Analise do IA32
(Suporte a fungbdes e procedimentos)

» Estrutura de uma funcao
— codigo
* corpo da fungéo
— implementa a funcionalidade especificada

* gestdo da funcéao
— garante o correcto funcionamento da estrutura

— contexto
* variaveis globais (em memoaria)
* parametros (em registo ou stack)
* variaveis locais (em registo ou stack)
* info de suporte a gestao (endereco de retorno, ...
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Analise do IA32
(Suporte a fungbes e procedimentos)

» Analise do contexto de uma funcéao
— variaveis globais
* localizacao definida pelo linker | loader

— parametros; propriedades:
« designagao independente (chamadora/chamada) & |
» deve suportar aninhamento e recursividade
* localizagdo ideal: em registo, se os houver; mas...
* localizag&o no IA32: na memodria (stack)

— variaveis locais; propriedades:
* visiveis apenas durante a execugao da funcéo
 deve suportar aninhamento e recursividade
* localizacgdo ideal: em registo, se os houver; mas...
* localizag&o no 1A32: na memoria (stack)

— info de suporte a gestéo ...
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Analise do IA32
(Suporte a fungbdes e procedimentos)

* Analise do cddigo de gestdo de uma fungao
— invocacéao
* instrucdo de salto, mas com salvaguarda do end. retorno
—em registo (RISC; aninhamento / recursividade ? )
—em memoria/stack (IA32; aninhamento / recursividade ? )

retorno
* instrugao de salto para o endereco de retorno

~ : > |
— salvaguarda & recuperacéo de registos (na stack)
» antes/apoés a invocagao ? (nenhum/ alguns/ todos ? RISC/IA32 ? )
» antes/apds o retorno? (nenhum/ alguns/ todos ? RISC/IA32 ?)

— gestao do contexto (em stack)
* actualizacao/recuperacao do frame pointer (IA32...)
* reservallibertacdo de espaco para variaveis locais
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Analise do IA32
(Suporte a fungbes e procedimentos)

* Analise de exemplos

— revisao do exemplo swap
* analise das fases: inicializacéo, corpo, término P |

« andlise dos contextos (1A32) > |
* evolucao dos contextos na stack (1A32) > |
 implementacao IA32 versus MIPS > |
— evolugao de um exemplo: Fibonacci
» analise de uma compilagao do gcc > |
— aninhamento e recursividade
* evolucao dos contextos na stack > |
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Designacéo independente dos parametros

*Registos de Inteiros

IA32/Linux Register Usage
(baseado no Bryant, Class07, F'02)

void swap(int *xp, int *yp) —Dois especiais (| $eax |
%ebp, %esp CaIIer-Sa_ve < | Sodx |
Temporaries
—Trés do tipo callee-save _ | $ecx |
. . =
%$ebx, %esi, %edi | 2ebx |
+ valores anteriores colocados  ¢a/lee-Save | ecs |
void call_swpap () na stack antes de usar Temporaries
—Trés do tipo caller-save L | SCEH |
%$eax, %edx, %ecx ) | %esp |
+ responsabilidade de salva- Special | = |
swap (&zipl, &zip2); guarda da fungdo chamadora
—Nota: valor de retorno da
funcdo em %eax
«| ¢ «|
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Using Simple Addressing Modes Anélise dos contextos em swap
(Bryant, Class05, F'02) (baseado no Bryant, Class07, F'02)
swap:
pushl %ebp X ; ; eemcall swa
movl %esp,%ebp Set void swap (int *xp, int *yp) . _ - dp
: : - : - pushl %ebx Up - na invocagao de
void swap(int *xp, int *yp) int t0 = *xp; « na execu de swap
{ movl 12 (%eb; int tl1 = *yp;
: - . p) , becx cdevotadacall sw
int t0 = :"P( movl 8 (%ebp),%edx *xp = tl; -
1.nt 1_:1 = TYp/ movl (%ecx),%eax Bod *yp = t0; \
P = L movl (%edx),%ebx ody }
*yp = t0; movl $eax, (%edx) . ue contextos (1A32)?
! movl %ebx, (%ecx) ‘{’°1d call_swap() « passagem de parametros
mov (%ebp) , $ebx int zip2 = 91125; sespaco para variaveis locais
movl %ebp, %$esp Finish () ! *na stac
popl tebp swap (8zipl, &zip2); «info de stporte a gestao (stack)
ret ) ndereco de retorno
) \ sapontador para a stack frame
*salvaguarda de registos
<4 | < |
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Construgao do contexto na stack, IA32

