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Micro- Arquitetura

* Mdltiplas implementagdes para uma mesma
arquitetura:

- Single-cycle

» Cada instrugdo é executada em um dnico ciclo

- Multicycle

» A execugdo de cada instrugdo é dividida em uma série de
passos menores

- Pipelined

» A execugdo de cada instrugdo é dividida em uma série de
passos menores

» Miltiplas instrugdes (parte de) executando ao mesmo
tempo.
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35

MC542

Arquitetura de Computadores

Micro-Arquitetura

“DDCA" - (Capitulo 7)
“COD" - (Capitulo)
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Introdugdo
Agptcaton | i
+ Micro-arquitetura: como estd Operating |
implementada a arquitetura em Systems
hardware ] Instructions
Architecture registers
Micro- datapaths
+ Processador: architecture | controllers
- Datapath: blocos funcionais ot adders
o oglc h
- Controle: sinais de controle memories
Digital AND gates
Circuits. NOT gates
Analog amplifiers
Circuits filters
Devices ":"i:i:;‘;'s
Physics electrons
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Micro- Arquitetura

* Program execution time
Execution Time = (# instructions)(cycles/instruction)(seconds/cycle)

+ Definigdes:
- Cycles/instruction = CPI
- Seconds/cycle = clock period
- 1/CPI = Instructions/cycle = IPC

- Desafios na implementagdo de uma micro-arquitetura
- Custo
- Power
- Desempenho

Mcs4z
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Micro-Arquitetura

* Processador MIPS (Microprocessor without Interlolocked
Pipeline Stages)

- Vamos implementar um sub conjunto das instrugdes
MIPS:

- R-type instructions: and, or, add, sub, slt
- Memory instructions: 1w, sw
- Branch instructions: beq

Mcs42
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Micro- Arquitetura

- Elementos de estados do MIPS:
CLK

WE3
CLK -/? A1 RD1 +32
A2 RD2
PC[™] PC 7 e
22| 2
1 A3
Register
72 WP Fie
CLK
L L
WE
A RD |
Instruction -] A RD |,
Memory Data
Memory
WD
2|
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Processador MIPS Single-Cycle

- Execugdo de 1w
1: Fetch da Instrugdo

PC Instr
-

Mc542
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Micro-Arquitetura

+ Estado da Arquitetura

- Determina o estado do Processador em um dado instante de
tempo

PC

32 registradores
Meméria

Mcs4az
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Processador MIPS Single-Cycle

+ Datapath

+ Controle

Mcs4z
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Processador MIPS Single-Cycle

- Execugdo de 1w
2: L& o operando fonte do RF

Instr

Mcs4z
3.12
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Processador MIPS Single-Cycle

+ Execugdo de 1w
3: Sign-extend o imediato
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Processador MIPS Single-Cycle

+ Execugdo de 1w
4: Calcula o enderego efetivo de meméria

ALUGontrol, ,

Mesaz
314

Processador MIPS Single-Cycle

- Execugdo de 1w
5: L& o dado da meméria e o escreva no RF

ReadData
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Processador MIPS Single-Cycle

- Execugdo de 1w
6: Determina o enderego da préxima instrugdo

oK
[

PCPlusa
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Processador MIPS Single-Cycle

- Execugdo de sw
- Precisa escrever o valor do registrador na meméria

MemWrite

oK
v

e
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Processador MIPS Single-Cycle

+ Instrugdes R-Type: add, sub, and, or, ...
- Escrever ALUResult no RF

- Escreve em rd e ndo em rt

RegDst  ALUSIc MemtoReg
1 o o

Mcs4z
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Processador MIPS Single-Cycle
Instrugdo beq
Determina se os conteldos dos registradores sdo
iguais
Calcula o enderego alvo do desvio (sign-extended
immediate + PC+4)

PCSIe

Branch
1

- Zero|

PCBranch
+
N

Processador MIPS Single-Cycle - sw
CLK
st Stet Zexc st
L | | ] e
Instructior Z|
Memory -
| vteoss
bcrue
+ PCBrancl
e =0

Processador MIPS Single-Cycle - or

——\MemtoReg

[Controf
o [Memwrite

[Branch
[ALUGonrol,
o e
b Funct [Regst

tegWrile
(-
ok |y
o
WES

L=y S
= N

Insir

Instruction

01
Zeno|
ALUResult

WriteData

5 g || LI
B vos g ||,
i
;
.

