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MC722

Arquitetura de Computadores

Micro-Arquitetura

"COD" - (Capitulo 4)
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Micro-Arquitetura

Micro-Arquitetura
- Introdugdo

- Recursos

-  MIPS Mono-Ciclo
» Lw
» Sw
» R-Type
» Beq
» J

-  MIPS Multi-Ciclos
» Lw
» Sw
» R-Type
» Beq
» J
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Introdugado

* Micro-arquitetura: como estd
implementada a arquitetura em
hardware

- Processador:
- Datapath: blocos funcionais
- Controle: sinais de controle

Application
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programs
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instructions
registers
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controllers
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filters

transistors
diodes

electrons
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Micro-Arquitetura

* Mdltiplas implementagdes para uma mesma
arquitetura:

- Single-cycle

» Cada instrugdo é executada em um unico 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

» Mdltiplas instrugoes (parte de) executando ao mesmo
tempo.
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Micro-Arquitetura

* Program execution time

Execution Time = (# instructions)(cycles/instruction)(seconds/cycle)

- Definigoes:
- Cycles/instruction = CPI
- Seconds/cycle = clock period
- 1/CPT = Instructions/cycle = IPC

+ Desafios na implementagdo de uma micro-arquitetura
- Custo
- Power
- Desempenho
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Micro-Arquitetura

* Processador MIPS (Microprocessor without Interlolocked
Pipeline Stages)

- Vamos implementar um sub conjunto das instrugoes
MIPS:

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

+ Estado da Arquitetura

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

32 registradores
Memoria
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Micro-Arquitetura

- Elementos de estados do MIPS:

PC

32

-1 A RD |==

32 32
Instruction
Memory

CLK

32

CLK

o of

o of

WE3
A1 RD1

A2 RD2

A3

WD3 Register

File

ot ot

CLK

32

32

Data
Memory

WD

32
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Processador MIPS Single-Cycle

* Datapath

- Controle
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Processador MIPS Single-Cycle

+ Execugdo de 1w
1: Fetch da Instrugao
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Processador MIPS Single-Cycle

+ Execugdo de 1w
2: Le o operando fonte do RF

25:21
dnstr > >
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Processador MIPS Single-Cycle

+ Execugdo de 1w

3: Sign-extend o imediato

15:0

Sign Extend

Signlmm ,
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Processador MIPS Single-Cycle

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

ALUControIz:O
010

SrcA Zero
ALUResult

>

ALU

SrcB

Signlmm
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Processador MIPS Single-Cycle

+ Execugdo de 1w
5: Lée o dado da memoria e o escreva no RF

RegWrite
1
CLK L
l

ReadData
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Processador MIPS Single-Cycle

+ Execugdo de 1w
6: Determina o enderego da proxima instrugdo

CI‘_K
PC,. "V pc

PCPlus4
4
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Processador MIPS Single-Cycle

+ Execugdo de sw
* Precisa escrever o valor do registrador na memoéria

MemWrite

y
Cll_K i

N

WriteData

>
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Processador MIPS Single-Cycle

* Instrugoes R-Type: add, sub, and, or,

+ Escrever ALUResult no RF

- Escreve em rd e ndo em rt

RegDst ALUSrc

1

- 1
WriteReg,,

0

SrcB
1

ALUResult

MemtoReg
0

»{0
)

Result
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Processador MIPS Single-Cycle

- Instrugdo beq

* Determina se os contelddos dos registradores sao
iguais

» Calcula o enderego alvo do desvio (sign-extended
immediate + PC+4)

PCSrc

Branch
1

5 PC’ Zero
1

= = PCBranch
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Processador MIPS Single-Cycle - or

(ﬁMemtoReg
Control

.. [MemWrite
Unit B " 0
ranc
ALUControl,, D PCSrc
Op  [ALUSrc
Funct |RegDst

RegWrite

CI‘_K

0 CLK

F 1
.|?|PC PCl v = =it
]

Instruction
q Memory

001

0
q--WES-RDq | Zero WE

A: ALUResult A RD ReadData?
- en R8P0 E P4 Data

A3
WD3

Memory

i WriteData
Register I WD

File

- O

WriteReg, ,

_l/ Signlmm <<?
120 Sign Extend N PCBranch

Result
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Processador MIPS Single-Cycle - sw

