Exercise 14: Coherence, Advanced Processors (U.Crete, CS-225) 19/5/25, 17:47

HY-225: Opydvwon_Ymo,oyrotwv Tw. Ent. Yrohoyiotmv
AvolEn 2025 © IMovemothwo Koftng

2e100 Aoxnocov 14:

Xvvoyn (Coherence) Kovpov Mvnuov,
IMooymonuévor EneEepyaotés
(Out-of-Order, Superscalar, Multithreading, Multicores,
SIMD/Vector/GPU)

Amo v 131 yio téhog 14n¢ efdouddag tov EEaunvou
Biphio: drafdote ta eENg, nou pe Toug €ENG TOOTOVG:

e [Tolvmoonvol EmeEepyaotég (Multicores): §1.8, oehideg 73-77.

o [TolvemeEepynotég nowvoyonotng wvihung (shared memory): §6.5 oehideg 619-620
TQOOEXTIXA, ROl OEAOES 621-623 O YOTYOQOL.

e Xvvoyn (Coherence) Kouvpaov Mvnuov: §5.10, oehideg 549-554 - dwaPdote Tig
NOVOVIXA, ATTOTEAOVV HEQOG TNG eEeTAOTENS VANG.

e [Tagariniio Emmédov Evtolic (ILP) — EmeEeoyaotég e mpoyxmonuéves Loodhég
opoyelptag (out-of-order execution, VLIW, superscalar): §4.11, oelideg 395-410 —
OLOPAOTE TIG ROVOVIRA, OTTOTEAOVV LEQOG TNG EEETAOTENS VANG.

e [Tolvvnudtwon (Multithreading): §6.4, oehideg 615-618 — drafdote Tig ®OvOoVIRA,
QITOTEAOVV UEQOG TNG €EETAOTENS VANG.

e Al O¢pato magarinlopot - SIMD, MIMD, Vector, GPU: §6.1-6.3, oehideg 598-
614, now §6.6, oehidec 624-631 — eml TQOYAOMV.

o ITolveneEepynotéc pe petafiPaon punvuudtmy (message passing) ®olL CVOTOLY(ES
(clusters): § 6.8, oehideg 636-642: el TQOYAONYV.

o Apyltertovirés Eldimot Zxomov: § 6.7, oelideg 631-636: eyrurAOTALOLLA.

Aoxnon 14.1: DMA zou Xuvoyn Kovone-Kuguag Mvijung

2 éva ovoTnua O0mov yivovtor petapoeés DMA moémer va ABel to mooPfAnua g
ovvoyNg #udnNg xow ®vLag uvnung (medPinua Cache Coherence). AeiEte moud
elvol To mEOPAUA QUTO, RAVOVTOS TO €ENG. ZxedLAOTE (1) TOV EMEEEQYOOTT] UE TNV
©QUPT) TOV UVNUN), 1) OToia. oV VOEeTOL OTNV aETNEta (AewdOO - bus) uviiunc-E/E,
(i) TV rOELAL pviun, ovvoedepévn oty (Ol aptnela, xau (iii) pia ovoxrevt) E/E pe
unyoviopd DMA, ouvdedepuévn oty (Ot apTnola.

(o) OewENOoTE TNV TEQLPEQELOXT) CUOAEVT) OOV CVOAEVT] ELOOOOV, nOL BEWETOTE OTL
ovuti] petoadéger péow DMA  véa Oedopévo €0000v oe Ao  TTEQLOYN
OLevBivoewv otV ®vLa pvijun. Metd ™ AMEN t™c petadpods, To TEOYQOUUOL TTOU
TEéYEL 0TOV emeEepyaoth OéheL va dwofdoel (uéow load) Ta véa dedopuéva eloOO0V
oo TV megLoyl devBivoemv otnv ®rLLa pvijun 6mov avtd €youvv TomoBetn el
a0 To DMA. Z¢e mola megimtwon Ba dwofdoel to omwotd véa dedopuéva, ®RaL OE TTOLOL
neglrrrwon Ba drafdoel AavOoopuEVeS TOAOLES TLUES;
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(P) Oewpnote TV TEQLHEQELANT] OUOKEVT] OOV OUOXEVT) EEOOOV, noL BeWETOTE OTL
TO TEOYQOUUO TTOU TEEYEL OTOV eMeEeQYAOTN TOQAYEL peourd véa dedouéva to
omola yoddel (LEowm store) o€ 0QLOUEVT) TTEQLOYT) OLEVOTVVOEMY Vi UNG, ROl TO OTTOLAL
ot ovvéyela OéheL va oteilel oty mepudepelaxt] ovoxrevy). 'id To oxomd avto, To
Aertoveyrd ovotnuo Eexwvael piar petapood DMA amd TNV ToQamtdve TEQLOYT
devBivoewv nboLag pviung mog T ovoxrevt] eE60ov. 'Eotw Ot 1 ®udh) pviun
tov emeEeQyaoti) elvar Tomov write through, dnlady|, wg yvwotdv, xdbe 1L OV
vodderL 0 emeEeQY0OTNG 08 AVTNV, QUTH TO YQAPEL AUECMS KOL OTNV HVQLOL LLVI|LY.
Y autég tig ouvOnres, vidyel meQimtwon va rdoovv AaBog (alod) dedouéva
011 ovoxrevt) eE600v; [att OyL;

