-r/m] il reg32, reg32 0L10 0110 1010 1011
imul reg16 LI11 0111 0000 1111 rep insd 0110 0110
101 1010 1111 1111 0010
[11-101-r/m]
— o110 0110 [11-reg-r/m] 1010 1011
imul reg32 (reg 1s dest ;
1111 0111 operand) nt nn 1I100 1101
[11-101-r/m] - . [immS&]
mwl regl6, memloé 0000 1111 ——
imul mem8 11110110 1010 L1111 int 03 1100 1100
[lllOd—l 0 l—r'lln] [lnod-l‘cg—l-':lll] mnto 1100 1110
imul mem16 LT O imul reg32, mem32 01100110
|mod-101-r/m)| 0000 1111 ret 1100 1111
imul mem32 0110 0110 010 LITL e 01100110
11110111 [mod-reg-r/m] 1100 [111
[mOd'IOL'r"“m] in al, port 1110 0100 ja short Ol11 0111
imul reg16, regl6, imm8  |0110 1011 [ports] [disp8]
mul regl6, unné? | [Ll-reg-vm]  Jin ax. port 1110 0101 e 0000 1111
(Second form assumes reg |[1mmS8] [port8] 1000 0111
and r/m are the same, (Istregoperand |f- .
_ e . .  ||in eax. port 01100110 [displ6]
instruction sign extends 1s specified by 1110 0101 :
eight bit immediate oper- |reg field, 2nd 18 Jae short 0 1_11 0011
and to 16 bits) reg operand 1s [port8] [disp8]
specified by r/m ||1n al. dx 1110 1100 jac near 0000 1111
field) in ax. dx 1110 1101 1000 0011
imul regl6, regl6, imm 0110 1001 in eax. dx 01100110 [displ6]
imul regl6, imm [.ll-reg-r.-“'m] 1110 1101 b short 0111 0010
[imm!16] [disp8]




Instructio Encoding Instruct Encoding Instruct Encoding
nsiruction (bin)? nstruction (bin)® nstruction (bin)®

1b near 0000 1111 Jnb near 0000 1111 ns near 0000 1111
1000 0010 1000 0011 1000 1001
[displo] |displo] |disple]

Jjbe short OL11 0110 jnbe short Ol11 0111 jnz short 01110101
[disp8] [disp8] [disp8]

Jbe near 0000 1111 Jnbe near 0000 1111 Nz near 0000 1111
1000 0110 10000111 1000 0101
[displo] |displo] [disple]

Je short 01110010 jne short 0111 0011 jo short 0111 0000
[disp8] [disp8] [disp8]

J¢ near 0000 1111 nc near 0000 1111 0 near 0000 1111
1000 0010 1000 0011 1000 0000
[displo] |displo] [disple]

Je short 01110100 jne short 0111 0101 jp short 0111 1010
[disp8] [disp8] [disp8]

je near 0000 1111 Jne near 0000 1111 Ip near 0000 1111
10000100 10000101 1000 1010
[displ6] [displo] [displ6]

Jg short OLL1 1111 jng short 0111 1110 Jipe short 0111 1010
[disp8] [disp8] [disp8]

]2 near 0000 1111 g near 0000 1111 pe near 0000 1111
1000 1111 1000 1110 1000 1010
[displo] |displo] [disple]

Jge short 0l11 1101 jnge short 0111 1100 jpo short 0111 1011
[disp8] [disp8] [disp8]

jge near 0000 1111 Jnge near 0000 1111 Jpo near 0000 1111
1000 1101 1000 1100 1000 1011
[displ6] [displo] [displ6]

1l short 0111 1100 ml short 0111 1101 1s short 0111 1000
[disp8] [disp8] [disp8]

jl near 0000 1111 jul near 0000 1111 15 near 0000 1111
1000 1100 1000 1101 1000 1000
[displ6] |disple] [displo]

jle short OLLl 1110 jnle short OLLL 1111 jz short OL11 0100
[disp8] [disp8] [disp8]

jle near 0000 1111 jnle near 0000 1111 1Z near 0000 1111
1000 1110 1000 1111 1000 0100
[displ6] [displ6] [displ6]

jna short 0111 0110 juno short 0111 0001 jexz short 1110 0011
[disp8] [disp8] [disp8]

Jna near 0000 1111 Jno near 0000 1111 jecxz short 0110 0110
1000 0110 1000 0001 L110 0011
[displ6] [displo] [disp8]

jnae short 0111 0010 jup short OL11 1011 Jjmp short 1110 1011
[disp8] [disp8] [disp8]

Jnae near 0000 1111 Jnp near 0000 L111 Jmp near 1110 1001
1000 0010 1000 1011 [displ6]
[disp16] [disp16] imp regl6 1111 1111

Jnb short 0111 0011 Jns short 0111 1001 [11-100-r/m]
[disp8] [disp8]




