Anadlise do x86-64: 64-bit extension to IA-32

Instruction Set Architecture (5) Intel 64: Intel implementation of x86-64
x86-64 Integer Registers rax
Estrutura do tema ISA do 1A-32 i S = I E ] ax
$rbx sebx $r9 4rod i

L s2pis |

$rex secx %rl0 %r10d eax
$rdx Sedx %rll $rlld

%rsi besi %rl2 sri2d .
= = x86-64 Integer Registers:
%rdi Yedi %rl3 %r13d Usage Conventions
$rsp %esp 3rl4 sridd $rax Return value %r8 Argument #5
Al 1 . $rb: Callee saved $r9 Argument #6
5. Analise comparativa: IA-32, x86-64 e MIPS (RISC) stbp  [sebp sr15  [eeisa i g s
$rex Argument #4 %rl0 Caller saved
= Twice the number of registers
= Accessible as 8, 16, 32, 64 bits $rdx Argument#3 %$rll Caller Saved
brsi paumentsz | 4212
srdi Argument #1 $rl3 Callee saved
$rsp Stack pointer %rld Callee saved
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Funcées em assembly: Revisao da codificagao
IA-32 versus Intel 64 (1) de swap e call_swap no IA-32

. . . . ~ ~ void swap(int *xp, int *yp) id 11
Principal diferenga na implementagao de fungdes: . e S
. - ) iﬁt 'ég z :;gf int zipl = 15213;
— na organizagao dos registos g o t1; T int zip2 = 91125;
. , . *yp = t0; (szipl, &zip2);
« 1A-32: poucos registos genéricos (sé 6) => y o y R R
variaveis locais em reg e argumentos na stack _swap: _call swap:
. o) hl %eb; hl %eb
» Intel 64: 16 registos genéricos => movl  tes, bebp movl Sesp, Sebp
mais registos para variaveis locais & EUSLIBNRSSEX SUCIRL 28 SSp
para passagem e uso de argumentos (8 + 6) movl 12 (%ebp),%ecx movl $15213, -4 (%ebp)
Consequéncias movl 8 (%ebp) , %$edx movl $91125, -8 (%ebp)
- . movl (%ecx) , %eax leal -4 (%ebp) , %eax
™ ~ . movl (%edx) , %ebx movl %eax, (%esp)
» menor utilizagdo da stack na arquitetura Intel 64 movl  %eax, (%edx) leal -8(%ebp), %eax
* Intel 64 potencialmente mais eficiente movl  ebx, (%ecx) L o e
. movl -4 (%ebp), %ebx -
Analise de um exemplo (swap) ... movl  tebp, tesp movl  %ebp, %esp
popl %$ebp popl %ebp
ret ret
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Fungées em assembly:
IA-32 versus Intel 64 (2)

_swap: swap:

pushl %ebp IA-32 ;la)ushq $rbp Intel 64
movl %esp, %ebp
pushl sebx movg %rsp, %rbp
movl 8 (%ebp) , %edx
movl 12 (%ebp) , %ecx .
movl (%edx), %ebx oA, (R, S
movl ($ecx), %eax :gzi é::i") ’(%:3.?)‘

1 % , (%edx o "
ﬂgzl %:g:, E%:cx; movl %eax, (%rsi)
popl $ebx 0] $rb
popl %ebp ‘r’eié P

t
calf eswap: call_swap:
- ﬁshl %ebp pushq $rbp

movl $esp, %ebp mﬁ;q :llrzp ’ %%rbp
subl $24, %esp subq ; SISP
movl $15213, -4 (%ebp) movl $15213, -4 (%rbp)
movl $91125, -8(%ebp) movl $91125, -8(%rbp)
leal -4 (%ebp) , %eax leaq -4(%rbp), %rdi
movl %eax, (%esp) )
leal -8 (%ebp) , %eax leaq -8(%rbp), S$rsi
movl %eax, 4 (%esp)
Enulil _swap callg _swap
32;1 3’35’ e Total: ;333 gxlcgfa e Total:
ret 63 bytes retq 54 bytes

Total de acessos a stack: 14 no IA-32, 6 no Intel 64 !
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Vector computing extensions in Intel 64

Advanced Vector Extensions

RI0 &

256 bits

Program Counter

0 Osgmatsssian
W Aciedvysas SSE/SSEZ

128 bits

YM

8x floats AVX 1.0
4x doubles

16x bytes

8x 16-bit shorts

4x 32-bit integers

2x 64-bit integers

1x 128-bit integer

] | & )

Register mapping

178

: aE an

a L e —

in AVX D NRLRERERERERERE R R RERL
YMMLS REREELRERERLRLE

255 128 127 — e

iddaaaaw

- o am .
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8x floats w/FMA3
AVX 2.0
4x doubles w/FMA3

