5. Architektura procesoru — posuny a rotace,
predavani rizeni
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JMP
instrukce predavani rizeni
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JMP (nepodminény skok — jump)

e skok uvnitr jednoho (kddového) segmentu (méni se pouze EIP):
= kratky (short jump) = skok do vzdalenosti <-128; 127> byt
= blizky (near jump) = skok v ramci aktualniho segment (64 KiB)
e skok do jiného (kddového) segmentu (meéni se CS a EIP):
= vzdaleny (far jump)
* skok dale muze byt
= primy (direct) x neprimy (indirect)

1. JMP rel ... relativni, primy, kratky

2. JMP ofs ... absolutni, pfimy, blizky

3. JMP reg ... absolutni, neprimy, blizky

4. JMP [mem] ... absolutni, neprimy, blizky/vzdaleny

5. JMP seg:ofs .. absolutni, pfimy, vzdaleny
(IMP short/near rel | |IMP near ofs/reg/[mem] | | IMP far seg:ofs/[mem]
' EIP += rel; . | EIP = ofs/reg/[mem]; i §CS = seg/[mem+4];

_______________________________________________________________________________

EIP = ofs/[mem];

_________________________________________
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Jcc, CMOVcc
podminéné instrukce
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Podminéné instrukce (Conditional Instructions)
e Podminku oznadujeme cc, negace podminky = pfidame pismenko N (Ncc) = not cc

e Vykonani instrukce je podminéno splnénim dané podminky (cc)

e Podminka = nastaveni priznaku (C, S, ...) nebo kombinace priznaku (A, G, ...)
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Jcc
instrukce predavani rizeni

« Podminény skok (conditional jump) se provede pouze v pripadé,
ze je splnéna podminka cc
e Pouze relativni, pfimé, blizké skoky (relative, direct, near)

______________________________________

iJcc rel
1. Jcc ‘ if (cc) EIP += rel; |
 Nazev instrukce Ize popsat takto:
Joxiz, ) ,JUN |E|(A|B| G| L)E]
= J ... Jump

nebo ... ((E)CX==0)? nebo

= volitelné: N ... Not (= negace podminky), podminka: pfiznak nebo
rdzné kombinace porovnani znaménkovych/bezznaménkovych cisel
priznaky:
porovnani Cisel bez znaménka: E, A, B, AE, BE
porovnani Cisel se znaménkem: E, G, L, GE, LE

cc € {C,2,5,0,P,PO,PE,NC,NZ,NS,NO,E,NE,A,NA,B,NB,G,NG,L,NL,AE,NAE,GE,NGE,BE,NBE,LE,NLE}
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CMOVcc
podminéna prenosova instrukce

1. CMOVcc s

2. CMOVcc ,mem

_cMovee dst,src || CMOVAE AX,BX
if (cc) dst = src; 1| CMOVNZ EBX, ECX

Oba operandy musi mit stejnou velikost| | CMOVPO AX, [p1]
(16, nebo 32 bitl). CMOVEEAXS2

* Nazev instrukce Ize popsat podobné jako u Jcc:
CMOV N |E|(A|B]| G| L)E]

€ {AX,BX,CX,DX,SI,DI,BP,SP}, € {EAX,EBX,ECX,EDX,ESI,EDI,ESP,EBP}, mem = pamét
cc € {C,2,5,0,P,PO,PE,NC,NZ,NS,NO,E,NE,A,NA,B,NB,G,NG,L,NL,AE,NAE,GE,NGE,BE,NBE,LE,NLE}
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LOOPcc

instrukce predavani rizeni

 Podminény skok, ktery se provede pouze v pripade, ze je splnéna
podminka ECX # 0 = cyklus FOR pro dany pocet opakovani
* Pouze relativni, pfimé, kratké skoky (relative, direct, short)

____________________________________________________________

' LOOPcc rel8
' if (ECX != © && cc) EIP += re18;§

 Nazev instrukce Ize popsat takto:
LOOP N E
s LOOP ... skoCi <@ ECX =0
o= LOOPE ... skoCi < ECX =0 && ZF ==
o LOOPNE ... skoCi <& ECX =0 && ZF ==
e Priznak ZF v podminéné instrukci LOOPcc mUze byt nastaven

nékterou z instrukci, ktera méni priznaky (napriklad CMP)
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Pouziti LOOP (cyklus s danym poctem opakovani)

- int EAX = @, ECX; |
MOV ECX, 10 . for (ECX = 10; ECX != @; ECX--) EAX++;
MOV EAX, 0 ; nebo '
' do { EAX++; } while (--ECX != @); i
{int EAX = 5, ECX = 10; '
MOV ECX,10 ' do {
MOV EAX,5 EAX--;
ptr2: ' } while (--ECX != @ &% EAX != 0);
SUB EAX,1
LOOPNE ptr2
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Jak nastavit priznaky? (1.)

