Bo xwr ly dworng Ong

Processor Pipelining



NOi dung

e S0 sanh t6c do xwr ly
— Single - cycle datapath (from the previous lecture)
— Multi-cycle
— Pipelining
e Ky thuat dwéng 6ng
— K§ thuat duwong 6ng la gi?
— Tai sao lai str dung ky thuat dwong 6ng?
« Xay dwng bd xtr ly dwong 6ng
— Chia cét tlr b6 xtr Iy don xung nhip
— Hoat déng cua MIPS pipeline
— Diéu khién Pipeline



Toc do xuwr ly

(What limits our clock?)



Pbwong div lieu bo xw ly don
xung nhip

PCSrc - Toc d6 Xac dlnh b&i Iénh co
- dwong div liéu dai nhat.

Add

Fo
’7 ster 1 Read
data 1

MemWrite
MemtoReg

2ad
agister 2
| Wiite Registers q..4 i
register data 2

Instruction
memory

Write
data

RegWrite |

_|Write  Data
data memory

MemRead

A: 70%°1/2 = 35% of the time.

70% cac Iénh can mot nira chu ky dé
x(r ly. Nhu vay 35% thoi gian dé lang
phi.

If slowest path is
for load, all
instructions go
this slowly.




Thoi gian thwc thi don xung
nhip

Different instructions
have different critical

paths so they take
different amounts of

time.

Cycle (clock) time dictated by longest
instruction time.

“e Lénh thwc thi cham nhat la 1énh c6 thoi gian thwc thi Wasted time.
bang 1 chu ky The instruction doesn’t

e Lang phi thoi gian ' need this time.



>

Giai phap: BoO xw ly da xung

-
=3
=

4 cycles But very complicated to
keep track of how long
each instruction runs.

2 cycles

Much less wasted time

e Lénh nhanh nhét xac dinh twong rng v&i 1 chu ky
e LEénh chdm hon sé& chiém nhiéu chu ky



Cach nao tot hon?

...Can nhiéu chu ky
cho mét [énh!

Chia thanh 5 parts —» doéng ho nhanh hon 5x lan - nhwng can nhiéu hon 5x chu ky cho moét Iénh



Vi du MIPS: 5 giai doan dwong
ong

doesn’t use

R Instructions memory
I e

Load

doesn’t use doesn’t write ! !
memory result to RF Not all instructions
result to RF pipeline stages
Instruction Decode and ALU Execute Memory RF Write Back
Fetch — IF RF Read —ID — EX — MEM — WB

PCSrc
)i e M
x
Al_lﬂ
Add raziin

ELIELEE ALU operation
Read 4
address regiatar 1 Read MermWrite
H‘?:mr o =his MamtoReg
Instruction
write TO9IS1ers Reag Address Foad
Instruction registor data 2 data
memory
Write 4
data e =i

RegwWrits | data memory
16 Sign. a2 MemPRead
extend




Ky thuat nay cé tét hon
khong?

Instruction
IM RF ALU MEM RF IM RF ALU MEM RF IM RF ALU  MEM RF Resource
rd wr rd wWr wr wr
ALU Free ALU Free ALU Free ALU Free
EX MEM WB IF ID EX WB ID NS M3 '\/:'] Pipeline
2 Cycle

Q: What is the ALU doing in cycle 12?

O Nothing
Can we take advantage of the ALU G e m s e e

being unused in cycle 12 to do other O Calculating the store address

useful work?
(andin1,2,4,5,6, 7,8, 10,11, 14, 15)

A: Nothing
In cycle 12 the store instruction is only reading from the
register file.




Hoat dong trong dwong

A’
NN
EX MEMWB IF ID EX MEM WB IF
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ALU Free ALU Free ALU Free ALU Free

EX VIEM WB bay la diéu ching ta can tir dwéng
ong: st dung tat ca cac phan cua b

- xtr ly doi vé&i cac 1énh khac nhau tai
cung mot thoi diém

Q: What is the ALU doing when the load is A: Processing the R instruction’s ALU op
accessing the memory? In cycle 4:

O Nothing - load is using the memory (MEM)
O Accessing the register file - Rinstruction is using the ALU (EX)
O Processing the R instruction’s ALU op - store is using the RF (ID)




Ky thuat dwong ong la gi?
Mot sb vi du trong doi séng



Ky thuat dworng 6ng 1: quy
trinh giat la (serial - pipeline)

* 4 hoat d@ng cho mot tai: Time 6 PM 7 8 9 10 11 12 1 2 AM

_ Wash (1h), Dry (1h), Fold RO RN OEEN O O

(1h), Put away (1h) Bliiee
e 4 tdi mat bao lau? A .%.
away = 4h B . '

— 4loads * 4hlload = 16h c ..%. _
Q: Bao nhiéu phan tram 5 . @ %l

tai nguyén da st dung?