Instructi Encoding Instruction Encoding Instruction Encoding
SIrueiioy . structic S 115 cl1 -
nsfruehon (bin)® (bin)® (bin)®
Jmp meml6 1111 1111 mov reg32, reg32 01100110 mov ax. disp 1010 0001
[mod-100-r/m] 1000 1001 [disp]
jmp far 1110 1010 [11-regr ?E]  [[mov eax. disp 0110 0110
[offset16] (/m specifies 1010 0001
[segment16] destination reg) [disp]
jmp mem32 1111 1111 mov reg32, reg32 01100110 mov disp, al 1010 0010
[mod-101-r/m] (altermate encoding) [1{)1()[) 1011 | [disp]
-reg-r/m -
lahf 1001 1111 (reg specifies  ||MOV disp, ax lQlO 0011
Ids reg. mem32 1100 0101 destination reg) [disp]
[mod-reg-r'm| ||mmov mem. reg8 1000 1000 mov disp, eax 01100110
lea reg. mem 1000 1101 [mod-reg-r/m] llé}-] (]](}m |
is
[mod-101-r/m] |y reg® mem 1000 1010 - P
leave 1100 1001 [mod-reg-r/m] [|mov segreg. regl6 [1:3100 1110 ]
-sreg-r/m
les reg, mem32 1100 0100 mov mem, regl6 1000 1001 b
[mod-reg-r/m] [mod-reg-r/m] [|mov segreg. mem 1000 1110
= - [mod-reg-r/m|
Ifs reg, mem32 0000 1111 mov regl6, mem 1000 1011

1011 0100
[mod-reg-r/m]

mod-reg-r/m
[ e

lgs reg, mem3?2

0000 1111
1011 0101

mov mem, reg32

01100110
1000 1001
[mod-reg-r/m]|

mov reglo, segreg

1000 1100
[11-sreg-r/m]

mov mem. segreg

1000 1100
[mod-reg-r/m]|

[mod-reg-rm] || \nov regl6, mem 01100110 movsh 1010 0100
lodsb 1010 1100 1000 1011 IMOVSW 10100101
lodsw 1010 1101 : [mod-reg-rim] | ved 0110 0110
Toadsd 01100110 mov reg8, imm [ll(l)nllilgjrrr 10100101
1010 1101 rep movsb L111 0010
. mov reg8, imm 11000110 1010 0100
loop short LI(;IIS(; Sj{]l 0 (altermate encoding) [11-000-r/m]
i [imm$] rep mMovsw [111 0010
loope short 1110 0001 mov regl6, imm 1011 lrrr 1010 0101
loopz short [disp8] [imm16]
loopne short 1110 0000 -
i} . mov regl6, imm 11000111 rep movsd 01100110
loopnz short [disp8)] (altermate encoding) [11-000-r/m] 1111 0010
Iss reg, mem32 0000 1111 [imml6] 10100101
1011 0010 -
[mod-reg-r/m] mov reg32, imm 01100110 movsx reglo., reg8 0000 1111
= 1011 lrr 1011 1110
mov reg8, reg8 1000 1000 [1mm32] [1]-reg-r/m]
Ell i::g:l: 111::]5 mov reg32, imm 0110 0110 (dest 1s reg
déstmﬁ:i;ln ;e , [ (alternate encoding) 11000111 operand)
- g [11-000-T/m]  ||movsx reg32, reg8 01100110
mov regs, regS_ 1000 101.0 [imm32] 0000 1111
(altemate encoding) L1 l-reg-r‘«“.m] mov mem§, imm 1100 0110 1011 1110
Eireg .spe_mﬁes [mod-000-r/m] [11-reg-r/m]
estination re .
® [imm8] movsx reg32, regl6 01100110
mov regl6, regl6 1000 100.1 mov meml6, imm 11000111 0000 1111
[ll‘l-reg-r‘s_m] [mod-000-r/m] 1011 1111
gml' spe_ctﬁes [imm16] [11-reg-r/m]
tinat:
estination reg) mov mem32. imm 1100 0111 movsx regl6, mems 0000 1111
mov regl6, reglo 1000 1011 .,
) ) [mod-000-r/m] 1011 1110
(alternate encoding) [11-reg-r/m] [imm32] [mod-reg-r/m]
(reg specifies _
destination reg) [[mov al, disp 1010 0000

[disp]




Instruct Encoding Instruct Encoding Instructio Encoding
nstruction (bin)® nstruction (bin)® nsiruction (bin)®
movsx reg32, mem§ 01100110 neg reg32 01100110 or regl6, immlé 1000 00s0
0000 1111 1111 0111 [11-001-r/m)]
1011 1110 | 11-011-r/m] [1mm |
[mod-reg-r/m] neg mems L1111 o110 or reg32, imm32 01100110
movsx reg32, meml6 01100110 [mod-011-r/m] 1000 00s0
0000 1111 neg meml6 11110111 [_ll-OOl-r m]
1011 1111 [mod-011-r/m)] [inm]
mod-reg-r/m e : .
[ gr/m] neg mem32 0110 0110 or mems8, imm§ 1000 00x0

movzx regl6, reg8

0000 1111
10110110
[ll-reg-r/m]
(dest is reg
operand)

1110111
[mod-011-r/m]

[mod-001-r/m]
[1mm]

nop
(same as xchg ax, ax)

