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Annoranus. B crathe pacemarpusarorcs cyncpkomibiorepsl «CKU®» psia 4. Tlokasanhi mpenmMynceTBa TeXHonorue-
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OXJIXKJICHHC, YHCPrOd(hPCKTHBHOCTE.

BeeneHue. UcTtopusa pa3paboTku

Cynepkommnbiotepbl cemencTBa «CKU®D» co3-
JIABAJTCh B PaMKax CYMCPKOMIILIOTCPHBIX TIPO-
rpamm Coto3noro rocymapcrea «CKU®» [1] u
«CKHUD-T'PU» [2].

DTO KpPyNHbIC KOMIUICKCHBIC HAy4YHO-TCXHHU-
yeckue nporpamMmbl COO3HOrO rocyiapcTsa, CBsi-
3aHHBIC C Pa3pabOTKOW W MCCIICIOBAHMSIMU HA BCEX
YPOBHSIX CYNEPKOMIIBIOTCPHBIX ¥ FPUJI-TEXHOJIOTHH:
annapaTHbic CPCACTBA, ONEPALMOHHLIC CHCTEMbI,
CHCTCMbI MapaJuieJbHOTO TPOrPaMMHUPOBaHMs U
Pa3IMYHBIC TIPHIIOXKCHHMSL, CCPBHCHI M T.I1.

[Tporpamma «CKU®y» wucnomnsnace B 2000-
2004 rojax, B HCH y4acTBOBAJIA IIPUMEPHO IO Jie-
carb opranmszanuii ot Poccum u  bBenopyccunu,
00beM O10[pKETOB 00EHX CTPaH COCTaBMJ OKOJIO
250 mutH. pyOusicH.

[To cocraBy paboT, (MHAHCHPOBAHUIO M COCTA-
By ucnonuurenci [Iporpamma «CKU®-I'PU/]» B
2,5-3 paza kpynnee nporpamMmmbl «CKHU®». Pabo-
Tl B niporpamme «CKU®D-T'PHUJI» Benuck 1o ue-
THIPEM HAlpPaBICHUAM: I'PHJ-TCXHOJIOTUH; Cynep-
KOMIIbIOTEPBI; HMH(POPMAIMOHHAS 0E3011aCHOCTS;
NPUIOKCHHU. B JaHHOW CTaThe Mbl OCTAHOBHMCS
TOJILKO Ha BTOPOM HAlpaBIICHHH.

[osnoBHbM ucnonuutenem ot Poccun B 06cux
nporpammax sipasuics UIIC umenn AK. Aiinama-
3sina PAH.

Cynepkomnbiotepubie nporpaMmmbl «CKUD» u
«CKHUD-I'PU/I» BHECTH cepbe3HbIM BKJIAJI B pa3-
BHTHC CYNEPKOMITBIOTCPHOH OTpACAM W Cynep-
KOMIIBIOTEPHOTO pbiHKa Poccun.

3a Bpems BbinosHeHus nporpamm «CKHU®D» u
«CKUD-TPUJl» cemp cucrem' — cemeiicTBa
«CKHU®» 18 pa3 BouuM B NPECTUKHBIIH BCEMHP-
el peiituar cynepdBM Top500 [3] (¢ maxcu-
MaJibHO BBICOKOH no3uimer Ne 36 B urone 2008):

1. CKU®D-ABpopa HOYpl'Y (mopens CKUD
4/B), 100.4/117.0 Tflops® — 062011 Ne 87,
112011 Ne 121;

2. CKU®-Aspopa IOVYpl'Y (moucnn CKUD
4/H), 21.8/24° Tflops — 11'2009 Ne 450;

3. CKUD MI'Y «Yeobbiieny, 47.17/60 Tflops
— 06’2008 Ne 36, 11°2008 Ne 54, 062009 No 82,
112009 Ne 103; 062010 Ne 121; 112010 Ne 179,
062010 Ne 353;

4. CKU®D Ypan, 12.2/15.94 Tflops — 062008 Ne 283;

5. CKHU®D Cyberia, 9.01/12 Tflops — 06’2007
Ne 105, 11°2007 Ne 200, 062008 Ne 485;

"Ormernm: k HOsGPI0 2011 TO/a 33 BCIO HCTOPHIO TOJIBKO
JICBATh MalluH, pa3paboTaHHbX B Poccuu, BXOMMIM B MUPO-
Bo# peiitinr Top500, cempb n3 Hux — CKU Db

2 1 Gflops — munnuapy (10°) onepaiwii ¢ miaBatomeii TOUKoi
B cekynmy. | Tflops — rpumon (10'%) onepanwuii ¢ nnasaio-
wieii Toukoii B cexyny; 1 Pflops ~ keunranmon (10'°) onepa-
1M ¢ TIaBalOMICH TOUKOH B CEKYH/LY.

3 Vkasana npow3BojmMTEN bHOCTh Ha Tecte Linpack u, uepes
JpoOb, MUKOBAs MPOU3BOJIMTEIILHOCTD.
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Tabn. 1. Cynepkomnbiotepbl cemencTaa «CKUD», paabl 1-4

Psan loabl v nukosast Apnep CeteBble ®dopm-cakTop; MpumMeyanus
npoussBoauTensHocts | B CPU / paspsg- pelueHus CPUMU
HOCTb
1 2000-2003 1/32 Fast Ethernet, 4U-1U; OteyecTBeHHas cucTeMHas ceTb
20-500 GFlops SCI (2D-Top), 0.5-2 SCI (2D-Top)
Myrinet
2 2003-2007 1/32-64 GB Ethernet, 1U, HyperBlade CeTb ynpaBnenus: ServNet
0.1-5 Tflops SCI (3D-Top), 2 v.inv.2
InfiniBand Yckoputenu: FPGA, OBC
3 2007-2008 2-4/64 GB Ethernet, 1U, blades CeTtb ynpaBnenusi: ServNet v.3,
5-150 Tflops InfiniBand DDR 2-4 Tpu KOHTYpa OXNaxaeHus:
BO3ayx—Boaa—ppeoH
4 2009-2012 4-12/64 InfiniBand QDR, CeepxnnoTtHas CeTb ynpaenenus: ServNet v.4
~0.5-5 Pflops oTeyecTBeHHas ynakoBka, blades  |Yckoputenu: FPGA, GPU,
CUCTEMHasi ceTb 10.7 MLIOC
3D-Top

6. CKU® K-1000, 2.032/2.534 Tflops —
11°2003 Ne 98, 06’2005 Ne 182, 1172005 Ne 331,
06’2006 Ne 489;

7. CKU® K-500,
11°2003 Ne 406,

B nocneanue romapl 75-80% cynepkoMIibroTe-
POB OTEUYECTBCHHOM pa3zpaboTku obecncunBaroTCs
cynepDBM  cemeticrsa CKU® n  ycranoBkamu
C HCMOJIb30BAHUCM TEXHOJIOTHYECKHX PELICHUH
cemeiictea CKU®D.

3a Bpemsi BbinosHcHus nporpamm  «CKUD»
n «CKHUD-I'PUJI» xomaHjga HCIOIHUTENCH —
CKWU®-koomnepaiusi, — npoiuia 0oasmoin myrs. B
yacTh pa3paboTKH CYNCPKOMIIbIOTCPOB CCMCHCTBA
«CKH®» 5TOT 11yTh MOYKHO MOJCIUTh Ha HEKHE
9Tallbl, MOCBALICHHBIC CO3JIAHUIO OIPEICICHHOTO
psida  cynepkomibioTepoB cemeiictBa «CKHUD».
Kaxaomy psiy coorserctBytot (Tabon. 1):

® HCKOTOPbIH BPEMEHHOH OTPE30K pa3paboTku
¥ BBIITYCKa MOJICIICH JJAHHOTO psijia;

e MakCUMallbHasi MPOM3BOJMTCIBLHOCTD, JIOC-
THOKMMAsH JUUISL M3/ICITMH JJTAHHOTO PAJIa;

® HCIOJIb3YCMbIC TCXHOJIOTMYECKHE PCILICHHSI.

[lepBbic yCTaHOBKH ObUIM OTHOCHTEIIBHO NPO-
CThl, HO OHH JIaJIK HAM BO3MOXHOCTH OCBOHUTH pe-
LICHHA, KOTOPBIC JUisi 3apyOeikHbIX Komer Obuin
CTaHJIaPTHLIMU M PYTHHHBIMH.

3aTcM MOSIBUJIMCH W KPYTTHBIE TTPOEKThI, TAKHUC
kak CKU® K-500, CKU® K-1000, CKUD MI'Y
(nazBanubIii BriocneacTun «Yedbimien»). Hekoro-
pbic CHCTCMbI NONAJajli B MHPOBOHW PCHTHHI nsi-
TUCOT CaAMBbIX MOLIHBIX MaluH B Mupe — Top500.

