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Yelpa Aoxnnocov 13:
Yvvoyn (Coherence) Koupomv Mvnuov,
Iooymoenuévolr EneEeoyaotés
(Out-of-Order, Superscalar, Multithreading, Multicores)

IMpoBeouia: éwg Kv. 16 Iovviov 2013, dea 09:00 m.p., on-line 1) o€ yapti
Biprio (EAvino, éndoomn 4) - diafdote ta €ENg, ®ou pe Toug €ENG TedToVG:

e >uvoyt (Coherence) Koupmv Mvnuav - oehideg 623-628 (§ 5.8): dafdote Tig navovird,
amotehoV péQog g eEetaotéas UANG.

e TTaparlniic Emmédov Evtoifg (ILP) - EmeEeyaotéc pe mQoywonuéves HOQdpEg
opoyelpiog (out-of-order execution, VLIW, superscalar) - oehideg 456-471 (§ 4.10): drofdote
TIG ROVOVIXA, ATTOTELOVY PEQOG TG eEeTaOTEOS UANC.

e [Tolvvnudtwon (Multithreading) - oehideg 754-758 (§ 7.5): dwaPdote TG nOvovrd,
atoTELOVV PéQOG NG eEeTaoténs UANG.

e TTohumugnvol EmeEepyaotéc (Multicores) (§ 1.6): oehideg 76-79.

e TlohvemeEegyaotés nowvoyenotng uvnung (shared memory) (§ 7.3): oehideg 746-747
TQOCERTINA, ®OL OEMDES 748-749 O YO YOQO.

e TlohvemeEegyaotés pe petafifaon pnvupdtov (message passing) %ol OVOTOLY(ES
(clusters) (§ 7.4): oehideg 749-750 enl ToAdNV, now oehides 751-754 eynvrhomandind.

e Ao Bépota mtagaiinopot - SIMD, MIMD, Vector, GPU - § 7.6 waw 7.7 (0gh. 758-773):
TOOLQETIKG. - eyrnunhomoudnd (onuovtind Bpoto yid TEQUULTEQM TQOOWIMKY COg
LEAETY), aALd exTOG UANG auTOU TOU LOBNUATOG).

Aoxnon 13.1: DMA za Xvvoyf Kovons-Kvguag Mviung

2 éva ovotnuo. Omov yivovtal petadopés DMA moémer vo AvBel 1o meofAnuo tng
ouvoyfg ®QUdNS no xvELag puviung (eoPAnuo Cache Coherence). AgiEte oo eivol To
TEOPANH avTd, ndvovrag ta eEfg. Zyedidote (i) Tov emeEepyaoti] He TV ®QUPH Tou
pvnun, n omota ouvvdéetar oty agtnoia (Aewdodgo - bus) pviunc-E/E, (ii) v »vola
pvnun, ovvoedepévn otnyv dia aptneia, »a (iii) wia ovoxev) E/E pe pnyoviopd DMA,
ovvdedepévn oty idta agtnola.

(o) OewENOTE TNV TEQUHEQELONT] GUOKREVT] OAV GUOKREVT] ELGOOOU, noL OEWETOTE OTL QUTY)
petadéoel péow DMA véo dedopéva ewoddov oe ndmola meguoyf devbivoewv otnv
w0l . Metd t™) AMHEN TG LeTadOoQAs, TO TROYQUUUA TTOV TEEYEL OTOV EMEEEQYOOTH
0éheL va dapdoel (uéow load) ta véo dedopéva eloddoV aItd TV TTEQLOYT dlevOivoewv
otV ®0QLAL Lviiun Omov autd €xouv tomobetnBel amd to DMA. e mowa mepimtwon Ba
Olafdoel to owotd véa dedopéva, xal og mowa meQimTmor Ba drofdoer havOaopéves
TOAOULES TLUEG;

