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Xe10d Aoxiocov 14:
Yuvoyn) (Coherence) Kovpov Mvyuov,
Iooymoenuévolr EneEepyaotés
(Out-of-Order, Superscalar, Multithreading, Multicores)

IMooBeopia: g Magaoxrevh 25 Maiov 2018, doa 23:59 (Bd. F)
Biprio (EAAvir0, éndoon 4) - duafdote Ta eENg, »raL e TOVG €ENG TEOTOVG:

e Suvoyt (Coherence) Koudpmv Mvnuav - oehideg 623-628 (§ 5.8): dafdote tig »avovind,
amotehoUV PéQOog T eEeTaoTténs UANG.

e TTagarnhicc Emmédov Evtoiig (ILP) - EmeEegyootéc pe mooywonuéves Hoodpég
opoyelpiog (out-of-order execution, VLIW, superscalar) - oehideg 456-471 (§ 4.10): dwafdote
TLG RAVOVIXA, ATTOTENOVV PEQOG TNG eEeTaoTéOS DANG.

e [Tolvvnudtwon (Multithreading) - oehideg 754-758 (§ 7.5): dwofdote Tig navovird,
aoTEAOUV PEQOG TN eEETaoTENS VANG.

e Tlohumugnvou EmeEeoyaotéc (Multicores) (§ 1.6): oehideg 76-79.

e TlohvemeEeQyaotég nowvoxonotng pviung (shared memory) (§ 7.3): oehideg 746-747
TROOERTINA, %O OeAIOES 748-749 Tud YoTyoQa.

e TTohvemeEegyaotés pe petofifaon pnvupdtov (message passing) ®0L GUOTOLYIES
(clusters) (§ 7.4): oelideg 749-750 emi 1Oy AONV, naw oelideg 751-754 eyrunhomoudind.

e Ala Bépata mogaiinhopot - SIMD, MIMD, Vector, GPU - § 7.6 xow 7.7 (oeh. 758-773):
TEOQETIRA - eyruxhomoudind (onuovtind Opoto yId TEQAUTEQW TQOOWIKY] COG
neréty, alhG extOG VANG QUTOU TOU HABTHOTOG).

Aoxnon 14.1: DMA xo Xvvoyn Kovons-Kograg Mvijung

2 éva ovotnuo. 6mov yivovtor petadoéc DMA mpémer va AvBel 1o mpofinua tng
ouvoyig #EUPNS now vhoLag uvinung (eodPAnua Cache Coherence). AgiEte oo elvol to
oAU avtd, ®Avoviag ta eEfg. Xyxedidote (i) TOV emeEeQyaOTi] HE THV RQUPT| TOV
uviiun, n omolo. ouvdéetar otnv agtneio (Aewdoo - bus) pviunc-E/E, (ii) tnv ool
pviun, ouvoedepévn oty (Oua aptnola, na (iii) pio ovorevi E/E pe pnyovioud DMA,
ovvdedepévn otnv (dla o TNl

(o) OewE10TE TNV TEQLHEQELONT] CUOKREVT) OAV OVOREVT] L0000V, ®aL BemENote OTL QUTH)
petagpéoer péow DMA véo dedopéva el06dov oe rdmola megroyl] devbivoewv oty
w0l pvipn. Metd T ANEN ™G LeTaPOQAS, TO TROYQOULO TTOU TREYEL OTOV EMEEEQYAOTH
B¢éleL va daPdoel (Léow load) Ta véa dedopéva e1l0600v amtd TV meQLoyl| dievdivoewy
otV ool pviun 6mmov avtd éxovv tomobetnOel amd to DMA. Ze mowa megimtwan Oa
dafPdoer o cwotd véo dedouéva, ral og molo meQimtwon Ba diaPdoer AavOaouéveg
TIOMOLLES TLUEG;

