Analise duma
Instruction Set Architecture (5)

N\
ININ

Estrutura do tema ISA do 1A-32

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

Principal diferenca na organizacao interna:
— organizacgao dos registos

* |A-32: poucos registos geneéricos (s6 6) =>
variaveis locais em reg e argumentos na stack

* Intel 64: 16 reqgistos genericos =>

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 I1A-32

Intel 64: Intel implementation of x86-64

N\
ININ

x86-64 Integer Registers rax
[ ‘ |
$rax Yeax $r8 $r8d a X
$rbx %ebx 2r9 %r9d I
ah al |
$rcx %ecx %$rl0 %$r10d eax
$rdx $edx $rll %rild
$rsi %esi $rl2 %ri2d .
x86-64 Integer Registers:
$rdi $edi $rl3 $r13d q !sage Convention
%rsp %esp Srl4 sr14d $rax Return value %$r8 Argument #5
$rb Call d %$r9 A t#6
%rbp %ebp %rls %r15d rox allee save r rgumen
$rcx Argument #4 $rl0 Caller saved
® Twice the number of registers
= Accessible as 8, 16, 32, 64 bits e s BEt Caller Saved
brsi pamenie) R
$rdi Argument #1 $rl3 Callee saved
srsp Stack pointer $rld Callee saved
AJProenca, Sistemas de Computagdo, UMinho, 2020/21 $rbp Callee saved $rl5 Callee saved




Relembrando:
IA-32 versus Intel 64

Principal diferenca na organizacao interna:
— organizacao dos registos

— consequéncias:

Analise de um exemplo (swap) ...
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Revisao da codificacao
de swap e call swap no [A-32

N\
ININ
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Yoid swap (int *xp, int *yp) void call swap ()

int t0 = *xp; f .

int tl = *yp; int zipl = 15213;

*xp = tl; int zip2 = 91125;

*yp = tO0; 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




Fungcoes em assembly:

IA-32 versus Intel 64

_Swap.: swap:
pushl %$ebp IA_32 pushq %rbp Intel 64
movl %esp, %ebp
pushl % ebx movqg S%rsp, %rbp
movl 8 (%ebp) , %edx
movl 12 (%ebp) , %ecx .

1 o movl (%rdi), %eax
2231 gz:g:; ! %:g: movl (%rsi), %ecx
movl Seax, ’(%edx) movl %ecx, (%rdi)
movl sebx, (%ecx) movl %eax, (%rsi)
popl $ebx poprg %rbp
popl %ebp retq
ret
call swap: call swap:

- p—ushl Sebp pushqg %rbp
movl %esp, %ebp mogq Qgizp ' %%rbp
subl $24, %esp Lok r TESP
movl $15213, -4 (%ebp) movl $15213, -4 (%rbp)
movl $91125, -8 (%ebp) movl $91125, —8(%rk_>p)
leal -4 (%ebp) , %eax leag -4(%rbp), %rdi
movl eax, (%esp) )
leal -8 (%ebp) , %eax leaq -8(%rbp), %rsi
movl eax, 4 (%esp)
il _swap callg _swap
o lmper o | o e
ret 63 bytes retq 54 bytes
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Total de acessos a stack: 15 no I1A-32, 9 no Intel 64 !
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CISC versus RISC

Caracterizacao das arquiteturas RISC

— conjunto reduzido e simples de instrugdes

— operandos sempre em registos

— formatos simples de instrucoes

— modos simples de enderecamento a memoria
— uma operacao elementar por ciclo maquina

Ex de uma arquitetura RISC:
ARM
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Analise do nivel ISA:
o modelo RISC versus IA-32 (1)

RISC versus IA-32 :

— RISC: conjunto reduzido e simples de instrugdes

e pouco mais que o subset do IA-32 ja apresentado...
* instrucdes simples, mas muito eficientes em pipeline

— operacoes aritmeéticas 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 funcao
— 1 reg usado como stack pointer (convencao 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 enderecamento a memoria

» apenas 1 modo de especificar o endereco:

Mem[C*®+ (Reg,) ] OU Mem|[ (Regy) + (Regy) ]
* OuU poucos modos de especificar o endereco:

Mem [Cte+ (Regy) ] e/ou

Mem[ (Reg,) + (Regy) ] e/ou

Mem [Ct®+ (Regy) + (Reg;) ]
— RISC: uma operacao elementar em cada instrucao
* por ex. push/pop (IA-32)
substituido pelo par de operacoes elementares
sub&store/loads&add (RISC)
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Analise do nivel ISA:
o modelo RISC versus IA-32 (3)

RISC versus IA-32 (cont.):

