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Pipelining - Conceito

-+ Exemplo: Lavanderia

* 4 trouxas para serem lavadas &6@5&5

s —

- Lavar: 30 minutos

- Secar: 40 minutos

- Passar: 20 minutos QI';C
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Lavanderia Seqiencial

6 7 8 9 10 11 Horas
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* Lavanderia seqiiencial: 6 horas para lavar 4 trouxas
+ Se for usado pipelining, quanto tempo?
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Lavanderia Pipelined
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* Lavanderia Pipelined: 3.5 horas para 4 trouxas
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Pipelining

- O Pipelining ndo ajuda na
7 8 9 laténcia de uma tarefa, ajuda

Time  ho throughput de toda a carga
| | | | | de trabalho

30 40 40 40 40 20 O periodo do Pipeline é
=151 e limitado pelo estagio mais
- 7’ lento

I0QIQ xun oy

81 81 B &

= = . - Mdltiplas tarefas simultdneas

= ol 57 * Speedup potencial = Nimero
de estagios

= > - Estdgios ndo balanceados
O™ reduzem o speedup

= e - O Tempo de “preenchimento” e
-l ;[ de “esvaziamento" reduzem o
speedup
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CPU Pipeline

- Executam bilhoes de instrugoes: throughput

+ Caracteristicas desejaveis em um conjunto de
instrugoes (ISA) para pipelining?

- Instrugoes de tamanho variavel vs.
Todas instrugoes do mesmo tamanho?

- Operandos em memoria em qq operagdo vs.
operandos em memoria somente para loads
e stores?

- Formato das instrugoes irregular vs.
formato reqular das instrugoes (ié.
Operandos nos mesmos lugares)? weraz



Um RISC Tipico

- Formato de instrugoes de 32-bit (3 formatos)

- Acesso a memoria somente via instrugoes
load/store

- 32 GPR de 32-bits (RO contém zero)

* Instrugdes aritméticas: 3-address, reg-reg,
registradores no mesmo lugar

* Modo de enderegamento simples para load/store
(base + displacement)

- Sem indiregado
- Condigoes simples para o branch
- Delayed branch

SPARC, MIPS, HP PA-Risc, DEC Alpha, IBM PowerPC,
CDC 6600, CDC 7600, Cray-1, Cray-2, Cray-3
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Exemplo: MIPS (Localizagdo dos regs)

Register-Register

31 26 25 2120 1615 1110 65
op | rs [ rt [rRd | Opx
Register-Immediate
31 26 25 2120 16 15
Branch
31 26 25 2120 16 15
Op I Rs I Rt I immediate
Jump / Call
31 26 25
Op I target
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Processador MIPS Pipelined

* Paralelismo Temporal

+ Divide o processador single-cycle em 5 estdgios:

- Fetch

- Decode

- Execute

- Memory

- Writeback

» Adicinar registradores de pipeline entre os estagios
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Processador MIPS Pipelined

Single-Cycle

0O 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 190‘
Instr| T T T T 1 T T T T T T ! T T T T T T ] T
- Time (ps)
1 Fetch Decode| Execute Memory | Write
Instruction | Read Reg ALU Read / Write| Reg
2 Fetch Decode| Execute Memory | Write
Instruction | Read Reg ALU Read / Write | Reg
Instr
1 Fetch Decode| Execute Memory | Write
Instruction Read Reg ALU Read/Write | Reg
2 Fetch Decode| Execute Memory | Write
Instruction Read Reg ALU Read/Write | Reg
3 Fetch Decode| Execute Memory | Write
Instruction Read Reg ALU Read/Write | Reg
MC722
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Processador MIPS Pipelined

27:0)

