Introdugéao aos
Sistemas de Computagcao(4)

Estrutura do tema ISC

4. O processador e a memoria num computador

AJProencga, Sistemas de Computagdo, UMinho, 2009/10 1

25,
NN

O processador: andlise do nivel ISA
(Instruction Set Architecture)

Toépicos a analisar

operagdes num processador

registos visiveis aos programador

modos de acesso aos operandos

tipos de instrugdes presentes num CPU
formatos de instrugbes em linguagem maquina
instrugdes de input/output

ordenagao de bytes

AJProenca, Sistemas de Computagdo, UMinho, 2009/10 3

5. Andlise de componentes
num computador

Componentes (fisicos) a analisar:

— 0 processador (info adicional):

* 0 nivel ISA (Instruction Set Architecture):
tipos/formatos de instrugdes, acesso a operandos, ...

» CISC versus RISC
* paralelismo no CPU: pipeline, superescalaridade, ...
* paralelismo fora do CPU, mas no mesmo chip

— a hierarquia de memébria:
cache, memoria virtual, ...

— periféricos:

* comunicacdes (notema 5...)

AJProenca, Sistemas de Computagao, UMinho, 2009/10 2

Anadlise do nivel ISA
(Instruction Set Architecture) (1)

Operagdes num processador

— n° de operandos em cada instrugao
» 3-operandos (RISC, ...)
e 2-operandos (IA32,...)
* 1-operando (microcontroladores, ...)
* 0-operandos (stack-machine, ...)

— localizagao dos operandos
* variaveis escalares (registos...)
* variaveis estruturadas (memoria...)
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Analise do nivel ISA
(Instruction Set Architecture) (2)

Registos visiveis aos programador (inteiros)
— em arquitecturas RISC (32 registos genéricos...)
~nolA32  : I
seax sax[ san [ a1 ||
|%ecx scx sen [ sc1 |
| sedx sax| san [ sa1 |
| %ebx sox| son | o1 ||
|%esi %Si| I
|%edi %di| I
|%esp ssp| | stack pointer
|%ebp %bp| I Frame pointer
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Andlise do nivel ISA
(Instruction Set Architecture) (4)

Tipos de instrugoes presentes num CPU

— operagoes aritméticas e logicas
* soma, subtragao, multipl, div, ...
* AND, OR, NOT, XOR, comparacgao, ...
 deslocamento de bits, ...
— transferéncia de informacao
* de/para registos/memoria, ...
— controlo do fluxo de execugao
 para apoio a estruturas de controlo
* para apoio a invocacao de procedimentos
— outras...
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Analise do nivel ISA
(Instruction Set Architecture) (3)

Modos de acesso aos operandos

— em arquitecturas RISC
* em operagdes aritméticas/légicas, sempre em registo
* em load/store usando 1 ou 2 modos de endereco a memoria

—no |1A32
Type Form Operand value Name
Immediate | $Imm Imm Immediate
Register E, R[Ed] Register
Memory | Imm M[Imm)] Absolute
Memory (Eq) M[R[Ea]] Indirect
Memory | Imm (Eg) M[Imamn + R[Es]] Base + displacement
Memory (Ep, E;) M[R[Es] + R[E;]] Indexed
Memory | Imm (Eg, E;) M[Fmm + R[Ep] + R[E;]] Indexed
Memory (,Ei,s) M[R[E{] - 5] Scaled indexed
Memory Imm (,E;,s) M[Tmm + R[E;] - 5] Scaled Indexed
Memory (Ep, Ei, 8) M[R[Es] + R[E{] - 5] Scaled indexed
Memory Imm (Ey,E;, s) | M[Imm + R[Ey] + R[E;] - 5] [ Scaled indexed
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Anadlise do nivel ISA
(Instruction Set Architecture) (5)

Ex: instrugoes aritméticas/légicas no 1A32

inc D
dec D
neg D
not D

add S,D
sub S,D
imul S, D

and S, D
or S,D
xor S, D

shl k, D
sark, D
shrk, D

D& D +1
D& D -1
D& -D

D& D

D& D+S
D& D-S
D&<D*S

D& D&S
D&<D|S
D&«D"S
D& D <<k
D& D >>k
D& D >>k
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Increment
Decrement
Negate
Complement

Add
Subtract
32 bit Multiply

And
Or
Exclusive-Or

Left Shift

Arithmetic Right Shift
Logical Right Shift




Analise do nivel ISA
(Instruction Set Architecture) (6)

Ex: instrugdes de transferéncia de info no 1A32
mov S,D D<S Move (byte,word,long_word)

movsbl S, D D<SignExtend(S) Move Sign-Extended Byte
movzbl S, D D<ZeroExtend(S) Move Zero-Extended Byte

push S Y%esp €< %esp - 4; Mem[%esp] € S Push
pop D D<Mem[%esp]; %esp € %esp+ 4 Pop
lea S,D D& &S Load Effective Address
D — destino [Reg | Mem] S — fonte [Imm | Reg | Mem]