(B) BOeweilote TV meQLpegelani] ovoxrevT] oav cuoxeut] eE0d0ov, noL BewEnoTte OTL TO
TEOYQOULULOL TTOV TOEYEL OTOV EMEEEQYAOTN TTAAYEL LeQrd vEa dedopéva Ta omoia YoddeL
(LEow store) oe OQLOUEVT] TTEQLOYT] OLlEVBUVOE®MY UVIUNG, ROl Ta OTtola 0T CuVEXELD BEAEL
va. oteiher oty megudpepelaxt) cvoxevt). & to oxomd autd, 1o AettovEyrd cloTHUA
Eenwvdel pia petodpoed DMA amd v moamdve megoyl] dtevfivoemv vioLog wviung
7ROG T ovoxevh e€6d0v. 'Eotm 6t 1 ®oudf) uvijun tov eneEepyaoti| elvan TOTOL write
through, OnAad1], wg Yvwotov, ®GOe TL oV YRAdeL 0 emeEeQyaoTns 08 auThV, QVTH TO
voddel apéomg nor oty ®ULe uvijun. YU avtég T ouvOnxres, vmdoyel meglmtwon va
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dtdoovv AMaOog (malard) dedopéva ot cuoxrev eE6Gdov; Tati Oy,

() "Eoto thoa 6Tt 0t0 ovotnua (B) M xoudph pviun eivow Tomov write back, dnhadi) dev
vYoadeL apéoms oty vigLo uvhun xdbe ahhayi Tuhs (eyyoadm véag Tiumg) mov naveL o
emeEeQy0oTNG, alld To Yodder apydTeQa, OTav to block 6mov €yive 1 alloyn) moémel va
avrirataotabel oty nQudt pviun amd dhho block. YU avtég tig ocuvOnueg, og mola
negimtwon Ba noatalEovv ta omotd véa dedouéva 0T oVorEVT] €EO6O0V, KAl OF IOl
negimtwon Ba natalnEovv exel AavOaouéves TOMALES TUUES;

AV0oeLg 0TO TEOPANUA TNG CUVOYNG ®QUPTS KoL ®DOLAG UVTUNG VItdyovV "uecofélines",
pe exdiwen (flush) oehidwv amd v xeudn uviun (d0oxoro 1 xEOVOPDEO) 1 ue xonon
oeMOWV mov 1N ®EUPT pviiun avoyvoeilel o 0ev xgatd (non-cacheable pages) (UeLDveL
™y emidoon Tov emeEeQyooti)), 1 "olnéc", pe yofon evog TEMTOROMOU OUVOYTS
®QUODOV PVNUDV OOV aUTO IOV YQNOLUOTOLOUV Ol TTOAVETEEEQYAOTES ROLVOYQNOTNG
pvnung (shared-memory multiprocessors).

13.2: Xuvoyi (Coherence) Kovpmv Mvyumv - Snooping

Ov  molvemeEepyaotés nowdyonotng uviung (shared memory  multiprocessors)
omoteheovToL amd TOMATAOUG emeEeQyaotés mov Olot "PAEmouv" ud xowvi) pviu,
LECW TNG OO0 EMHOLVOVOUV HETOED TOUG %Al WTOQOUV va ouvveQydLovral (f.y. dTov
exteholv éva mogdAnho modyooppa). H emxowvovio toug mooximter O6toav €vag
emeEeQy0oTNG YoddeL nAmoLo VEQ ATOTEMEOUOTO O 0QLOpEVES BEONG TG HOLVAS LviUnG,
%o Evag 1) TeQLocOTeEQOL AMLOL emteEeQy00Té dLOPATOVY aVTéS TG VEES TIUES aTtd exnelveg
Tg Oéoelg pviung --xdtt mov Bupilel aQrETA oL TNV EMAROVOVIOL HE TLG OUOREVES
eLlo6d0v/eE6OOV. OL d ouyvol TéTolol mohvemeEeQyaoTéS ofpueoa glvol oL TolvmTignvol
eneEepyaotéc (multicore processors), OV €Y0ovv TOMATAOUG mvETves (cores) --OMAodi)
eneEeQyaotéc-- Ohovg péoa ato (dLo chip.

