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ESTRUTURA DE UM PROCESSADOR
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ESTRUTURA DE UM PROCESSADOR

4th Generation Intel® Core™ Processor Die Map
22nm Haswell Tri-Gate 3-D Transistors
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Quad core die shown above | Transistor count: 1.4Billion | Die size: 177mm?
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CLOCK DE UM PROCESSADOR

- Frequéncia de clock
o Quantidade de ciclos que sao processados por segundo
o Associado a quantidade de mudancas de corrente suportadas pelos transistores
o Uma instrucao pode demorar um ou mais ciclos de clock

. Tempo de execucao de um programa

o T = #instrucdes * ciclos_por_instrucdo / frequéncia_clock
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A FREQUENCIA AUMENTA PARA SEMPRE?
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Original data collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond and C. Batten
Dotted line extrapolations by C. Moore
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ESTRUTURA DE UM PROCESSADOR

. Computacao
o Lé comando da memoria (fetch)
o Interpreta o comando (decode)
o Executa o comando (execute)

. Localizacao
o Lé de uma posicao especifica (instruction pointer)

o Para um registo (instruction register)
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ESTRUTURA DE UM PROCESSADOR

. Tipos de instrucoes
o Operacdes aritméticas
o Copia de dados
o Decisao de qual o local da proxima instrucao
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INSTRUCTION SET ARCHITECTURE

. O que s3o instrucoes?
o Comando especifico e bem definido num ISA
o Podem usar argumentos

o Varios tipos de instrucdes
» OperacOes logicas/artiméticas
» Operacdes de copia de dados
» Operacdes de salto condicional

Vi .
~ %, | INSTITUTO POLITECNICO
IPCA = | Do cAvapo E Do AVE
'..“~ ESCOLA SUPERIOR DE TECNOLODGIA

int sum(int x, inty) {
int t = x+y;
return t;

}

\ 4

sum:
pushl %ebp

movl %esp,%ebp
movl 12(%ebp),%eax
add| 8(%ebp),%eax
movl %ebp,%esp
popl %ebp

ret
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INSTRUCTION SET ARCHITECTURE

. Operacoes légicas/aritméticas
o Recebem um nUimero de argumentos (2 em |A-32)
o Operandos podem ser escalares ou estruturados

» Escalares sdo guardados em registo
» Estruturados sao guardados em memoria
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CISC VS RISC

CISC RISC

. Enfase no hardware . Enfase no software

Instrucdes complexas de varios clocks Instrucdes simples e single-clock

Operacdes memoria/memodria Operacodes registo/registo

Loads/stores incluidos nas instrucdes Loads/stores sdo instrucdes independentes

Transistores usados para guardar instrucdes Transistores usados para guardar registos

complexas
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CISC

MULT endl, end2
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CISC VS RISC

RISC

LOAD A, end1
LOAD B, end?
PROD A, B
STORE end1, A
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INSTRUCTION SET ARCHITECTURE

- Modos de aceder a operandos em arquitecturas RISC (I1A-32)

o Operandos sempre em registo para operacoes logicas/aritméticas
o Carregar/guardar dados usam 1 ou 2 modos de endereco de memoria

Type Form Operand value Name
Immediate | $Imm Imm Immediate
Register | E, R[E,] Register
Memory | Imm M[Tmm)] Absolute
Memory (Eq) M[R[E,]] Indirect
Memory | Imm (Ep) M[Fmm + R[E;]] Base + displacement
Memory (Ep, E;) M[R[Es] + R[E{]] Indexed
Memory Imm (Ey, E;) M[IFmm + R[Ep] + R[E;]] Indexed
Memory (,E;,8) M[R[E;] - 5] Scaled indexed
Memory Imm (,E;, s) M[Fmm + R[E;] - 5] Scaled Indexed
Memory (Ey, E;, 8) M[R[Es] + R[E;] - 5] Scaled indexed
Memory Imm (Ey,E;, s) | M[Imm + R[E}] + R[E;] - 5] [ Scaled indexed
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INSTRUCTION SET ARCHITECTURE