[lepexon OT psiga K psjly XapakTepU3OBAJICS
CCPBbC3HBLIMU  YCOBEPUICHCTBOBAHUMAMM 110 TEM WIIU
uHbIM HanpaBncHusM. B ycranoskax «CKHU®D»

0.424/0.717 Tflops -

BCCT/Ia TIPUMEHSUIMCh COBPEMCHHBIC ITPOLICCCOPbI,
KOTOpBIE TIpEJIOCTaBisia MHycTpus. Ot Mozenu K
MOJICTIH COBEPIICHCTBOBAIIMCH CUCTEMHAs CCTh (MH-
TEPKOHHEKT, CETh, MUCHIOJIb3yEMasi [Ulsi OpraHu3aluu
rapajuieibHOro cuera) u BeriomorarenbHas TCP/IP
CCTh, MCIOJIb3yeMast JUisl OpraHu3auuu  (aiioBbix
0o0OMeHOB ¥ ynpasieHusi. B dactu cuctemMHO#M cetm
UCTIOJIL30BAIUCH KAK CaMble MPOM3BOAUTEIILHBIC I'0-
TOBBIC KOMMCPYCCKH JIOCTYIIHBIC PCLICHHMS, TaK M
PCLICHHUS, BBINOJIHACMBIC TI0 pPEATU3ALMU OTCHCCT-
BEHHOTO MHTepKOHHEKTa. CHCTEMHOH ceTH BooOIIC
YJICHSIOCH MOBBIIICHHOC BHUMAHUE TIPH MPOCKTUPO-
BaHMH Ka)KJIOW MAllIWHbI.

1. Jloruka pa3paboTku
cynepkoMnbioTepoB «CKUD» papa 4

Cynepkomnbiotepsl «CKHUD» psaga 4 cosnasa-
JIUCh B PaMKaxX BbIMOJHCHUS CYyNEPKOMITBIOTCPHON
nporpammbel  «CKU®D-I'PUJI» [4]. Henocpencr-
BEHHO B pa3paboTke cynepkoMibioTepoB « CKUDy
psiga 4 ydacTBOBAIM TPYMIbI U3 CCMH OpPraHu3a-
umi: UTIC umenn A.K. Aitnamassna PAH (ronos-
Hoit), HOVYpl'Y, 3A0 «PCK CKH®D», OAO
«HULIDBT», OO0 «Anbt JIunykc TexHOI0KMY,
OUIIN HAH benapycw, WUl UMCHU
M.B.Kengeiina PAH. B co3nanuu, ajantauuud u
ONTHUMM3AIMH CHCTEMHOTO M TPHUKIAJHOTO Mpo-
rPaMMHOTr0 OOCCIICUCHUS Ui CYNCPKOMITBIOTCPORB
«CKUD» psapa 4 ydacTBOBAIM JBaJllaTh OPraHM-
sanui: UT1C umenu A K. Aiinamazsna PAH, UTIM
um. M.B.Kengeimma PAH, MCA PAH, UMM PAH,
I'll PAH, UKW PAH, UIIXD PAH, UXdD PAH,
I0ypl'y, CIIer'nny, HUU KC, HHIY, TIY,
YI'ATY, MTYCHU, Yenl'Y, 3A0 «PCK CKHD»,
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Cynepkomnsiotepst «CKUMD» pana 4

000 «Anbt JIunyke Texnonomxu», 3A0 «Kane-
qoan U [Maptaepby, 3A0 «CHrma TEXHOJIOTUNY.

Llenbio pazpaboTku cynepkoMnboTepoB psija 4
cemeiicrBa «CKU®D» Obulo CO371aHUC pEHICHHS,
MaciITabupyeMoro J10 peKOpHbIX CUCTEM, TO €CTh
pClUICHHMS, TO3BONAIOMICTO TPH HATWYUK 3aKasa
M aJICKBaTHOIO pa3yMHOro (PMHAHCHPOBAHHUS pea-
nu3oBark cucteMy yposHst Topl-5, ato B 2009-
2011 romax COOTBETCTBYET MPOU3BOJUTEIBLHOCTH
1-5 Pflops.

Jlannas neiib — MakCMMasbHOC MacluTabOUpOBa-
HUC, MAKCUMaJIbHAsl IPOU3BO/IUTEIIBHOCTH — OTpE-
JICIWIIA IOTMKY pa3paboTKU U MPUHATHS PEIICHUH,
KOTOpas M c(hOPMHPOBaIa OKOHYATCIbHBIN 00K
cynepkomnbrotepoB «CKU®» psana 4 (Puc. 1).

e MakcumanbHOe MacuTabMpOBaHHE, MAaKCH-
MaJIbHasi MPOM3BOAMTCIILHOCTbL BIEKYT HECO0OXO/H-
MOCTb UCIIONIL30BAHMS:

- CHCTEMHOM CCTH C XapaKTCpUCTHKAaMH, KOTO-

pbIC NPEBBLINIAIOT XAPAKTEPUCTHKH KOMMEpuc-

CKH JIOCTYIHBIX PCHICHHH, NO3TOMY Oblia pas-

paboTaHa OTCUYCCTBCHHAst CHCTCMHAasi CETbh C

rornonorueit 3D-Top;

- COUYCTAHMA JIyUIIMX JOCTYTHBIX CTAHJAPTHBIX

18664 nponeccopoB U yckopureneu; Obinu

CCPLE3HBIC NMPUYMHBI B KAYECTBE YCKOpHTEICH

ucnoiib3opars FPGA (0bcyxieHo Hmke).

e Cucrcmuas cerb ¢ tonojorued 3D-top u
MaKCUMaJIbHOC MacluTabMpOBAaHHC CO3AI0T JIBC
HOBBIC NTPOOJICMBI:

- B CHCTEeMHOM cetn 3D-Ttop Tpebyercst Munn-
MH3HPOBATH JUIMHBI COCIAMHUTCIBHBIX JIMHHUH,
0 BO3MOJKHOCTH Kak MOXXHO OOJIbIIYIO HX
qacTh peann3oBaTh 0c3 kabenel u pazbeMoB —
Ha TCYATHBIX IUIATaX; TEM CaMbIM, TpcOycTcs
MaKCHMH3UPOBATH TUIOTHOCTH YTIAKOBKH JJICK-
TPOHHKH B €IMHUILy 00BCMa, CO3/1aTh YCTAHOB-
Ky € MakCHUMallbHOW TIIJIOTHOCTBIO YIaKOBKH
BBIYHCJIMTCIILHOM MOII{HOCTH;
- peKop/iHasi yCTaHOBKA OYJIET UMCETh OIPOMHBIC
pa3Mepbl — JICCATKH ThICSY BBIMUCIIUTCIBHbIX
y3/10B M JIPYTHX MOJIYJICH, HO3TOMY HOTpeHO-
BAJIOCh CECPbE3HOC BHUMAHUC YICHUTL BONPO-
caM HaJIe)KHOCTH, MOHUTOPHUHIA U YIIPABJICHHSL.
J17151 TOBBILLICHHS HAZICHKHOCTH:
O  OBUTH NPCANMPUHATHI YCHIUS 110 MH-
HUMM3ALUN  UCMOJIbL30BaHUs KaOcicH wu
pPa3beMOB B CHUCTEME: MaMSTh BbIYMCIIH-
TCJIBHBIX Y3J10B BMasHa B MATEPUHCKYIO
IUIATYy, MAaKCMMAaJIbHO BO3MOJKHOC YHMCIIO
COC/IMHUTCIIBHBIX JIMHUW PCaM30BaHbl Ha
NICYaTHbIX IUIATAX;
O B BBIYMCIHMTEIbHBIX y3/laX OTKA3aJIHCh
OT MEXaHUYCCKHX JKCCTKMX JIUCKOB (Jic-
MEHT HCHA/ICWHOCTH M MCTOYHMK BUOpa-
IIMM) M 3aMCHWJIM MX Ha TBEPJIOTC/ILHBIC
JINCKH;
o Obuia pazpaboraHa OpHIrHHAIbLHAS
OTEYCCTBCHHAsI CHCTCMa MOHMTOpPWHIA M
yNpaBiCHUs CyNEePKOMIILIOTEPOM.

- Makcumansuas npou_éi;‘b;il_&lmm;lmm‘ .

