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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Muc dich:

v/ Tong quan vé ki thuat Pipeline

v'Nhitng van dé phat sinh va hudng gidi quyét trong
pipeline

Slide dwoc dich va cac hinh dwoc Iéy tlr sach tham khao:

Computer Organization and Design: The Hardware/Software Interface,

Patterson, D. A., and J. L. Hennessy, Morgan Kaufman, Revised Fourth Edition,
2011.
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o K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEE

¢ Pipeline 1a mot ky thuat ma trong do6 cac 1énh duoc thuc thi
theo ki€u chong lan 1€n nhau (overlap).

% Vi du minh hoa hoat dong nhu thé nao 12 khéng pipeline hay
pipeline:

Gia sir mot phong c6 nhiéu nguol, moi nguol déu can giit quan 4o
ban ctia minh. Qua trinh giit quan 4o bao gom 4 cong doan:

1. Pit quan 4o ban vao may giit dé glat

2. Khi may glat hoan thanh, dua quan 40 U6t vao may say
3. Khi may say hoan thanh, dat quan ao kho Ién ban va i
4.Khi ui hoan tat, xép quan 40 vao ti
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o K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEE

v Néu mot nguoi hoan tat tat ca cac cong doan giit quan 4o
(xong cong doan Ui, xép quan 4o vao ti) thi ngudi khac mai
bat dau (bat dau dit quan 4o ban vao may giit), qua trinh
thuc hién nay goi la khong pipeline.

v/ Tuy nhién, rd rang rang khi ngudi trudc hoan thanh cong
doan 1, sang cong doan 2 thi may giat da trong, luc nay
nguoil tlep theo co thé du:a quan 4o ban vao giit. Nhu vay,
nguoi tiép theo khong can phai chd ngudi trude xong cong
doan thtr 4 méi co thé bat dau, ma ngay khi ngudi trude dén
cong doan thtr 2 thi nguoi tiép theo da co thé bat dau cong
doan thr nhat va ct tiép tuc nhu vay. Qua trinh thuc hién
chong lan nay goi 1a pipeline.

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.



&

COMPUTER ENGINEERING

Ky thuat ong dan (plpehne)
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

6 PM 7 8 9 10 1 12 1 2 AM
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order
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v' Céch tiép can dung ky thuat pipeline ti€u ton it thoi gian hon cho tat ca cac
cong viéc hoan tat bai vi cac cong viée duge thuc hién song song, vi vy sb
cong viéc hoan thanh trong mot gio s& nhiéu hon so voi khong pipeline.

v Chuy, plpehne khong lam giam thot gian hoan thanh mot cong viéc ma lam
giam thoi gian hoan thanh tong s cong viéc (nhu trong vi du trén, thdi gian
cho nguo1 A hoan thanh viéc giat khi ap dung pipeline hay khong pipeline
déu 1a 2 gid, nhung tong s6 gid cho 4 ngudi A, B, C va D hoan thanh dung
pipeline giam rat nhiéu so vdi khong pipeline)
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@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Tuong tu viec giat quén a0, thay vi mot I¢nh phai cho 1énh trude d6 hoan thanh
ma&i dugce thuc thi thi cac 1énh trong mot chuwong trinh cua bd xur 1y ¢6 thé thuc
thi theo ki€u pipeline.

Khi thuc thi, cac Iénh MIPS duoc chia lam 5 cong doan:

1. Nap I€nh tir bd nhé

2. Giai ma l§nh va doc cac thanh ghi can thiét (MIPS cho phép doc va
gidai ma dong thoi)

3. Thuc thi cac phép tinh hoac tinh toan dia chi

4. Truy xuat cic toan hang trong by nhé

5. Ghi két qua cudi vao thanh ghi

Vi vay, MIPS pipeline trong chuong nay xem nhu c6 5 cong doan (con goi la
pipeline 5 tang)
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IF: Instruction fetch ID: Instruction decode/

register file read

EX: Execute/
address calculation

MEM: Memory access WB: Write back
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1. Nap Iénh tor b nhd — IF

2. Gi1ai ma Iénh va doc cac thanh ghi1 — ID
3. Thuc th1 — EX

4. Truy xuat b nhd — MEM

5. Ghi két qua vao thanh ghi — WB

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 8

=\ 0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
f
I
I
I
|
I
I
:



</ Ky thuat ong dan (plpehne)

COMPUTER ENGINEERING

Y’ TR TN | | | s | e e e e

. Xét m@t b(} xu ly vo1 8 1énh co ban: load word (Iw), store word (sw), add
(add), subtract (sub), AND (and), OR (or), set less than (slf), va nhay voi

diéu kién bang (beq).