(P) Oewonote v meQLpeQelant] cvoxevt] oav cvoxeut] €E6dov, xal Bewenote OTL TO
TEOYQOULLLOL TTOV TQEYEL OTOV EMEEEQYAOTT TAQAYEL PeQnd VEX dedopéva Ta omoia YQAdEL
(LEoW store) oe OQLOUEVT] TTEQLOYT OLEVOTUVOEMY UV NG, %Ol TO OTIO(CL 0TY) CUVEYELD BENEL
va, otelher oty megudpepelaxt) ovoxevt). & To oxomd oavtd, 1o AettovEynd cloTHUA
Eenwvael pia petadoed DMA amd v mapamdve megoyn dlevdivoewv xhQLog uviung
7ROG T ovoxevh e€6d0v. 'Eotm 6t 1 %oudf) puvijun tov emeEepyaoty| eivan Thmov write
through, dnhad1), wg yvwotdv, GO TL mov ypddeL o eneEepyaoThs 0 aVTHV, QUTH TO
voddel apéomg nor oty ®ULo uvijun. YU avtég Tig ouvOnxes, vdoyel meglmtwon va
drdoovv MaBog (mohard) dedopéva otn ovorevr eE60ov; Tati OxL;
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() "Eotm thoo 6Tt 010 otdotnua (B) N xoudpt pviun eivow ToOmov write back, dnhadr dev
YOAdEL ApEcmS oTNY nVQLOL Pvnun ®A0e ahhoyt| Tiung (eyyoadi) vEag TLLNG) OV RAVEL O
emeEeQyaoTNg, alld To yoddel apydTeQa, OTav to block 6mov €yive 1 adloyi] moéTmeL va
ovtiratootabel oty noun uvnun amd GAlo block. Y avtég tic ouvOires, og mola
negimtwon Ba xatalEovv T omwoTd véa dedouéva 0T oVoKREVT) EEO00V, KoL OF TTOLNL
niegimtwon Oo xatalEovv exel MavOaouéves TOAALES TUIES;

ADogLg 0To TEOPANUA TS oVVOYNS ®EUDNG ®aL ®VELAS PVAUNG VITGQYoVY "uecofECinec”,
pe exdimEn (flush) oeMidwv omd Ty ®udf pviun (dborolo 1 yoovoPdEo) 1 e xonomn
oehMidmv mov 1 ®EUOT pviun avoyvoilel o dev xgatd (non-cacheable pages) (UeldveL
™V emidoon Tou emeEeQyaoti)), 1 "olWCwéc", pe xoNom evog TEMTOROAALOU OUVOYTS
1OUPWDV UVNUDV GOV CVTE TOU YO OLUOTOLOUV OL TIOAVETEEEQYAOTES ROLVOYQENOTNG
pvinung (shared-memory multiprocessors).

14.2: Xuvoyi (Coherence) Koupov Mvnuamv - Snooping

Ov  molvemeEepyaotés nowoyonotng uviung (shared memory  multiprocessors)
oaroteleoVvTol amd TOMaTAOUg emeEeQyaotés mov Ohol "BAEmOUV" d xouwvi) pvhum,
PEC® TNG OTOLOG EMUOLVIWVOUV HETAED TOVUG %Ol UToQOUV va cuvepydlovton (fT.y. étov
exteAOUV éva modrnho meoyoaupa). H emxowwvio tovg mponimter Otov £€vog
emeEeQyaoTng YoAdEL ndmoLa VEX OTTOTEAEOUATA OE 0QLOUEVES BECELS TNG HOLVIG UVUNG,
nou €vag 1) egLocdTeQol GAAOL emteEeQyaotés SLofatouv avtés Tig vées TLuES amd exelveg
g 0éoelg uviung —xdt wov OUUIEL OQXETA %OL TNV ETUXOLVOVIOL UE TIS OVOKREVEG
eLlo6d0v/eEGO0V. OL O ovyvol TETOLOL TOAVETEEEQYAOTES OTUEQQL EIVOL OL TTOAVTTVQNVOL
emeEeQy0otég (multicore processors), ov £€xouv TOMATAOUG TUETVES (cores) —ONAOOT
emeEeQy0oTéc— OMoVS péoa 0To (Lo chip.