e |nstrukcemi CMP a TEST
e DalSimi aritmetickymi instrukcemi
e Instrukcemi pro ovladani priznakl: STD, STC, CLC, CLD, CMC, LAHF, SAHF

STC, STC, CLC, CLD, CMC
instrukce ovladani priznaku

_____________________________________
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Jak nastavit priznaky? (2.)

LAHF, SAHF
instrukce ovladani priznaku

. LAHF (Load FLAGS into AH register) ! |SAHF (Store AH into FLAGS register)
' AH = SF:ZF:0:AF:0:PF:1:CF; . | SF:ZF:@:AF:0:PF:1:CF = AH; '

e Zmeéna priznaku:
nahrajeme FLAGS do AH
= zménime AH
= ulozime AH do FLAGS

e Napfriklad zména (vynulovani) priznaku SF (bit 7 ~ 27 = 128):

LAHF

AND AH,Ox7F
SAHF

JS ptr2

ptr2:
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Jak nastavit priznaky? (3.)

e Rozdil dvou cCisel: CMP

= CMP srcl,src2 ... nastavi priznaky, jakoby doslo k vypoctu rozdilu srcl — src2
= na zdkladé vysledku mizeme [ne]provést podminénou instrukci

' int EAX = 10, EBX = 5;

MOV EAX,160 | if (EAX != EBX) { .délej néco.. } i
MOV EBX,5 e

CMP EAX, EBX

JZ ptrl

..délej néco..
ptrl:

e Logicky soucin dvou Cisel: TEST

= TEST srcl,src2 ... nastavi priznaky, jakoby doslo k vypoctu logického soudinu srcl & src2
= na zakladé vysledku mGzZzeme [ne]provést podminénou instrukci

int EAX = ex83;
MOV EAX,0x83  if ((EAX & 2) == @) { ..délej néco. }
TEST EAX,0x02

INZ ptr2
..délej néco..

ptr2:
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SHL, SAL, SHR, SAR
instrukce posuvu a rotaci

méni priznaky: | OF | SF | ZF CF | PF




14/ 35 H

SHL dst,src (Shift Logical Left)
SAL dst,src (Shift Arithmetic Left)
SHR dst,src (Shift Logical Right)
SAR dst,src (Shift Arithmetic Right)

1. SHL/SAL/SHR/SAR ,CL
2. SHL/SAL/SHR/SAR (,imm8)
3. SHL/SAL/SHR/SAR mem,CL
4. SHL/SAL/SHR/SAR mem(,imm8)

____________________________________________________________________

 SHL/SAL dst, src | Pfiznaky ZF, SF a PF nastavi podle
(dst = dst * (2°<); | vyysledku instrukce a pFiznak AF
SHRdSt,S,.C neni definovan.
i____(::l__s__:_t______?_____E_j__?f____{______g___2;_::__)___:;______________________________________________________________________‘i PFiznak CF ma, hOantu bltu’

' SAR dst,src . | ktery byl posledni posunut ,ven“
' dst = dst / (257°); § z cilového operandu.

€ {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, imm8 = pfimy, 8bitovy operand (konstanta)
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SHL/SAL dst,src

' SHL/SAL dst,src . | SHL/SAL dst,src
 for(int i=0; i < src; i++) { i ifor(int i=0; i < src; i++) {
dst = dst + dst; i | CF = MSB(dst); dst = dst << 1;
O R N Y
dst
CF [ MSB LSB
{ ................................................ { {
SHL dst,1 MSB LSB| ©
CF AX
SHLAX(,1) 2 111 @ @ © 1 1 1 © 9 o0 1 0 1 ®
1 1 o 1 1 0 0 0 0
CF BX
SHL BX,2 ¢ 2 ' ®@ ©6 /1 © © 1 0 1 1 1 ©:1 1 1 1
0 RN 1 1 0 1 1.1 0 o
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SHR dst,src

