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Aoxnon 9:
Ewayoyn otnv Opoyergia (Pipelining)

IMooBeopia émg Toltn 21 Amgihiov 2020, o 23:59 (fd. 9.2)

Byfrio: Awafdote Tig evotnteg 4.5 £mg nat 4.8, pp. 262-315 oto Ayyhuno Biiio (1) oehideg
389-448 oto EAAnvinod). Edv dev éyete to AyyMrod PBPilo, noli) moooéyyion og avtod
omoTeEAODV oL dLapaveleg Twv cuyyeadémv, mov Yid 1o xed. 4 Poiorovron (PPT) oto:
www.elsevier.com/ data/assets/powerpoint_doc/0004/273712/Chapter 04-RISC-V.ppt

9.1 Ewoayoywa, Hagoyn, Kabvotéonon, lagadeiypata

Awfdote g oehideg 389-394 tou EAAnvixol Pipiiov, 7 tig oehideg 262-267 Tov
AyyhMro0. Omwg eimape, 1 opoyewia elvor poodt atlomoinong magaliniouor, mwov
TouLa el Waitega dtov oL povadeg VAMrOU amtd TIG OMOleg TEETEL VO TTEQAGOUV OL
egyaoies elvor etegoyeveis (Oadogetinés UetaED Tovg) —eEeldirevuéves o€ nATL
dapogetind 1 nobeuio. Khaoowrd mapdderypo pipeline eivor ov fropnyovinés yoauués
ouvagQuordyNnong: tov EMmvind 600 Ouoyeioic tov davellopoote amd meQUITTMOELS
ovOeOmMVOV aAVGId®V Y. 0TO VOUTIRG/OTQATO IOV ROUPAROVV AVTLREILEVA TTEQVAOVTOG
to amd yéoL oe yéol. H opoyeipla dev peudver 1o x00vo extéheong g rabeudg
LEUOVOUEVNG EVTOANG, Al apy(Tel TNV eXTELEDT) TNG ETTOUEVNGS EVTOATC TTQLV TEAELDOEL 1|
EXTELEON TNG TQOMNYOUUEVNG, UE ONOTEAEOUO. VA OUVEAGVEL ®ATA TOAD TNV 7oy
(throughput), dmiadi] to mANBog Ttwv exteholuevOV €VIOADV avd uovdada yeovou.
(Mmogeite emiong va  delte ta  video tov  malowdv  dohéEewv  ota
elearn.uoc.gr/mod/page/view.php?id=7192 »ou elearn.uoc.gr/mod/page/view.php?id=7194).