10601 06000

movzx reg32, reg8

01100110
0000 1111
1011 0110
[11-reg-r/m]

not regs

110110
[11-010-r/m]

or memlé, immlé

1000 00s1
[mod-001-r/'m]
[imm]

movzx reg32, reglo

01100110
0000 1111
10110111
[ll-reg-r/m]

not regl6

11110111
[11-010-r/m]

not reg32

01100110
1110111
| 11-010-r/m]

or mem32, imm32

01100110
1000 00s1
[mod-001-r/m]|
[imm]

or al. 1mm

0000 1100
[1mm]

movzx reg 1o, mems§

0000 1111
10110110
[mod-reg-r'm]

not mems

L1111 o110
[mod-010-r/m]

or ax, umm

0000 10101
[imm]

not meml6

L1 0111

Or eax. imm

01100110
0000 1101

|mod-010-r/m] [imm]
movzx reg32, mems§ 01100110 >
= 0000 1111 not mem32 o110 ol1lo out port, al 11100110
1011 0110 ! “doolll(i . [ports]
[mod-reg-r'm] (mod-010-r/m] oul port, ax 11100111
movzx reg32, meml6 01100110 or reg8, regs {)1010 ?eif;?n ] [port8]
0000 1111 _ - = out port, ¢ax 01100110
1011 0111 or reglo. regl6 0000 10x1 11100111
[mod-reg-r'm] [11-reg-r/m] [port8]
mul reg8 1110110 or reg32, reg32 g(l)(ng ?él? out dx. al 11101110
-100- X
[11-100-r/m] [lregrm]  ||outdx ax 1110 1111
mul regl6 1111 0111 = Tt dx. cax 0110 0110
[11-100-t/m]  |[or reg8. mem§ 0000 1010 ot 6%, cax 110 1111
mul reg32 0110 0110 [mod-reg-r/m] n 1010 1010
1111 0111 or regl6, meml6 0000 1011 outsb
[11-100-r/m) [mod-reg-r'm] ||outsw 1010 1011
mul mem§ 1111 0110 or reg32, mem32 01100110 outsd 01100110
[mod-100-r/m] 0000 1011 1010 1011
mul mem16 1111 0111 (mod-regm} lrep outsh 1111 0010
[mod-100-r/m] [|or mems, reg8 0000 1000 1010 1010
mul mem32 0110 0110 mod-reg-vm] Jlrep outsw L111 0010
1111 0111 or meml6, regl6 0000 1001 1010 1011
[mod-100-r/m] [mod-reg-r/m] [y qutsd 01100110
neg reg8 1111 0110 or mem32, reg32 01100110 1111 0010
[11-011-r/m] 0000 1001 1010 1011
neg regl6 1111 0111 (mod-reg-tm] |[pop regl6 0101 lrrr
[11-011-r/m] or reg8, imms 1000 00x0 pop regl6 1000 1111

[11-001-1r/m]
[1mm]

(alternate encoding)

[11-000-r/m]




Instruction Encoding Instructio Encoding Instruct; Encoding
g (bin)® nstruction (bin)® nstruction (bin)®
pop reg32 oll0 0110 push 1mm32 01100110 rcl meml16, imms 1100 0001
0101 lrrr 0110 1010 [mod-010-r/m]
pop reg32 01100110 [imm32] [imms]
(alternate encoding) 1000 1111 pusha 0110 0000 rel mem32, imm§ 01100110
[11-000-vm] I chad 0110 0110 1100 0001
pop mem16 1000 1111 0110 0000 Fnodéo]lo-rfnl]
imm
[mod-000-r/m] pushf 1001 1100 — TR
) TCT TEEN,
pop mem32 1000 1111 : pushd 0110 0110 E [11-011-r/m]
[mod-000-r/m] 1001 1100
. rerreglé, 1 1101 0001
pop es 0000 0111 el reg® 1 1101 0000 g L1011 ]
pop ss 0001 0111 [11-010-r/m]
rerreg32, | 01100110
Pop ds 0001 1111 rel reglo, | 1101 0001 1101 0001
pop fs 0000 1111 [11-010-r/m] [11-011-r/m]
1010 0001 el regSl | 01100110 rer mems. 1 1101 0000
pop gs 0000 1111 [lll 10 i)?(())m ] [mod-011-r/m]
1010 1001 Viv-rm
rer meml 6, | 1101 0001
popa 0110 0001 rel mem3, 1 1101 0000 [mod-011-/m]
[mod-010-r/m]
popad 0110 0110 rer mem32, | or1ool1t1o
mod-010-r/m /
popt 1001 1101 | 5 ([” :U o | [mod-011-r/m]
T¢I Mema L, o ~
popfd 0110 0110 1101 0001 rer reg8, ¢l 1101 0010
) [11-011-r/m]
1001 1101 [mod-010-r/m] |———
push reg16 0101 Orrr rel reg8. cl 1101 0010 foricel6. o H,Oi)??“ !
a8, O01l-r/'m
push regl6 LIL1L 1111 [11-010-r/m] >
e 232, ¢l 0lloollo
(alternate encoding) [11-110-t/m] rel regl6. cl 1101 0011 rerrega-. ¢ 1101 0011

push reg3?2

01100110

[L1-010-r/m]

[11-011-r/m]

rer mems§, cl

1101 0010
[mod-011-r/m]

rer meml6, cl 1101 0011
[mod-011-r/m]
rer mem32. cl 0100110

1101 0011
|mod-011-r/m]|

rer reg8, imms8

1100 0000
[11-011-r/m]

