Exercise 14: Coherence, Advanced Processors (U.Crete, CS-225) 25/05/2021, 13:33

HY-225: Opydvwon Ymoloyiotdhv Tuw. Ex. Yrohoyiotdv
AvolEn 2021 © TMavemotiwo Koftng

Xepd Aonoeov 14:

Yvvoyn (Coherence) Kovpaov Mvyuov,
Iooymoenuévolr EneEeoyaotés
(Out-of-Order, Superscalar, Multithreading,
Multicores, SIMD/Vector/GPU)

TTpoBeopia: émg Toltn 1 Iovviov 2021, doa 23:59 (Bd. F)

Bifhio (EAMMvVInG, éxdoon 4) - duafdote Ta eENG, vaw pe Toug eENG TEOTOVG:

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

e TTolvemeEepyaotéc nowvdyonotng pwviung (shared memory) (§ 7.3): oehideg 746-
747 mEOooEXRTIHA, RaL 0eMOES 748-749 b Yo yoQO.

e Zuyvoyf (Coherence) Koupdrv Mvnumv - oehideg 623-628 (§ 5.8): dwafdote Tig
HOVOVIXA, ATTOTENOVV HéQOG TG eEeTaoténs UANG.

e TTapaiiniio Emumédov Evtoing (ILP) - EneEeoyaotés pe mooymwonuéves noodés
opoyelpiag (out-of-order execution, VLIW, superscalar) - oelideg 456-471 (§ 4.10):
dlafdote Tig novovird, omotehov uéQog s eEeTaotéas UANG.

e [Tolvvnudtmon (Multithreading) - oehideg 754-758 (§ 7.5): drafdote Tig novovird,
amotehoV PéQOog g eEetaoTtéas UANG.

e AMa O¢pota a@oMniopo® - SIMD, MIMD, Vector, GPU - § 7.6 now 7.7 (ogh.
758-773): emi TOYAdNV.

e [TolvemeEepyaotéc pe petaPiPaon pnvuudtov (message passing) ®oL GuOTOLYiES
(clusters) (§ 7.4): oehideg 749-750 emi TEoxAONV, now oehideg T51-754
EYRURAOTIOLOLRAL.

Aoxnon 14.1: DMA »o Xvvoyn Kovons-Kograg Mvijung

' évo oUoTnuo 6o yivovtal petadoés DMA mpémer va AvOel to mpdfinuo g
ouvoyfg ®xouong »au xivouag uviung (medPAnua Cache Coherence). AeiEte mold
elval To TROPANUOL auTd, nAvovTag ta eENg. Zyedidote (i) Tov emeEeQyaoTi) Le TV
®QUPT TOU pviiun, M oot ouvdgetal otV agtnia (Aewddo - bus) puviunc-E/E,
(ii) Tv w0l pvnun, ouvdedepévn otnv (dla agtnela, xow (iii) pia ovoxevi E/E pe
punyoviopd DMA, ouvoedepévn oty (dua aptnoia.

(o) OewENOTE TNV TEQUHEQELANT] CUOAEVT] OOV CUGKREVT] ELOOOOV, ®oL BewENoTe OTL
ovth] petodéoer péow DMA  véa dedopévo  €0000U OF  HATOLO.  TTEQLOYN
devBvvoemv otV v pvhun. Metd ) MEN g petodoeds, To TEOYQAUUN TOU
TEéYEL OTOV emeEeQyaoth) BéheL va duafdoel (UEow load) ta véa dedouéva el06doV
ortd TV meQLoyf devBivoemv oty ®xipLo uviun 6mov avtd €xovv tomobetnOsl
ostd To DMA. ¢ moia mepirtwon 0a duafdoel Ta omotd véa dedopuéva, ®aL O€ TOLo
negirtwomn 0o dafdoer AavOaouéves Tohaég TUIES;

