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Ye1pd Aoxioesov 14:
Yuvoyn (Coherence) Kovpmv Mvnuov,
Iooymoenuévolr EneEepyaotés
(Out-of-Order, Superscalar, Multithreading, Multicores)

[MpoBeopia: éwg Za. 7 lovviov 2014, (B6.F) moa 23:59 (1apdd. on-line) (amd 3S. 13)
Brio (EMMvInO, éxdoon 4) - duafdote Ta €ENg, nou e Toug €Efg ToOToVG:

e Zuyvoyt (Coherence) Koupamrv Mvnudv - oehideg 623-628 (§ 5.8): dafdote tig navovind,
aroTEAOUV PEQOG TN eEeTaoTENS VANG.

e [Tagailniio Emmédov Evtoing (ILP) - EmeEeoyootés pe mooywonuéves Hoodég
opoyelpiog (out-of-order execution, VLIW, superscalar) - oelideg 456-471 (§ 4.10): dwapdote
TIG XOVOVIXA, ATTOTEAOVV PéQOG TG eEeTaoténg UANG.

e TTohvvnudtwon (Multithreading) - oelideg 754-758 (§ 7.5): duaPdote TIg Ravovrd,
amotehoUV PéQOg T eEeTaoTténs UANG.

e TTohumognvor EmeEegyaotéc (Multicores) (§ 1.6): oehideg 76-79.

e TTohvemeEeQyaotés nowvoxoNoTg uviung (shared memory) (§ 7.3): oehideg 746-747
TQOCERTIRA, ®OL OeMidES T48-749 b yoTyoQQ.

o [TolvemeEepyaotés pe petafifacn pnvoudtov (message passing) %Ol GUOTOLY(ES
(clusters) (§ 7.4): oelideg 749-750 emi TQOY ANV, naw oelideg 751-754 eyrunhommoLdind.

e Ao Bépato magaiiniopot - SIMD, MIMD, Vector, GPU - § 7.6 »nouw 7.7 (ogh. 758-
773): MQOOUQETHA - eyrURAOTIOLOLRE (ONUavTIrd Bépata Yid TEQULTEQM TTQOCMIUXKT] OO
HEAETY), alhd exTOG UANG avToL TOU pOBNUaTOS).

Aoxnon 14.1: DMA za Xvvoy Kevons-Kvguag Mvijung

2 éva ovotnuo Omov yivovtar petadooés DMA mpémer va Avbel to mooPinua tng
ovvoyNg ®QUONG raw xvELog Pviung (medPAnuo Cache Coherence). Ae{Ete mold eivar o
TEOPANpO avtd, nAvoviag ta eEig. Zyxedidote (i) TOv emeEeQyaoTi] HE THV ®QUPT| TOV
puviien, n omoio. ouvdéetar oty agtneic (Aewdogo - bus) pviunc-E/E, (i) v »lowa
pviun, ouvoedepévn oty e aptnolo, ko (iii) pla ovorev] E/E pe pnyaviopd DMA,
ouvdedepuévn otnv (dla opTNEia.

(o) OemENOTE TNV TEQLPEQELONT] CUOKEVT] OOV GUOKREVT) ELOOOOV, %ol BewEToTE OTL AVTH
petapéoel péow DMA véo dedopéva e0000u oe Aol meQLoyn OlevBuvoewv atnv
w0l pviipn. Metd t) MEN Tng petadodc, To TQOYQOUUO TTOV TOEYEL OTOV EMESEQYAOT)
B¢éleL va dwafdoel (uéow load) to véa dedopéva eloddov amd thv megLoyn OevBivoewv
otV ®ooLa pviun 0mov avtd €xovv tomobetnOel amd to DMA. Ze mowa megimtwon Oa
dafdoer to cwotd véa dedouéva, nou oe mola meQimtmwon Ba daPdoer havBoouéveg
TIONOLLES TLUEG;

