Analise do
Instruction Set Architecture (5)

Estrutura do tema ISA do 1A-32

5. Analise comparativa: IA-32 vs. x86-64 e RISC
(MIPS e ARM)
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Relembrando:
IA-32 versus Intel 64 (1)

Principal diferenca na organizacao interna:
— organizacao dos registos
* |A-32: poucos registos genéricos (sé6 6) =>
variaveis locais em reg e argumentos na stack

* Intel 64: 16 registos genéricos =>
mais registos para variaveis locais &
para passagem e uso de argumentos (8 + 6)

— consequéncias:
* menor utilizacao da stack na arquitetura Intel 64
* Intel 64 potencialmente mais eficiente
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x86-64: 64-bit extension to IA-32
Intel 64: Intel implementation of x86-64

AN
x86-64 Integer Registers rax
64 bits
$rax Seax %$r8 $r8d a X
% bits || 8 bi
$r9d
$rbx Sebx %$r9 r l ah al |
$rcx %ecx %rl0 $r10d eax
$rdx %edx $rll $rild
%$rsi %esi $rl2 %ri2d .
x86-64 Integer Registers:
$rdi sedi $rl3 $r13d Usage Conventions
%rsp Sesp %rld sridd | %$rax Return value | %r8 Argument #5 |
%rbp %ebp 3rl5 ar15d | %$rbx Callee saved | %r9 Argument #6 |
| $rcex Argument #4 | | %rl0 Caller saved
= Twice the number of registers
" Accessible as 8, 16, 32, 64 bits | $rdx Argument#3 | | %rll Caller Saved
University of Washington | $rsi Argument #2 | | $rl2 Callee saved
| $rdi Argument #1 | | $rl3 Callee saved
| %rsp Stack pointer | %$rld Callee saved
AJProencga, Sistemas de Computagdo, UMinho, 2018/19 |%rbp Callee saved |%r15 Callee saved
Relembrando:

ZN\
ININ

Principal diferenca na organizacao interna:

— organizacao dos registos

* |A-32: poucos registos genéricos (sé6 6) =>

variaveis locais em reg e argumentos na stack

* Intel 64: 16 registos genéricos =>

mais registos para variaveis locais &
para passagem e uso de argumentos (8 + 6)

— consequéncias:

* menor utilizacao da stack na arquitetura Intel 64
* Intel 64 potencialmente mais eficiente

Analise de um exemplo (swap) ...
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IA-32 versus Intel 64 (1)



Revisao da codificagcdo

de swap e call swap no IA-32

AJProenca, Sistemas de Computagdo, UMinho, 2018/19

void swap(int *xp, int *yp) void call swap ()

: - ) {

iﬁt :2 - :;g int zipl = 15213;

*xp = t1; int zip2 = 91125;

*yp = t0; swap (&zipl, &zip2);

} }
_swap: _call swap:
pushl %ebp pushl %ebp
movl %esp, %ebp movl %esp, %ebp
pushl %ebx subl $24, %esp
movl 12 (%ebp) , $ecx movl $15213, -4 (%ebp)
movl 8 (%ebp) , %edx movl $91125, -8 (%ebp)
movl (%ecx), %eax leal -4 (%ebp) , %eax
movl (%edx) , %ebx movl %eax, (%esp)
movl $eax, (%edx) leal -8 (%ebp) , %eax
movl %$ebx, (%ecx) movl %eax, 4 (%esp)
call _swap

movl -4 (%ebp) , %ebx
movl %ebp, %esp movl %ebp, %esp
popl %ebp popl %ebp
ret ret

Funcées em assembly:
IA-32 versus Intel 64 (2)

swap:
- pushl
movl
pushl

movl
movl
movl
movl
movl
movl

popl
popl
ret
_call swap:
pushl
movl
subl

movl
movl
leal
movl
leal
movl
call

movl

popl
ret

%ebp IA-32

%esp, %ebp
%ebx

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

%ebx
%ebp

%ebp

%esp, %ebp

$24, %esp
$15213, -4 (%ebp)
$91125, -8 (%ebp)
-4 (%ebp) , %eax
%eax, (%esp)

-8 (%ebp) , %eax
%eax, 4 (%esp)