Eme1d1 ou pvipeg elvar ovvilfwg povomoetes (Yid va unv xootiCouvv o), Oa fitav mwolv
0QY0 €dv Ohou oL emeEepyaotéc ¢ évo TéTOlo oUOTNUO. €QYALOVIAV CUVEX(MS UE TNV
(wovadwh) méeTa TNg) o) »owdyonot(c) uviun(g). Avt avtot, houtdv, o naOe
emeEeQyaoTns €xel Tv Owx1) Tov "Wdwtind|" (private) QU uviun, ®oL LOVOV OL 0LOTOYES
QUTOV TV ®QUGMOV UVNUOV (TTOV Elval %Ol ORAVIMTEQES) TYOLVOUV OTNV (LOVOILXT
OQTO TNG) ®OWVOXENOTN(S) PvIUN(S). AvTtiv TV (Lovadin) TOETA TNG ROLWVOYENOTNG
LvnunG tTv PAémovpue ouvnOmg cov d 0Qtnota (bus) OV eVAOVEL OAES TIC HQUPES UVTLES
oMV TV TVENVOV (emeEeQyaoT®V) nabhg xan T pvhur. ‘Oleg oL aotoyies (misses) TV
AQUPWDV UVNUOV TEQVAVE amd QUTH TNV dotneia (zot doa, 6molog Oélel now rottdlel
(snoop) uogel va. tig PAEmeL).

‘Onote dnovgyoipe molarhd aviyoada g dlag mingopoiog xot #amotog aAlGLel
éva aIto To avtiyoadpa (1) To TEMTOTUTO) eV dAloL Eéxouv nou PAémouvv dhla avilygada,
tote elvar oo va "myaivovue yvoelvovtag yid pmehddes"! Avtd woylel nor 0to vhnd
(nQUdEC uviueg), »aL oto Aoylounrd (.. web browser caches), ®oL oTnV ®aOMNUEQLVT] LOG
Con (. mohhol Gpihol éxouv avtiyoado tov agdpot TMAep®dVoU pHov 0T ®vNTd TOVG,
%L YD aAAGTm aQOud thedpdvov...). Onmg zow pe ta /O DMA's zau thv 2Qudh pvhun,
TOQATIAVM OTNV Goxnon 14.1, avdioyo mooPAnuata epudaviCovral xow pe g (LOLWTIRES)
NQUPES UVT|UES OTOVG TOMVETEEEQYOLOTES HOLVOYQNOTNG UVIILNG.

Trnv emBuunti ouvoym (coherence) Té€TOLWV REQUGMOV VUV, ONAadT TO Vo fAéTouv GhoL
oL emeEeQyaotéc v O T oty O diebBuvon (oxedodov) avd mhoa oTrypd, v
eEaodaiifouv edwmd mpwtOHROI oUVOYTG, oVVHOWS VAoTompéva o VKO (XWEIg va
QITOXAELOVTOL ROL TQMTOROAQ O AOYLOMKO), TO ATAOVOTEQA OO TO. Omolal elvor Ta
TEWTOROMM "snooping" (QUPORO(TAYUA, T) HOTAOKOTEA), OTAV OLEG OL RQUPES UVTUES
ovvdéovtal Thvm otnv dlo aptneia (bus) zol magaxorovBoiv exel "OAo Ta VEA NG
yeLtovidg".

Zuvnlwg to TMEWTOROAD QUTA axolovBolv TV oMty "write-invalidate": 6mote évog
omd tovg emeEeQyaotés YoddeL og wd dievBuvon pviung (ov aviiypado g eixe M
dEQVEL OTNV %QUPT| TOU pviun), TOTE TEETEL VAL OLYOUQEUTOUUE OTL qutd Ba elvar To
novadd avtiyoado autig thg devbuvong, peTaEl OA®MV TV RQUGOV UVHUOV TOU
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ovothuatos. Edv howmdv o eneEepyaotic autdg Oev glval oiyovgog Ot naveig dhhog dev
éxeL avtiyoado oe GAAN nQudT pviun, TOTe eivar vmoyeempévog va "Poovtopmvater"
(broadcast) v otV ®owvi agtneia 0Tl 6Aot ov dAhol EémeL vo. axrvemaeouy (invalidate)
To avtiypada mov Tuyov elyov (adov meQLEYoVV TNV TAALd, AxVET TTAEOV, TUU)).