Maxcumasnnas acuirabupyemoets

Orc“xec"riacnnadce'rb.?l)-mp , - Coucranuce 186
; e Sl u FPGA-ycxopurens
Makcuvanbhias wiotuoets ~ Hapexuocts, MonuTOpHHT
. ynakoms M ympaBiemue
WIKOCTHOE V,Or_qyxcram.:_ . e Cucrema
OXJTKIEHHE TIOABHIAKHBIX HaCTeH MOHHTOPHHTA
v ¥
Dueproad ek THBHOCTD DcTeTHKa U HProHOMHUKa

Puc. 1. Jloruka paapabovku cynepkomnbiotepos «CKU®dD» paaa 4
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BbICOKOMPOU3BOAUTESTbHbIE BbIYUCTUTESTbHBLIE CUCTEMbI
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Puc. 2. CneBa: BbluMCAUTENBHBIV y3en cynepkomMnbioTepa «CKUD» paga 4; cnpasa: OH Xe, C OX/axaaloLleii niacTuHon.
ObBeaeHb! BOASiHbIE pa3beMbl — quiCK-KOHHEKTOPLI. CTpesikamMu rnokasa nyTb OX1aXAaI0LLEN XUAKOCTH

e MaxkcumanbHasi IUIOTHOCTH YIIAKOBKH OJICK-
TPOHUKH O3HAYACT BLICOKOC TCILTIOBBI/ICIICHUE B G-
Hute oobema. Crapbie CXEMbl OXJIXK/ICHUS BHIUMC-
JWTEN  OKa3blBAIOTCA HE  NPUMCHUMbIMH. B
cynepkomibiotepax «CKUD» psga 4 Obuto peanu-
30BAHO BOJIIHOC OXJIAXK/ICHHE BCEH OSJICKTPOHHKH
BBIYMCITUTEIS: BBIUMCIUTCIILHBIX Y3710B, OJIOKOB M-
TaHusl, YIPaBISIONUX y310B. BogsHoe oxnaxienue,
HECOMHCHHO, YCIOKHWIO pa3paborky. Ho onHo
IIPUBHECIIO U PsiJI TEXHOJIOTHYCCKHX MPEHMYIICCTB!

- OTCYTCTBMC TOJIBHKHBIX YacTCH B BBIYMCIIH-

TEJE, OTCYTCTBUC ITyMa M BHOPAIHH, YTO BECh-

Ma TO3MTHBHO CKa3blBACTCs Ha IOKA3aTelsix

HAJIC)KHOCTH ¥ 9PTOHOMHKE YCTaHOBKH;

- BBICOKast SHEProdEKTHBHOCTL CHCTCMBI B

uesiom: sxoromust 40—50% s1eKTpOIHEPrUuu 1Mo

CPaBHCHMIO C CHCTEMaMH C HCIOJIb30BAaHHEM

BO3JlyXa B OJ{HOM H3 KOHTYPOB OXJIaX/ICHHS,

KOHOMHUSI B 000PYIOBaHHH; BO3MOXKHOCThH HC-

M0JIb30BAHUSI ITPOCTHIX CXEM PEKyNepaluu Ter-

JIOBOM DHEPIHH.

2. OcHOBHbIE MOAYNU
U cUcTema oxyaxaeHus

Ha Pwuc.2 cneBa mnoka3aH BbIYHCIUTEIbHBIN
y3en cynepkomnbiorepa «CKU®» psna 4. Ha nep-
BbIi, TIOBCPXHOCTHBIH B3IJISI[, BCE BBITISIUT
JIOCTATOYHO CTAHJIAPTHO: MaTEpUHCKas IiaTa coo-
CTBCHHOM pa3pabOTKH, TMapa CTaHIApTHBIX TIPO-
neccopoB  186-64, mamATh — JUIS  HAJACKHOCTH
BIAsIHA B MATCPUHCKYIO TJIATy, pa3beM JUIsl TBEp-
JIOTEJILHOI'O JIMCKA M T.JI.

K coBepuicHHO HENPHBBIYHBIM TEXHHYECKUM
PCIICHHUSM CIICAYET OTHECTH CIOCOO OXIaXKICHUS
JNEKTPOHUKH. Ha BBIYMCIMTENBHBIA y3€l Haklia-

JIbIBACTCS TAK Ha3bIBacMas OXJIaX1alomias MiacTu-
Ha (Puc. 2, cmpasa), umeromas Ttakod mpoQuib,
4TO BCE JJICKTPOHHBIC KOMIIOHCHTHI MaTCPHHCKOM
IUIaThl HAJAEKHO MPWIKUMAIOTCA K OXJIaXK/aromieH
ruiactune. Ilnacruna umeer /iBa pa3beMHBIX BOJis-
HBIX COCIMHUTEIS — BXOJHOM M BBIXOAHOW quick-
KOHHEKTOD, — Ui MOIKIIOYEHHs K CUCTEME BOJIs-
HOrO OXJIQKJICHUSI YCTAHOBKH. ECTECTBEHHO, B
MIACTHHE MMeeTCs (PUIypHAs MMOJOCTh JUIS IPOTO-
Ka BOJbI OT BXOJHOIO K BBIXOJHOMY BOSHOMY
pasbemy. IIpoxons mo mnactuie, BoJa OTHUMACT
TEIUIO, BBIJEISICMOC ICKTPOHUKOU, U YHOCHT €ro
B CHCTEMY OXJXACHUS. 3aMETUM, YTO IyTh OX-
JIK/IAIOUICH JKUIAKOCTH 110 TIaTe BHIYUCIHTCIBHO-
ro y3jla OT BIYCKHOI'O BOJSHOIO pa3beMa JIO0 Bbi-
IyCKHOTO II0Ka3aH Ha Puc.3 Becbma yCIOBHO;
NPOEKTUPOBAHHE ONTHUMAILHOU (DOPMBI JBHIKCHHUS
HKHUJKOCTH Juisi Haubonee >(PhekTuBHOrO OxJiax-
JICHHS DIICKTPOHUKH — HE TIPOCTAs 3a/1a4a.

Ha Puc. 3 noka3aHbl OCHOBHBIC MOJIYJIM U Y3JIbl
BbIUMCIIUTENs cynepkoMibioTepoB «CKUDy psiia
4:  BBIYMCIUTENBHBIA  y3ed, OJOK  nHTaHus
(48 VDC—- 48V DC, 6 KBarr), ynpaBnsionui
(xopHeBo#) y3en. OpuH ONOK nNUTaHWS, OJMH
YIPaBISIONMN y3¢lI U 16 BBIMUCIUTEILHBIX Y3108
3aMONHAIOT MOJYIIACCH — OCHOBHOM MOJIYJib Cy-
nepkommnbiorepa «CKUD» psana 4. Tepmun mory-
MIACCH TMOJTYEPKHUBACT TOT (hakT, 4To ero riydouHa
COOTBETCTBYET MOJOBUHHOMN TIIyOMHE CTaH/IapPTHON
MOHTaXHOH CTOMKH.

[Nonymiaccu sBIISICTCS MHHUMAIIbHBIM «CTPOM-
TEILHBIM OJIOKOM», M3 KOTOPOro cobupacres yc-
TaHOBKA. Besl 31EKTPOHMKA B IMOJYHIACCH OXJIAK-
naercsa Boznoit. He tpebyercs coxpaHATh MPOXO.
JUls BO3/lyXa 4epes3 IMOJyIIacCH — CHEpPEeIu TMOoiy-
IIACCH 3aKPBIBACTCS KaK KPBIINIKOH CCHCOPHBIM
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Cynepkomnbiotepbl «CKU®D» psina 4

NN

Puc. 3. OCHOBHbIE MOZYN U Y3Jibl BEIMUCIMTENS CyrnepPKOMbIoTepoB «CKUD» psaaa 4

BepxHuii psfi, CNEBa Hanpaso: BbLIMUCAWUTENLHBIA Y3€J, OH XEe — C OXNaxJalolein nnacTuHom;6nok nuranms

W OH X€ — C OXNaXAAI0LLEN NMNACTUHON.

Cpeanuia paj, Cesa Hanpaso: yNpaBnsioLuii (KOPHEBOI) Y3€J1, OH Xe — C OXIaXKAAIoULEeN NIAaCTUHOM; NONYLLIaccu co
CMOHTUPOBaHHbLIM GIOKOM NUTaHUA (CHM3Y B NOJYLLIACCU) W YNPABASIIOLLUM Y3J10M (CBEPXY B MOJYLIACCK); 3TO Xe
MONyLACCH C YCTAHOBIEHHBIMU BCEMU LLECTHAALATLIO BbIMUCITUTENbHLIMW MOAYIAMU.

HWwKHUIA pag: B UEHTPe — 3TO Xe MNOJYWAacCu B U3OMETPUU; ClieBa— OHO XEe, HO C CEHCOPHBLIM 3KpaHOM
B KQYECTBE KPbILLKW, CripaBa — OHO Xe, BUA, c3aau, BuaHbl oblime ruapasnmyeckue pasbembl nosyaccu.

LCD »kpanom. DKkpaH poctyneH st paboTel ¢
KOPHCBOI'O y3J1a ¥ B HITATHOM PEXHMME MCIOJb3Y-
CTCS Kak YCTPOHCTBO BBOJIA/BbIBOJIA CHCTEMOM
ylpaBJicHusi ¥ MOHHUTOPUHIA CYICPKOMIIBIOTEPA.
[Moaymaccu norpebnsier no 6 KBarr snexrpo-
sreprun (48 V DC) ¥ mMmeeT NHMKOBYIO TPOM3BO-
jurenbiocts ot 1.5 Tflops (mojens CKU®D 4/N,
16%2%x4=128 sapep CPU B nomymaccu) a0
2.6 Tflops (monens CKUD 4/W, 16x2x6=192 si-
pa CPU B nonymacchn).