Signimm
220 {" sign Extend

‘E—BEIMM
+

Mesaz

Processador MIPS Single-Cycle

+ Unidade de Controle

Instruction
Memory

A Rp st

[RegDst
feqWrite

a2 RD2

oo L
egister
W03 " Fite

WriteData

PCPIus

s I
1
WiiteReg,

Signimm
Sign Extend

A

Mese2
Processador MIPS Single-Cycle
Control Unit
Control
Unit MemtoReg
MemWrite
el
RegDst
RegWrite
ALUOp1o
Functsg ALUControlzq
Mese2

Processador MIPS Single-Cycle
+ ALV

000 [A&B
001 |A[B
010 |A+B
011 not used
100 |A&B
101 [A[-B
110 |A-8B
11 [sT
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Processador MIPS Single-Cycle
+ ALV

Mc542

Processador MIPS Single-Cycle

+ ALU Decoder

ALUOp,, Meaning

00 Add

01 Subtract

10 Look at Funct

11 Not Used
ALUOp,,, |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) s

Processador MIPS Single-Cycle

+ Decodificador Principal

Processador MIPS Single-Cycle

- Extendendo a Funcionalidade: addi

[ReqDst
RegWiite

A mp ot 1
Instruction
Memory

RD2

S T
W3 T File
‘ B
‘
.

WriteData

TInstruction | Ops, | RegWrite | RegDst | Alusrc | Branch | MemWrite | MemtoReg | ALUOp,
Rtype (0000001 1 | 1 | 0 | O 0 0 10
Iw 100011 1 0 1 0 0 0 00
sw 101011 0 X 1 0 1 X 00
beg (0010 0 | X | 0 | 1 0 X | ot
Processador MIPS Single-Cycle
+ Decodificador Principal
Instruction | Ops, | RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp, .,
Rype [000000| 1 | 1 [ 0 | O 0 0 10
w 100011] 1 [ o[ 1| o0 0 1 00
s« |toto11| o | x| 1| o0 1 X | 00
beg |000100| O | X [ 0 | 1 0 X | o1
addi 001000 1 0 1 0 0 0 00

Mc542

Processador MIPS Single-Cycle

- Extendendo a Funcionalidade: j

Vemofeg ]

[RegDst
egWrile

A mp o 1
Instruction
Memory

a2 RD2

oo L
ogister
W03 T Filg
‘ P
‘
IS
pcarn
|

WriteData

PCPlusd
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Processador MIPS Single-Cycle

+ Extendendo a Funcionalidade: j

Jumy MemioReg |

o itermwite

[ALUS
[ReDst

Tgwule
_

WES

= At A1
= D2
s
e | ] | wasoas
103 "File

REY
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Processador MIPS Single-Cycle

- Desempenho: Qudo rdpido é o processador?

Jump. MemtoRieg
i luemwite

rancn

00 [aLusie

[+ Funct Jrcqpsr
—
C_J
K
W
4 A1 & RD1

|z
o AD2 |

WriteData

‘E‘E’Llcwm
.

A3
wos Regiter

. o
WriteReg, g‘

i
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Processador MIPS Single-Cycle

+ Decodificador Principal

toacton | Oveo | megrve | gt | Avire | s | homwrre | Memtoics | Abomss | e
R-type [000000] 1 | 1 | 0 | O | O 0 10 o
w |t00011| 1 | 0 | 1 |0 | O 00 |0
sw |t01011] 0 | X | 1 | 0] 1 x [ o0 |o
beg |000100] O | X | 0 | 1| O x [ o1t o
addi |0O1000] 1 | 0 | 1 |0 | O o [ o0 o
i 000100 0 X X X 0 X XX 1

v

Processador MIPS Single-Cycle

+ O cycle time é limitado pelo caminho critico: 1w

MemioReg

el AD2

A3
wos Register WiiteData

A

WrtoReg,, L

— PCBranch
;