Jump ——— MemtoReg

A RD

PCJump

Instr

Controf e mWrite

Unit
Branch

ALUControl,,

31:2

Op ALUSrc

30 | Funct

RegDst
RegWrite

—
CILK

WE3

A1l RD1

SrcA[™™

Instruction
Memory

20:1

A2
A3

RD2

Register

IS

SrcB

Zero

PCSrc

CLK

ALU

Result

ALU /

Writ

eData

WD3

L +| PCPlus

File

,
- 1 |
WriteReg, ,

15:11

Signlmm
15:0 Sign Extend

WD

WE

RD

Data
Memory

+ PCBranch

ReadDat

Result

MIPS single-cycle
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Processador MIPS Pipelined

Instruction éIns‘rr'. Decodeé Execute Memory EWr'iTe
Fetch i Reg. Fetch i Addr. Calc | Access | Back

Next PC : N
} Next SEQ PC | _’,

WB Data
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Processador MIPS Pipelined

- Abstragdo da execugdo Pipeline

5 6 7 8 9 10

4
>
Time (cycles)
1 20 1. [om_[7ss1
lw $s2, 40($0) IM—W[I{ RF 4o]:B~ T:I—r i
d St N $s3
add $s3, $tl, $t2 IMLﬂ[ RF| st }]—[TEI— l

s <
y
sub $s4, $sl, $s5 M ‘si{'[ RFj;{:B_ T DM|‘—r *=q gF
$£59) M ssd

and $s5, $t5, $t6 M Lm{'[ RF| st B_[TE'_ 1 RF

M s M $ d

S

sw $s6, 20($sl) M= {lRF{ 20 :B_ 1o RF

St
L
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Processador MIPS Pipelined

+ DataPath Single-Cycle e Pipelining

CLK CLK
| CLK | | I\L | |
. WE3 SrcA Zero WE
0] pc||Pcl A RD Instr (22 A1 RD1 IC iy
1 = ALUResul A RD ReadData|
Instruction| 0:16]
Memory 249 A2 RD2 SrcB Data
A3 Regi ] WriteData Memory
wpg Regter WD
20:16 0] | WriteReg,,
15:11 1
~ + PCPlus4
Signimm
4- 15:0 : <<2
Sign Extend + PCBranch
Result
CLK
: : ALUOUtW
CLK CLK CLK CLK CLK
| | : | | H
%7 2521 WE3 €7 i | zerom wejl |:
] msten (22 A1 RD1H : : :
A RDH : i |acvoun |, gpl]: | Readbata H
Instruction| | : . . H R
h | 20:16} L] . H H
Memory H A2 RD2 ' : Data :
H A3 . ' H WriteDat Memory H
¥ ' ' riteData '
: WD3 Reg_lster : : WD :
N File H H H
H . . | RtE H H
: 20:16 : WriteRegE,, : :
: 15:11 : | Ra§ : :
E i SignimmH o E E
E 15:0 Sign Extend 1 E << E PCBranchM E
N H +4. H
PCPlus4F : PCPIlus4D H PCPIlus4E : :
H H H H
E V \ H ResultW
Fetch : Decode : Execute : Memory i Writeback
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Instruction Instr. Decode

Processador MIPS Pipelined

Fetch i Reg. Fetch

Execute Memory éWr'i're

Addr. Calc |  Access

Next PC

Next SEQ PC

RS1

RS2

Imm

ext SEQ PC

Back
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Processador MIPS Pipelined

CLK
ALUOuUtW

CLK c CLK CLK ;
’ ‘ L]
' 25,21I WE3 %7 ZeroM E
0] pc + | InstrD — Al RD1 : :
1 A : H ALUOutM * | ReadDataW
Instructiony | : 2019 o rRo2H : :
Memory : ! !
: A3 , . ,
' WD3 Register ! WriteDataE WriteDataM '
: File , ,
: su1e LIS | . 1.
' - ! 0 WriteRegE,, WriteRegM,_, 1 | WriteRegW,,,
' 15:11 ' RAE '
L] L] 1 L]
: , — ,
: / ! | SignimmE '
' 15:0 : ! <<2 :
Sign Extend + PCBranchM
PCPlus4F E PCPlus4D E PCPlus4E E
‘ , , ResultW|
Fetch E Decode : Execute Memory . Writeback
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Processador MIPS Pipelined

