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Ye1pd Aoxiocsov 14:
Yuvoyn) (Coherence) Kovpov Mvyuov,
IMooymoenuévolr EneEegyaotés
(Out-of-Order, Superscalar, Multithreading, Multicores)

[oo0eopia: g IMagaonevh 29 Maiov 2015, doa 23:59 (BS. F)
Biprio (EAMvIrO, éndoom 4) - duafdote ta eEfg, ot e Toug €ENg TEOTOVC:

e >uvoyt (Coherence) Koudpmdv Mvnuov - oehideg 623-628 (§ 5.8): drafdote tig novovird,
aoTELOUV PEQOG TS eEETaOTENS VANG.

o [Tagailniio Emnédov Evtoing (ILP) - EmeEeoyootéc pe mooywonuéves Hoodég
opoyelpiog (out-of-order execution, VLIW, superscalar) - oglideg 456-471 (§ 4.10): dwafdote
TIG HOVOVIXA, OTTOTELOVYV PEQOG TG EeTaoTéns UANG.

e TTohvvnudtwon (Multithreading) - oelideg 754-758 (§ 7.5): dwafdote Tig Ravovird,
aroTEAOUV PéQOG TG eEeTaoTéNS VANG.

e [Tolvmbonvol EneEegyaotég (Multicores) (§ 1.6): oehideg 76-79.

e TTolvemeEepyaotés xowvoyonome wvnung (shared memory) (§ 7.3): oehideg 746-747
TOOERTINA, ®OL 0eMideS 748-749 b yoryoQa.

o [TolvemeEepyaotéc pe petafPipacn pnvvudtov (message passing) %ol GUOTOLY(ES
(clusters) (§ 7.4): oehideg 749-750 emi 1Oy ANV, naw oelideg 751-754 eyrunhomoudind.

e Al Oépata agaiinhopot - SIMD, MIMD, Vector, GPU - § 7.6 »ow 7.7 (ogh. 758-
773): mQOoQETHA - eyrURAOTIOUOE (ONpavTIrRd O€uata Yid TeQaUTéQW TEOCMIIXT] OO
HeLETT), allG exTOC UANG avTtoD Tov podfuatog).

Aoxnon 14.1: DMA za Xvvoy Kevons-Kvguag Mvijung

2 éva ovotnuo 6mov yivovtal petapooés DMA mpémer va Avbel 1o mooPinua g
ouvoyis nEUPTS xow ®OoLag uviipng (eoPAinuo Cache Coherence). AelEte mold eivan to
ORI avtd, nAvoviag ta eENg. Zyxedidote (1) TOV emeEeQyaoTi] HE THY ®QUPT TOV
uviiun, n omoio. ouvdéetar oty agtneic (Aewdogo - bus) pviunc-E/E, (i) v »lowa
pviun, ouvoedepévn oty Oua aptnolo, xou (iii) pla ovoxrev] E/E pe pnyaviopd DMA,
ovvdedepévn otnv (dla o TNl

(o) OemENOTE TNV TEQLPEQELONT] CUOKEVT] OOV GUOKREVT) ELOOOOV, %ol BewET)oTe OTL AVTH
petapéoel péow DMA véo dedopéva €o0000u oe Aol meQLoyTn OlevBuvoemv atnv
w0l pvipn. Metd t) MEN TN petadodc, To TOOYQOUO TTOV TOEYEL OTOV EMEEEQYAOTH
BéleL va dwafdoel (uéow load) to véa dedopéva eloddov amd thv meQLoyn OevBivoewv
otV ool pviun 0mmov avtd €xovv tomobetnOel amd To DMA. Ze mowa megimtwon Oa
dafPdoer to cwotd véa dedouéva, nor o mowa megimtwon Ba daPdoel havBoaouéveg
TIOMOLLES TLUEG;

