4. Architektura procesoru - prenosy,
aritmetické a logické instrukce
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Instrukcni soubor procesoru 1A-32

e Celociselné instrukce

e instrukce dekadické aritmetiky
e |nstrukce FPU
e Instrukce MMX, SSE, SSE2, SSE3, SSSE3, AVX, ...
e |nstrukce systémove
e Dalsi instrukce
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Celociselné instrukce

Tucné zelené jsou oznaceny instrukce dulezité pro ISU
Normalné jsou oznaceny dalsi uzitecné instrukce
Cervené jsou oznaleny instrukce, které
nebudeme v ISU pouzivat

Zelené a normalni budou na zkousce!!!

Pro ucely predmétu ISU bude za implicitni velikost operandii brana
hodnota 32 bitli! Taktéz adresovani bude implicitné 32bitové.
=> instrukce s 16bitovymi operandy musi mit prefix 0x66
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V4

Prenosové instrukce (neméni priznaky)

Q ... Zivotné dulezité | ® ... musim znat © ... zajimavé
MOV PUSH/POP IN
PUSHF /POPF ouT
PUSHA/POPA BSWAP
PUSHAD/POPAD XADD
CBW/CWDE CMPXCHG
CWD/CDQ CMPXCHGS8B
MOVSX/MOVZX
XCHG
CMOVcc

Instrukce pro praci se segmentovymi registry
Q| B |©O .. zajimavé
LDS/LES/LFS/LGS/LSS
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Aritmetické instrukce (mén

V 4

I'p

Fiznaky)

Q ... Zivotné dulezité

® ... musim znat

© ... zajimavé

ADD

SUB
MUL/IMUL
DIV/IDIV
CMP

ADC
SBB
INC

DEC
NEG

Instrukce dekadické
aritmetiky:
DAA, DAS

Logickeé instrukce (méni priznaky)

Q ... Zivotné dulezité

® ... musim znat

© ... zajimavé

AND
OR

XOR
NOT
TEST

AAA, AAS, AAM, AAD




6/ 50 H

Instrukce ovladani priznaku

Q ... Zivotné dalezité | ® ... musim znat © ... zajimavé
STC/CLC/CMC LAHF /SAHF STI/CLI
STD/CLD
Instrukce pOSUVloJ a rotaci
Q ... Zivotné dllezité ® ... musim znat © ... zajimavé
SHR/SHL,SAR/SAL SHRD/SHLD
ROR/ROL,RCR/RCL
Ostatni instrukce
Q ... Zivotné dllezité | ® ... musim znat © ... zajimavé
LEA UD2
NOP CPUID
XLAT/XLATB
ENTER/LEAVE
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Instrukce pro praci s bity

Q ... Zivotné dalezité | ® ... musim znat © ... zajimavé
BT/BTS/BTR/BTC |SETcc
BSF/BSR
Retézové instrukce
Q ... Zivotné dulezité ® | © ... zajimavé
REP/REPE/REPZ/REPNE/REPNZ INS/OUTS
MOVS, CMPS, SCAS
LODS/STOS
Instrukce pro predavani rizeni
Q ... Zivotné dllezité | ® ... musim znat © ... zajimavé
JMP,Jcc,LOOPcc | INT, IRET INT3,INTO
CALL,RET
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MOV

prenosova instrukce
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MOV r/m,

Instrukce . Ké,d ‘. prefix opcode ModR/M SIB imm
(32bitovy rezim)

MOV r/m8, 88 /r --- 10001000 |mod r/m8 ? ---

MOV r/ml6, 66 89 /r 01100110 | 10001001 [mod r/mle| ? ---

MOV r/m32, 89 /r --- 10001001 |mod r/m32| °? ---

| r/m = ... Zkopiruje obsah registru do paméti nebo do jiného registru r/m.

MOV AL, 88 D8 10001000 11 000

MOV SP, 66 89 EC 01100110 10001001 11 100

MOV ESP, 89 EC 10001001 11 100

MOV [pl], 88 @D pl 10001000 00 101 p1(d32)

MOV [pl], 66 89 @D pl 01100110 10001000 00 101 p1(d32)

MOV [EBX], 88 03 10001000 00 011

MOV EDX, 89 E2 10001001 11 010

MOV [p2], 89 2D p2 10001001 00 101 p2(d32)