RegWrite RegDst ALUSrc ALUControl,.o Branch MemWrite MemtoReg
CLK CLK
CLK ‘ PCSrc |
25:21 WE3 SrcA Zero WE
PC1A  Rrp JHostr Al RD1 0 JResult
3 ALUResult A RD ReadData )
Instruction 2016 1o RD2 PC ><
Memory s _ljﬂ/ IVIData
. emory
i WriteDat
WD3 Reg'lster rrepata WD
File
20:16 T)
15:11 1
- \I WriteRega:o
PCPlus4

+

0
+ PCBranch J‘

oy

ImmExt

15 <<2

° 1" sign Extend
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Processador MIPS Single-Cycle

- Unidade de Controle

PC

A RD Instr

31:26

MemtoReg

N
Control

MemWrite

Unit

Branch

ALUControl,.,

5.0

Op

ALUSrc

Funct

25:21

RegDst

—/
CI‘_K

RegWrite

Instruction
Memory

20:16

Al

A2

A3

WD3

~ + PCPlus4

20:16

WE3

Register

SrcA

Zero

RD1

RD2

File

—_

ALU

'B SrcB
| —

ALUResult

PCSrc

CI\.K

WriteData

15:11

WriteReg,,.,

150 Sign Extend

Signlmm

<<?

PCBranch
+

WE

Data
Memory

WD

0
ReadData ]

Result
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Processador MIPS Single-Cycle

Control Unit

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

{ Control
Unit ' }— MemtoReg

—— MemWrite

' —— Branch

o) . :

5 pcodesg— Main | ALUSTC

Decoder
— RegDst
— RegWrite
ALUOp1;0

ALU
Decoder

ALUControlz.g

---------------------------------------------------
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Processador MIPS Single-Cycle

- ALU

000 A&B
001 A|B
010 A+ B
011 not used
100 A & ~B
101 A|~B
110 A -B
111 SLT
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Processador MIPS Single-Cycle

- ALU
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Processador MIPS Single-Cycle

- ALU Decoder

ALUOp;.q Meaning

00 Add

01 Subtract

10 Look at Funct
11 Not Used

ALUOp,, | Funct ALUConftrol,.,
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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Processador MIPS Single-Cycle

* Decodificador Principal

Instruction | Ops.,, | RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp;.
0
R-type | 000000 1 1 0] 0 0] 0 10
Iw 100011 1 0 1 0] 0] 0] 00
sw 101011 0] X 1 0 1 X 00
beq 000100 0] X 0 1 0] X 01
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Processador MIPS Single-Cycle

- Extendendo a Funcionalidade: addi

MemtoReg
MemWrite
Branch

ALUControl,,,, Dﬁ PCSrc
Op  |ALUSrc
Funct |RegDst

RegWrite

N
Control
Unit

31:26

5:0

~—
CI‘_K CI‘_K

. WES =~ Z WE
0 PC' PC Instr 25:21 A1l RD1 SrcA — ero
A RD 0
1 ALUResult ReadData 1

Instruction 20:16 n
A2 RD2 0 ]srcB Dat
Memory _lJ_ aa
A3 1
— WriteData Memory
WD3

Register WD
20:16 T)
15:11 1
o WriteReg,,

File
" PCPlus4

= ,
Signimm >
4 = 150 ™ sign Extend ==
g N PCBranch

>

Result
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Processador MIPS Single-Cycle

- Decodificador Principal

Instruction | Ops, | RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp; .,
R-type | 000000 1 1 0] 0] 0] 0] 10
Iw 100011 1 0] 1 0] 0] 1 00
sw 101011 0] X 1 0] 1 X 00
beq 000100 0] X 0] 1 0] X (0] |
addi 001000 1 0 1 0 0 0 00
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Processador MIPS Single-Cycle

+ Extendendo a Funcionalidade: ;

PC

A RD Instr

31:26

MemtoReg

N
Control
Unit

MemWrite

Branch

ALUControl,.,

5.0

Op ALUSrc

Funct

25:21

RegDst

RegWrite
CI‘_K

WE3

A1 RD1

Instruction
Memory

20:16

A2
A3

RD2

Register

~ + PCPlus4

20:16

WD3 " Eie

SrcA

Zero

—_

ALU

'B SrcB
-

ALUResult

PCSrc

CI\.K

WriteData

15:11

WriteReg,,.,

[0
)

150 Sign Extend

Signlmm

<<?

