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Microarquitetura

a Microarquitetura: forma
como estd implementada a
arquitetura em hardware

ad Processador:

= Datapath: blocos funcionais
« Controle: sinais de controle

Application
Software

Operating
Systems

Architecture

Micro-
architecture

Logic

Digital
Circuits

Analog
Circuits

Devices

Physics

programs

device drivers

instructions
registers

datapaths
controllers

adders
memories

AND gates
NOT gates

amplifiers
filters

transistors
diodes

electrons
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Microarquitetura

Multiplas implementacoes para uma mesma
arquitetura:

= Single-cycle

—- Cada instrucao € executada em um unico ciclo

= Multicycle

— A execucao de cada instrucao é dividida em uma série
de passos menores

» Pipelined
— A execucao de cada instrucao é dividida em uma série
de passos menores

— Multiplas instrucdes (parte de) executando ao mesmo
tempo.
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Conceitos importantes:

Q Program execution time
Execution Time = (# instructions)(cycles/instruction)(seconds/cycle)
— Cycles/instruction = CPI
- Seconds/cycle = clock period
- 1/CPI = Instructions/cycle = IPC

O Desafios na implementacao de uma microarquitetura
= Custo
= Power
= Desempenho
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0 Processador MIPS

= Subconjunto das instrucoes MIPS:

- R-type instructions: and, or, add, sub, slt

— Memory instructions: 1w, sw
— Branch instructions: beqg
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Q Estado da Arquitetura
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= Determina o estado do Processador em um dado
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O Elementos de estados do MIPS:

RD q?z

Data

Memory

CLK

RD1 |=
RD2 |==

WE3

CLK

Register
File

WD3

-+ A
—+ A2

CLK
PC

PC

32

32

- A3
57

7 A

7 wo

Instruction

Memory

Do ot
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iy Processador MIPS

Q Datapath

0 Unidade de Controle
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PO MIPS Single-Cycle

0 Execucao de 1w

1: Fetch da Instrucao
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iyt Processador
PO MIPS Single-Cycle

0 Execucao de 1w

2: Lé o operando fonte do RF

25:21
Instr
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0 Execucao de 1w

3: Sign-extend o imediato

Signlmm ,

Sign Extend
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0 Execucao de 1w

4: Calcula o endereco efetivo de memoria

ALUControl,,

Signlmm
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0 Execucao de 1w
5: Lé o dado da memodria e o escreva no RF

RegWrite

1
CLK L
\

AV

ReadData

Do ot

~T

14



ikt Processador

PO MIPS Single-Cycle

0 Execucao de 1w
6: Determina o endereco da proxima instrucao
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PO MIPS Single-Cycle

0 Execucao de sw

= Precisa escrever o valor do registrador na memoria

MemWrite

1

)

CLK
\
N

>

WriteData
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a Instrucoes R-Type: add, sub, and, or,

Escrever ALUResult no RF

MemtoReg
0
0
1

ALUResult

0
SrcB
1

RegDst ALUSrc

WriteReg, .,

Result

Do ot
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0 Instrucao beq

= Determina se os conteudos dos registradores sao iguais

= Calcula o endereco alvo do desvio
- (sign-extended immediate + PC+4)

PCSrc

Branch
1

Zero

H‘\ .| ‘.J‘...‘.i‘ ‘“ "\.‘,

‘j ‘f‘-l‘ / 2
Do ot = = PCBranch
o
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——\MemtoReg
Control .
.. IMemWrite
Unit B o
ranc
ALUControl,., D—PCSrc
31:26
Op  |ALUSrc
50 ) Funct RegDst
RegWrite
—
CLK CLK
CLK | |
. WES3 [~~~ Ze WE
_F PC' PC Instr 25211 A4 RD1 SrcA —~ ro -
1 A RD —| ALUResult ReadData
. ~>_ A RD 1
Instruction 2016 Ao RD2 |~O SrcB < Data
Memor
' AS i 1 WriteData Memory
WD3 Reg_lster WD
File
20:16 B
15:11 1
o WriteReg,.
., [PCPlus4 40
Signimm <D
4 120 Sign Extend PCBranch
+

Result

19



ikt Processador

PO MIPS Single-Cycle

Control Unit

Unit ( A

iOpcodes— Main
: Decoder

---------------------------------------------------

—— MemtoReg
—— MemWrite
—— Branch
—— ALUSTrc
—— RegDst

ALU

];ALUOptO

—— RegWrite

Functst— pecoder

ALUControls

Do ot et '
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et Single-Cycle

A&B
A|B

A+B

not used
A& ~B

A|~B
A -

SLT

000
001
010

011

100

101

110
111
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MIPS Single-Cycle

AL : Meanin
ALU Decoder » P A:: :
01 Subtract
10 Look at Funct
11 Not Used
ALUOp,.o Funct ALUControl,.,
00 X 010 (Add)
X1 X 110 (Subtract)
1X 100000 (add) 010 (Add)
1X 100010 (sub) 110 (Subtract)
1X 100100 (and) 000 (And)
1X 100101 (or) 001 (Or)
1X 101010 (s1t) 111 (SLT)
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MIPS Single-Cycle