1. 100% M
2. 50% B u m B
> 2 g g g g

= E E =

: 259
éhi :l’fdung mot pha: wash, l . . .

dry, fold, va put away & moi
thoi diém. Con 3 pha khac la
nhan roi.

Resources

How can pipelining help?



Vi du: Quy trinh giat la
(pipelined)

« Hay thr xép chbng cac hoat dong

~ S 6PM 7 8 9 10 11 12 1 2 AM
» Bao lau cho 4 lan tai? Time !—-—!—!—!—!—!—!—'
— 4 |an tai trong 7 gi&» (moi —_—
Ian tai trong 4h) ardar
— 7h vs. 16h nhanh hon 2
2.3x!
B
Q: Can bao nhiéu nguwoi dé C Pat dwoc hiéu xuat cao
thwe hién 4 hoat dong trong hon. Khi can 4 tai tai mot
cung mot thoi diém ? = thori diém st dung toan
o 1 bd tai nguyén.
2 2
s 4
S
=
2 O
. wv
Pé thwe hién 4 thao tac &
mot ldc can 4 nguwoi.
Twong dwong voi viéc can Puwéng 6ng hoéa gilp cho viéc str dung tit ca cac tai nguyén tai
dieu khien logic cho 4 lenh ciing mét th&i diém khi thwe hién nhigu hoat déng khac nhau.

tai mot thoi diém.



Vi du veé ky thuat dwong ong
2: lap rap xe (serial)

e Cong nghé cua Henry Ford
e San xuat theo duwong 6ng

5 o

Non-pipelined: 1 car/4 hours



Pipelining example 2: car assembly (serial)

Q: Hiéu xuat hoat dong sé

nhw thé nao néu dwong 6ng

khéng day?

. Goes up

. Stays the same
s Goes down

A: Goes down

Néu dudng 6ng khéng
day, sé khong str dung
hét tai nguyén lam
hiéu nang gidm xudng.

v

buwong 6ng day.
Hiéu nang t6i wu

@

i

b&i vi tat ca tai
nguyén déu duogc
str dung trong

cung mot khodng

thoi gian..

)

)

—
—

-

(
d

O

)

ey
—

=
==

Pipelined: 1 car/hour

QO QO O

i
(

O ‘oo




Tai sao lai str dung
Pipeline ?
(Hint: performance)



Tai sao lwa chon pipeline?

* Néu c6 thé gitr cho duwong 6ng ludn day sé cé throughput (s6 cong viéc
thwc hién dwoc trong mot khoang théi gian) t6t hon.

— Laundry: 1 load of laundry/hour
— Car: 1 car/hour
— MIPS: 1 instruction/cycle
« Xuét hién tré (total time per)
— Laundry: 4 gior cho moi lan giat la
— Car: 4 gio cho mot xe 0 to

— MIPS: 5 chu ky cho moi lénh
* Pipelining nhanh hon b&i vi st dung tat ca tai nguyén tai cung mot thoi diém

— Laundry: may giat, may say, gap, cat vao tu
— Car: lap dé, lap giap dong co, 1ap 16p, 1ap bubng lai
— MIPS: Nap lénh, doc thanh ghi, ALU, Truy cap bd nho va ghi vao

thanh ghi. (Instruction fetch, register read, ALU, memory, and register
write).



Hiéu nang dwd'ng ong hda
trong bo xw ly

 Chuong trinh tai 3 1énh moi [énh can  Program

ion .- 200 400 600 800 1000 1200 | 1400 1600 1800
800pS (O.8nS) g)r(g;;rullon Time T T T T T T T T T
* Néu dudng 6ng hoa va xép chbng sé (ininstructions)
str dung dwoc tat ca tai nguyén mot w $1, 100(50)
ca}ch song song va thuc hién 3 Iénh W $2, 200(50) 800 ps
trén nhanh hon. 1
lw $3, 300($0) 800 ps

Q: Théng lwong tang Ién bao —_— e

nhiéu lan trong dwdng 6ng 5 giai 800 ps

doan? 5

A rogram

v L.71an execution . 200 600 800 1000 1200 | 1400

) 4I‘an order me T T T T T T

= BlaAn (in instructions) v

A: 1.7 lan W $1,100650)

Doi véi duwdng 6ng, throughput [a mot w $2, 200($0) 200 ps

lénh trong mbi 200ps va 800ps khong

cO khéng duong 6ng hda. Tuy nhién

phai tang do tré Iénh t¢i 1000ps trén

mot I1&énh dé can bang 5 pha dudng éng.