Eme1d1) ou pvijpeg elvar ovviBwg povomotes (Yid va, unv ®ootitouv o), Oa fjtav mohl
0QY0 €dv Ohou oL emeEepyaotéc ¢ €va TéTOo OUOTNUOL €QYALOVIAV GUVEX(MS WUE TNV
(wovadwmh méeTa Tg) o) rowdyonom(s) uvAun(g). Avt auvtol, Aowtdv, o #dbe
emeEeQyaotns €xel v Ownt) Tov "Wwtint|" (private) ®QUdT UV, ®oL HOVOV OL 0LOTOYIES
QUTOV TV ®QUGDV UVNUOV (TTOV €lVaL KAl OTOVIDTEQES) Tyaivouv otnv (Lovaduxi
OQTO. TNG) ROLVOXENOTN(S) MvAEN(S). AuTtiVv TV (LOVadwi]) TOQTA THG KOLVOYQNOTNG
Lvnung Ty PAémovpue ouvnBmg ocov wad agtnota (bus) OV eVVeL OAES TIC RQUPES UVILES
oMV TV TUENVOV (emeEeQYAOTMOV) #aBDS naw T pvhun. ‘Oleg oL aotoyies (misses) TV
®OUDDOV PVNUOV TEQVAVE atd QUTH TV aQTHEio (%o G, dmolog BéleL »aw xoltdlel
(snoop) pmogel va tig PAEmel).

‘Omote dnoveyoipe molamhd avtiyoada g (dlag mineopoiag xot »amotog aAAGTeL
éva oo Ta avtiyoada (] To TEWTOTUI0) VM dAhoL £xouv ®at PAéovy dAha avtiyoada,
TOTE elvan oa va "mhue yvoebovtog yid pmehddes"! Avtd Loyer xor 0To vAMrd (rQUdpég
LVTLES), AL 0TO AoyLouxd (1. web browser caches), ot otV xoOnuegivi) pog Tmm (Y.
moAlol dpihol Exouvv avtiyoado tov aQliuol TNAed®vou pou oTe ®VNTA TOUG, %L EYD
aAMGCw aud Tieddvou...). Omwg xow pe ta /O DMA's xou v %Qudh uviun,
TOQOITAVM otV Goxnon 13.1, avdioyo moopAnuata epudaviCovrar xow pe g (LOLWTIRES)
UQUPES LVTUES OTOVG TTOMVETEEEQYUOTES HOLVOYONOTNG VTN,

Tnv emBuunti) cuvoyT (coherence) T€TOLMV 2EQUPMOV LVvNUWOV, dNAadT) To va fAémouv Ghol
oL emeEeQyaotés v dlo T oty B devBuvon (oxeddv) avd maoo oTiypn, TV
eEaopaiiCovv eldnd mWTONOAO OUVOYNG, oVVIOWS VAoTOMUEVO 0 VARG (XwEig va
QTORAELOVTOL ROl TTOWTOROAO O AOYLOMKO), TO ATAOVOTEQM OO TO Omoio elval Ta
TEWTOXROAA "snooping" (QUPORO(TAYUA, 1] HOTAOKOTUA), OTAV OLES OL RQUPES UVTIUES
ouvdéovtal mavw otnv (O aptnota (bus) xar moQoxolovBoUV exel "Oha TaL VEQ TNG
YELTOVLAG".
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SZuvnOmg to MEWTOROAN oUTA axolovBolv TV mohttixt "write-invalidate": 6mote évag
o0 Tovg emeEeQyaoTég YoAdeL og wd devBuvorn pvijung (tov avtiyoadd g elye 1)
déovel otV ®EUOT TOU PVNUY)), TOTE TEETEL VO OLyouevuToUue OTL avtd Ba elvor to
novadwxd avtiyoado authg g devOvvong, uetaEl OAMV TV XQUGDOV UVUDV TOU
ovotipatog. EGv Aoutdv o eneEepyaotis avtdg dev eivar oiyovpog 0t naveig GhAog dev
ExeL avtiyoado oe GAA nQUdT pviun, TOTE eival vmoyeemuévog va "poovtodpmvikel"
(broadcast) éve otV ®owvi aptneia Tt 6AoL oL dhhoL TRETEL Vo axvemeovy (invalidate)
Ta avtiypoda mov Tuyov elyav (adov meQLEXOVV TNV TAAALE, AXVQY TTAEOV, TUUT)).