» Controle do Pepiline

i

CLK

pc'| ™| PCE

A RD

Instruction
Memory

PCPlus4F

CLK

InstrD

CLK CLK CLK
7\ |RegWriteD % RegWriteE €7 RegWriteM i& RegWriteW
C:':ti:d MemtoRegD| | MemtoRegE MemtoRegM MemtoRegW
MemWriteD MemWriteE MemWriteM
BranchD BranchE BranchM
31:24)
Op ALUControll] |ALUControlE, PCSrcM
20 Funct | |ALUSFcD ALUSICE
RegDstD RegDstE
\ ) ALUOutW
CLK CLK
I - 1
. WE3 ZeroM WE
2521 Aq RD1 SrcAl
=
L EI ALUOutM A RD ReadData
2019 A2 RD2 |+ [0 sree Data
A3 Regist -h WriteDataM] Memory
; riteData
wpg Pegister WriteDataE | WD
20:16 REE ~L_ . . )
* 0 WriteRegE,., WriteRegM,,, WriteRegW,,,
15:11 RdE 1
/
15[ signExtend || [Signimme \ ~~
o e ‘gnimm + PCBranchM
PCPlus4D PCPlus4E

ResultWM
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Limites de Pipelining

* Hazards: impedem que a prdoxima instrugdo seja
executada no ciclo de clock “previsto” para ela

- Structural hazards: O HW ndo suporta uma dada
combinagdo de instrugoes

- Data hazards: Uma Instrugdo depende do
resultado da instrugdo anterior que ainda esta no
pipeline

- Control hazards: Causado pelo delay entre o
fetching de uma instrugdo e a decisdo sobre a
mudanga do fluxo de execugdo (branches e jumps).
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Meméria Unica (D/I) - Structural Hazards

Time (clock cycles)

Cycle 1§Cycle 2 SCycle 3§Cycle 4§Cycle 5 Cycle 6§Cycle 7 '

Load Ifetch :I: :

Instr 1

I3 N

Instr 2 | N

Instr 3 é

S0 Q3Q

Instr 4 é

MC722
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Meméria Unica (D/I) - Structural Hazards

Time (clock cycles)

Cycle 1:Cycle 2 §Cycle 3§Cycle 4iCycle 5: Cycle 6:Cycle 7:

Load Ife'rch:I: :
Instr 1 Ife*ch:I: *I-[DM_"'FI-I: :

I3 N

Instr 2 Ifetch DMem
O : -
r
€ : : :
r|{ Instr 3 Tfetch




Data Hazards

- Read After Write (RAW)

Instr; |€ o operando antes da Instr; escreve-lo

CI: add rl,r2,r3
J: sub r4,rl,r3

- Causada por uma “Dependéncia” (nomenclatura de
compiladores).

MC722
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I3 N

SN0 QYQ

Data Hazard em R1

Time (clock cycles)

IF ID/RF EX MEM WB

add rl , r2 , r3 Ffetch

sub r4,rl,r3

and r6,rl, r7

or r8,rl, r9

 xor rl0,rl,rll

R

[fetch

ALV

[fetch

DMem

ALV

[fetch

[fetch

Mem

PMem
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Data Hazards

* Write After Read (WAR)
Instr; escreve o operando antes que a Instr;o
leia

I: sub r4,rl, 3
J: add rl,r2,r3
K: mul r6,rl, r7

+ Chamada “anti-dependéncia” (nomenclatura de
compiladores). Devido ao reuso do nome “ri1”.

- Ndo ocorre no pipeline do MIPS:

- Todas instrugoes usam 5 estagios, e

- Leituras sdo no estdgio 2, e

- Escritas sdo no estdgio 5 .
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Data Hazards

- Write After Write (WAW)
Instr; escreve o operando antes que a Instr;o

escreva.
<:I: sub rl,r4,r3
J: add rl,r2,r3

K: mul r6,rl, r7

+ Chamada “dependéncia de saida” (nomenclatura de
compiladores). Devido ao reuso do nome “ri1”.

