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Arquitetura de Computadores

Micro- Arquitetura
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- Recursos

- MIPS Mono-Ciclo

»
»
» R-Type
»
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- MIPS Miilti-Ciclos

»
»
» R-Type
»
»

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

» Mdltiplas instrugdes (parte de) executando ao mesmo
tempo.

Introdugdo
e | pogans
- Micro-arquitetura: como estd Operating -
. .. device drivers
implementada a arquitetura em Systems
hardware ] Instructions
Architecture .
registers.
Micro- datapaths
+ Processador: architecture | controllers
- Datapath: blocos funcionais ot adders
- ogiec :
- Controle: sinais de controle memories
Digital AND gates
Circuits NOT gates
Analog amplifiers
Circuits filters
Devices transistors
diodes
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




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

mer22
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Micro-Arquitetura

- Elementos de estados do MIPS:
CLK

WE3
CLK Al RD1 |
A2 RD2
pcf™] pc E
32| 32
A3
Register
wo3 File
A RD |

Instruction
Memory

Processador MIPS Single-Cycle

- Execugdo de 1w
1: Fetch da Instrugdo

PC Instr
=
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Micro-Arquitetura

- Estado da Arquitetura

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

Processador MIPS Single-Cycle

+ Datapath

+ Controle
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Processador MIPS Single-Cycle

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

2521

dnstr >
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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

ALUGntrol,.,

Signimm
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Processador MIPS Single-Cycle

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

RegWrite
oK
v

ReadData.
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Processador MIPS Single-Cycle

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

oLk
roy Ve

PCPiusd
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Processador MIPS Single-Cycle
+ Execugdo de sw

* Precisa escrever o valor do registrador na meméria

MemWiite

1
cLK

>
WoieDaia
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Processador MIPS Single-Cycle

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

- Escreve em rd e ndo em rt

and, or, ...

RegDst ALUSrc
1 0

MemioReg

ALUResull

— ﬂ S
—

1

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

PCSIC

Branch
1

ﬂ Po Zero

PCBranch
+
>

Mc722
3.19
Processador MIPS Single-Cycle - sw
RegWrite RegDst ALUSre ALUControl, , Branch MemWrite MemtoReg
K pesrel
Instr SrcA Zero
"
A Ro ot | ]
. e[ 2
N
e
+ PCBranch 1
- )
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Processador MIPS Single-Cycle

Control Unit

MemtoReg
MemWrite
Branch
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Processador MIPS Single-Cycle - or

(——\MemtoReg
(Control =
unit [MemWrite
[ op
o Funct
egWrite
aK |,
001
WES, Zero
o1 Instr g == Si N
™ o R ALUResult
Instruction e
1
L _—

1 Regist
egister
W03 " Fite

1

—h
"TWV b

WriteReg, Y

lecPiusy
signimm
4 | 50
PCBranch
! +
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Processador MIPS Single-Cycle

+ Unidade de Controle

MemioReg ]
Memwrite

ReqDst
egWrite

A R st

Instruction
Memory

WriteData,

.
‘ ]
= 1
. PCBranch
+
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Processador MIPS Single-Cycle

+ ALV

000 A&B
001 AlB
010 A+B
o011 not used
100 A&~B
101 Al-~B
110 A-B
111 SLT
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Processador MIPS Single-Cycle

+ ALV
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Processador MIPS Single-Cycle

- Decodificador Principal

Instruction | Ops, | RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp,,
o
R-type | 000000 1 1 0 0 0 0o 10
Iw 100011 1 0 1 0 0 0o 00
sw 101011 o] X 1 0 1 X 00
beq 000100 0 X 0 1 0 X 01
merez
3.27
Processador MIPS Single-Cycle
- Decodificador Principal
Instruction Ops.o RegWrite | RegDst | AluSrc | Branch | MemWrite | MemtoReg | ALUOp, .,
R-type | 000000 1 1 0 0o 0o 0 10
Iw 100011 1 0 1 0o 0o 00
sw 101011 0o X 1 0o 1 X 00
beq 000100 0 X 0 1 0 X 01
addi 001000 1 0 1 0 0 0 00
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Processador MIPS Single-Cycle

