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Aoxnon 9:
Ewaymyn oty Opoyerpio (Pipelining)

[TpoBeopia ¢mg M. Tetdotn 12 Amoihiov 2023, doa 23:59 (36.9.5)

Biphiio: Awafdote tig evotnteg 4.5 €mg wou 4.8, pp. 262-315 oto Ayylxo Piio (1)
oehideg 389-448 oto EAMmvird). Edv dev éxete 10 AyyhMnd PiPpiio, naln
TQOOEYYLOT 0€ AVTO ATTOTEAOVV OL OLOPAVELES TV OUYYQAPEWV, TTOV YA TO ®eD. 4
Potoxovtan (PPT) 0TO:
www.elsevier.com/ _data/assets/powerpoint_doc/0004/273712/Chapter_04-RISC-V.ppt

9.1 Ewoayoywd, llagoyn, KaBvetéonon, llagadeiynoto

Mehethote T Owapdaveleg 21a/09a pipelntro.pdf . BonOntuxd, umopeite va
owapdote tig oehideg 389-394 tov EAMAnvinov PBipiiov, 1 Tig oehideg 262-267 tovu
Ayyhxo?. Omwg eimope, M opoyewpia eivar poodn a&lomoinong mapaiiniiouov,
mov TouwQLdlel Wlaltepa OTAV oL Hovadeg vMxOU omtd TS OToleg TEETEL VOl
meQdloovv oL eQyaoieg elvor etegoyeveic (dladoQeTirés pETAEL TOVG) —
egeldurevpéveg oe rAtL dodpoetind 1N robepio. Khaoowmd mapdderypo pipeline
etvon oL Propnyovirég Yoo ppués ouvoouordynong: tov EMAnvind 6o Ouoyxetoio tov
davellopoote amd TEQLITMOELS avOQMOmMVWY dAVOIdWV Y. 0TO VAUTIHO/0TQATO
OV ©OVPOAOTVV avIrEIpNEVO TEQVDVTOS T ad xéoL o€ yéol. H opoyewpio dev
LELMVEL TO YQOVO eXTELEONS TNG ROOEAS LEPOVOUEVNS EVIOAS, alhd ayiCel TV
EXTENEON TNG EMOUEVNG EVTOANG TIOLV TEAELDOEL 1] EXTEAEOT] TNG TQONYOUUEVNG, UE
QTOTELEOUA VO AVEAVEL RATA TOAD TNV apoyn (throughput), dnhadi) to mAnbog
TWV EXTELOVUEVMV EVTOAMV avd LOVAda YQOVOU.