(P) Oewonote v meQLpeQelant] cvoxevt] oav cvoxeut] €E6dov, xal Bewenote OTL TO
TEOYQULLLOL TTOV TOEYEL OTOV EMEEEQYAOTH] TTALQAYEL peQUd vEa dedouéva Ta omota Yoddel
(Léow store) o€ OQLOUEVT TTEQLOYT] OLEVOVVOEMV UVI|UNG, XOL TO OTIOlCL 0T oUVEYELD OEleL
va. oteiher oty megupepetaxt] ovoxevt]. & 1o ogromd avtd, 1o AettovEyrd oVOTNUA
Eenwvdel pia petadood DMA amd v mapamdve meguoyn dtevdivoewv »QLag uviung
71e0¢ T ovoxevh) e£6d0v. ‘Eotw Ot 1) U1 puviun Tov ene€eQyaoti) eivar TOmou write
through, OnAad1], wg Yvwotdv, ®aOe TL oV YRAdEL O emeEEQYUOTIIC OE QUTHYV, AUTH] TO
voddel apéomg nor oty ®ULo pviun. YU avtég Tig ouvOnues, Vmdoyel meQimtwon va
drdoovv MaBog (mohard) dedopéva otn ovorevr eE60ov; Tati OxL;
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() "Eotw T 6Tt 010 oot (B) 1 ®oudf pviun elvor tomov write back, dnhadf dev
YOadeL apéoms otV ®OQLo. pviun »dBe alhayi Tiung (eyyoadm vEag TLUNG) OV RAVEL O
eneEeQyaoths, oM To YOAdeL apydTEQA, OTaV TO block OmoU €yLve 1 alharyt) TEETEL VO
ovtratootabel oty ®EUeT pviun amd alho block. Yr' autés tig ovvOTnxeg, o molo
negimtwon Ba xatalEovv to omwotd véa dedouéva 0T cLoxREVT) EEO00V, ROl OF TTOLOL
niegimtwon Oo xatalEovv exel AavOaouEves TOAALES TUIES;

ADogLg 010 TEOPANO TG CUVOYNS ®QUPNS ®ow ®DELOG UviunG vEdoyovv "uecoféCinec",
pe exdimEn (flush) oehMdwv amd v nudf pviun (dvoxolo 1 xeovoPdo) N pe xofon
oehidwv mov 1 xEUPT pviun avayvoitel xow dev npatd (non-cacheable pages) (LELDVEL
™V emidoon Tou emeEeQyaoti)), 1 "OWCwéS", pe YONOoMN €VOS TEWTOROAAOU OUVOYTS
1OUGWDV UVNUDV OOV CUTE TTOU YO1NOLUOTOLOVYV Ol TOAVETEEEQYOOTES HOLVOYXQNOTNG
uviiung (shared-memory multiprocessors).

14.2: Xuvoyi (Coherence) Koupav Mvnuov - Snooping

Ov  mohvemeEeQyootés  nowoyonotng uviung (shared memory — multiprocessors)
ototele0VVTOL amtd TOMATAOUG emeEeQyoTés mov OAoL "PAEmOUV" d ®owvi pvhu,
HEC® TNG OTOL0G ETUUOLVWVOUV HETOED TOVG ®al UToQoUV va, ouvepydtovial (.y. étav
exteholv éva moQdiinio medyooppa). H emnowvwvia tovg moorlsrer Otav €vag
emeEeQYOOTNG YOAPEL ndmoLa VEQ OTTOTEAECUATO O€ 0QLOUEVES BETELS THG HOLVIG UVTUNG,
%ol Evag 1) meQLocdTEQOL dhloL emeEeQyaoTés OLaPAlouy auTéS TIG VEES TLUES A exelves
Tg Béoelg pviung —xdtL mov OBupiler oErETA Rl TNV EMHOVOVIOL UE TLS OUOREVES
eLlo6d0V/eEGOOV. OL O ovyvoi TETOLOL TOAVETEEEQYAOTESG ONUEQOL EIVOLL OL TTOAVTTVQENVOL
eneEepyaotés (multicore processors), WOV €YOUV TOAAATAOUC mUETVES (cores) —OmAadn
eneEepyaotéc— 6hovg péoa oto (OLo chip.