9.2 H Boaowi) 16¢a Tov Pipelined Datapath:

Awofdote tig oehideg 276-280 tov Ayyxo0 PiPpiiov (] tig oehideg 405 - 409 Tov
EMnvirol). Ze oyxéon pe tqv amhi] vhomoinor tov evog (paxol) nixhov gohoylot ovd
eVIOM), edm () €xovpe évo QOMOL meQimov 5 GoEEg YoNYodTEQO (ONA. 0 nABe ninhog
oAoyLol draguel mepimov 5 Gpopég ouvroudtepa), (f) éxouvpe "wOYPeL" TG eQYAOiES TNG
%nA0e evioliic oe 5 nopdtia (fabuides - stages), meglmov (ong dudprelag To rabéva, 6ToV
To ®aBEvVa xwEA og £vav xOnho Tov véou (Yor1yoQoTeQov) gohoylol, xat (Y) elodryouue
(0 pomTUEOOOTNTOVS) RATAXWENTES YIA OAO TaL OEdOUEVA KAl OUOLTO TTOV "TTEQVOUV" OO
™ o fadpida oty emduevn. O notaywenTég ®QaTdve TS eL00d0Vs TS At Pabpidag
0t00gQEg VLA VO UTOQEL QUTH VO AELTOUQYNOEL, eVD "amehevBegmvouv" amd auTh TV
VIOYEEMON TV TEONYOUUEVY Pabuida, 00Twg MOTE AUTH VO ITOQECEL VAL EQYOOTEL YA
™V emoduevn eviol]. H »xd0e eviolm], otov ®a0e »Ondo gohoylot, foioxretan o pio owd
g Paduideg, nor dradoynés evtorés Poiornovrar oe ovveydueves Pabduideg. e xdOe
oxpf] 00hoYLoU, OAES OL EVTOAES TEOYWQEOUV uia Pabuida deEld. O¢hovpe Oheg pali va
TQOYWQEOVY TAUTOYQOVO. TTROS TO. OeELd, "TaxTnd xou 0t oelRd" (in-order pipeline) yid
AOYOUC OTAOTNTOGS OUVETELD OVTOU elval OTL 00eg EVTOLEG deV €XOUV TImOTA Vo ®AVOUV
ot Pabuida "Data Memory" (41 BaOuida) amidg megvave amd exel meguuévoviag évav
n0nAo péyoL va EAOEL 1) 0€Lpd TOVS va YRAYOUV OTO dEYEl0 RATAYWMONTMOV 0TOV 50 ®U%AO
%o QUTES (avtl otov 40), emeldr) ol evtohés load elvar avayroouéves va yoddouv tov rd
otov 50 nOxho. (Mmogeite emiong vo Oeite to video g malouds SudieEng oto
elearn.uoc.gr/mod/page/view.php?id=7193).
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9.3 Aenrtonepns Aetrovgyia tov Pipelined Datapath ymoig
ALMAreEngTi)OELS 1] ALOXAAODOELS

Mehkethote tig dropdveeg 1-11 oto 20a/ex09.3-5_slides.pdf . Mmogeite emiong vo. deite To
video g OudheEng oto 20a/ex09.3-4a_lecture.mp4 . BonOntnd, progeite vo dwafdote amd
T0 Ayyhnd Bihio Tig oehideg 281-286 (1] amd to EAAvino tig oehideg 409-417).

94 Movada Eréyyov yia tnv Opoyeroio

Mehetnote Tic Srapdveteg 12-19 oto 20a/ex09.3-5 slides.pdf . Mmogeite emiong va Oelte T
video tv OwaAéEemv ota 20a/ex09.3-4a lecture.mpd now 20a/ex09.4b-6a_lecture.mpd .
Bonbnuxd, pmogeite va dwofdote and to Ayyluod Ppiio tig oelideg 290-294 (1) omd TO
EMmvind tg oehideg 420-425). Edd, n Poaowi éa eivor ot tar onuato eAEyyov
"toEdebovv" mpog ta deELd pali pe to dedopéva (mor Tig dlevBUVOELS) TNG EVIOMMIC.
Onwg ovviBwg £étol xow €d®d, to opcode nor T function codes TG €VIOMG
arorWOLR0TIOLOVVTOL 0T OgUTeEN Pabuida tng pipeline, ®at ot ovvéyela to "Eeyvéue"
OUTA %Ol RQOTAUE MOVOV TNV ATORWOKOTOMUEVY TANeodogic, dNAadn To oHUATA
ehéyyou yid TIg povadeg hardware mov Bol pog xeeLoTo0V, 2ot avtd "taEldeouv" mog
To OeELd péyoL va pTdoovv oty fabuida tng pipeline yid v omoia mpoogitovral.

9.5 Toadpuxn Avanagaotoon s Opoyerpiog

Mehetiote 15 draddveleg 20-24 oto 20a/ex09.3-5_slides.pdf . Mmogeite emiong va Ogite T0
video tng OLGAeENG oto 20a/ex09.4b-6a_lecture.mp4 . BonOntuxd, umopeite va dwafdote
a7t6 10 Ayyhrd Bipiio Tig oehideg 286-290 (1) amtd To EAMvind Tic oehideg 417-420).