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

' SHR dst,src ' SHR dst,src
for(int i=0; i < src; i++) { - for(int 1=0; i < src; i++) {
CF = dst % 2; CF = LSB(dst); dst = dst >> 1;
dst = dst / 2; N
Fonan prsenastavidle visledku delent Y
dst
MSB LSB | CF
\ \ ............................................. \
SHR dst,1 O | MSB LSB
AX CF
SHR AX(,1) 1.1 © 6 6 1 1 1 © © © 1 © 1 0 1 °?
0 1 o 1 1 0 o 1 0 1
BX CF
SHR BX, 2 1 61 6. 6.1 06:1.1 1 0 1:1 1 1 0©:°?
0 1 0 1 0 1 1 0 1 1 1
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SAR dst,src
'SAR dst,src i | SAR dst,src |
. for(int 1=0; i < src; i++) { for'(lnt i=0; 1 < src; i++) { .
. CF = dst % 2; §§ CF=LSB(dst); s=MSB(dst)*2sizeof(dst); |
dst = dst / 2; i dst = (dst >> 1) + s;
|} //SF ZF PFse nastavidle vysledku déleni i} } //SF,ZF PFsenastavidle visledku
dst
MSB LSB | CF
H \ ............................................. \
SAR dst,1 MSB | MSB LSB
AX CF
SAR AX(,1)|1]1 © 6 ¢ 1 1 1 © © © 1 © 1 0 1 °?
1]1 o 1 1 0 o 1 0 1
BX CF
SAR BX, 2 1 61 6 6 1 ©6 1 1 1 06 1 1:1 1 o0 °?
1 ->/1/1/1/8 1 @ @ 1 © 1 1 1 @ 1 1 1 1
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ROL, ROR, RCL, RCR
instrukce posuvu a rotaci

meéni priznaky: | OF CF
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ROL dst,src (Rotate Left)

ROR dst,src (Rotate Right)

RCL dst,src (Rotate through Carry Left)
RCR dst,src (Rotate through Carry Right)

Priznak CF ma hodnotu bitu,
ktery byl posledni posunut ,ven“
z cilového operandu v prubéhu

rotace.
1. ROL/ROR/RCL/RCR ,CL
2. ROL/ROR/RCL/RCR (,imm8)
3. ROL/ROR/RCL/RCR mem,CL
4. ROL/ROR/RCL/RCR mem(,imm8)
'ROL/ROR dst,src | iRCL/RCR dst,src |
Efor(i=@; i<src; i++) { i Efor(i=@; i<src; i++) {
ROL: tmp = MSB(dst); E . ROL: tmp = MSB(dst);
dst = dst * 2 + tmp; EE dst = dst * 2 + CF;
ROR: tmp = LSB(dst); E ' ROR: tmp = LSB(dst); |
dst = dst / 2 + tmp*2sizeof(dst), EE dst = dst / 2 + CF*2sizeof(dst), E

) | CF = tmp;

_____________________________________________________________________________________________________________________________________
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ROL dst,src

CF | MSB LSB
e,
ROL dst,1 MSB LSB | MSB

CF AX

ROLAX(,1) | 2 /11 @ @ @ 1 1 1 6 6 @ 1 0 1 o 1
1 1 0 1 1 0 0 0 1
cF BX

ROLBX,2  ? |06 6|1 @ @ 1 6 1 1 1 @ 1 1 1 1 ®
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RCL dst,src

‘ dst
CF | MsB LSB
RCL dst,1
CF AX
RCLAX(,b1)| 2 |1 1 @ @ © 1 1 1 © 0 6 1 0 1 o 1
1 1 0 1 1 o 0 0 ?
CF BX
RCLBX,2 | > 0|0 1/e/el1 @ 1/1/1/0/1 1]/1/1 @
5 1 0 o 1 1 0 1 11 0 ?
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ROR dst,src

dst ‘

MSBJ. LSB | CF

............................................. N

ROR dst,1 LSB | MSB 'LsB
AX CF
RORAX(,1) 1 1 @ 8 @ 1 1 1 0 8 @ 1 0 1 o 1 ?
111 o 1 1 0 o 1 0 1
BX CF
RORBX,2 1/ 1 @@ 1 @6 11 1 e 1 1 1 1 0 2
1 1 0 1 0 1 1 0 1 1 1
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RCR dst,src

MSB LSB_ CF
RCR dst,1 CF | MSB }

AX CF
R(RAX(,1) 1 1 @ 6 @ 1 1 1 6 @ 6 1 @ 1 0 1 ?
> 1 o 1 1 0 0 o 1

BX CF

R(RBX,2 1 @ 1 @ 6 1 0 1 11 0 1 1 1 1 08 °?