(y) 'Eoto tooa 6t oto cvothuo () 1 »udf pvAun eivor thmov write back,
OMAadn dev yoadel aUECmS OTNV ®VELOL v ®A0e adhay) Tiung (eyyoadrn véag
TLUNG) OV ®AVEL O eMEEEQYAOTNG, AALG TO Yodhder aQydTeQa, dtav To block dmov
EYLVE 1 aALNayT) TOETEL VO OVTIXOTAOTOOEL OTNV ®QUPT pviiun amd dilo block. Y
OQUTES TIG OVVON*ES, O TOLOL TEQLTTTWOon Ba ®aTalEouv To omWOoTA v dedouéva
011 ovoxrevn €E000v, ral og mola meQimTwon Oa xatalnEovv exel AavOaouéveg
TOAALES TLUEG;

AVoglg 0T0 TEOPANUOL TNG OUVVOYNG %EUPHS %ot ®VQLOG UvAUNG VdQyouV
"uecoPéCineg", pe exdimEN (flush) celidwv amd v xoudn uviun (OVoxolo 1)
YOOVOPMQEO) 1M Ue XONON OEMOWV UOQROQLOUEVDV (OUVOWS OTovV mivaxa
uetadpoaons / TLB) @oTe 1 ®QUPT) Wvijun vo avaryvwiCel ®aL vo unv xatd (non-
cacheable pages) (peldvel TV emid00T TOV eMEEEQYAOT)), 1) "OLCRES", LE x0T oM eVOg
TOWTOXOMOU  CUVOYNG HQUPDV UVNUOV OOV aVTd TTOU  QNOLUOTOLOVV Ol
TOAVETEEEQYAOTES KOLVOYONOTNG WVNUNS (shared-memory multiprocessors).

14.2: Xvvoymn (Coherence) Kouvpmv Mvnumv - Snooping

Awapavereg 14a

Ouv mohvemeEeQyaotég nowodyonotng uvhung (shared memory multiprocessors)
aoTEAEOVVTOL A0 TOANATAOUG emeEeQyaoTés mov Ohot "PBAEmouv" wd xouvh
LV, HEOW TNG OMOlOS  EMKOLVWVOUV  HETOED TOUG HOL  UITOQOUV Vol
ovvepyatovtol (f.y. 0Tav exteholv éva mapdhinio medyoauua). H emxowvwvia
TOVG TEOXUITTEL OTAV €Vvag emeEeQyaoThS YOddeL ®ATOLo VEO ATOTEAEOUOTO OF
0QLOMEVES BEOELS TNG HOLVIG UVIUNG, ®OL €VOG 1) TEQLOoOTEQOL AAAOL EMEEEQYAOTES
OaPalovv avtég Tig véeg TLuES amd exeives Tig B€oelg puvnung —xdatL mov OuuiCel
OQUETA AL TNV EMAOWVOVIAL PE TG ovoxrevég €100dov/eEGdoV. O md ovyvol
TETOLOL TTOAVETEEEQYOOTES OTUEQX €lval Ol TOAUTTUENVOL emeEeQy00TéS (multicore
processors), oV €YoV TOAATAOVG TVETVES (cores) —ONA0T] emeEeQyaoTéc— OAOUG
péoa oto (dLo chip.