- Ndo ocorre no pipeline do MIPS:
- Todas Instrugoes sdo de 5 estagios, e

- Escritas sdo sempre no 5 estagio
- (WAR e WAW ocorrem em pipelines mais sofisticados) ..,
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Como Tratar os Data Hazards

+ Inserir instrugdes nops no cddigo
* Rearranjar o codigo em tempo de compilagdo

+ Stall o processador em tempo de execugdo (run-
time)

- Forward data

MC722
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Data Hazards - Solugdo por SW

- Compilador reconhece o data hazard e troca a ordem das
instrugdes (quando possivel)

- Compilador reconhece o data hazard e adiciona nops

Exemplo:

sub R2, R1, R3 ; reg R2 escrito por sub
nop . no operation

nop

and R12, R2, R5 ; resultado do sub disponivel
or R13, R6, R2

add R14, R2, R2

sw 100 (R2), R15

MC722
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Data Hazard Control: Stalls

» Hazard ocorre quando a instr. Lé (no estagio ID) um
reg que sera escrito, por uma instr. anterior (no

estdgio EX, MEM, WB)

+ Solugdo: Detectar o hazard e parar a instrugdo no
pipeline até o hazard ser resolvido

* Detectar o hazard pela comparagdao do campo read
no IF/ID pipeline register com o campo write dos
outros pipeline registers (ID/EX, EX/MEM,
MEM/WB)

» Adicionar bubble no pipeline
- Preservar o PC e o IF/ID pipeline register

MC722
4.29



Processador MIPS Pipelined

* Data Forwarding

1 2 3 4 S 6 7 8
>
Time (cycles)
. Ss2M " v$sO
add $s0, $s2, $s3 [ MPE rF[ed [0 DM |tRr
N _‘$sﬁ M ‘ M
and $t0, $s0, $sl M =2 I RF[5e1 :B— D'f"— N Rr

N ol st1
or $tl, $s4, $s0 M == H]| RF SO:D DM RF
M ‘l$SOV M 562

sub $t2, $s0, $s5 IM 22 DM RF

—
my
|
0
[0)]
Ul
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Processador MIPS Pipelined

* Data Forwarding

1 2 3 4 5 6 7 8
.
Time (cycles)
Ss2M N N 850
add $s0, S$s2, Ss3|IM add]-[ RF|ss3 :B | DM IﬁF
Ss0 N N 560
and $t0, $s0, $sl IM %[-[ RF|ss1| [ P& | RF
N Ss4 7 N St
or S$tl, S$s4, $s0 IM == -[RF $SOiFE | DM RF
_*$SO'V N 500

sub St2, $s0, $s5 IMS—”bI]-[ RF $S5_:B ] | DM RF
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* HW para forwarding

NextPC

SJU2}5169Y

Processador MIPS Pipelined

Immediate

xXnw

niv

Data
Memory

xXnw
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Processador MIPS Pipelined

* HW para forwarding

@t
01
10
iy
o1
—10
Z|E % %
& «
[ H dU
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Processador MIPS Pipelined

+ Forward para o estdgio Execute a partir de:
- Memory stage ou
- Writeback stage

+ Logica de Forwarding para ForwardAE:

if ((rs€ 1= 0) AND (rsE == WriteRegM) AND RegWriteM) then
ForwardAE = 10

else if ((rsE = 0) AND (rsE == WriteRegW) AND RegWriteW) then
ForwardAE = 01

else ForwardAE = 00

+ Lagica de Forwarding para ForwardBE similar, trocando rsE com
rtE, e ForwardAE com ForwardBE

MC722
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Processador MIPS Pipelined

* Data Hazard com Forwarding

I 403N

S0 Q3 Q

Time (clock cycles)

1w rl, 0(z2) p==f{~ |rﬁ

sub r4,rl, r6

and r6,rl, r7

or r8,rl,r9

DMem H

ey mEl .;Ea

[

Tfetch| .B i .:a

rfetch| | .B i .s

DMem
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Processador MIPS Pipelined