Mcs4z
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Processador MIPS Single-Cycle
- Caminho critico

T = g pe* Toem * MOX(Foread: Text) * Toux * Tau * TFrem * Frux * Tomenp

* Na maioria das implementagdes os caminhos limitantes
sdo: meméria, ALV, register file. Assim,

Te= Toegpe* 2hem * Tomead * 2Toux * Taw * Tometup

Mc542

Processador MIPS Single-Cycle

Register clock-10-Q | 7, pc 30
Register setup Feerup 20
Multiplexer Froux 25
ALU tay 200
Memory read Frem 250
Register file read T ofread 150
Register file setup | ferery, 20

Te = Toegpc* 2hiem * Trrread * 2ux * Taw * Tomenp
= [30 + 2(250) + 150 + 2(25) + 200 + 20] ps
= 950 ps

Mes4z
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Processador MIPS Single-Cycle

+ Para um programa 100 bilhdes de instrugdes executando em um
processador MIPS single-cycle,

Execution Time = (# instructions)(cycles/instruction)(seconds/cycle)
= (100 x 10°)(1)(950 x 10-12s)
= 95 seconds

Mc542

Processador MIPS Multicycle

* Datapath

- Controle

Mcsaz

Processador MIPS Multicycle

- Blocos Basicos

RD1
RD2

Register
ile

Restricao de Projeto:
Somente 1 pode ser usado por vez

Mc542
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Processador MIPS Multicycle

- Datapath
- datapath para o lw
Exemplo: lw $s4, 27($12)

- Fetch da Instrugdo

IRWrite

PC

Mcs4z
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Processador MIPS Multicycle

+ Leitura do operando fonte do RF (rs)

CLK

A

Mc542
3.41

Processador MIPS Multicycle

- Sign-Extend o Imediato

Mcs4z
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Processador MIPS Multicycle

- Soma do Base Address ao Offset

ALUControl,

Mc542

Processador MIPS Multicycle

+ Escrita do Dado no Register File

RegWiite

Mc542
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Processador MIPS Multicycle

- Datapath também para sw

MemWite

Mc542

Processador MIPS Multicycle

- Carga do dado a partir da Meméria

ALt

Mcs4az

Processador MIPS Multicycle

- Incremento do PC de 4

PoWrite

Mcs4z
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Processador MIPS Multicycle

- Datapath para instrugées R-Type

Mcs4z
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Processador MIPS Multicycle

- Datapath para beq

FCSC

Mc542

Processador MIPS Multicycle

+ Controle para o Processador Multicycle

PCWiite
Branch
PCSIc
ALUGontro
ALUSTGB,
ALUSTEA

lorD)|
MemWie
IRWrite

Control
Unit

Sign Extend

MC542

Processador MIPS Multicycle

+ Datapath para o Processador Multicycle

MemiAfite IRWite

Feglst Mentofeg  Regiite ALUSTA ALUSIB,, ALUContd, Braxch POt FCS
|

Mes4az
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Processador MIPS Multicycle

+ Unidade de controle

Control ~ ————

Unit — MemtoReg

— RegDst
— lorD

— PCSrc
—ALUSIcB,
— ALUSrcA
— IRWrite
— MemWrite
— PCWrite
— Branch

Main
Controller
Opcode, ;— (FSI
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Processador MIPS Multicycle
* Unidade de Controle

- Finite state machine
- Diagrama de transicdo de estados para 1w

Mc542

Processador MIPS Multicycle

- Fetch da Instrugdo

RD1
fo2

 na
Register
Fie
3
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Processador MIPS Multicycle