Avaloya pe to mooo hemtopept| mingodogio Oélel va Ouudtal | dbe rQudh pviun yud
™V ®d0e yoauun dedopévwv g, HmoQel, o dLAPOQES TEQLTTMOELS, VAL Elval 1) va UV
elvar olyovpn »otd mdéoov umoet 1) dev pmwoel vo vrdeyovv aviiyoada g (Olog
Yoouung xon og Ghheg xQudés pviues. Ola ta mEwTOROAA EExwEITouv Y TV (e
voopuu oe moldv amd Tg €Efg toels Ttovidyloto meputtdoels ("rataotdoelc") auti)
Potoxetou:

e M (Modified): éxw aildEel (modified) To meQLEXOUEVO QVTNG TNG YOOUUNS, ®OL AQA
efpo 1 povn »EUoT wvium mov €xm avilypadd tng (dirty).

e S (Shared): éxw €ynvo avtiypado avTig TNG YOOUUNGS, alhd evoéyeTal xot AMAES
®QUDEC UVIUES VO €XOUV avTiyoado Tng, ®ou doa, Pdoel g ovpdwvias pog
"write-invalidate", To avtliygadd pou eivar "vabad" (clean), dSnhadn Oy dirty.

o I (Invalid): cvTi) M YOOUUT TG RQUOTG MOV UvAUNG elvan dxruemn, ONhadT) mTegLéyel
OoXoVTOLAL.

Ext6g amd tig Toelg mooamivm TEQUTTMOELS (RATOOTAOELS) YIG TNV ®ABe yoouut, Tov
VIAQYOVY OE OMCL TO TTQWTOROAD GUVOYTS, LEQLHE TIQWTOXOAD RQATAVE AETTOUEQEOTEQES
mAnQodoeies --EexweiCouv pia 1| d00 mEQLOCOTEQES MEQLTTMOELS (RATAOTAOELS):

o E (Exclusive): éxm éynvpo xor #0000 (clean) (not dirty) aviiyoado avtig g
YOOUUNG, %ol elpon 6iyouog OTL xapio ALY xQudTn puviun dev éxel avtiyoado g
(To. TEWTOHROAO TTOV dEV €XOUV QUTH TNV RATAOTOON, TEQIAAUPAVOUV QUTH TV
nepimtwon péoo oty xotdotoon "S").

e O (Owned): elyo aldEel TO mEQLEXOUEVO QUTNG TNG YoOuuNg (dirty), xow yu' autd
odpelhw (namote pehhovtind) va to yodym miow (write back) otn pviun, alld ev
T peTall vmdoyouv xu dAleg ®QUdES uviues ov THTnoav aviiypadd tg, ®al
Tovug €xw dwoel, doa AEN elpon ma n povy mwov éxm aviiypado (to mowtdérola
7ou OgV £€YOUV OUTH TNV ROTAOTOOY, TEQLAAUPAVOUV QUTH TNV TEQITTWON PECH
otV ratdotaon "S", ald voyeeolvToL Vo Exavayv To write back e To oL 1

TOWTY "AAAN" nQUDT uvHun pwov Ttnoe avtiyoado).

Otav wd xeuph pviun tntder vo dtafdoel ud yoouun, meodpavag Aoyw aotoyiog, ToTe,
eXTOG amd TN PviUn, ®ow OAeS oL AAAES ®QUPES Uviues axovv to aitnuoa. Edv xdmowa
AAAT) %QUOT LV EXEL TN YOOULY), OTEVOEL AVTI] TEMTN VA TNV OMOEL, TTOLV TO HAVEL 1)
pvnun: oty megimtwon Shared (1) Exclusive) avtd amotehel amii emtdyuvon, ohhd otnv
negimtwon Modified () Owned) avtd amotelet amogaitntn TEovmdbean 0pBoTNTAC, Aol
1 (xevrounn) pvhun AEN éyel tnv owoti) (Théov mpdodatn) Tium!