(B) Oewonote TNV TEQLPEQELONT] CVOKREVT) OOV OUOAEVT] €EOOOV, naL BewoToTE OTL
TO TQOYQOUUO TOV TEEYEL OTOV emeEeQyaoTi] mapdyel puegnd véa dedopéva ta
omoio yedadeL (LEoW store) oe 0QLOUEVT TeEQLOYT dLevBUVOoEWV LviuNgG, 1oL TO omoio
ot ovvéyela BéheL va otelhel oty meQudegelaxt) ovoxevn. ['id To onomd avtd, 10
AettovEyrd guotnua Eextvael pio petapood DMA amd TV ToQomtave TEQLOYT
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dlevbivoemv nhoLog Pviung eog T ovoxevt] eE66ov. ‘Eotw 6t 1) xQudi) pviun
Tou emeEeQyooth) elvar Thmov write through, dnhadn, wg yvwotdv, xabe T mov
YoadeL 0 emeEeQYaOTC 08 AUTHY, AUTH TO YOAPEL AUESMS RAL OTNV RVQLOL VL.
Y avtés tig ovvOnres, vdyel megimtwon va ptdoouv Mbog (ahand) dedouéva
oty ovoxeuvn eE6dov; Nl oy,

(v) 'Eotw tHgo 6t 0to ovotnua () M ®Quph uviun elvar tomov write back,
ONAadn dev ypddel apéomg otnv rigLo puviun »édbe alhayi Tiung (eyyoadn véag
TLUNG) 7OV ®AVEL O emMeEEQYNOTHS, alhd TOo Yodder agydTepa, dtav 1o block dmov
éyuve 1 alharyh) mpémel vo avTtirataotadel oty ®ouoh pviun amd dilho block. Y
oVTES TIG OVVOT|HES, o€ Tola TeQimTwon Ba xataAnEouv To owotd véa dedouéva
0t ovoxevt] €600V, ®at e ol meQimtwon 0o ratalnEovv exel AavOaouéveg
TIONOLLES TLUEG;

Aloelg 0t0 TEOPANUA TS OovvVoXNS QUGS nal xDQLag UvAung vadyouvv
"uecoPélineg”, pe exdiwsn (flush) oehidwv amd tnv xudt pviun (dboxoro 1)
¥oOvoPmdeo) 1 ue yefon oehMdwv pograglouévov (ovvilbog otov  mivoxo
uetdpoaong / TLB) wote 1 #Qudt| uviun va avayvweilel xat va pnv xoatd (non-
cacheable pages) (uewdveL TV OO0 TOV €MEEEQYOOTH), 1) "QLCIHES", UE Q10T EVOG
TEWTOROMOU  OUVOYNS HQUODV UVNUOV oAV AUTd OV YONOLULOTIOLOTUV  OL
TIOAVETEEEQYALOTES HOLVOYONOTNG UvUNG (shared-memory multiprocessors).

14.2: Xuvoyi (Coherence) Kovpov Mvnuamv - Snooping

Awdaveieg A 1 émg non 14 (m 15 mooougetint)).

Ov molvemeEeQyaotés xowdyonotng UvAung (shared memory multiprocessors)
omoteleoVvTon amd TOMATAOUG €meEeQy0oTéS mou OAoL "PBAémouv" wd nouwvh
pvnun, HEO® TNG omolag  emxowvmvolv  UETOED TOug %Al PIoQoUV  va
ovvegydlovial (m.y. OTav exteholv éva mapdiinio medyoopua). H emxowvovia
TOUG TEOXRUTTEL OTAV €VOg EMEEEQYOOTNG YOAPEL HATOLA VEO ATOTEAEGUOTO OF
00LOpéVES OEOELS TNG ROLVIIG UVIUNG, %Ol £VOG 1) TTEQLOCOTEQOL AAAOL ETTEEEQYALOTEG
dafPdlovv autég Tig véeg TIUES amd exelves Tig O€oelg uviung —xdtL ov Bupitel
OQAUETA ®OL TNV ETUROLVWVIOL LE TIS OVOXEVES EL0Od0V/eEODOV. OL T1d ovyvol TéToloL
TIOAVETEEEQYAOTES  ONueQa  €lvar oL  moAuvmvgnvolr emeEegyaotés (multicore
processors), Tov £yovv TOALATAOTS TUETVES (cores) —ONAadT) emeEeQyaoTtés— Ghoug
péco oto (dLo chip.