D e S ndo podem ser ambos operandos em memodria
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Anadlise do nivel ISA
(Instruction Set Architecture) (8)

Formatos de instrugcées em linguagem maquina
— campos duma instrugao

| OpCode | |OpCode|Operando (valor/localiz.)|
(a) (b)
|OpCode| Operndo | Oper"d°2| |OpCode|Op"d°1|Op"d°2|0p"d°3|
(c) (d)
— comprimento das instrucdes
* variavel (prés e contras; IA32...)
* fixo (pros e contras; RISC...)
— exemplos de formatos de instrugdes
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Anadlise do nivel ISA
(Instruction Set Architecture) (7)

Ex: instrugdes de controlo de fluxo no 1A32

jmp Label %eip €< Label Unconditional jump

je Label Jump if Zero/Equal

js Label Jump if Negative

jg Label Jump if Greater (signed >)

jge Label Jump if Greater or equal (signed >=)
ja Label Jump if Above (unsigned >)

call Label pushl %eip; %eip= Label Procedure call

ret popl %eip Procedure return
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Anadlise do nivel ISA
(Instruction Set Architecture) (9)

Formatos de instrucoes no Pentium

bytes lor2 Oorl Oor1 0,1,2,0r4 0,1,2,0r4
Opcode MOD/RM SIB Displacement Immediate
7 1 Seal
- 1 -~ -
- - -~ -~
- I N
Fhe " ..
-
P 1 \‘ ~a.
I Mod | Reg/Opcode RIM | SS I Index Base

7 6 H 4 3 2

(b) Instruction

bytes
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Oorl Oorl Dorl Oorl

Operand | Address
Size Size
Override | Override

Instruction| Segment
Prefix Override

(a) Prefix

12



Analise do nivel ISA
(Instruction Set Architecture) (10)

Formatos de instru¢cées no MIPS (RISC)

6 5 5 16

[-type

) - Operation Is rt Immediate
(immediate)

) 26

I-type Operation Target
(jump)

6 3 3 3 3 [3

R-type

(register)y

Operation rs rt rd Shift Function
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Optimizagao do desempenho
(no hardware)

25,
NN

Modos de optimizar o desempenho no h/w

— com paralelismo
* ao nivel do processo (sistemas paralelos/distribuidos)

+ ao nivel da instrug&o (Instruction Level Parallelism)
— s6 nos dados (processadores vectoriais)
— paralelismo desfasado (pipeline)
— paralelismo "real" (superescalar)

— com hierarquia de memoria
e cache ...
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Analise do nivel ISA
(Instruction Set Architecture) (11)
Instrugoes de input/output
— finalidade
— escrita de comandos
— leitura de estado
— escrita/leitura de dados
— especificas (requer sinais de controlo no bus...) ; ou
— idénticas ao acesso a memoéria
» memory mapped I/O
Ordenacao de bytes
— big-endian
— little-endian
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Paralelismo no processador

Exemplo 1
Exemplo de pipeline
S S2 S3 S4 &5
Instruction Instruction Operand Instruction Write
fetch decode fetch execution back
unit unit unit unit unit
(a)
st: |[1|[2]|[=]) (4] |&] (el (| (3| (]
s2: (6]
s3: (s]|[Z| -
s4: (5]
ss: [|=|E|E@|E]
1 2 3 4 5 6 7 8 9
Time ——

Cs
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Paralelismo no processador

Exemplo 2
Exemplo de superescalaridade (nivel 2)
S1 S2 S3 S4 S5
Instruction Operand Instruction Write
decode fetch execution back
Instruction unit unit unit unit
fetch
Uit Instruction Operand Instruction Write
decode fetch execution back
unit unit unit unit
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A cache na arquitectura
dos primeiros Pentium

CPU chip
L1 |Registerfile
cache

SRAM) E") ALU

Cactsius @ : System bus Mem(iry bus

L2 cache<:‘/ <:‘::> Memory :> Main
(SRAM) Bus interface bridge memory

(DRAM)
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Hierarquia de memoria
no virar do século

A
Smaller,
faster, CPU registers hold words retrieved from
and cache memory.

cosllier L1:/ On-chip L1
(per byte)
Sorae cache (SRAM) L1 cache holds cache lines refrieved

devices . from the L2 cache.

L2 Off-chip L2
cache (SRAM) L2 cache holds cache lines
retrieved from memory.
L3: Main memory
(DRAM)
Larger, Main memory holds disk
slower, blocks retrieved from local
and dlisks.

.T:’lerthﬁi. L4 Local secondary storage

storage (local disks)

devices Local disks hold files

retrieved from disks on
remote network servers.
L5 Remote secondary storage
v (distributed file systems, Web servers)
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CISC versus RISC

Caracterizagao das arquitecturas RISC

— conjunto reduzido e simples de instrugdes

— formatos simples de instrugcdes

— operandos sempre em registos

— modos simples de enderecamento a memoria

— uma operacgao elementar por ciclo maquina
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