9.6 EEagtioes amd Evroin ALU: Ilgoonégaona

Mehetiote tig draddveies 1-12 oto 20a/ex09.6-7_slides.pdf . Mmogeite emiong va delte TaL
video twv OwAéEewv ot 20a/ex09.4b-6a_lecture.mpd now 20a/ex09.6b-7a_lecture.mpd .
Bonontxd, wropeite vo dafdote amd to AyyMnd Piprio ta ewoaywywmd ot oelideg
268-269, %0l OTY] CUVEYELOL TNV AETTTOMEQT] TTAQOVOl0oN oTig oehideg 294-303 (1] amd to
EMmvino tig oehideg 395-397 nou 425-434). Ztig tehevtaies 5 oehideg, Mafete vt 60yn oog
ot gpels otig duahéEelg Pdhope to wimhopa eléyyxov / aviyvevong yid tnv 0moEn
oMMAeEQTNOEMY oL TNV ATTOPAON TQOOTEQAOUOTOS 0T devTeen Pabuida tg pipeline,
OTWG HAVOUV OL RAVOVIROL eEEEQYOOTES, ®a OYL oTNV TETY OmWE ®AveEL To PiPiio yid
MOyoug amhotntag. O Adyog va Pdier xovels To ®UxAompo avtd oty 0elteen Paduida
elvan OTL exel vdipyel "eheBeQOg" x0OVOG Va yivel auti) 1 dovAeld ev maQaAMA® pE TV
ovayvmorn ®aTayweNTOv (ONAadf YwElg va yavetol emmAé0V YQOVOS YA aUTi] T
dovleld), evd edv autd tomoBetnBel oty tolty Pabuida, Tote OTNV CEYT TOU KOOV
oAoYLoU, otV TEltn Pabuida, to datapath dev ndvel TImOTA YENOLUO TEQUEVOVTOS VL
0P acioeL To ®OrADUA GV TEETEL 1) OV TIETEL VAL YIVEL TTQOCTEQOOUOL, KO OITO TTOD.

9.7 EEdgton anoé mgonyovuevy Evroii Load: Avauovi

Mehethote Tic Srapdvetes 13-18 oto 20a/ex09.6-7 slides.pdf . Mmogeite emiong va Oelte Tl
video twv OlahéEewv ota 20a/ex09.6b-7a_lecture.mp4 wow 20a/ex09.7b_lecture.mp4
Bonontxd, wropeite vo dtafdote amd to AyylMnd Piprio ta ewoaywywmd ot oehideg
270-271, #aL 0TI CUVEYELOL TNV AETTTOMEQT] TaQOvoloon otig oehideg 303-307 (1] amd to
EAnviro tig oehideg 397-399 nouw 434-438).

9.8 Awxhaddoss & Alnota: YroOeon Amotvyios, Axtgmon Evrolomv
eav emroyer, [pofreyn Avoxiadnoemv

Mehetiote tig dtaddveles oto 20a/ex09.8_slides.pdf . Mmogeite emiong va deite ta video
Twv doAéEemv ota 20a/ex09.8a_lecture.mpd »ar 20a/ex09.8b lecture.mp4 . BonOnuxd,
uwopeite va dofdote amd to Ayyhxd PPiio ta ewoaywywmd otig oelideg 271-274, nou
OTh OUVEYELD TNV AeTTTopeQT] agovataon otig oghideg 307-315 (] amd 1o EAAnvind 115
oeMoec 399-405 nou 438-448).

https://www.csd.uoc.gr/~hy225/20a/ex09_pipeline.html Page 2 of 4


https://www.csd.uoc.gr/~hy225/20a/ex09.3-5_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.3-4a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.3-5_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.3-4a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.4b-6a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.3-5_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.4b-6a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.6-7_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.4b-6a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.6b-7a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.6-7_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.6b-7a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.7b_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.8_slides.pdf
https://www.csd.uoc.gr/~hy225/20a/ex09.8a_lecture.mp4
https://www.csd.uoc.gr/~hy225/20a/ex09.8b_lecture.mp4