Emeldi) ou pviueg eivar ouviBmg povomoeTes (Yid vo unv xootiCouvv mohl), Ba fitav ol
0QY6 €Gv OhoL oL emeEeQyaoTés 0 £vo TETOLO OUOTNUO €QYATOVTAV CUVEXMG UE TNV
(novadwy méeTa c) wa(g) ®owdyxenot(c) pviun(c). Avt' avtol, Aowtdv, o xndbe
emeEeQY0OTNG €xeL TNV duxt] TOv "WOLWTK" (private) QUG LV, RO LOVOV OL ALOTOYIES
QUTHV TV RQUOGDOV PVNUOV (TIOV elvol ®OL OTTOVIDTEQES) TNYdivouv othv (HLovadixi
OQTA TNG) ®OWVOXENOTN(S) PvIUN(S). Avthy TV (Lovadint)) TOETA TNG ROLVOYENOTNG
pvnunG tThv PAEmovpue ouvhOmg cov ud 0Qtnola (bus) IOV EVAOVEL OMES TIC HQUPES LUVTLES
OhmV TV TVENVOV (emeEeQyaoT®V) ®aOMOg xau T pviun. ‘Okeg ov aotoyieg (misses) Twv
HOUPWOV VIOV TEQVAVE amtd OUTH TNV 0QTNEle (raL GQa, émolog BEAeL nat xoLTdlel
(snoop) poel va Tig PAETEL).

‘Onote dnuovyotue moMarhd ovtiyoadpa g dlag TNeopoiag xat ®Gmotog oAMATeL
éva oo Ta avtiyoadpa (1) To TEMTOTUTO) eV dAloL Exouv now BAEmouv dila avityoada,
tote elvar oo vo "myaivoupe yuoeoviag Yo umelddec"! Avtd LoyvEL ®al 0To VAMRO
(noudEg uviueg), noL 0to Aoylouxd (). web browser caches), ®OL 0TV HAONUEQLVT] LOC
Con (. mohhol pihot £xouv aviiygado tov apldpol Thiedp®dvou pov oto ®xvnTd Toug,
%L eYh aMATm aBpd Theddvou...). Omwg xot ue Ta /O DMA'Ss xat TV %Qudt puviun,
TOQAITAVM otV doxnon 14.1, avahoya mpofiiuata epdoviCovror kot pe tig (LOLWTIHES)
NOVPES UVIUES OTOVG TTOAVETIEEEQYOLOTES ROLVOYONOTNG UVHUNG.

Tnv emBuunti) ouvoyt (coherence) TETOLWV RQUPDOV VUMV, dNAadN To va PAETOVY OAOL
oL emeEeQyaotés v (0o Tiuh oty dua deBuvan (oyedov) ava mhoo otiyurn, Ty
eEaopariCovv eldnd mEWTOROAD oUVOYNS, CVVNOWS VAomomuéva og vAMrd (wels va
oTOrAElOVTOL %Ol TEWTOROAO O€ AoYLomxd), Ta amhooTEQO amtd TA OOl €lval To
oW TOROAA "snooping" (rQudpoxolTayud, 1 ®ATACROTIA), OTAV OAES OL RQUGES LVTUES
ovvdéovtal Thvw oty dlo agtnoia (bus) rat mopaxohovBolv exel "Oha To VEQ TNG
VELTOVIAG" .

Zuvnlmg ta mEwTtOROAM avTd axolovBolv TNV moliTixl] "write-invalidate": 6mote évag

O Tovg emeEeQY0OTES YoAdEL o8 d devBuvon pviung (frov aviiyoadd thg elxe M
dEQveL otV %nEUPN TOU pviur), TOTE TEEMEL VO oLyovpevtolpe 6t avtd Ba eival To
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novadxd avtiyoado oavtig tg devbuvong, uetaEd AV TV RQUPOV UVHUOV TOU
ovothuatos. Edv howtdv o eneEepyaotig autdg dev eivar alyovgog ot xaveig GAlog dev
éyeL avtiyoado oe GAAN %xoudn pviun, Tote elvarl voyxeemuévos va "fooviodmvagel"
(broadcast) dvw oty ®owvi) aptnota 6t OAoL oL AMAOL TRETEL VO axvE@eovy (invalidate)
To avtiypada mov TuyoV eiyoav (adol meQLEYOVV TNV TAAALE, AXVET) TTAEOV, TUU).

