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IHopoarA Mo pog 6€ ETITEOO EVIOAQV

(Pipelining kot aAleg TEYVIKES AOEN OGNS ATOO00NC)
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Enravainyn: Aroooon (K)ME

* YOAOYIGTIKO GUGTH L
H am6ooon eCaptdtor amd OAQ TO EXUEPOVS TUNUATA TOV
YKo Kot AOYIGUIKO
» (Kevrpuxn) Movaow Emecepyaciog

[16G0 ypMyopa eKTEAEITOL EVOL TPOYPOULLLLL;

ExecTime = IC x CPI x CC
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KME &vO¢ kokAov (single-cycle)

. CC .

:‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>:

IM reg reg

add R1,R2,R3

IM reg DM reg

load R1,mem[R2+offset]
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Kda0Oe evtoin
OAOKANPOVETOL GE
&voy KOKAO
POAOY10V

CPI=1
CC = duapkela
apYOTEPNG EVTOANG



KME noArlomAwv kOKA®V (multi-cycle)
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ETTOHEVN EVTOAR

Kdabe evtoin
OAOKANpPOVETOIL GE
LetoPAnTo apOud
fnudrtov (KdkAwv
poAOY100)

CPI>1

CC = dudpkela
aPYOTEPOV
pripoog



Amoooon KME noAAamA®v KOKA®V

CPI
multiple
cycle
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[TopaAANAIGUOC GE EMITENDO EVIOAM®V

* Instruction LLevel Parallelism (ILP)
[TapdAANAN (ToLTOYPOV) EKTEAECT] LETAED EVIOAMDY
KaBopiletou ovvapikd otnv KME
* H mo kAaceikn pwopon: Pipelining
EnucdAoyn ektéAeonC TOAAATADV EVIOADV
Extéleomn LEPOLS TOAAMY EVIOA®V TNV 1010 GTIYUN
BoaOuioec pipeline (pia avd kdkAo poAoylov)
Boo1ko 6totyeio avénonc amdooonc TV ETECEPYUCTOV
210Y0G
No peimbetl 1o CC, aAla tavtoypova to CPI va mopaueiver 1
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ApyéEc texvikng pipelining
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Amoooomn texviknc pipelining

* XPOVOG OLOKAT|PMONG LG evioinc (latency)
Oco ypeldletar n evtoAn va olacyicet 1o pipeline (10ovikd
n*CC, av 10 pipeline &yel n BabBuioec)

>10 pipeline kdOe evtodn olacyilel OAec TiC fabuidec — akoua Kt
av 0EV YPNGLUOTOLEL Koo Baduioo

O ypOvog oAoKANpmONG KAOE EVTOANG 0V 0ALALEL GE GYEOM LE
v KME ywopic pipeline

H pepovouévn evtoAr) ogv ekteieitot tayvtEPQ!

Apyrtektovikn Y moroyiotov — “Tlaparlinicuog o€ eninedo eviolmv” 9




Amoooon teyvikng pipelining (2)

* PuOUOC OLOKATIPMGTG EVIOADV.
€ KABe Evav KOKAO pOAOY10U 10UVIKG OAOKAPMDVETOL [LL0L EVTOAT
CPI=1
Kot pa véa evtoAn Eekva tnv eKTéEAECT] TNG
H woavikn nepintoon...aAAQ:

A7mO000T] GLGTIUOTOC VUG - OTTOKMOIKOTOINGCTG EVIOADV;

[1660 cuvBeTO £Ival TO GUVOAD EVIOAMY KO 1) AITOKMOKOTOINGT)
TOV;

['o woleg EVTOAEC Ta OE00UEVA E1GOO0V/EEO000V GTIC TPAEELS
TPOEPYOVTOL ATTO TN LLVNUN;

Avaykm tavtdypovng ypnong iowwv Badbuidwv pipeline amwo
OLUPOPETIKEG EVTOALC;

AMNAEEQPTIGELS OEOOUEVOV EVIOADV;
ALKAODCELS;
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Amoooon 10avikov pipeline