call swap

swap

1. Antes de invocar swap

~ . %es
2. Preparagao p/ invocar swap P

esalvaguardar registos?
spassagem de parametros
3. Invocar swap
e guardar endereco de retorno
1. Inicio de swap
eactualizar frame pointer
esalvaguardar registos
ereservar espacgo p/ locais %esp —»
2. Corpo de swap

frame pointer

3. Término de swap ...
slibertar espaco de var locais
srecuperar registos %esp —»

$ebp —»|
sesp |-
tender. retorno

variaveis
locais de
swap

salv. registos

- antigo $ebp

parametros
p/ swap

salv. registos ?

enderego
crescente

{

Evolugao da stack no IA32 (1)

call swap

1. Antes de invocar swap

void call swap()

{

enderego
crescente

{

erecuperar antigo frame pointer variaveis stack
svoltar a call swap locais de
call swap
F antigo 2ebp
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/|int zipl = 15213; T
/ int zip2 = 91125; %esp —» |-
( () r zip2 stack
i Sebp=4p |-
T zipl
sebp [~
frame pointer I- antigo %ebp
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Evolugao da stack no IA32 (2

Evolugao da stack no IA32 (3)

call swap

2. Preparagao p/ invocar swap
*salvaguardar registos?...ndo...
spassagem de parametros /7

%esp —»|
T &zipl
—>
%bp-zZ T &7 :Lp2
C/vswap (&zipl, &zip2); frame pointer zipl
%ebp | -
1+ antigo $ebp
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enderego
crescente

|

stack
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call swap

2. Preparagao p/ invocar swap
*salvaguardar registos?...ndo...
*passagem de parametros

leal -8(%ebp),%eax Compute &zip2
pushl $eax Push &zip2
leal -4 (%ebp),%eax Compute &zip
pushl %$eax Push &zipl
call swap Call swap functio

&zipl

vl

&zip?2

- zip?2

frame pointer ]

- zipl

%ebp |

¥ antigo 2ebp
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enderego
crescente

|

stack
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call swap

3. Invocar swap
* e guardar endereco de retorno

Evolugéao da stack no IA32 (4

1. Inicio de swap
eactualizar frame pointer /\

*salvaguardar registos
ereservar espaco p/ locais...na

swap

Evolugao da stack no IA32 (5)

enderego )' . enderego
crescente void swap(int *xp, int *yﬁa crescente
¢ { ' @? : ¢
{ T antigo %ebx
| %ebp |
\  |frame pointer,, + antigo $ebp
sesp —» 7 \ N s
T antigo $ei T antigo seip |\
swap (&zipl, &zip2); T 9 p T g P
F o szipl Eowe [
tebp-12F  gzip2 swap: s \
T pushl %ebp Save old $ebp T l
call swap Call swap function T z2ip2 stack movl %esp, sebp Set $ebp as frame pointer T 2ip2 stack
T pushl %ebx Save %ebx A
frame pointer T zipl | £ zipt—T] |
) G
+ antigo $ebp + antigo $ebp
AJProenga 2002/03 DI-UMinho 13 AJProenga 2002/03 DI-UMinho 14
Evolugao da stack no IA32 (6) Evolugao da stack no IA32 (7)
swa
swap P
3. Término de swap ...
2. Corpo de swap . P . ~
%esp —» [~ | *libertar espaco de var locais...néo... i Q |
F antigo %ebx srecuperar registos X
bebp —p enderego erecuperar antigo frame pointer 17 enderego
frame pointer 4 antigo $ebp crescente P 9 p -/ crescente
+ svoltar a call swap . //<
int t0 = *xp; + antigo seip l E\ N l
int t1 = *yp; +al %esp 4}
*xp = tl , T *Xp T *Xp
*yp = tO0; +12] B
F *yp } T *yp
T P2 popl %ebx Restore $ebx T P2
movl 12 (%ebp), %ecx Getyp A T movl %ebp, $esp Restore $esp T
g [ T : 1 %eb Restore %eb, T :
ol B (el p USers (25873 + zipl stack Pop= seop P + zipl stack
movl (%ecx),%eax Gety IS ret Return to caller %ebp |-
movl (%edx),%ebx  Getx T antigo %ebp | ou frame § antigo $ebp |
movl %eax, (%edx) Store y at *xp popl %ebx Restore $ebx pointer
movl $ebx, (%ecx) Store x at *yp leave Restore $esp, $ebp
ret Return to caller
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call swap