(P) Oewonote v meQLpeQeLant] cvonevt) oav cvoxeut] €E6dov, xal Bewenote OTL TO
TOOYQOUUOL TTOU TEEYEL OTOV EMEEEQYOTT TTAEAYEL PeQurd VEa dedouéva Ta omola YoddeL
(Léow store) o€ OQLOUEVT TTEQLOYT) OLEVOVVOEMV UVI|UNG, ROL TO OTIOlCL 0T oUVEYELD OENeL
va. oteiher oty megupepetaxt] ovoxevt]. & 10 ogromd avtd, 1o AeLtovEYrRd CVOTNUA
Eenwvdel pia petadod DMA amd v mapamdve meguoyn devdivoewv »igLag uviung
700G TN ovoxevt) eE6d0v. "Eotm 6t 1 ®oudf) pvhun tov eneEegyaoti| elvor TOmov write
through, OnAad1], wg yYvwotdv, xabe TL oV YRAdEL 0 emeEeQYAOTIIC 08 QUTHV, AVTH] TO
voddel apéomg not oty ®ULo pviun. YU avtég Tig ouvOTnues, Vmdoyel meQimtwon va
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dtdoovv Aabog (akand) dedouéva ot cvorevn eEddov; Nt Oy,

() "Eotw 1o 6Tt 010 ototnua (B) 1 ®oudh pviun elvor tmov write back, dnhadf dev
vYoadeL apéoms oty ®vOQLor pviun »dBe alhayi Tiung (eyyoadm vEag TLUNG) OV HAVEL O
emeEeQY0OTNG, alld To Yoddel apydTeQa, OTav To block dmov €yive 1 ahhayf] TQEMEL VaL
avrrataotadel oty ®euot pviun amd diho block. Yo' avtég g ouvOixes, oe mola
negimtwon Ba xatalEovv to omotd véa dedouéva ot cuoxrevT) eE600V, ®OL OF TOLOL
niegimtwon Ba ratalnEovv exel AavOaouEVeS TOAALES TUIES;

ADogLg 0T0 TEOPANO TG CUVOYNS ®QUPTS ®oL ®DQLOG UV UG vEdoyovv "uecofECinec",
pe exdimEn (flush) oehMdwv amd v ®EudH pviun (dvoxolo 1 xeovoPdo) N He xofon
oeMOWV OV 1 RQUOT PvhHUN avaryvmiler xal dev xeatd (non-cacheable pages) (UeldVeL
™y emidoon tov emeEeQyaoti), N "oulixéc", pe xoNomn evog mEWTOROALOU OUVOYNS
AQUPDV UVNIDV OOV AUTE TTOU YO1NOLUOTOLOVUV Ol TOAVETEEEQYOOTES HOLVOYXQNOTNG

pvnung (shared-memory multiprocessors).
14.2: Xuvoyi (Coherence) Koupav Mvnuov - Snooping

Ov  molvemeEeQyootés  nowoyenotnsg uviung (shared memory  multiprocessors)
oroteleoVvTOoL amtd TOMATAOUG emeEeQyaoTés mov OAoL "PAEmOUV" d ®owvi pvhum,
HECW TNG OMO(OG EMHROLVOVOUV HETAED TOVG %Al UITOQOUV va. ouvegydtovtal (). otav
exteholv éva mogdiinio medyooppa). H emxowvwvia tovg moorlsmrer Otav €vag
emeEeQYAOTNG YOAPEL HATTOLL VEQ ATTOTELEOUOTO 08 0QLOMEVES DEONG TNG ROLVIG UVAUNG,
now £vog 1 meguoodteQol GhAol emeEeyaotés dafatovy avtés Tig véeg TLuég amd exelveg
TG Béoelg pviung —xdtL mov Bupiler 0ErETA ®aL TNV EMHOVOVIOL UE TLS OUOREVES
eLlo6d0v/eE6O0V. OL O ovyvol TETOLoL TOAVETEEEQYAOTESG ONUEQOL ELVOL OL TTOAVTTVQNVOL
emeEeQyaotéc (multicore processors), oV €xouv TOMATAOUG TVENVES (cores) —ONAaOT
emeEeQy00Téc— OMoVS péoa 0To idLo chip.