Emeldn ou pviueg eivar ovviBwg povomoetes (Y& va unv «ootiCovv o), Ba
NTav TOAD 0QYd edv OhoL oL emeEeQyaotés o' éva Té€Tolo oLOTNUO €QYACovTav
ovveyYmg Ue TV (Lovadxy oQTo TNg) Wo(g) xowvdyonotn(s) wvhun(g). Avt
ouToU, Aoutdv, o nA0e emeEeQyaotng £xel TNV S Tov "WOLwTKN" (private) ®QUdN
Pviun, %ol WOVOv Ol aoTOYlES OUTOV TV RQUPOV UvNUOV (TOV €lvar %o
OTIOVIDTEQES) TN YOlvouv otV (Hovadrt] mOETa TNG) %ovoxonotn(s) uviun(c).
Avtiiv ™V (Lovadixt)) 0QTO THS ROLWVOYONOTNG Uvhung TV PAEémovue ovviBmg
oov o agtneio (bus) mov evvel OAES TS RQUPES UVI|UES OAMV TWV TUETVOV

https://www.csd.uoc.gr/~hy225/25a/ex14_coher_advProc.html Page 2 of 7


https://www.csd.uoc.gr/~hy225/24a/14a_coher.pdf

Exercise 14: Coherence, Advanced Processors (U.Crete, CS-225) 19/5/25, 17:47

(emeEeyaotdv) ®abmg xor ) puvAun. Oleg oL 0otoyieg (misses) TwWV %RQUPHV
LVNUDV TTEQVAVE 0 ouTi] TNV aQTnoia (oL doa, 0molog BéAeL nal %xoltdlel
(snoop) wroet va. Tig PAEmEL).

‘Onote duoveyotpe ToMaTAG aviiygodo g Ouag mineopopiog »at #EmoLog
oAAGCel Eva amd Ta avitypada (1) To mEMTOTLVIO) eV dAAOL £xouv ral PAETOVV
ahho aviiypada, Tote elval oa vo "myaivoue yuveevovtog yid umehdoec"! Avtd
LOYVEL RAL OTO VARO (RQUDES UVIUES), AL OTO AoyLouxo (7). web browser caches),
noL oty ®oBnueowviy pog Cmmn (m.y. molhot dpilol éxouv aviiyoado tov aoBuol
TNAEGDVOU POV OTO XLVNTA TOVG, %L €YD AAALw apBud thhiedpmdvou...). Ommg nat
pe to I/0 DMA's »al tTnv ®Qud1n pviur, mooarndve oty doxnon 14.1, avdroya
mooPAnuoto  eudaviCoviar xor pe TG (OLWTKES) AQUPES UVNUES  OTOVG
TOAVETEEEQYAOTEG KOLVOYQNOTNG LVIUNG.

Tnv emBuunti ovvoyn (coherence) TETOLWV %QUPOV pUvnuOV, OMAAdN TO VO
PAémouv Ohou oL emeEeQyaotég TV Ol T oty O devBvvon (oxedov) avd
ndoo  otypr), TV eEaopaiifovv edwmd mEWTOROAX ovVOYNG, oOvVIOBwg
VAOTTIONUEVOL 08 VKO (XWEIG VO ATTORAEIOVTOL ROl TTQWTOROAO O€ AOYLOMUKO), TO
ahoV0TEQO. a0 TOL OOt €(vValL TO TEWTOXOAO "snooping" (rQudoxoltayuo, M
NOTOOROTUA), OTAV OAES OL ®QUPES UviUeS ovvOEovTal TV oty (OLo apTneio
(bus) zow waparoAovBoUV exel "Oha T VEQ TNG YELTOVIAG" .