* Data Hazard com Forwarding

J W0 3N

N0 QY Q

Time (clock cycles)

Iw r1, 0(r2)

sub r4,r1,r6

and r6,r1,r7

or r8,ri,r9

IfeTch .H I .2

“H
rfetch| | .H i [w] .:E
rfetch| | le |h i .ﬁ

DMem

Tfetch IB I.E DMem
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Processador MIPS Pipelined

* Hardware para Stall
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Processador MIPS Pipelined

* Légica para Stall:

lwstall = ((rsD == rtE) OR (rtD == rtE)) AND MemtoRegE

StallF = StallD = FlushE = Iwstall
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Processador MIPS Pipelined

* Load Hazards - Software Scheduling

Cédigo para (a, b, ¢, d ,e, f na memoéria).

a=b+c;
d=e-f;

Slow_code: Fast code:
LW  Rbb LW
LW Rc,c LW
ADD Ra,Rb,Rc W
SW a,Ra ADD
LW Re.,e LW
LW Rf,f T,
SUB Rd,Re,Rf SUB
SW d,Rd SW

Rb,b
Rc,c

Re,e
Ra,Rb,Rc
Rf,f

a,Ra
Rd,Re,Rf
d,Rd

MC722
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Processador MIPS Pipelined

Control Hazard
-« beq: o branch ndo é determinado até o 4 estdgio do pipeline
Definigdes:
- Branch delay slot(s): Instrugoes buscadas antes do branch ser
determinado

- Misprediction penalty: nimero de instrugdes Flushed quando o branch
é taken

* Varias estratégias sdo usadas para lidar com control hazards:
- Stall o pipeline

- Rearranjar o cédigo e por instrugoes “dteis” no(s) branch delay
slot(s)

- Reduzir o misprediction penalty (determinar o branch mais cedo no
pipeline)

- Flush pipeline quando o branch é taken

MC722
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10:

14:

18:

22 :

36:

beq

and

or

add

XOor

Processador MIPS Pipelined

|
r2,r3,r5

r6,rl,r’

r8,rl, r9

rl0,rl,rll

fetch |H I .E

rl,r3,36 I

fetc |B I 's

DMen

reref | Rea[ >3

feofe
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4.41



Processador MIPS Pipelined

Memory Write

Instruction Instr. Decode Execute
Fetch Reg. Fetch Addr. Calc i  Access
Next PC
= Next SEQ PC Next SEQPC | [ |

Imm

Back

WB Data
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Processador MIPS Pipelined

Exemplo: Impacto do Branch Stall no Desempenho
- Se CPI = 1, 30% branches, 3-cycle stall

= CPI = 1.9

Solugdo para minimizar os efeitos:

- Determinar branch taken ou ndo o mais cedo, e
- Calcular o enderego alvo do branch logo

- MIPS branch: testa se regs = ou #

+ Solugdo MIPS:
- Zero test no estagio ID/RF
- Adder para calcular o novo PC no estdgio ID/RF

- 1 clock cycle penalty por branch versus 3

MC722
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Processador MIPS Pipelined

Instruction Instr. Decode

Fetch i Reg. Fetch

Next PC

: _ Next > '
: SEG}C

Lo

RS2

Execute Memory éWr'iTe
Addr. Calc i  Access | Back

WB Data
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Processador MIPS Pipelined