Aoxnon 13.3: TIpdEeis otnv Agtin, o Snooping Coherence

Oemofote dV0 emeEeQyaoTés, Toug A xal B, #al Tig avtiotouyeg WOLmTrés TOUg ®QUDES
LLVT|LES, TTOVU ETUROLVOVOUV UETAED TOUG %AL LUE TNV KEVTQLUT] TOUG UVI|UN UE WAV 0QTNOtaL
(bus). Ov A = B yonowpomorotv #aw or d00 tn petafinti ShVar, xow ovpfaivouy ta €&g
NOTA {QOVINT] GELQAL:

i. Agywd,n petafinti ShVar fotoxetal pdovo ot pviiun xow el T undév (0).

ii. O emeegyaotig A duofdatel Tnv ShVar »au xAveL VITOLOYLOUOVG [E QUTHV.
iii. O emeEepyaotnc B diafdler nt autdg thv ShVar, naw ®xAveL %L avTOG VITOAOYLOUOUS
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HE QUTHV.

iv. O eneEepynotig A extelel TV exymdEnon ShVar = 1;

v. O eneEepyaotig B Eavadiofater tnv ShVar, yid va vdvel «i GALOVG VITOAOYLOUOVG
UE QUTHV.

(a) Eédv AEN vmaoyeL mowtOROAO GUVOYTG OTNV 0LQTNOLOL ROl 0TI HQUPES UVTLES, TTOOES
1ol TOLES TTRAEELS Oa yivouv mdvew otnv aQtneia, nat og moLd amd To TOQATAvVM PrpaTa,;
(ANAod1), moLd xoudn pviun o TNTHoEL TL Atd TV REVTOLXT] LV, YLOT, %ol TTOTE;) ZT0
PHua (v), o emeEegyaotig B, pe v tp g petafinthg ShVar Ba ndvel Tovg véoug Tov
VITOAOYLOUOVG, RO YLOUT;

(b) ‘Eotw toa 611 or A zow B emxowvovoiv peta€ld tovg ®oL UE TNV xowdyonotn
UEVIQLUT] TOUG UVIUN HE TEWTOROAO snooping coherence VM OTHV 0QTNOLOL. ATOvTOTE
. mooeg na moués mediEels Ba yivouv méve otV aQTnolo, koL 0g oG Omd T
naandve Phuota; Zto PHua (v), o emegepyoaotig B, pe t tpf g petafinthc ShVar Oa
UAVEL TOVUG VEOUGS TOV UTTOAOYLOMOUGS, ROl YLOTE;

(¢) 'Eotm tha 6Tt TO oQadive 0evaglo ahhGlet, o megvapue ratevBelov amd to fhua
(ii) oto Ppa (iv), xweic va ovpPet evdidpeca 1 avdryvmon (iii) Tng ShVar amd tov B. Ze
ovTi) TV megimtmon, g Ba dradégouv peta&l Toug (1) To mEwTdRoAO cuvoyhs "MSI"
mov €xeL povo Tig notaotdoes M, S, wou I, amd (2) to mpwtdHroho ovvoyrs "MESI" mov
éxeL tig xataotdoels M, E, S, wan I;

Aoxnon 134: Instruction Scheduling: Xtotix6 (Compiler) #ou Avvouxzo
(Out-of-order Execution)

(a) Osmonote To €ENg mEOYoappa og C (V0 exywenoels Oheg ®L ONeS): "x = a+1; y = b+2;"
OmoU oL oxéQaies HETAPANTES a, b, X, not y Bolorovror oty pviun, otig devBivoelg 120,
124, 128, »au 132 avitotouya (0exadnd). Metadodote to mpdyoappa autd oe Assembly
tou MIPS ywolg "instruction scheduling", dnAadt| xwoig vo avoadiatdoete tnv HBéon twv
EVIOAMV IOV avTég €xovv "by default”, Pdoel TOV TQOYQAUUATOS.