_swap

%ebp, %esp -

$ebp Total:
63 bytes

Swap: Intel 64
pushqg %rbp
movq %rsp, %rbp
movl (%rdi), %eax
movl (%rsi), %ecx
movl %ecx, (%rdi)
movl %eax, (%rsi)
popg %rbp
retq

call swap:
pushqg %rbp
movq %rsp, %rbp
subg $16, %rsp
movl $15213, -4 (%rbp)
movl $91125, -8 (%rbp)
leag -4(%rbp), %rdi
leag -8(%rbp), %rsi
callg _swap
addg $16, %rsp .
popq %rbp Total:
retq 54 bytes

Total de acessos a stack: 15 no I1A-32, 9 no Intel 64!
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CISC versus RISC

Caracterizagao das arquiteturas RISC

— conjunto reduzido e simples de instrugcdes
— operandos sempre em registos
— formatos simples de instrugdes
— modos simples de enderegcamento a memoria
— uma operacgao elementar por ciclo maquina

ARM

AJProencga, Sistemas de Computagdo, UMinho, 201

Analise do nivel ISA:
o modelo RISC versus IA-32 (1)

RISC versus |IA-32 :

— RISC: conjunto reduzido e simples de instrugdes

* pouco mais que o subset do I1A-32 ja apresentado...
* instru¢des simples, mas muito eficientes em pipeline

— operacgOes aritméticas e logicas:
» 3-operandos (RISC) versus 2-operandos (I1A-32)
» RISC: operandos sempre em registos,
16/32 registos genéricos visiveis ao programador,
sendo normalmente
— 1 reg apenas de leitura, com o valor 0 (em 32 registos)

— 1 reg usado para guardar o endereco de regresso da fungao
— 1 reg usado como stack pointer (convengao do s/w)
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Analise do nivel ISA:
o modelo RISC versus IA-32 (2)

RISC versus IA-32 (cont.):
— RISC: modos simples de enderegamento a memoria

« apenas 1 modo de especificar o endereco:
Mem[C'®+ (Reg,)] OU Mem|[ (Regy,) + (Reg;) ]

* ou poucos modos de especificar o endereco:
Mem [Cte+ (Regy) ] e/ou
Mem[ (Reg,) + (Reqg;) ] e/ou
Mem[C*®+ (Regy) + (Reg;) ]
— RISC: uma operagéao elementar por ciclo maquina
* por ex. push/pop (IA-32)

substituido pelo par de instrugdes
sub&store/load&add (RISC)
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Analise do nivel ISA:
o modelo RISC versus IA-32 (3)

RISC versus |A-32 (cont.):

— RISC: formatos simples de instrugdes
« comprimento fixo e poucas variagoes

* ex.: MIPS
Field size 6 bits 5 bits 5 bits 5 bits 5 bits 6 bits | All MIPS instructions are 32 bits long
R-format op rs rt rd shamt funct Arithmetic instruction format
|-format op rs rt address/immediate Transfer, branch, imm. format
J-format op target address Jump instruction format
* ex.. ARM
[Field size | 4 bits | 2bits | 1bit | 4bits | 1bit 4 bits | 4 bns 12 bits | All ARM instructions are 32 bits long
DP format DpP Cond F | Opoode S | Rn Rd Ope'and2 Arithmetic instruction format
DT format DT Cond F Opcode Rn Rd Offset12 Data transfer format
Fgldrsizrg 4 l?i{s 2 !’i‘f‘, 2 lr)ilg 24,‘,)",5
| BR format | BR | Cond | F | Opcode | signed_immed_24 B and BL instructions
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Simples comparacgao entre ARM e MIPS

I ARM: the most popular embedded core

Similar basic set of instructions to MIPS

ARM MIPS

Date announced 1985 1985
Instruction size 32 bits 32 bits
Address space 32-bit flat 32-bit flat
Data alignment Aligned Aligned
Data addressing modes 9 3
Registers 15 x 32-bit 31 x 32-bit
Input/output Memory Memory

mapped mapped

Chapter2 — Instructions: Language of the Computer—78 11

IA-32 versus RISC (1)

Principal diferenga na organizacao interna:
— organizacgao dos registos
» |A-32: poucos registos genéricos =>
variaveis e argumentos normalmente na stack