Avdahoya pe to mooo hemtopet| minoodogio Oélel va Buudtal | ®vdBe xoudn uviun yud
™V %ndbe yoauur dedopévmv g, Wrogel, o OLAPOEES TEQLITTMOELS, VA EVAL 1] VO PNV
elvar olyovpn notd mdéoov pmoget 1 dev wwopel vo vmdoyouv avitypada g (Oiog
voapuns xow o ddles xQudpéc pvipes. Oha ta mowtdnoha Eexmoilovv yid v xdOe
voopuu og moldv amd Tg €ENg Teels Tovldyloto megurtdoels ("rotaotdoels") auTi
Potoxetau:

e M (Modified): &y alhdEel (modified) To meQLEXOUEVO AUTNG TNG YOAUUNG, %ol GOt
elpo 1 povn #QUT) wvium mov €xm avtiyoado g (dirty).

e S (Shared): éxw €ynvo avtiyQado auTig TG YOOUUGS, dALE evdéyeTar now dAleg
NOQUDES UVIUES VO EXOUV avTiyoadd Tng, nou doa, Pdoel g ovpdwviosg Uog
"write-invalidate", To aviiyoado pov eival "vaB00o6" (clean), dnhadr oy dirty.

o I (Invalid): avuti M yoouui TG ®QUOHS LoV VUGS elval dxrugn, ONAadT meQLéyel
orovmoLa.

Extog amd Tig Teels moQamdve TEQLITTMOELS (RATAOTAOELS) YId TV ®ABE YQOUUT, TOV
VIAQYOVV 08 OAOL TO TYMTOROAA CUVOYTG, HEQLHA TIRWTOROAN HQATAVE LEMTOUEQEOTEQES
mAnQodoies —EeymoiCovv pia 1 000 TEQLOOHTEQES TEQUTTMOELS (XATAOTATELS):

e E (Exclusive): éxw é&ynvpo nor »0000d (clean) (not dirty) aviiyoado avtig g
YOOUUNG, ®aL RO GlYOVQEOG OTL ®ouio. ALY QU uviun dev £xel avtiyoado g
(to. TEWTOHROAO TTOV eV €XOUV QUTH TNV KOATAOTOOYN, TEQIAAUPAVOUY QUTH TV
neglmtwon péoa oty xoatdotoon "S").

e O (Owned): elyo ahrdEel TO TEQLEXOUEVO QUTHS TNG YOOUUNS (dirty), row yU' avtd
odpethw (namote perhovind) va 1o yodpw mow (write back) otn pviun, oAld ev
0 PeTaED VIIAQYOUY *L AAAES ®QUGES PVHES OV ThTnoov avilypadd TG, 1oL
toug éxw dwoel, doa AEN elpar ma m povn mov €xm aviityoado (To momTtORO
mou dgV £€YOUV OQUTI TNV ROTAOTOOY, TEQLAAUPAVOUY QUTH] TNV TEQITTWON PETH
otV ratdotaon "S", alhd vmoyeeovvIaL va éxavav To write back pe To mou 1

oWt "dAAN" 2QU DT pvhun pov Ehtnoe aviiypado).

Otav pud xudpn pvhun Tntdel voa drafdoer ud yoauus, moodpavog Moym aotoyiog, Tote,
EUTOG IO TN KEVTOLKY LVIUN, ®oL ONES OL dAleS nQUPES pviueg oxovv to altnuo. Edv
nATOLAL AT HQUOT] LV €XEL TN YOO, OTeVOEL auTH) TEMTY VA TV dMOEL, QLY TO
HAVEL 1) REVTOWT] pUviun: otnv meglmtwon Shared (1) Exclusive) avtd amotehel oty
emtdyuvon, olMd omv meglmtwon Modified (1) Owned) autd oamotehel amogoaltTn
mpoUtO0eon 00BOTNTOC, APol M ®eVvTowt uviiun AEN éxel tnv owoth (mhéov mpdadatn)
!