- Gia str thoi gian hoat dong cac cong doan nhu sau: 200 ps cho truy xuat
bo nhd, 200 ps cho tinh toan cua ALU, 100 ps cho thao tac doc/ghi thanh

ghi

- So sanh thoi gian trung binh gitta cac 1€nh cua hién thuc don chu ky va

pipeline.

Instruction | Register ALU Data | Register | Total
Instruction class fetch read operation | access write time

Load word (1w) 200 ps 100 ps 200 ps 200 ps 100 ps | 800 ps
Store word (sw) 200 ps 100 ps 200 ps 200 ps 700 ps
R-format (add, sub, AND, 200 ps 100 ps 200 ps 100 ps | 600 ps
OR, s1t)

Branch (beq) 200 ps 100 ps 200 ps 500 ps
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COMPUTER ENGINEERING

Vi du hinh éanh 3 1énh Iw thuc hién theo kiéu khéong pipeline, don chu ky (hinh trén)

K§ thuat ong dan (pipeline)

Program
execution ime 200 400 600 800 1000 1200 1400 1600 1800
order ' ! ! . T T T T T
(in instructions)
W $1, 100($0) | """ Reg| AU | D2 | Reg
Iw $2, 200($0) 800 ps instruclion| peg | ALU | D22 | geg
w $3, 300($0) 800 ps een
800 ps
Program
execution 200 400 600 800 1000 1200 1400
order Time T T T T T T T
(in instructions)
Instruction| Data
lw $1, 100(S0) nsletch " Reg| ALU access Reg
R i Dat
w $2,200($0) 200 ps | "arn— Reg| AU | =%  |Reg
w $3, 300($0) 200 ps | “en | [Fea| AU | scmes [Res

200 ps 200 ps 200ps 200 ps 200 ps

va co pipeline (hinh dwoi)

- Thoi gian giita 1énh thi nhat va thir tu trong khong pipeline 1a 3 x 800 =
2400 ps, nhung trong pipeline 1a 3 x 200 = 600 ps
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@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Su ting toc ciia pipeline

* Trong trwong hop ly twéng: khi ma cac cong doan pipeline hoan toan bang nhau thi
thoi gian gitra hai 1€nh lién ti€p dugce thuc thi trong pipeline bang:

thoi gian gitta hai lenh lien tiep khong pipeline

Thoi gian gitia hai lenh lien tiep pipeline = — —
so tang pipeline

Nhue vy, trong vi du trén, thoi gian giita hai lénh lién tiép cé pipeline bang 160 ps (800:5 = 160)

- Trong truong hop ly twéng, pipeline sé ting toc so véi khong pipeline véi so 1an ding
béng s6 tang ciia pipeline.

% Trong thue té: Cac cong doan thuc té khong bang nhau, viéc ap dung pipeline phai chon
cong doan dai nhat dé 1am mot chu ky pipeline.

Vi vy, trong vi du trén, thoi gian lién tiép gitra hai 1énh pipeline 12 200 ps. Va 4p dung pipeline
tang toc gap 4 lan so vo1 khong pipeline.

Speed-up ~ Thoi gian giita hai lénh lién tiép khéong pipeline : Thoi gian gitta hai lénh lién tiép pipeline ~
800 : 200 = 4 < 5 (number pipeline stages)

- Trong thue té, pipeline sé ting toc so voi khong pipeline véi so 14n nhé hon so ting ciia
pipeline.
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@ K§ thuat ong dan (pipeline)

EEEEEEEEEEEEEEEEEEE

Lwru v, pipeline ting toc so voi khong pipeline:

% K¥ thuat pipeline khong giap giam thoi gian thuc thi

ctia ting 1énh riéng 1& ma gitp giam tong thoi gian thuc

thi ctia doan lénh/chuong trinh chtra nhiéu 1énh (tir d6

gitp thoi gian trung binh ctia moi 1énh gidm)
< Viéc gitip giam thoi gian thuc thi cho nhiéu 1énh vo cung
quan trong, vi cac chuong trinh chay trong thuc té thong

thuong 1én dén hang ti 1énh.
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@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Quy wac trinh bay 5 cong doan thuc thi mot 1€énh cua pipeline:
200 400 600 800 1000

Time 1

add $s0, $t0, $t1 | IF —5 1D SEX MEM WB |

Luu y cach v€ hinh cac cong doan pipeline nhu sau:

v/ Khoi t6 den hoan toan hodc dé trang hoan toan: Trong mdi cong doan pipeline, néu
Iénh thuc thi khong lam gi trong cong doan nay s€ dugc to tréng, nguoc lai s€ duoc to
den.