[Tonymaccu umeer Boicoty 6U U paccunraHo
JUlsi MOHTa)Xa B CTaHJApPTHOH MOHTAXKHOW CTOMKE
48U. Tak kak rinyOMHA MOJYIIACCH COOTBETCTBYCT
MOJIOBUHHOW TJIyOMHE MOHTaXHOH CTOWKHM M HE
TpeOyeres obecniednBarh MPOXOJ, BO3JyXa 4cpes
MOHTQKHYI0 CTOMKY, TO IITaTHO B MOHTa)XHOMW
croiike 48U mnpeycMOTpeHa yCTaHOBKA IICCTHA-
JUIATH TIONYIIACCH — BOCEMb C OJIHOM CTOPOHBI
CTOMKHM M BOCEMb — ¢ Jipyroi. Kaxioe U3 mecrna-
JUATH  TIONYILACCH  COJICPXKUT  ILECTHAIIATDH
BLIUHCIIUTCIILHBIX MOJyJicH. B pesyibrare Mol mo-
JIy4aCM MOHT@XXHYIO CTOHKY, B KOTOPOH CMOHTH-
poBaHbl 256 BBIUHUCIMTCIBHBIX MOJYJICH, COIEp-
xamux 512 nporeccopos.

Takas ~ MoOHTaxHas  cToMKa  mortpebnsier
100 KBart snekrposneprun (48 V DC) u obecrie-

YMBACT  NHMKOBYIO  TPOU3BOAMTCIBLHOCTL — OT
24 Tflops (mozgens CKUD 4/N, 16x16x2x4 = 2048
snep CPU B croiike) no 41 Tflops (moaeins CKUD
4/W, 16x16x2x6 = 3072 sapa CPU B croiike). Bes
SNICKTPOHHMKA OXJIAXKACTCS BOJLON.

[TepBbiii ONBITHBIH OOpasel CylepkoMIbIoTepa
«CKHND» psina 4 B mMacmTabe OJHONH MOHTAXKHOM
CTOWKM OBl YCTAHOBJCH B CYICPKOMITbIOTCPHOM
neurpe  FOHO-Ypanbckoro  rocyiapcrBeHHOrO
yauBepeutera — OYpI'Y. Jlannas cucrema Obiia
HasBana «CKHU®-Agpopa IOYpI'Y». [lpu nukosoi
npousBourenbHocTu B 24 TFlops cucrema nokasa-
na 21.8 TFlops na tecte Linpack, uro obecricuniio
ee Bxoxjaenue B cnucok Top500 na 450 mccro B
Hosa0pe 2009 roga. Ha Puc. 4 nokaszan mamimHubii
3aJ1 YCTaHOBKM TLIOMIa/bio Beero 30 KB.M, B 1ICHTPE
KOTOPOM  pacrloJIOKCHAa  CTOMKAa  BBIYMCIIMTCIIS
«CKU®D-Apopa HOYpI'Y», cnesa pacnosioxkena
MOHTa)KHasi CTOMKA C CHCTEMOM XPAHCHUS! JIAHHBIX U
xommyTtatopamu InfiniBand QDR.

[To neBoil u mpaBoi CICHC MAaLIMHHOIO 3aia
CTOST PACHPECIINTCABHbIC MIKA(BI CUCTCMBI HJICK-
TPONUTAHUS U JIPYroc BCIIOMOraTe/ibHOC 000py10-
BaHuc. MpoHTANLHAS W 3a/IHSAST CTOPOHBI CTOHKH C
BLIYMCIIMTCIICM TIPCJICTABIAAIOT COOO0M CCHCOPHbIH
MynbTHIKpaH u3 8 LCD-nanencii ¢ orobpaxkeHuem
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uHhOpMaIMK O TEKYIIEM COCTOSHUM CHCTCMbI U C
YIPABICHUCM «HA KOHYHMKaX mnaiblieB». Cucrema
abcomoTHO OC33ByUHasi, HC COJICPIKHUT HU OJIHOM
MCXAHHUYCCKHU MOJBHKHOM 9acTH.

MonTaxknas croiika cynepkomibiorepa «CKUD»
psiza 4 cama 1o cedbe sBasieTes MOAYJICM GoJice Bbi-
cokoro yposHsa. Eciu TpeOyercs BblUMCIHUTCIbL C
MPOM3BOJIMTEIILHOCTBIO OOJIBINE, YEM Y OJIHOH CTOM-
KH, TO MO»KHO HECKOIILKO CTOCK YCTAHOBHTBL CTEHA K
CTCHC, BJ10JIb HCTPEPHIBHOM JIMHUK U OOBCIHHUTD B

CIMHYI0 cucteMy — obeyxuaaerces moke. Ha Puc. 5
PCACTABJICH TIPOCKT CYHNCPKOMITLIOTCPA TMPOU3BO-
JutenbHocTbio B 1 PFlops u3 25 croek Bbiuucivresist
(moaens CKUD 4/W, 41 Tflops B croiike).

Eme pa3 nopuepkHeM, 4Yro  10A00HbBIH
cynepkomnbiotTep «CKUD» psima 4 Gecurymen u
9CTETHYCCKH KpPacuB, 00JIaZiacT BbICOKHMH Hpro-
HOMHYHBIMH CBOMCTBAMM: YIPABICHUC CYTNCPKOM-
NbIOTEPOM — Ha KOHYMKAX MaJbLCB, Ycpes J000H
CEHCOPHBIH 9KpaH B JIIOOOH TOUKE YCTAHOBKH.

Puc. 5. 3D-mopens npoekta cuctemsl «CKUM-Aspopa» 1 Pflops

NHOOPMAUNOHHBIE TEXHONIOM MU U BLIMUCTUTENbHBIE CUCTEMBI 1/2012



CynepkomMnbiotepsl «CKUD» paga 4

2.1. Npeunmywecrtea
BOASIHOIO OXJ1aXAeHUs

BbluuCaUTEIN KPYNMHEHIIMX CYyNEPKOMIIBIOTE-
pOB MOTPEONAIOT OYCHL MHOIO DICKTPOIHEPIUH —
oT ¢/iMHHUIL 10 JiecsitkoB MBart. Bes 9Ta sHeprus B
BLIYMUCIIATENC Mpeobpasyercs B TEIIo, KOTOPOC
BBIBOJIMTCS W3 BBIYMCIMTEINS CUCTEMOM OXIIaX/Ie-
Hust. Cerogns B OONBHIMHCTBC CHCTEM OXJaXJie-
HHSL BHIYHCITUTEIICH MCTIONIB3YETC HECKOJIBKO KOH-
TypoB' ¢ TCIOOOMEHHHKAMH, MpHYEM KOHTYD,
HCMOCPC/ICTBCHHO KOHTAaKTHPYIOLMH € DIIEKTPO-
HUKOH — BO3JIYIIHBIN.

CHCTEMB! OXJIQKICHMS, COAECPXKALIME BO3/TYIl-
HBIH KOHTYP, UMCIOT HECKOIILKO C1a0bIX UepT:

e Takue CHCTCMbI NIPUBOAAT K 3HAUYUTCIILHBIM
3aTparaM SJICKTPOYHECPTHH Ha oxJlaxJeHue. B co-
BPEMEHHBIX CYIEPKOMIIBIOTEPAX, YTOOBI OXJIAAUTD
BulumMcnuTenb MomHocTeio 100 KBarr, tpebyercs
saTpaTuTh okono 60 KBart Ha cucteMy oxunax/e-
Hus. Takum 0OpazoM, Ha MOJI00HBIC CUCTEMbI OX-
jaxcuus Tpatures ot 45% no 50% nojseneHHON
K CYNCPKOMIIBIOTEPHOMY LIEHTPY SJIEKTPHUECKON
MOLIHOCTH;

e Kpome 110/1BC/ICHHOH MOLIHOCTH HAa CHCTEMY
OXJIXJICHUS TPATATCS W JIPyTHE PECYpChbl Cynep-
KOMIbIOTEpHOro neurpa. Hanpumep, B KpynHbixX
yCTaHOBKAx cerojiHs bosee MOJIOBHHBI® BCCH yCTa-
HOBOYHOMH TUIOILA/IM WCHOJBL3YCTCS HE Ul pasme-
IICHUS anmapatypsl, a Ui ee oxjaxjacHus. Tak,
10 pe3ysibrataM aHaiv3a JIOKYMEHTaluW OQHOIro
13 KpynHeiimmx Poccuickoro cynepkomMnbloTep-
HOTO LIEHTPa OBLIO ONMPECIICHO, UTO:

© B MalIMHHOM 3aJIC DJICKTPOHUKA BLIYMCIIH-
tesis 3anumact 39 k.M. u Becut 50 500 kT

O B MaulMHHOM 3aJI¢ KOMIOHCHTHI MOJCUC-

TCMbl  OXJIWKICHUS (ropsiuMi  KOpUIOP,
BHYTPHPSZHbIC KOHIMIIMOHEPbI) 3aHHMa-
10T 40 xB.M. 1 Becar 14 800 xr;

O BHC CTCH MAIIMHHOTO 3a71a KOMIOHCHTBI

MOJICUCTEMbl  OXJIXKJICHHUs (YWJICPBI, pe-

! KnaccHueckoii siBIAETCS TPEXKOHTYpPHas CXEMa: BO3YX —
BO/IA — (DPEOH.