MOV [EBP+ *2+717, 89 7C 75 @07 10001001 0111116060 101 00000111

MOV [ESP],EDI

MOV [ESP+ *11, 89 3C 24 10001001 0011116060 100

MOV [ESP+ *21, 89 3C 64 10001001 0011116060 100
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,r/m
Instrukce . Ké,d v. prefix opcode ModR/M SIB d imm
(32bitovy rezim)
MOV ,r/m8 8A /r --- 10001010 |mod r/m8 ? ? ---
MOV ,r/mlé6 66 8B /r 01100110 | 10001011 |mod r/mle| ? ? ---
MOV ,r/m32 8B /r --- 10001011 |mod r/m32( °? ? ---

___________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________

MOV AL, BL 8A C3 10001010 11000011
MOV SP,BP 66 8B E5 01100110 10001011 11100101

MOV ESP,EBP 8B EC 10001011 11101100

MOV Cl,[p1] 8A oD pl 10001010 00001101 pl(d32)

MOV X, [p1] 66 8B D pl | 91100110 10001011 00001101 pl(d32)
MOV AL, [EBX] 8A 03 10001010 00000011

MOV EDX,ESP 8B D4 10001011 11010100

MOV EBP,[p2] 8B 2D p2 10001011 00101101 p2(d32)

MOV EDT,[EBP+ESI*247] 8B 7C 75 07 | 10001011 01111100 101 00000111
MOV EDI,[ESP]

MOV EDT, [ESP+nic*1] 8B 3C 24 10001011 00111100 100

MOV EDT, [ESP+nic*2] 8B 3C 64 10001011 00111109 100
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MOV r/m,

MOV? ,r/m
Instrukce : Kéfj ‘. prefix opcode ModR/M SIB d imm
(32bitovy rezim)

MOV rl6, 66 8C /sreg 01100110 | 10001100 |mod rlé ? ? ---
MOV r/m32, 8C /sreg --- 10001100 |mod r/m32| ? ? ---
MOV , P16 66 8E /sreg 01100110 | 10001100 |mod rlé ? ? ---
MOV ,r/m32 8E /sreg --- 10001100 |mod r/m32| ? ? ---

1) r/m = ... zZkopiruje obsah segmentového 2) =r/m ... zkopiruje 16 bitl z paméti nebo z
registru do paméti nebo do jiného 16/32bitového registru r/m (dolnich 16 bitd) do

16/32bitového registru r/m (nuluje hornich 16 b). segmentového registru

___________________________________________________________________________________________________________________________________________

MOV CX, 66 8C C9 01100110 10001100 11001001

MOV EAX, 8C DO 10001001 11010000

MOV [p1], 8C 25 p1l 10001100 00100101 pl(d32)

MOV [EBP+EST* +7], 8C 4C 75 97 | 10001100 01001100 101 00000111
MOV ES,CX 66 8E C1 01100110 10001100 11000001

MOV SS,EAX 8E DO 10001001 11010000

MOV FS,[p1] 8E 25 pl 10001100 00100101 pl(d32)

MOV CSLEBP4+EST® 477 8E 4C 7507 | 10001100 01001100 181 eeeee1il
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MOV AL/AX/EAX,moffs
MOV?2 mof+s,AL/AX/EAX

Instrukce (32bit<|3<\7\;lreiim) prefix opcode ModR/M d

MOV AL,moffs AO -—- 10100000 d32
MOV AX,moffs 66 Al 01100110 | 10100001 d32
MOV EAX,moffs Al --- 10100001 d32
MOV moffs,AL A2 --- 10100010 d32
MOV moffs,AX 66 A3 01100110 | 10100011 d32
MOV moffs, EAX A3 --- 10100011 d32

1) AL/AX/EAX = [moffs] ... zkopiruje 8/16/32 bitli z 2) [moffs] = AL/AX/EAX ... zkopiruje obsah registru
(efektivni) adresy moffs do registru AL/AX/EAX. i AL/AX/EAX do paméti na (efektivni) adresu moffs.

___________________________________________________________________________________________________________________________________________

MOV AL, [0x11223344] A@ 44 33 22 11 | 10100000 01000100 00110011 00100010 00010001
MOV AX,[p1] 66 Al pl 91100110 10100001 pl(d32)
MOV EAX, [0x99AABBCC] |Al CC BB AA 99 | 10100001 11001100 10111011 10101016 10011001

MOV [©x11223344],AL A2 44 33 22 11 10100010 01000100 00110011 00100010 00O10001
MOV [p2],AX 66 A3 p2 01100110 10100011 p2(d32)
MOV [Bx99AABBCC],EAX A3 CC BB AA 99 10100011 110011060 101116011 10101010 10011001
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MOV? ,1mm

MOVZ r/m, imm
Instrukce .Kéfj ‘. prefix opcode ModR/M SIB imm

(32bitovy rezim)

