Analise do

Instruction Set Architecture (2)

Estrutura do tema ISA do 1A-32

2. Acesso a operandos e operagdes
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Analise de uma instrugao de
transferéncia de informagéao

* Transferéncia simples

movl Source, Dest

%eax

* move uma word de 4 bytes (“long”)
* instrucdo mais comum em caodigo de 1A-32

$edx

%ecx

* Tipos de operandos

— imediato: valor constante do tipo inteiro

%ebx

* ex.. $0x400, $-533

%esi

» codificado com 1, 2, ou 4 bytes

%edi

— em registo: um de 8 registos inteiros

sesp

* mas... $esp and %ebp reservados...

» como a constante C, mas com prefixo ‘s’ |
» outros poderao ser usados implicitamente... |

%ebp

— em memoria: 4 bytes consecutivos de memoria
 varios modos de especificar o endereco...
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Acesso a operandos no IA-32:
sua localizagdo e modos de acesso

Localizagao de operandos no I1A-32

—valores de constantes (ou valores imediatos)
* incluidos na instrugéo, i.e., no Reg. Instrugcéao
—variaveis escalares
* sempre que possivel, em registos (inteiros/apont) / fp ; se néo...
* na memoria
—variaveis estruturadas
* sempre na memoria, em células contiguas

Modos de acesso a operandos no I1A-32

—em instrucdes de transferéncia de informacgéo
* instrugdo mais comum: movx , sendo x o tamanho (b, w, 1)
 algumas instrugdes actualizam apontadores (por ex.: push, pop)
—em operagoes aritméticas/logicas
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Andlise da localizagdo dos operandos
na instru¢do movl

Fonte Destino Equivalente em C
s Reg movl $0x4,%eax temp = 0x4;
Imm
Mem movi $-147, (%eax) *p = -147;
Reg movl %eax,%edx temp2 = templ;
movl < Reg

Mem movl %eax, (%edx) *p = temp;

= *p:
kMem{ Reg movl (%eax),%edx temp P;

Mem nao é possivel no IA32 efectuar transferéncias
memadria-memoria numa soé instrugao
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Modos de enderegamento
& memoéria no I1A-32 (1)

* Indirecto (normal) (R) Mem[Reg[R]]

—registo R especifica o enderego de memaria

movl (%ecx),%eax

* Deslocamento D(R) Mem[Reg[R]+D]

—registo R especifica inicio da regido de memoaria
— deslocamento constante D especifica distancia do inicio

movl 8 (%ebp) ,%edx
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Exemplo de utilizagdo de modos simples
de enderecamento a meméoria no I1A-32 (2)

Exemplo de utilizagdo de modos simples
de enderecamento a meméria no 1A-32 (1)

void swap(int *xp, int *yp)

{
int t0 =
int tl1 =
*xp = tl;
*yp = tO0;
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swap:

pushl %ebp

movl

%esp, $ebp

pushl %ebx

movl
movl
movl
movl
movl
movl

movl
movl
popl
ret

12 (%ebp) , %ecx
8 (%ebp) , $edx
(%ecx) , %eax
(%edx) , $ebx
%eax, (%edx)
%ebx, (%ecx)

-4 (%ebp) , %ebx
%ebp, $esp
%ebp

} Arranque

Corpo

Término

Exemplo de utilizagcdo de modos simples
de enderegcamento a memaria no IA-32 (3)

. . . -4 0ld %ebg
void swap(int *xp, int *yp) %eb
{ 0 [Old %ebp] eop
int t0 = *xp; Rtn adr
int t1 = *yp;
*xXp = tl; Xp
*yp = t0; 12 vP
}
Offset . Stack
Registo Variavel .
%ecx yP Corpo
sedx xp movl 12 (%ebp) , %ecx # ecx = yp
5 1 movl 8 (%ebp) ,%edx # edx = xp
eax t movl (%ecx) ,%eax # eax = *yp (tl)
$ebx t0 movl (%edx) ,%ebx # ebx = *xp (t0)
movl %eax, (%edx) # *xp = eax
movl %ebx, (%ecx) # *yp = ebx
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geax| |

sedx

%ecx

ebx| |

[gesi|

sedi

%esp
Corpo
movl 12 (%ebp) ,%ecx # ecx
movl 8 (%ebp) ,%edx # edx
movl (%ecx) ,%eax # eax
movl (%edx) ,%ebx # ebx
movl %eax, (%edx) # *xp
movl %ebx, (%ecx) # *yp
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Offset Endereco