Emeldn oL puvijpes eivan ovvhBmg povomoTeg (Yid vo unv ®ootitovv molv), Oa fitav
ol aYd edv Ohot oL emeEeQyaoTés o' éva tétolo olotnua eoydloviav ouveymg
pe v (povadixn moeTa tng) pia(g) xowvdyenaotn(c) pviun(c). Avt' avtot, ooy,
0 nG0e emeEegyaotng €xel v Owxf Tov "WOwTikn" (private) nQuON pvNUN, RO
LOVOV oL aoToYlES AUTOV TWV %QUGDOV UVNUOV (TTOU €(VOL ROl OTOVIDTEQES)
myoivovv oty (povadul] moQTo TNg) *owvoxenom(s) wvhun(g). Avtiv v
(Lovadnt)) mOETA TNG ®OWOXENOTNG WviuUNg TtV PAémovue ovviBwg oav
ootnolo (bus) mou evver Oheg TIC %QUDES pvAueS OAMV TV  TUENVOV
(emeeQyaotdv) xabhg xor ) pvAun. Oleg ov aotoyieg (misses) TOV %QUPDHV
LVNUDV TEQVAVE 0Tt QUTY TNV 0QTNELNL (ROl AQO., OTTOLOG BELEL naL ®OLTATEL (snoop)
WITOQEL VO TLG PAETEL).

‘Omote dmoveyotue moAamhd aviiyoada g (dlag TANQodpogiag xa rATOL0g
oMGECeL éva amd ta avtiyoada (1] To TEWTOTVTO) evd dAlot £xouv rat PAEmovv
ahha avtiyoada, Tote elvolr oa va "mnyaivouue yvgevovrag yid urehddes"! Avtd
LOYVEL HOL OTO VMKO (RQUPES UVIUES), ®OL OTO AoYLoxro (.. web browser caches),
noL otV noOnuegvi) pog Com (m.y. mohhot Gpihol éxouvv aviiyoado Tou aoldpov
AePDVOL POV oTa RVNTA TOVG, %L €YD aMALw 0QLOpd Thhepmdvou...). Ommg rou
pe ta /O DMA's »auL TV ®Qudt) pviun, tagandveo oty doxnon 14.1, avdioya
mooPAuota  eudpaviCovror xor pe g (OwTéES) ®QUOES UVIUES  OTOVG
TIOAVETEEEQYALOTES KOLVOYQNOTNG UVIUNG.
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Tnv emBuunti) ouvvoyrn (coherence) TETOLWV RQUPOV pvNudV, ONAadi] TOo va
PAémouv OhoL oL emeEeQyaotés TV (Ol Tpd oty (dua diedBuvon (oyxeddv) avd
mdoa  otyp], TV eEaodaliCovv eWdmd mowtoéHnora ouvvoyfg, ocvvHBmg
vhomomuéva og vAMrO (YwElg Vo amoxAe(ovIaL ®al TEMTOROAD 08 AOYLOWRO), T
amhovotega amd to omoio elval Ta mEwTOROAX "snooping" (kQuponroltayuo, N
NOTOOROTA), OTAV OAES OL ®QUOES pvijpeg ouvdéovial mavm otnv (dio aTneia
(bus) »al mogarohovBovv exel "Ola Ta vEa TG YELTOVLAG" .

SZuvnOmg Ta TEWTOXR0AN avtd arohovBolv tnv moltixt] "write-invalidate": Omote
évag amd Tovg eneEeQYaoTES YOAdEL e A OletOvvan uvhung (sov aviiyeadpd g
elxe 1 PEQVveL TNV ®EUOT TOU LViUn), TOTE TEETEL VO OLYOVQEVTOUUE OTL avTd Bal
elval to povadxd avtiyoado autig g detBvvong, petaEl dAmv TmV ®QUPHV
LVNUOV Tov ovoThuotos. EGv Aoutdv o eneEepyaoths avtds dev eivan olyovpog Tt
novelc Ahhog dev €xel avtiyoado oe A QU uviun, TOTE Elval VITOYQEWUEVOS
va "Booviopwvagel" (broadcast) mGva othv ®owvi] Tl 0TL GAoL oL dhlot meémel
va axrvpmeovy (invalidate) ta avrtiyoadpo mov tvxov elyav (apov megéyovv TV
mohadt, GrvEn TAEOV, TLuN).