To6c dd tuyét d6i cho 3 1énh riéng biét 1a ALU, RF, and Inst. RF, Mem, and ALU

1.7x (1400ps/2400ps). Fetch used at the used at the same
same time time

Iw $3, 300($0) 200 ps

ps 200 ps 200 200 ps 200 ps



Nhanh hon bao nhieu?

e Tang toc Pipeline
— Néu tat ca cac pha c6 cung chiéu dai.

Time per finished unit non-pipeline

Time per finished unit pipelined =
Number of pipeline stages

* Vidu : Pipelined
— Thaoi gian cho mot tai giat la = 4h/4 giai doan = 1 load /1h (throughput)
— Thaoi gian cho mot 6 t6 = 4h/4 giai doan = 1 car /1h (throughput)
 Nhwng
— Thoi gian cho tai giat la van |a 4h (latency)
— Thoi gian tao mot xe 0 t6 van 1a 4h (latency)
« Puwong 6ng hda chi tang théng lvong khi dwdng 6ng day
— T6c db tang 1én 2.3x.



Tai sao khdong chia nhiéu giai
doan hon?

e Y twdng la sé tang téc dwoc Nx ddi vai mot pipeline N pha?
* Why not use a zillion stages to get a zillion x speedup?

* Two problems:
— Most things can’t be broken down into infinitely small chunks

» Think about the processor we built:
 How much can we chop up the ALU? or the RF?
 Practical limit to logic design

— There is an overhead for every stage

* We need to store the state (which instruction) for each stage
 This requires a register, and it takes some time



Cac thanh ghi Pipeline va
mao d‘ﬁu (nhhi ton diéu khién)

100ns R

20ns

) ) e —
:’_lpe“"Ed ] dm Output: 1 per 20ns (5x faster)
Ignore overnea

Output: 1 per 100ns

20ns 2ns

) ) )
viveined o RALIHAIIND BRI outout: 1 per 220s (0.5 fster
with registers

10% overhead from pipeline registers

» M0i trang thai duwdrng 6ng 1a mot t6 hop logic (ALU, sign extension)
» Can lwu trir trang théi cac pha (which instruction)

« Can cac thanh ghi pipeline gitba cac pha dé Iwu triv Iénh cho cac pha.



Pong ho trong bd xuwr ly
Pipeline

e T6c dd dong ho xac dinh bdi register - stage - register
— Clock dich chuyén dir liéu di dén thanh ghi dau tién
— D{ liéu tinh toan trong cac trang thai (combinational: think an adder)
— DU liéu can dén thanh ghi ti€p theo dung gio¢ twong rng véi xung dong ho ti€p theo

Clock timing needs
to include register
delay.

Clock




Hiéu nang cua viéc dwong

ong héa MIPS

Instr IF ID EX MEM WB Total
Instruction | Decode & Execute Access Write back | time
Fetch RF Read Memory to RF

Iw 200ps 100ps 200ps 200ps 100ps 800ps

sw 200ps 100ps 200ps 200ps 700ps

R-format | 200ps 100ps 200ps 100ps 600ps

beq 200ps 100ps 200ps 500ps

 Thiét k€ don xung nhip (Single-cycle):

— Bong ho dat cho Iénh cham nhat: 800ps clock time
 Thiét k€ dwong 6ng hda Pipelined:
— boéng ho duoc dat cho pha cham nhat: 200ps
« Chul y rang mot vai lénh khéng st dung hét cac pha.
— Can diéu khién dé chac chan rang cac pha hoat dong dong bo



Xay dwng bo xw ly dwong
ong

Cat ra tlr b0 xtr Iy don xung
nhip



Lam thé nao dé chia cac Iénh
MIPS?

(You've already seenit...)

1. IF: Instruction fetch from memory

2. ID: Instruction decode and register read
3. EX: Execute operation or calculate
address

4. MEM: Access memory

5. WB: Write result back to register

IF: Instruction feich

1D: Instruction decode/
register file read

EX: Execute/
address calculation

Q: Thiéu cai gi trong hinh vé?
. Balanced stages ey
> Pipeline registers

s Write back for the RF

A: Pipeline registers IF
Can chang dé Iwu trang thai (Iénh va két
quad) gilra cac pha.

|
|
|
I
I
I
I
|
I
|
|
|
|
I
|
I
|
|
|
I
I
I
I
I
|
|
|
|
ion -4
I
I
|
|
|
|
|
I
I
I
|
|
|
|
|
I
I
I
|
|



Cac thanh ghi pipeline.