9.2 H Boaowi) I0¢a tov Pipelined Datapath:

Meletnote ™) dapavera 11 amd tig magamdve 21a/09a pipelntro.pdf . Bondntxd,
umogeite va drafPdote Tig oelideg 276-280 tov Ayyhrol Piiiov (1] Tig oehideg 405
- 409 tov EAAnvinov). Ze oyxéon pe v amii] vAomoinon tov evog (LomQv) ®inlov
Q0AOYLOU avd evtoli], edm (a) €éxovue €va QOAOL meQimov 5 poEg YN Y0QEOTEQO
(dnA. 0 »&Be nOnAOg QOLOYLOU dLapxrel meQlmov 5 Gpoég ouvtopdTeQa), (B) Exovue
"vOYPeL" TG eQyaoies g nABe eviolng oe 5 rwopdtia (Babuides - stages), meQlTOUV
tong owapxrelag to xrabéva, Omov To ®0bEva YwEA oe évav nOUAO TOU VEOU
(YonyooteQou) gohoylol, xat (y) elodryovpe (axpomuQoddTNTOVS) HOTAYWONTES
v Ohol Tar Ogdouéva %ol onuota ou "meevoluv' amd T wo Pabuido otnv
emopevn. Ol RATAYWENTES ROATAVE TIG £L0000VGS TNG ®&Be Paduidag otabepég yid
va. pmogel outi) vo  AeltovQynoel, evo  "amehevBegmvouv' amd avt) TV
VIOYQEWON TNV TONYOUEVT PaBida, 0OVTWS MOTE AVTI) VO WTTOQETEL VO EQYAOTEL
YU& TV emOpev evioht]. H »d0e eviolt], otov xéBe n0nho goloylol, foloxetal o
wa amd tg Poabuideg, nor Owadoyrég eviolés Polorovtor oe ouvveyxOueveg
PBabuides. Ze naOe anpui) QOAOYLOU, OAES OL EVIOAES TQOYWQEOVV Wio faduida OeELd.
O&hovpue Oheg poli vo mEOYWEOUV TOUTOYQOVA TTROS TA OEELA, "TORTIXA KL OTY
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oelpd" (in-order pipeline) yuéd AOyoug amAOTNTOGS OUVETELQ AVTOU Elval OTL O0Eg
EVIOAEG Oev €yovv Timota va xavouv oty Pabuida "Data Memory" (4n BaOuida)
QITAMG TTEQVAVE OTTO eXEL TTEQLUEVOVTOG £vay ®U®AO péYOL va éMOEL 1 0elRd TOVS Vo
YOAPYOoUV OTO AQYELO HATAXWENTOV OTOV 50 %®UxAO %ol avtés (avti otov 40),
emeld] o evtorég load elval avaryraouéveg va yoadouv tov rd otov 50 ®xho.

9.3 Asemronepns Aertovgyia tov Pipelined Datapath
10Ols ALAMAEEQQTNOELS 1] ALOXAAIDOELS

Meletnote tig owadpaveleg 1-11 oto 20a/ex09.3-5_slides.pdf . BonOntixd, pwrogeite
va Owfdote amd 1o Ayyhnrd PiPprio tig oehideg 281-286 (1] amd to EMANVIKO TIg
oeldeg 409-417).

94 Movdda Ereyyov yid tnv Opoyerpio

Meletnote tig dradpaveleg 12-19 oto 20a/ex09.3-5_slides.pdf . BonOntnd, pmopeite
va Oofdote amd to Ayyhnrd PPpiio tig oehides 290-294 (1) amd to EMANVIKO TIg
oehideg 420-425). ESdw, n Paoixn wOéa elval 6TL Ta ofuata eléyyou "taidevouv"
me0og ta OeEld pali pe to dedouéva (rnar Tig devBivoelg) g evioliic. Omwg
ovvilBwg étoL xar €dm, To opcode war ta function codes TNG €VTOANG
aroxmdromoloUvTaL ot devteen Pabuida tng pipeline, ®aL ot ouvéxewa T
"Eexvape" avTd ®ou ®QATAUE LOVOV TNV QITOXMOLROTTIOMUEVN TTANQOdoQia, ONAOT
T oNuaTo eAEYYOV Yud Tig povadeg hardware mouv Oa pog XQELOOTOVV, RO QUTA
"taEldevouv" meog Ta 0BG péyoL va dptacouvv oty Babuida tng pipeline Y& v
omota mpooiCovial.

9.5 Toaduxi) Avaragaotaon tns Onoyerpiog

Meletnote tig dradpaveleg 20-24 oto 20a/ex09.3-5_slides.pdf . BonOntnd, pmogeite
va Oofdote amd 1o Ayyhxrd PiPpiio tig oehideg 286-290 (1] amd to EAMANVIKO TIg
oeldeg 417-420).