+ Decodificagdo da Instrugdo

Processador MIPS Multicycle

+ Calculo do enderego efetivo

S2: MemAdt

ALUSICA = 1
ALUSTC8 - 10
ALUOp = 00

Mcs4az

Processador MIPS Multicycle

- Diagrama de transi¢do de estados para sw

ALuSreA - 1
ALUSEB- 10
ALUOp =00

Regst - 0
Mermofieg = 1
ReghWits

Mcs4z
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R N Sy e I
Processador MIPS Multicycle
- Leitura da Meméria e
Escrita no RF
wesz
Processador MIPS Multicycle
- Diagrama de transigdo de estados para R-type
wesiz

Processador MIPS Multicycle

- Diagrama de transi¢do de estados para beq

ALUSrch -0

ALUSreA - 1
ALUSIB - 10

MemWiite RegWrie

RegDst = 0
MemioReg = 1
RogWrie

Mcs4z
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Processador MIPS Multicycle

- FSM de Controle

ALUSICA = 0

S2: Memadr

ALUSIeA - 1
ALUSIcB - 00
ALUOp - 10

Branch

RegDst = 1
Memiofteg - 0
RogWiito

MemWrite

RegDst -0
MemloReg = 1

RegWule/

Mc542
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Processador MIPS Multicycle

+ FSM de Controle para addi

ALUSIeA - 1
ALUSIEB 00
ALop=10

ALUSEA- 1

ReqDst -0
MemioRog = 1
Ragiirie

Mc542
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Processador MIPS Multicycle

+ Extendendo a Funcionalidade para addi

oK

D)
MemWie|
1AWt
RPN
o Funct

Control [PCSt
Unit

=aben
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Processador MIPS Multicycle

- Extendendo a Funcionalidade para j

Pesie,,

Mcs4z
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Processador MIPS Multicycle

+ FSM de Controle para j

ALUSICA -0

ALUSIeA - 1
ALStB - 10

Mc542

Processador MIPS Multicycle

- Desempenho: Qudo rdpido é o processador?

+ Instrugdes gastam nimeros diferentes de ciclos:
- 3ciclos: beq, j
- 4 ciclos: R-Type, sw, addi
- 5 ciclos: 1w
+ O CPI deve ser a média ponderada
+ SPECINT2000 benchmark:
- 25% loads
- 10% stores
- 11% branches
- 2% jumps
- 52% R-type

Average CPI = (0.11 + 0.2)(3) + (0.52 + 0.10)(4) + (0.25)(5) = 4.12

Mcs4z
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Processador MIPS Multicycle
+ Caminho Critico
T. =t

e = g pe * Trux * MAX(Fay + T Trem) + Ficrup

Sign Extend

Mc542

Processador MIPS Multicycle

Register clock-to- | #,;, o 30

Q A

Register setup Feerup 20
Multiplexer Froux 25

ALU o 200

Memory read Frem 250

Register file read | foz. 004 150

Register file setup | ferer, 20

T = tog o * T * MOX(Fary + e Trem) + Focrup
= fch/’c" Foux * Frem * fscmp

= [30 + 25 + 250 + 20] ps

325 ps

Mcsaz

Processador MIPS Multicycle

+ Para um programa que executa 100 bilhdes de instrugées em um
MIPS multicycle,

- CPI = 4.12
T, = 325 ps

Execution Time = (# instructions) x CPI x T,

= (100 x 10°)(4.12)(325 x 10-1?)
= 133.9 seconds

+ Ele é mais lento do que o MIPS single-cycle (95 segundos). Por
que?
- Os passos ndo tem o mesmo tamanho
- Overhead do seqiienciamento de cada passo (#,, +

Fierp™ 50 pS)

Mc542
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Revisdo: Processador MIPS Single Cycle

Jump_——emioReg

FestFunct

CIK

qu”m

sz a7
awal oo
- as
t{ wos

W o

g | | L

WriteData

PCJump

. I
s |
WiiteRe,

Mcs4z
370

Revisdo:

Processador MIPS Multicycle

Powrie
Branch PoEn
PoSe

[ALUContra
[ALUScB,
[ALUS A
RegWrite

——

A WE gy YA

2 D2

Rogister |
.D File
wos

It

Sign Extend
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