Vi du lénh “add” c¢6 EX den va MEM trdng tirc Iénh nay cé tinh todn trong cong
doan EX va khong truy xudt bg nhé div liéu trong céng doan MEM.

v Céc codng doan lién qua dén bd nhd va thanh ghi co thé to nira trai hodc nira phai den:
Néu nira phai to den, tirc cong doan do6 dang thuc hién thao tac doc; nguoc lai néu nira
trai t6 den, cong doan d6 dang thuc hién thao tac ghi.
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Hinh anh datapath cé ho tro pipeline

FAD IVEX EX/MEM MEMWwE

>Add - - -

e -

Reac
regester 1 -~ -~
data 1 \
Read Zero —
*—» -
Instruction regester 2 ALU
memory " —9 % Read > "ALl IJ. > —9—| Accress R:z: -
| Vinte data 2 o o
register Data
Wnte memory
data [
. Wrte
caa

16 az >
~ @A’ B
A extend

Chi tiét vé datapath va control cho pipeline cé thé xem thém tai phan 4.6 séch
tham khao chinh.
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@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Cac xung ddt c6 thé xay ra khi ap dung ki thuat pipeline (Pipeline Hazards):

Xung dot 13 trang thai ma 1énh tiép theo khong thé thuc thi trong chu ky pipeline
ngay sau do (hoac thuc thi nhung s€ cho ra két qua sai), thuong do mot trong ba
nguyén nhan sau:

< Xung d6t cau tric (Structural hazard): 1a khi mot lénh du kién khéng thé
thuc thi trong ding chu ky pipeline ciia n6 do phan cing can khong the ho tro.
Noi cach khac, xung dot cau tric xay ra khi c6 hai 1énh cung truy xuat vao mot
tai nguyén phan ciing nao dé cing mot luc.

< Xung d6t dir liéu (Data hazard): 1a khi mot 1énh dy kién khong thé thuc thi
trong dung chu ky pipeline cua nd do dit liéu ma 1énh nay can van chua sin
sang.

< Xung dot diéu khién (Control/Branch hazard): 1a khi mot 1énh du kién
khong thé thuc thi trong dtng chu ky pipeline ciia né do 1énh nap vao khéng
phai 13 1énh duoc can. Xung dot nay xay ra trong trudng hop ludng thuc thi
chtra cac l1énh nhay.
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung ddt cau tric

Program
execution . 200 400 600 800 1000 1200 1400
Time T T T T T T T
order
(in instructions)
w $1,100(80) | "acn™"|  |Res| ALU | o%2  |Reg
w $2,200($0) 200 ps ["en™"|  |Rea| AW | 222 IReg
w $3, 300($0) 200ps | eicn | [Fe9| AU | access |Red
Vi du vé xung dot cau tric: 200 ps 200 ps 200 ps 200 ps 200 ps

Gia st rang ching ta c6 mot bo nhd don duy nhat thay vi hai bd nhé 1énh va dit
liéu roi rac nhau. Néu pipeline trong vi du ¢ hinh trén c¢6 thém Iénh thur tu thi
trong chu ky pipeline tir 600 t&i 800 khi 1énh tht nhat thyc hién truy xuat bd nhé
lay dir liéu thi 1énh tht tu s& thuc hién truy xuat bo nhé 1ay 1énh. Do khong c6 bd
nhé 1énh va dit liéu riéng 18, trong trudng hop nay sé ¢ xung dot cau trac xay ra.
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@ K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEEEEEEE

Xung dot dir licu
Vi du cho doan 1énh sau: add 3s0, 3t0, $t1
sub $t2, $s0, $t3

Trong vi du trén, néu 4p dung pipeline binh thudng thi céng doan
ID cua Iénh sub s€ thuc hién cung luc vo1 cong doan EX cua 1€nh
add. Trong cong doan ID, 1énh sub s€ can doc g14 tr1 cua thanh ghi
$s0, trong khi d6 gia tri mo1 cua thanh ghi $s0 phai té1 cong doan
WB cua 1énh add mdi san sang. Vi vay, néu thuc hién pipeline

thong thuong, trudng hop nay s€ xay ra xung dot dir 1iéu

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu
Vi du cho doan 1énh sau: add 3s0, 3t0, $t1
sub $t2, $s0, $t3