9.6 Etaoptnoeis ano Evioin ALU: Ilgoonégaona

Meletnote tig daddvereg 1-12 oto 23a/09¢_depend.pdf . BonOntnd, pmopeite va
owapdote amd to Ayyhnd PiPiio ta ewoaywyrd otig oehideg 268-269, ol ot
OUVEYELO TNV AETTTOUEQT] TTALQOVGIAON OTLS 0eAideg 294-303 (1] amtd To EAMVIno Tig
oehoeg 395-397 now 425-434). Zrig tehevtaieg 5 oehideg, AMaPete vr OYm oag OTL
euels otig dlahéEelg Palape to vUxhwpa ehéyyov / aviyvevong yid TV VTAQEN
oANAEEQQTNOEWV KAl TNV ATOPAON TQOOTEQAOUATOS 0T 0eUTEQN Pobuida Tng
pipeline, 6w ®AVOUV OL ®AVOVIXOL ETEEEQYAOTES —1aL OYL OTNV TOITN OTWS HAVEL
10 PpAiio yid amhoTnTa. O AOYog va Palel naveig To nOxhopo ovTd 0T OeVTEON
Pabuida etvar 6TL exel vdEyel "eheBeQOc" xQOVOS va YiveL avti) | dovAeld ev
TOQAMNAWL UE TNV AVAYVOON HOTAYXWENTOV (ONAAON YwElg va xdveTol emITAEOV
Y0OVOGS Y& auTh) T O0VAELd), EVD edv avTd TomoBeTNOel otV TEiTN PaBuida, TOTE
OTNV 0,QY1] TOV ®UXRAOV QOAOYLOU, 0TV TO(TN fabuida, To datapath dev nAvel Timota
YONOLUO TEQLUEVOVTAS VO OITOPACIOEL TO KUXRAWUOL €AV TTEETEL 1) OEV TIOETEL VOl
YIVEL TTIQOOTEQUONAL, KA ATTO TTOV.
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9.7 EE&daotnon amo mgonyovuevy Evrol) Load: Avopovi

Meletiote g dtaddveleg 13-18 oto 23a/09¢_depend.pdf . BonOntrd, umogeite va
owPdote amd to Ayyhno PBphio ta eloaymyrd otig oehideg 270-271, nar ot
oVVEYELD TNV AeTTTOUEQT] TTapovotaon otig oehideg 303-307 (1] amtd to EAAMVIrO Tig
oehiOec 397-399 na 434-438).

Edv 0¢éhete vo eEaoxnbeite otn Aettovyio g Pipeline m.y. yowuoatiCoviag to
OLAYQOUUOL TTOU X Q1OLUOTIOLNOOLUE 0TS OLOLPAVELES TOV PaBUOTOS, LTOQE(TE VO TO
Boelte, nevo yowpdtwv, oto GUALO egyaoiog: Pipeline & forwarding Worksheet
(PDEF)

9.8 Awxlodnoeig & Alpnora: Yrodson Anorvyios,
Axvomon Evrolov eav emruyet, [Ioofreyn Avoaxradnoemv

Meletnote tig Owadpdveles oto 22a/09d ctrlDep.pdf . BonOnrnd, pmopeite va
owPdote amd to Ayyhno PBPphio ta eloaywyrd otig oehideg 271-274, nar ot
OUVEYELD TNV AETTTOUEQT] TTapovotaon otig oehideg 307-315 (1] amd to EAAviro Tig
oehiOeg 399-405 na 438-448).

Aoxnon9.9: Ripes: Orrizonoinon tov Pipelining

2ty doxrnon avti Ba yenowwomoinote tov mpooopolwty] Ripes (yoapuévov amod
tov Morten Borup Petersen, tote portnri] now vuv amodporto tov DTU (Technical
University of Denmark)) yud tTnv omtinomoinon g Aettoveyiog tg oAt pipeline
tov RISC-V mov eidape oto pabnuo. Awfdote T yeviny meoryoadi] ®xou Tig
Odnyieg Xonong tov Ripes amd v wotooelida: github.com/mortbopet/Ripes/ %o
"vatePAoTE" nOL EYRATAOTIOTE TOV OTOV VITOAOYLOTH OOC TNV (QOULUAOUEVT] ATTO
néQuol) €éxdoom 2.1 wg eENg avAaloya e TO AELTOVEYLRO OOC OVOTNUAL:

e Linux: github.com/mortbopet/Ripes/releases/download/v2.1.0/Ripes-v2.1.0-linux-
x86_64.Applmage (yi1& vo. oAlAGEETe TO permissions TOU CQYEOV IOV
ratefdoate oe exteléoLo, TEETE 0TO PAnreALO OOV TO nOTEPACATE: (sudo)
chmod +x Ripes-continuous-linux-x86 64.AppImage )

e Windows:  github.com/mortbopet/Ripes/releases/download/v2.1.0/Ripes-v2.1.0-
win-x86_64.zip

e MacOS: github.com/mortbopet/Ripes/releases/download/v2.1.0/Ripes-v2.1.0-mac-
x86_64 zip

o Av 0Oélete va ndvete compile Tov myaio x®Owmo (SVOROMOTEQO, %OL U
avayraio): github.com/mortbopet/Ripes/archive/refs/tags/v2.1.0.tar.gz

o (Edv éxete mooPAuata va oog teéEeL ) éxdoomn 2.1, OIS eYM ). IOV HOU
Cnrovoe vedtepn Exdoon Tov MacOS amd autiv mov iy, TOTE 1) #0001 TOV
2020 fa TOEMEL va elvou 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 )
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Aol TEEEETE TO TQOOOUOLWTY), TO TEWTO TOLEABOVQEO (tab) mov cog epdaviletol
elvar o editor. Ymdoyouv 3 dwabéoua tabs, xor dpaivovror mdve alotegd, vdtm
amd to File. Ta 3 tabs eivow o Editor, o Processor, nouw | Memory. 2to Editor tab
Lwoeite vo yodete éva meoyoauuo o Assembly (1] Binary) xow va to To€Eete.
210 Processor tab Qo delte pwa yoapuxn avamogdotaon tov Pipeline 6mwg exeivn
tov pofnuatog (to default eivow  ®Aooown pipeline 5 faduidwv, pe forwarding xou
ue hazard detection: otV éxdoon 2, vaEyovv ot dAheg emAOYES edv OENETE VAL TIG
PAa&ete, TeQLAAUPAVOUEVNS ROL EXEIVNG TOV VOGS HOQV ®UKAOU TV AoxrNoewV 8).
AQyna meémeL va dOETE €VaL TQOYQUUUO YLOL VO TOEEEL O TTQOCOUOLMTG.

1. AvoiEete éva amd to €rolpo  mogadelypota péow tov  File—Load
Example—Assembly—factorial.s (YmohoYyiCel to 7! otov nataywenti a0). ['a
va. dwoete éva OO oag ayeio Assembly: File—Load Assembly File 1)
File—Load Binary File.

2. ToéEre 10 MEodYoauuo: adol avoiEete to Processor Tab (mdvew aQLoteQd),
ot oTe TO Run (F6). To mpoyoauua Oo 1oéEel péyol téhovg nat Bo umogeite
va, dglte TV Qo1 Twv dedopévov otn yoodwn amewmovion tg Pipeline.
Mmogeite vo aALGEeTe TNV TaXUTNTA OV TEEXOUV OL EVTOAEC PECH TOV
mAaoiov emAvm, Ot Yoo eoyoahelwv. Mmopeite vo OTOUOTIOETE TNV
enteleon Omov Bélete matwvtog to (00 rovusti. To novusti Step (F5) ToéxeL
éva €va to otdolo s ©A0e evtols. To novumi F4 myolver tnv extéleon
éva 0tadLo miow. To Reset (F3) nabailel TOVg ®aTaYWENTES ®OL TNV pipeline
%Ol ETMOTEEPEL OTNV TEMTY EVTOAT).