MOV , imm8 BO+rb --- 10110 -- --- - imm8
MOV ,imml6 66 B8+rw 01100110 | 10111 -- --- - immlé
MOV ,1imm32 B8+rd --- 10111 -- --- - imm32
MOV r/m8,imm8 C6 /0 --- 11000110 |mod r/m8 ? imm8
MOV r/ml6,imml6 66 C7 /0 01100110 | 11000111 |mod r/mle| ? immlé6
MOV r/m32,imm32 C7 /o --- 11000111 |mod r/m32( °? imm32
1) =imm ... zkopiruje konstantu imm do 2) r/m =imm ... zkopiruje konstantu imm do registru
| registru ' nebo do paméti r/m.
MOV ,-1 BO FF 10110 11111111
MOV ,0x1122 66 B9 22 11 01100110 10111 00100010 00010001
MOV ,0x11223344 B8 44 33 22 11 10111 01000100 00110011 00100010 00010001
MOV EAX,0x11223344 C7 44332211 11000111 11 000 (44 33 22 11),
MOV [EAX],byte Ox12 C6 00 12 11000110 00 000 00010010
MOV [EBP+ES1* 47, byteox12 |Ce 44 75 12 11000110 01000100 101 00010010
MOV [EDI+ *2+0OxXFFEEDDCC],dword ©x11223344

C7 84 F7 CC DD EE FF 44 33 22 11

11000111 10000100, _ 111 11001100 11011161 11101110 11111111 61001000 00116011 00100010 00010001
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MOV — pFI’kIady (hodnoty jsou uvedeny hexadecimalné) adresa adr | mem[adr]

OxXFFFFFFFF | 67 | 67

EAX = ©00 00 93 19 EAX = 0 00 93 19
ECX = 10 20 F7 1C p2 = 00 00 10 00 OXPPFFFFFE | ©6 | 96
OXFFFFFFFD | 65 | 65
MOV EAX, ECX byte [p2+3] = 64 OXFFFFFFFC | 64 | 64
EAX = 10 20 F7 1C MOV [p2+3],AH
ESP = 84 21 @7 BB byte [p2+3] = 93 p2 + 3 | 0x00001003 | 64 | 93
EDX = 10 20 F7 1C p2 + 2 | ©x00001002 | FF | FF
MOV SP,DX EAX = 006 080 93 19 | p> . 1 | oxeeee1001 | 66 | 93
ESP = 84 21 F7 1C p2 = ©0 00 10 00 p2 0x00001000 | 65 | 19
word [p2] = 00 00 66 65
EEX = 31 (8 Fr B MOV [p2],AX pl + 3 | 0x00000103 | FF | 00
EDX = 00 0o gy 81 word [p2] = 60 @0 93 19 | p1 + 2 | 0x00000102 | FF | 0@
MOV BL,DH pl + 1 | oxeee0e101 | FF | @5
EBX = 31 C8 FF 1E gy - oo oo ol oo | pl | oxeceoeelce | FF | ee
EAX = 00 00 93 19 EAX = @0 00 05 00
ECX = 18 20 F7 1C dword [p1] = FFFFFFFF Ox00000003 | 45 | 4>
MOV AH, CL MOV [EBX],EAX 0x00000002 | 2> | 2

0x00000001 FF FF

EAX = 00 00 1C 19 dword [p1] = 00 00 05 00

0x00000000 12 12
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MOV dst, src

(Move Source to Destination)

1. MOV ,
2. MOV ,mem
3. MOV mem,
4. MOV ,imm
5. MOV mem, imm
6. MOV ,
7. MOV , ( = CS)
Oba operandy musi mit stejnou velikost (8, 16, nebo 32 bitl), kromé
pripadu presunu segmentového registru (€. 6 a 7).

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}

€ {AL,BL,CL,DL,AH,BH,CH,DH},

€ {EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP},
, mem = pamét, imm = pfimy operand (konstanta)

= U

€ {AX,BX,CX,DX,SI,DI,BP,SP}
€ {CS,DS,ES, FS,GS,SS}
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MOVZX, MOVSX
prenosove instrukce
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Znameénkové rozsireni x rozsireni nulami
(Sign Extension x Zero Extension)

Zero Extend 0001 1001 -> 00O PP 01 1001

8b->16Db 25 -> 25

Zero Extend 1101 1011 0101 1001 -> 0000 00O 0PV 0O 1101 1011 0101 1001
16 b->32b 56 153 -> 56 153

Zero Extend 1111 1111 -> 0000 e 1111 1111

8b->16b -1 (255) -> 255

Sign Extend 0011 1001 -> 00O 0O 0011 1001

8b->16b +57 -> +57

Sign Extend |1101 1011 0101 1001 -> 1111 1111 1111 1111 1101 1011 90101 1001
16 b->32b -9 383 -> -9 383