— RISC: formatos simples de instrucoes

« 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
I-format op rs rt address/immediate Transfer, branch, imm. format
J-format op target address Jump instruction format
* ex.. ARM
| Name [Format|  Exampe |  Commemts
Field size | Abits | 2bits | 1bit | 4bits | 1bit | 4bits |4 bits| 12 bits | All ARM instructions are 32 bits long
DP format DP Cond F | Opcode | S Rn Rd | Operand2 | Arithmetic instruction format
DT format | DT Cond F | Opcode Rn Rd | Offset12 | Data transfer format
Field size | 4 bits | 2 bits | 2 bits | 24 bits
BRformat | BR | Cond | F |Opcode | signed_immed_24 B and BL instructions
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Simples comparacao entre ARM e MIPS

I ARM: the rhost 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 <
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 diferenca 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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IA-32 versus RISC (2)

Principal diferenca na organizacao interna:
— organizacao dos registos

— consequéncias:

Analise de um exemplo (swap) ...

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Revisao da codificacao
de swap e call swap no [A-32

N\
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Yoid swap (int *xp, int *yp) void call swap ()

int t0 = *xp; f .

int tl = *yp; int zipl = 15213;

*xp = tl; int zip2 = 91125;

*yp = tO0; 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
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Convencéao na utilizacao dos registos MIPS

MIPS
Name Register Usage
$zero $0 Always 0 (forced by hardware)
Sat $1 Reserved for assembler use
$vO0 - $vl $2 - §3 Result values of a function
$a0 - $a3 $4 - §7 Arguments of a function
$t0 - §t7 $8 - $15 | Temporary Values
$s0 - $s7 $16 - $23 | Saved registers (preserved across call)
S$t8-$t9 $24 - $25 | More temporaries
$k0 - Skl $26 - $27 | Reserved for OS kernel
Sap $28 Global pointer (points to global data)
$sp $29 Stack pointer (points to top of stack)
$fp $30 Frame pointer (points to stack frame)
Sra $31 Return address (used by jal for function call)
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Fungcoes em assembly:
IA-32 versus MIPS (RISC) (1)

N\
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swap: :
- lzaushl %$ebp IA-32 Ser MIPS
movl %$esp, %ebp 1w $vl,0($a0)
pushl %ebx 1w $v0,0($al)
movl 8 (3ebp) , %edx sw  $v0,0(3a0)
movl 12 (3ebp) , %ecx swW $vl,0($al)
movl (%edx) , %ebx 3 Sra
movl (%ecx) , %eax
movl $eax, (%edx)
movl $ebx, (%ecx) call swap:
1 %eb
gggl %:b; subu $sp, $sp, 32
ret SwW $ra,24(Ssp)
_call swap: _
pushl %ebp 1li $VO,15213
movl %$esp, %ebp Sw $v0,16($sp)
subl $24, %esp 1i $v0, 0x10000
movl $15213, -4 (%ebp) EE L
movl $91125, -8 (%ebp) sw  $v0,20(9sp) _
leal -4 ($ebp), %eax addu $a0,$sp,16 # &zipl= sp+l6
movl %eax, (%esp) addu $al,$sp,20 # &zip2= sp+20
leal -8 (%ebp) , %eax jal swap
movl seax, 4 (%esp)
call _swap lw $ra,24 ($sp)
movl %ebp, %esp Total: addu $sp,$sp, 32 Total:
opl %eb ;
- P 63 bytes ] = 72 bytes
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Fungcoes em assembly:
IA-32 versus MIPS (RISC) (2)

N\
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call swap

1. Invocar swap

*salvaguardar registos
spassagem de argumentos
echamar rotina e guardar endereco de regresso

Nao ha reg para salvag. 1A-32
leal -4 (%ebp) , $eax Calcula &zip2
pushl S$eax Push &zip2 «+— — Acessos
leal -8 (%ebp) , $eax Calcula &zip1 a stack
pushl %eax Push &zip1 ‘7/

call swap Invoca swap

SW Sra,24 ($Ssp) Salvag. reg ¢/ endereco regresso ~
MIPS | addu 5a0, $sp,16 Calcula & coloca &zip1 no reg arg 0
addu $Sal, Ssp,20 Calcula & coloca &zip2 no req arg 1
Jal swap Invoca swap
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Funcoes em assembly:
IA-32 versus MIPS (RISC) (3)
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swap
1. Inicializar swap
«atualizar frame pointer
salvaguardar registos
sreservar espaco p/ locais
swap: 1A-32
pushl $ebp Salvag. antigo 3ebp —
movl %esp, $ebp 4%ebp novo frame pointer ————  Acessos
pushl %$ebx Salvag. $ebx - 3 stack
Nao é preciso espaco p/ locais

Frame pointer p/ actualizar: NAO

MIPS Registos p/ salvaguardar: NAO

Espaco p/ locais:

NAO

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Fungcoes em assembly:

IA-32 versus MIPS (RISC) (4)

N\
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2. Corpo de swap ...