Eme1d1) ou pvipeg elvor ovvifwg povomoetes (Yid va unv xootiCouvv o), Oa fitav mwol
0QY0 €dv OMOL OL emeEeQyaotéc O €va TETOLO OVOTNUA €QYATOVTOV OUVEXWDS UE TNV
(wovadwh) mépTa ™E) wa(g) xowvdyonot(s) wwnun(g). Avt oavtol, Aouwtdv, o xnaOe
emeEeQYOoTNG €xeL TNV duxt] TOv "WOLWTHT" (private) ®QUOT) Lvin, ROl LOVOV OL ALOTOYIES
QUTOV TV XRQUOGDOV PVNUOV (TIoV elvol %ol OTOVIDTEQES) TNydivouy othv (Lovadixi)
OQTO TNG) ®OWVOXENOTN(S) PvIUN(S). Avthy TV (Lovadint)) TOETA TNG ROLVOYENOTNG
Lvnung tThv PAémovpe ouvhOmg cov ud 0QTnota (bus) OV EVAOVEL OAES TIG HQUPES [LVTLES
oAV TV TVENVWV (eTeEEQY00TMV) RaBhs %o T pviuy. Oheg oL aotoyieg (misses) TV
HQUPDV UVNUOV TEQVAVE amd OUTH TNV 0QTNote (koL GQa, 6molog BEAeL xat xottdlel
(snoop) uiwogel va. Tig PAETEL).

‘Onote dnoveyoipe molMarhd aviyoada g idtag mnopoiag xan xamolog ahhalel
éva oo To avtiyoada (1) To TEMTATUTO) eV dAlOL Exouv now BAEémouv dila avityoada,
tote elvar oo vo "myaivoupe yvoevoviag Yo umelddec"! Autd LoyvEL xaL 0To VRO
(nQUbEC pviueg), naL 0to Aoylouxrd (.. web browser caches), zoL 0TNV ®oOMNUEQLVT] HaG
Con (m.y. mohhol ¢pilot éxovv aviiyoado tou apot ThAedpdvou pHov ata ®vnTd Tovg,
%L YD aAAGTm aQldud miedpdvou...). Omwg xou pe to /O DMA's ®oL TV ®Qudt uviun,
noandvem oty doxnon 14.1, avaroyo mpofinuata eppaviCovior xou pe Tig (LOLWTIKES)
NQUPES UVIUES OTOVG TTOAVETIEEEQYALOTES ROLVOYONOTNG UVTUNG.

Tnv emBuunti] ouvoy™ (coherence) TETOLWV RQUPDOV VUMV, dNAadi To va PAEmovv OAoL
oL emeEeQyootéc v O Tip) oty (O dievBuvon (oxeddv) avd maoo otiyun, TV
eEaopaiifovv eldind mEwTONOAO oUVOYNS, cuvNOWS viomomuéva og vAMrd (wels va
QTOrAELOVTOL ROl TTQWTOROAO Of AOYLOoMxrO), Ta amhooTEQO amtd T oMol elval T
TEWTOROAM "snooping" (rQUPOKRO(TAYUQ, 1) HATAOKROTIA), OTAV OAES OL RQUOESG UVIUES
ovvdéovtal mhvm oty dto agtnoia (bus) ral moQaxohovBolv exel "Oha ToL VEQ TNG
VELTOVLAG" .
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ZuviiBwg o TEWTOROAA auTd axohovBolV TNV moltixy] "write-invalidate": 6mote évog
otd Tovg emeEeQy0oTéS YoAdEL og b dedBuvon pviung (oov aviiyoadd thg elxe M
dEQveL otV %nEVPN TOU pviun), TOTE TEEMEL VO otyovpevtolpe 6t avtd Ba eival To
povadxd avtiyoado oauthg tmg devbuvong, petaEld OAwV TV RQUGOV PVHUOV TOU
ovotiuatogs. EGv Aoutdv o emeEepyaoths autdg dev eivan oiyovog 6t raveig dilog dev
éxeL avtiyoado og GAAN xQud™ pviur, tote elvar voyeewpévos va "PooviodpwvdEel”
(broadcast) éve otV ®owvi] agtneia 6TL 6Aot oL dAlol mpémel vo. arvemoeovy (invalidate)
To avtiypada mov Tuyov elyov (adov meQLEYOVV TNV TAAOLE, AXVEY) TTAEOV, TUU)).