PCBranch
+

WE

Data
Memory

WD

0
ReadData ]

Result
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Processador MIPS Single-Cycle

- Extendendo a Funcionalidade:

27:0

Jump

— \MemtoReg

CLK

A RD

i
1 0]pc PC
1

PCJump

|31:28

Instruction
Memory

Instr

31:26

Control MemWrite

Unit
Branch

ALUControl,

Op ALUSrc

Funct

25:21

RegDst

RegWrite

—/
CLK
I

WE3

Al RD1

=

+ PCPlus4

20:16

A2 RD2

3
WD3 Register

20:16

File

SrcA [

Zero

0]srcB

ALUResult

PCSrc

CLK
I

ALU [

WriteData

15:11

WriteReg,

[0
)

150 Sign Extend

Signlmm

<<2

PCBranch
+

WE

Data
Memory

WD

0
ReadData ]

Result
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- Decodificador Principal

Processador MIPS Single-Cycle

Instruction

Op5:0

RegWrite

RegDst

AluSrc

Branch

MemWrite

MemtoReg

ALUOp, .,

Jump

R-type | 000000 | 1 1 oo o 0 10 | O
w 100011 1 | o | 1 |0 ] o 1 00 | O
sw |101011] O | X | 1 |0 | 1 X 00 | O
beg [000100] O | X | O | 1 | O X o1 | O
addi (001000 1 | O | 1 | O | O 0 00 | O
i loootoo| o | X | x [ x| o X | xx |1

MC722
3.32




Processador MIPS Single-Cycle

+ Desempenho: Qudo rapido é o processador?

Jump

MemtoReg

CLK

A RD

i
1 0]pc PC

Instruction
Memory

Instr

31:26

Control

MemWrite

Unit

Branch

ALUControl

2:0

Op

ALUSrc

Funct

25:21

RegDst

—/
CIX_K

RegWrite

A1

PCJump

-

27:0

|31:28

+ PCPlus4

20:16

A2

A3
WD3

20:16

WE3

Register

RD1

SrcA [T

Zero

RD2

0 ]srcB

ALUResult

PCSrc

Cll_K

ALU [

WriteData

File

15:11

WriteReg

[0
)

4:0

15 Sign Extend

Signlmm

<<2

PCBranch
+

WE

Data
Memory

WD

0
ReadData 1

Result
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Processador MIPS Single-Cycle

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

MemtoReg
MemWrite
Branch 0 0
ALUControl,, . D PCSrc
Op  |ALUSrc
Funct |RegDst

RegWrite

Control
Unit

31:26

5:0

010
WE3 SrcA [ Zero WE 1

0 PC- PC |I’lSt|’ 2321 AL". ----- R’D‘1- 0
-E Po===RB ALUResult Ao —FB ReadDatajq

Data
Memory

WD

Instruction 20:16
Memory

A2 RD2

Register WriteData

File

0
20:16 0
15:11 1
WriteReg,

Signlmm
4 150 Sign Extend PCBranch
+

PCPlus4

Result
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Processador MIPS Single-Cycle

- Caminho critico

Tc = 7‘pcq_PC' + 7"mem + max( 7"R/‘-‘r'ead: 7"se)n‘) + 7"mux + 7‘ALU + 7‘mem + 7‘mux + 7"RFse'rup

* Na maioria das implementagoes os caminhos limitantes
sdo: memoria, ALU, register file. Assim,

T.= togpe* 2loem + Tomead ¥ CToux * Taw + Trmetup
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Processador MIPS Single-Cycle

Register clock-t0-Q | 7, pc 30
Register setup Tsetup 20
Multiplexer Tonux 25
ALV taLu 200
Memory read 1 em 250
Register file read topread 150
Register file setup | 7zmeryp 20