IFID IVEX EX/MEM MEM/WB

And we

repeat...
IF ID EX MEM WB Clock

e Cac thanh ghi lwu gilr thdng tin thu tuc gitra cac pha.

e Dich chuyén di¥ liéu dén céac pha ti€p ké ti€p theo xung dong ho



Chiéu chuyén déng cua
dwong ong trong MIPS.

EX/MEM MEM/WE

mmmmm

0
M
u
X
1

IF ID EX MEM WB

« Lam thé nao dé tai Iénh di trong pipeline

e Chuy:
— Cai gi két n6i trong moi giai doan?(combinational)
— Cai gi duoc lwu trir trong thanh ghi? (state)



or load

Q: What do we need the instruction for in the next stage?
O Determine the registers to read

O Provide the immediate for sign-extending

O Keep track of the instruction for later stages

O All of the above

lw
| |

| Instruction fetch |

Calculate PC+4

A: All of the above

We need the instruction rs and rt fields to figure out which
RF entries to read. We need the immediate field to sign-
extend the immediate. And we need the instruction for
later stages.

Read
— Read
H
register 1 data 1
> Read -
register 2 Read
Registers paq Address datn ™ i
- data 2 L]
ragister Data u
Write memary x
™| data !
. Wiita
data
18 sign- | 32
| extend
Load the instruction

from memory L L S




ID for load

| w I

Instruction decode

IFND IVEX EXMEM MEMMWE
T
6]
o
|
Read from the o
w
3 £
|
L |
& [
[ {
e e
o~ Data
é memory
| | | wiite
© | data
£ .
£

Sign-extend the immediate field

from the instruction




EX for load

IFID

Calculate the
branch address

Address

Instruction
memory

W PC+4

Inst.

T

M mm M RF2 RF1 W

Do the ALU op

Q: Why do we need to keep RF 2?

O We might write it back to the RF

O Itis needed for the branch

O Itis needed as the data for the memory

A: It is needed as the data for the memory
If we are doing a memory write (store) then
we write the data read from the RF into the
memory. So we need this for the MEM
stage.




MEM for load

4 —

IFAD

IDVEX

Address

Instruction
mamary

Irestruction

Resd
ragister 1

Faad
ragister 2

Aead
data 1

Registers Aead

Write
ragister
W rife
data

data 2

EX/MEM

MEMAWE

RF2 ALY 2em| Inst. |branchl

i




WB for load

Q: Where does the Write Register come from?
O Data memory
O MEM/WB pipeline register instruction

O IF/ID pipeline register instruction

A: IF/ID pipeline register instruction

The IF/ID pipeline register is wired to control the
register file. This means the selected write
register will NOT be from the instruction in the
WB stage! This is an error!

Address

Instruction

memory

lw |
Write back

MEMWE

Write back to RF

]




Fixing

the WB stage

IR

IVEX

Now the Write Register is
chosen based on the
instruction in the WB

stage, which is the one
doing the writing.

Iw |
Write back

MEMWE

Write back to RF

A

Write
data

Data
memary

Read
data

:




Pbwong dir lieu MIPS pipeline

IF:IFetch ID:Dec EX:Execute MEM: WB:
™\ < MemAccess WriteBack
v
. IF/ID EXIMEM
>Ad
4 MEM/WB
>
Instruction > Réiz?gtdérl Read Data
Memory JRead Addr Data 1 Memory
(@) Read :
>3 > — File Read
m - e .
Address wWrite Addr o | ~»Address Data —>
|| \Write Data Data 2 #»\Write Data —

7 sign N 4
‘16 \Extend /' "5,

System Clock
- W@@kfﬂft‘faﬂ%ﬂﬁg gitra cac giai doan thwc hién Iénh dé phan cach 34




The MIPS pipeline

Calculate the
Calculate PC+4 branch address

<
(5]
c
c
o

Read from the

Inst.

Inst.

Instruction
memory

RF2 RF1
ALU Zero

RF 2

Imm

Load the instruction

from memory Do the ALU op

Sign-extend the
immediate field

IF ID EX MEM WB



Luéng Iénh trong dwong
ong.