Sign Extend 1111 1111 ->» 1111 1111 1111 1111

8b->16b -1 -> -1

Sign Extend |0000 0001 0101 0001 -> 0000 00O 00O 0V V0V 001 0101 0001
16 b->32b +337 -> +337
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MOVZX dst,src oo g

| MOVZX dst,src

(Move with zero-extend) ' dst = ZeroExtend(src)
1. MOVZX , EDX = 10 DF 95 @5 EDX = 1@ DF 95 85
2. MOVZX EAX = FA 35 11 FF EAX = FA 35 11 FF
* J
MOVZX AX,DL MOVZX EAX,DL
3. MOVZX ,mems EDX = 10 DF 95 ©5 EDX = 10 DF 95 85
4. MOVZX ,ymeml6 EAX = FA 35 00 ©5 EAX = 00 00 00 85
MOVSX dSt, SIrc EMOVSX dst,src
(Move with sign-extension) | dst = SignExtend(src)
1. MOVSX , EDX = 10 DF 95 @5 EDX = 10 DF 95 85
EAX = FA 35 11 FF EAX = FA 35 11 FF
2. MOVSX s
MOVSX AX,DL MOVSX EAX,DL
3. MOVSX ,MeM8 | eow - 10 DF 95 05 EDX = 10 DF 95 85
4. MOVSX ,meml6 EAX = FA 35 00 05 EAX = FF FF FF 85

€ {AL,BL,CL,DL,AH,BH,CH,DH}, € {AX,BX,CX,DX,SI,DI,BP,SP}
€ {EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pamét
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ADD, SUB
ADC, SBB
aritmetickeé instrukce

méni pfiznaky: | OF | SF | ZF | AF | CF | PF
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ADD dst,src (Add)
ADC dst,src (Add with carry)
SUB dst,src (Subtract)

SBB dst, src (Integer subtraction with borrow)

Oba operandy musi mit stejnou
velikost (8, 16, nebo 32 bitl),
kromé pripadu €. 6, kdy je
8bitova konstanta prislusné

1. ADD/ADC/SUB/SBB ,

2. ADD/ADC/SUB/SBB ,mem
3. ADD/ADC/SUB/SBB mem,

4. ADD/ADC/SUB/SBB ,imm
5. ADD/ADC/SUB/SBB mem, imm
6. ADD/ADC/SUB/SBB

znameénkove rozsSirena na 16
nebo 32 bitd.

Méni priznaky OF, SF, ZF, AF, PF a
CF podle vysledku instrukce.

——————————————————————————————————————————————————————————————————

dst,src
= dst + SignExtend(src);

——————————————————————————————————————————————————————————————————

dst,src
= dst + SignExtend(src) + CF;

__________________________________________________________________

_________________________________________________________________

__________________________________________________________________

ESBB dst,src
' dst = dst - SignExtend(src) - CF;

_________________________________________________________________

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}

€ {AX,BX,CX,DX,SI,DI,BP,SP},

€ {EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pameét, imm = pfimy operand (konstanta)
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Pfiklady pouziti instrukci ADD (podobné pro ADC, SUB, SBB):

AL = 0010 1101 45 +45 ©Ox2D!

ADD AL, ©x45 04 45

0000 1101 100 +100 @x@Dé

ADD AX, -1 66 05 FF FF o _[OF ez [ AF [ pFcF
B ? ? p) p) ? > i

ADD BL .. atd. : s ' SR
ADD [pi] ADD AL,100 :
’ AL = 1001 0001 145 -111 Ox91!

ADD CX : ;
ADD : (p2] FLAGS - OlF le ZeF AlF P@F C@F
ADD ,ESI ;:::::::::::::::::::::::.::::@:ﬁ@::::;:::::::::@:::::::::::::::::::::::::.::::ﬁ:::.g:;::;
. AL = 10 1101 45  +45 OX2D

ﬁgg IEA);i -2000 . CL= 11111111 255 -1 exFFg
ADD [51] " byte 8 Rl = S T
> H H H H H Y

ADD byte [pl],8 § ADD AL,CL ;
ADD word [p2], -798 . AL = 0010 1100 44  +44 OX2C
ADD dword [p3], -1 flas . OF | SF_ZF AF PF  CF
o e 6 |6 1. 6@ .1.;
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AL = 0011 1001 57  +57 0x39 @ 0 1 1 1 e o 1
BL = 0000 1101 13  +13  0@xeD ® © © o 1 1 o 1
OF SF ZF AF  PF CF
FLAGS =
? ? ? ? ? ?
ADD AL,BL
AL = 0100 0110 70 +70 ©Ox50
OF SF ZF AF  PF CF
FLAGS =
© @ © 1 o o
AL = 0011 1801 57  +57 ©@x39 @ o 1 1 1 e o 1
BL = 0000 1101 13  +13  0@xeD ® © © o 1 1 o 1
OF SF ZF AF  PF CF 1
FLAGS =
? ? ? ? > 1
ADC AL,BL