2ZuvNBmg Ta TEWTOROAN QUTA aroAovBOUV TV moATLkY| "write-invalidate": Omote
Evog atd TOVg emeEeQYNOTES YOAPEL 08 LA OlevBVVON pviung (Tov avtiyoado tng
glxe N P€QVEL OTNV RQUPT] TOV UviuUn), TOTE TRETEL VA OLYOVQEVTOUUE OTL avTO O
elvol To povadro avtiyoapo avtig tg delBuvong, peta&l OAmV TV ®QUdMOV
LvNUov Tov ovothuatos. Edv Aowmdv o emeEepyaotng avtdg dev eivor olyovpog
OTL nravelc GAlog Oev €xeL aviiyoado oe dAA ®QudTN pviun, TOTE E€lval
VIOY0EMUEVOS VA "BooviodmvaEel" (broadcast) TAvm otV ®oLvi) aQTNnEio 6TL OAOL
oL dhhou mEémeL va. axvemeovy (invalidate) Ta aviiypada mov tvyov elyav (adot
TEQLEYOVV TNV TTOAOLE, ArVQN TTAEOV, TUUT)).

Avdloya pe to mOoo AemroueQt] mAngodopio Béher va Buudtor  rdbe noudm
pvnun yud v »véoe yoauun 0edopévmv Tg, WIoel, oe OLAPOQES TEQLITTMOELS, VO,
elvow N va. unv eivor olyoven xatd mdécov umogel 1) 0ev Wrogel va vdoyovv
avtiygada g dtag yoapuuns xar og dlleg xoupég uvhues. Oha ta TETOHROA,
EeywoiCouv yid tnv %d0e yoouu oe moudv amd TS €ENG TEEIG TOUAGYLOTO
neourtwoels ("roataotdoels") avti) foloxetol:

e M (Modified): ¢y aildEel (modified) TO TEQLEXOUEVO AVTHG TNG YQOUUNG, RAL
aQa efpo 1 LOVN ®QUGT VN TTOV €Y avTiyQadod the (dirty).

e S (Shared): éxm €yrvQo avtiyQado aUTS TG YOUUUNG, OALE eVOEYETOL RAL
ahlec nQUOES pviueg va €xouv avtiyoadd ng, rat dga, Pdoel g
ovudwviag pog "write-invalidate", to avtiyoado pov eivar "xaBod" (clean),
Onhadn oy dirty.

o I (Invalid): avTi) 1 Yoo eivar axver), ONAadT] TEQLEYEL OROVTUOLAL.

Ext6g amd 115 108lc mapautdve TEQLITMOELS (RATOOTAOELS) Yid TV ®d0e yoauun,
OV VIAQYOVV O0€ OAO TO. TQWTOXOAOQ OUVOYNG, UEQME TQMWTOXOAN KRQATAVE
Aemtopeéotees mANEOoPpopieg —EexmoiCovv i 1) S0 TEQLOOOTEQES TEQLITTWOELS
(OTOOTAOELS):
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e E (Exclusive): £y €yrvpo rat 08000 (clean) (not dirty) avtiyooado avtig g
YOOUUNG, ®ol elpon olyovgog OtL xapion GAAN ®oudrn pvhun Oev €yel
avityoodd g (tTo mEWTOXOAX TOU OV £€YOouvV OUTH TNV %ATAOTAON,
neQLhopBavouy auti) Ty megintwon péoa oty ratdotoon "S").

e O (Owned): elya alhdEeL TO meQLeXOUEVO QUTHG TS Yoauung (dirty), »an yu
ouTto opeilm (ndmote pehlovtind) va to yodyw miow (write back) oty pwviun,
oOMA eV T PETAED vadQyouvv %l GAAES %QUPES pviueg mov Citnoav
aviiypadd g, rar tovg €xm dmoel, doo AEN eipar md n povn mou €y
avitypodo (to TEWTOXOAX TOU dgv  €xOouv  avTi] TNV  %ATAOTOON,
meQLAauPBavouy avti) TNy megimtwon péoa otV xatdotoon "S", aAld
VITOYQEOVVTOL VO €xOvOv TO write back e To ov 1 oty "GAAN" ®QUT)

pviun pov Citnoe aviiyoodo).

Otav wd »eupn pviun Tntder va dwPdoer wd yoouuh, meodavdg Adyw
aoToylog, TOTE, EXTOS OO TN HEVTOLXT] UVI|UY, ©ou OAES OL AAAES RQUDES UVT|UES
oxotv to attnuo. Edv xdmowor GAM noudpt) pvijun €xer ™ YQOUUT, OmeDdeL auTh)
TOWTY VO TNV OMOEL, TTPLV TO RAVEL 1] REVIQLXY WVIUN: OTNV megimtwon Shared (1
Exclusive) avtd amotehel amhi) emtdyuvor, oAld otnv megimrwon Modified (1)
Owned) avtd amotelel ammopaitntn mEOVTOOe0N 0000TNTAS, APOV 1 HEVTOLAT
pvinun AEN éyer thv owoth (mhéov mpoodatn) Tium!