Avahoya pe to mOoo Aemropet] tinoodogia BéheL va Bupdtor 1 ®dBe noudT| pviiun Yl
™V ®dBe yoaupun dedopévwv g, Hmogel, oe dddoes mEQUITTMOELS, Vo elval 1) va unv
elvar olyovomn zotd mdécov pmwopel 1 0ev pmogel va vmdyovv avtiyoada tng (diag
yvoapuns nan o GAhes noudpég pvipes. Oha to mowtdHrolo EexweiCovv yid tv »aOe
yoouu oe mowdv amd Tig €ENg TEelg Tovhdyloto megumtwoels ("wotoaotdoes") avth
Potoxetau:

e M (Modified): éyw aildEel (modified) To TEQLEYOUEVO AUTHG TNG YOOUUUNG, ROl GQOL
elpo M povn nQUT vium mov €xm avtiyoado g (dirty).

e S (Shared): éxm €ynvo avtiyQado auTig ™G YQOAUUNG, OALA evO&yeTal nat GAAeS
NOQUDES UVIUES VO EXOUV avTiyoadO TNg, »aL GQa, PAOEL TG OVUPVINS oG
"write-invalidate", To aviiypado pou eivar " %OLGOLQ 0" (clean), dnhadn) Oy dirty.

o I (Invalid): avtf) 1 YoOouUn TNG ®QUOTS Hov pviung eivar dxvor, ONhadi meoléyel
orovmoLa.

Extog amd Tig el moQamdvem TEQLTTMOELS (OTAOTACELS) YA TNV ®A0e yoouus, ou
VIAQYOVV 08 OLO TO TQWTOROAD GUVOYNG, LEQLRAL TTQWTOROAO RQOTAVE AETTOUEQETTEQES
mAneodoies —EeymoiCovv pia 1 800 TEQLOOHTEQES TEQUITTMOELS (ATAOTATELS):

e E (Exclusive): éym &ynvoo not #8006 (clean) (not dirty) avtiyooado avtfg g
YOOLUUNG, ®alL ELOL OIYOUQOG OTL ®ouior GAAT ®QUOT) pvijun Oev €xel avtiyoado tg
(to. TEWTOHROAO 7OV OEV £XOUV OQUTH TNV RATACTAOT, TEQLAAUPAvVOUY avTi) Thv
neglmtwon péoa oty xoatdotoon "S").

e O (Owned): elyo alhdEel To meQLeyOUEVO QUTHS THG Yoauung (dirty), xow yi' avtd
odpelhw (ndmote pelhovrind) va to yodapw miow (write back) otn pviun, alrd ev
T PeTaEl VIAEYouY %L AMAES ®QUBES PvipeS mov THTnooy aveiyoadd g, ®ol
toug éxw dwoel, doa AEN eipon md n povn mov €xw avriyoado (ta momTtonoia
mou dev €YOUV QT TNV ROTAOTAOT, TEQLAAUPAVOUY auTl TYV TEQimTwon péoa
omv xatdotaon "S", alld vmoyeeotvTaL vo éravay to write back pe to mov 1

TMTN "dAMN" nQUPT puviiun pov Titnoe aviiypado).

Otav ud xeudph pvhun Tntdel vo drafdoer ud yoauur, mpodpoavos Aoym aotoyiog, Tote,
EUTOG QIO TN REVTOLKT] LVIUN, ®ou ONES oL GAleg vQUdEC pviues axolv to altnua. Edv
nATOLDL AT 1QUOT) LV €XEL TN YOO, OTIEVOEL QUTH TIRMTY VO TNV OMOEL, TOLV TO
NAVEL 1) REVIOWT] Pviun: otnv megimtworn Shared (1) Exclusive) avtd amotehel ammii)
emtdyvvon, ald oty mepimtwon Modified () Owned) cvtd amoteletl amagaiTnTy
o UtO0eon 000O6TNTAC, ApoD 1) nevTQUrr) uvhiun AEN éyelL v cwoti) (mhéov mpdodatn)
!