[1mm&]

rer regl 6, imm8

1100 0001
[11-011-r/m]
[1mm8]

rer reg32, imm§

01100110
1100 0001
[11-011-r/m]
[imm8]

0101 Orrr rel reg32, cl 01100110
push reg32 01100110 11010011
(alternate encoding) LII1 1111 [11-010-r/m]

[-110-r'm]  |fre] mems, cl 1101 0010
push meml6 1111 1111 [mod-010-r/m]

[mod-110-v'm] |[;c] meml6, cl 1101 0011
push mem32 LI11 1111 [mod-010-r/m]

[mod-110-rm] |fre] mems32, cl 01100110
push cs 0000 1110 1101 0011
push ds 0001 1110 [mod-010-1/m]

] ; rel reg8, imm8 1100 0000

push es 0000 0110 [11-010-t/m]
push ss 0001 0110 [imms]
push fs 0000 1111 rcl regl6, imm8 1100 0001

1010 0000 [11-010-r/m]
push gs 0000 1111 [imm§]

1010 1000 rel reg32, imm8 01100110
push imm8->16 0110 1000 1100 0001

[imm§] [11-010-r/m]

(sign extends [imm§]

value to 16 bits)|[rcl mems8, imms8 1100 0000

push mmlé6

01101010
[Imm16]

[mod-010-r/m]
[1mm§]

rer mem§, imm§

1100 0000
[mod-011-r/m]
[1mmS8]

rer meml6, imm8

1100 0001
[mod-011-r/m]
[Imm8]




Instruction Encoding Instruction Encoding Instruction Encoding
¢ ( bin)b cHot (bin)b ¢ (bin)b
rer mem32, imm$ 01100110 rol mem8. imms§ 1100 0000 ror meml6, imms 1100 0001
1100 0001 [mod-000-r/m] [mod-001-r/m)]

[mod-011-r/m]

[1mm8]

[imm8]

[imm8)]

rol mem16. imms§

1100 0001

ror mem32, imm§

0110 0110

ret 1100 0011 [m0d-000-r/m] 1100 0001
retn [imm8] [mod-001-r/m)]
ret immlo6 1100 0010 rol mem32, imm§ 01100110 [imm8]
retn mml6 [1mm16] 1100 0001 sahl 1001 1110
ret 1100 1011 ll_““dfoo'f-’ml sal reg8. | 1101 0000
retf [imm3] (Same instruction as shl)  |[11-100-r/m]
ret imm16 1100 1010 ror reg8. | 1101 0000 sal reg 6. | 1101 0001
retl imm16 [1mm16] [11-001-r/m] [T1-100-r/m]
rol reg8, 1 1101 0000 ror regl$, 1 1101 0001 sal reg32, | 01100110
[11-000-r/m] [11-001-r/m] 1101 0001
1.01 reale. 1 1101 0001 ror 1'“333. 1 01100110 [11—100-1 !n]
[11-000-r/m] [‘l' |0 1}(‘)’?0 1 | [t mems. 1101 0000
=! -T'm ‘
rol reg32, | 01100110 - [mod-100-r/m]
11010001 (rormems I L1101 0000~ el meml6, 1 1101 0001
[11-000-r/m)] [mod-001-r/m] [mod-100-r/m]
rol mems. | 11010000 ||rormeml6. 1 HO1 0001~ i mem32. 1 0110 0110
[mod-000-r/m] [mod-001-r/m] 1101 0001
ol meml6. 1 1101 0001 ror mem32, | 01100110 [mod-100-r/m]
' 1101 0001

[mod-000-r/m)]

rol mem32, |

01100110
1101 0001
[mod-000-r/m|

[mod-001-r/m]

ror reg8, cl

1101 0010
| 11-001-r/m]

sal reg8, cl

1101 0010
[11-100-r/m]

ror regl6, cl

1101 0011

sal regl6. cl

1101 0011
[L1-100-r/m]

rol reg8, ¢l 1101 0010 sal reg32. ¢l 01100110
[11-000-r/m] [11-001-r/m] 1101 0011
ol real6. ol 1101 0011 ror reg32, cl 01100110 [T1-100-r/m]
[11-000-r/m] 1101 0011 sal mems, cl 1101 0010
rol reg32. cl 0110 0110 L11-001-o/m] [mod-100-r/m]
1101 0011 ror mem8, cl HOLO010™ — Hal meml6, cl 1101 0011
[11-000-r/m] [mod-001-r/m] [mod-100-r/m]
rol mems. cl 1ol ootp  ||rormemit.cl HOTOOIT ol mem32, ¢l 0110 0110
[mod-000-r/m] [mod-001-r/m] 1101 0011
ol meml16. cl 1101 0011 ror mem32, cl 01100110 [mod-100-r/m)]
[mod-000-r/m] HOLOOLL™ o reo8 imms 1100 0000
rol mem32, l 01100110 Lmod-001-+/m] [11-100-r/m]
) 1101 0011 ror reg8, imm§ 1100 0000 [Imm§]
mod-000-r/m [_1 1-001-r/m] sal regl6, imms$ 1100 0001
[imm8]
imm p
rol reg8, imms 1100 0000 : : [11-100-r/m]
[11-000-t/m] ror regl6, 1mm§ 1100 0001 [1mmS§]
[imms] E‘ 1'(’2;{’“‘] sal reg32, imm8 0110 0110
mm 1
rol reg16, imms 1100 0001 _ e DL g
[11-000-r/m] ror reg32, imm§ 01100110 [11-100-r/m)]
[imm] 1100 0001 [imms]
e R 01100110 [_“'001'1"";1“] sal mems§, imms$ 1100 0000
o 1100 0001 [imms8] [mod-100-r/m]
[11-000-r/m] ror mem8, imm§ 1100 0000 [tmm§]
[imms] ‘ [mod-001-r/m]