32x bytes
16x 16-bit shorts
N

8x 32-bit integers

4

64-bit integers

2x 128-bit integers

Vector computing extensions in Intel 64

R10
Rll
Rl12
R13
Rl4
R15
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79 o127

x87 (FP)

83 3231 0
—T =]
Program Counter

[0 Oniginal xBATAT2
GPR P 2ddedbyxms-64

SSE/SSE2

Vector computing extensions in Intel 64

63 0127 0

RAX
RCX
RDX
RBX
RSP
RBP
RSI
RDI
R8
R9 x87 (FP)
RI10 63 3231 1]
RI11
gg Program Counter
R14 L
RIS - Oniginal x86TAT2
GPR I aiedy ot SSE/SSE2
Floating Point (FP) SSE/AVX 128
E——
Avxoms L L T
Lt 1 t 1 1 1 |
MIC-512
ey
S - e O 10
zZmm ymm Xmm
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Ad d Vector E: AVX 1.0
R o s
W 4x doudles
BiliiiiiiiiiiL
ERERERRE

-bit integers

2x 64-bit integers

aAa
=
o
& & d a9

Fdgaaaa®
m o o
. )

8x floats w/FMA3
4x doubles w/FMA3
32x bytes

16x 16-bit shorts

8« 32-bit integers

4x 64-bit integers

2x 128-bit integers

Coming soon: AVX-512

AVX 2.0
8




CISC versus RISC

Caracterizagao das arquiteturas RISC

conjunto reduzido e simples de instrugdes
operandos sempre em registos

formatos simples de instrugdes

modos simples de enderegamento a memoria

uma operagao elementar por ciclo maquina

Ex de uma arquitetura RISC: ““E%”“

ARM

ashe

Imooooo@Ooon
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Anadlise do nivel ISA:
o modelo RISC versus IA-32 (2)
RISC versus IA-32 (cont.):
— RISC: modos simples de enderecamento a memoria
» apenas 1 modo de especificar o enderego:
Mem[C**+ (Reg,)] oOU Mem[ (Reg,)+ (Reg;) ]
» 2 ou 3 modos de especificar o endereco:
Mem [C**+ (Reg,,) ] elou
Mem[ (Regy) + (Reg;) ] elou
Mem[C*®+ (Regy) + (Reg;) ]
— RISC: uma operacao elementar por ciclo maquina
* por ex. push/pop (I1A-32)
substituido pelo par de instrugdes
sub&store/load&add (RISC)
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A
RISC versus I1A-32 :

— RISC: conjunto reduzido e simples de instrugbes

* pouco mais que o subset do |A-32 ja apresentado...
* instrugdes simples, mas eficientes
— operacoes aritméticas e logicas:
» 3-operandos (RISC) versus 2-operandos (IA-32)
» RISC: operandos sempre em registos,
32 registos genéricos visiveis ao programador,
sendo normalmente
— 1 reg apenas de leitura, com o valor 0
— 1 reg usado para guardar o enderego de regresso da fungao
— 1 reg usado como stack pointer (convengao do s/w)

Analise do nivel ISA:

o modelo RISC versus IA-32 (1)
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RISC versus IA-32 (cont.):

Analise do nivel ISA:

o modelo RISC versus IA-32 (3)

— RISC: formatos simples de instrucbes

» comprimento fixo e poucas variagoes
* ex.. MIPS

Field size

6 bits

5 bits

5bits | 5bits | 6 bits

All MIPS instructions are 32 bits long

R-format

op

rt

rd ‘ shamt ‘ funct

Arithmetic instruction format

I-format

op

rt

address/immediate

Transfer, branch, imm. format

Jformat

op

target address

Jump instruction format
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Fungées em assembly:
IA-32 versus MIPS (RISC) (1)

IO\
Principal difereng¢a na implementacao de fungoes:

— na organizagao dos registos
* |A-32: poucos registos genéricos =>
variaveis e argumentos normalmente na stack
* RISC: 32 registos genéricos =>
mais registos para variaveis locais, &

registos para passagem de argumentos &
registo para endereco de regresso

— consequéncias:

* menor utilizacdo da stack nas arquiteturas RISC
* RISC potencialmente mais eficiente

