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Co3naHue U OCBOGHHME CYNEPKOMIIBIOTEPHBIX CPEICTB M TEXHOJIOTMH ObUIO TJaBHOM
3amaueid mporpammbl  CorozHoro rocyaapctBa «CKU®» (20002004 rr.). PesynbpTaTh
KOMIUIEKCHON  peanus3anuu nporpaMMmbl  «CKHU®»  gBisAOTCA  CyIIECTBEHHBIM HAay4yHO-
TEXHUYECKUM U OpPraHU3allMOHHBIM 33JI€JI0M JUIsl JajlbHENILIEro pa3BUTUSL CYNEPKOMITBIOTEPHOTO
HalpaBJIeHUs B paMKaX HOBbIX nporpamm CorosHoro rocyaapctsa «Tpuanay» (2005-2008 r.r.) u
«CKUD-T'PU» (2007-2010 rr.).

Baxneimmuii pe3ynabrar BblnogHeHHs nporpammbl «CKHU®» — Belmyck 00pasioB
kjacTepHbIX KoHpurypanuit «CKU®» Psna 1 u Pana 2 npou3BoauTeNbHOCTHIO B AMANIAa30HE OT
JECATKOB MHJUIMAPAOB 10 HECKOJNBKUX TPUJUIMOHOB OINEpaluii B CEKyHIy, KOTOpBIE
UCTIONIB30BAIMCh KaK il OTPabOTKH TPOTPaMMHOTO OOECIeYeHHUs, TaK M IS peajbHbBIX
BBIUMCJICHUI B UHTepecax MpeAnpusaTuil u yupexaenuii Poccun u benapycu. B 2004 rony Obina
co3mana crapmias mozaenb cemeiictBa «CKU®» — cynepOBM «CKU® K-1000» ¢ mukoBoi
MPOU3BOJUTENHHOCTBIO 2,5 TPWUIMOHA OMepanuil B CEKyHIy, KOTOpbiii 9 Hos0ps 2004 rona
BKJIFOYEH B o4epenHoi 24-i1 Boimyck criucka top-500 mox nHomepom 98. Crnucku Top500 cambix
MOIIHBIX BBIYUCIUTENBHBIX CUCTEM B MUpE MyOJIUKYIOTCS [iBa pa3a B rojl, HaunHas ¢ 1993
rona. Cynepkommbiotep « CKU® K-1000» Bxoaumn B ueTbipe noapsia peaakuuu circka TopS00,
YTO yOEeIUTEIbHO CBUIETENILCTBYET O EPCIEKTUBHOCTH MPUHATHIX TEXHUUECKUX PEIICHHUH B
pamkax nporpammbl «CKU®».

B npounecce BbmonHeHus mnporpaMMmbl  «Tpuama» co3maHbl  MOJENM  THIIOBBIX
nepcoHalbHbIX  KinactepoB  cemeiictBa  «CKU®-Tpuaga» ¢ WHUPOKUM  CHEKTPOM
npou3BouTeNbHOCTH — 0T 50 1o 500 MminnapaoB omnepauuii B ceKyHAy, Oasupyrouiiecs Ha
OCHOBOIOJIAralolMX KOHUENTYaIbHBIX IPUHIMIIAX CO3JaHHUsS CyNEPKOMIIBIOTEPOB HAIIPABIICHUS
«CKN®y. TennmeHuuu pa3BUTHA HHPOPMAIMOHHBIX TEXHOJOTHH ITUKTYIOT HEOOXOJIUMOCTH
IIMPOKOTO  BHEAPEHUS  INPUHLUIOB  MAapajUIeNbHBIX  BBIUMCICHMM I pEIIEHUs
BBICOKOIIPOU3BOAMTENBHBIX 3a7ad. [ 3Toro Tpedyercs co3gaHue HeJOPOrMX MajorabapuTHBIX
BBIYUCIUTENbHBIX KOMIUIEKCOB, KOTOpPbIE BO3MOXHO YCTAHABIMBATh B OOBIYHBIX paboumx
IOMEIIEHUAX WiIM oducax. Mojaenu MepcoHAIbHBIX KIACTEpOB — 3TO HEOOJbIIME
HYKOHOMHYHBIE TIOJTHO(PYHKINOHATIBHbBIE BHIYUCIUTENbHBIE KOMIUIEKCHI ¢ MOJYJIbHOH KJIaCTepHOU
apxutektypol. Ilepconansubie kmactepbl « CKU®-Tpuana» 3anofdHAOT HUILIY, pa3AeisIONyOo
OOBIYHBIC TEPCOHAIBHBIE KOMIIBIOTEPHl M CYNEPKOMITBIOTEpPBI, OOecreynBas BO3MOXKHOCTb
HCIIOJIB30BaHUS CYNEPKOMIIBIOTEPHBIX TEXHOJIOTMHM B OTAEIBHOW OpraHW3aluH, MOAPa3AeICHAN
JUISI IEPCOHANIBHBIX BHIYMCICHUM.