AL = 0100 0111 71 +71 0x47

OF SF ZF AF  PF CF
© © o 1 e | o

FLAGS =
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AL = 0111 1010 122 +122 Ox7A @ 1 1 1 1 e 1 o
BL = 0100 1101 77  +77 @x4D ® 1 o © 1 1 o
OF SF ZF  AF  PF CF
FLAGS =
? ? ? ? ? ?
ADD AL,BL
AL = 1100 0111 199 | -57 | @xC7
OF SF ZF AF PF CF
FLAGS =
1 /1 e 1 o @
AL = 1111 1111 255 -1  OxFF @ o 1 1 1 e o 1
BL = 1111 1101 253 -3 OxFD ® © 0 © 1 1 o 1
OF SF ZF  AF  PF CF 1
FLAGS =
? ? ? ? ? ?
ADD AL,BL
AL = 1111 1100 = 252 -4 BxFC
OF SF ZF  AF PF  CF
FLAGS =
e 1 e 1 1 | 1
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AL = 1111 1111 255 -1  OxFF 1 1 1 1 1 1 1 1
BL = 0000 0001 1 +1  exe1 ® © 0 © © ©o o 1
OF SF ZF  AF  PF CF
FLAGS =
? ? ? ? ? ?
ADD AL,BL
AL = 0000 0000 0 © 0x00
OF SF ZF AF  PF  CF
FLAGS =
e e 1 1 1| 1
AL =
BL =
OF SF ZF AF  PF CF
FLAGS =
? ? ? ? ? ?
ADD AL,BL
AL =

OF SF ZF AF  PF CF

FLAGS =




25 /50 H

AL = 0011 1801 57  +57 @x39 @ 0 1 1 1 e o 1
BL = 0000 1101 13  +13  0@xeD ® © 0 © 1 1 o 1
OF SF ZF AF  PF CF
FLAGS =
? ? ? ? ? ?
SUB AL,BL
AL = 0010 1100 44  +44 0x2C
OF SF ZF @ AF PF CF
FLAGS =
© @ © 1 o o
AL = 0011 1801 57 457 @x2D @ o 1 1 1 e o 1
BL = 0000 1101 13  +13  0@xeD ® © 0 © 1 1 o 1
OF SF ZF @ AF  PF CF 1
FLAGS =
? ? ? ? > 1
SBB AL,BL

AL = 0010 1011 43 +43 Ox2B

OF SF ZF AF  PF CF
e © o 1 1 e

FLAGS =
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AL = 0111 1010 122 +122 Ox7A ® 1 1 1 1 e 1 o
BL = 1011 @011 179 -77 ©0xB3 1 © 1 1 o o 1
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
SUB AL,BL
AL = 1100 0111 | 199 | -57 | @xC7
OF SF  ZF | AF PF  CF
FLAGS =
1 /1 e © o 1
AL = 0000 0001 1 +1  oxe1l © 0 © © © o o 1
BL = 0000 0001 1 +1  exel © © © © © © o 1
OF SF ZF AF  PF CF
FLAGS =
? ? ? ? ? ?
SUB AL,BL
AL = 0000 0000 0 © 0x00
OF SF ZF AF PF CF
FLAGS =
e © 1 o 1 0
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MUL, IMUL
aritmeticke instrukce

meéni priznaky: | OF CF
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MUL src (Unsigned multiply)

IMUL src (Signed multiply)

IMUL dst,src (Signed multiply)

IMUL dst,srcl,src2 (Signed multiply)

1. IMUL/MUL ... vysledek v AX/DX:AX/EDX:EAX
2. IMUL/MUL mem
3. IMUL ,meml6/32 .. vysledek v cilovém registru
4. IMUL ,regle/32
5. IMUL ,meml6/32,imm8
6. IMUL ,regl6/32,imml6/32
MU smem ... NELZE V pripadech €. 3, 4 a 6 musi mit
8 TMUL/MUL simm ... NELZE | operandy stejnou velikost (16 nebo 32
bitd), v pfipadé €. 5 je 8bitova

€ konstanta prislusné znaménkovée
{AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP, rozsifena na 16 nebo 32 bitu.
SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}