T;' = fpcq_PC' +2 rmem + rRﬁ'ead +2 7"mux + rALU + rRFse‘rup
= [30 + 2(250) + 150 + 2(25) + 200 + 20] ps

= 950 ps
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Processador MIPS Single-Cycle

* Para um programa 100 bilhdes de instrugoes executando em um
processador MIPS single-cycle,

Execution Time = (# instructions)(cycles/instruction)(seconds/cycle)
= (100 x 10°)(1)(950 x 10-125)
= 95 seconds
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Processador MIPS Multicycle

* Datapath

- Controle
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Processador MIPS Multicycle

- Blocos Basicos

CLK CLK
CLK L | |
1 WE WE3 T~
rc|™] Pc =D — At RD1 pe =
EN -_—1 A — A2 RD2 p=— D
_| —
| Instr / Data ><):
Memory —1 A3
Register -
WD File —
-t WD3

Restricao de Projeto:
Somente 1 bloco acima pode ser

usado por vez weras
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Processador MIPS Multicycle

* Datapath

- datapath para o lw
Exemplo: lw $s4, 27($t2)

* Fetch da Instrugado

IRWrite

CLK

PC % Instr

L e
A
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Processador MIPS Multicycle

* Leitura do operando fonte do RF (rs)

| A
e 2 N
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Processador MIPS Multicycle

- Sign-Extend o Imediato

12:0 Sign Extend
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Processador MIPS Multicycle

- Soma do Base Address ao Offset

ALUControl,,,

A SrcA

SrcB F

S| ALUResult _|™|ALUOu

Signlmm
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+ Carga do dado a partir da Memoria

lorD

0] Adr
1

Processador MIPS Multicycle

CLK

Data

ALUOut
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Processador MIPS Multicycle

- Escrita do Dado no Register File

RegWrite
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Processador MIPS Multicycle

- Incremento do PC de 4

PCWite ALUSIcA ALUSICB, ,

SrcA
PC'_» 1 l')

L] 4 01 SrcB
10
11
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Processador MIPS Multicycle

+ Datapath também para sw

MemWrite

l CLK
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Processador MIPS Multicycle

* Datapath para instrugoes R-Type

20:16 S
0

15:11
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Processador MIPS Multicycle

* Datapath para beq

Branch PCSrc

Zero
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Processador MIPS Multicycle

* Datapath para o Processador Multicycle

ALUSICA ALUSGB, , ALUCortral,, BranchPOWHitel

PCSc

loD MemWtite IRVtite RegDst MemioReg  RegWite
OK OK OLK
| aK L
WE WE3 0 ScA
It (22 Al o H & 1~ U
rdf, 2016 Y reH B T~ =
1 <
Instr / Data 2016 \\l o 4 —01 ScB
Vemoy 1 o fee B R st 10 _—
WD 5 File -
Data i
<2

150
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Processador MIPS Multicycle

» Controle para o Processador Multicycle

CLK
/'% PCWrite
Branch PCEn
lorD| Control | PCSrc
MemWrite| Unit  [ALUControl,.
IRWrite ALUSIcB, ,
31:26 Op ALUSrcA
50| Funct RegWrite
\ y,
CLK g % CLK CLK
CLK | CLK < % ‘
WE . 2 @ WE3 Zero CLK
e 0 RD Instr [ =1 Al RD1 A >
I 1 = A EN — A2 RD2 B ALUResult ALUOUY
Instr / Data 20116 \\I
Memory A3
15:11 ] 4 .
WD CLK 1] Register
0 File
Data ) WD3
<<2
I/ Signimm
120 Sign Extend
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Processador MIPS Multicycle

- Unidade de controle

————————————————————————————————————————————————————

— MemtoReg
— RegDst
— lorD

_ — PCSrc
Col:lntarlcrller — ALUSreB
Opcode, — (FSM) — ALUSIrcA
+— IRWrite
— MemWrite
+— PCWrite
— Branch

< |  }— RegWrite

1:0

ALUOp, ,

ALUControl,,

T T T ' ' Y

""""""""""""""""""""""""""" MC722
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Processador MIPS Multicycle

* Unidade de Controle
- Finite State Machine
- Diagrama de transigdo de estados para 1w