Avahoya pe to m6oo AemropeQt] minoodogia O€heL va Bupdton 1 ®a0e noudT pviiun Yl
™V ®dBe yoauun dedopévwv g, WtoQel, o€ dLAPOQES TEQUITTMOELS, VO elval 1) va unv
elvar olyovpn »otd mdéocov wmopetl 1) 0ev WimoQel va vmdyovv avtiyoodo tng dlog
voapuns xon o Ghheg noudpéc pviues. Ola to mowTdORO O EgxwEiCovv yid TV %AOe
yoouuf oe mowdv amd Tig €ENg Tels TouAdyloTto TEQLITTMOELS ("HOTAOTAOELS") QUTH)
Potoxetau:

e M (Modified): éyw arrdEel (modified) To mEQLEXOUEVO AUTIG TNG YOOULUUNG, ROl GQOL
elpa 1 povn 2QUdT puvhum mov €xm aviiyoado g (dirty).

e S (Shared): éxw €ynvo avtiyoado auTig ™S YOOUUNGS, OALG evOEyeTaL naL GAAES
HOVPEC UVAUES VO EXOUV avTiyoadd NG, ®aL GQa, PAOEL TG OVUPOVINS MOG
"write-invalidate", To aviiypado pov etvar "vabad" (clean), dnhadn oy dirty.

e I (Invalid): cvTi) N YQOUUN TNG ®QUPTS LoV pviiung elvar dxver), ONradi) meoléyel
onouTioLaL.

Extog amd 15 TEElg ToQaTAvVMD TEQUITTMOELS (ROTAOTAOELS) YA TNV ®A0E yoouuy, Tou
VIAQYOVYV O€ OAOL TOL TIQWTOROAD GUVOYTG, LEQILAL TIOWTOROAO RQOATAVE AETTOUEQEDTTEQES
m\npodopies —EexwoiCouv pia 1) dV0 TEQLOCOTEQES TEQUTTMOELS (ROTUOTATELS):

o E (Exclusive): éym &ynvoo nou 20006 (clean) (not dirty) avtiygoado avifg g
YOQOLUUNG, %ol elpon 0iyouQog OTL xapulior GAAY ®QUdT) pvijun 0ev €xel avtiyoado g
(to. TEWTOHROAO OV dEV £XOUV OUTY TNV RATACTAOY, TEQLAAUPdvouV avti) Thv
nepimtmon péoo oty notdotoon "S").

e O (Owned): elyo ahhdEel TO mEQLEXOUEVO QUTNS THG Yoauung (dirty), xow yi' avtd
odpethw (nAmote peAhovTivd) va to yodypw miow (write back) otn pviun, aAld ev
T petall vmdoyouv ®L GAleg nQUPES uviueg mov Ctnoov avtiyeado Tng, ®ot
ToUg £Yxw dwoeL, doa AEN eipot ud n pdvn mov €xw ovtiyoado (ta memTonoia
mou dev €Youv auTi] TNV ROTAOCTAOT, TEQLAAUPAVOUY auTY| TNV TegimTwon péoa
otV ratdotaon "S", alld vmoyeeolvtor vo éxavayv to write back pe To mov

ToMTN "dAAN" nQUPN pviun pov Lhtnoe aviiyoado).

Otav wé xeuph uvijun Tntder va drofdoet wd yoouu, mpopavag Adym aotoyiag, Tote,
exTOg amd T pviur, ®ou OAeS ou dAhes ®QUPES pvhueg axolv to aitnua. Edv xdmowa
AMAT) ®QUPTN PV EXEL TN YOOLUUY|, OTTEVOEL QLUTH] TEMTY VO TNV OMOEL, TIQLV TO KAVEL 1
pviun: oty mepimtwon Shared (1) Exclusive) avtd amotelel amh) emtdyvvor, ahld oty
negimtwon Modified (] Owned) owtd amotehel amogaitnn mpovndOeorn 0pboT TG, Adov
N (xevrowrn) pvhun AEN éyel v owoth (théov mpdodatn) tuur!