OnauM w3 OCHOBHBIX  HampaBiieHnit mporpammbl  «CKU®-I'PU/l»  saBusercs
CYNEpKOMIBIOTEPHOE HAIpPaBJICHUE, TJIaBHOW IIEJIbI0 KOTOPOTO SIBJISETCS CO3JJaHUE OIBITHBIX
obpasnoB cynepkoMbioTepoB «CKU®D» caenyromero mnoxonenus (Psg 3 u Pan 4),
OpPUEHTUPOBAHHBIX HAa UCIIOJIb30BAHUE B IPU-CUCTEMAX.

OcHOBHBIE yCHIIHA O pa3pabOTKe OTEUECTBEHHBIX TEXHUYECKHUX PEIIEHUH U BBITYCKY
OMNBITHBIX MoAenel cynepkoMmnbioTepoB cemelictBa «CKU®» B pamkax mporpammbl « CKD-
I'PUJ1» MOXKHO pa3ieTuTh HA CIEAYIOIINE HTAIbI:

e 2007-2008 rombl: cosmanue kimactepoB Psga 3 — «CKUD® MIY» (HOBBIH
¢armanckuii cynepkommnbtorep HampasieHus: «CKU®») ¢ nukoBoii mMpou3BOAUTEIHHOCTHIO 60
Tflops, «CKNU® YPAJI» ¢ nukoBoi mpousomuteabHocThio 16 Tflops 1 «CKU®D K-1000M
(Mmonmepam3anust cynepkommbiotepa «CKH® K-1000») ¢ muKoBO# NpPOW3BOAMTENBHOCTBIO 5
Tflops;

e 2007-2010 rompr: pa3paboTKa OTEUECTBEHHBIX TEXHMYECKUX pEIICHUN A
NEePCIEeKTHBHBIX CynepkoMibioTepoB cemeiictBa «CKU®» (blade-cepBepHbie pemieHwms,
OTEYECTBEHHBII MHTEPKOHHEKT, PELIEHHUs B 00JIaCTH YCKOPUTENEH U T.11.);



e 2009-2012 rogpl: co3naHue MOAYJIEH M ONBITHBIX 00pa3loB 0a30BBIX KOH(MUTYpaLuit
CymnepKoMIbIOTEepHBIX cucteM cemeiictBa «CKU®D» Psma 4 i oTpaOboTKHM pemieHWi Ha
NEepCreKkTuBy (paauKaabHOE YIy4IIEHHE TOKa3aTels «IIPOM3BOAMTEIBLHOCTh Ha BaTT»,
UCTIOJIb30BaHUE THOPHUIHBIX BHIYHCIIUTENBHBIX Y3JI0B U HOBBIX apXUTEKTYPHBIX PEIICHHIA).