Aoxnon 14.3: TTpdEeis otnv Agtnein, og Snooping Coherence

Oemorote V0 eneEeQyaoTég, Toug A %ot B, nou Tig avtiotolyeg 1OLwTnég TOUG ®QUPES
LV LLES, TTOU ETUKOLVOVOUV UETAED TOUG HAL LUE TV KEVTOLRY] TOUG UVIUN HE AV aQTnola
(bus). Ot A xou B yonoiuomototv xow ov 000 ) petafint ShVar, xaw ovpfaivovv ta eEfg
NOTA (QOVIXT) CELQCL:

i. Agywd, n petaPAinty| shared Var foioxetar povo om LV RO €EL TLLN m]éév 0).

ii. O eneEeoyaotig A duafalel tnv sharedVar xon néiver vrohoyLopotg He oUTHV.

iii. O emeEepyootic B dwofaler w ovtds tnv sharedVar, xan ndver %L avtog
VTTOAOYLOMOUG UE CLUTHV.

iv. O eneEepyaotig A extelel Ty exymonomn ShVar = 1;

v. O emeEepyootiic B Eavadiwafdler tmv sharedVar, yid va xndver i dlhoug
UTOAOYLOMOUG UE CLUTHV.
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(o) Eédv AEN vmdoygL momTdérolo ouvoyng oty atneio ®oL oTLg ®QUPES UVIUES, TTOOES
1ol OLES TRAEELS Ba yivouv mdvm otnv aQTneia, xal og mold amd To ToQATdve Prinata;
(ANhad1, moLd xEudM pviun o TNTHOoEL TL OTTO TNV REVTQLKT] VUM, YIOTE, %ol TTOTE;) ZTO
PHua (v), o emeEepyaotig B, pe tL Tiph) g petafPAntig sharedVar Oa xdvel Toug véoug tou
VTOAOYLOMOVGS, oL yiotl; YmoBéote Ot oL xQUPES uvhueg etvar write-back, alld,
TEONLQETIRG, oxedTelte (1] ®au Yodpte »ar oty amdvtnon cog) Tt 0o dilale edv ol
nQUOPEG Pviueg Ntav write-through.

(f) Eotw tdoa 6Tt o A now B egmxowvmvoiv peta€lh Toug ®oL UE TNV X0wdyonoty
UEVIQLUT] TOUGS LVIIUN UE TTOWTO®OAO snooping coherence mévw otnv aQTnEic. Amavtiote
ol O0ES oL TOLES TEAEES Oa yivouv mAvVm OTHV 0QTNEl, %Al Of TOLG amd To
TOQATTAVM Prpata; Zto Bipa (v), o emeEepyaotic B, pe tu tur g petafintig shared Var
Ba xdvel Toug VEOUS TOV VTTOAOYLOHOUS, ®at Yiatl; Ymo0éote OTL TO TQWTOXOAO snooping
coherence éyeL tig Paokéc rataotdoels M, S, xor I mov eldoue moQomdvem, oAl
TOLQETIRG, oredTeiTE (1] HOL YOAYPTE %Al OTNV amdvtnor cog) T 0o Ghhale €dv to
TOWTOROAO €l emmAéov naL TNV notdotaon E.

() "Eoto thea OTL T0 Qv oevagLo aAlGCeL, xat egvipe xatevbeioy omtd to Phuoc
(i) oto Prua (iv), yweic vo ouppPet evdidpeoa 1 avayvwon (iii) tng sharedVar amd tov B.
e auti] TV megimtmon, g Bo dtadéouv petald tovg (1) To TEWTOROAO CUVOYTS
"MSI" mov €xel povo TIg rataotdoeic M, S, wat I, amd (2) to mpwtdroro ovvoyng "MESI"
Tov €yeL TG ®oraotdoeis ML E, S, nau I;

Aoxnon 14.4: Instruction Scheduling:
Yrotzo (Compiler) zouw Avvopixo (Out-of-order Execution)

(o) Oewonote T0 eENc mpdypappa oe C (300 enywEnoelg Oheg xL OAeC): "x = a+1; y = b+2;"
OmOU oL oxéQaieg UETAPANTES a, b, X, nou y Pelorovrar oty pvhuy, otig dievBivoewg 120,
124, 128, »au 132 aviiotouya (dexadnd). Metadpodote to mpdyoappa autd oe Assembly
tou MIPS ywolg "instruction scheduling”, dnhad ywolig va avadiatdoete Tnv Béom TV
EVTOLMV IOV aUTEG €YoV "by default", fdoel Tov mEOYQAUIOTOGC.