-4 0x100

%ebp — 0 0x104

4| Rtn adr | 0x108

xp 8| 0x124 | 0x10c

yp 12| 0x120 0x110

0x114

0x118

-y 0xllc

_ ,:I;P (t1) 456 | ox120

= *xp (t0) 123 1 ox124
= eax
= ebx



Exemplo de utilizagdo de modos simples
de enderecamento a meméria no 1A-32 (4)

O

[geax|

edx| |

[secx| 0x120

%ebx

%esi

gedi| |
Corpo
movl 12 (%ebp) ,%ecx # ecx
movl 8 (%ebp) ,%edx # edx
movl (%ecx) ,%eax # eax
movl (%edx) ,%ebx # ebx
movl %eax, (%edx) # *xp
movl %ebx, (%ecx) # *yp
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Offset
-4
%ebp — 0
4
xp 8
YP 12
yP
Xp
*yp (tl)
*xp (t0)
eax
ebx

Endereco
0x100
0x104

Rtn adr | 0x108
0x124 | 0x10c
0x120 0x110
0x114

0x118

Oxllc

456 | ox120
123 0x124

Exemplo de utilizagdo de modos simples
de enderegcamento a memoria no IA-32 (6)

[geax| 456
%edx| 0x124
%ecx| 0x120
gesi| |
sedi
%esp

| 0x104]

Corpo

movl
movl
movl
movl
movl
movl

12 (%ebp) ,%ecx # ec
8 (%ebp) ,%edx # e

(%ecx) ,%eax
(%edx) , $ebx
%$eax, (%edx)
%ebx, (%ecx)

&8

ea
eb:
*x;

#*

FH H I
%*oxx
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Offset
-4
%ebp — 0
4
Xp 8
YP 12
YP
Xp
*yp (tl)
*xp (t0)
eax
ebx

Endereco
0x100
0x104

Rtn adr | 0x108
0x124 | 0x10c
0x120 0x110
0x114

0x118

Ox1llc

456 | ox120
123 0x124
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Exemplo de utilizagdo de modos simples
de enderegcamento a meméaria no IA-32 (5)

[geax| |
tedx| 0x124 |
|#ecx| 0x120

%$ebx

$esi

[#edi| |

%esp

(:orp() EE&&III@QIIH!

movl 12 (%ebp) ,%ecx # ecx
movl 8 (%ebp) ,%edx # edx
movl (%ecx) ,%eax #
movl (%edx),%ebx # ebx
movl %eax, ($edx) #
movl %ebx, (%ecx) # *yp
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Offset
-4
%ebp — 0
4
Xp 8
ypP 12
yP
Xp
*yp (tl1)
*xp (t0)
eax
ebx

Endereco
0x100
0x104

Rtn adr | 0x108
0x124 | 0x10c
0x120 0x110
0x114

0x118

Oxllc

456 | ox120
123 0x124
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Exemplo de utilizagcdo de modos simples
de enderecamento a memaria no 1A-32 (7)

O

|seax| 456 |
%edx| 0x124
%ecx| 0x120
gesi| |
sedi
%esp

Corpo

movl 12 (%ebp) ,%ecx # ecx
movl 8 (%ebp) ,%edx # edx
movl (%ecx) ,%eax #
movl (%edx) ,%ebx # ebx
movl %eax, (%edx) #
movl %ebx, (%ecx) # *yp
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Offset
-4
%ebp —m 0
4
Xp 8
YP 12
YP
xp
*yp (t1)
*xp (t0)
eax
ebx

Endereco
0x100
0x104

Rtn adr | 0x108
0x124 | 0x10c
0x120 0x110
0x114

0x118

Ox1llc

456 | ox120
123 0x124
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Exemplo de utilizagdo de modos simples
de enderegcamento a meméaria no IA-32 (8)