Aoxnon 14.3: IIpdEeig otnv Aptneia, o Snooping Coherence

Oewonote OV0 emeEeQyaotés, Tovg A nou B, »au tig avriotouyes WOwTnég TOUg
NQUPES UVTLES, TTOV ETUROLVWVOUV UETOED TOUG KOL E TNV REVTQLXT] TOUG UVIUN UE
wév agmeio (bus). Ou A »now B yonowpomototv xor or d0o TV %oLvOyENoTY
petofAnty) sharedVar, xow cvpfaivouv to €ENG ratd 10ovVirt) oeld:

i. AQywa, N ®owvoyeNoTn HeToPAnTi) PoloreTor LOVO OTN UV RO EXEL TUUN
undév (0).
ii. O emeEepyaotnc A Owfdler v »owvoOyenoTy UHETOPANTN] oL RAVEL
VIIOAOYLOPOUG PUE QUTNV.
iii. O emeEegyaotic B Otafdlel nL autodg TNV ROLVOYENOTY HETOPANTY), now rAVEL
%L AVTOG VITOAOYLOUOUS UE QUTHV.
iv. O eneEepyaotig A extehel TV exymenon sharedVar = 11;
v. O eneEegyaotiic B Eavadiwofdlel tnv xowvoyonotn petafinti, yid vo ®Aavel
%L AAAMOVG VITOAOYLOHOUS UE QUTHV.

() Edv AEN vrdoyel momTOROAO OUVOYNG OTNV 0QTNEI0 ROl OTLS RQUPES UVTULEC,
nooeg now molég mEdEelg Ba yivouv mlvw oty agtnia, xor og mowd amd Ta
TAQAITAVM Prinata; (Anhadr), Told xeudT) pvijun Bo Tnthoel T amd TV REVIQLXY
pvnun, ywort, zow mwote;) 2to Pruo (v), o emeEegyaotig B, pe Tt miun g
71OLVOYONOTNG MeTOPANTG B ®AVEL TOVUG VEOUS TOU UTTOAOYLOMOUG, %OL YLOTE;
YmoBéote OTL oL ®QUPES viueg elval write-back, ahAd, TQOMLQETIHG, orePTElTE (1)
7noL yOAte ®aL oty amdvinot oog) Tt 0o dAhale edv oL ®QUPES UViUES TTOV
write-through.

() Eotw tdea 6Tt ov A %ow B emuxotvovoly peta&l Toug ®ol Ue TNV Xowvoyonotny
UEVTOLNY] TOUG MVIUN HE TEMWTO®OAO snooping coherence mAvV® OTNV AQTNQLC.
Amovtiote tdht TOOES noL TOLES EAEELS Oa yivouv mavmw oty aQtneia, ®oL o€
oLd ot TOL TOQATAVED Prpata; Zto PHpa (v), o eneEeoyaotng B, pe tu i tng
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71OLVOYONOTNG MeTOPANTS B ®AVEL TOUG VEOUS TOU UVITOAOYLOMOUG, %OL YLOTE;
YmoBéote 6TL TO MEMTOHROAO snooping coherence €xeL Tig faoinég nataotdoes M, S,
nou I mov eldape moQamdve, ahhd, TQOALQETIRA, oxeDTEITE (1) ®OL YOAYPTE ROL OTNV
amdvtnon oog) Tt 0o dhhale edv TO TQWTOROAO €lye ETMTAEOV RAL TNV RATAOTOON
E.

(y) "Eotw t@a 6TL T0 Taamdvem oevdolo aAldlet, wow megvéue notevbeiov amd
to PHua (ii) oto Pruo (iv), xweic va ovpuPel evdidpeoa n avdyvoon (iii) ™g
71OLVOYENOTNG LeTafPAnTiic amd Tov B. e avti) v mepimrmwon, mwg Oa dtadpégouv
netaEL Toug (1) To mMEmTOROAO cuvoyng "MSI" mov €yel povo Tig ®aTaoTAoels M, S,
non I, amd (2) To mpwtdroro ovvoyng "MESI" mov €xel tig »ataotdoeis M, E, S, nau
L;

Aoxnon 14.4: Instruction Scheduling:
Yratizo (Compiler) nor Avvopuxo (Out-of-order Execution)

Awodaveres 14b 1 €émg non 9.