4. Terminar invocagao de swap. . .

Evolucgao da stack no IA32 (s)

slibertar espacgo de parametros na stack...

erecuperar registos?...nao...

(..)

NI

%esp —»|

addl $8, (%esp)

Update stack pointer |
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frame pointer

- zipl

%ebp |

¥ antigo 2ebp
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enderego
crescente

{

T

stack
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Fungcées em assembly: IA32 versus MIPS (1)

 Principais diferencas
— na organizagao dos registos

* |A32: poucos registos genéricos
— variaveis e parametros normalmente na stack
* MIPS(RISC): 32 registos genéricos
— registos para variaveis locais
— registos para passagem de parametros para fungdes
— registo para enderecgo de retorno

— consequéncias:
* menor utilizacao da stack
* RISC potencialmente mais eficiente

AJProenga 2002/03

DI-UMinho

18

Fungcbées em assembly: IA32 versus MIPS (2

swap:

- pushl %ebp IA3 2
movl %esp, %ebp
pushl $ebx
movl 8 (%ebp) , %edx
movl 12 (%ebp) , %ecx
movl (%edx) , %ebx
movl (%ecx) , %eax
movl %eax, (%edx)
movl %ebx, (%ecx)
popl %ebx
popl %ebp
ret

_call swap:
pushl %ebp
movl %esp, %ebp
subl $24, %esp
movl $15213, -4 (%ebp)
movl $91125, -8(%ebp)
leal -4 (%ebp) , %eax
movl %eax, (%esp)
leal -8 (%ebp) , %eax
movl %eax, 4 (%esp)
call _swap
movl %ebp, %esp
popl %ebp
ret
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swap:
1w $vl,0($a0) MIPS
1w $v0,0 ($al)
sw $v0,0($a0)
sw $vl,0($al)
j $31
call_ swap:
subu $sp, $sp, 32
sw $ra,24 ($sp)
1i $v0,15213
sw $v0,16 ($sp)
1i $v0,0x10000
ori $v0,$v0,0x63£5
sw $v0,20 ($sp)
addu $a0,$sp,16 # &zipl= sp+16
addu $al,$sp,20 # &zip2= sp+20
jal swap
1w $ra,24 ($sp)
addu $sp, $sp, 32
j Sra
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Funcgcées em assembly: IA32 versus MIPS (3)

1. Invocar swap

call swap

*salvaguardar registos
spassagem de parametros

echamar roti

na e guardar endereco de retorno

leal
pushl $eax
leal
pushl $eax
call swap

No registers to save

-4 (%ebp) , seax Compute &zip2

Push &zip2 ~—q—0 |

-8 (%ebp) , seax Compute &zip1

Push &zip1

1A32
_:_A9essos N
__— a stack \

Call swap function 4|

\
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S Sra, 24 ($sp)
addu $a0,5S$sp,16
addu $al, $sp,20