€ {AX,BX,CX,DX,SI,DI,BP,SP} Meéni priznaky OF a CF podle vysledku

€ {EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP} instrukce, ostatni priznaky maji
mem = pamét, imm = pfimy operand (konstanta) .

nedefinovanou hodnotu.
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MUL/IMUL src

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

. MUL src . 1 IMUL src

i if (sizeof(src) == 8) { i iif (sizeof(src) == 8) {

| AX = AL*src; .1 AX = AL*src;

i } else if (sizeof(src) == 16) { I

: DX:AX = AX*src; i i} else if (sizeof(src) == 16) {

'} else { || DX:AX = AX*src;

| EDX:EAX = EAX*src;

) 1} else {

| //SF, ZF, AF, PF = ? i i EDX:EAX = EAX*src; flag = EDX;
)

IMUL dst,src CF S OF = lag; //SF, 7E, AR, PF =7
IMUL dst,srcl,src2

' IMUL dst,src | IMUL dst,srcl,src2
' dst = dst*src; i idst = srcl*SignExtend(src2);
i tmp = dst*src; i itmp = srcl* SignExtend(src2);
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MUL,IMUL - priklady

MUL BL .. AX =AL*BL
MUL CX ..  DX:AX =AX*CX
MUL EDI .. EDX:EAX=EAX*EDI
MUL byte [pB] .. AX=AL*BL
MUL word [pW] .. DX:AX=AX*CX

analogicky pro IMUL,

IMUL BLCE .. NELZE

IMUL CX, [pW] .. CX = CX*m16[pW]
IMUL ECX,EAX .. ECX = ECX*EAX
IMUL ECX,EAX,5 .. ECX = EAX*5

IMUL EDI,EBX,-10 .. EDI = EBX*-10
IMUL BX,AX,17 .. BX = AX*17

IMUL ECX,dword [pD],7 .. ECX =[pD]*7
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AX = 22?2 ???? 0001 0100 AL = 20
BX = ???? ???? 0000 0101 BL = 5
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
MUL BL (IMUL BL)
AX = |0000 0000 0110 0100 AX = 100
OF SF ZF AF PF CF
FLAGS =
0 ? ? ? ? %)
AX ? ? ? © 6 6.1 0 1 0 0
BX ? ? ? © 06 0.0 06 1 o0 1
AX © 1 1 06 0 1 o0 0
SignExtendl6(AL) © 1 1 0o 06 1 o o
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AX = ???? ???? 0001 1011 AL = 27
BX = ???? ???? 0000 0101 BL= 5
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
MUL BL
AX = |0000 0000 1000 0111 135 (AL = 135)
OF SF ZF AF PF CF
FLAGS =
0 ? ? ? ? 0
_H L
AX PP 2 R %) 1
BX P2 B T - T B T R T B T 9 1

AX © 6 06 06 0 0 0. 0.1 6 06 06 06 1 1 1
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AX = 22?2 ???? @@0l 1011 AL = 27
BX = ???? ???? 0000 @101 BL = 5
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
IMUL BL
AX = 0000 0000 1000 0111 135 (AL = -121)
OF SF ZF AF PF CF
FLAGS =
1 ? ? ? ? 1
_H L
AX P2 0?2 2?2 2?2 2?2 2?2 2?2 0 ©0 06 1 1 0 11
BX P2 2.2 2?2 2?2 2?2 ? ©0 © ©0 0 0 1 o0 1
AX O 6. 6 06 0.0 06 06 1 06 © 0 0 1 1 1
SignExtend16(AL) 1 06 @ 0 0 1 1 1
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AX = 22?2 ???? 1111 1011 AL = 251
BX = ???? ???? 0000 0101 BL= 5
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
MUL BL
AX = |0000 01001110 0111 1255 (AL = 231)
OF SF ZF AF PF CF
FLAGS =
1 ? ? ? ? 1
_H L
AX 2?2 2?2 2?2 2?2 2 2 2?2 1 11 1 1 0:1:1
BX 2 2?2 2 2?2 2?2 ?2.? O 0 0 0 1

AX © . 6 6 6 6 1 6 6 1 1 1 06 06:1 1 1
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AX = ??2?? ???? 1111 1011 AL = -5
BX = ???? ???? 0000 0101 BL = 5
OF SF ZF AF PF CF
FLAGS =
? ? ? ? ? ?
IMUL BL
AX = 1111 1111 1110 @111 -25 (AL = -25)
OF SF ZF AF PF CF
FLAGS =
0 ? ? ? ? 0
AX ? ? ? 2?2 2?2 1 1 1. 1 1 o0 1 1
BX ? ? ? 2. ? ? O © © 0 0 1 o0 1
AX 1 1 11 1 1 1.1 1 0 0 1 1 1
SignExtend16(AL) @ 1 1 11 1 1 1.1 1 0 0 1 1 1
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DIV, IDIV
aritmeticke instrukce