+ ALU Decoder

ALUOp;, Meaning

00 Add

01 Subtract

10 Look at Funct

11 Not Used
ALUOp; | Funct ALUControl,.q
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) o

3.26

Processador MIPS Single-Cycle

- Extendendo a Funcionalidade: addi

RegDst
egWrite

A D st

Instruction
Memo
" X ogmr | | |
egister
W03 " Fije
P I
1
WriteFieg

+

WriteData

PCPlusd|

Processador MIPS Single-Cycle

+ Extendendo a Funcionalidade: j

RegDst
egWrite

A RD st

Instruction
Memo
" X ogmr | | |
egister
W03 " Fie
P I
1
WriteFieg

+

WriteData

PCPlusd|
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Processador MIPS Single-Cycle

- Extendendo a Funcionalidade: j

Jumo Vertofieq ]
(Contra)
Unit

aal o)
2 Funct

Wite
A"
CiK

, WES
|osa|

A ROt Result
= RD2
s

W03 "Fite

]
WriteReg, g‘
. PCBranch
:
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Processador MIPS Single-Cycle

- Desempenho: Qudo rdpido é o processador?

Jumo Veriofieq ]
Memwiite

5 e | | L
W3 T File

A

WiiteData

Writeheg,,
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Processador MIPS Single-Cycle

+ Caminho critico

Te= Togrc® Toem * MaxX(Ferread: Fsext) * Toux * Faw * Tmem * Frux * Torsetup

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

Te= togpe * 2hiem * Toread * 2hux + Taw * Trmetup
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Processador MIPS Single-Cycle

- Decodificador Principal

mmacton | ms | Reqwene | nugost | Ausre | sranch | memwee | memtones | Atvomo |
R-type | 000000 | 1 1 Jo|o] o 0 10 [0
w |100011] 1 | 0 | 1 | O] O 1 00 |0
sw |t01011] O | X | 1 [0 ] 1 X 00 [0
beqg |000100] O | X | 0 | 1| O X o1 |0
addi |001000| 1 | O | 1 |0 | O 0 00 |0
i |oooto| 0 | x | x [ x| o X | xx |1
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Processador MIPS Single-Cycle

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

VemioReg ]

A

Register WriteData
File

o

1
WriteReg,

A
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Processador MIPS Single-Cycle

Register clock-10-Q | #,c, pc 30
Register setup Foetup 20
Multiplexer Froux 25
ALV faw 200
Memory read Trnem 250
Register file read Tofread 150
Register file setup | femeny 20

T. = peg Pc * 2hnem * Trfread * 2hnux + fau *+ TrAsetup
= [30 + 2(250) + 150 + 2(25) + 200 + 20] ps
= 950 ps
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Processador MIPS Single-Cycle

+ Para um programa 100 bilhGes 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
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Processador MIPS Multicycle

+ Datapath

- Controle

mc722
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Processador MIPS Multicycle

- Blocos Badsicos

WE N

pc[M rc D |— RD1
EN —A RD2

Instr/ Data

Memory

—{ wo

3
Register
File

Restricao de Projeto:
Somente 1 bloco acima pode ser

usado por vez
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Processador MIPS Multicycle

+ Datapath
- datapath para o Iw
Exemplo: Iw $s4, 27($t2)

- Fetch da Instrugdo

IRWrite

PC

mc722
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Processador MIPS Multicycle

+ Leitura do operando fonte do RF (rs)

CLK

2521
Instr
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Processador MIPS Multicycle

- Sign-Extend o Imediato

Signimm
120 Sign Extend

mc722
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Processador MIPS Multicycle

- Soma do Base Address ao Offset

ALUGontrol,,

mcr22
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Processador MIPS Multicycle

- Escrita do Dado no Register File

RegWiite
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Processador MIPS Multicycle

- Carga do dado a partir da Meméria

lorD

ALUOW

mer22
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Processador MIPS Multicycle

+ Incremento do PC de 4

PCWite

[
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Processador MIPS Multicycle

+ Datapath também para sw

MemWiite

mc722
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Processador MIPS Multicycle

+ Datapath para instrugdes R-Type

FegDst MertoReg

@,
w0
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Processador MIPS Multicycle

- Datapath para beq

mc722
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Processador MIPS Multicycle