CLK CLK CLK
RegWriteD % RegWriteE % RegWriteM % RegWriteW
C(Gnt'l;ol MemtoRegD MemtoRegE MemtoRegM MemtoRegW
ni
MemWriteD MemWriteE MemWriteM
ALUControlD,., ALUControlE,.,
31:26
Op ALUSIrcD ALUSIcE
20 Funct RegDstD RegDstE
BranchD —
PCSrcD)|
CLK CLK EqualD e — CLK
CLK %7 | — - |
_ WE3 = AE WE
-rC PC'e7|PCF A RD instrD |22 A1 RD1 '8\? Sre
] ReadDataW
] & . _-Lm_ 1 N EVeY A ro U
Instruction 2018] Ao RD2 <
Memory Data
A3 Regqi i WriteDataM Memory
WD3 eg'lster WriteDataE WD
File 1
o501 RsD RsE ALUOUtW 0
. RtD RtE
2016 \\I WriteRegE, WriteRegM, WriteRegW o
RdE RdE - - — ’
15:11 ﬂ
o Sign SignlmmD SignimmE
4 ’ Extend E
= +
PCPlus4F e PCPlus4D 2
Y
o PCBranchD
ResultW
w e =
. 2|8 g g £
L 2 - E £ =3 %
& & o 2|2 2 & &
Hazard Unit
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4.45



20

24

28

2C

30

64

Processador MIPS Pipelined

1 2 3 4 5 6 7 8 9

>

Time (cycles)

Stl )
beq $t1, $t2, 40 [|IM lLl]—[RF $t2]:D_]T DM[_| RE
| \i 230 M Flush
and $t0, $s0, $sl IM == ]{RF $Sl]:E'_ DM H RE :I o
- instruction
or $tl, $s4, $sO
sub $t2, $s0, $s5

slt $t3,

$s2,

$s2
$s3 M =25 H RF $S3j|:g_|j|_r DM st3fer
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Processador MIPS Pipelined

Alternativas para Branch Hazard
#1: Stall até a decisdo se o branch sera tomado ou ndo

#2: Predict Branch Not Taken
- Executar a proxima instrugdo
- "Invalidar” as instrugdes no pipeline se branch é tamado
- Vantagem: retarda a atualizagdo do pipeline
- 47% dos branches no MIPS ndo sdo tomados, em média
- PC+4 jG esta computado, use-o para pegar a proxima instrugdo

#3: Predict Branch Taken
- 53% dos branches do MIPS sdo tomados, em média

- “"branch target address” no MIPS ainda ndo foi calculado
» 1 cycle branch penalty
» Em outras maquinas esse penalty pode ndo ocorrer

MC722
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Processador MIPS Pipelined

Alternativas para Branch Hazard

#4: Delayed Branch

- Define-se que o branch seré tamado APOS a uma dada
quantidade de instrugoes

branch instruction

sequential successorl\\\\\\\
sequential successor, Branch delay de tamanho »
sequential successor, / (n delay slots)

branch target if taken

- 1 slot delay permite a decisdo e o calculo do "branch target
address” no pipeline de 5 estdgios

- MIPS usa esta solugdo

MC722
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Processador MIPS Pipelined

Delayed Branch

* Qual instrugdo usar para preencher o branch delay
slot?

- Antes do branch
- Do target address ( avaliada somente se branch taken)

- Apos ao branch (somente avaliada se branch not taken)

MC722
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Processador MIPS Pipelined

(a) From before

DADD R1, R2, R3

if R2 = 0 then

Delay slot

becomes

if R2 = 0 then

DADD R1, R2, R3

(b) From target

DADD R1, R2, R3

if R1 =0 then

Delay slot

becomes

(c) From fall-through

DSUB R4, R5, R6 =<

DSUB R4, R5, R6

-

DADD R1, R2, R3

DADD R1, R2, R3

if R1 =0 then

Delay slot

OR R7, R8, R9

DSUB R4, R5, R6 <—

becomes

if R1 =0 then

DSUB R4, R5, R6

DADD R1, R2, R3

if R1 =0 then

OR R7, R8, R9

DSUB R4, R5, R6 <+—
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Processador MIPS Pipelined

» Compilador: single branch delay slot:
- Preenche +/- 60% dos branch delay slots

- +/- 80% das instrugoes executadas no branch
delay slots sdo utéis a computagdo

- +/- 50% (60% x 80%) dos slots preenchidos sdo
utéis

MC722
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Processador MIPS Pipelined