3. Av mdte oto Memory tab, Oa Ogeite, eXTOG ATTO TOVG RATAYXWENTES, OAES TIG
EVTOAES OV %AVOUV RATOL0 memory access, ®oL TNV O ™ pviun (otv
éndoon 2.1, oe aviiBeon pe moAoOTEQES, OL OVO WVIUES, EVIOADV %O
OedoUEVWIV, elval xQV@EG UVIUES, HOL VTTAQYEL 1) OVVATOTNTO TTQOOOUOIMWONG
™G AeLTovEYyiog Toug, mov Opms apoed TV §11 Tou pabnuatds pag, aoa
TOG OTLYUNV aryvoeloTe T1g). Av Béhete va delte vATL OTNV PV, ®ow EEQETE
™ devBvvon Tov, motiote xatw 0eEld Go to — Address xou yodpte TNV
devBuvon. Emmhéov, pmopeite va Ogite Ta .data wou .text.

ITepuoodtepa Yo Tov Ripes Ba Poeite otV 1oTOoEAIOO TOV, OV AVADEQAUE OTNV
0N ™G doxnong (€xer xar TN duvaTOHTNTO Vo ®AVEL compile kAL VO EXTELEOEL
xodwmo C- dev Oa 1o ypewaoteite, ol edv oog evolwadépel Oeite TO:
github.com/mortbopet/Ripes/wiki/Building-and-Executing-C-programs-with-Ripes ). Ou
"ovBuioels" eppaviCovial motdvTag To ®ovumi pe Ty emova evog CPU chip. Ztig
ovOuioelg pmogel o yonotng va emhéEel To extended layout (Aemroueong
QTELLOVIOT), OOTE VO paivovtor meglocoteQa onuota xobwg xot to. Forwarding
unit xow Hazard Detection. EEowteiw0eite pe tov Ripes »ou pe v pipeline tou
pnafnuotog, dedopévou rat O0tL o eEetaoteite MEOPOQLRA 08 AVTA. T OCUVEYELD.,
QITOLVTIOTE YQOMTA OTA TOQAXATW, %ol TQEETE TIG €ENG TTQOOOUOLMOELS IOV
Cnrovvrow:

(1) AmaBunote Tig Pabuides (otddia) Tng pipeline Tov emeEeQyaOTI], ROL YLOL TNV
7100¢ pio egryodpte mepuinmtind (1 €émg 3 meotdoeLs) T Aettovyio TC.

(2) TTowgg Pabuideg eivor amagaitnTeg yio oheg TIg eVIOAES; Anhadi|, mold otddia

™ pipeline exteloUV nAmowol YXENOLUN AettovEYio Yo OAES TIG €VTOMES,
oveEQQTITMG TUITOV EVIOATC;
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(3) IMowa Pabuida g pipeline dev nAveL ®ATL XOTOLUO VLA TIS EVIOAES ALOLOUNTIXRMOV
medEewv; Opotwg, moud Pabuida dev ndivel ®ATL Y ENOLUO VLA TLG EVIOAES store?

(4) Todnprte peourég dunég oag arlnhouyieg eviohwv ywels alinieEagtioels nou
TOQATNENOTE TNV EXTEAECT TOVS OTOV Ripes. Zvynexoiuéva, yoaPte (o) HEQLrES
EVIOAES aQOunTeav medEewv petakl xataywontov, (B) peowmés ueTagl
NOTOYWONTOV nOL OTOOEQMV, nou (V) HeQurég eviolég load nou store. o xdBe pia
QIO OUTEG TLS TOELS TEQLITTMOELS, YOAYTE OTNV OvaPoQd OAS TS EVTOAES TTOU
exteléoate (Ta megleydueva Tov agyetov "Instructions.s") ovvodevoOuEVa OO Eval
screenshot asto TV TQOGOUOLWOT).