(B) Otav to meodyQopp (o) exteheitan oty "xhaoow pipeline" Twv 5 fabuidmwv, Td6oOL
®0®AOL QOAOYLOD YAvOoVvTaL AOY® OVOUOVOV (AAANAEEQQTNOEMYV) EMOUEVMV EVTOADV ATTO
evtohécg load; Kdvte twpa instruction scheduling 6mwg Oa énave évag ovyyovog compiler,
ONAadn avadlatdEte Tig evIohés —ywoig va allhdEeL 1 onuacloloyic Tov TEOYQAUUATOGC,
dvowmd— ovTwg Wote vo unv yxdvovtolr avtol oL xOxAoL QOAOYLOU, nal eENyNote ev
ovviopio. yiati emrtoémeton vt 1 ovadldtaEn xor ywoti dev ydvoviar oL wirAoL
Q0AOYLOU.

(v) ‘Eoto tdea n &g magahihayi Tov mooyodupatog (a): "(*px) = (*pa)+l; (*py) =
(*pb)+2;" 6mov oL peTaPANTéS pa, pb, px, xal py Pelorovial otovg ratoywentés $12, $13,
$14, nou $15 aviiotouya, ®ou elvor OLeg TUTOV pointers o€ axeQAlovg (A OL AVETOELS KoL
EXYWQETOELS TOVU TROYQAUUATOS (A) TOQO Yivovial oTlS (onéQaies) AEEeL pviung Omov
delyvouv autol ot pointers). Metapodote 10 mMEOYQAUUO 0vTd 0g Assembly tov MIPS
¥ wQlg instruction scheduling, zaw 0T oLVEXELO ATOVTIOTE €0V O compiler PTOQEL ®OL TOQOA
va, ®Avel instruction scheduling 6mwg oto gowtnua (B) 7 OxL. E&etdote yworotd v
7eQ(ITTO OV OL pointers px ®ot pb €xouv SLOPOQETIRES TLUES, ROL TNV TEQITTWAT TTOV
Exouv TNV (OLa TLur): TL VITIOAOYITEL TO TEOYQAUUA OTNV WO TTEQITTWON %Al TL 0TV GAAY;
Adol o compiler dev E€gel v Tuf mov Ba €xouv ou pointers 6tav Ba extelelton TO
TEOYQOLLLULOL, ETULTOETETOL VO ®AVeL instruction scheduling 6mwg oto (B);

() ‘Eotw 611 extelolue to mdyoappa (y), mov €xet yiver compiled avoayraotind xwig
instruction scheduling 6mwg eimope oto (y), oe évav eneEeQyaoth| pipelined, pue out-of-order
(000) execution, xoL 6TL 0TO 1% TV TEQLTTMOEWMV TTOV TO EXTEAOVLE OL pointers px ®al pb
Exouv (oM T, VD 0TS VITOAOLTTES 99% TWV TEQLITTMOEWV £Y0VV dLapoQeTIRY TLuT). Metd
™V ety €vioAr| load, 1 evtoli] addi moémel va meguével péyoL va éABouv ta dedouéva
oV YeeldeTanl OO TH UV, ®OL 1] EVTIOAT store TQETEL EMONG VA TEQLUEVEL UEYXQOL VAL
vohoylotel to (*pa)+1. Opwg, M emodpevn eviold| load, moOTe VVOYEEOVTOL VO TEQLUEVEL
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nol wOTe Pmoel va exteleotel aveEdotnta; Ouunbeite 6tL o' évov emeEeQyooTh pe
eXTENEON 000, 1] ®GOE EVIOMT mEQLUEVEL UuoVvoY OTOV EE0QTATOL OO HATOLOL TIQOTYOULEVT)
™G mov dev £yel Pydher | rdver ardua to amotéhecua mov yewalopaote. Edm, 1
emopevy load amd moldv monyoluevy pmoget vo eEagtdral, ®ol vd ToLd TEOVITOOE
0a vrdEyer Ovtwg avuth 1 eEdotnon; Ilog to hardware O eTOYEL VO ®AVEL TO LGOdVVONO
Tov instruction scheduling ov o compiler dev pmogovoe va navel, [166o ouyvd Ba yaveton
¥00Vog MOYw alnieEaQTioemV ®at TO00 ouyvd dev Ba yaveToL;

Aoxnon 14.5: IMolvvnuértmon (Multithreading)