Q: C6 bao nhiéu Iénh trén

Time & R < .
Program Clock  Clock  Clock ~ Clock Clock ~ Clock ~ MOtchuky - Instructions
Execution Cycle 1 I Cycle 2| Cycle3| Cycle 4 I Cycle 5 I Cycle 6 | Per Cycle (IPC) néu thuc
| | hién Iénh tai?
LW R1, 100(R0) m .j: . 1.0
-I_ Read T | | . o2 (one every 5 cycles)
| | | . 50
| | | |
RF
LW R2,200(R
e +a+| 2. R
| | | : Khi dudng 6ng day, chi

nhan duwoc mot 1énh

LW R3, 300(RO) —- moi chu ky
l

IPC = 1.0.

v Chu ky 4 c6 3 Iénh “cung hoat dong”:
Inst 1 is accessing the data memory (MEM)
Inst 2 is using the ALU (EX)

Inst 3 is access the register file (ID)




Piéu khién logic trong
Pipeline
(Lam thé nao dé gidi ma cac
lénh trong dwd'ng 6ng?)



<4

Piéu khién Pipeline

« C6 can toan bd thanh ghi Iénh trong cac giai dwong éng ?

« Khéng, chi can mot vai bit cho moi pha.

F10 ioEx ExnEn Emwa
Instruction
add A
t); shin e |
wnz
=
&
g o1 !
y
— X ' ; 2
u

— |
o .- 1
g ()
u
u

—l .

ID EX MEM

IF ID EX MEM wB MEMAE

This is why it is called Decode:

we decode the instruction into
control signals for the pipeline.




Ppiéu khién MIPS

| |
N\
N\
) IDIEX PCSrc
v _ EXIMEM
- IF/ID Control | ~1 1
— / -: ‘\ :
d Branch
4 ’ RegWrite —}
R dA(i:Id 1 N
- pRea r
In“s;lterrLrllc(:)t:on Register Read| R Data
y »Read Addr ?ata 1 Memory MemtoReg

o|]  |Read File ALUSrc>
5 Hp | Read

Address »Write Addr - 4 ALU [ [TPfddress Data | | [

Data 2 | i
—b[Write Data f Write Data >
9 Cac tin hiéu diéu _ - @ ek
khi€n dwoc xac Sign N\ L ’ ekl
di . \ Extend !
inh trong giai doan 16 32 ALUOp

gidi ma va duoc \ B
lru trong cac thanh ) || ||
ghi trang thai gitra E
cac giai doan — RegDst
gpeBie-FET, 1/8/19 39



Chi tiét vé diéu khién
Pineline

PCSrc

Q: Novi nao tin hiéu Write = | e
Register di dén? u we =
. The MEM/WB control bits o]

(top)
. Instruction in the IF/ID register
. Data in the MEM/WB register

EX M WB

IFID

shift Branch
£ left2
£ ALUSro
= —
@ ]
ress S g |Read % ng
= registar 1 dgfaa? — 2 ‘g
Fi oyt =
Instruction " reg?agerz ) ALU ﬁzufu "] p
memory Write ng:stersﬂz‘e:g — i~ DM resul 11 - OM
A: Data in the MEM/WB register e : .
[ |data ol )|—~ 1
7 - 7 o Instruction
CAc bit thir ty 20-16 h 15 AR
ac bit thir ty 20-16 hoac 11-1 1o [ som | % |

dwoc g téi thanh ghi MEM/WB e

dé xac dinh thanh ghi can ghi dir trcton
Iléu | [15-11]




Xung dot Pipeline

0 Xung doét cau tric: yéu cau sir dung cung mét tai nguyén cho 2 Iénh khac
nhau tai cung 1 th&i diém

O Xung doét div liéu: yéu cau str dung dir liéu triede khi n6é san sang

L Céc toan hang nguodn clia 1 1énh duorc tao ra bdi Iénh phia trwdc van dang
nam trong pipeline

QO Xung dot diéu khién: yéu cau quyét dinh diéu khién dong chwong trinh truéc
khi diéu kién ré nhanh va gia tri PC ma&i duoc tinh toan

LCac Iénh ré nhanh, nhay va ngat

O Giai quyét xung doét bang cach ch® doi
HKhoi diéu khién pipeline can phat hién xung dot
JVa hanh dong dé giai quyét xung dot

HUST-FET, 1/8/19 41



BO nhé& don: Xung dét cau

1w

Inst 1

Inst 2

Inst 3

~ DO Q=0

Inst 4

nho

Pocilénh tir bo fhé

Doc dir lieu:ttr bo

| Reg‘g

‘Memh, Reg

d Stra: BO nho dir lieéu va lénh riéng ré(Instr. and Data )