* RISC: 16/32 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
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Convencgao na utilizagao de registos RISC: MIPS e ARM

Name | Register Usage

$zero $0 Always 0 (forced by hardware) M I PS
$at $1 Reserved for assembler use

$v0 - Svil 22 = 83 Result values of a function

$a0 - $a3 $4 - $7 Arguments of a function

$t0 - $t7 $8 - $15 | Temporary Values

$s0 - $s7 $16 - $23 | Saved registers (preserved across call)

$t8 - $t9 $24 - $25 | More temporaries

$k0 - $k1 $26 - $27 | Reserved for OS kernel

Sgp $28 Global pointer (points to global data)

$sp $29 Stack pointer (points to top of stack)

$fp $30 Frame pointer (points to stack frame) ARM

Preserved on
Name | Register number Usage call?

al-a2 0-1 Argument / return result / scratch register no
a3-ad 2-3 Argument / scratch register no
vl-v8 4-11 Variables for local routine yes
ip 12 Intra-procedure-call scratch register no
sp 13 Stack pointer yes
Ir 14 Link Register (Return address) yes
pc 15 Program Counter n.a.

IA-32 versus RISC (2)

Principal diferenga na organizacao interna:
— organizacao dos registos
* |A-32: poucos registos genéricos =>
variaveis e argumentos normalmente na stack

* RISC: 16/32 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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Revisao da codificagcdo
de swap e call swap no IA-32
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void swap(int *xp, int *yp) void call swap ()

: - ) {

iﬁt :2 - :;g int zipl = 15213;

*xp = t1; int zip2 = 91125;

*yp = t0; swap (&zipl, &zip2);

} }
_swap: _call swap:
pushl %ebp pushl %ebp
movl %esp, %ebp movl %esp, %ebp
pushl %ebx subl $24, %esp
movl 12 (%ebp) , $ecx movl $15213, -4 (%ebp)
movl 8 (%ebp) , %edx movl $91125, -8 (%ebp)
movl (%ecx), %eax leal -4 (%ebp) , %eax
movl (%edx) , %ebx movl %eax, (%esp)
movl %$eax, (%edx) leal -8 (%ebp) , %eax
movl %$ebx, (%ecx) movl %eax, 4 (%esp)
call _swap

movl -4 (%ebp) , %ebx
movl %ebp, %esp movl %ebp, %esp
popl %ebp popl %ebp
ret ret

15

Fungbées em assembly:
IA-32 versus MIPS (RISC) (2)

swap: swap:
~  pushl %$ebp IA-32 = MIPS
movl %esp, %ebp 1w $vl,0($a0)
pushl $ebx 1w $v0,0(Sal)
movl 8 (ebp) , %edx sw  $v0,0(3a0)
movl 12 (%ebp), %ecx SH $vi,0(sal)
movl (%edx), %ebx -
movl (%ecx), %eax J g
movl $eax, (%edx)
movl %$ebx, (%ecx) call swap:
opl %ebx
gogl %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
movl $15213, -4 (%ebp) ori $V0,$V0,0X63f5
movl $91125, -8(%ebp) sw $v0,20 ($sp) _
leal -4 (3ebp) , %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 . addu $sp,$sp,32 5
popl Sebp Total: 3 Sra Total:
ret 63 bytes 72 bytes
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Funcées em assembly:
IA-32 versus MIPS (RISC) (3)

7N\
ININ

call swap

1. Invocar swap
*salvaguardar registos
*passagem de argumentos
schamar rotina e guardar endereco de regresso

Nao ha reg para salvag. |
leal -4 (%ebp) , $eax Calcula &zip2

A-32

Acessos

pushl %eax Push &zip2 <+— —

leal -8 (%ebp) , $eax Calcula &zip1 3 stack
pushl %eax Push &zip1 7/

call swap Invoca swap

SW Sra, 24 (Ssp) Salvag.
MIPS addu $a0, $sp, 16 Calcula
addu $al, $sp,20 Calcula

reg c/ enderecgo regresso ~
& coloca &zip1 no reg arg 0
& coloca &zip2 no reg arg 1

Jjal swap Invoca swap
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Funcées em assembly:
IA-32 versus MIPS (RISC) (4)

ZN\
ININ

swap
1. Inicializar swap
«atualizar frame pointer
*salvaguardar registos
sreservar espaco p/ locais
swap: 1A-32
pushl %ebp Salvag. antigo $ebp —
movl %esp,%ebp $%$ebp novo frame pointer —————  Acessos
pushl %ebx Salvag. %ebx = 3 stack

Nao é preciso espaco p/ locais

Espaco p/ locais:

Frame pointer p/ actualizar: NAO
MIPS Registos p/ salvaguardar: NAO

NAO
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IA-32

swap
2. Corpo de swap ...