(o) Oewemnote to €ENc MmOy oe C (S0 exywenoelg OAeg xL OAeQ): "X = a+2; y
= b-1;" 6mov oL axégoueg METOPANTES a, b, X, ®oL y Poloxovror oty v, oTig
olevBivoelg 120, 124, 128, nwow 132 avtiotoya (0eradnd). Metadodote To
modyoapupa ovtd oe Assembly tov RISC-V ywoig "instruction scheduling", dnAodi)
YWQIc va avadiotdoete TV BE0N TV EVIOAMYV OV aUTES €xouv "by default", fdoel
TOV TTROYQAUUATOG.

() Otav 1o mpdygoppa (o) exteheiton oty "vAaoowxi pipeline" Twv 5 fabuidwy,
OooL ®UrAOL QOAOYLOU YAvovTaL AOYw avopovodv (aAANAeEQQTNOEMYV) ETOUEVWV
eVIOAMV amo evtolés load; Kdvte tdoa instruction scheduling 6mwg Oa éxave évag
ovyyeovog compiler, dMAadN avadlatdEre TG €VIOAES —YwEic vo alhd&el m
ONUACLOAOYIO TOV TTIROYQAUUATOS, PUOLKA— OVTMS MOTE VO UV XAVOVIAL 0UTOL OL
©0O%AOL QOAOYLOV, 1Ol EENYTOTE €V CUVTOMIO YIOTE ETUTOETETOL AVTH 1] AVAOLATOEN
%o Yot 9gv ydvovtor oL *xAoL QOAOYLOV.

(y) "Eotw tdhoa 1 €Efg magailayf] Tov meoyQauuatos (a): "(¥px) = (¥pa)+2; (*py) =
(*pb)-1;" 6mOL oL peTafPANTES pa, pb, pXx, ®raL py fEiorovTol 0TOVG ®OTAYWENTES X 14,
x15, x16, nou x17 avtiotorya, xou elvalr OAeg TOTOV pointers 0 areQAUIOVS (A OL
OQUVENOELS RAL EXYWETNOELS TOV TQOYQAUUOTOS (0) TMEO YIvOvToL OTLS (OXEQOLES)
AMEEELS pviiung 6mmov delyvouv autol ol pointers). MeTapAoTe TO TEOYQOUUA AVTO
oe Assembly tov RISC-V ywoig instruction scheduling, ®aL 0T CUVEYELQ AITTALVTT|OTE
edv o compiler pwrogel now T va vdvel instruction scheduling 07twg 0TO QTN
(B) N Ox. EEetdote ywELotd TV TMEQimTmon mov oL pointers px xnoL pb €youv
OLOPOQETINES TUUES, HOL TNV TEQITTWON OV €YOUVV TNV (OLoL TLuY): TL VITOAOYICEL TO
meoyQaupa OTNV o eQimTwon xo TL oty dAAn; Adol o compiler dev Egel Tnv
Tun ov Ba €xovv ol pointers Otav Oa exteheltol TO TEOYQOUUAL, ETUTQETETOL VO
navel instruction scheduling 6twg oto (B);