. Organizacao de registos em RISC

o 32 registos genéricos

el 15 8 7 0
o No |A-32: $eax sax| %ah gal

$ecx sex| 2ch 3cl

$edx $dx $dh gdl

$esi $s1 I
$edi $di I
sesp $sp I Stack pointer
$ebp $bp I Frame pointer
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EXECUCAO DE INSTRUCOES

AMD K10 Architecture
Red: Difference between K8 and K10 Architecture
(Die Anderungen zwischen der K8- und K10-Architektur sind rot markiert)

L2-TLB I: 512-entry 256 Bit + Bit152
D: 512-entry Predecode, Branch, Parity
1 GByte: 8-entry
Level 2 Cache Fetch 2-t it
512K, 16 way Steh -transi
exclusive Pick Buffer
32 Byte
L2 ECE
x86 Ops
L2 Tags v (C1SC) 512 indirect
L2 Tag ECC Decode
A DirectPath I VectorPath
Macro Ops
(RISC-like)
l Instruction Control Unit (72-entry) I
v v v vV
8-entry 8-entry 8-entry 36-entry
Scheduler Scheduler Scheduler Scheduler

System Request
Queue (SRQ)

Cross Bar
(XBAR)

A A A A
L1128

A 4 v v Y

2 Memory Hyper
WV I ’, Controller Transport
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PIPELINE DE EXECUCAO
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HISTORIA DOS PROCESSADORES

Nome Data N° transistores

8086 1978 29K
— processador 16-bits (registos + ALU); base do IBM PC & DOS
— espaco de enderegamento limitado a TMB (DOS apenas vé 640K)

80286 1982 134K
— enderego 24-bits e protected-mode; base do IBM PC-AT & Windows
386 1985 275K - primeiro |1A-32 1!

— estendido para 32-bits: registos + op. inteiros + endere¢camento
— memoria segmentada+paginada, capaz de correr Unix

486 1989 1.9M

— integragdo num unico chip: 386, co-proc 387, até 16kB cache L1
— poucas alteragbées na arquitetura interna do processador

AJProenga, Sistemas de Computagdo, UMinho, 2014/15
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HISTORIA DOS PROCESSADORES

Pentium 1993 3.1M (= P5 , aka i586)
— arquitectura superescalar, com 2 pipelines de inteiros (de 5 niveis)
PentiumPro 1995 5.5M ( = P6 , aka i686)

— out-of-order execution, 14 niveis pipeline, 3-issue superscalar
— enderecgo 36-bits, cache L2 on-package

Pentium/MMX 1997 4.5M
— SIMD: opera com vetores de 64-bits, tipo int de 1, 2, ou 4 bytes

Pentium | 1997 7.5M (= Pro + MMX)
Pentium llI 1999 8.2M

— “Streaming SIMD Ext”, SSE: vetores 128-bits, int/fp 1/2/4 bytes
Pentium 4 2000 42M ( = NetBurst, aka i786)

— trace cache, pipeline muito longo (20 ou 31), suporta multi-threading
— SSE2: mais instrugbes e com dados fp de 8-bytes

Pentium M 2003  77M (=P-M)

— arquitetura mais proxima do Pentium |l (eficiéncia energética)

AJProenca, Sistemas de Computagao, UMinho, 2014/15
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E NOS SMARTPHONES?

st

1

Quad-core CPU
2" Quad-
core CPU

Performance and Energy-Efficiency

Most energy-efficient processor from ARM Cortex-A7

Qualcomm

: snapdragon :

- 1.U
~ B - - b
t = Simple, In-order, 8 stage pipeline . td L 0 I C Quad (
=1 = Performance better than today's uzg-g ~
mainstream, high-volume smartphones : <
A

= Complex, out-of-order, multi-issue pipeline

= Up to 5x the performance of today's
mainstream, high-volume smartphones
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