"Eotw évag eneEepyaotiic pe multithreading mov éxer 600 vijpata 6to vxd Tov, T0 A %o
to B. Anhadi), (oxedoV) Oha oToV emeEeQyaaT) OUTOV Elvol OTIMG %L O' EVAV RAVOVLXO,
extOg amd to OTL €xel dvo nataywentés PC, tov PCA now tov PCB, now 000 apyeio
notoywenT®v, To RFA %oL 1o RFB. O PCA d&lyvel othv emOUEVTY] EVTOAT] TTOV TIQETEL VL
exteleotel ammd TOo TEOYQOupMo A, ratr to RFA meguéyel Vv TEEXOUOO T TWV
ROTAYWENTOV TOV TEOYQAUpoTos A. O PCB delyveL otV ETOUEVY EVTOAT] TTOV TRETEL VO
exteleotel amd To mEoOyQappo B, nouw to RFB meguéyer tqv TtEéXOUCO TIU] TOV
NOTOYWENTMOV TOV TROYQAUUATOS B.

e ndmolo oTLypr], ®oL VM O emEEEQYOOTNG HOG EXTENE( EVIOMES TOU TQOYQAUUOTOS A
(xonowwomorwvtag tov PCA nor to RFA), wé evtoAr) load moorahel dvotuymg aotoyio
HQUOPTG UVIIUNG, KOl TTQETIEL VOL TTALE OTNV REVIQLXT] LVTLLY], TAYUO TTOV Bl Pag ®OOTIoEL
7t.y. 80 ®imhovg pohoylo¥ (o avth TV doxnomn). Xdig oto instruction scheduling amd tov
compiler, »ow xGQLg 0TV out-of-order-execution pipeline, o eneEeQyaotic Poloxrel xoNoLUES
evtolés va exteléoel (ov omoies mpodavawg AEN yoeidCovrar ta data tng load mov
naBvoTeQEl), naL oL 0Toleg B ®QATHOOUV (TAQAYWYIRA) ATAOKOMUEVO TOV EMEEEQYAOTH)
Y18 8 amd avtoig Toug 80 ®UxnAovg avauovig.

() EGv o eneEegyaotig dev elye multihtreading, mdéool xwdxAoL gohoylot Ba yavoviav oe
ouTO TO 0EVAQLO;

Eme1dm 6pmg o emeEegyaotic pag éxel mulithreading, pe To ov SLOTMOTMOVEL OTL 1) EVTOAT)
load Tou vijuatog A mpoxraiel aotoyio, apyitel va dpégvel (fetch) eviorég uéow tov PCB —
Q0 TOV TROYEAUUOTOS B— %ot va tig extelel yonoLpomolnvtas Tous rataymoentés RFB,
UEYOL VO OTTOVTNOEL 1) ®eVIQWrA] Uviun otv aotoyic g load tov A, omdte %o
EavayviCel o emeEeQyaoTNc 0TV EXTELEOT] EVIOADV OITO TO VIO A.

(B) To vijpo (TreoYQaua) A TOéYEL TO YOT YOO (08 AMYOTEQO YQOVO) TMQOM TTOV VITAQYEL
multithreading ot 6,TL TOLY WOV dEV VITIOYE;

Ouwg, (y) thoo mov £yxovue multithreading, mwOcoL ®Oxhor @oloywot Oa yabolv
"ouvoMxA" 0TO TTOQOATAV®W 0eVAQLO; "Zuvolxd yauévol" wirAoL onuaiver ®0xAOL OV
T(moTa XENOoLHo deV TEOYWQEA —0UTE EVTOAES TOU VILOTOS A, 0UTE EVTOAES TOV VijHoTtog B.
Ymobéote 6t o vijua B elvor Tuyeo, now toéyet yid 80 (TovAdyLoto) ninhovg xmelg va
Tov ovuPel nopta aotoyio TNg ®QUPTS LVIIUNG.

Toomog Iapadoong

IMogadmaote Ti1g amavifoels oag on-line, o poed” PDF (uovov) (wroel va eivol xeipevo
UNYAVOYQOPNUEVO T)/®rOL "OROVAQLOUEVO" YeRdYQadpo, alhd udvov oe poodt PDF).
IMogadmote péow turnin ex14@hy225 [directoryName] £va aQyelo ovopott
ex14.pdf OoU Oa TEQLEYEL TIG OLTTALVTTOELS OOC.
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