> OTMETHM, YTO C POCTOM BBIYHCIIHTEIBHONH MOUIMHOCTH YCTa-
HOBKM, BCC 3aTpaThl HA €€ OXJIAXK/AcHHE OyyT pacTH HeJIMHEHHO
— WCM MOIIHEE YCTaHOBKA, TeM Oombinas JI0Jis DHEPTHH W TIII0-
mau Oy/IeT yxomurh Ha ee OXnaxsieHue. Bee 9To NpuBOIMT K
BBIBOJTY, YTO MOMLIHBIC BBIYHCIHTCIBHBIC YCTAHOBKH JIOJDKHbI
CO3/1aBATHCS HE C BO3TYIIHBIM, @ C BOJITHBIM OXJIK/ICHHEM.

3€pB XOJIOAHOM BOJIbI M T.[1.) 3aHUMAIOT
emie 800 kB.M. u Becar 180 000 kr;

e Huskas TEIUIOCMKOCTh BO3JlyXd CHIIBHO
CHIDKAET HAJICKHOCTh OXIXKIACHUS — B CIydac Jia-
JKE KPATKOBPSMCHHOM OCTAHOBKM NOTOKA BO3/TyXa
JICKTPOHMKA OBICTPO TMCPErpeBacTcs M MOKCT
BBIUTH U3 CTPOS;

e B BO3ayHIHOM KOHTYpE JUlsl OpraHu3alvu
JIBHOKCHHSI BO3/lyXa MCIIOJIb3YIOTCS BCHTHISTOPDI U
MOIHBIC IOTOKHM BO3J{yXa. DTO MPUBOAUT B 0O/b-
NIMX YCTAHOBKAaX K HHM3KOH HIproHoMukc (imym,
4acTO ONACHBIA JUIi OPraHoB CllyXa 4CJOBeKa),
BUOpALMM W BETPOBOH HArpysKe Ha MeyaTHbIC T1a-
Tbl, KOHTAKThI U Kabeu;

e TpyaHO OpraHu30BaThL ABMIKCHHC BO3/yXa
(xak u mo0Ooro rasza) 1o TpackTOPHUsM, ONTHMAJb-
HBIM JUIS OXJIQXK/ICHHSL DJIICKTPOHUKH;

e Bo3ayxom, u3-3a €ro HU3KOH TCINIOCMKOCTH,
CJIOXHO (@ 4acTo MPOCTO HEBO3MOXKHO) OXJIA/INTh
COBPCMCHHBIC YCTAHOBKU C BBICOKOHW MIIOTHOCTHIO
TeroBblecHHUs .

C yderoM cka3aHHOro, OOJILLHIMHCTBO paspa-
OOTUMKOB TICPCICKTUBHBIX  CYNEPKOMIILIOTCPOB
MCCIIETYIOT HOBBIC CXeMbl OXJaxacHusa. U ojinum
W3 CAMBIX TIOIMYISPHBIX HAMNPABICHUIA 3/1CCh ABIIS-
ercs pa3zpaboTka CHCTEM BOSTHOTO (FKHIKOCTHOTO)
OXJTXK/ICHUSI.

BONBIIMHCTBO MPCHMYIICCTB BOJSIHOIO OXJIaX-
JICHHS BBITCKAIOT M3 TOrO, YTO TCIUIOEMKOCTH KY-
6omerpa Boabl 4 000 pas Bblie, 4CM TCIIOCM-
KOCTh KyOOMeTpa BO3ayXa W BOJia SBJISCTCS
JKMJIKOCTBIO, a He razoM. [losromy B cucreme ¢
HHUJKOCTHBIM (BOISIHBIM) OXJIXKICHUCM MBI Cpa3y
HOJy4aeM paJl MPCHMYLICCTB:

e [IOBBIIICHHE HAACKHOCTH OXJAKIACHUS —
JlayKe OCTAHOBUBIIANCS JKHJIKOCTH HEKOTOPOC BpC-
Msl YCIHCHIHO OTBOJAMT TEIUIO OT ICKTPOHHKH 3a
CYET CBOEH BBICOKOH TEMIOCMKOCTH.

e HecnoxxHO OpraHn30BaTh JBUKCHUC KHIKO-
CTH TakuM o0Opa3zoM, 4TOOBI 0OCCHEYHTH ONTH-
MaJbHBIH OTBO/I TEIUIA OT HJICKTPOHUKH.

e He Ttpebyercs st OpraHm3alid CHCTCMbI
OXJIQX/ICHHUSI TPATHTh MJIOIIAJIb MAUIMHHOIO 3ajla

6
[170THOCTL  TENJIOBBIICIICHUS B CYNCPKOMIIBIOTEPAX

«CKH®» okono 10 KBarr na 200 nutpor 06bema BhIMHCITH-
Tens. Jlns wutywruBHOH onenku: 10 KBart — 910 cpeamsis
MOIIIHOCTh KAMEHKH B KJIACCHYECKOW pycckoii fane, a pazmep
200-1uTpoBO# GOYKH MPEACTaBUTL ceOe HE TPY/THO.
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Puc. 6. Cnesa — nnata «CKU®D-Aspopa», cnpasa — nnara «Aquasar»

(Ha ropsune KOPHJIOPbI, HA BHYTPUPAIHbIC KOH/IHU-
LIMOHCPDI).

e MOXKHO HCHOJIB30BATH CXCMbl C OJ(HUM HIIU
MAaKCHMYM C JIByMsi KOHTypamMH oOxnaxcHus. B
K@KAOM KOHTYPC JIOCTATOYHO MMCTh OJHY TOM-
MOBYIO CcTaHimio ¢ aybnupoBanuem. Ilomnosyio
CTAHLMIO JICTKO BHIHECTH U3 BBIYMCIMTENS H, TEM
CaMbiM, MOJHOCTHIO YOpaTh 1IyM ¥ BUOpaluio.

o Oxnaxaenne MoxeT ObiTh ofecheueHo ro-
pstucit BOJIOH M 9TO HPOBEPECHO B CYTIEPKOMIILIOTEC-
pax «CKW®» psapa 4. Ilpu 5TOM Ha BXOJC B CHC-
TCMy HCMOJb3yeTcst Boja ¢ temneparypon 50°C,
a nHa BbixoJie — 55°C. B aTom cityuae Bce pacxo/ibl
Ha OXJIAKJICHHUE MOXHO CBCCTH NMPAKTHYCCKH K HYy-
mo®, v s oxnaxieHus Harpetoi Boabl (¢ 55°C
J10 50°C) MOryT Mcnonb30BaThCsl KaK CXEMBbI C pe-
Kyrnepaumeii temia, Tak 1 cxemsl «frec cooling» —
[ACCHBHBIC PA/IUATOPBI, CYXHE TPAJUPHU U PYTHC
YCTPOWCTBA, TTO3BOMSIONIME OTAATH TEIIO OT BOIbI
¢ Temieparypoii 55°C B OKpyIKaroniyo cpejy.

2.2. CpaBHeHuMe C gpyrumm
cucTemMamMu BOASIHOIO OXJ1aXAeHuUs

Ormernm, uro «CKU®-Aspopa» — nepsas
KPYITHAs BbIYMCIIMTE/IbHASI yYCTaHOBKA Ha CTaH-
JIAPTHBIX MPOLECCOpax, MOJHOCTBIO OXJIaXk/aemas
BO/10M. OJIHAKO MPEUMYILECTBA BOJASHOIO OXJIaX-
JICHHSI CTOJIb OYCBHHBI, 4TO pa3pabOTKH 1000-
HBIX CHCTCM B HACTOAIICC BPEMs BEAYTCs ITPAKTH-
Y4ECKH BO BCCX CTpaHax MUpA.

Harnpumep, BCEro JMilh HAa HECKOIBKO JIHCH
nosxe «CKUd-Apopsi» B CIIA Obuta 3anmynieHa

? BmecTo COTCH M ThICSY BCHTHJIATOPOB, HCIOJbL3YEMBIX B
BO3JIYLIHOM KOHTYpC.

8 A MMEHHO, CBECTH BCE 3aTpaThl K DJICKTPONTUTAHHIO OJIHOM
JIBYX TTOMITIOBbIX CTAHIAH.

YCTAHOBKA €  OXJIQXJICHUCM  TOpsiucH  BOJIOH
«Aquasar» (IBM) [5].

ITpencraBisier MHTCPEC CPAaBHUTH MOJXO/IbI
K peajlu3allud  OXJaXJCHHs B  «Aquasar»

1 B «CKM®-Apope» (Puc. 6).

B «Aquasar» K OXJ1a)IaCMbIM JICMCHTAM /1~
KOCTb TIOJIBOJIUTCSI CHUCTCMOW TPYOOK paszindHoi
TOJIIMHBL, IIPOXOJIAIUM BJ10JIb 11aThl. B « CKAD-
ABpope» HMeeTCst crienuanbHas, rnpuieratoias K
TICYATHOM IUIATE, TWIACTHHA OXJAXACHUA W KaHas
JIJIs1 JIBMDKCHHSL BO2IBbl PACTIONOKEH BHYTPH HEC.