HUST-FET, 1/8/19

42



S~ W0 3 ~

=~ ®© Q=0

Truy cqp tgp thanh ghl

add $1, |m [-EReg_E]

Inst 1 glm FE

Sua xung dot truy

-EI cqp tgp Ethanh ghhi

: bang cach doc

tr@ng nlta dau chu
I_ ‘ R_eg‘é Ky : =va ghl trong nlra

Inst 2

add $2, $1,

Suon déong ho diéu
khién ghi

HUST-FET, 1/8/19

$au chu ky

@ ‘DM !._Regg
R

Swon d‘c“):ng h‘c“):di‘éu |
khién doc

43



Sw dung thanh ghi: Xung dot div

S~ 0 35 ~

= ® Q=0

add $1,

sub %4, $1, $5

and $6, $1, $7

or $8,%1,9%9

xor $4,%1,9%$5

lieu

Reg

‘DNI E_

Reg[

% g IM EE

RegE

Reg[

E g IM EE

J Xung dot doc truroc khi gﬁi (Réad bgeforegwriteg)

RegF

RegE

Reg

Reg

- RRy teyQedd lieu nguoc theo thoi gian gay ra xung dot




S~ W0 3 -~

S~ ® Q=0

Sw dung thanh ghi: Xung

add $1,

sub %4, $1, $5

and $6, $1, $7

or $8,9%1,9%9

d Xung dot doc trwoc khi gﬁi (Réad bgeforegwrite;)
QHRARUFERNGEAE [iEu nguoc theo thoi gian gay ra xurfty dot




boc tr b0 nh& gay xung dot dip

beq

1w

0 Dependencies backward in time cause hazards

=~ ® Q=0

HUST-FET, 1/8/19 46



Giai quyét xung dot: Tam dirng

S~ W0 35 -~

=~ ® Q=0

add $1, IM F

stall
stall
sub $4,%1,$5

and $6, $1, $7 g

HUST-FET, 1/8/19

)

Co the giai

quyét xung dot

di liéu bang

' dung cho- stall

— anh hu’O’ng
: tG§ CP

Reg‘g

‘DM h,Reg

47



VII d u . 1: addi $s0, $zero, 10
| |

2: addi $s1, $zero, O

L1:
Tinh CPI cho chwong trinh 3:  add $t0 $t0. $s1
1 2 3 4 5 6 7 8 9 10 11 12

IF ID @ﬁt MEM WB

IF ID % @I WB

IF ID @ @A WB

IF ID EX MEM  WB
* IF ID EX ME WB
M
: IF ID EX MEM W
O E
IF ID EX ME W

M B

HUST-FET, 1/8/19 48



WB
MEM WB
IF ID EX MEM WB
IF ID EX MEM
* * IF

QN
ol

@ =
o —

mn—



. A

Chuyeén ti€p dir liéu

Lay két qua & thoi diém nd xuat hién sém nhat trong bat ky thanh ghi pipeline nao, va
chuyén ti€p né dén khoi chirc nang (VD. ALU) ma can két qua tai chu ky dong ho do
V@i khoi chirc nang ALU: dau vao cé thé tir bat ky thanh ghi pipeline nao chir khdng
can tir ID/EX bang cach

e Thém bd chon vao trwéc dau vao ctia ALU

e NOi di liéu ghi Rd & EX/MEM hoac MEM/WB t&i mét trong 2 hoac ca 2 thanh ghi
pipeline Rs va Rt thudc giai doan EX.

*  Thém phan diéu khién phan cirng dé diéu khién bo chon
Céac khbi chirc nang khac cling can dwoc thém twong ty (VD. DM)
V@i chuyén ti€p c6 thé dat dwoc CPI = 1 ngay khi ¢6 sw phu thudc di¥ liéu
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Giai quyét xung dot: Chuyén

iep dir liéu
IM J:Reg'g_ -

S~ 0 S —

= ® Q=0

add $1,

sub sszl’EBjLIEBEi

or

HUST-FET, 1/8/19

and !$€;,$§1,§B7' g
!$E;ISK1,!$S) g

xor :$zl,ﬂ§1,!$fi g

RegE

. Giai quyét xung
. dot dir lieéy bang

. chuyén tiép két
’ qué npay khi

chiing san sang

Reg?_'Eg g

RegE

: téi@@icﬁn

‘DM E,_

RegE

Regg_'Eg §

£l

Reg

Reg

: ‘DM E__
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Giadi quyét xung dot: Chuyén tiép div liéu

Giai quyét xung

dot dir liéu bang
chuyén 1iép két
. qua ngay khi

: RegF chéing san sang
. tOi noi can

add $1, IM F

sub $4,$1,$5

X ‘DM E— Reg‘g

Rl:%] ‘DM E._Reg

and $6, $1, $7

= ® Q=0

or $8,%1,%$9

xor $4,%$1,$5

HUST-FET, 1/8/19 .