Aoxnon 14.3: IlpdEeig otnv Agtyoia, o Snooping Coherence

Bewenote dVo eneEepyaotés, Toug A xau B, xou 115 aviiotoryes Wiwtinéc Tovg xoudég
LV LES, TTOU ETUXOLVOVOUV HETOED TOUG %AL UE TNV KEVTOLXT] TOUG UVHUN UE LAV 0QThoia
(bus). Ot A za B yonowpomortotv xat ot 00 ™) petaPinth ShVar, xau cvpPaivouv ta e&ng
NOTA (QOVIXT) CELQAL:

i. Agyd, n petaPAnth ShVar foioxetar povo ot pvijun xow €xel Tuui unoév (0).

ii. O emeEegyaotig A duafdlel Thv ShVar nal ®AveL VTOAOYLOUOUG HE AUTHV.
iii. O emeEegyaothc B duafdler xi autds v ShVar, row ®AveL ®t auTtdS VTOAOYLOUOTS
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UE QUTAV.

iv. O emeEepyoothc A exntehel TNV exymonon ShVar = 1;

v. O ene€epyaotiig B Eavadiofatel v ShVar, Y14 va xdveL xL AAAOUG VITOAOYLONOTS
HE aquTV.

(o) Eédv AEN vrdioyel momTOrnoAo ouvoyfg OTNV 0QTNOL0 RO OTLS XQUDES UVTUES, TTOOES
1O TTOLES TTRAEELS Ol Yivouv Tdvm oty aTnia, ®oL 0€ TOoLd oo T TAQATAV™ Prinota;
(ANhod1, moLd ®oudT pviun o TNTHOEL TL OTTd TNV REVIQLXT] WV, YLOLTE, R TTOTE;) ZTO
Phpo (v), o emeEegyaothg B, ue Tv tun g petafintig ShVar Ba xdvel toug véoug tou
VIOAOYLOMOVG, RO YLOLTL;

(B) ‘Eotw toa 61t o A xou B gmnowvovolv PeTa&D Toug ®oL PE TV %0wdyonotn
UEVIQLUT] TOUG UVIIUN HE TTQWTOROAO snooping coherence mévm otnv 0QTneio. Amovtiote
ik O0ES oL TOLES TmRAEELS Oo yivouv mdved otnv aQtneio, xoL o€ mold oo T
TOQATTAVM Prpata; Zto Bripa (v), o emeEegyaotiic B, pe tu tuf g petaffintig ShVar Oa
NAVEL TOVUG VEOUG TOV VITOAOYLOMOUGS, RO YLOTE;

(y) "Eoto thoa 611 10 ogamdvem 0evaolo ahhalet, xon megvape xatevdeioy oo to o
(i) oto Prua (iv), xweic va ovpPet evdidueoa n avayvwon (iii) tTng ShVar and tov B. e
ovth TV megimtwon, g Ba dapégouv petakd toug (1) To mewTdxRoho ovvoyng "MSI"
mov €yeL povo T rataotdoes M, S, xai I, and (2) to momtdnoro cuvoyic "MESI" mou
éxel tig xataotdoeis M, E, S, nat I;

Aoxnon 14.4: Instruction Scheduling:
Yratzo (Compiler) zonw Avvapixo (Out-of-order Execution)

(o) Oewonote to eEfg mEodyoappa og C (800 exywEnoels Oheg L OAeS): "x = a+1; y = b+2;"
Omov oL axégateg PETAPANTEGS a, b, x, naw y Poloxoval ot pviun, otig dievbivoelg 120,
124, 128, now 132 avrtiotorya (dexadind). Metadpdote 10 mpoyQopupuo avtd oe Assembly
tou MIPS ywolg "instruction scheduling”, dnhadi ywolg va avadiatdoete v Béon TV
EVIOADV 7OV avTég €xovv "by default”, fdoel Tov mpoypdppatoc.