K npeumymiccrBam «Aquasar» CIEyCT OTHC-
CTH TO, YTO KOHCTPYKIIMSI nojtydaercsi bosiee ner-
Kasi [10 BECy, O/HAKO CHCTEMOW BOJSIHOI'O OXJIakK-
JICHHSI ~ OXBAa4YCHBI  HC  BCC  JICKTPOHHbIC
KOMITOHCHTHI Ha IUIaTe.

[MpeumymecrBa «CKHUD-ABpopb1», HCCOMHEH-
HO, B TOM, YTO HEIbHOMCTA/UTHYCCKAS OXJIAXK/Iat0-
nias TUIaCTHHA, MPUCOC/IMHCHHASE K MCYATHOW MJia-
T€, MPUAACT NOCICAHCH OO0NIbIIYI0 JKCCTKOCTh W
Croco0CTBYET, TAKHMM 00pPa30M, MOBBIICHHIO Ha-
JIKHOCTH CHCTEMbI B Leiom. Kpome Toro, oxjianx-
Jlatonias MiacTHHA NPUMbIKACT KO BCEM DJICKTPOH-
HBIM KOMITAHCHTaM MCYaTHOM M1aThl.

3. CucTema aneKTponuTaHus

Jpyrum cepbe3HbIM TCXHUUCCKUM NPOPLIBOM B
apxutekrype «CKUD-ABpopb» cTajio npuMcHe-
HHUE DJICKTPOIUTAHUS MOCTOSHHLIM TOKOM (48 V
DC) Ha BXO/IC B MAIIMHHBIH 3aJ1. ITO PELICHHE MO-
3posisier (Puc. 7) uzbexars nuuinero npeobpaso-
BaHUs JJICKTPOOHEPIUH B CHCTEME, OTKA3aThCs OT
4acTH 00OpYy/IOBaHHS B CHCTEMC JJICKTPOIHTAHHS
M, TakuM o00pa3oM, YJCLICBHTH YCTAHOBKY,
YMEHBIIIHTL €¢ BCC M rabaputbl, 1noBbicatTh KIT/]
MO/ICUCTCMBI ANCKTPOTIUTAHHUA.

10 UHDOPMAUVOHHBIE TEXHOIOTUA U BBIYUCTIMTENBHLIE CUCTEMBI 1/2012



Cynepkomnbiotepsl «CKUD» pana 4

TpagMijoHHas CXeMa ROACHCTeMb! 3NEKTPONUTaH NS BbIMHCIIHMTENs
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Puc. 7. CpasHeHue cxem oprasmsayum NoACUCTEMbI ANEKTPONUTaHUA: Npeabiaylive peweHus u cynepkomnoiotepsl «CKUM» pana 4

4. BoluMCNIUTENbHbIA MOAY/b

BolaucnuTenbHbI MOYNb  CYIIEpKOMIIBIOTEpA
«CKHD» psina 4 conepxur (Puc. 8):

e J[Ba COBpEeMEHHBIX mpoueccopa Intel®
Xeon® — Nehalem ¢ 4 sppamu B moaensx CKUD
4/N; Westmare ¢ 6 sapamu CKUD 4/W,

e wmukpocxemy FPGA Altera Stratix IV, koro-
past ucnonwvzyercs kak FPGA-yckoputens u s
peajH3alMyd  MapLIpyTH3aTOpa  OTCYCCTBCHHOM
cucremuon cetu «SKIF 3D-torus»;

® LICCTh TPAHCUBEPOB cucTeMHOM cetn «SKIF
3D-torus», Kax[blii M3 KOTOPBIX oO0CCHeYMBACT
nponyckuyto crnocobHocts 10 Gbps — T0 ecthb
cymmapho 60 Gbps B Kax10oM y37ie CHCTEMHOM ce-
™™ «SKIF 3D-torusy;

e MuHKpocxeMmy cereoro amanrtepa InfiniBand
QDR.

OTMETHM HECKOJILKO 00CTOSTENILCTR.

e Bcrnomorarensaas cers InfiniBand QDR
ucnonb3yercs Juia peanusauun TCP/IP cetn ans
obmeHa (aiiamu, ynpapicHUs 3aJayaMH M T.IL
Ceresoit ajantep InfiniBand QDR umeer nporry-
ckry1o cnocobHocTs 40 Gbps u nojaKIoYeH K Bbl-
UUCJIMTCIILHOMY Y31y ojuHapHod cBsizbio PCI
Express Gen2, uMmeromcit nponyckHyl crnocoo-
nocte 40 Gbps.

e FPGA noakio4cH K BHIYUCIUTEILHOMY y3-
ay nsornoi cBa3eio PCI Express Gen2 ¢ npony-
ckHoi cnocodnocth 80 Gbps. B 910it cBsizn TOMB-

ko 60 Gbps B npejene MoxeT 1noTpedoBarbcs Ha
HOJUICPKKY 00MCHOB ¢ cucrteMHo# cetbio «SKIF
3D-torus», u kak munumym 20 Gbps ocrtarorcs
JIOCTYTTHBIMH JUISl OPTaHU3alMKM B3aUMOJICHCTBUS C
FPGA-yckopurenem.

5. OTeyecTBEeHHas cUCTEeMHas ceThb
«SKIF 3D-torus»

MakcumanbHoe  MacuITabupoBaHUC M MaKCH-
MaiibHasi MPOU3BOIUTCIILHOCTD, TOCTABJICHHBIC KaK
e paspaborku cynepkomibiotepoB «CKUDy psi-
na 4, nosiaekian 3a cobol HEOOXOMMOCTHL paspa-
OOTKH COOCTBEHHOM CHCTCMHOM CETH C XapakTepw-
CTHKaMH — IIPOITYCKHasi CIOCOOHOCTh, TCMIT BbIJIauH
COOOIICHUH, 3a/IEp)KKa, — KOTOPBIC MPCBBIIIAIOT Xa-
PAKTEPUCTUKH KOMMCPUCCKH MOCTYIHBIX PELICHMIA.
B pesysbrare sroro Obuia co3gana OTeYCCTBCHHAsS
cucremHast cetb «SKIF 3D-torus» ¢ Ttomnosiorucii
TPEXMEPHOTO TOPa.

TpexMepHbIH TOp ABJISETCS XOPOUIO MACIITA-
OGupyemoii Tomnonoruer cucremHoit cetu. Kpome
TOTO, Ui 3a7ad, CBA3AHHBIX C MOJCIIMPOBAHUCM
MPOIECCOB HAIIEr0 PEaIbHOrO TPEXMEPHOI0 MHUPA,
TaKas TOIOJOIHs ITO3BOJISCT €CTECCTBEHHbIM 00pa-
30M 0TOOpPA3UTh 3a7ady HA CHCTEMHYIO CETh CY-
NEPKOMITBIOTEPA.

Cepbe3HbIM  IIPEUMYIIECTBOM  OTCYCCTBCHHOM
cucremuon  cetn  «SKIF  3D-torus»  siBisicres
ce rubKOCTb, YTO BKIIOYACT B CE0S HECKOJIBLKO
00CTOATCIILCTB.

UHOOPMALMOHHBIE TEXHOMOMMU U BbIYUCIUTENbHBIE CUCTEMbI 1/2012 11
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Intel Xeon Intel Xeon m
{Nehalem, {Nehalem,
Westmare} Waestmare}
QrPt
Tylersburg
PClexpress (G& 80 = 2x40 Gbps
FPGA
I FPGA-Accalerator ]
Infiniband
SKIF-SD Torus Router " Global Sync. ]
X Y Z
QDR infiniband 46 Gbps SKIF-3D Totus 60 Gbps Synchronization Trae

Puc. 8. Cxema BbIMUCIUTENBHOMO y31a cynepkomibiotepoB «CKU®d» psna 4

e (Cerb nojyicp)kuBacT pa3OUCHKUE ¢¢ HA HECBSI-
3aHHBIC TPEXMEPHbIC MOATOPBI MEHBLICTO pa3Mepa u
NPEJIOCTABICHUC KAXK/IOW PEIIaeMOM 3a/1auu ee co0-
CTBCHHOIN CHCTEMHOH MOJICETH. DTO MOBBIMACT (-
(eKTHBHOCTB PabOTHI CETH M UCKIIFOYACT B3aUMHOC
BIIMSIHUC OJIHOM 3aJ1a4M Ha JIPYTYIO.

e MapupyTH3aroppl CETH pPEaTH30BaHBI B
FPGA u, tem caMbIM, 00€CIICUHBAIOT:

o rubKyl0 MNEpeHacTpoOMKy, 4YTO JAeT BO3-
MOYKHOCTb ~ OJIHOBPEMCHHOU  TOJICPIKKH
Pa3HbIX AATOPUTMOB MapuUIPYTH3ALUK U
JIKC CO3JaHMs arOPUTMOB MapIIpyTH3a-
MM, YUYHUTBIBAIOIIMX Ty MM UHYIO CTCLH-
(uky 3ajauu;

o rHOKyl0 anmaparHyl HOJJICPXKKY mep-
CIICKTHBHBIX TCXHOJIOTHH  OpraHU3aiif
NapajielIbHOro cHeTa M anmnapaTHylo moj-
JICPXKKY OlEpaiii, OTIHYHBIX OT YHCThIX
orepanuii nepeaadn JaHHbIX — HapuMmep,
MOJUICPXKKY BBIYMCICHHH BO BpeMmsi repe-
JIa4u, TOJUICPIKKY IIPUMHTHBOB KJiacca all—
reduce B ceth 6€3 UCIIONIL30BAHUS TPOTICC-
COPOB BBIYUCIUTEIBHBIX Y3710B.