Exercise 9: Pipelining (U.Crete, CS-225) 06/04/2020, 17:54

Aoxnon 9.9: Ripes: Ontixomoinon tov Pipelining

v doxnnon avti] Ba yenowuomotote Tov mpocopolwt] Ripes (yoouuévov amd tov
Morten Borup Petersen, tote portnti] ®ow vuv amddorto tov DTU (Technical University of
Denmark)) y1& tv omtiromoinon tng Aettoveyiog ™g aming pipeline tov RISC-V mov
etdape oto pabnua. Awopdote ™ yevirn mepryoadm xnow tig Odnyieg Xofong tov Ripes
oo TV wtooehida: github.com/mortbopet/Ripes/ ®at "xatePAoTE" ROL EYRATOOTNOTE TOV
OTOV VTIOAOYLOTTH] 00 TNV VEOTEQT TOV £%000M 2 WG €ENG avdloya Ue TO AeLTovQYLRO GOG
ovoTnuo:

e Linux: github.com/mortbopet/Ripes/releases/download/v2.0.1/Ripes-v2.0.1-linux-
x86_64.Applmage (yi& vo. aMAGEETE TaL permissions Tov 0Qyelov ov rotefdoate o
exteléolpo, TEEETE oto ddnerho Omov To natefdoate: (sudo) chmod +x
Ripes-continuous-1linux-x86 64 .AppImage )

e Windows: github.com/mortbopet/Ripes/releases/download/v2.0.1/Ripes-v2.0.1-win-
x86_64.zip

e MacOS: github.com/mortbopet/Ripes/releases/download/v2.0.1/Ripes-v2.0.1-mac-
x86_64.zip

o Av 0Oféhete vo ndvete compile tov myaio x®dOwmo (duornOAOTEQO, AL N
avoyraio): github.com/mortbopet/Ripes/archive/v2.0.1.tar.gz

o (Edv éyete moofAfuata va cog ToéEeL 1 véa €xdoon 2, OIS eYM TT.Y. TOV OV
TNtaé vedTepn éxdoon touv MacOS amd avtiv mov £y, TOTE 1) IeQLouvi) éxdoao Ba
moémeL vo elvan ota:  github.com/mortbopet/Ripes/releases/download/v.1.0.3/Ripes-
continuous-linux-x86_64.Applmage -
github.com/mortbopet/Ripes/releases/download/v.1.0.3/Ripes-continuous-win-
x86_64.exe — github.com/mortbopet/Ripes/releases/download/v.1.0.3/Ripes-continuous-
mac-x86_64.zip )

Xo1on tov Ripes:

Aol ToéEeTE TO TEOOOUOLWTY], TO TEWTO TORAOVQEO (tab) mov cag eudpaviCetar elvar o
editor. Ymagyovv 3 duabéoiua tabs, xal paivovtal mdvm aolotegd, xdtm oo to File. Ta 3
tabs etvaw o Editor, o Processor, nou 1| Memory. Zto Editor tab pmogeite va yodpete éva
mpdyoapua oe Assembly (1] Binary) »ow va to 10€Eete. =10 Processor tab Ba deite o
voadwxi] avamadotaon tov Pipeline 6mwg exelvn tov poabfpotog (to default eivou
uhaoowrt pipeline 5 Pabuidwv, pe forwarding nou pe hazard detection: otnv éxdoon 2,
VGEYOVV now dhheg emAoYES edv BéleTe va Tig PAEETE, TEQLAAUPAVOUEVIIC RO EXEIVIG
TOU €VOC poxQL ®U%Aov Twv Aonfoewv 8). Agyind mEEMEL Vo ODOETE £VA TIROYQOULLAL YL
va. TREEEL O TIQOCOUOLMTIG.