Analise de um exemplo (swap) ...
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Fungbées em assembly:
IA-32 versus MIPS (RISC) (2)

swap: swap:
- pushl %ebp IA-32 B MIPS
movl %esp, %ebp 1w $vl,0($a0)
pushl %ebx 1w $v0,0(Sal)
0,0 ($a0)
movl 8 (%ebp) , %edx sw $vo0,
movl 12 (%ebp) , %ecx sw $v1,0($al)
movl (%edx) , %ebx 3 $ra
movl (%ecx) , %eax
movl %eax, (%edx)
movl %ebx, (%ecx) call swap:
opl %ebx
Sogl %ebp subu $sp,$sp,32
ret sw $ra, 24 ($sp)
_call swap: .
pushl %$ebp 1i $v0,15213
movl $esp, %ebp sw $v0,16 ($sp)
subl $24, %esp 1i $v0, 0x10000
i 0,$v0,0x63£5
movl $15213, -4 (%ebp) ori  $v0,$v0,
movl $91125, -8 (%ebp) sw $v0,20 ($sp)
leal -4 (%ebp) , %eax addu $a0,$sp,16 # &zipl= sp+16
movl %eax, (%esp) addu $al,$sp,20 # &zip2= sp+20
leal -8 (%ebp) , %eax jal swap
movl %eax, 4 (%esp)
call _swap 1w $ra,24 ($sp)
movl %ebp, %esp 0 addu $sp,$sp,32 .
popl %ebp Total: 3 Sea Total:
ret 63 bytes 72 bytes
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Revisao da codificagao

de swap e call_swap no IA-32

AN
\(Ioid swap (int *xp, int *yp) void call_swap()
. {
= *xp;
ig: tg - *;g’, int zipl = 15213;
*xp = t1; int zip2 = 91125;
*yp = t0; swap (&zipl, &zip2);
} }
_swap: _call swap:

pushl %ebp

pushl %ebx

popl %ebp
ret

movl %esp, %ebp

movl 12 (%ebp) , %ecx
movl 8 (%ebp) , %edx
movl (%ecx) , %eax
movl (%edx), %ebx
movl %eax, (%edx)
movl %ebx, (%ecx)
movl -4 (%ebp) , %ebx

movl %ebp, %esp

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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1A-32

Fungbées em assembly:
versus MIPS (RISC) (3)

1. Invocar swap
*salvaguardar registos

call swap

spassagem de argumentos
schamar rotina e guardar enderego de regresso

leal -4 (%ebp) , seax
pushl %eax
leal -8 (%ebp) , seax
pushl %eax
call swap

N&o hd reg para salvag.
Calcula &zip2
Push &zip2 «—

Calcula &zip1
Push &zip1 7

Invoca swap

1A-32

Acessos
7 a stack

SwW

Jjal

Sra, 24 ($sp) Salvag. reg c/ enderego regresso
MIPS | addu $a0, $sp,16 Calcula & coloca &zip1 no reg arg 0

addu $al, $sp,20 Calcula & coloca &zip2 no reg arg 1

swap Invoca swap
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IA-32
O

Fungées em assembly:
versus MIPS (RISC) (4)

swap
1. Inicializar swap

~atualizar frame pointer

esalvaguardar registos

ereservar espaco p/ locais

swap:
pushl $ebp
movl %esp, $ebp $ebp novo frame pointer
pushl $ebx Salvag. $ebx

Salvag. antigo $ebp —

1A-32
———— Acessos

Nao é preciso espacgo p/ locais

a stack

Frame pointer p/ actualizar: NAO

MIPS Registos p/ salvaguardar:  NAO

Espaco p/ locais:

NAO
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Fungbées em assembly:

IA-32
O

swap
3. Término de swap ...

elibertar espago de var locais

erecuperar registos

erecuperar antigo frame pointer

eregressara call swap

Nao ha espaco a libertar
popl %ebx Recupera $ebx <—m00o |
movl %ebp, $esp Recupera 3esp
popl %ebp Recupera $ebp +— |
ret Regressa a fungao chamadora 4

versus MIPS (RISC) (6)

1A-32

Acessos
—  ____  astack
/

Fungées em assembly:

IA-32 versus MIPS (RISC) (5)

=N

swap
2. Corpo de swap ...

movl 12 (%ebp), %$ecx Coloca yp em reg
movl 8 (%ebp), %edx Coloca xp em reg

movl (%ecx), Seax Coloca y em reg
movl (%edx) , $ebx Coloca x em reg

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

Armazena y em *xp
Armazena x em *yp

1A-32
Acessos
a memoria
(todas...)

1w Sv1l,0(%a0)
MIPS 1w $v0,0($al)

sW $v0,0(Sa0)
sw Sv1l,0(Sal)

Coloca x em reg
Coloca y em reg
Armazena y em *xp
Armazena x em *yp
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Fungbées em assembly:

IA-32 versus MIPS (RISC) (7)

ENE

call swap
2. Terminar invocagio de swap...
«libertar espago de argumentos na stack...
erecuperar registos

addl $8, (%esp) Atualiza stack pointer

N&o héd reg’s a recuperar

IA-32 Acessos

a stack

MIPS

Espaco a libertar na stack: NAO

MIPS

j  S$ra

Espaco a libertar de var locais: NAO
Recuperagao de registos: NAO
Recuperagdo do frame ptr: NAO
Regressa a fungdo chamadora
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1w Sra,24(Ssp) Recuperareg c/ender regresso™]

Total de acessos a stack: 14 no IA-32, 6 no MIPS !
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