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Cache Coherent Non-Uniform Memory Access Architectures

1) The NUMachine Multiprocessor

H apxuektoviky] NUMachine npoépxetat and to naveruotrpio tou Topovro. Eivar pua apxitektovik
ouvAa@elag ypriyopns Bvhpng Paciopévn oe xkatddoyo (directory based cache coherency) kat arotedeitat
artd k6pBoug Tou ava tecoeplg ouvbéovial oe SaktuAlo (ring), eve KABe téooeplg dAKTUAIOL ouvdEovial
eriiong oe avatepng tadng daxtuAo (hierarchical). O vaBe roPog aroteAeital And TE00EPIS ETESEPYAOCTES
oe 8uadpopo (4 procs-bus connected-SMP node) xkat é€xet éva edeyktr] pvhpung ywa diacuvdeon pe 1o
daxtuAo (hierarchical directory controllers). KadBe daxtudiog éxel 4x4=16 enelepyaotég kat o daxtuAiog
avetepng tadng dStacuvdéet téooepilg darktudioug gravoviag otoug 4=16=064 eneSepPyaotes.

2) Data General-Avion 25000 ccNUMA architecture (NUMALIiiNE)

H apxuwextoviky] Avion 25000 ccNUMA arnotedeitan arnd npoxatackevaopéveg terpddeg (commodity
quads) enefepyactwv Pentium Xeon tng Intel. Ot terpddeg autég ovopdalovrar Standard High Volume
(SHV) server nodes. KaBe tetpdda ocuvdéetal péow evog ocuvdéopou SCI se dutdd daxktuAio (SCIl-based
dual rings). (cache-based directory coherence protocol)

3) Stanford FLASH (npconv DASH)

H apxwtektovikr) FLASH 1ftav n nipotn nou xpnotpornoinoe to 1992 (DASH)to oxrjpa g cuvagelag pe
ratddoyo (directory based coherence) yia xkatavepnpévn pvhpn, xKat pdAiwota oty kupwa pvhpn (flat
memory-based coherence protocol). Ot ene§epyactég draocuvdeovral oe toroAoyia mAéypatog (mesh). To
TIPWTOKOAAO CUVAPELag TIPoEpXeTal amnod tnv punxavry) DASH rou fitav nipoyovog tou FLASH.

4) IBM-Sequent NUMA-Q (nponv StiNG)

H apxttektoviky) NUMA-Q armotedeitat anod terpddeg CUPPETPIKYG TToAueTieSepyaoiag dtaocuvdedepéveg oe
artAd SaktuAo pe npetdrkoAdo SCI. Ot enefepyactég kGBe terpadag dracuvdéovial péow dradpopou, evw
unapxet Kat évag eAeyktr)g (controller) mou Paciletat oto mpwtokoddo SCI yia v ouvdgela ypriyopns
BPVAHUNG petady pvnpev 1ou avikouv otg dlaqopetikég tetpadeg. (cache-based directory coherence
protocol)

5) SGI Origin 2000

H apxitektovikry] Origin amotedeitar and 2-512 xoppoug pe 1-2 enefepyactég R10000 yia tov rade
roppfo. To wBuaitepo xapaxktnplotiko tng eival o6tt oe raOe xké6PPo o1 2 emefepyactég de Asttoupyouv e
np@TtOKoAAO snoopy adda avefaptnra. Ia ) drtacuvdeon petaly diagopetikav KOPB®V xprotonoteitat
éva e101kd RURAGIA dpopoddynong rnou katackeudotnke anod v SGI kat Aéyetar SPIDER. TToAAd tétola
KUurAopata Spopodoynong  Siwaouvdéouv kopPoug oxnpatifovrag toroloyieg umnepkufov. Kabe 6uvo
KOPPot dracuvdéovial oe €va RURAGHA OpOoloAOYNoNg eve ta KUKAoPata dpopoAdynong anotedolv toug
ROpPoug evég unepruPou. 'Etor, yia 32 eneepyactég xproyonoteital vrnieprufog 318 tadewg, dpa 23=8
opopodoynreg, dapa 8x2xroppor/dpopod.x2enefep/kOPPo=32 enelepyactés. (memory-based directory
coherence protocol). To mpwtdéroAAo cuvagelag ypryopns Pviaung Pacifetat oe auto g HNXAVHg
Stanford DASH.



6) MIT Alewife
H apxuektovikn Alewife untootnpider pexpt 512 eneepyaoteg Siacuvdedepévoug o Aéya (mesh
connected) Full map directory (up to 5 readers per cache line)

Cluster Computing

a) High Performance web servers using clusters
b) Scalable Coherent Interface as System Area Network (SAN) for Clusters

MpwTtoéKoAAa Zuvaeeiag Mving os Aiadpopo
(Snooping Cache Coherency Protocols)
a) IMpotokoAdo MESI (Modified-Exclusive-Shared-Inalid)
B) MpowtoroAio MSI (Modified-Shared-Valid)

MpwTtdékoAAa Zuvdesiag MvAung ue KardAoyo
(Directory Based- Cache Coherency Protocols)

a) (Flat-limited) memory-based directory coherence
b) (linked list-chained)-cache-based directory coherence (SCI)