Avdhioyo pe to 600 AemropeQt] mAnoodogion Béher va Bupdtor 1 wGBe nEUDT)
pvnun yud v #Aa0e yoopuut dedopévmv tng, Umogel, o SLAPOQES TEQLTTMOELS, VAl
elvar | va unv elvar olyoven »oatd w600V pmoel 1) Oev UITOQEL Vo VTTAQYOoUV
aviiyoada g dlag yoouuns xou oe GAeg noudpéc pviues. Oha Tor TEWTOROAN
EeywoiCouv yid v #dbe yoopuny oe mowdv amd tg €Efg Toels TOVAGYLOTO
neputtoels ("wataotdoels") avti) foloxetol:

e M (Modified): éxm allGEel (modified) To mEQLEYOUEVO QUTAS TNG YQUUUNG,
%o doa elpoL 1 HOVY ®QUOT Lviun ov €xw avtiypado g (dirty).

o S (Shared): €y €yrvo avilyQadpo QUTNG TG YQOUUNG, OALG evOEyeTaL HOL
Ghheg %nQUOES pviues vo €xouvv avilyoadd g, xwow doa, Pdoer Thg
ovpdwviog pog "write-invalidate”, To avtiyoado pou eivor "nabaQd" (clean),
ONAadn oy dirty.

o I (Invalid): avti) 1 yoouun eivor dxvon, dnhadt| TegLéyel orovmidia.

Extog amd 15 Teels maamdive TEQUITTMOELS (RATAOTAOELS) Yid TNV ®ABe yoouui),
IOV VIAEYOUV 0 OlOL TA TEMTOXROAO OUVOYNG, UEQMA TQMTONOAO %QATAVE
AemropepéoteQeg mAnpodogles —EexweiCovv pio 1) 00 TEQLOCOTEQES TEQLITTMOELS
(RaTOOTAOELS):

e E (Exclusive): éxm éyxvpo now »abad (clean) (not dirty) aviiypado autig
™G YOOGS, %ol lpon olyovpog OTL xapior GAAN ®Qudn pvihun dev €xel
avtiypadd g (to mewtOROAX TOU deV £YOUV QUVTN] TNV AROATAOTOON,
meQuhapfavouy auti TV mepirttwon péoa oty ratdotaon "S").

e O (Owned): eiya alldEel To meQLEXOUEVO VTG TG Yeouung (dirty), ®ae yu
autd opelhw (rGmote pehlovivd) vo 1o YoOyw miow (write back) otn
pvnun, oAAG v T PeTaED VITaQyouV ®L AAlES ®QUPES uviues ov Thitnoav
avtiypadd g, ®aL toug €xmw dmoel, doa AEN eiual md  udvn mov €xw
ovtiyoapo (T TEWTOROAX 7OV eV €XOUV  AUTH TNV KATACTOON,
meghapPdvouv auti TV megimtworn péoa oty xotdotaon "S", aAld
VIOYQEOVVTIAL VO éxovay To write back pe To mov m memdTN "dAAN" ®EUPT

pvipun pov Citnoe aviiyoado).

Otov wd »udh pviun Intder va dafdoer wd yooups, modpavog Adywm
ootoyiag, TOTE, EXTOS QIO TN REVTOLRT UVIUY, %ot OAES OL AMAES RQUDES UVTUES
oxolv to altnua. Eav wdmowo GhAn noudi pviun €xer t yoauun, ometoel avti
TOWMTY Vo TNV OMOEL, TTELV TO RAVEL 1] REVTOLKT] UviuN: otV megimttwon Shared (1)
Exclusive) avtd osmotelel amif emtdyvvon, allhd otnv mepimtwon Modified (1)
Owned) avtd omotelel amagaitnty mEovmdOeon 0006TTaG, APOV 1 HEVIQLXT
pvhun AEN éyel v owoth (théov mpdodatn) tiur!
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Acoznon 14.3: IIpdEeig otnv Agtyoia, o Snooping Coherence