[Imm8]




Instruction Encoding Instruction Encoding Tnstructi Encoding
> (bin)P SHUE (bin)° nstruetion (bin)P
sal meml6, imms 1100 0001 sar meml6, immS 1100 0001 sbb ax, imm 0001 1101
[mod-100-r/m)] [mod-111-r/m] [imm]
[imm] [imm3] sbb eax, imm 0110 0110
sal mem32, imm§ 01100110 sar mem32, 1mm§ 01100110 0001 1101
1100 0001 1100 0001 [imm]
[1I110d—l 00-r/m] [1I110d—l H-r/m] [0 o0 1010 0100
[imm§] [imm8] 1010 0101
sar regd, | 1101 0000 sbb reg8, reg8 0001 10x0 i
[L11-111-r/m] [11-reg-rm] scasd (L]l[)llg ?)ll(l)?
sarregl6, | 1101 0001 sbb regl6, regl6 0001 10x1
[L1-111-t/m] [11-reg-r/m] rep scasb }{I)[IEJ({))(I:J%
sarregi2, | 01100110 sbb reg32. reg32 01100110
1101 0001 0001 10x1 Iep scasw 1111 0010
10100101

[11-111-r/m]|

[1l-reg-r/m]|

sar mems, 1

1101 0000
[mod-111-r/m]

sbb

reg8. mems

0001 1010

[mod-reg-r'm]

rep scasd

01100110
11110010

10100101
sar memlo, | 1101 0001 sbb regl6, meml6 0001 1011
[mod-111-r/m] [mod-reg-r/m] ||s<ta reg8 ?gg? (1) llll i
sar mem32, | 01100110 sbb reg32, mem32 01100110 [11-000-r/m]¢
1101 0001 0001 1011
[mod-111-r/m] [mod-reg-r/m] ||scta mems ?gg? é é llll
sar reg8. cl 1101 0010 sbb mems§, reg8 0001 1000 [m0d-000-r/m]
[11-111-r/m]| [mod-reg-r/m]|
- - selae regl® 0000 1111
sarregl6, cl 1101 0011 sbb memlo6, regl6 0001 1001 - 1001 0011
[11-111-r/m] [mod-reg-r'm] [11-000-r/m]
sarreg32, cl (fi(l}? g(l)i? sbb mem32, reg32 géé(f (l)éé(l) setac memS 0000 1111
) 1001 0011
[L1-111-t/m] [mod-reg-r/m] [mod-000-r/m]
sar mem§, cl 1I{]Id[}l{]lll() sbb reg8, imm§ I?I()[())?:)x(l seth reg8 0000 1111
[mod-111-r/m] [11-011-r/m] 1001 0010

sar memla6, cl

1101 0011
[mod-111-r/m]

[1mm]

sar mem32. cl

01100110
1101 0011
[mod-111-r/m]

sbb

regl6, immlo

1000 00s1
[11-011-r/m]

[1mm]

[11-000-r/m]

sar reg8, imm$

1100 0000
[11-111-r/m]
[1mm8]

sbbh

reg32, mm32

01100110
1000 00s1
[11-011-r/m]

[1mm]

setb mem§

0000 1111
1001 0010
|mod-000-r/m]|

0000 1111
1001 0110
[11-000-r/m]

sar regl 6, imm§

1100 0001
[11-111-r/m]
[1mmS§]

sbb

mems§, imm§

1000 00x0
[mod-011-r/m]
[imm]

setbe mem8

0000 1111
1001 0110
[mod-000-r/m)]

sar reg32, imm8

olLoollo
1100 0001
[11-111-r/m]
[1mm8]

sbb

meml6, immlé

1000 00s1
[mod-011-r/m]
[1mm]

setc reg8

0000 1111
1001 0010
[11-000-1/m]

sar mem§, mms§

1100 0000
[mod-111-r/m]
[1mmS§]

sbb

mem32, imm32

01100110
1000 00s1
[mod-011-r/m]
[imm]

setc memS8

0000 1111
1001 0010
[mod-000-r/m]

sbb

al. 1mm

0001 1100
[1mm]

sete reg8

0000 1111
1001 0100
[11-000-1r/m]




Instruct; Encoding Instructio Encoding Instructio Encoding
nstruction (bin)" nstruction (bin)" nstruction (bin)®
sete mem8 0000 1111 setne regd 0000 1111 setns mem§ 0000 1111
1001 0100 1001 0011 1001 1001
|mod-000-r/m)| [ 11-000-r/m] [mod-000-r/m]
setg reg8 0000 1111 setne mems 0000 1111 setnz regd 0000 1111

1001 1111
[ 11-000-r/m]

1001 0011
[mod-000-r/m]