(ne?)méni priznaky:
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IDIV/DIV SPC e |
if (src == @) throw(#DE);

1. IDIV/DIV if (sizeof(src) == 8) {

2. IDIV/DIV mem

tmp = AX / src;
if (tmp > OxFF) throw(#DE); else {
... podil v AL/AX/EAX a zbytek v
AH/DX/EDX

if (tmp > Ox7F || tmp < 0x80) throw(#DE); else {
AL = tmp; AH = AX % src;
}
} else if (sizeof(src) == 16) {
tmp = (DX:AX) / src;
if (tmp > OXFFFF) throw(#DE); else {
if (tmp > Ox7FFF || tmp < 0x8000) throw(#DE); else {
AX = tmp; DX = DX:AX % src;

Hodnoty priznak( nejsou definovany. Pri
déleni nulou nebo v pfipadé, kdy se podil
,hevejde” do cilového registru, je
generovana vyjimka ,,Divide Error” (#DE).

}
(I)DIV BL .. AL=AX/BL } else {
AH=AX%BL tmp = (EDX:EAX) / src;
(I)DIV CX .. AX=(DX:AX)/CX if (tmp > OXFFFFFFFF) throw(#DE); else {
DX=(DX: AX)%CX if(tmp>@x7FFFFFFF | | tmp<0x80000000) throw(#DE);else {
(I)DIV EDI .. EAX=(EDX:EAX)/EDI EAX = tmp; EDX = EDX:EAX % src;

EDX=(EDX: EAX)%EDI
(I)DIV byte [pB] .. AL=AX/[pB]

AH=AX%[pB] € {AL, BL, CL, DL, AH, BH, CH, DH, AX, BX, CX,
(I)DIV word [pW] .. AX=(DX:AX)/[pW] DX, SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
DX=(DX:AX)%[ pW] mem = pamét
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Pripomenuti — podil a zbytek

U celocCiselného déleni Cisel se znaménkem se podil a zbytek
vyhodnocuji takto:

a b d=a/bm=a%b
114 5 22 4
-114 5 -22 -4
114 -5 -22 4
-114 -5 22 -4

Plati: a=d*b+m



AX = 0000 0011 1001 0101 AX = 917

BL = 0000 1010 BL = 10

DIV BL (IDIV BL)

AL = 0101 1011  podil: AL = 91

AH = 0000 0111  zbytek: AH = 7

AX = 1111 1111 0000 1010 AX = -250

BL = 0110 0100 BL = 100
IDIV BL

AL = 1111 1110  podil: AL = -2

AH = 1101 00160 zbytek: AH = -50



AX = 0000 0011 1001 0101 AX = 917

BL = 0000 0000 BL
| ,Divide Error" (#DE) |

I
QY]

DIV CL (IDIV CL)

AL = PP ?22? podil: AL = ?
AH = PP ?22? zbytek: AH = ?
AX = 1111 1111 0000 1010 AX = 65 290
BL = 0110 0100 BL = 100
DIV BL »Divide Error” (#DE) |
tmp = 0010 1000 1100 = 652 > 255 (OXFF)
AL = PP ?22? podil: AL = ?

l
v

AH = pPP? P222? zbytek: AH



N ———————,,
CBW, CWDE, CWD, CDQ

prenosove aritmetické instrukce

| CBW ;; CWD
| AX = SignExtend(AL) ..8b->16b | DX:AX = SignExtend(AX) ..16b->2x16b
CWDE ' CDQ
EAX = SignExtend(AX) ..16b->32b EDX:EAX = SignExtend(EAX) ..32b->2x32b
EAX = FA 35 11 FF EDX = 10 DF 95 060 EDX = 10 DF 95 00