(b) Otav to meoYyeauua (a) exteheitor oty "xhaoowxd pipeline" Tov 5 fabuidwv, Td6ooL
®0xAOL QOAOYLOU YAvovTal AMOYm ovapovmv (GAANAEEQQTHOEMV) ETOUEVWV EVTOLDV ATd
evtoréc load; Kévte tpa instruction scheduling 6mmg Ba éxave évag olyyoovog compiler,
Onhadn avadiatdEte Tig eviohéc --xmic va arldEel 1 onuoclohoyio Tov TEOYAUUOTOS,
dvomd-- oltwg mdote va v ydvovioar avtoi or ®Oixkol QOAOYLOV, oL eENyNoTe ev
ovvtoplo. yiatl emroémetan auth 1 avadldtogn xour yotl dev ydvovtar or ninhot
Q0A0YLOU.

(¢) 'Eotw thoo M €ENg magolhayf) tov mooyedupotos (a): "(*px) = (*pa)+l; (*py) =
(*pb)+2;" 6mov oL ueTaANTES pa, pb, px, ®aL py Pelorovial otovg rataywentés $12, $13,
$14, naw $15 aviiotouya, ®ou eivor OAeg TOTOV pointers o€ AreQAlOVS (GO OL AVENOELS ROl
EXYWQETOELS TOU TQOYQAUUOTOS (2) T Yivovtal otig (axégoies) AEEelg pviung 6mov
delyvouv autoi ou pointers). Metadpodote to mEOYQOoUUo outd oe Assembly tou MIPS
ywolg instruction scheduling, xou 0T oUVEYELQ ATTOVTNOTE €AV O compiler WTOQEL ®OL TMQOO
va. ®@vel instruction scheduling 6mwg oto gowtnua (b) 1| Oy EEetdote ywowotd v
TeQlmTOoT OV OL pointers px koL pb €xouv SLAPOQETIRES TIUES, HAL TNV TEQLITTWON TOY
gxouv TV (Ol T TL VITOAOYITEL TO TEOYQAUUO OtV Wa TeQ{mTTmwaon %ol T oTNV GAA;
Adol o compiler dev E€gel v Tiuf mov Ba €youv ou pointers Otav Ba exteleiton TO
TEOYQOLULOL, ETUTOETETOL VO ®AVEL instruction scheduling 6mwg oto (b);

(d) 'Eotw 6t exteholpe to medyoappua (c), mov éxet yiver compiled avayraotind ywoig
instruction scheduling 6mwg elmaue oto (c), oe £vav eneEepyaoti) pipelined, pe out-of-order
execution, ®xoL 0TL 0TO 1% TOV TEQLTTMOOEWMYV TOV TO EXTELOUVLE OL pointers px %ol pb £xouv
{on Ty, eved otig vdhouteg 99% Twv mEQUTTMOEWVY £xouv dlapogeTixt] Tiur. Metd v
OMTY €VTOAY] load, 1 evtolt] addi mpémer va meguuével péyol va EABouv to deopéva Tov

http://www.ics.forth.gr/~kateveni/225/13a/ex13_coher_advProc.html Page 4 of 5



Exercise 13: Coherence, Advanced Processors (U.Crete, CS-225) 13-06-05 02:08

Yoeldletal amd T UVAUN, ®OL 1] EVIOA] store TIOETEL ETWONG VO TEQLUEVEL UEYQOL VO
voloyotel To (*pa)+1. Opwg, 1 eduevn evrohd load, TOTE VITOYEEOVTOL VO TEQLUEVEL RO
7OTe Wroel vo exteleotel aveEdptnta; @uunbeite 6TL M ®GOe evroli) meouuévet MONON
otav eEaQTdtol artd ®ATTOLY, TEONYOUUEVT] TG TTov Oev €xel PydAel N ®AVEL ardUa TO
amotéleopa mov yeewolopaote. Edm, N emduev load amtd poldv moonyotuevn Wioeel va.
eEaptdtan, ®or vd mold mEOoUTOOeo Ba vmdgyel dvtws avti) N eEdotnon; Ilog to
hardware 8o metiyeL va ®dvel To 10odVVOIO TOV instruction scheduling mov o compiler dev
pwroQovoe va xavel, 1600 ovyva Ba ydvetor xodvog AOym alinieEaQTioemv ®at OGO
ovyva dev Ba ydvetal;