Mot cach giai quyét co thé trong trudng hop nay 1a chd thém hai

chu ky xung xung clock thi 1énh sub md1 duge nap vao

F Yy 0 S$s0 valid
add $s0, $t0, $t1 | IF —= 1D %—MEM WB g

_bubble. bubble, vbubblev _bubb!ev vbubb!ev

‘bubbley (_bubbley (_bubble, _bubbley (_bubble,

Two waste clock cycles

@

sub $t2, 550, St1 ' B >Ex'7MEM N

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.

18



@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu

**Thay vi cho mot s6 chu ky dén khi dit liéu can san sang, mot k¥ thuat co
thé duoc ap dung dé rut ngan so chu ky roi, goi 1a k¥ thuét nhin trwéc
(forwarding hay bypassing).

Nhu trong vi du trudce, thay vi chd sau hai chu ky 161 méi nap 1énh sub vao,

ngay khi ALU hoan thanh tinh toan tong cho 1énh add thi tong nay ciing

duogc cung cap ngay cho cong doan EX cua 1énh sub (thong qua mot bo dém

dir liéu gan thém bén trong) dé ALU tinh toan két qua cho sub nhanh.

Program

execution ' 200 400 600 800 1000
order Time T T T T T

(in instructions) o L
add $s0, $t0, $t1 IF —~ ID 2EX-e—MEM WB .
sub $t2, 5s0, $t3 IF 4ﬂ ID :%liMEM WB .
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu

% K¥ thuét nhin trudc: mot phuong phap giai quyét xung dot dir liéu bang
dua thém vao cac bd dém phu bén trong, cac dir licu can c6 thé dugc truy
xuat tir bo dém nay hon 1a chd doi dén khi n6 sin sang trong bo nhé hay
trong thanh ghi.

Program
execution . 200 400 600 800 1000
order Time T T T T T

(in instructions) L L
add $s0, $t0, $t1 F |—= 1D SEX|-+—MEM WB |
sub $12, S50, $t3 IF —=5 ID :Bimsm WB |

Copyrights 2017 CE-UIT. All Rights Reserved.
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O K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEE

Xung dot dir liu

Luu y, vo1 lenh /w va cac lénh c6 chic nang tuong tuy,
thong thuong két qua cudi ctia né khong phai khi hoan tat
cong doan EX ma 1a khi hoan tat cong doan MEM.
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu

Xét vi du sau:

w850, 20($t1)
sub $t2, $s0, $t3

Vi 1énh w, dit liéu mong mudn sé chi san sang sau 4 chu ky pipeline (tic sau
khi cong doan MEM hoan tét). Vi vay, gia st dir li¢u dau ra cta cong doan
MEM cta 1énh /w duogc truyén tdi dau vao cong doan EX cua 1énh sub theo
sau, thi 1énh sub van phai chd sau mot chu ky roi méi duoe nap vao.

Program
execution
order Time

(in instructions)

lw $s0, 20($t1)

sub $t2, $s0, $t3

03/2017

200 400 600 800 1000 1200 1400
33 %FMEM_HWQ;
‘ _‘bbvpmé, ‘ _b_L.lbbh’.B- , :bL.b.DIéV __blebb|E‘9v Cbubble,
IF —= E ; %’—MEM WB
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu

K§ thuat forwarding co thé hd tro giai quyét xung dot dit liéu hicu
qua, tuy nhién nd khong thé ngan chin tat ca cac truong hop chu ky
roi

Program

execution . 200 400 600 800 1000 1200 1400
order Time T . - ' ' ' '

(in instructions)

- —

w$s0,208t1) | IF —5 1D |  SEX—|MEM|—+— WB |

Cbubble, Cbubble,) Cbubble/\ Cbubble, Cbubble,

sub $t2, S50, $t3 F —=c D MEM|—{ W8 :
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Xung dot dir licu

Tom lai, véi ki thuat forwarding co:

03/2017

Program

execution

order Time
(in instructions)

add $s0, $t0, $t1

sub $t2, $s0, $t3

Program
execution

ALU-ALU forwarding hay EX-EX
forwarding (hinh 1)

MEM-ALU forwarding hay MEM-EX
forwarding (hinh 2)

600 800 1000
T I I

v
v
200 400
IF —f: D
Fl— oD

BEMEM W |
o Hinh 1.
: EEXI MEM|—| WB |

order Time
(in instructions)

lw $s0, 20($t1)

sub $t2, $s0, $t3

200 400

| <1 B,

Cbubble) Cbubble) Cbubble,)\ Cbubble, Cbubble/

800 1000 1200 1400

IF

o

MEM ﬁ—EB

Hinh 2.