(04 o

multiple
cycle
pipelined

deep pipeline:
pipeline pe mwhpo
: TOAMEG Pabuideg
= LOCO0CCOOCO000ED0o0005000000- 00000000005 0002000 00000000000 > Kol To\D
CC ukpotepo CC
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AVGKOAIEC GTNV EQUPUOYT TOV pipelining

* Aovvouio ypnenc wios pabuioos (structural hazards)

H BaBuioa ypnowpomnotleitatl amd dGAAN EVIOAN

Amo@elyetal ue cmoTN oyediaot kKo TpOcOeTEC LOVADES, TT.Y.
211 6voTolyia Kotaywpnt®v (register file) ctov 1010 KOKAO
POAOYI0D! 10l EVTOAT] Umopel va ypapel (WB, otnv apyr) tov
KUKAOL pOAOY10V) Ko Lo, AAAN evioAn va owafaclet (ID, oto
TELOG TOL KUKAOVL POAOYLOD)
EvtoA£c Kal 0edopéva TPOEPYOVTAL OO OLLPOPETIKES KPVPEC
UV UES: TowTOYpovn avakAnon evioAnc (IF) kot avdyveoon
gYypopn 0€00UEVOV amd AAAN evtodn (DM)
H evnuépmon tov PC yivetoun amd Cexymptotd KOKAMUO Ko Ol
otnv ALU: tavtdypovn edon avdkinong (IF) ue ektéleon dAng
evioAnc (EX)
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AVGKOAIEC GTNV EQUPUOYT TOV pipelining

o ANANAECOPTNGEIG OEOOUEVMV
[Data hazards
Ta avaykaio 0£00oUEVA Y0l TNV EKTELEGT LULOG EVIOANG OEV Elvau
olféciua
YnoAoyiCovtal amd TpoMnNyOOUEVN EVTIOAN
AvtipetomiCeton (ev HEPEL) pE TPOGHETO LAIKO
Mnyoviouodg forwarding — bypassing
2€ OpPLoUEVEC TEPIMTMGELC | KaBvoTépnon (stall) tov pipeline
EVUL OVOTOPEVKTN

AvT0 €Ye1 ¢ cLVETELN TNV KAOLGTEPTGT KOl TOV EVIOADV TOV
ETOVTOL
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Kabvotépnon (pipeline stall)

: |pm| :lreg | :
add R1+R2 >R3 ™| :|™9]: : : [w)| : : :
subR3-R4 -~ R8 : : . - . Teg | : : |Dm| @ |reg
: : : : [ | : : :
Pipeline bubbles

Amevepyomoleiton 1 avakAnomn vémv eviolmv (o PC «maymve)

H evtoln mov oev umopel vo, eKTEAEGTEL LeTOTPETETOL GE NOp (NO
operation) ko olacyilel To pipeline ywpic va ekteAgiton TimoTol
£mC OTOV Vo, Evail OLVATY 1] GLVEYLICN TNG
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Forwarding - bypassing
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add R1+ R2 — R3
sub R3 -R4 — R8
add R1+ R2 — R3
sub R3 -R4 — R8
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AVGKOAIEC GTNV EQUPUOYT TOV pipelining

o ALOKAOOMGEILS
Control (branch) hazards

Otoav 1 010KAGO®ON TPAYLLOTOTOLELTAL, 1] POT) TG EKTEAEGTC
AANGCET
Metannonon e dAAN BEon Tov TPOYPAULOTOS KL OYL GTTV
EMOEVT] EVTOAT
O1 eMOUEVEC EVTOAEC TTOV TLYOV £YOVLV UTEL GTO pipeline petd
TNV EVTOAT OlKAGOmoNG 0V Ba elval ekelvec mov TpEMEL
H dwakidomon anopaciletor cuvnOme aupod oAokAnpwbel To
oTA010 TNG amokmokomoinong (ID) — 1 ko apyotepa...
2VVETMG Hio TOLAAYIGTOV ETOUEVT] EVTOAN Do £xel TpoAdfel va
UmEL 6To pipeline mwpiyv TV amoPocT OLUKACOMGNG
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Avtiuetomon control hazards

» [Ipofrewm o10KAAODGEDY

Avvopikeg nEBoool 6to VAIKO Tov emeCepyactn (OLTpPNoN
1GTOPIOG TPONYOVUEV®V OLUKAUODGEWMYV)