1. Avoigete éva oamd ta  étoypuo  moQadeiypoto  péow  tov  File—Load
Example—Assembly—factorial.s (YmohoyiCel to 7! otov natoywenti a0). [Na va
dmwoete éva dwmd cog oQyeio Assembly: File—Load Assembly File %) File—Load
Binary File.

2. ToéEte to mEoYeappa: adot avoiEete To Processor Tab (Gvm aploteQd), TATNOTE
10 Run (F4). To mpoyoopua 0o toéEel uéyol téhovg. Av mortioete Start autostepping
(F5), wmopelte vo T0 OTOUOTIOETE 0 OO0 onueto Oélete motmdviag dh To (0o
rovumt. To xovumi Step (F6) toéyel €vo éva Ta otddla TG »abe eVTOlNg, ®aL TO
Reset (F7) n08aQ(Cel Toug nataymenTég ®aL To pipeline ®ou EMOTQEDEL GTNV TQMOT
EVIOMM).

3. Av mdte 010 Memory tab, 0o, 0eite, EXTOC OTTO TOVG RATOYWENTES, OMEC TIC EVTOLEG
IOV ®AVOUV ®ATTOLO MEMOTy access, ®oL TNV (Owa T uviun. Av 0éhete va deite ndtu
otV pviun, xou Eégete T dievBuvor tov, mathote ®dtw OeEld Go to — Address
%o yodpte thv dievbuvon. Emmhéov, pmogeite va delte ta .data xou .text.

ITepuoodtepa Yoo Tov Ripes 0a Poeite oty 10TO0EA OO TOV, TOV AVOPEQUE OTNV a1
™G doxnong. O "guBpuioels" epdaviCovior motdvtag To ®ovustl pe v erodvo evog CPU
chip. =t ouBuioels pmopet o yonotg va emiéEer to extended layout (Aemtopeet|s
amewdvNon), MOoTE vo. Gaivovtal meplocotepa onuata xobmg xat Ta Forwarding unit ®ou
Hazard Detection. EEoweiw0eite pe tov Ripes »aw pe tnv pipeline tov podfpartog,
dedopévou nou 6TL Ba eEgTaotelte mEOdOoQIrd 08 QUTA. 2T CUVEYELD, ATIOVTIOTE YOATTTA
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OTOL TTOQOXRATW, ®OL TEEETE TIG €ENG MQOOOUOLMOELS TToV TnTotvTaL:

(1) AmapOpnote g Pobuides (otddia) g pipeline Tov emeEeQyaoth|, oL Yy TV ®AOe
uta epryodapte meguinmrtind (1 €émg 3 mpotdoels) Tn Aettovyia Tng.

(2) Iowég Pabuideg elvar amaQaitntes Yo Oheg Tig €VTOAES; Anhadn, ol otddio g
pipeline exteho0V nAmoLAL XONOLUN AELTOVQEYIO Vit ONES TIS EVTOAES, aveEQQTITWOG TUTOV
EVIOMG;

(3) Mowd Pabpida g pipeline dev xdver xdTL YENOWO VL& TIG €VIOLES aQLOUNTRMOV
mpdEewv; Opoiwg, mod Paduida dev ndvel nATL YONOLUO VLA TIG EVIOAEG store?

4) Todyte peguwés Ouréc oag alnlouvyies eviohmv yweis allnleEaptioels xou
TOQOTNQOYOTE TNV EXTEAEON TOVG 0TOV Ripes. ZvuynexQLuéva, yooyte () HUeQLréS EVIOMES
0QLOINTIXDV TRAEEWVY peTOED raTtayxwoNTOV, (B) HEQUréS UETAED ROTOYMONTOV HOL
otafeQdv, nat (y) peowég evtorég load now store. o ®dbOe pio amo avtés TG TEELS
TEQUITTWOELS, YOAYTE 0TIV AvahOQA 0AS TLG EVIOAES TTOV eXTEMECOTE (TOL TTEQLEYOUEVA TOV
oQyetov "Instructions.s") cuvodevdueva oo €va screenshot 0ITO TV TTQOCOUOIWOT).