Oemofote 0Vo emeEepyaotéc, Tovg A xatr B, xal Tig aviloTolyes OWTIXES TOVG
NOQUPES UVTULES, TTOV ETUHOLVWVOTUV HETOED TOUG KOL UE TNV KEVTQLRT] TOUG UV UE
wav agmeio (bus). O A now B yonowpomootv ot o 000 TtV %®oLvoyenoTy
petaPAnti sharedVar, xow cvpfaivouy ta eENg ®atd xooviny oeld:

i. Agywd, 1 nowvoyENoTY HeTAPANTY) PoloneTal LOVO OTH Pviun ®oL £XEL TUW)
undév (0).

ii. O emeEepyootiic A OwfPdler TV %OVOXENOTN METAPANTY %L HAVEL
VITOAOYLOHOUG UE QUTHV.

i. O eneEegyaothc B dwafdler xi autdg tnv #owvoyenotn peTafinti], ®on
RAVEL %L AVTOS VITOAOYLOMOUS [E QLUTHV.

iv. O emeEegyaotng A entelel TV exymonon sharedVar = 11;

v. O eneEepyaotic B Eavadiafdlel v xowvodyonotn wetafanti, yib vo xavel

%L AALOUG VTTOAOYLOUOUG UE QUTHV.

—

i

() Edv AEN vmdoyel momTtOXROAO OUVOYTS OTNV 0LQTNOLL ROL OTIS HQUPES LUVTLEG,
nooeg wow molg mpdEels Ba yivouv mave oty aQtneic, xol o oLl amd To
maamdve Pruata; (AnAadt, moud xeudf pviun Ba Inthoel L amd v xevignd
pvnun, yworl, xor mote;) Zto Phuo (v), o emegepyootig B, pe tw mpn g
nowvoyenotng petafintic Oa xdvelr Toug vVEOUS TOU VTOAOYLOHOUG, ®OL YLOTI;
YmoOéate OTL oL ®QUPES pviueg eival write-back, aAld, moooupeTind, oxedeite (1)
nOL YOAWYTE ROl OTNV amdvinoi] oag) Tt o aAlale edv oL nQupég puviues ftov
write-through.

(B) "Eotw tha 6Tt o1 A »ot B emuxovovoiy petagl Toug nat pe Ty xowdyonotny
UEVIQIXT] TOUG UVIUN UE TQWTONOAO snooping coherence TAVM OTNV 0QLQTHOLOL.
Amovtiote mdh wOoeg xow moles mEAgels Bo yivouv mévew oty agtnolo, »aL o€
mold oo To aEamdve Ppota; Zto Phua (v), o emeEepyaotig B, pe T tpd g
nowvoyenotng petafintiic Ba xndver Toug vVEOUS TOU VUTOAOYLOROUG, %Ol YLOTE;
Ymobéote OTL TO MEMTOROAO snooping coherence €xeL TG Paoinés nataotdoec M, S,
nou I wov eldope moQamdvm, ahhd, TQOOLQETIRA, OxePTE(TE (1) HOL YQAYPTE HOL TNV
amavtnon oag) T B dhhale edv To mMEWTOROAO elye emIAEOV noL TNV RATAOTOON
E.

(y) 'Eoto thoa 0Tt To Taartdive oevdolo alhalet, now meQvaue rotevbeioy amd
to Piua (i) oto PHua (iv), yweis vo cvpPel evdidueoa M avayvwoon (i) g
©OLWVOYENOTNG METAPANTNG autd Tov B. e auti) thv meplmtwon, mog 0a dtadégouv
petaE toug (1) To MEwTOHROAO GuvoyTs "MSI" mov £xel povVo TG ®vatooTdoes M, S,
now I, 0o (2) to mpwtdnoro ouvoyis "MESI" mov éxel tig notaotdoes M, E, S, not
L

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

Awddaveres B 1 émg non 9.