Tratando data e control hazards

CLK CLK CLK
RegWriteD 67 RegWriteE 67 RegWriteM 67 RegWriteW
C%nt_:m MemtoRegD MemtoRegE MemtoRegM MemtoRegW
ni
MemWriteD MemWriteE MemWriteM
ALUControlD,, ALUControlE,.,
31:26
Op ALUSrcD ALUSIcE
20 Funct RegDstD RegDstE
BranchD
P D
CLK CLK EqualD CSrc — CLK
CLK @ | - L |
. WE3 — SrcAE WE
-FJ PC'<5|PCF A RD InstrD 2224 A1 RD1 0 '@
1 o B 1 | 10 ALUOUtM A RD ReadDataW
Instruction 26| po RD2 R o
Memory Data
A3 Regist ’1 WriteDataM Memory
wpg3 "egister WD
File 1
2501 RsD RsE ALUOuUtW 0
2046 RtD RtE ~ ) ) )
- \| WriteRegE, o WriteRegM,, WriteRegW .o
15:41 RdD RdE ﬂ —
. Sign SignlmmD SignimmE
4 ’ Extend
<<2
= +
PCPlus4F 9 PCPIus4D 2
Y Y
o= PCBranchD
ResultW
e E 2y 3 3
2 3% u 3|2 c| & 2 2
] & @ QL i i =K i 2
Hazard Unit
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Processador MIPS Pipelined

Control Forwarding e Stalling Hardware

+ Logica de Forwarding:

ForwardAD = (rsD 1=0) AND (rsD == WriteRegM) AND RegWriteM
ForwardBD = (rtD 1=0) AND (rtD == WriteRegM) AND RegWriteM

+ Logica de Stalling:
branchstall = BranchD AND RegWriteE AND (WriteRegE == rsD
OR WriteRegE == rtD) OR
BranchD AND MemitoRegM AND (WriteRegM == rsD
OR WriteRegM == rtD)

StallF = StallD = FlushE = Iwstall OR branchstall

MC722
4.53



Processador MIPS Pipelined

Desempenho do MIPS Pipelined
Ideal: CPT =1, IPC =1
Porém devido aos stall (causados por loads e branches)

SPECINT2000 benchmark:
25% loads
10% stores
11% branches
2% jumps
52% R-type
Suponha que:
40% dos loads sdo usados pela proxima instrugdo
25% dos branches sdo mispredicted

Qual o CPI médio?

Average CPI = (0.25)(1.4) + (0.1)(1) + (0.11)(1.25) + (0.02)(2) +
(0.52)(1) = 1.15
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Processador MIPS Pipelined

Desempenho do MIPS Pipelined

- Pipelined processor critical path:
T. = max

c
fpcq + fmem + fse'rup
2( fRFreaa’ + 7.'mux + feq + fAND + fmux + fse'rup)

Tocq

fpcq + fmemwr‘i're + f:setup

2( fpcq + fmux + fRer'i'l'e) }

* fmux + fmux + fALU + setup
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Processador MIPS Pipelined

Exemplo de Desempenho

Element Parameter Delay (ps)
Register clock-to-Q Yocq PC 30
Register setup Tsetup 20
Multiplexer Trux 25
ALV faLu 200
Memory read trem 250
Register file read tepread 150
Register file setup TRFsetup 20
Equality comparator Ty 40
AND gate fanb 15
Memory write T roemwrite 220
Register file write Topurite 100 ps

Tc = Z(rRFr'eaa’"' fmux * feq * fAND + fmux * fse‘rup)

= 2[150 + 25 + 40 + 15 + 25 + 20] ps = 550 ps
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Processador MIPS Pipelined

Exemplo de Desempenho

 Para um programa que executa 100 bilhoes de instrugoes em um
processaddor MIPs pipelined,

- CPT =1.15
T. = 550 ps

Execution Time = (# instructions) x CPI x T,
= (100 x 10%)(1.15)(550 x 10-12)
= 63 seconds

MC722
4.57



Processador MIPS Pipelined

Exemplo de Desempenho

Single-cycle 95 1
Multicycle 133 0.71
Pipelined 63 1.51
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