MC722
3.53



Processador MIPS Multicycle

* Fetch da Instrugado S0: Fetcp

AluSrcA =0
ALUSIrcB = 01
ALUOp =00
PCSrc =0
IRWTrite
PCWrite

{ Sign Extend

CLK
('€7ﬁ PCWrite 1
Branch 0 PCEn
lorD| Control | PCSrc
MemWrite| Unit A|_UCOFI'[I‘O|2:o
IRWrite ALUSIcB,
31:26 Op ALUSr(I:A
50| Funct RegWrite
'- - -CT_K- R g: ) % -CL:< N -C:K- o
CLK L0 CLK < % ‘ 0 f————
0 WE .~ % B WE3 A 1 CLK 0
rc| [Mlec! ) Instr 22! <1 At RD1 : oy
T en 1 A = =2 N e A2 RD2 B aLUResult | [M]acuoud 1
' Instr / Data 1 20:16 T]\I '
! Memory 1541 A3 1
WD CLK 1 X Register !
' > File
' Data 1 WwD3 '
X n
<<2
¥ I
X n
/ S|gn|mm '
i 15:0
X n
¥ I
]
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Processador MIPS Multicycle

- Decodificagao da Instrucao

S1: Decode

lorD=0
AluSrcA =0
ALUSTrcB = 01
ALUOp =00
PCSrc =0
IRWrite
PCWrite

Reset

v CLK
PCWrite 0
0 PCEn

Branch

lorD| Control | PCSrc
MemWrite| Unit  [ALUControl,

IRWrite ALUSIcB,
31:26 Op ALUSr(?A
2| Funct RegWrite
g CLK
LK LK
CLK CLK o : CLK 1y
X WE a WE3 A CLK X
el e K RD en EUEEE R -RD4 >
EN Addf A A mmmm Ao | ALUOUY
1
0 Instr / Data .
Memory . A3 .
WD X Reg_lster
0 File
Data 1 WD3

J‘_/ Signimm
W 8ign EXtSnd

—_
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Processador MIPS Multicycle

» Calculo do endereco efetivo

lorD=0
AluSrcA =0
ALUSrcB = 01
ALUOp =00
PCSrc =0

Reset

PCEn

SrcA

te CLK
PCWrite
Op=1Lw Branch
or lorD| Control | PCSrc
S2: MemAdr MemWrite| Unit [ALUControl,
IRWrite ALUSrcB, ,
31:26 op ALUSrt?A
ALUSIrcA =1 50 |Funct | RegWrite
ALUSrcB = 10
ALUOp =00 |5
LK 2 LK CLK 1
CLK e o CLK Q % C 0 4
X WE o 1% |3 WE3 A .
rc | [M]ec 2 Ad RD Instr [22! <1 A1 RD1 H = s
EN :FJ q A EN G A2 RD2
0 Instr / Data 0 20:16 ~\I 4
Memory 1511 A3 .
WD CLK 1l x Register
0 File
Data 1 WD3
<<2
|/ Signimm
150 Sign Extend

—

010

ALUResult

CLK

| f |ALUOJ 1
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Processador MIPS Multicycle

- Leitura da Memoria e
Escrita no RF

lorD=0
AluSrcA =0
ALUSrcB = 01

ALUOp =00
PCSrc=0

Reset

ALUSrcA =1
ALUSrcB =10
ALUOp =00

S4: Mem
Writeback

RegDst =0
MemtoReg = 1
RegWrite

MC722
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Processador MIPS Multicycle

* Diagrama de transi¢cdo de estados para sw

ALUSIcA =1
ALUSrcB = 10
ALUOp = 00
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Processador MIPS Multicycle

- Diagrama de transi¢cdo de estados para R-type

lorD=0
AluSrcA =0

Reset
ALUSrcB = 01
ALUOp =00
PCSrc =0
IRWrite
Op=1Lw
or Op = R-type
Op =W S6: Execute
ALUSIcA =1 ALUSIrcA = 1
ALUSrcB = 10 ALUSrcB = 00
ALUOp = 00 ALUOp =10
Op =sw
Op=1w S7: ALU
Writebacl
_ RegDst = 1
lorD = 1 MemtoReg = 0
MemWrite RegWrite
RegDst =0
MemtoReg = 1
RegWrite
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Processador MIPS Multicycle