CBW EAX = FA 35 11 FF EAX = FA 35 81 FF
EAX = FA 35 FF FF CWD CWD

EDX = 10 DF 060 090 EDX = 10 DF FF FF

EAX = FA 35 11 FF
CWDE
EAX = 00 00 11 FF

EAX = FA 35 11 FF EAX = FA 35 81 FF

EDX = 10 DF 95 00 EDX = 10 DF 95 00

EAX = FA 35 11 FF EAX = ©A 35 11 FF
EAX = FA 35 F1 FF CDQ CDQ

CWDE EDX = FF FF FF FF EDX = 00 00 00 00
EAX = FF FF F1 FF EAX = FA 35 11 FF EAX = ©A 35 11 FF



20
INC, DEC, NEG

aritmetickeé instrukce

1. INC/DEC/NEG —

meéni priznaky: | OF | SF | ZF | AF | CF | PF
2. INC/DEC/NEG mem
INC dst | INC BL DEC BL
, dst = dst + 1; |
' CF se neméni, ostatni dle vysledku | INC CX DEC CX
| INC EDI DEC EDI
 DEC dst | INC byte [pB]
idst = dst - 1; ; INC q W
ECF se neméni, ostatni dle vysledku wor [p ]
T NEGEAX
. NEG dst '| NEG dword [pD]
 dst = -dst; | NEG CH
' CF = (dst != 0); ostatni dle vysledku

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pamét



B0
XCHG

prenosova instrukce

________________________________

1. XCHG , . XCHG dst,src
' tmp = dst;
2. XCHG ,mem | -F
idst = Src;
3. XCHG mem, src = tmp;
Oba operandy musi | EPX = 1@ DF 95 85 EDX = 1@ DF 95 @5
mit stejnou velikost EAX = FA 35 11 FF EAX = FA 35 11 FF
p o XCHG EAX, EDX XCHG AL,DL
(8, 16, nebo 32 bitd). CHG EAX, CHG AL,
EDX = FA 35 11 FF EDX = 10 DF 95 FF
XCHG EAX,ECX EAX = 10 DF 95 85 EAX = FA 35 00 05
XCHG BX,AX
XCHG [EBP-8],EDX
XCHG BL,DH

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pamét
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AND, OR, XOR
logické instrukce

méni priznaky: | OF | SF | ZF CF | PF
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AND dst,src (Logical AND)
OR dst,src (Logical inclusive OR)
XOR dst,src (Logical exclusive OR)

Oba operandy musi mit stejnou
velikost (8, 16, nebo 32 bitu).

1. AND/OR/XOR , Nastavuje OF=CF=0, pfiznaky ZF,
2. AND/OR/XOR , mem SF a PF nastavi podle vysledku
3. AND/OR/XOR mem instrukce a priznak AF neni
. ) L,
. definovan.
4. AND/OR/XOR , 1mm
5. AND/OR/XOR mem, imm
AND dst,s,c AND | OR | XOR
' dst = dst & src; |
If_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_', 0 0 0 0 0
EOR dst,src 1o 1 0 1 1
. dst = dst | src; |
I 1 | g 0 1 1
EXOR dst,src .
' dst = dst ~ src; 1] 1 1 1 0

_________________________________________________________________

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pameét, imm = pfimy operand (konstanta)



e,
NOT

logicka instrukce

1. NOT PR
neméni pfizna

2. NOT mem aal/

NOTdst  i|NOT EAX

' dst = ~dst; /| NOT dword [pD]

' neméni priznaky '| NOT CH

____________________________________________________________________

€ {AL,BL,CL,DL,AH,BH,CH,DH,AX,BX,CX,DX,SI,DI,BP,SP,EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}
mem = pamét
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TEST
logicka instrukce

meéni priznaky: | OF | SF | ZF CF | PF
1. TEST  TEST srcl,src2
2. TEST ,m m itmp = srcl & src2;

’ » ME . - nastavi priznaky EFLAGS podle
3. TEST mem, . vysledku ,,tmp“
4. TEST , imm - neméni obsah registri
5. TEST mem, imm Oba operandy musi mit stejnou
velikost (8, 16, nebo 32 bitd).

TEST AL,5 Nastavuje OF=CF=0, pfiznaky ZF, SF a
TEST BL,CL PF nastavi podle vysledku instrukce a
TEST AX,[p1] pfiznak AF neni definovan.

TEST EAX, EDX
TEST [p2],byte 10
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CMP
aritmeticka instrukce

meéni pfiznaky: | OF | SF | ZF | AF | CF | PF

1. CMP ] CMP srcl,src2
itmp = srcl - SignExtend(src2);

2. CMP > MEM . - nastavi priznaky EFLAGS podle

3. CMP mem, vysledku ,,tmp*

4. CMP reg,imm 7.Neméni obsah registrt

5. CMP mem, 1mm , Oba operandy musi mit stejnou

6. CMP , 1mm3 velikost (8, 16, nebo 32 bitl), kromé

CMP AL .S pripadu C. 6, kdy je 8bitova konstanta

CMP BL,CL prislusné znaménkove rozsirena na 16

MP AX, [p1] nebo 32 bitd.

J
CMP EAX, EDX Méni priznaky OF, SF, ZF, AF, PF a CF
CMP [p2],byte 10 podle vysledku instrukce.