+ Datapath para o Processador Multicycle

loD MemAfite IRWite

Foghxt Moo Regiie
|
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Processador MIPS Multicycle

+ Controle para o Processador Multicycle

o powie

Branch

lorD| Control | PCSrc

MemWrite| Unit [ALUControl,,
1RWie] ALUSIcB,
2 ALUSICA

RegWrite

=
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Processador MIPS Multicycle

+ Unidade de controle

Control
Unit

— MemtoReg

— RegDst
— lorD
—PCSrc
—ALUSrcB,
— ALUSIcA
— IRWrite
— MemWrite
— PCWrite
— Branch

— RegWrite

Main
Controller
(FSM)

Opcode, —

Functs
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Processador MIPS Multicycle

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

- Fetch da Instrugdo

ok

10| control [PGSte
Uni

Sign Extend
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Processador MIPS Multicycle

- Decodificagdo da Instrugdo

S1: Decode,

TorD = 0
AluSIcA = 0
ALUSIcB = 01
ALUOp = 00
PCSIC = 0
IRWrite
BCWrite

Reset

Processador MIPS Multicycle

+ Cdlculo do enderego efetivo

ALUSrcA = 1
ALUSIcB = 10

ALUOp = 00

Mc722
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Processador MIPS Multicycle
- Leitura da Meméria e
Escrita no RF
Mc722
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Processador MIPS Multicycle

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

ALUSIoA - 1
ALUSIB - 10

lorD = 1
NemWiite

RogWiite

RegDst -0
MemioReg - 1
RegWrite
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Processador MIPS Multicycle

- Diagrama de transicdo de estados para sw
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Processador MIPS Multicycle

- Diagrama de transicdo de estados para beq
Feaise o
3.60




Processador MIPS Multicycle

- FSM de Controle

ALUSICA = 0
ALUSCB = 11
ALUOp = 00

Branch

RegDst = 1
MemioReg = 0
RegWiite

lorD = 1
MemWrite

Processador MIPS Multicycle

- Extendendo a Funcionalidade para addi

oK
o powrie
Branch PCEN
Control [PCstc

Unit [ ALUGontol,
ALUS(CB
ALUS'cA

Funt | Beawiite
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Processador MIPS Multicycle

- Extendendo a Funcionalidade para j

PCSIC,,

PCJUTp

m

Ee
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cou
mw".e/ e
3.61
Processador MIPS Multicycle
+ FSM de Controle para addi
Mc722
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Processador MIPS Multicycle
+ FSM de Controle para j
Mc722
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Processador MIPS Multicycle

- Desempenho: Qudo rdpido 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

mc722
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Processador MIPS Multicycle

+ Caminho Critico

To = g pe * Toux + MAX(Fay + Frixe oem) *+ Feetup

Powite
Branch poEn
ste

[
it [ALUCo
(ALUSrcE.
[ALUSrcA

o =

A "8 ro A

B ; l 2 RD2 ﬂ&
Memory — x
T3 1 Rogistor
File
Dara woa

Sign Extond

[rumen
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Processador MIPS Multicycle

Register clock-to- | #,., pc 30
Register setup Foetup 20
Multiplexer Frux 25
ALU Taw 200
Memory read Trnem 250
Register file read | fomcaq 150
Register file setup | ety 20

T.= togre* Foux + MaX(Fay + Touxe Tmem) * Frerup
= toegre* Toux * Trem * Ferup
= [30 + 25 + 250 + 20] ps
= 325 ps
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Processador MIPS Multicycle

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

+ CPIL = 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 (%, + Zerp= 50 ps)
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Revisdo: Processador MIPS Single Cycle

Jump MemtoReg
IMemwiite

2 Funct [megost

egWrite
__J
oK

A1 Wes RD1

ez
= RD2

A3 |
Register WriteData
03 " File

A

PCump |
WriteReg,

:
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Revisdo: Processador MIPS Multicycle

i
(o powie
Branch PCEn
1010 Gontrol [PCSrc

MemWrte| Unit |ALUContoL,
1AWt ALUSIcB,

| ALUS'cA

Lo rune  [ReaWite

WE3 123 Stch Zero| CLK.
X 01 s =
e owozf] B ) I | IS
s < ¥
1
Rogister ! PO
Fie
woa
P
2
et
Sign Exton
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