Acxnon 14.3: TIpdaEeis otnv Agtyoia, o Snooping Coherence

Oemomote dVo emeEepy0oTéS, TOUS A %ot B, »at tig aviiotolyes OLwTIRES TOUS ®QUPES
LVT|LLES, TTOU ETUKOLVOVOUV METAED TOUS RAL IE TV REVTOLKT] TOUS UV UE AV atneia
(bus). Ov A nouw B yonoiwposmorotv xow ot d0o t) petafinti sharedVar, xow cupfaivouv ta
eENG notd yoovInt oepd:

i. Agywnd, n petofinty) sharedVar foloxetor povo om LVIN %Ol EXEL TUU) m]ésv (0).

ii. O eneEepyaotiic A dafdler tnv sharedVar now ®dvel virohoylopovg e QUTNV.

iii. O emneEepyaotig B Owafdler % ovtdég tnv sharedVar, now ndver xu autog
VIIOAOYLOMOUG LUE QUTH V.

iv. O emeEepyoothg A extelel TV exymnom sharedVar = 11;

v. O emeEepyootis B Eavadiwafaler v sharedVar, yid vo ndver #u GAlovg

—
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VIIOAOYLOMOUG LE QUTH V.

() Edv AEN vrdioyel momTORoA0 OUVOYNG OTNV 0QTNOL0L ROl OTLS RQUDES UVTUES, TTOOES
%o TIOLES TTRAEELS O Yivouv TTAvm otV aTNEia, %0l O€ TOLG 0IT0 TA TALEATAV® PrinoTa;
(ANA0OT, oLd ®EU T uviun o TNTHOEL TL 0ITd TV REVTQUXT] VTN, YLOTE, ®ow TTOTE;) ZTO
Ao (v), o emeEepyaotic B, pe t tpf g petafintig sharedVar o wdvel tovg véoug
TOU VTOAOYLONOUG, ®ou yiatl; YmoBéote OTL oL nudéc pviueg elvor write-back, aAld,
TQOUQETIRA, OoxedTe(Te (] ®aw YQAYPTE ®ow oTNV amdvinof oag) Tt Oa Ghhale edv ol
NQUPES LVTUES T write-through.

(f) Eotw tdo 6TL o A »aw B gmxowvwvoiv petald tovg xal pe v xowdyonorn
AEVIQIXT] TOUG VUM UE TTEWTOROAO snooping coherence mévw otV aQTnEic. Amovtiote
oM 71O0eg woL ToLES mEAEeEls Oa yivouv mdve otV aQTneio, ®oL o€ ol oo T
naadve PHuota; Zto Pripa (v), o emeEegyaoths B, pe T T g petafAntig sharedVar
Ba ®AveL TOUg VEOUS TOU VITOAOYLOROUG, ®oL YLaTt; YToB€oTte OTL TO TQWTOROAO snooping
coherence éyeL tg Paowéc nataotdoeic M, S, naw I mov eldape magamdve, alld,
TQOUQETIRG, oxedteite (] ®ow yodpte »aw otV amdvinon oag) © o dhhale edv Tto
TEWTOROAO elye emmAEOV naw TNV notdotaon E.

(y) "Eotm tdhoa 0TL To Tapartdive 0evaolo ahATet, xow meQvape ratevbeiov amd To frua
(ii) oo Ppa (iv), xweig vo ovuPel evidpeca n avdyvwon (iii) tng sharedVar omd tov B.
Ze ovtl) ™V mEQimtwor, g Ba dadéoovy peTald toug (1) To TEWTOROAO GUVOYNGC
"MSI" mov éxeL povo Tig nataotdoelc M, S, nan I, amd (2) To mpwtdéHroho cuvoyig "MESI"
mov €yeL TG ®otaotdoes ML E, S, nad I;

Aoxnon 14.4: Instruction Scheduling:
Yrotxo (Compiler) xon Avvopuxo (Out-of-order Execution)

(o) Oemomnote 10 &N mEOYQapUa o€ C (300 exywENoeLg OAes nL OAES): "X = a+2; y = b-1;"
OmoVv oL axéQaies PeTaPANTEG a, b, x, naw y Poloroval otn pviun, otig dievbivoelg 120,
124, 128, now 132 avtiotoryo (dexadind). Metadpdote 10 mQoyQoupo avtd oe Assembly
touv MIPS ywoig "instruction scheduling", dnhadm ywels va avadiatdoete v O¢om Tov
EVIOADV IOV avTég €xovv "by default”, fdoeL Tov mpoyodppatoc.