MIPS jal swap

Save reg with return addr A
Compute and load &zip1
Compute and load &zip2
Call swap function

DI-UMinho
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Fungcées em assembly: IA32 versus MIPS (1)

swap
1. Inicializar swap

~actualizar frame pointer

esalvaguardar registos

ereservar espaco p/ locais

Fungées em assembly: IA32 versus MIPS (5)

swap
2. Corpo de swap ...

movl 12 (%ebp), %$ecx Get yp
swap: movl 8 (%ebp), sedx Get xp IA32

pushl %$ebp Save old $ebp IA32 2231 232;3 ! :ji;i g::ﬁ Acessos
gi\sflil ZZ;E' e g::/e%:?;;s frame pointer |™— Acessos movl %eax, (%edx) Store y at *xp a memodria
No need to save locals a stack movl %ebx, (%ecx) Store x at *yp (todas...)

1w Svl,0($a0) Get x

No frame pointer to update 1w $v0,0 (Sal) Gety

No registers to save SwW $v0,0(Sa0) Store y at *xp
MIPS No need to save locals MIPS| sw $vl,0($al) Store x at *yp
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Fungées em assembly: IA32 versus MIPS (6) Fungées em assembly: IA32 versus MIPS (7)

swap
3. Término de swap ...

slibertar espago de var locais

erecuperar registos

erecuperar antigo frame pointer

evoltar a call swap

No need to restore locals

call swap

2. Terminar invocagao de swap. . .
«libertar espaco de parametros na stack...
erecuperar registos

addl $8, (%esp) Update stack pointer

No registers to restore

1A32

popl %ebx Restore $ebx \ 1A32
movl %$ebp, $esp Restore %$esp — AcCessos
popl %ebp Restore $ebp 4— .
ret Return to caller 4— a stack
No need to restore locals
No need to restore reg's
No need to restore frame pointer
MIPS J $31 Return to caller
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Acessos
a stack

i

MIPS | 1w

Sra, 24 (Ssp)

"

No need to free space in stack
Restore reg with return addr
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int fib dw(int n)
Uit i = o; . A série de Fibonacci (1) A série de Fibonacci (2)
int val = 0; dorwhile _ recursive function
int nval = 1; J{.nt fib_f(int n) dor int fib_rec (int n)
do { int i; © { _
i = g int val = 1; : .
\J;E}L: : nin];. + avals int nval = 1; int prev_val, val;
nval = t;
it+; for (i=1; i<n; i++) {
} while (i<n); int t = val + nval;
val = nval;
nval = t;

return val;

return val;

int fib _w(int n)

int i = 1; while : :
Tots el o g recursive function -
ot va ’ . . . fib rec:
int nval = 1; int f£fib rec (int n) T :
. ) { - pushl %ebp
Wh:'iif t(l=<n\3al( + nval; int prev val, val; movl %esp, %ebp Actualiza frame pointer
1= 1; 2 -2
X{azal =n:? if (n<=2) 1y : subl $12, %esp Reserva espago na stack para 3 int's
} Elfrg pre:evtaulrn— (f 1)b, o () movl %ebx, -8(%ebp) Salvaguarda os 2 reg's que vao ser usados;
= = = ! movl %esi, -4 (%ebp) de notar a forma de usar a stack...
return val; val = fib_rec (n-1); !
} return (prev_val+val);
}
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A série de Fibonacci (3) A série de Fibonacci (4)
recursive function recursive function

if (n<=2)
return (1) ;

prev_val = fib rec (n-2) ;_

movl 8(%ebp), %esi Coloca o parametro n em $esi
movl $1, %eax Coloca ja o valor de retorno em $eax leal -2(%esi), %eax Calcula n-2, e...
cmpl $2, %esi n<=27 movl %eax, (%esp) ... coloca-o no topo da stack (parametro)
jle L1 Se sim, salta para o fim call _fib rec Chama a fungdo £ib_rec e ...
Se néo, ... movl %eax, %ebx ... guarda o valor de prev_val em %ebx