e PazButue cynepkomnsroTepHoro HanpapieHus: «CKU®y orpaxeHo Ha pucyHke 1.
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Puc. 1. Paspurie cyneproMnboTepHoro Hanpasnenns «CRKHdDy

IIpu coznanus cynepkomibrorepoB «CKM®» Psana 4 3anoxeHbl TEXHUYECKUE PELICHMS,
OpPUEHTUPOBAHHBIC HA CO3AaHNE B COIO3HOM roCyapCTBE OTEYECTBEHHBIX CYNEPKOMIIBIOTEPHBIX
TEXHOJIOTMM  MHUPOBOrOo  ypoBHA. (OCHOBHBIE  CTpaTe€rMUecKU€ IMPUHLUIBl  CO3JaHus
nepcnekTuBHBIX KoHpurypanuii « CKUDy» Psna 4:

e ['ubpuaHas apXUTEKTypa BBIYMCIUTEIBHBIX y3JI0B KJIaCTepa;

MynbTUsAAEPHBIE IPOLIECCOPHI C APXUTEKTYPOH X86;

Hoctuxenne neradorncHoro nuanaszona (5—10 Pflops B 2012 r.);

BoasiHoe oxna)kieHue Ha CEpBEPHOM KOHCTPYKTUBHO-TEXHOJIOIMUECKOM YPOBHE;

OteuecTBeHHBIE OJEiiI-CEepBEPHI;

OTeuecTBEHHBIN BHICOKOCKOPOCTHON MHTEPKOHHEKT.
OCHOBHBIE apXUTEKTYpPHBIE U KOHCTPYKTHBHO-TEXHOJIOTMYECKHE IMPHUHLMIIBI CO3JaHUs
NEepCHEeKTUBHBIX ~ MOJAYJIEH, TMPOrpaMMHOrO  OOECleYeHUs U ONBITHBIX  00pasloB
cynepkomnbiorepoB «CKU®» Psga 4 usnoxensl B padore [1]. B Hacrosimem wmatepuane
NPUBEJCHb OCHOBHBIE XapaKTepUCTHKH cynepkomibiotepa «CKU® OUIIN» ¢ rubpunHoi
ApXUTEKTYpOr — «repBeHla» HanpapieHus: «CKUD» Psna 4.

OmnbiTHBIN 00pa3zer cynepkommnbiorepa «CKM® OUIIN» npeanazHavyeH i yCTaHOBKU U
JKCIUTyaTauuu B cynepkoMmmbiorepHoM 1ieHtpe OWIIM  HAH  bemapycu. Cucrema
KOHJAMIIMOHUPOBAHUS 3TOTO BBIUMCIMTEIBHOTO LIEHTPA BBINOJHANACH MO KJIACCHUYECKOM CXEME.
KoHuuoHepsl, yCTaHOBIEHHbIE B BBIYMCIUTEIBHOM 3aJI€, PACCUUTHIBAINCH UCXOS U3 00LIeH
norpebisaeMoii BceM  IUIAHHPYEMbIM oOopyaoBaHueM MomiHocTH. C  ydeToM  3TOro
KOHCTPYKTUBHO- TEXHOJOTMYECKHWE pEUICHUs, NPHUHATBIE s cynepkoMmmbiorepa «CKUD
OUIIN», paccunmTaHbl HA CUCTEMY BO3AYLUIHOIO OXJAXKICHHS, IPEIyCMOTPEHHYIO B
CYNEpKOMIBIOTEPHOM LieHTpe. 1109TOMy B Kak[0M CTOMKE 3TOrO M3JENHs yCTaHABIMBACTCA HE
Oosee AByX I1accu ¢ Oieiia-cepBepamu.



CtpykTypHO ONBITHBIA oOpazer; cynepkommnbeiorepa «CKU® OWIIN» npencrasisieT
co0oif MeTakJacTep, COCTOSIINMI U3 ABYX KJIACTEPOB:

e KJactep Ha ocHoBe blade-texHonoruit — blade-knactep;
e iacrep Ha ocHoBe Cell-rexnomnormii — Cell-xmacrep.