() Oempmote 10 €EN mEoOYoaupa og C (800 enywEnoelg OAeg %L OAeg): "x = a+2;y
= b-1;" 6mov oL anégaleg petaPfAntég a, b, x, naw y Peiorovror ot uviun, oTig
dievBivoelg 120, 124, 128, nwow 132 avtiotoyo (dexadwmd). Metadodote TO
mdyQaupa ovtd oe Assembly Tov RISC-V ywoic "instruction scheduling", dnhadm
xwQEIg va avadiotdoete TV BE01 TOV EVIOLDV OV QUTES Exouv "by default”, fdoel
TOV TQOYQELUUATOC.

(B) Otav to mpdypappa (a) extelelton oty "vhaoowxi pipeline" Twv 5 fadbuidwy,

OO0l ®UnAoL QOAOYLOU Ydvovial AOy®w avapovav (GAANAEEAQTNOEWV) ETOUEVWDV
evioh®v amd eviohés load; Kévte toa instruction scheduling émng Oa éxove évag
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olUyyoovog compiler, dNAad” avadiatdEte T eviohés —yweis vo ohhdEer
onpootoroyio Tov TEOYQAUUATOS, GUOHd— 0UTWS MOTE VO UV (AVOVIOL QUTOL OL
n0®AOL QOAOYLOU, ROl EENYNOTE €V OUVTOWIA YLOTE EMMTQEMETOL AUTH] 1 AVOOLATOEN
now Yot dgv xdvovtor oL ®0rAoL QOAOYLOU.

(v) ‘Eotw tha 1 £€ig magalhayi) Tov mooyedupatos (): "(*px) = (*pa)+2; (*py) =
(*pb)-1;" 6oV oL peTaPANTES pa, pb, pX, ®al py POIOROVIAL OTOVG ®ATAWENTES X 14,
x15, x16, nouw x17 avtiotoya, ®ot ivar OAeg TOTOV pointers o axegaiovg (doa ot
OVENCELS KL EXYWENOELS TOV TTIQOYQAUUOTOS () TWQEO YivovtaLl OTlg (OXEQULES)
MEeLg pvnung 6mov deilyyvouv avtoi ol pointers). Metadodote to mpdygaupuo oautd
oe Assembly tov RISC-V ymolg instruction scheduling, ®ou 0T oUVEXELO OTAVTIOTE
edv o compiler pmogel ®ow Ta va ®ével instruction scheduling 67Iwg 0TO €EQWTNUAL
(B) N Oxr. EEetdote ywoLotd TNV meQimTwan mwov oL pointers px xoL pb €xouv
OLaLPOQETIRES TLUEG, ROL TNV TEQIITTWOT 7OV €Y0ouV TV (OLa TLur: TL vtoloyitel To
TEOYQOULUOL OTNV piol TEQITTmon ®oL TL 0TV dAY; Apol o compiler dev Eéger Tnv
T mov Ba €xouvv ou pointers Otav Oo exteheltal TO MEOYQAUUA, ETUTQETETOL VAL
n@vel instruction scheduling 6mwg oto (B);

(0) 'Eotw 6t extehotpe 1o modyoappa (v), mov éxel yiver compiled avoayraotind
¥ wQlg instruction scheduling 6mwg etmape oto (y), og évav eneEepyaoty| pipelined, e
out-of-order (000) execution, ®a OTL 0TO 1% TWV TEQLTTMOEMV TTOV TO EXTEAOUVE OL
pointers px ®oL pb €xouvv (on Tuf, v oTig VITOAOLTES 99% TWV TEQLITTDOEMV £YOVV
drapogeTirt tur. Metd v oty evioli] load, 1) evtoli) addi moémel va meQLuével
péxol va éhBouv ta dedouéva mov yeeldleTal ammd TN UV, KOl 1] EVTOAT store
TEEMEL ETONG VO TEQUUEVEL UEYOL VO VITOAOYLOTEL TO (¥pa)+2. Ouwg, 1 emduevn
evioM] load, mote vmoypeolTUL VO TEQUUEVEL %Ol TIOTE WITOQEL VO eXTEAEOTEL
oveEdomnTa; Ouundeite 0TL 0' évav eneEeQyaoTi] pe EXTELEDT] 000, 1] ®AOE EVIOM)
TEQLUEVEL UdVvov OTAY €E0QTATOL OO HATTOLOL TTEONYOULEVT] TNG 1oV dev €xeL Pydihe
1] »éiver andpa to amotéheopa mov yoewalopaote. Edm, 1 emduevn load amd mowdv
meonyoUpevn umoeel va eEatdtal, ®ot vad mold mEovmOHeon Ba vrdQyEL OHVIWG
ovtf] M eEdotnon; Ilodg to hardware Bo meTUYEL VO nAVEL TO LOOOVVAUO TOV
instruction scheduling mov o compiler dev pmogovoe vo ndver;, [160o ovyvd Oa
YAveTaL Y oOvog Aoywm aAAnAeEaQThoemv xou 1Oc0 ouyvd dev Bo ydveTo,