[seax| 456 Offset Enderego
$edx| 0x124 -4 0x100
secx| o0x120 $ebp — 0 0x104
sebx 123 4| Rtn adr | ox108
Sesi Xp 8| 0x124 | ox10c
[seqi| | yp 12| 0x120 | ox110
ox114
X
Corpo 0x104 0x118
movl 12 (%ebp) ,%ecx # ecx = yp oxllc
movl 8 (%ebp) ,%edx # edx = xp 456
movl (%ecx),%eax # eax = *yp (tl) 0x120
movl (%edx), %ebx  # ebx = *xp (t0) 456 | ox124
movl %eax, (%edx) # *xp = eax
movl %ebx, (%ecx) # *yp = ebx
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Modos de enderegamento
a memoéria no IA-32 (2)

- Indexado  D(Rb,Ri,S) Mem[Reg[Rb]+S*Reg|[Ri]+ D]

D: Deslocamento constante de 1, 2, ou 4 bytes
Rb: Registo Base: quaisquer dos 8 Reg Int
Ri: Registo Indexacédo: qualquer, excepto %esp

S: Scale: 1,2,4,0u8
Casos particulares:
(Rb,Ri) Mem[ Reg[Rb] + Reg[Ri] ]
D(Rb,Ri) Mem[ Reg[Rb] + Reg[Ri] + D ]
(Rb,Ri,S) Mem[ Reg[Rb] + S*Reg[Ri] ]
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Exemplo de utilizagdo de modos simples
de enderegcamento a meméaria no IA-32 (9)

[seax| 456 | Offset Enderego
$edx| 0x124 -4 0x100
[secx| 0x120 %ebp — 0 0x104
sebx 123 4| Rtn adr | ox108
besi ¥p 8| 0x124 | 0xl0c
[seai| | vp 12| 0x120 | ox110
o114
X
%eb 0x104
Corpo  [tebp| oxtod] o
movl 12 (%ebp) ,%ecx # ecx = yp Oxllc
movl 8 (%ebp) ,%edx # edx = xp 123
movl (%ecx),%eax # eax = *yp (tl) 0x120
movl (%edx),%ebx  # ebx = *xp (t0) 456 | ox124
movl %eax, (%edx) # *xp = eax
movl %ebx, (%ecx) # *yp = ebx
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Exemplo de instrugao do IA-32 apenas
para calculo do enderego efectivo do operando (1)

leal Src,Dest

— Src contém a expressao para calculo do endereco
— Dest vai receber o resultado do calculo da expressao

» Tipos de utilizagao desta instrugao:

— calculo de um enderego sem acesso a memoaria
* Ex.: traducao de p = &x[i];
— calculo de expressoes aritméticas do tipo
x + k*y para k=1,2,4,0r8

 Exemplo ...
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Exemplo de instrugao do IA-32 apenas
para calculo do enderego efectivo do operando (2)

leal Source, %$eax

hedx
[secx| ox100]

Source Expressao -> %eax
0x8 (%edx) 0xf000 + 0Ox8 0x£f008
(%edx, $ecx) 0x£000 + 0x100 0x£100

(%edx, $ecx,4)

0x£f000 + 4*0x100 0x£400

0x80 (,%edx,2)

2*0x£000 + 0x80

0x1e080
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inc D D& D +1
dec D D< D -1
neg D D&« -D
not D D< ™D

add S,D D& D+S
sub S,D D& D-S
imulS,D D&D*S

andS,D D<D&S
or S,D D«DJS
xor S, D D&D"S

shl k, D D& D <<k
sark, D D& D>k
shrk, D D& D>>k

AJProenga, Sistemas de Computagdo, UMinho, 2011/12

Operagdes aritméticas e
légicas no 1A-32

Increment
Decrement
Negate
Complement

Add
Subtract
32 bit Multiply

And
Or
Exclusive-Or

Left Shift
Arithmetic Right Shift
Logical Right Shift

movx S,D

movsbl S,D
movzbl S,D

push S
pop D

lea

D — destino [Reg | Mem]

S,D

D<S
D<SignExtend(S)
D<ZeroExtend(S)

Instrugoées de transferéncia
de informagao no IA-32

Move (byte, word, 1ong-word)
Move Sign-Extended Byte
Move Zero-Extended Byte

%esp € %esp - 4; Mem[%esp] < S Push
D<Mem[%esp]; Y%esp < %esp+ 4 Pop

D< &S

Load Effective Address

S — fonte [Imm | Reg | Mem]

D e S ndo podem ser ambos operandos em memaria no 1A-32
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