ApxutektypHo blade-kmacrep u Cell-knactep O0O0BEIMHSIOTCA B HEPAPXHUECKYIO
THOPUIHYIO KIACTEPHYI0 KOH(HUIypalMi0 — KJIAacTep BBICHIETO YpPOBHS WM METakKjacTep
(metacluster). MerakinactepHasi THOpUIHAS apXUTEKTypa OMBITHOTO 00pasia CynepKOMIbIOTepa
«CKH1® OUIIN» npuBeaeHa Ha pUCYHKeE.2.
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Puc. 2. MeraknacTepHas rubpHIHAS APXHTERTY A ONEITHOTO 00paiua cyneprkomniioTepa «CKHS QMM



MerTaknacTepHbIii MPUHIUI TMO3BOJSET CO3JaBaTh PACIpPEeNICHHBIE METaKJIaCTepHBIC
KOHpUrypanuu Ha 0a3e JIOKaJbHBIX WIM TJO0AIBHBIX ceTeil mepenauu NaHHbIX. Ilpu 3TOM,
€CTECTBEHHO, YMEHBIIIACTCSI CTETIEHb CBSI3HOCTH MOJIKJIACTEPOB METAKIIACTEPHON KOH(UTYparnu.

CucteMHOEe mporpaMMHOe oOecreueHHe MeTakiacTepa JIOJDKHO —o0OecrednBaTh
BO3MOXXHOCTh PEAIM3alUU TETEPOTEHHBIX CHCTEM, BKIIOYAIOMIMX TOIKIACTEPHl Pa3IHIHON
apXUTEKTYPhl HA PA3IMYHBIX IPOrPAMMHO-ANINAPaTHBIX MIaT(opmax.

[Tpu peanmzanuu blade-kmactepa MPUHATHI CIEAYIONIHE 0a30BbIe TEXHUYECKHE PEIICHUS:
KJIaCTE€pHasl apXUTEKTypa;
oTiepalMoHHas cuctema Linux;

CHCTeMHad ceThb Ha 0a3e cereBoii Texnonoruu InfiniBand;

BCIIOMOTaTeNbHast ceTh Ha 06a3e ceTeBoi TexHonoruu Gigabit Ethernet;

ynpasisonas (cepBucHasi) cetb ServNet Bepcu 2;

OCHOBHBIEC BBIYHMCIIHUTENbHBIE Y376l Ha 6a3e blade-cepBepoB T-blades, panee co3manHbIX

B pamkax pa3paboTku « CKUD MI'V».

OCHOBHbBIE BBIYMCIUTEIbHBIE Y3IIbl UMEIOT CIEAYIOLINE XapaKTePUCTUKHU:
apXUTEKTypa npoueccopa: x86-64;
moens nporeccopa: Intel XEON E5472 3.0GHz;

KOJINYECTBO OCHOBHBIX BBIYMCIIUTEIBHBIX Y3J10B: 50;
KOJINYECTBO MPOIECCOPOB B OCHOBHBIX BHIYHCIUTEIBHBIX U B YIPABISIOIINX y3/Iax: 2;
o0111ee KOJTUYECTBO MPOIIECCOPOB B OCHOBHBIX BHIYUCIUTENBHBIX y3nax: 100;
KOJINYECTBO AJIEp B Ipoleccope: 4;
00111ee KOTUYECTBO BBIYUCIUTENBHBIX siep: 400;
00beM OIepaTUBHON MaMSITH KaKI0T0 W3 S0 OCHOBHBIX BBIYMCIHMTEIBHBIX y3710B: 8,0
GB (8 x 1GB FB-DIMM ECC reg 667MHz);
e+ 00beM auckoBoit namatu (HDD) kaxoro 0CHOBHOTO BBIUHMCIUTENBHOTO y37a: — 1 X
160GB SATA 8MB 7200rpm;
e SUSE Linux Enterprise Server 10.0.