(®) 'Eotw 611 extehotue To modyoapuuo (Y), mov £xel yiver compiled avoayxootind
xwO(g instruction scheduling 6mwg elmope oto (y), oe évav emeEeQyaoti) pipelined, pe
out-of-order (000) execution, ®aL OTL 0T0 1% TV TEQLTTWOEWV TTOV TO EXTEAOVUE OL
pointers px x®oL pb €xouv (01 TN, EVO 0TS VITOAOLTES 99% TV TEQUTTMOEWV £YOUV
oladpogeTint Tipn. Metd tnv med T evtol load, 1 evtohy) addi mpémeL var eQLUEVeL
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uéyor vo éABovv ta dedopéva ou el CETOL atd T WV UN, ®OL 1) EVTOAY store
TEETEL EMIONG VO TEQUUEVEL PEYOL VO, VITIOAOYLOTEL TO (*pa)+2. Ouwg, M emduevn
eviol)| load, mOTe vmOyQeOVTOL VO TEQLUEVEL %OL TOTE WITOQEL VO EXTENEOTEL
aveEdomta; Ouundeite OTL 0' évav emeEeQyaoTy| Le extéleor 000, 1 ®GOE EVTOM)
TEQUUEVEL Uovov OTavV €EAQTATOL A0 KATTOLO. TTQONYOUUEVT] TNG OV OeV €xEL
Bydher ) vGver ardpa To amotélecua mov yeewolopaote. Edm, n emduevn load amod
TOLAV TTQONYOUUEVT WToQEl Vo eEaQTdTal, ®oL Vo Told mEoVTOOeo Ba VITAQYEL
oOvtwg avti) 1 eEdgtnomn; Ilog to hardware Oa metvyeL va rdvel To L0OOVVOUO TOU
instruction scheduling mov o compiler dev wrogovoe va xndvel;, 11660 ovyvd Ba
yaveTal xeOvog Aoyw alAnieEapTioemv noL TO00 ovyva Oev Ba ydvetal;

Aoxnon 14.5: ITolvvnuatwon (Multithreading)

Awdaveres 14b 20 €mg %o 23.

‘Eotw évag emeEeQyootng pe multithreading mov €xer 900 vijpata 0to vArd Tou, To
A nou o B. Anhadn, (oxeddv) Oha otov emeEeQyaoTy) avTtdV gival OTTme ®aL ' Evay
1OVOVIO, EXTOC a0 TO OTL €xeL Ov0 xataywentég PC, tov PCA now tov PCB, »ou
ovo apyelo rataymontdv, 1o RFA xow to RFB. O PCA delyver otnv emduevn
EVTOAT] TTOV TRETEL VO exteleoTel ad To EOYQaupa A, xal To RFA meguéyel v
TEEXOVOO TUUN TV RATAYWENTOV TOv meoyeduuatos A. O PCB deiyvel oty
EMOUEVN] EVIOAT OV TQETEL Vo exteleoTel amd TOo TEOYQauua B, xouw to RFB
TEQLEYEL TNV TEEYOVOO TLUT] TV RATOYWENTDOV TOV TIQOYQAUUOTOS B.

e #ATTOLOL OTLY N, RO EVD O EMEEEQYOOTIG LOLG EXTELEL EVTOLES TOU TTQOYQAUUATOG
A (yonowpomoiwvrag tov PCA nat to RFA), wd evtohn load mpoxalel dvotuymg
00ToY {0 RQUPNG LVI|UNG, KO TTQETEL VAL TTALUE OTNV REVTQLXRY| VTN, Ty oL TTov Oal
pnag roottoel . 80 winhovg oloylol (oe avti) v doxnon). XAl oto
instruction scheduling amd tov compiler, now y&olg otnv out-of-order-execution
pipeline, o emeEegyonotilc Poioxel YONOLUES €VIOAES VO exTeAEOEL (OL OTOlEg
moopavawg AEN yoerdlovtal ta data tng load mov »aBvotegel), xou ov omoteg Ba
1QOATI|OOVV (TTOQAYWYIXA) OTAOYOANUEVO TOV EMEEEQYAOTY) YIA 8 Qtd ALVTOVG TOVG
80 ®nhovg avapovig.

(o) Edv o emeEegyootiic Oev eiye multihtreading, mdéooL nixAoL goroylol Oa
x&vovrav og autd To 0eVAQLO;

Emeldn opwg o emeEepyaotng pog €xel mulithreading, pe to mov dwomotdver Ot M
evtol) load tov vijpatog A mpoxalel aotoyia, aQyiler vo ¢pégvel (fetch) eviohég
pnéow tov PCB —dipa tov mpoypdupotogs B— »ou vo tig extehel x0MNOLLOTOLOVTOS
TOUG ®OTAYWENTES RFB, péyoL Vo AavTNoEeL 1] LEVTOLXY UV 0TV AoTOY (0 TG
load Touv A, omdte ®ouw Eovaryvilel o emeEeQyaoTig 0TV EXTELEDT EVIOADV ATTO TO
vijpo A.