&
L

ID MEM

'z
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@ K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEEEEEEE

Xung dét dicu khién
% Mot s6 1énh nhay c6 diéu kién va khong diéu kién trong MIPS
(branches, jumps) tao ra xung dot di€u ki€n nay
Vi du xét doan chuong trinh sau:  add $4, 35, $6
beqg $1, 32, label
Iw 83, 300(3s0)
Néu ap dung pipeline thong thuong, tai chu ky thir ba cia pipeline,
khi beq (,iang‘thuc thi ‘céng doan ID thi 1énh /w s€ dugc nap Véf).
Nhung néu di€u kién bang cua 1énh beqg xay ra thi I€nh thuc hiép tiép
sau do khong phéj la Zw? ma la Iénh dugc gan nhan ‘label’, I4c nay
xay ra xung dot di€u khién.
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@ K§ thuat 6ng dan (pipeline)

COMPUTER ENGINEERING

Xung dot dieu khién
% Cac giai phap giai quyét xung dot dicu khién cho 1énh nhay c6 diéu kién,
vi du vo1 beq:
v'Co ban nhat 1a chod cho téi khi diéu kién bang dugc tinh toan thi 1énh
ti€p theo mo1 dugc nap vao. Luon lang phi mét chu ky xung clock dé
cho diéu kién bang xay ra.
v'Cai tién hon, c6 thé dung phuong phap du doan. C6 hai cach du doan:
du doan dicu kién bang sé xdy ra (tirc nhanh nhay té1 s€ duogc lay);
hodc du doan diéu kién bang s& khong xay ra (tirc nhanh nhay toi sé
khong duoc 1ay). Néu du doan dung, chuong trinh s€ khong lang phi
chu ky xung clock nao; con néu du doan sai, 1énh dung s€ dugc nap lai
va lang phi mot chu ky xung clock.

% Cac giai phap giai quyét xung dot dicu khién (tham khao thém muc 4.8,
sach tham khao chinh)
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@ K§ thuat ong dan (pipeline)

COMPUTER ENGINEERING

Vi du gidi quyét xung dot diéu khién theo kiéu du doan diéu kién bang s&

khong xay ra, tirc nhanh nhay t6i sé khong duoc lay (Predict Not Taken):

Program
execution
order

(in instructions)

add $4, $5, $6

Dw doan
dung

beq $1, $2, 40

lw $3, 300($0)

Y

Program
execution
order

(in instructions)

Dw doan add $4, $5, $6

Sal beq $1, $2, 40

Time

Time

03/2017 Y

200 400 600 800 1000 1200 1400 R
Instruction Data
fetch Reg ALU access Reg
Instruction Data
200 ps fetch Reg ALU access Reg
~— | Instruction Data
200 ps fetch Reg ALU access Reg
200 400 600 800 1000 1200 1400 R
Instruction Data
fetch Reg ALU access Reg
Instruction Data
200 ps fetch Reg ALU access Reg
bubble/( bubble/( bubble/( bubble/(bubble
O
- >|nstruction Data
400 ps fetch Reg ALU access | e9

—or $7, $8, $9
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COMPUTER ENGINEERIN

Téng két:

= Hiéu k¥ thuat ong dan 1a gi

= Ba xung dot ma k¥ thuat ong dan c6 thé gy ra:

v/ Xung dot cau tric
v’ Xung dot dit liéu
v’ Xung dot diéu khién

= Cach giai quyét khi xay ra cac xung dot trén

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@ K§ thuat 6ng dan (pipeline)

EEEEEEEEEEEEEEEEEEE

% Ly thuyét: Poc sach tham khao
* Muc: 4.5
» Sach: Computer Organization and Design:
The Hardware/Software Interface,
Patterson, D. A., and J. L. Hennessy,

Morgan Kaufman, Revised Fourth Edition,
2011.

» Bai tap: file dinh kém
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