Opranusaimsi (GU3MUCCKUX CBSI3CH B OTEYECT-
BenHoi cucremuoi cern «SKIF 3D-torus» oueHn
XOpOILIO OTOOpaYKCHa Ha PA3JIMYHBIC YPOBHH MO-
JIYJIbHOM KOHCTPYKLIHH CyNEpKOMIBIOTEPOB
«CKU®D» psana 4:

e nepBoe usmepenue 3D-topa — ock X — pea-
IM30BaHO Oe3 KaOescH Ha COCIMHUTENILHOW MaHe-
IU TONYIIACCH M NPEJCTaBIsgeT co00M KOJIBIO,
BKJIIOUAIONiee B ce0sl 1ICCTHA/ILATh BHIYUCITUTCIIb-
HBIX Y3JIOB B TIOJIYIIACCH, TEM caMbIM (OpMUpYs B
KaX/IOM TIOJIYIIIACCH OJIHOMCPHBIH TOp (KOJIBIO)
pazmepom 16;

e Bropoe m3mepenue 3D-Topa— ock Y — pea-
JIM30BAHO KaOECIBbHBIM COCTMHCHUCM B KOJIBIIO HIC-
CTHAQ/IIATH KOP3WH, CMOHTHPOBAHHBIX B CTOMKC,
(GopMHUpYIO TEM CaMbiM B KaXkJIOW CTOMKE JIByMep-
HBIH TOp pazMepom 16x16;

e Tperhe u3Mepenue 3D-Topa — och Z — pea-
JIU30BaHO KaOENbHBIM COCIMHCHMEM HCCKOIbKHX
CTOCK, PACIMOJIOKCHHBIX BJIOJIb HEKOTOPOW HErnpe-
PLIBHOH ITMHMUH, (GOpPMHUpYSI B CHUCTEME Tpexmep-
HbIH TOp pazmepoM 16x16xN, rae N — KonM4ecTBo
CTOCK B CHCTCME.

JlaHHoe peuicHue MO3BOJIMIO yHU(DHUIMPOBATH
kabeslbHOEe XO3SHCTBO — BO BCEH CHCTECME HCIOJIb-
3YI0TCsl KaOCJIH OJTHOM W TOM K€ JUTHHBI.

5.1. Crek nporpaMmmMmHoro obecneyeHus

Cxemuast  peanuzamsi  (Ha  sizpike VHDL)
mapupytuszaropa na 6ase FPGA u Beeb crek
MPOrpaMMHOTO  0OCCICYCHUSI CHCTECMHOW  CETH
«SKIF 3D-torus» peanuszoBan B Muctutyre npo-
rpamMmHsix cuctem umenu A.K. Alinamassna PAH
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1 (B uyactu coznanus Oudnuorek SKIF-ARMCI,
SKIF-GASNET) 8 OAO «HULIDBT».

Ha uwKxHEM ypOBHE CTEKa HAaXOJIUTCs JpanBep
SKIF-Driver mst OC «ALT Linux SKIF Cluster» n
koMMmyHukaiontas oOubmioreka SkifCh, nmomnep-
KUBAIOIIMC MMPUMHTHBBI PabOTBI C MapUIPYTH3ATO-
pom. Hazi 9TuM ypoBHEM HaACTPOCHA peajin3aiys:

e SKIF-MPI — peanuzanusi cranaptHoii 6uo-
nuorcku MPI Bepeun 2;

e SKIF-SHMEM — peanuzanus 6uOJIMOTCKH,
nopoduon  oubnuoreke SHMEM  xoMmmnaxuwu
CRAY [6];

e SKIF-ARMCI, SKIF-GASNET — peanuza-
umst  crangaprabix - ombnmorek  ARMCI [7],
GASNET [8].

[TojiepKkHEM, YTO CTPEMACH K JIOCTHXKCHHIO
MMOCTABJICHHOM [C/IM — MaKCHMMalbHOMY MacuITa-
OUPOBAHMIO M MAKCHMAIIbHOW IPOM3BO/IMTEIILHO-
CTH, OJIHOBPEMCHHO 3aTPAuMBAJIUCL YCHJIMS Ha
IPPEKTUBHYTO MOJUICPHKKY KaK NPEKHEH TEXHOIIO-
TUU napamienbHbix Bbhuucnenuid (MPI), Ttak w
nepenektuBHbix Texnonorud SHMEM, ARMCI,
GASNET u PGAS [9], uto sBisieTcs 6asucom s
NCPCTICKTHBHBIX SI3BIKOB ¥ CHCTEM TNPOrpPAMMHPO-
panusi:  Unified Parallel C, Co-array Fortran,
Titanium, Fortress, Chapel u jap.

TeXHOJIOTHUCCKHE percHus cemMeicTBa
«CKHU®D» mMpoko MCHOAb30BAIMCL BO MHOI'MX
poccHicKHX pa3paboTkax 3a paMKaMu HpOrpaMm
«CKUD» u «CKUD-I'PUJL». HoBbli sipkuii 1pu-
mep aroro: B cynepkommnbiorepe K-100 (41.1/107.9
Tflops, 2011 rog, UIIM umenn M.B.Kenjbia
PAH, HUW «KBauTt») aisi opuruHanbHOH OTcde-
CTBCHHOU cuctemHol cet «MBC-3kcnpecey Obin
OCYIIIECTBIICH MEPEHOC (C MMHUMAJILHOW ajanTa-
uueii) Beero creka [10 «SKIF 3D-torusy.

5.2. TexHu4yeckume XxapakTepPucTuKn

Paspaborannas B pamkax nporpamMmmbl «CKU®D-
I'PUJ1» oreuecTBennasi cucremuas cerb «SKIF-
3D-torus» nokasana CleAyHOIME pEe3yJbTaThl —
B CPABHCHHUH C JIYYLIMM HA CETOJHA KOMMEPYECKH
joctyrabiM penienuem InfiniBand QDR:

e npomyckHas crnocodnocts 60 Gbps — B 1,5
pasa Bbiuic, ueM y InfiniBand QDR;

e TeMmn Bbladu coodbmicunii 14 MT/s — npu-
MepHO B 4-5 pas ayunie, yem y InfiniBand QDR;

e 3ajcpkka okono 1-1.5 ps — cpaBHEMO
¢ InfiniBand QDR.

OTMETHM, UTO Yy COBPEMCHHBIX MPUNOKCHUN 1
NEePCIECKTUBHBIX MO/IX0/I0OB K OpPraHM3aluM napai-
JICJILHOTO CYCTA BHICOKHE TPCOOBaHUSI MMCHHO K
TEMITY BbIJIauy COOOLICHUI BCE YAIC BLIXOJAT Ha
NIEPBBIN IJ1aH.

5.3. NepcnekTuBbl pa3BuTus

Cnenyromme HanpapiicHuss paboT sABIAIOTCS
NICPCTICKTUBHBIM ~ PAa3BHTUCM  CHCTCMHOH  CCTH
«SKIF-3D-torus»:

® pealM3anMs annapatHoN IOJUICPKKH KOJl-
JICKTUBHBIX ONepanui — Hanpumep, dppekruBHas
peajim3ais TPAJUIMOHHO «TSDKENIBIX)» Onepalui
MPI «all-reduce»;

e Ooincc >dekTuBHAS anmapaTHas 10JUICPK-
ka peamuszanuu mapagurMm SHMEM, GASNET
u PGAS;

e CrCHHAJIM3AIUs MapIIpyTH3aTopa MHoJ| pas-
JIMYHBIC 33/]a4H — CHCTEMA CO CMCHUATH3UPYCEMbIM
1O/ HYX/Ibl KOHKPCTHOM 3aJlayd MapLIpyTH3aTO-
pom morna Obl coderaTh B ceOe MOIOKHUTCITBHBIC
CTOPOHBI YHMBEPCAILHON W CHCILMAIN3UPOBAHHOM
MaIllliH, HE YHaCJIeJIOBaB HEJAOCTATKOB 3THX TOJ-
XOJIOB.