1001 0101
[ L1-000-r/m]

setg mem§

0000 1111
1001 1111
[mod-000-r/m)]

seme re

=]
(]

0000 1111
1001 0101
[11-000-r/m]

setnz mems

0000 1111
1001 0101
[mod-000-r/m]

setge reg8

0000 1111

selne mem§

0000 1111

selo reg8

0000 1111

1001 1101 1001 0101 1001 0000
[11-000-r/m] [mod-000-r/m)] [11-000-r/m]
setge mems 0000 1111 setng regd 0000 1111 scto mems 0000 1111

1001 1101
|mod-000-r/m)|

1001 1110
[ 11-000-r/m]

1001 0000
[mod-000-r/m]

setl reg8 0000 1111 setng mems 0000 1111 setp reg8 0000 1111
1001 1100 100l 1110 1001 1010
[11-000-r/m] [mod-000-r/m] [11-000-r/m]

setl mem§ 0000 1111 setnge reg® 0000 1111 setp mem§ 0000 1111
1001 1100 1001 1100 1001 1010

[mod-000-r/m)]

[11-000-r/m]

[mod-000-r/m)]

setle reg®

0000 1111
1001 1110
[ 11-000-r/m]

setnge mem8

0000 1111
1001 1100
[mod-000-r/m]

setpe reg8

0000 1111
1001 1010
[ L1-000-r/m]

setle mems8 0000 1111 setnl reg® 0000 1111 setpe mems 0000 1111
1001 1110 1001 1101 1001 1010
[mod-000-r/m)] [11-000-r/m] [mod-000-r/m]

setna reg8 0000 1111 setnl mem§ 0000 1111 setpo reg8 0000 1111
1001 0110 100l 1101 1001 1011

[11-000-r/m]

[mod-000-r/m)]

[11-000-r/m]

setna mems

0000 1111
1001 0110
|mod-000-r/m)|

setnle reg8

0000 1111
1001 1111
[ 11-000-r/m]

setpo mem8

0000 1111
1001 1011
[mod-000-r/m]

setnae regd 0000 1111 setnle mem§ 0000 1111 sets reg8 0000 1111
1001 0010 1001 1111 1001 1000
[11-000-r/m] [mod-000-r/m] [11-000-r/m]
setnae mem§ 0000 1111 setno reg§ 0000 1111 sets mem§ 0000 1111
1001 0010 1001 0001 1001 1000
[mod-000-r/m] [11-000-1/m] [mod-000-r/m]
setnb reg8 0000 1111 setno mem§ 0000 1111 setz reg§ 0000 1111
1001 0011 1001 0001 1001 0100
[11-000-t/m] [mod-000-r/m)] [11-000-r/m]
setnb mem§ 0000 1111 setnp reg8 0000 1111 setz mems 0000 1111
1001 0011 1001 1011 1001 0100
[mod-000-r/m] [11-000-1/m] [mod-000-r/m]
setnbe reg8 0000 1111 setnp mem§ 0000 1111 shl reg8, | 1101 0000
1001 0111 1001 1011 [11-100-r/m]
[11-000-r/m)] [mod-000-r/m] shl regl6, 1 1101 0001
setnbe mem8 0000 1111 setns reg8 0000 1111 [11-100-r/m)]
LRSS LU shlreg32, | 0110 0110
[mod-000-r/m] [11-000-r/m] 1101 0001

[11-100-r/m)]




Instruction Encoding Instruction Encoding Instruction Encoding
SHHEHe (bin)® SHHEHC (bin)® (bin)®
shl mems8, 1 1101 0000 shld meml6. regl6, imm8& |0000 1111 shr reg8, imm§ 1100 0000
[mod-100-r/m)] 1010 0100 [11-101-r/m]
shl mem16. | 1101 0001 [mod-reg-r/m] [imms]
[mod-100-r/m] [1mms] shrreg 16, imm8 1100 0001
shl mem32. 1 0110 0110 shld mem32. reg32, imm8& 01100110 [11-101-r/m]
T 1101 0001 0000 1111 [imm8]
[mod-100-r/m] [“”“’(”““, | shrreg32. imm$ 0110 0110
mod-reg-r/m
shl reg8. cl 11010010 el 11000001
: [imm8] [11-101-r/m]
[11-100-r/m] - - : '
Teele d p— shld regl6, regl6, ¢l 0000 1111 [imms]
§ e .
reeth € 10100101 shr mems8, imms3 1100 0000

[11-100-r/m]

r/m1s lst operand,

[11-reg-rm]