(B) Otav to meodyQaupe (o) exteheitan oty "xhaoown pipeline" Twv 5 faduidwv, Td6oOL
©0%AOL QOAOYLOU YAvOoVTaL MOY® AvOUOVOV (AAANAEEQQTNOEMY) ETOUEVOIV EVTOADV OTTO
evtohéc load; Kévte tdoa instruction scheduling 6mng Oa éxave évag ovyyovog compiler,
Onhadn avadiotdEte TG eviolés —xweig vo aAldEel 1 onpooLlohoyio TOv TQOYQALIATOG,
dvowmd— ovTwg MOTE va pnv YAavovial autol oL xrUxhoL Qoroylol, xoL eEnyfote ev
ovvropio. yatt emtoémeton avth 1 avadldtagn zol yiott dev ydvovror or xixlot
QOA0YLOV.

(v) ‘Eoto tdea n e&ilg magahhayh tov mooyodupatog (a): "(*px) = (*paj+l; (*py) =
(*pb)+2;" 6mov oL petaPANTéS pa, pb, px, naL py Beiorovror otovg notayxwentéc $12, $13,
$14, nou $15 avriotouya, xaw givor OAes TOTOU pointers 0€ axeQOIOVS (GO OL AVENOELS %Ol
exYWENOELS TOV TROYOAUPOTOS (a) TMEO Yivovtow otig (axéQaues) AEEelg pviung 6mov
delyvouv autoi oL pointers). Metadpodote to mEOYQOUUO outd o€ Assembly tov MIPS
¥wolg instruction scheduling, xaw 0T oVVEYELDO OTTOVTHOTE €AV O compiler LmoEel xaL TMEA
va xdvel instruction scheduling 6mwg oto egpwtnua (B) 1 Oyl EEetdote ymwoiotd v
TeQ(mTWoN OV oL pointers px koL pb €OUV OLOPOQETIHES TUHES, ®OL TNV TEQ(TTWON TOU
Exouv TNV (Ota TLur): TL VITOAOYITEL TO TEOYQAUUA OTNV W TEQITTMWON ®oL TL otV GAAN;
Aol o compiler dev Eépel tnv Tiuf mwov Oa €yovv ou pointers 6tav Qo exteleital To
TOOYQUUL, ETUTOETETOL VO ®AVEL instruction scheduling 6w oto (B);

() 'Eotw 011 extelolpe to mpdyooupo (), mov éxel yiver compiled avayrootxd xmolg
instruction scheduling 6mwg etmope oto (Y), o€ évav eneEepyaoti] pipelined, pe out-of-order
(000) execution, %ot OTL 0TO0 1% TWV TEQUITMOEWV TTOV TO EXTEAOVE OL pointers px xoL pb
Exouv (oM TLUN, EVA 0TIS VITOAOLTES 99% TV TEQLTTMOEMV £XOUV dLadpooeTIrt TLur). Metd
™V ety eviolt| load, 1 evtolf) addi mpémel va meQLuével péyol va EABouvv ta dedouéva
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OV YQELGLeTaL OO TN UV, ROL 1] EVTOAT| store TQETEL EMONG VO TEQLUEVEL UEYQL VO
vohoytotel to (¥pa)+1. Opwe, 1 emduevn eviohd load, mdte vmoyEeoDTOL VO TEQLUEVEL
nouw ote UoQel va exteheotel aveEdgtnta; Ouunbeite Ot o' évav emeEeQyaoTi) ue
eEXTELEON 000, 1) ®GAOE EVIOAT| TEQLUEVEL UOVOV OTAV EEAQTATAL OTTO RATOLL TTQONYOUUEVT
™G mou dev &xel Pydher 1| wdver axdua to amotéhecua mwov yeewlopoote. Edm, m
emopuevy load amd poldv moonyoluevn pmoet va eEagtdtal, xou vId oL TEOVTOOEDM
Ba vraEyer Ovimg auth 1 eEdotnon; Ilog to hardware Ba meTOYEL Vo vdvel TO L0OVVOUO
Tov instruction scheduling wov o compiler dev pwrogotoe va ndvel; [16co ovyva Ba ydvetor
%0O6vOos AOYw aAAnieEaQTthoemv xou 1Oc0 cuyvd dev Ba ydavetal,

Aoxnon 14.5: Iolvvnuatmon (Multithreading)