Minh hoa trién khai chuyén tiép

add $1, IM [_[Reg_ EDM | Reg‘

and $6,%7,51 m-[Reg E]‘DM E Reg‘

S~ W0 S -~

S~ ® Q=0

EX forwarding MEM forwarding
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Xung dét div liéu khi
chuyén tiép

O MOt loai xung dot di¥ liéu xuat hién khi chuyén ti€p: Xung dot gitra két qua
cla lénh dang & giai doan WB va Iénh dang & giai doan MEM — két qua nao
can dugc chuyeén tiép?

add $1,9%1,$2[m FRQQ—E] Lo | Reg‘

add $1, %1, $3 IM FREQ @Mmg‘
[ add $1, %1, $4 IM [-EReg %]‘DM lI Reg\
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\(‘DQ\O

AULIY UUL UWr 1Icu AT Lo Jciinld

w1, 4($z|i_iI

‘DM E._

Reg‘é

sub %4, $1, $5

and $6, $1, $7
or $8,%1,%$9

Xor $4,%$1,$5

HUST-FET, 1/8/19

‘DM E__

Reg‘g

Reg|:

Reg




AXung dot aw lieu Khi co lenh

Reg

1w $1,4($ﬂfill

stall

H|IM

S~ W0 S -~

sub $4,$1, $5

and $6,$1, $7

=~ O Q=0

or $8,9%1,%$9

xor $4,%1,$5

HUST-FET, 1/8/19

> | 7

O Sé van can mot chu ky cho ngay ca khi cé chuyén tiép
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Xung dot diéu khién

d Khi dia chi cac Iénh khéng tuan tw (i.e., PC = PC + 4); xuat hién khi c6 cac
lénh thay d6i dong chwong trinh

e Lénh ré nhanh khoéng diéu kién (j, jal, jr)
e Lénh ré nhanh co6 diéu kién (beq, bne)
e Ngat, Exceptions
d Gidi phap
e Tam dwng (adnh hudng CPI)
e Tin toan diéu kién ré nhanh cang sém cang tbt trong giai doan pipeline
giam s6 chu ky phai dirng
e R& nhanh cham (Delayed branches - Can ho tro ctia trinh dich)
e Du doan va hy vong diéu tot nhat!

QO Xung dot diéu khién it xay ra, nhwng khdng c6 giai phap giai quyét hiéu qua
nhw chuyén ti€p d6i v&i xung dot dir liéu
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=~ ® Q=0

Lénh nhay: Can mét chu ky

dwrng

Lt

Re

flush

j target

v

[1m

. Giai quyét
. Xung dot
. 1énk nhay
: bang cach
che = flush

O Lénh nhdy khéng dugc giai ma cho dén giai doan ID, can mot Iénh xda (flush)
e PE x0a, dat trrorng ma Iénh cta thanh ghi pipeline IF/ID bang 0 (lam no tré thanh 1

Iénh no

0
HULETAFRRTY ﬁéjl)ﬂ@,lét hién — chi chiém 3% so6 1énh trong SPECint 58



S~ W0 35 -~

~ DO Q=0

Xung dot diéu khién Iénh ré

»

beq

1w

Inst 3

Inst 4

HUST-FET, 1/8/19
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S~ W0 3 -~

= O Q=0

-’ 1GAI qu_ycl. /Nl Is UL

“UiIGuUv NI Il IV 1ifIeRfns

beq
flush
flush

flush

Inst 3

HUST-FET, 1/8/19

[1m

Reg

beq targetg

[1m

0 Reg[:

[ Im

Re

|

Giai quyét
. Xxung dot :
bang ¢ho-
flysh —
nhwng anh :

4 1u’o’ng CPI:

=
N
< v
(e XV N
VVV‘




S~ W0 35 -~

~ DO Q=0

Giai quyét xung dot diéu khién Iénh ré nhanh

beq

flush

Inst 3

v

[im

beq targetg

1Y

§Re

Reg

le branch

hazard by
Waltmg —
: flushg

d Tinh toan diéu kién ré nhanh cang sém cang tét, tirc la trong giai doan

giai ma =» chi can 1 chu ky cho
HUST-FET, 1/8/19
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Ré nhanh cham