(B) To vijuo (mEoYQauua) A TEéxeL O YT YOQO (08 ALyOTEQO XQOVO) TMQO TTOU
vy el multithreading ast’ O,TL 7TQLV TTOV OEV VITNQYE;

Ouwe, (y) Tooa mov £xovue multithreading, wOooL ®O#hot gohoyot Oa yaboiv
"oUVOM®A" OTO TOQATAVMD OEVAQLO; "ZVVOMKA YOopEVOL" RURAOL OMuaLiveEL RURAOL
7OV T{IOTA XONOLWO eV TQOYWEA —0UTE EVIOAES TOV VILALTOS A, OUTE EVTOAES TOV
vijuatog B. YmoBéote 6tL to vijua B elvar tuyepo, xot teéyetl yid 80 (tovidiloto)
©ORAOVG XIS VO TOv ovpPel xopio aotoyio TG XQUPTS UVHUNG.
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14.6: SIMD, Vector, GPU

Awodaveres 14b 10-19 xon 24-27.

Awpdote to Biio 1) deite Tig dLahéEels yid Ta Bépata: (i) o Kavovag tov Amdahl:
(ii) natnyogomoinon SIMD - MIMD - nAm. (iii) Vector Processing (SIMD): (Oeg
TodEeIS v o€ OAATAG dedouéva - mivares dedouévmv (data parallelism)- xou
(iv) GPU (Graphics Processing Units): chips polixot moQaAAMMopot o TeQLéyovv
TOANATTAOUG €MEEEQYOOTES €LOLXOV OXOTIOV, OTTOV 0 ®aB€vag Tovg elvor massively-
multithreaded vector processor.

14.7: Clusters — II¢paouo Mnvoudrtov

Awapavereg 14b 28-29.

INd ovotnuota pe meQLocOTEQOVS ATTd HAUTOO0ES OERADES 1) WAE-OUO eXATOVTAdES
emeEEQYOOTES/TTVOTVES, 1] OUVOYT] XQUPDOV PVNUOV péow hardware (snooping (§14.2)
1] dircetory-based) xaBiotaton vmegPfolnd damavnEy %oL KN ood0TIXY) OTO VO
7©QUPeL TNV avdyxrn o alyoQlOuog /1oL 0 TEOYQOAUUATIOTNG VO ToGaoilel TV
1OTOAMAOTEQN TOoTOOETNON ®ow peTaxivnon dedouévov (data placement) peta&l
TOV TOTUXOV Wvnuov. Tétola cvoTHuato AOUTOV RATAOREVATOVTIAL OOV TTOAAQITAOL
N-aveEAQTNTOL VITOAOYLOTES, oLVVI|BWS ToAuThenvol pe hardware cache coherence
no0évag, ovvdedepévor  petaEL  touvg pe  xrdmowo  dixtvo  dLaovvOEoNC
(Interconnection Network) ouvi|Bwg onuavTind yonyoeoTeQo oo Ta TAQadOoLord
LAN (Local Area Networks), aAld Tavtdygova zor Oyl TO0O YQ1Y0Q0 OGO 1|
OLOOVVOEDT, RQUPMDOV UVNUWDV  HOL KEVTOXTG UVIUNG UHEoo otov  xobévav
vrohoyioti). H emxowvovio elvar ovvilBwg pe mégoaouo unvupdtmy, oV TNV
Ty VTEQT] TOV eXdO0YN Wtopet va yivetow péow RDMA (Remote DMA - Remote Direct
Memory Access).

Toonog Iagddoong

[Mogadmote palt v moonyotuevn doxnon 13 xaw avtiy edm ™ oewd 14, on-line,
oe poedn PDF (uovov) (Wwmoet va elvor %elpevo  pnyovoyQodnuévo 1/xol
"ORAVAQLOPEVO" YeROYQAPO, OAAG uovov oe poedn PDF). IMapadwote péow
turnin ex1314@hy225 [directoryName] £VO. 0Q)€(0 OVOROTL ex13.pdf YL& TNV 13,
7oL EVoL QY El0 OVOUOTL ex14.pdf LIE TIC ATTAVTNOELS 14.

Oa eEetaoteite no MPOoPoxA Yo Tig aoxrnoelg 13 nau 14 (pakli), amd Pondod tov
nafnuotog, pe dtaduaocio yid tv omota Oa evnueomwOeite péow MATA (email) oty
Mota Tov padnuotoc.
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