() Otav to mdyoappo (o) exteheiton oty "vhaoowi) pipeline" twv 5 fabuidwv, TO6oOL
©0®AOL QOAOYLOU YAvovTaL AMOY™ avopovav (AAANAEEQQTNOEMY) ETOUEVOV EVTOADV OTTO
evtohéc load; Kévte tdoa instruction scheduling 6mng Oa éxave évag ovyyovog compiler,
Onhadn avadiotdETe TG eviolés —xweig va arldEel 1 onpoololoyio Tov TQOYQALIATOG,
dvomb— ovTwg dote va pnv yavovtor avtol oL ®0xAoL QOAOYLOD, naL eENYNoTE €V
ovvroplo. yatt emroémetor avth 1 avadidtagn xzol yuott dev yxdvovror ov xixlot
QOAOYLOU.

(y) ‘Eotw téhoa 1 eEfg maoahhayf Tov mooyedppatog (a): "(*px) = (*pa)+2; (*py) =
(*pb)-1;" 6mov oL petafPAntéc pa, pb, px, xou py foiorovror otovg rnataymontég $12, $13,
$14, nou $15 avriotouya, xow givor OAes TOTOU pointers 0€ axeQAioVs (GO oL AVENOELS %Ol
eXYWENOELS TOV TROYOAUPOTOS (a) T Yivovtor otig (anéQaues) AEeLS pviung 6mov
delyvouv autoi oL pointers). Metadpodote to mEOYQAUUO outd o€ Assembly tov MIPS
¥wo(g instruction scheduling, ®xoL 0TH CUVEYELQ ATAVTHOTE €QV O compiler pToEel ®ow TOQA
va. xdvel instruction scheduling 6mwg oto egpwtnua (B) 1 Oyl EEetdote ywoiotd v
TeQ(mTWOoN OV oL pointers px koL pb £0UV OLOPOQETIHES TUHES, ®OL TNV TEQ(TTWON IOV
gxouv TNV (Owa TLur): TL VITOAOYITEL TO TEOYQAUUA OTNV W TEQITTTWON ®ow TL 0TV GAAY;
Aol o compiler dev Eépel tnv Tuh mov Oa €yovv ou pointers 6tav Qo exteleltanl TO
TOOYQUUL, ETUTOETETOL VO ®AVEL instruction scheduling 6twg oto (B);

(0) 'Eotw 011 extehotpe to mQOYQOUpa (), wou €xet yiver compiled avayraotind xmolg
instruction scheduling 6mwg eimape oto (y), o€ évav emeEepyaoty| pipelined, pue out-of-order
(000) execution, xoL 6TL 0TO 1% TV TEQLATMOEMV IOV TO EXTEAOUVE OL pointers px ®aL pb
€YOouV (oM TLUN, VD 0TS VTTOAOLTES 99% TV TMEQLTTMOEMV £Y0VV dLoipoQeTLrt TLur). Metd
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™V ety eviolt| load, 1 evtolf) addi mpémel va megLuével péyot va EABouv ta dedouéva
oV YeeldleTan amd T UVAU, ®OL ) EVTOAT| store TQETMEL EMONG VO TEQUUEVEL UEYQL VOl
vohoylotel 1o (*pa)+2. Ouwmg, N emduevn evrohf] load, mdte VoY EEOVTAL VO TTEQLUEVEL
nol wote pmoel vo. exteleotel aveEdotnta; Ouunbeite 0Tl o' évov emeEeQyooTh e
EXTENEON 000, 1] ®GOE EVIOM] TEQUUEVEL UOVOY OTOV €E0QTATOL OTTO KATOLOL TTQON YOV EVT)
™G mou dev éxel Pydher 1 wdver axdpa to amotéhecua mov yeewalopoote. Edm, m
emopevn load amd TOLAV TQONYOUUEVY] UITOQEL Vo EQQTATOL, XL VTTO TTOLd TEOVTOOEON
0a vdpyer Ovtwg auti 1 eEGotnon; Ilog to hardware O seTiryeL vo ®AVEL TO LGOOVVAUO
Tov instruction scheduling wov o compiler dev pwropooe va ndvet, IId6oo ovyva Oa ydveton
%0OVOoS AMOYw aAAnAeEaQThoemv xou 1Oc0 ouyvd dev Ba yaveTal;

Aoxnon 14.5: IMolvvnuatmon (Multithreading)