SHL/SAL

SHR

SAR

ROL

RCL

ROR

RCR
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MOVS, CMPS, SCAS, LODS, STOS
retézoveé instrukce
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Retézové instrukce - princip

« Retézové instrukce pozname podle pismene ,S“ na konci nazvu:
= MOVS, CMPS, SCAS, LODS, STOS, INS, OUTS
Pracuji bud
= pouze s paméti (MOVS, CMPS)
o s paméti a registrem ,,A” (AL, AX, EAX) (SCAS, LODS, STOS)
= se vstupné/vystupnimi porty (INS/OUTS) a registrem ,,A“
Ukazatele na data jsou v registrech DS:ESI a ES:EDI:
= zdrojova data jsou uloZzena na adrese DS:ESI (,,SI“ = Source Index)

= cilova data jsou ulozena na adrese ES:EDI (,,DI“ = Destination Index)
= pozor na SCAS — Cte data z ES:EDI

Instrukce pracuji se slabikami, slovy nebo dvojslovy

(Byte/Word/Doubleword):
= v NASM pozndme podle ptipony B/W/D na konci instrukce

Instrukce automaticky zvysuje/snizuje indexové registry ESI a EDI:
o Fidi se priznakem DF (Direction Flag)
o zvysSuje < DF == 0 (DF nastavime na O instrukci CLD)
o snizuje < DF == 1 (DF nastavime na 1 instrukci STD)



R,
MOVS

retézova instrukce presunova

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

EMOVSB/MOVSN/MOVSD (Move String) E ?g!i? adresa adr | mem[adr]
. switch (sizeof instruction) { : _
case B: type = byte; step = 1; break; i OXFFFFFFFF 67
case W: type = word; step = 2; break;i
. case D: type = dword; step = 4; E 0x00001003 | 64
i } i 0x00001002 FF
idir\ection = (DF)? -1 : 1; ES:EDII 0x00001001 66
i tmpSrc = (type) DS:[ESI]; i ES:EDI 0x00001000 65 01
E(type) ES:[EDI] = tmpSrc; i
| ESI += step*direction; | 0X00000103 | 22
| EDI += step*direction; 0x00000102 | 33
______________________________________________________________________ DS:ESI 4| 0x00000101 | 10
Nemeni priznaky. DS:ESII 0x00000100 | O1
Méni hodnotu registrl ESI a EDI a hodnotu
Vv paméti. 0x00000001 FF
0x00000000 12




EEE——————————,
CMPS

retezova instrukce aritmeticka

ECMPSB/CMPSN/CMPSD (Compare Strings) E (gti; adresa adr | [adr] FLAGS
. switch (sizeof instruction) { | _
case B: type = byte; step = 1; break; E OXFFFFFFFF 67
case W: type = word; step = 2; break; |
. case D: type = dword; step = 4; E 0x00001003 | 64
) Ox00001002 | FF
idipection = (DF)? -1 : 1; E ES:EDI1‘0x69001001 66
| tmpSrc = (type) DS:[ESI]; i ES:EDI | 0x00001000 | 65— 1 - Px65
Etmstt = (type) ES:[EDI]; i f ZF=0
' ESI += step*direction; 0x00000103 | 22 || CF-1
E EDI += step*direction; E 0x00000102 33 OF=0
| EFLAGS ~ tmpSrc - tmpDst; DS:ESI,| 0x00000101 | 10 SF=1
________________________________________________________________________ DS:ESI | 0x00000100 | 01
Meéni priznaky EFLAGS.
0x00000001 FF
Méni hodnotu registrﬁ ESI a EDI. 0Xx00000000 12




N ——————————,,
SCAS

retezova instrukce aritmeticka

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

| SCASB/SCASW/SCASD (Scan String) .| scass
. | DF=1,AL=1

adresa adr | [adr] FLAGS

Eswitch (sizeof instruction) {

case B: type = byte; step = 1; break; | ~OXFFFFFFFF | 67

case W: type = word; step = 2; break; |

. case D: type = dword; step = 4; E 0x00001003__ 64
'} | 0X00001002 ?#x\\‘
idir‘ection = (DF)? -1 : 1; ES:EDI1 0x00001001 66 | 1 —49Xx66
. EFLAGS ~ AL/AX/EAX - (type) ES:[EDI]; ! ES:EDI = | 0x00001000 | 65 ZF=0
EEDI += step*direction; E CF=1
________________________________________________________________________ 0x00000103 | 22 OF=0
v s v 0x00000102 33 SF=1
Méni pfiznaky EFLAGS. oxoovosiol | 1o
Méni hodnotu registru EDI. 0x00000100 | 01

0x00000001 FF
0Xx00000000 12
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LODS

retézova instrukce presunova

LODSB/LODSW/LODSD (Load String) LDC::D_SQB adresa adr | mem[adr]
. switch (sizeof instruction) { | _

case B: type = byte; step = 1; break; E OXFFFFFFFF 67

case W: type = word; step = 2; break;i
. case D: type = dword; step = 4; ; 0x00001003 | 64
) 0x00001002 | FF
Edirection = (DF)? -1 : 1; E 0x00001001 | 66
| AL/AX/EAX = (type) DS:[ESI]; ; 0x00001000 | 65

EESI += step*direction;

________________________________________________________________________

0x00000103 | 22
Nemeéni priznaky. 0x00000102 | 33
DS:EST 4| 0xee000101 | 10
DS:ESII 0x00000100 | @1 | AL=1

Méni hodnotu registru ESI a AL/AX/EAX.