2VGYETION UE ATOPAGELS Y10 AAAEC OLOKAAOMGELS
onuepa: >90% cwotéc mpoPArEyelC

* Y& mepimrmon Aabous mpoPAEYNC
Anoppryn OA®V TV AavOacUEVOV EVTOA®V 6TO pipeline
Xopic va Aaupdvoviol v’ oOyn To amoTEAEGUATE TOVC
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Pipelining kot oltokomec-ceainaTO

» Interrupts - Exceptions
ITotwa evtoAn) oto pipeline Tpokdiece TN dlokomN;

s ALOOUKOGIO!
Al0KOTN EKTELEGNC EVTOANG
OAoKANPpOON TPONYOVUEVOV EVIOAMV GTO pipeline
Adetaoua pipeline (flush) and Tvydv emdpeEvES EVTOAEC TOV
exouv glooyDet
Metdfaon oe tpokabopiouévn oevbvvon
KaBopiletar and 10 Aertovpyikd Zvotnua
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Axopo peyoAvtepog Baduoc ILP

* O oroyoc: CPI<I
H aAMog: oAokANpmoT TOAL®Y EVIOA®V oV KOKAO pOAOYL00

[ToAlomA€c Pabuioec extéleonc
X KAOE KOKAO CEKIVA 1) EKTEAECT] TOALATAMY VEDV EVIOADV

» [loAlamAn extedeon (multiple-1ssue)

2TOTIKN TOAAUTAY] EKTEAECT

O petayAoTTioTnC ano@acilel Katd KOP1o AOYOo moleg EVTOAEC Oa
EKTEAEGTOVV TOLTOYPOVAL

Avvo k) ToALOTAY] EKTEAECT

Ot amo@AcElS TOUPAAANANG EKTEAECTC EVTOAMV AauPdvovTal amo
™mv KME
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Amoooon multiple-1ssue eneCepyoct®mV

4
(04 of

: multiple
: cycle
deeply pipelined
1 R multi-issue
s \_multi-issue

= LOCO0CCOOCO000ED0o0005000000- 00000000005 0002000 00000000000 >

CC

Apyrtextovikn Y moroyiotov — “Tlaparlinicuog o eninedo eviolmv”
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Eion multiple-issue enelepyactov

* Enecepyoactec VLIW.

Very Long Instruction Word
[TakETo TOAATA®V EVIOADV
[TapdAAnAn extéleon
Aev gtval oOuvatol OA01 01 GLVOVOGLOT EVTOAMY GTO 1010 TOKETO
O HETAYAMTTIOTNC GLYKPOTEL TOL TOKETOL EVIOAWDV
EA&yyel oe (ueydho Babpo)
AMnAeEapTnoELS — aAANAOVYIES EVTOADV
[TpoPAeyn dokhaddoE®V
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Eion multiple-issue enelepyactov

» Emecepyootec superscalarn
O enelepynotnc eAEYYEL GE KAOE KOUKAO OV UTOPEL VO, EEKIVIGEL
TNV EKTEAECT LULOC 1) TEPLOGOTEPWOV EVIOANDV
TTOAAQITAEG LOVAOES EKTEAEGTC
Avvoukn amd@act avabeons EVIOADV G LOVADES
Extéleon ext0c oe1pdc (out-of-order execution)
O kmokoc exteleiTon TAVTO CMOGTA
AveEApTNTO OTTO LETOYANDTTION
Intel IA-32/64 (Pentium ka1 petd), PowerPC...
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Ewalouevn ektéleon

* Speculative Execution
KA1 yio tnv avEnon tov Pabuov mopaiiniioc o eninedo
EVTOAQV
Ortoav mpoPAEmeTon TOAALATAY) TAVTOYPOVT EKTELEGT] EVTOADV
ExtéAleon ektOG GEIPAG
Emtpénetal | EKTEAECT ETOUEVOV EVTOADV TTPLV TNV
OAOKAT|PMOGT] TNC TPOTYOVUEVNC EVIOANC
IIpocmpiviy amofnKevon amoTeEAEGUATOV EMC OTOV Vo UnV elvat
mAéov elkalopeva
A10pBwon Aabav tpoPreync StaKAdomong
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