- Diagrama de transi¢cdo de estados para beq

lorD=0
AluSrcA =0
ALUSIrcB = 01
ALUOp =00
PCSrc =0
IRWrite

Reset

ALUSIrcA =1
ALUSrcB =10

ALUOp = 00

Op = sw
Op=1Lw

lorD =1
MemWrite

RegDst =0
MemtoReg = 1

ALUSIrcA =0
ALUSIrcB = 11

ALUOp = 00

Op = BEQ
Op = R-type
S8: Branc

ALUSIcA =1
ALUSIrcA =1 ALUSrcB = 00
ALUSrcB = 00 ALUOp = 01
ALUOp =10 PCSrc = 1

Branch

RegDst = 1
MemtoReg = 0
RegWrite

RegWrite
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Processador MIPS Multicycle

FSM de Controle

S0: Fetch S1: Decode

lorD=0

Reset AluSrcA =0
ALUSrcB = 01 ALUSrcA=0
ALUOp = 00 ALUSIrcB = 11
PCSrc =0 ALUOp = 00
IRWrite
PCWrite
Op =1w Op = BEO
or Op = R-type
S2: MemAd =
emAdr Op = 5w S6: Execute
S8: Brancl
ALUSIrcA =1
ALUSIrcA =1 ALUSrcA = 1 ALUSrcB = 00
ALUSrcB =10 ALUSrcB = 00 ALUOp = 01
ALUOp = 00 ALUOp =10 PCSrc =1
Branch
p = SW
Op = L1 S5: MemWrite Vs7t ﬁLUk
S3: MemRead niebac
_ RegDst = 1
I\/IIZ:LDV\?rile MemtoReg = 0
RegWrite
S4: Mem
Writeback
RegDst =0
MemtoReg = 1
RegWrite
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Processador MIPS Multicycle

+ Extendendo a Funcionalidade para addi

CLK
/‘% PCWrite
Branch PCEn
lorD| Control | PCSrc
MemWrite| Unit |ALUControl,.,
IRWFrite ALUSrCBt0
31:26 Op ALUSr(.:A
50| Funct RegWrite
\ Y,
CLK g g CLK CLK
CLK | C-LLK % % ‘
WE PO WE3 A Zero CLK
PG|~ PC] 15 RD Instr 24! = A RD1 S
EN 1 =L A EN _— A2 RD2 B ALUResult | []aLuou
Instr / Data 2016 \\I
Memory 15:11 u A3 .
WD CLK Register
0 File
Data ) WD3
<<2
I/ Signlmm
120 Sign Extend
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Processador MIPS Multicycle

FSM de Controle para addi

lorD=0
AluSrcA =0
ALUSrcB = 01
ALUOp =00
PCSrc =0
IRWTrite

Reset

ALUSIrcA =1
ALUSrcB =10

ALUOp = 00

Qp = sw
Op=1w

lorD =1

MemWrite

RegDst =0

ALUSrcA =0
ALUSrcB = 11

ALUOp = 00

Op = R-type

ALUSIrcA =1
ALUSrcB = 00
ALUOp =10

RegDst = 1
MemtoReg =0
RegWrite

Op =ADDI

Op = BEQ

ALUSIcA =1
ALUSIrcB =00
ALUOp = 01
PCSrc =1
Branch

ALUSIcA =1
ALUSrcB =10
ALUOp =00

RegDst =0
MemtoReg = 0
RegWrite

MemtoReg = 1
RegWrite
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Processador MIPS Multicycle

+ Extendendo a Funcionalidade para j

PC

PCJump

25:0 (jump)

27
<<2

PCSrc, 0

00

10
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Processador MIPS Multicycle