(5) AMGETe v arinhovyio oag evioldv 4(a) 0UTWG DOTE VA TIG RAVETE EEQQTNUEVES
LeTAED Tovg ®dvie T delteen va eE0QTATOL OO TNV TEMTY, ®OL TNV TE(TN Va eEaQTATL
1oL a0 TLG OVO TQONYOUUEVES —ATO TNV QAT Y& TOV TRMTO TEAEOTEO TTNYTS TNG, AL
oo TN devTeEn YA tov Oevtego. Enteléote Tic otov Ripes, xwou mogarohlovOiote
TQOOEXTINA RO RATAVOTOTE T TEOoTEQAopata (bypasses - internal forwardings). T'odipte
otV avadoed 00g TG EVIOAES ®OL ODOTE €va screenshot T OTLYUY] T®WV TQOCTEQOOUATWV
YO TNV TE(TY EVTOM).

(6) Agopevote yMEO OTN pviurn, o mévie ouveyoueves AéEels, yid mévte anépauneg
petaPintéc, Tg int a, b, c, e, f; oL OQYMONOLOTE TIS P nAmoLes Tiués. Emiong
0QYMOTOLN0TE TOV ®OTOXWENTN SO Vo TEQLEYEL TN OLe OV VO™ TNG TTEWTNG, OTTOTE UTOQE(TE
va dwafdlete N yodoete nabeud Tovg pe wo evrol) load 1 store pe évo uxQo offset oe
oyxéon pe tov s0. Z1n ovvéxeln petapodote oe Assembly, ywls xopto avadidtogn
EVTOLMV, %Ol TEOCOUOLDOTE 0TOV Ripes ta €ENg dVo statements oe C, pe T 0€LQA IOV
otdovtau:

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

IMogatnefote tnv »abBuotégnaom oty pipeline, AOyw eEGQTnong, amd To deltepo load 0T0
mpomto add, ®aBmg xor amd to TeiTo load ot deVTEQT MEAEY. ZT1 OUVEKELD, AVAILOTAETE
TG evTolég (instruction scheduling) o0TmMG MOTE VO YAUTOOETE QUTES TIG ®OOVOTEQTOELGS,
omwg otV tehevtato dwapdvela Tng §9.7: dLaffdote xatL TO ¢ OO TH UV TTOLY RAVETE
™V oty mEdcOeon. EavateéEte Tic avadiatayuéves eviohés otov Ripes, nou
TOQATNETOTE TMQA TO XEOVO extéheans. [odte oty avadoed 0ag TG EVIOLES TTOLY KL
pETd TV ovadidtaln, xow 0mote éva screenshot amtd TV mEMTY TEQiTTWON (TTELV TNV
ovadLdTakn) T otrypd) ™S avapovhg T e Tng add, ®abwhg now Eva screenshot amtd )
Oeltepn meQimTtworn (petd TV ovadldtaln) TN OTLYUf] TOU TQOOTEQUOUATOS TNG
petPAntig b moog tv ALU yid tnv oot add.

Toomog IMapdadoons:

IMogadmate v doxnon auti on-line, og poedt PDF (udvov) (umoet va eivol xneipevo
Ny avoyQodnuéEvo M/xot "orovaglopévo" xewpdyoado, alhd udvov oe poodt PDF).
IMogadmote péow turnin ex09@hy225 [directoryName] £vo aQyelo ovopoTt
ex09.pdf mov Oa mEQLEYEL TIG ATAVTNOELS 0aG OF OLES TIC TAQATAVW €0mTNOELS (1) g
o (6).

Oa eEetaoteite o mEOPoExd Yoo Tic aoxfoels 8 wor 9 (uali), amd Pondd TOU
pabfuatog, pe dadwmaocto yid tnv omota o evnueowBeite péow nAtd (email) oty Aiota
TOU poOMUaTos.
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