0x00000001 FF
0Xx00000000 12
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STOS

retézova instrukce presunova

iSTOSB/STOSN/STOSD (Store String) E DFE:Diifl adresa adr | mem[adr]
. switch (sizeof instruction) { | ) T
case B: type = byte; step = 1; break; i OXFFFFFFFF 67
case W: type = word; step = 2; break;i
. case D: type = dword; step = 4; § 0x00001003 | 64
i } i 0x00001002 FF
' direction = (DF)? -1 : 1; ES:EDII 0x00001001 | 66
| (type) ES:[EDI] = AL/AX/EAX; ES:EDI 0x00001000 | 65 | 01

EEDI += step*direction;

________________________________________________________________________

0x00000103 | 22
Nemeéni priznaky. 0x00000102 | 33
0x00000101 | 10
0x00000100 | 01

Méni hodnotu registru EDI a hodnotu v
pameéti.

0x00000001 FF
0Xx00000000 12
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Retézové instrukce bez fetézovych instrukci

SEGMENT .data

SEGMENT .text
CLD

stringl DB 11,20,32,55
string2 DB 0,0,0,0

MOV ESI,stringl
MOV EDI,string2

CMP AX,BX

;MOVSB ;CMPSB ;SCASB ; LODSB ;STOSB
MOV AL,[ESI] | MoV AL,[ESI]| Mov AL,32 MOV AL,[ESI] | Mov [EDI],AL
MOV [EDI],AL | MOV AH,[EDI] | MOV AH,[EDI] | INC ESI INC EDI
INC EST INC ESI ADD EDI,1
INC EDI CMP AL, AH
INC EDI CMP AL,AH
s MOVSW ; CMPSW ;SCASD ; LODSW ;STOSD
LODSH MOV AX,[ESI] | MOV EAX, 33 MOV AX,[EST] | MOV [EDI],EAX
S TOSW MOV BX,[EDI] | MOV EBX,[EDI] | ADD ESI,2 ADD EDI,4
ADD ESI,2 ADD EDI,4
ADD EDI,2 CMP EAX, EBX
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REP, REPE, REPZ, REPNE, REPNZ
prefixy retézovych instrukci

—————————————————————————————————————

' REP instruction

Edo {

. instruction;
ECX--; :
'} while (ECX != @) |

' REPE/REPZ/REPNE/REPNZ instruction
do {

: instruction;

. ECX--;

'} while (ECX != @ 8&& ZF == 1)

'} while (ECX != @ && ZF == 0)
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Opakovani retezové instrukce - prefixy

SEGMENT .data
stringl DB 11,20,32,55
string2 DB 11,20,0,0
SEGMENT .text
CLD
MOV ESI,stringl
MOV EDI,string2

MOV ECX,4
;REP MOVSB ;REPE CMPSB ;REPNE SCASB sREP MOVSB - neumozni Upravy
cyklus: cyklus: cyklus: cyklus:

MOV AL, [ESI] MOV AL, [ESI] MOV AL,11 LODSB

MOV [EDI],AL MOV AH, [EDI] MOV AH,[EDI] | .

INC ESI ADD EDI,1 :

INC ESI INC EDI CMP AL, AH <TOSE

INC EDI CMP AL, AH LOOPNE cyklus LOOP cyklus

LOOP cyklus LOOPE cyklus
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Retézové instrukce — k éemu slouzi?

MOVS = kopirovani retézcli v paméti z jednoho mista na druhé (ve spojeni s REP)

CMPS = porovnavani retézcl (ve spojeni s REPE/REPNE)

SCAS = vyhledavani znaku v fetézci (ve spojeni s REPE/REPNE)

LODS+STOSB = kopirovani fetézcu v paméti z jednoho mista na druhé s moznosti modifikace hodnot

SEGMENT .data

. . REP MOVSB REPE CMPSB
stringl DB ,,ahoj“
string2 DB ’a’,’h’,0,0
MOV AL,’h’
SEGMENT .text REPNE SCASB
CLD
MOV ESI,stringl
MOV EDI,string2 cyklus:
MOV ECX,4 LODSB
OR AL,0x20
STOSB
LOOP cyklus