(5) AAGETE TV alnhovylo oag eVIOAMV 4(0) OVTWE MOTE VO TS HAVETE
eEagTuéveg petaEL Tovg: nAvte T OeTEQT VA EEQQTATAL ATTO TNV TTQMTT), XOL TNV
to(TN Vo eEaTdToL RaL ATt TS VO TEONYOUUEVES —OTTO TNV TTMT YL TOV TIQWTO
TENEOTED TINYNG TNG, ®ou ad TN OglteEn Y& tov deltepo. Exnteléote T otov
Ripes, %0l TO.QAXOAOVONOTE TQOOEXTIXA HOL HOTAVONOTE TO TQOOTEQAOUOTO
(bypasses - internal forwardings). ['odapte otV avadod cog TG EVIOAES ®aL OMOTE
€va screenshot T1 OTLY ] TOV TIQOOTEQAOUATMV VLG TNV TOLTN EVIOAT).

(6) Aeopeote YMEO OTN UV, 08 TEVTE OUVEYOUEVES AEEELS, YIA TIEVTE AREQOLES
HeTOPANTES, TS int a, b, ¢, d, e; %OL AQYXOTOLOTE TIS UE HATIOLES TLUEC.
Eniong agywomojote tov natayxwenri] sO vo megLéyet ) dievBuvon tng momtng,
omoTe umogeite va OLofdlete 1) yoadete nabeud Tovg pe pia evroh load 1) store pe
éva urQo offset oe oxéomn pe tov s0. Ztn ovvéyelo petadpodote oe Assembly, xwoig
nOULoL AvodLATOEN EVTOAMV, RO TIQOOOUOLMOTE 0TOV Ripes ta €ENg 010 statements
oe C, pe TN o€1pa mov didovtal:

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

[Mogatnpmote Tnv »oBvotéonon oty pipeline, AOyw €EGQTNoNg, amd 1o deTEQO
load oto mpmto add, ®abmdg »ar amd To TE(to load otTn OelTEEN TEAEN. ZTn)
OUVEYELD, OvVOOLOTAETE TIC €VTOMES (instruction scheduling) o0TWC ®OTE V.
vhutwoete avtég Tig rabvotepnoels, 0mwg oty televtaio dwaddvelo s §9.7:
0L AoTe xatl To ¢ aTd TN UVIUN TTOLY RAVETE TNV TQMTY TEOCOEOT. EaVATQEETE TIg
ovadloTaypéves evtolés otov Ripes, ®al maQotnENoTe TOEW TO XQOVO EXTENEOTC.
T'odnpte otV avadpoed 00g TS EVIOAES TTOLV RO UETA TNV ovadLATAEY, ®oL dDOTE
éva screenshot amtd TV TQMOTY TEQITTWON (FTQLV TNV AVAOLATOEY) TN OTLYUN TNG
avopovig ™ mowtng add, xaBmg xou éva screenshot amd 1N deltepm megimrmwon
(uetd TV avodLATAEY) TN OTLYU TOVU TTQOOTEQAOUATOS TG HETPANTNG b meog v
ALU y14 TV mowt add.

Toomog Ilagddoons:

Mogadmote pali tnv moonyovuevn doxnorn 8 rar avtiv edm tv doxnon on-line,
oe poedtny PDF (uovov) (Wwmoet va eivor ®e(Uevo  pnyovoyQodnuévo 1)/xol
"ORAVAQLOMEVO" YeLROYQAPO, OAAG uovov oe poedn PDF). IMapadwote péowm
turnin ex089@hy225 [directoryName] £VO. OQYE(0 OVOUOTL ex089.pdf 7OV O
TEQLEYEL TIG QUTALVTTOELS 00G 08 ONES TIS AOUT|OELS, 8 naL 9.

Oo eEetooteite ®ot MPOPoExA Yo Tig aoxnoels 8 nor 9 (uali), amd Pondod Tovu
pnaOnuotog, pe dtaduracio yid tv omota Oa evnueomwOeite péow MATA (email) oty
Mota tov padnuoroc.
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