O0beM onepaTHBHOM MaMSATH JIOTIOJHUTEIFHOTO BEIYMCIUTENIFHOTO y3/1a B KOHCTPYKTUBE
2U: 64,0 GB (16x4 GB FB — DIMM ECC reg 667 MHz); nuckoBas namsats (HDD) — RAID: 5
x HDD 500GB SATA 16MB 7200rpm.

VYrpasnstomue y3ibl (KOHCTPYKTUB 2U, 2 MIT.) HIMEIOT CICAYIOIINE XapaKTEPUCTHKHU:
CPU: 2 x Intel Xeon E5472 (8 x 3.0Ghz cores, cache L2: 12MB; FSB: 1600 MHz);
RAM: 32GB (8 x 4GB FB-DIMM ECC reg 667MHz);

RAID: 5 x HDD 500GB SATA 16MB 7200rpm.
B cocras omnbiTHOTO 00pasia cynepkomibiotepa « CKU® OUIIN» Takke BXOAAT:
KOMIUIEKT cucteMHO cetH Infiniband 4x DDR (kommyTtartop Infiniband 4x DDR Ha 48
MOPTOB, C BO3MOXXHOCTBIO pacIIupeHus 10 144; KOMIUIEKT kabemnei);
e KOMIUIEKT BcromorarenbHoil cetu Gigabit Ethernet (crexkupyemslii kKomMmyTaTop
Gigabit Ethernet,48 noptoB; komruiekt kabeneit Patch cord3);
e cucrema OecriepeOoHHOTO AIIEKTPOITUTAHUS;
®  KOMIUIEKT paclpeiesuTeNei MUTaHus B CTONKAX.

[TukoBast mpoM3BOIUTENBHOCTh blade-kiacTepa ombITHOro obpasla CynepKOMIbIOTEpa
«CKH® OUIIN»: 5,088 Tdiornc;

[Inanupyemass peajibHas MNPOU3BOIUTENBHOCTh blade-kiacTepa ombITHOro o0Opasna
cynepkommbiotepa «CKU® OUIIMN» na Tecte Linpak: 3, 816 Tdnomnc mpu mokasarene
s pextuBHoCcTH Kiactepa Ueff = 75%.

OTnnuuTenbHONM dYepTOd oOmbITHOTO oOpasmna cynepkommbioTepa «CKU® OUIIN»
SBIISIETCS peaau3alys NepcreKTUBHON TMOPUIHON KIaCTEPHOM apXUTEKTYpPbl, B KOTOPOW Haps Iy
C KJACCHMYECKMM KJIaCTEPOM HCHOJB3YIOTCS crhenuannsupoBaHHble mpoueccopel Cell. B
YaCTHOCTH, Bo3raBisiomuii 31-10 pegakiuto crnucka Top 500 (urors 2008 T.) CynepkoMIbIOTED



¢upmer IBM «Roadrunner», peasmzoBan Ha blade-TexHoOTHAX (KIaCCHYSCKUH KIacTep) U
nporeccopax Cell. PeanbHast mponsBoanuTenbHOCTh 3T0H cynepOBM — 1026 Tduorc.