"Eotw évag eneegyaotic pe multithreading wov €yel d00 vipota 0To vMxd Tov, To A %ol
to B. Anhadi), (oxedoV) Oha 0TOV eMEEEQYAOTN AVTOV €lval OIS 1AL G' VAV ®AVOVIRO,
extOg amd 1o OTL €xeL o notaywentés PC, tov PCA »aw tov PCB, xow dvo ogyela
naTayweNT®v, 1o RFA #aw to RFB. O PCA &¢iyvel otnv emduevn €viol] Tov JQETEL VAL
exteleotel amd 1o TmEOYoauua A, nar to RFA mepoléyxer tnv 1oéyovod Tip T®V
1OTOYWENTOV TOV TROYeAUUaTtog A. O PCB deiyvel otnv eOUeEVY EVIOA IOV TIQETEL VAL
exteleotel amd To mEoOYyQapuo B, nal to RFB meguéyelr tqv TEéYOULCO T TV
ROTOYWONTOV TOV TROYQAUUATOS B.

e ®AmoLo OTLYpY], ROl EVOD O eMEEEQYAOTNG HOG EXTELEl EVIOAES TOV TQOYQAUUATOS A
(xonowomowmvtag tov PCA ot to RFA), wd eviol] load mporohel dvotvymg aotoyio
NQUPTNG UVIIUNG, HOL TIQETEL VAL TIAUE OTNV REVTOLKT] LV, TTQAYUA 7OV Ba pog ®0oTioEL
7y 80 ®OrAovg QoroyLot (og ot TV doxnnomn). XAl oto instruction scheduling amd Ttov
compiler, xau ydotg otnv out-of-order-execution pipeline, o emeEeQyaotic Poloxel xoNoLUeS
eviohéc va extehéoer (ov omoiegc moopavmg AEN yoeidlovtal ta data tng load movu
©00v0oTEQEL), ®OL OL 0TTOlES OO ®QEATNOOVV (FTOQAYWYIHA) ATTOOYOAUEVO TOV EMEEEQYOOTH)
Yé 8 a6 avtoig Toug 80 ®Urhovug avapovig.

() Edv o emeEegyaotrg Oev elye multihtreading, técoL »Oxhot goroyol Ba xévoviav oe
ovtd TO 0EVAQLO;

Emewdn] 6pmg o emeEegyaotis pag €xel mulithreading, pe 1o mov dtammotdver OTL 1) EVTOAT
load Tou vijuatog A mpoxahel aotoyia, aQyitel va pégvel (fetch) evrorés péow tov PCB —
Q0 TOV TROYEAUNOTOS B— nou va Tig entelel xonolpomoldvTag Tovg rotoymwentéc RFB,
PEYOL VO OUTOVTIOEL 1) HEVIQWKY] Uvhun othv aotoyia thg load touv A, omdte naL
Eavayvilel o emeEeQyaoTic 0TV EXTELEOT] EVIOADV OITO TO VIO A.

(P) To viua (edyoappa) A Teéyel b yoNyood (o€ AMyOTEQO XQOVO) TMEO TOV VITAQYEL
multithreading ot 6,TL 7TOLY WOV dEV VT OYXE;

Opwg, (y) thoa mov éyovne multithreading, mécoL ®Oxhov Qoroyot Oa yxaboliv
"oUVOMXA" OTO TOQOITAVM OEVAQLO; "Zvvolnd youévol" xOxlol onuaiver ®OnAoL Tou
timota ¥ENoLo dev TEOYWEA —01TE EVIOLES TOU VI|UOTOS A, 0UTE EVTOAES TOV VILLOTOS B.
Ymo0Oéote 6tL to vijua B elvar Tuyepo, nat teéyel yud 80 (touhdyloto) #0rAOVS Y meig va.

Tov oVUPEl ®apia aoToyio TG ®QUPTS UviUNG.
Toomog Iapadoong

MMapadmnote Tig amavinoels oag on-line, o poodi PDF (uovov) (umoet va elval netpevo
PNYOVOYQOPNUEVO T)/naL "OrAVOQLOUEVO" %eROYQOdO, aAlG uovov oe poedi PDF).
[Mogodmote péow submit ex14@hy225 [directoryName] é&va oQyelo ovouoti
ex14.pdf OoU Oa TEQLEYEL TIG OLTTALVTTOELS OOC.
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