FSM de Controle para j

Reset

lorD=0
AluSrcA =0
ALUSrcB = 01

ALUSrcA=0

ALUOp = 00 ALUSIcB = 11 Op=0J
PCSrc = 00 ALUOp = 00 PGSrc =10
IRWrite PCWrite
Op = ADDI
Op = BEQ P
Op =1w
or Op = R-type
Op =su
ALUSrcA =1
ALUSrcA =1 ALUSrcA =1 ALUSrcB = 00 ALUSrcA =1
ALUSIrcB =10 ALUSrcB = 00 ALUOp = 01 ALUSIrcB =10
ALUOp = 00 ALUOp =10 PCSrc = 01 ALUOp = 00
Branch
p = SW
Op =1w
lorD = 1 RegDst = 1 RegDst =0
MemV\?rite MemtoReg = 0 MemtoReg = 0
RegWrite RegWrite
RegDst = 0
MemtoReg = 1
RegWrite
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Processador MIPS Multicycle

+ Desempenho: Qudo rapido é o processador?

- Instrugdes gastam nimeros diferentes de ciclos:
- 3 ciclos: 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
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- Caminho Critico

Processador MIPS Multicycle

= + + ( + ) +
Tc fpcq_PC mux max fALU mux fmem tse'rup
CLK
/—%7—\ PCWrite
Branch PCEn
lorD| Control |PCSrc
MemWrite| Unit |ALUControl,,
IRWrite ALUSIcB, ,
31:26 Op ALUSr(?A
50 | Funct RegWrite
\ J
CLK 3 |8 CLK CLK
CLK | CLK I N PR .
1 D SrcA i |
WE N1 2521 |7 & WES3 A e Zero i CLK |
. PCIms RD _ Instr A1 SToYE ™ [ L= — \li I ‘f
EN _D’x*‘ir A - EN 20:16 A2 RD2 B = ALUResult ¢ [~ faLuoud,
Instr / Data 20:16 ‘\I 4 <
Memory A3
15:11 1 .
WD CLK J Reg.lster
0 File
Data 1 WD3
<<2
120 | Sign Extend

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Processador MIPS Multicycle

gegis‘rer' clock-to- | 7, pc 30
Register setup Tsetup 20
Multiplexer Tux 25
ALV taLu 200
Memory read 1 em 250
Register file read | #or00d 150
Register file setup | 7zqety, 20

T.=t

c

= 325 ps

pcqg_PC + rmux + max( fALU + 7"mux: 7"mc»:m) + 7"sc»:‘rup

pecg_PC + fmux + rmem + rsefup

= [30 + 25 + 250 + 20] ps
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Processador MIPS Multicycle

* Para um programa que executa 100 bilhoes de instrugoes em um
MIPS multicycle,

. CPI = 4.12
T. = 325 ps

Execution Time = (# instructions) x CPI x T,
= (100 x 10%)(4.12)(325 x 10-12)
= 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 (7,

cq + 7"se1'up= 50 pS)
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Revisdo: Processador MIPS Single Cycle

Jump

MemtoReg

CLK

i
1 0]pc PC

A RD

Instruction
Memory

Instr

31:26

Control

MemWrite

Unit

Branch

ALUControl,

Op

ALUSrc

25:21

Funct

RegDst

—/
CIX_K

RegWrite

A1

PCJump

-

|31:28

27:0

+ PCPlus4

20:16

A2

A3
WD3

20:16

WE3

Register

RD1

SrcA [T

Zero

RD2

0 ]srcB

—_

ALUResult

PCSrc

Cll_K

WE

ALU [

WriteData

Data
Memory

WD

File

15:11

WriteReg,

[0
)

15 Sign Extend

Signlmm

<<2

PCBranch
+

0
ReadData 1

Result
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Revisdo: Processador MIPS Multicycle

CLK
/‘%PCWrite
Branch PCEn
lorD| Control | PCSrc
MemWrite| Unit  [ALUControl,.,
IRWrite ALUSIcB,
31:26 Op ALUSr(?A
50 | Funct RegWrite
|\ J/
=
«Q
CLK CLK CLK
| CLK ‘
WED Instr 2= Al WES3 RD1 A3 Zero CLK | 5
A EN = A2 RD2 B ALuResutt | [V]auout | -
|nstl‘/ Data 20:16 ‘\I I_I 10
Memory A3
15:11 1 . PCJ
WD CLK J Register ump
0 File
Data 1 WD3
2 \
;<<1 <o \ 220
/ ImmExt
120 { Sign Extend
25:0 (Addr)
MC722
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