O Funcionalidades

Jump

MemtoReg

31:26

Control

MemWrite

Unit

Branch

ALUControl,,,

Op ALUSrc

CLK

25:21

Funct |RegDst

—/
C‘LK

RegWrite

WE3

-IT)
1 0]prPC PC| A rp Lnstr

Instruction 20:16

A1

A2

Memory

A3
WD3

20:16

File

Register

SrcA

Zero

RD1

RD2

—_

'B SrcB
—

ALUResult

PCSrc

C‘LK

WE

WriteData

Data
Memory

WD

PCJump 15:11

[0
- 1
WriteReg,, .,

~ + PCPlus4

27:0 | 31:28

4 - Sign Extend

Signimm

<<2

PCBranch
+

0
ReadData 1

Result

Do ot
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"
i

tﬁf ‘uw 0 Decodificador Principal
Instruction Ops, RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp,, | Jump
R-type | 000000 1 1 0 0 0 0 10 0
| w | 100011 | 1 0 1 0 0 1 00 | O
{ s | 101011 | o0 X 1 0 1 X 00 | O
beq | 000100 | O X | 0 1 0 X 01 | 0
),j addi | 001000 | 1 0 1 0 0 0 00 | O
|7 Joootoo| o | x | x | x| o X | XX |1
b
/
- .
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0 Desempenho: Quao rapido é o processador?
Q Cycle time: limitado pelo caminho critico - 1w

MemtoReg
MemWrite
Branch 0 0
ALUControl, 1 )—Pcsrc
Op  |ALUSrc
Funct [RegDst

RegWrite

)
Control
Unit

31:26

50

—
CI‘_K

1 CLK
010 ‘
WE3 SrcA Zero WE

0
1
0] Pc PC Instr 2L/ = = = = =R S
-r1 A== =RB ~2| ALUResult ReadDataj—

: 1 = A —=RB
Instruction : ~
Memory A 2? RD2 (13 sccB[ < Data

» WD3

Memory

i WriteData
Register WD

File

0
20:16 0
15:11 J_
N WriteReg,

+ PCPlus4

LT | i Ira wl > .
i i i 4 — &I/ Slgnlmm <<2
Do ot Sign Extend PCBranch

+

~T Result
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a Caminho critico

(o

T, = tpcq_PC + fnem + maX(tRFread’ !

sext) + tmux + zLALU + zLmem + tmux + tRFsetup

a Na maioria das implementagoes os caminhos
limitantes sao: memoria, ALU, register file. Assim,

T. =

c

tpcq_PC + 2tmem + tRFread + 2fmux + tALU + thFsetup
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{’ﬂ\ ,n &%\“\
‘%ﬁ 0
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/) )N Register clock-t0-Q thcq PC 30
&
At i
ﬁ;’/\“{‘» : Register setup Lsetup 20
WA :
"“&f\,@\ %W " Multiplexer ux 29
ey
{ i L‘\‘”‘; i
/{?L ‘h W‘“‘\w
//rf}'fﬂ. E’}'J‘glﬂ"{ Memory read fnem 250
[ I |
/HJ J‘/ TH | } 1 1
e “L-‘_‘,u;- Register file read nFead 150
L Register file setup lRFsetup 20

Do ot Te = boeq pc + 2lnem * trFread * 2lmux + Ty + Lrrsetup

= [30 + 2(250) + 150 + 2(25) + 200 + 20] ps
— = 950 ps
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Q Para um programa com 100 bilhdes de instrucoes executando
em um processador MIPS single-cycle,

QO Execution Time
= (# Instructions)(cycles/instruction)(seconds/cycle)
= (100 x 10%)(1)(950 x 102s)

= 95 seconds
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Evolucao dos Microprocessadores Intel
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Processor Year Feature Size {pm) Transistors Frequency {MHz) Microarchitecture
80386 1985 1.5-1.0 275k 16-25 multicvcle

80486 1989 1.0-0.6 1.2M 25-100 pipelined
Pentium 1993 0.8-0.35 3.2-4.5M 60-300 superscalar
Pentium II 1997 0.35-0.25 7.5M 233-450 out of order
Pentium III 1999 0.25-0.18 9 5M-28M 450-1400 out of order
Pentium 4 2001 0.18-0.09 42-178M 1400-3730 out of order
Pentium M 2003 0.13-0.09 T7-140M 900-2130 out of order
Core Duo 2005 0.065 152M 1500-2160 dual core
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Arquitetura
Intel Core

Decodificagdo Rl
e Lesvio

Reordenamento

Port1 Podt 1
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\ ULAs Vetoriais

Unidade de LOAD/STORE

Unidade de acesso a Memdria

ULAs Escalares
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Nicleo de Execucdo
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Processadores Intel IA-32

Chip do Pentium 4
Chip do Core Duo

32
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Processadores Intel IA-32
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Processadores Intel IA-32

Estimated
Key Last-level | Process node .
Code name Cores | Threads transistors | area
products cache size | ([Manometers) .
[Mllhnrm] {mm?=)

Dty s

Fonte: http://techreport.com/review/18216/intel-core-i3-and-i5-dual-core-processors
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