"Eotw évag eneEepyaotic pe multithreading mwov éxel 0o vipata 0to vAxd Tou, To A ®0L
To B. Anhadf|, (0xed6V) Oha 0TOV MEEEQYAOTH] AUTOV €ival OIS RAL G' VAV ®OVOVLXO,
extoOg amd 1o OTL €xeL dvo rataywontés PC, tov PCA now tov PCB, zaL dvo agyela
noToywENT®V, To RFA %0l to RFB. O PCA d¢giyveL otnv emOUEVY EVTOAT OV TIQETEL VAL
exteleotel amd To mEOYoauua A, nar tTo RFA mepléxelr v 10éyovod Tip T®V
ROTAYWENTOV TOV TEOYEAuHoTog A. O PCB OelyvelL 0TV MOUEVY EVTOAT TTOV TRETEL VOl
exteleotel amd To mEOYQapuo B, nal to RFB megQuéyelr tqv TEéYOUOO TIU TV
RATOYWOENTDV TOV TQOYQAUUATOS B.

e nGTOL0L OTLYUN], ROl EVA O EMEEEQYONOTNG UG EXTELEL EVTOAES TOV TQOYEANHOTOS A
(xonowpomolwvtag tov PCA xou to RFA), ud evtoir) load mpoxrahel dvotuydg aotoyia
HQUPTG UVIIUNG, HOL TIQETEL VO TIAUE OTNV REVTOLKT] VI, TQAYUA OV Ba pog ®0oTlioEL
7y 80 ®OxrAovg Qoroylot (oe avth TV doxnnomn). XAl oto instruction scheduling amd Ttov
compiler, now (GoLg otnv out-of-order-execution pipeline, o eneEepyaotig Polonel xoMoLueg
eviohéc va extehéoel (ov omoieg moodpavmg AEN ypeidlovtal ta data tng load movu
©00v0oTEQEL), ®OL OL 0TTOlES B0 QEATNOOVV (FTOQAYWYIHA) ATTOOYOAUEVO TOV EMEEEQYOOTH
Y16 8 atd avtovg Toug 80 ®URAOVS AVAUOVTG.

(a) Edv o emeEegyaotig Oev elye multihtreading, téooL »Oxhor goroyot Ba ydvoviav oe
ouTto TO 0eVAQLO;

Eme1dn) 6uwmg o eneEegyaotig pag éxer mulithreading, pe To mwov dammot®dver OTL 1) EVIOAD
load Tou vijuatog A mpoxaiel aotoyia, aQyiCel va dpégvel (fetch) evrorés péow tov PCB —
Q0 TOV TROYEAUNOTOS B— now va Tig entelel xonoLpomoldvTag Tovg xotoymwntéc RFB,
MEYQOL VO OUTOVTNOEL 1) HEVIQWKY] Wvhun othv aotoyia the load tov A, omdte %o
Eavayvilel o emeEeQyaotig 0TV EXTELEDT EVIOLDV OO TO VAL A.

(B) To vijuo (TrpdyQaupa) A TEEYEL TWO YO YOQO (O€ ALYOTEQO YQOVO) TWQEO TTOV VIAQYEL
multithreading ot 6,TL 710LY TTOV dEV VITHOYE;

Ouwg, (y) toa mouv éyovpe multithreading, mdoor xidxhot gohoyot Ba yabolv
"oUVOMXA" OTO TOQATIAVM OEVAQLO; "Zvvolnd youévol' xinhol onuaiver ®imAol Tou
timota yeMNoLuo dev PO WEA —01TE EVIOLES TOU VI|UOTOS A, 0UTE EVTOAES TOV VILaTOS B.
Ymo0Béote 6tL To vijuo B elvan Tuyed, nat teéyel yid 80 (touhdyloto) #0rAOVS Y mEIg va
ToU oVUPEl rapia aoToyio TG RQUPTS UVIIUNG.

Toomog Iapadoong

[Mopadmorte T amavifoelg oog on-line, oe poodt) PDF (uovov) (umoel vo eivon xeipevo
INYOVOYQODNUEVO T)/naL "orRAVOQLOUEVO" %eROYQOdO, aANG uovov oe poeot PDF).
[Mapadwote péow turnin ex14@hy225 [directoryName] éva oQyelo ovopoTi
ex14.pdf OU Oa TEQLEYEL TIS OLTTALVTTOELS OOLC.
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