[mod-101-r/m]

shl reg32, cl 01100110 reg is second operand. [imm$]
1101 0011 PrT P E—— _
[11-100-5/m] shld reg32. reg32. cl 01100110 shr meml6, imms§ 1100 0001
_ 0000 LL11 [mod-101-r/m]
shl mem8. ¢l 1101 0010 r/m1s lst operand, 10100101 [imms]
[mod-100-r/m] ||reg is second operand. [1l-reg-r/m] .
shr mem32. imm§ 01100110
shl meml6. ¢l 1101 0011 shld meml6, regl6, cl 0000 1111 1100 0001
[mod-100-r/m)] 10100101 __ [mod-101-r/m]
shl mem32. cl 01100110 [mod-reg-r/m] [imm8]
1101 0011 shld mem32, reg32, ¢l 01100110 shrd reg16. regl6, imms 0000 1111
[mod-100-r/m] 0000 1111 1010 1100
shl reg8. imm8 1100 0000 101(;011 01 ) r/mis lst operand, [ Ll-reg-r/m]
[11-100-r/m] [mod-reg-r/m] reg is second operand. [imm§]
[imms] shr regs, 1 1101 0000 shrd reg32, reg32, imm8 01100110
shl regl6, immS 1100 0001 [11-101-t/m] 0000 1111
[11-100-r/m] shrreglo, 1 1101 0001 r/mis lst operand, 1010 1100
[imm§] [11-101-r/m] reg is second operand. [11-reg-r/m]
shl reg32, imm$ 0110 0110 shrreg32. | 01100110 [imm§]
1100 0001 1101 0001 shrd mem16, regl 6. imm§ | 0000 1111
[11-100-r/m] [11-101-r/m)] 1010 1100
[imms] shr mems, | 1101 0000 [mod-reg:1/m]
shl mems. imm8$ 1100 0000 [mod-101-r/m] [imm3]
[mod-100-r/m] shrd mem32. reg32, imm§ |0110 0110

[1mmS]

shl meml6, imm8

1100 0001
[mod-100-r/m)]

shr meml6. |

1101 0001
[mod-101-r/m]

shr mem32, |

01100110

0000 1111
1010 1100
|mod-reg-r/m|

. , 1101 0001 [imms]
[imm3] [mod-101-r/m] ——
shl mem32, mme& 01100110 shrd regl6. regl6. cl 0000 1111
A _ shr reg8, cl 1101 0010 1010 1101
[llil(;%f)l%%l_rym] [11-101-r/m] r/mis st operand, [11-reg-r/m]
[imms] ‘ shrregl6, ¢l 1101 0011 reg 1s second operand.
[11-101-r/m)] P
shld regl6, regl6, imm8  [0000 1111 shrd reg32. reg32. cl 0110 0110
1010 0100 shrreg32, cl 01100110 o 0000 1111
i e [11-reg-r/m] 1101 0011 r/mis lst operand, 1010 1101
reg is second 0per7and. [immS] l [11-101-t/m]  ||regis second operand. [11-reg-r/m]
shld reg32. reg32, imm8 |0110 0110 shr mems, cl 1101 0010 shrd mem16, regl6, cl 0000 1111
T 0000 1111 [mod-101-r/m] IQIO 1101
r/mis lst operand. 1010 0100 shr mem16. cl 1101 0011 [disp]
reg is second operand. [11-reg-r/m] [mod-101-r/m] ||shld mem32, reg32, cl 0110 0110
[imma] shr mem32, cl 0110 0110 0000 1111
1101 0011 1010 1101

[mod-101-r/m]

[mod-reg-r/m]




Instructi Encoding Instructio Encoding Instraction Encoding
nstruction (bin)® nstruction (bin)® § (bin)?
sle 1111 1001 sub meml6, imml6 1000 00s1 test ax. imm 1010 1001
std 1111 1101 [1110(’-1 Ol-r-"lan [imm]
sti 111 1011 [imm] test eax, imm 0lloollo
' sub mem32, imm32 01100110 1010 1001
stosb 1010 1010 1000 00s1 [imm]
Stosw 1010 1011 [mod-101-t/m] {[+,1dd regS. reg8 0000 1111
stosd 01100110 [imm] 1100 0000
1010 1011 sub al, imm 0010 1100 r/m is first operand, |1l-reg-r/m]|
rep stosb 11110010 [1imm] reg is second operand.
1010 1010 sub ax, imm 0010 1101 xadd reglo, regl6 0000 1111
Tep stosw L111 0010 Linm] L
1010 1011 sub eax, imm 01100110 [11-reg-r/m]
q a3 reol?
rep stosd 0110 0110 0010 1101 xadd reg32, reg32 01100110
1111 0010 [1mm] 0000 1111
1010 1011 test regS, reg® 1000 0100 1100 0001
[11-reg-r/m] [11-reg-r/m]
sub reg8. reg8 0010 10x0 = dd 3 roe8 0000 1111
[ll-reg-m]  |[test regl6. regl6 1000 0101 xaddmems, reg 1100 0000
sub regl6. regl6 0010 10x1 [11-reg-r/m] [mod-reg-1/m]
—reg-1 test reg32, reg32 01100110 -
[llreg-nm] |jtest reg3s. reg 1000 0101 xadd mem16. reg16 0000 1111
sub reg32. reg32 01100110 |l -rear 1100 0001
0010 10x1 [L1-reg-t/m] [mod-reg-r/m]
_reg-r/ Lest S, 8 1000 0110
[11-reg-r/m] est Tegd. mem [mod-reg.r/m] [|¥add mem32. reg32 01100110
sub reg8 mem§ 0010 1010 = 0000 1111
[mod-reg-r/m] |[test reglG, meml6 1000 0111 1100 0001
sub regl6, memlo 0010 1011 [mod-reg-r/m] [mod-reg-r/m]|
[mod-reg-r/im] ||test reg32, mem32 0110 0110 xche reo8. reo8 1000 0110
sub reg32. mem32 0110 0110 [11?1(::’ (:'tl\flrlr-"mj [L1-reg-r/m]
0010 1011 bl xchg regl6, regl6 1000 0111
[1110(,1—1‘cg-r-'1n] test reg8. imms$ L111 0110 [11-reg-r/m]