Ll:
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recursive function

A série de Fibonacci (5

A série de Fibonacci (6)

recursive function

val = fib rec (n-1); _
return (prev_val+val);
}
leal (%eax,%ebx), %eax Calculae colocaem $eax o valor de retorno
leal -1(%esi), %eax Calcula n-1, e... 11:
movl %eax, (%esp) ... coloca-o no topo da stack (parametro) movl -8(%ebp), %ebx
call _fib rec Chama de novo a fungéo £ib_rec movl -4 (%ebp), %esi Recupera o valor dos 2 reg's usados
movl %ebp, %esp Actualiza o valor do stack pointer
popl %ebp Recupera o anterior valor do frame pointer
ret _I4
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Call Chain Example (1) Call Chain Example (2)
(Bryant, Class07, F'02) (baseado no Bryant, Class07, F'02)
Code Structure
Call Chain Call Chain
yoo (...) yoo (..)
{
. b © yoo
L] L]
who () ; who (...) who () ;
L] { L]
A L] L] L] .
} amI ()
amI () ;
e o o aml () stack
} { Pointer
. %esp —
¢ yoo
amI () ; Frame _)
- Procedure amIl ° Pointer
recursive . $ebp .
} .
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Call Chain Example (3)
(baseado no Bryant, Class07, F'02)

Call Chain Example (4)
(baseado no Bryant, Class07, F'02)

Call Chain Call Chain
who (...) amI (..)
{ {
—— ®  ® @ Yoo —_—— . yoo Stack
amI () ; . Pointer
e o o who amI(); who %esp
amI(); .
o o o Stack l Frame amt
! Pointer } amI Pointer_>
sesp %ebp
who who
Frame >
Pointer
%ebp
yoo yoo
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. Call Chain Example (6)
Call Chain Examp/ € (%) (baseado no Bryant, Class07, F'02)
(baseado no Bryant, Class07, F'02) Stack
Stack Pointer—»
Call Chain tac Call Chain tesp a1
amI (..) Pointer amI (..) Frame
{ $esp > { Pointer
—_— . yoo amI —_— yoo %$ebp
. Frame N . amI
Point
anI () ; who *ebe aml () ; who
: | an2 ; !
L[] [ ] amI
} ail } aIiI
who
amI aliI who
amI
yoo
yoo
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Call Chain Example (7)

(baseado no Bryant, Class07, F'02)

Call Chain Example (s)

(baseado no Bryant, Class07, F'02)

AJProenga 2002/03
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Call Chain Pji‘:;': Call Chain
I(.. I(..
?m (..) sesp—> Tm (..)
. yoo . yoo
Frame _,) aml S_tack
: Pointer : Pointer
amI(); who sebp amI () ; who sesp— >
B . —— @
I o l aml o l Frame > aml
} aml } aml Pointer
l l $ebp
who who
an e
P e L e
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Call Chain Example (9) Call Chain Example (10)
(baseado no Bryant, Class07, F'02) (baseado no Bryant, Class07, F'02)
Call Chain Call Chain
‘{'h° (..) amI (..)
{
e o o yoo yoo
| o Stack
amI(); ! . ! Pointer
| ;m;: (; . who o who %esp_>
. . o l Stack * l\ amI
Pointer } Frame __,
} a)“i a)“i aml Pointer
sesp
l l %ebp
a>< Frame who a>< who
l Pointer l
%ebp
a>< yoo a>< yoo
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who (...)

amI () ;
amI () ;
— e e e
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Call Chain Example (11)
(baseado no Bryant, Class07, F'02)

Call Chain

yoo

I\ Stack

O P,

@u{ Frame __, who
l Pointer
%ebp

el yoo
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yoo (..)

who () ;
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Call Chain Example (12)

(baseado no Bryant, Class07, F'02)

Call Chain
;K
%@ Y

0

Za

al

DI-UMinho

Stack
Pointer

$esp

Fr_ame >
Pointer

yoo

%ebp
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