0 Néu phan ctrng cho ré nhanh ném & giai doan ID, ta cd thé loai bd cac chu
ky ch& ré nhanh bang cach st&r dung ré nhanh cham (delayed branches) —
luébn thwc hién Iénh theo sau I€nh I€nh ré nhanh — ré nhanh cé tac dung
sau lénh ké tiép no

e Trinh dich MIPS compller chuyen 1 Iénh an toan (khéng bi anh huo’ng
b&i lénh r& nhanh) t&i sau lénh ré nhanh (vao khe tré). Vi vay sé dau
dwoc suw ré nhanh cham

O Véi pipeline sau (nhiéu giai doan), tré ré nhanh tang can nhiéu lénh dwoc
chén vao sau Iénh ré nhanh

* Ré& nhanh cham dang duoc thay thé béi cac phwong phap khac tén
kém hon nhwng mém déo (ddng) hon nhu du doan ré nhanh

e Su phat trién cta IC cho phép c6 bd duw doan ré nhanh it ton kém hon
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Sap xép Iénh trong ré nhanh cham

A. Tt truvéce 1énh ré nhanh B. Tw dich |énh ré nhanh

C. Ty nhanh sai

add $1,%$2,3$3
if $2=0 then —

delay slot

sub $4, $5, $6«—

add $1,%2,3$3

if $1=0 then —

delay slot
|

becomes l

becomes l

add $1,%2,%$3
if $1=0 then —

delay slot

sub $4,$5, $6«—

if $2=0 then
add $1,$2,$3

add $1,%2, $3
if $1=0 then

sub $4,$5,$6

becomes

add $1,%2, 3$3
if $1=0 then

sub $4,$5,$6

O TH A la lwa chon t6t nhét, dién dwoc khe tré va giam |

J TH B, Iénh sub can sao chép lai, tang |

0 TH B va C, phai dam bao thwc hién Iénh sub khéng anh huwéng khi
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Real world pipelines



LITTLE

Lowest Decode Issue

Queue

vvriiebpack

Integer

Multiply

Floating-Point / NEON

Dual Issue

Load/Store

!

10 pipelir'\e stages

Fetch

Decode, Rename &

Queue Issue

Dispatch

BIG
]

N |

[ ) [ I

-~

L

E S E R

Loop Cache

Q: Which one is going to
run at a faster clock
frequency?

O Little

0 Big

J Same

A: Big

The big processor has a
longer pipeline, which
means each stage will be
shorter, so a higher clock
frequency.

Imegear

Fioasng-Point / NEON

.
>

!
24 pipeline stages

We saw this earlier

Q: Which pipeline will waste
more time on pipeline
registers?

[ Little

0 Big

J Same

A: Big

Running at a higher frequency
means that a larger percentage of
the time will be spent in pipeline
registers. Equally important,
because there are so many more
stages, there will be more
registers, which use more power
and area.

o[ P
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What is AMD doing?

A i Erian viwrak

L

i~

iminuciics.

e

32KB Branch

ICACHE Prediction
-

vy wan i

Decode
and
Microcode
ROMs

Int Rename

- T I N
Scheduler Scheduler

“JAGUAR" CORE PIPELINE

1 2 3 4

0
C T L e

o

VALU VALU
i iDec = Pack FDec Dispatch Sched RegRd ALU

VIMul St Conv.

32KB Ld/St
DCache Queues FPAdd FPMul

}

BU = To/From
44— Shared Cache Unit

Transit FpDec RegRen Sched RegRd1 RegRd2 EXE

Load Use Latency
L1 hit: 3-cycles




Tom tat

Céac b0 xtr ly hién dai déu dung ky thuat pipeline
Pipelining khéng lam giam do tré cda 1 nhiém vu don 1&, n6 gilp tang thong
lrong cua toan bd
Tang toc tiém nang: CPI = 1 va déng ho nhanh, Tc nho
T6c d6 déng ho bi han ché badi giai doan pipeline cham nhat

 Céac giai doan pipeline khong can bang lam giam hiéu suét

* Thoi gian “lam day” pipeline va thoi gian “lam trong” pipeline anh hudng

dén do tang toc khi pipeline sau ( ) va doan ma ngan

Can phat hién va giai quyét xung dot

* Durng anh huwdng xau téi CPI (lam CPI I&n hon gia tri ly twédng 1)
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