[11-000-r/m]

sub mem§8, reg8 0010 1000 . xche ree32. ree3? 01100110
[mod-reg-r/m] [imm] o7 N 1000 0111
sub meml6. regl6 0010 1001 test regl6, imml16 L1011l [11-reg-r/m]
[mod-reg-r/m] %111111;25101' m] xchg mems$, r'egrSf 10000110
; 32 32 [I1-reg-r/m]|
sub mem32, reg: 8(1)"?) (:['}{'](I) lest reg32, imm32 0110 0110 —
1111 0111 xchg meml6, regl6 1000 0111
|mod-reg-r/m| [11-reg-r/m]
. - [11-000-r/m] g
sub reg8. imm8 1000 00x0 [imm] xchg mem32, reg3?2 01100110
11-101-1/ y
%imm] rm] test mems§, imms§ 1111 0110 1_000 O“_l
: _ [mod-000-r/m] [11-reg-r/m]
sub regl6, immlé 1000 00s1 [imm] xchg ax, regl6 1001 Orrr
L1-101-1/ -
%imm] vin] st meml, imml6 1111 0111
. [mod-000-r/m] ||xchg ax, reg32 01100110
sub reg32, imm32 ?(1)(1)8 8(1)1? [imm]| 1001 Orrr
[ll-lOI-Srf’1n] test mem32, mm32 01100110 xlat 1101 0111
[1mm] 1111 0111 . xor reg$§, regd 0011 00x0
: : [1_nod-000-rs m]| [11-reg-r/m]
sub mem§, imm8 1000 00x0 [imm]
[mod-101-r/m] xor regl6, regl6 0011 00x1

[imm]

test

al, imm

1010 1000
[imm]

[11-reg-r/m]




[nstruction Encoding Instruction Encoding
strue . strue c b
(bin)? c (bin)®
xor reg32, reg32 01100110 aaa 0011 0111
0011 00x1 aad 1101 0101
[11-reg-rm] 0000 1010
xor reg8, mem$ 0011 0010 , aam 1101 0100
[mod-reg-r/m] 0000 1010
xor reglo, memlo 0011 0011 , aas 0011 1111
[mod-reg-r/m|
—— > 01100110 adc reg8. reg8 0001 00x0
xor reg32. mem32 [11-reg-r/m]
0011 0011
[mod-reg-r/m] ade regl6, regl6 0001 00x1
— [11-reg-r/m]
xor mems$, reg8 0011 0000
[mod-reg-r/m] Key to special bits in encodings:
xor meml6, regl6 0011 0001 X Don't care. Can be zero or one.
[mod-reg-r/m] 5! Sign extension bit for immediate operands. If zero, immediate operand is 16 or 32 bits depend-
xor mem32. reel? 01100110 ing on destination operand size. If's bit is one, then the immediate operand is eight bits and the
N 0011 0001 CPU sign extends to 16 or 32 bits, as appropriate.
[mod-reg-r/m] I Same as reg field in [mod-reg-r/m| byte.
xor reg8, imm$§ 1000 00x0
= Other Not
[11-110-r/m] e
[imm] [disp] This field can be zero, one, two, or four bytes long as required by the instruction.
xor regl6. imml6 1000 00s1 [imm| This field is one byte long if the operand is an eight bit operand or if the s bit in the instruction

[11-110-r/'m]
[imm]

XOr

reg32, imm32

01100110
1000 00s1
[11-110-r/'m]
[1mm]

xOT

mem$, Imm§

1000 00x0
[mod-110-r/m]
[1mm)]

xor

meml6. imml6

1000 00s1
[mod-110-r/m]

[1mm)]

Xor

mem32. imm32

01100110
1000 00s1
[mod-110-r/m]
[1mm)]

xor al. imm 0011 0100
[1mm)]

XOr ax. imm 0011 0101
[1mm]

XOr eax, imm 01100110
0011 0101

[1mm)]

opeade is one. It is two or four bytes long if the s bit contains zero and the destination operand
is 10 ar 32 bits, respectively.

[mod-reg-t/m]: Instructions that have a mod-reg-t/m byte may have a scaled index byte (sib) and a zero, one,
two, or four byte displacement. See Appendix E for details concerning the encoding of this por-
tion of the instruction.

reg reg Many instructions allow two operands using a [mod-reg-r/m| byte. A single direction bit in the
apeade determines whether the instruction treats the reg operand as the destination or the mod-
t/m operand as the destination (e.g., mov reg,mem vs. mov mem,reg). Such instructions also
allow two register operands. [t turns out there are two encodings for each such reg-reg instruc-
tion. That is, you can encode an instruction like mov ax, bx with ax encoded in the reg field and
bx encoded in the mod-r/m field, or you can encode it with bx encoded in the reg field and ax
encoded in the mod-r/m field. Such instructions always have an x bit in the opcode. [f the x bit
is zero, the destination is the register specified by the mod-r/m field. If the xbit is one, the desti-
nation is the register specified by the reg field. Other types of instructions support multiple
encodings for similar reasons.