Funcées em assembly:
versus MIPS (RISC) (5)

movl 12 (%ebp), %$ecx Coloca yp em reg 1A-32
movl 8 (%ebp), %edx Coloca xp em reg
movl (%ecx), %eax Coloca y em reg Acessos
movl (%edx), $ebx Coloca x em reg a memoria
movl eax, (%Sedx) Armazena y em *xp (todas...)
movl %ebx, (%ecx) Armazena x em *yp
1w Svl, 0($a0) Coloca x em reg
MIPS 1w Sv0,0(sal) Coloca y em reg
SW Sv0, 0 (sal) Armazena y em *xp
SW Svl,0(Sal) Armazena x em *yp
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Funcées em assembly:
IA-32 versus MIPS (RISC) (6)
swap
3. Término de swap ...
*libertar espacgo de var locais
srecuperar registos
srecuperar antigo frame pointer
‘regressara call swap
Nio h& espaco a libertar 1A-32
popl %$ebx Recupera $ebx «—
movl %ebp,%esp Recupera $esp Acessos
popl %ebp Recupera 3ebp «— a stack
ret Regressa a fungao chamadora 4/
Espaco a libertar de var locais: NAO
Recuperacao de registos: NAO
MIPS Recuperagdo do frame ptr: NAO
j  Sra Regressa a fungdo chamadora
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Funcées em assembly:
IA-32 versus MIPS (RISC) (7)

O

call swap
2. Terminar invocagao de swap. . .

slibertar espago de argumentos na stack...
srecuperar registos

addl $8, (%esp) Atualiza stack pointer

Néao ha reg’s a recuperar

1A-32

Acessos
a stack

MIPS

lw S$Sra, 24 ($sp)

Espaco a libertar na stack: NAO
Recupera reg c/ ender regresso “|

Total de acessos a memorial/stack: 14 no I1A-32, 6 no MIPS !
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Funcées em assembly:
IA-32 versus ARM (RISC)

| O

r
Iz

’

swap: swap:

- F;’UShl %sebp IA-32 - stI:Dr fp, [sp, #-4]!
movl %esp, %ebp add fp, sp, #0 .
pushl bebx 1dr 3, [z0, #0]
movl 8 (%ebp) , %edx 1dr r2, [rl, #0]
movl 12 (%ebp) , %ecx str r2, [r0, #0]
movl (%edx) , %ebx str r3, [rl, #0]
movl (%ecx) , %eax
movl $eax, (%edx) add sp, fp, #0
movl %ebx, (%ecx) pop {]f:P}
popl %ebx

call swap:
e S push (fp, lr}

_call_swap: :ﬁg gp, :P' ﬁg
pushl %ebp P, SP,
movl %$esp, %ebp ldr r3, .L3
subl $24, %esp str r3, [fp, #-12]
movl $15213, -4 (%ebp) dr I3, '[?SM#—S]
movl $91125, -8 (%ebp) T rOI £ ’#12
leal -4 (%ebp) , %eax Sieis r1, fp, 48

r TPy
movl %eax, (%esp) bl swap
leal -8 (%ebp) , %eax -
movl %eax, 4 (%esp) sub sp, fp, #4
call _swap pop {fp, pc}
movl %$ebp, %es | D3
popl Sebp P Total: .word 15213
ret 63 bytes .word 91125

ARM

IA-32: mov sp, Ip
IA-32: mov 0(x0), r3

; IA-32: mov r2, 0(x0)

pop é pseudo-instr
branch & link

push é pseudo-instr

&zipl= fp+l12
&zip2= fp+8

pop {pc} = ret
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