Aoxnon 14.5: Iolvvnuatmon (Multithreading)

Awndavereg B 20 €wg o 23.

"Eotw évag emeepyootilc ue multithreading mou £yeL do vijpota 0to VMO Tou, TO
A 7ot to B. Anhadf|, (oxedov) 0ha otov emeEeQyaoth autdV eivan OIS ®oL o' Evov
1AVOVIRO, EXTOS At To OTL €yeL dvo rataywoentés PC, tov PCA xal tov PCB, o
ovo oagyelo nataywoentwv, to RFA xor to RFB. O PCA delyveL otnv emdpevn
EVIOM] OV TEEMEL VO exTeEAEOTElL 0O TO TEOYQAUMa A, xoL To RFA megiéyel tnv
TEEXOVOO. TLU] TV RATAXWENTOV Tou mooyedupoatos A. O PCB delyver atnv
EMOUEVY] EVIOM] mOU mEEmeL va exteheotel amd 1o mEodyoapuo B, xnow to RFB
TEQLEYEL TV TOEXOVCO TUT] TMV RATOYWENTOV TOV TQOYQAUUOTOS B.

e ndmoLol OTLY N, ROL EVOD O EMEEEQYAOTNG LG EXTEAEL EVTOAES TOU TTQOYQAUUATOG
A (yonowomowdvtag tov PCA »al to RFA), wd evtolr) load mpoxaiel duotuymg
00ToY 0 RQUONG UVIIUNG, KO TTQETEL VO TTELUE OTNV REVIQLXT LVIILUN, T YU IOV Bal
pog ®ootioel wy. 80 ®ixnhovg goAoyLoU (08 avti TV Goxnomn). Xdolg oto instruction
scheduling amd tov compiler, ot xdolg otnv out-of-order-execution pipeline, o
emeEepyaotns Polorel yonolues eviorés va exteléoel (oL omoieg mpodavig AEN
yoeldtovror ta data tng load mov xaBvotegel), xal oL omoleg Ba npaTfioOULV
(ToQaymYWwA) Amaoy oM UEVO TOV emeEeQ Yoty VI 8 amd owtolg Toug 80 ninhoug
OVOLLOVT|G.

() Edv o emeEepyoothg Oev eixe multihtreading, mdéooL xixhor goloyov Oa
yavoviav og avtd 10 0evAQLo;
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Emewdn] opws o emeEepyaotic pog €xer mulithreading, pe To mov SLAmMOTMOVEL OTL 1
evtolt load tov vijpatog A mooxadetl aotoyia, ayilel va dpégvel (fetch) evtohés
péow tov PCB —dgo tov mooyedpupatog B— xau va tig extehel xoMoLLomoLdvTog
ToUg rataymENtés RFB, LéyQL VO OITOVINOEL 1] REVTOLRT] LV OTNV 0.0TOoYia TNG
load Tov A, omOte ®ou Eavoryvilel o eneEeyaotilc 0Ty eXTELESY EVTOLDV Ot TO
viuo A.