[poueccop Cell uconb3yer apxurekrypy Ha 6a3e RISC, umeeT 01HO EHTpaTLHOE SIIPO
U BOCEMb BBIYMCIMTENBHBIX sSA€p M 00ECHeYMBaeT BBICOKYIO IPOU3BOAMTENBHOCTh B
BBIYUCIICHUSIX C IUIaBaromieil 3amarod. llentpanbHoe snpo mnpencrasisier coboit RISC-
IpoIeccop, ONTUMHU3UPOBAHHBIN AJI1 BHICOKOIPOU3BOJAUTENbHBIX BhIUMCICHUNH. OH umeer 128
peructpoB obiiero HazHayeHus no 128 Out kaxabii. ComepKUMOE OJHOTO pErucTpa MOXKET
TPaKTOBaThCA Kak HaOOp 1enbix yucen 1o 8§, 16, 32 unu 64 OuTta B KaXI0M, Y€TBEpKa YUCEN C
OJIMHAPHON TOYHOCTHIO WJIM JIBA YUCIIA C ABOMHOM TOYHOCTHIO. CHicTeMa KOMaH/[ MOEP>KUBAET
paboTy Kak ¢ OJHHUM 3JIEMEHTOM, TaK M CO BCEMHU 3JIEMEHTAMU PErucTpa OJHOBPEMEHHO.
[Momumo apudmMeTHUecKnx W JIOTUYECKUX KOMAaHI, UMEIOTCS OBICTPhIE KOMAaH]IbI BBIYUCIICHHS
aneMeHTapHbIX (pyHKIui. RISC-mponeccop MokeT BblgaBaTh MO 2 KOMaHJbl 32 TaKT, TaAKHUM
obpazoM, ero mnpou3BoauTeNbHOCTh SPU Ha BBIYHCICHHUSX C OJMHAPHONW TOYHOCTBHIO Ha
o0brunoit s Cell wacrore 3.2 I'T1 coctansier 25.6 I'dnonc. CkopocTh pabOTH HA KOMaHAAX
JIBOWHOW TOYHOCTH B 2 paza Hmxke. Bcee anemenTs! mpoueccopa Cell coennHeHbsl BHYTpEeHHEH
mmHoi (Element Interconnection Bus, EIB). Makcumanbhnas mpomyckHas cnocoOHocts EIB
cocrasisier 204 I'b/cex.

IIpu peanuzamuu  Cell-knactepa B cynepkommbiotepe «CKU® OUIIN» npuHATHI
cienyromme 6a30Bble TEXHUYECKUE PELICHMUS:

® ° KOJMYECTBO BBIUYMCIHUTEIBHBIX Y3710B — & (B TOM uymcie | y3en BBITOJTHSET
BBIYHCIIUTEIIFHBIC U YIIPABIISIONINE
e (QyHKIUN);

® * KOJMYECTBO IPOLECCOPOB B BHIYMCIUTENBHBIX y3/ax: 2;

e+ 00Iee KOJIMYECTBO MPOLIECCOPOB B BBIYUCIUTENBHBIX y371aX: 16;

e BeuuciuTenbHbI y3em: 2 x CPU PowerXCell 8i 3.2Ghz; RAM: 8GB (8x1 Gb);
HDD:2 x SATA 250GB:; Rails; 1U;

e nuKoBas npousBoauTenabHocTh Cell-knactepa: Rpeak= 1638 I'puionc (double); Rpeak=
3276 I'pmoric (single);

e Interconnect: Gigabit Ethernet;

e Transport net: Gigabit Ethernet.

CymmapHasi TNUKOBas NPOU3BOJUTEIBHOCTh ONBITHOIO o00pa3lia CyNepKOMIbIOTEpa
«CKH® OUIIN» moxet nocturats 8,364 Tdiorc.

KomnaktHocts koHpurypauuu (3 croiiku 19” Beicotoit 42U) 1 Bo3ayIIHOE OXJIAXKICHHUE
pd CyMMapHOH INMHUKOBOW TPOU3BOAMTENBHOCTH OKOJIO 8 Tdrorc mo3BosiOT HMCHOIB30BATh
ONMbITHBIA  oOpazeny  cymepkommbiorepa «CKHW®  OUIIM» B  KayecTBe  3aMEHbI
cynepkomnbioTepHbiM KoHpuUrypauusim «CKU® K-500» u «CKU® K-1000M» g pa3BuTus
I'PUA-TEXHOJOTUI M pelIeHHus HIMPOKOro Kiacca MPUKIATHBIX 3a/lad B paMKaxX HpPOTrpPaMMBI
Coroznoro rocyaapctsa « CKUD-I'PU .
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