Aoxnon 13.5: IMolvvnudtmon (Multithreading)

"Eotw évag eneEepyaotilc pe multithreading mov €yl 900 vijpota 6To vVMxO Tov, To A %o
To B. Anhadi], (oeddV) Oha 0TOV eMeEEQYOOTI] AUTOV Elval OIS ®aL O EVOV RAVOVIKO,
entog amd to ot éxelt AYO natayxwontés PC, tov PCA xaw tov PCB, nair AYO agyela
noToywENT®V, To RFA %ow to RFB. O PCA dglyvel otnv emOUevT] EVIOA OV TQETEL VOl
exteleotel amd 1o MEOYQOUUO. A, xoL To RFA meQLEXEL TNV TEEXOUCO T TWV
LOTOYWENTOV TOU TEOYApUaTog A. O PCB delyvel otV €OUEVY] EVIOAT] TTOU TQETEL VO
exteleotel amd To mEoOyQappo B, nor to RFB meguéyer tqv TtEéxouco Tuu TMV
NOTOYWENTMOV TOV TROY&UuaTOS B.

e ndmolo oLy, ®oL VO O eMEEEQYOOTNG HOG EXTENEL EVTOAEG TOV TQOYQAUUOTOS A
(xonowpomowwvtag tov PCA %ot to RFA), wd eviol) load mpoxadel duotuyws aotoyia
HQUOPTC UVIIUNG, HOL TTQETEL VOL TTALE OTNV KEVIQLXY] LV, TQAYUO TTOU B0l Lag ®OOTIOEL
mty. 100 nOixhovg goloywot (oe avti) Tnv doxnon). XAglg oto instruction scheduling oo
tov compiler, ot xGQlg otnv out-of-order-execution pipeline, o emeEepyaotig Poioxel
¥ONOLUES evTohés va exteléoel (oL omoleg mpodpavirg AEN yoeidlovtar ta data tng load
mov rabuvotegel), now oL omoleg Bo nQATNOOUV (TOQAYWYWHA) OTAOYOANUEVO TOV
emeEeQyo ot Yid 10 amd avtoig Toug 100 »ixhovs avapovig.

(a) Edv o eneEegyaotig dev eiyxe multihtreading, méooL winhot goloylot Ba yévoviav oe
oVt TO 0EVAQLO;

Emeldn) 6pmg o emeEegyaoths pag éyel mulithreading, pe 1o mwov SLOTMOTMOVEL OTL 1) EVTIOAT
load Tou vijpatog A mooxahel aotoyia, 0Qyilel va dpégvel (fetch) eviolég péow tov PCB --
Q0 TOV TEOYEAUUATOS B-- nat va Tig extelel XONOLLOTOLOVTAS TOUS RaTtawenTtés RFB,
PEYOL VO OUTOVTINOEL 1] REVTOWN Uviun otnv aotoyio tng load tou A, omdte nou
Eavayvoilet o emeEeQyaoTig 0TV EXTELEDT) EVTOLDV OTTO TO VIO A.

(b) To vijpo (TEoYEauua) A Teéxel O Yo YoEa (08 AMyOTEQO YOVO) TMQO OV VITAQYEL
multithreading ot 0,TL TOLV 7TOU dEV VITNQYE;

‘Oumg, (¢) Thea ov éxovpe multithreading, wdooL xxAoL gohoylot Ha xabov "cuvolxd"
0TO TAQATAVW® OEVAQLO; "Zvvolnd yapuévol" winhol onuaivel *OXAOL TOU TLOTA YO OLUO
0ev ROy W& --00TE EVIOAES TOV VIUATOS A, 0Ute evtolég Tov vijuatog B. YmoBéote ot
To viuo B elvor Tuyeo, ot teéyet yid 100 (tovAdyioto) xinhovg ywelig vo tov cupufel
nopio aotoyia Te QUG Pviune.
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