(B) To vijuor (rpdyoappa) A toéyel md yoNyod (og AydteQo xdVO) TMEO TOU
vdeyer multithreading ot 6,11 7L WOV OEV VITHOYE;

Ouwg, (y) thoa mov éxovpe multithreading, ool xxhor Qohoyot Ba yaboiv
"ouvoMxa" 0TO TAQATAV® OEVAQLO; "Zuvolxd yauévol" ximhol onuaiver xOnlot
7oV TimoTa XMoo OeV TEOYMWEE —0VTE EVIOAES TOV VIIUOTOS A, 0UTE EVTOLES TOV
vijuatog B. YmoBéote O6tL To vijua B elval tuyepd, rat toéxel yid 80 (touhdyloto)
©ORAOUG YwQic v Tov cupufel xapuio aotoyio TG ®QUPNS LvHUNG.

14.6: SIMD, Vector, GPU

Awnhpavereg B 10-19 non 24-27.

Awafaote To Pphio N delte T drahéEels yud ta Bépata: (i) o Kavovag tov Amdahl-
(ii) wotnyogomoinon SIMD - MIMD - xAm. (iii) Vector Processing (SIMD): idieg
medEels mAvw og molhoamhd dedopéva - mivoreg dedopévarv (data parallelism)- o
(iv) GPU (Graphics Processing Units): chips potlixo0 ma@alniopot mov megLéyouvy
TOMATAOUG emeEeQYOTES €LOLXOT O%OTOV, OTTIOV 0 ®aBEVAS TOVg elvol massively-
multithreaded vector processor.

14.7: Clusters — II¢paopna Myvopdtov

Awndavereg B 28-29.

IN'é ovotuoto pe TEQLOOOTEQOVS OO HAUTTOOES 0erAOES 1| MA-OVO EXATOVTAIES
emeEeQyaoTéC/TUENVES, 1] OVUVOYT REUODOV UVNUOV PHEow hardware (snooping (§14.2)
1] dircetory-based) xabiototor vregfolnd damavnen oL un amodoTix] 0To Vo
%©QUPeL ™V avdyxn o aAyoQIBHog f/xoL 0 TQOYQAUUATIOTS Vo amodaoilel TV
naTaAANAOTEQN TOmOBETNON How peTaxivnon dedopévmv (data placement) peta&l
TOV TOTUAROV pvnudv. Tétolo ovoTipato Aowtdv ®otaorevdloviol ooV TOAAATAOL
NW-aveEAQTNTOL VITOAOYLOTES, OUVHBWS ToAvTTheNvoL pe hardware cache coherence
nabévag, ouvdedepévor  petaEd  tovg pe  wdmowo  dixtvo  duaovdeong
(Interconnection Network) ouvi)Bwg onuavtird yeNyYoQOTEQO IO TO TTOLQASOCLOKA
LAN (Local Area Networks), alhd tovtO)Q0VA %OL OYL TOCO YENY0QO OGO 1)
OLaoVUVOEDY %QUOMV UVNUGDV AHaL AEVIQIXNG WVAUNG péco otov  xobévav
vmohoytoti]. H emxowvmvio eivar ovvilfwg pe mégaouo unvupdtmv, Tov oty
Toy0TEET) TOV exdoyN umopel vo yivetow péow RDMA (Remote DMA - Remote Direct
Memory Access).

Toomog Iapadoong

IMogadmote pali Tnv meonyotuevy doxnon 13 xaw avtfv dd Tt oeled 14, on-line,
oe poodpfy PDF (uovov) (umogel va elvor neipuevo pnyavoyoadpnuévo f/xon
"oravoQLopEVo" xewodyoado, alhd uovov oe popon PDF). IMogadmote péom
turnin ex1314@hy225 [directoryName] évo dQyelo0 ovouaTl ex13.pdf Y4
™V 13, nou éva aQyeio ovopaTtL exl4 .pdf Ue TG amavtioels 14.

Oa eEetaoteite zou TPOGoQLd Yo TIg aoxnoels 13 xan 14 (pali), and fondo tov
padnuatog, pe dwaduaoio yid tnv omoio Ba evnpegwOeite péow NAtd (email) ot
MoTa Tov pofnuotos.
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