swap

movl
movl
movl
movl
movl
movl

12 (%ebp) , secx
8 (%ebp) , $edx
(3ecx) , seax
(3edx) , sebx
Teax, (sedx)
sebx, (3ecx)

Coloca yp em reg
Coloca xp em reg
Coloca y em reg
Coloca x em reg
Armazena y em *xp
Armazena x em *yp

MIPS

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

1w
1w
SW
SW

$Sal
Sal
$Sal
Sal

svl,0
sv0,0
sv0,0

)
)
)
$vl, 0 )

A~ A~ A~

Coloca x em reg
Coloca y em reg
Armazena y em *xp
Armazena x em *yp

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Fungcoes em assembly:
IA-32 versus MIPS (RISC) (5)

N\
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swap
3. Término de swap ...
olibertar espaco de var locais
srecuperar registos

srecuperar antigo frame pointer
‘regressara call swap

Nao ha espaco a libertar 1A-32
popl %ebx Recupera $ebx
movl %ebp,%esp Recupera $esp Acessos
popl %ebp Recupera 3ebp <« a Stack
ret Regressa a funcao chamadora /
Espaco a libertar de var locais: NAO
Recuperacgao de registos: NAO
MIPS Recuperagdo do frame ptr: NAO
j  Sra Regressa a funcao chamadora

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Fungcoes em assembly:
IA-32 versus MIPS (RISC) (6)

N\
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recuperar registos

call swap
2. Terminar invocacao de swap. . .
*libertar espaco de argumentos na stack...

addl $8, (%esp)

Atualiza stack pointer

IA-32

Nio hd reg’s a recuperar Acessos

a stack

MIPS

lw

Sra,24 (Ssp)

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

Total de acessos a memoria/stack (incl. inicializagcao de var’'s em mem):
14(+2) no 1A-32, 6(+2) no MIPS !

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Convencao na utilizacao dos registos ARM

-——
Name | Register number Usage call?

al-a2 Argument / return result / scratch register

a3-a4 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.
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Fungcoes em assembly:
IA-32 versus ARM (RISC)

N\
ININ

_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

sebp

%esp, %ebp

$ebx

8 (%ebp) ,
12 (%ebp) ,

IA-32

$edx
%$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
seax, 4 (%esp)

_swap
%ebp, %esp
%ebp

Total:
63 bytes

_Sswap:
str fp, [sp, #-4]!

add fp, sp, #0

1ldr r3, [xr0, #0]
ldr r2, [rl, #0]
str r2, [0, #0]
str r3, [rl, #0]

add sp, fp, #0

pop {£fp}
bl 1lr

_call swap:

push {fp, 1lr}
add fp, sp, #4
sub sp, sp, #8

ldr r3, .L3

str r3, [fp, #-12]

ldr r3, .L3+4

str r3, [fp, #-8]
sub r0, fp, #12

sub rl, fp, #8
bl _swap

sub sp, fp, #4
pop {fp, pc}

.L3:

word 15213
.word 91125

IA-32:
IA-32:

IA-32:

ARM

mov sp, fp

mov 0 (xr0), r3

mov r2, 0(xO0)

pop é pseudo-instr
branch & link

push é pseudo-instr

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

pop {pc} = ret
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23




GCC (GNU Compiler Collection):
linguagens de programacao suportadas e ...

Linguagens de programacao que GCC suporta
— C com dialetos:

» ANSI C original (X3.159-1989, ISO standard ISO/IEC 9899:1990)
aka C89 ou C90; usar com ‘-ansi’, ‘-std=c90’

e C94 ou C95, usar com ‘-std=1s09899:199409’

e C99, usar com -std=c99’or ‘-std=1is09899:1999’
e C11, usar com ‘-std=c1l’

« C17,usar com ‘-std=cl7’
» por omissao GCC usa C77 com extensodes ‘-std=gnull’

— C++ (usado com comando ' g++’) com dialetos:
e C++98, C++03, C++11, C++14, C++17, ...

— Fortran (usado com comando ' gfortran’) com dialetos:

 Fortran 95, Fortran 2003, Fortran 2008, ...

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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GCC (GNU Compiler Collection):
... @ processadores suportados

Processadores que GCC suporta

— especificado sempre com opcao -m’

— opc¢ao x86, usar com -march=cpu-type’; algumas escolhas:
* 'native’ (0 sistema local)
e '1i386... ' x86-64... 'knl'... icelake’... 'znver3

— opcao MIPS, usar com -march=arch’
» @ possivel ainda selecionar um dado processador MIPS

— opcao ARM, usar com -march=name’

» ¢ possivel ainda selecionar um dado processador ARM; mais
comuns:

— 0s da ultima geracao de 32 bits, 'armv7’
— da 1% geracao de 64 bits, 'armv8-a’

AJProenca, Sistemas de Computagdo, UMinho, 2020/21 25