6. Ucnonb3oBaHue ycKopuTernen
B «CKUD» papna 4

Ceroansi MHOTHE Pa3pabOTUYUKU CYHICPKOMITHIO-
TEPOB HMCIHONB3YIOT YCKOPUTEIH ¢ GUKCHPOBAHHOM
apxurekTypoi, Takue kak GPGPU, ClearSpeed, Cell
1 Jp. Takue yCKOpUTETH, B CHIIY CICUHATH3AINHI
(TO ecTb, ONTUMM3ALMM) CBOCH ApXUTCKTYPHI MOJL
cneuu(uKy LCIEBOro y3KOro kiacca 3ajad obina-
JIAIOT CICAYIOUMMH CBOMCTBAMM:

e B CBOCH 00JIaCTH CHICMAIN3AIMM — HA 3a/1a-
4ax M3 y3KOIO IIEJICBOTO Kjlacca— SIBISIOTCS CyIIC-
cTBeHHO Oonce PPCKTUBHBIMH, YEM YHHBCPCAIb-
HbIC BBIMHUCIIUTCIIN;

e BHC CBOCH 001acTH CricUUaNM3auun — Ha 3a-
Jlayax, HEe BXOISIIUX B UX Y3KHH LICIEBOH KJlacc —
SIBJISIIOTCSL  CYIIECTBEHHO MceHee A(P(ekTHBHBIMM,
YEM YHMBEPCAIbHBIC BBIMHCIIATCIIN.

B cynepkomnbiorepax «CKU®D» psijia 4 B kauc-
cTBC yckoputesst ucnonbszyercs FPGA. Jlis tako-
I'O PCLUCHHS UMECTCS PSIJL IPEANIOCHLUIOK.

Bo-nepsbix, FPGA M0HO paccmaTpuBarh Kak
PCKOH(UTYPUPYEMBIH  YCKOPHTC/Ib, Y KOTOPOIO
HET HUKaKOW apXMTEKTYpPbl 0 TOH MOPbI, MOKA €ro
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HC 3anporpamMmupoBaiid. TakuM oOpazoMm, MOXKHO
C03/1aBaTh CBOIO COOCTBEHHYIO apXUTEKTYpy YCKO-
putens OyKBaJIbHO JUIsl KOKAOH 3a1a4u. B pesyiib-
TATC MOXKHO HOJYy4YUTh YCKOpHUTENb, Hauboiee
QJICKBATHO OTPAKAIONIMKA CreU(UKy peraeMoit
3aJ1a4um.

Bo-Bropeix, FPGA yxe umeercst B cocTaBe Kax-
JIOTO BBIYMCITUTEIILHOTO MOJAYJISI CYNEPKOMIILIOTEpA
«CKU®Dy» psijia 4 u yisi peamusaliy MapuipyTH3arTo-
pa cucremuoi cetn «SKIF-3D-Torus» ncnonb3osa-
HO BECbMa HEMHOTO pecypcoB (IIaMsATH, JTOrMYECKUX
sementoB) FPGA: 5-10%. bombiuas gacts pecyp-
COB HC HCIIOJIb30BAHA U MOXKET OBITH 3a/IeiiCTBOBaHA
JUIsl peajiM3aliiy  yCKOPUTENEH, CreluanM3HpoBaH-
HBIX TIOJL Ty WJIM HHYIO 33/1a4y.

Cynepkomibiorepsl «CKU®D» psjga 4 He nep-
BBIC CHCTCMBI, I'JIC B KA4CCTBE YCKOPHTEIEH HC-
none3ytorest FPGA. TIpuMepaMu Takux perieHHH
ABJISIOTCS, HApuMmep, cynepkommnbiotepsl CRAY
XDI1 (u apyrue msuemmsi cemeiicrea Cray XD¥*),
SGI Origin 2000/3000 + SGI Tensor Processing
Unit, SGI AltixtFPGA RASC (Reconfigurable
Application Specific Computing) n T.n. B cuny
CBOCH HMCKIIIOUUTENILHOH 3 eKkTHBHOCTH 1M0J00-
HBIC PCUICHMA MOANAAAlOT [0/ OrPaHMYCHHs Ha
nocraBku B Poccuio.

Opnnako Bo Bcex nonooOHeix cucremax FPGA-
YCKOPHTEITH OPTaHH30BaHbI CIICAYIOMINAM 00pa3zoMm:

® B KOK/IOM BBIYHUCIUTEIHLHOM Y3JIC HMEETCS
coit FPGA-yckopurens;

e FPGA-yCKOpHTEIIb MOXET B3aUMOJCHCTBO-
BaTh TOJBKO C COOTBETCTBYIOLICH CTaHIAPTHOM
4acThio (CO CTaHIAPTHBIM IIPOLECCOPOM) BBIUHMC-
JIMTEIILHOTO Y3714,

e jBa FPGA-yckopuresnst He MOTYT OOMEHH-
BATLCS JIAHHBIMM MEXKIY COO0I0 HANpPSIMYIO, TOJb-
KO MOCPEJICTBOM HECKOJIBKHX KOCBCHHBIX NEpeay:
FPGA — cranjapTHblii nporueccop — CHCTEMHas
cerb — cranapTHeid npoueccop — FPGA.

OcobenHocteio  cynepkomibiotepoB  «CKH Dy
psiaa 4 sisisiercs To, yro uMeHHO FPGA cBsazanbl
Meky co0010 B cuctemuyio cetb «SKIF 3D-torusy.
Tem cambiv, FPGA-yckoputenn Moryt OOMEHH-
BaThCs JIAHHBIMH MEXIy cO0OI0 HampsMylo, He
BMELIMBas B TOT MPOIECC CTAHAAPTHBIC YaCTH CBO-
MX BBIYMCITUTCIIBHBIX MOJYJICH. DTO HOBas apXHTEK-
Typa, HOBbIC BO3MOXKHOCTH, KOTOPBIE €IIIE NPEJICTO-
UT JI0 KOHILA OCMBICIHTL M HCHONIB30BaTh B
MHTEpPCCax PEHICHHS KOHKPETHbIX 3a1a4 [10].

Omnako yxe mepBbic kcricpuMeHTbl ¢ FPGA-
yckoputesivi cynepkomibiotepoB «CKUD» psiga
4 nokazanM MX BBICOKYIO 3((CKTUBHOCTB: 3a/a4u
YHMCJICHHBIX PACYETOB C IJIABAIONICH TOYKOM C JIBOM-
HOM  TOYHOCTBIO  BbimomHsiiuch Ha  FPGA-
yckoputene B 4 pasa ObicTpee, 4eM Ha JIBYX IPOLEC-
copax (T0 ecTb Ha 8 sypax — MHKOBas MPOU3BO/IH-
tenbHocTh 94 Gflops) Intel Nehalem. Ecnu nosno-
JKHTb, 4YTO 5TO JACT HaM OCHOBAaHHMC OLCHUTD
IMUKOBYI0 MPOU3BOAUTEILHOCTE ojiHOro FPGA kak
0.375 Tflops, To MMKOBasi HPOM3BOUTEIBHOCTh BCEX
FPGA-yckopurenneil u3 OIHOM CTOWKH CYNEpKOM-
nbiotepa «CKUD» psna 4 cocraBut 96 Tflops. He-
wioxasi 00aBKa K MPOU3BOAUTEILHOCTH CTaH/IApT-
HOM YacTH 310# xe croiiku — 41 Tflops.

7. MNoacucrema MOHUTOPUHIa
W ynpasneHus

JLnist TIOJUICPKKH CO3/TaHUSI PESKOP/IHBIX yCTaHO-
BOK B paMKax pa3paboTK¥ CYNCpPKOMIIBIOTCPOB
«CKU®D» pspa 4 npunuiock pazpaborath yHU-
KaJIbHYIO TIOJICHCTEMY MOHUTOPHHIA W YIpaBlic-
HUS CYNEpKOMITbIoTepoM. JlaHHas nojcucTeMa co-
CTOUT W3 TPEX  B3aUMOJICHCTBYIONIMX, HO
HC3aBHCUMBIX (CIIOCOOHBI paboTaTh CamMoCTOs-
TEIbHO, B HEKOTOPOM 4acTu AyOnupys JIpyr Japyra)
YPOBHEH:

e YpOBeHb | — OXBATHIBACT BHIYUCIUTCIbHBIC
mojynu, ucnonbdyer cerb TCP/IP mosepx Infini-
Band QDR, peanusyer Bce BO3MOMKHOCTH CTaH-
naprta [IPMI;

® YpOBCHb 2 — OXBATHIBACT BBIUYMCIIUTCIBLHbBIC
MOIyid W ONOKH TWTaHWs, HCHONb3YCT CCTh
TCP/IP nosepx InfiniBand QDR, peamusyer ce-
JICKTHBHYIO CEPHAIIbHYI0 KOHCOJIb K JIIOOOMY BBI-
YUCIMTEILHOMY Y31y, BO3MOJKHOCTL BKIIOUYHTH
WIH BBIKIIOYHTH (HEMOCPEICTBEHHO HA OJIOKE MH-
TaHWs) SJICKTPOIUTAHUE HA JIIOOOM BBIYMCIUTEIIb-
HOM Yy3Jie, Ha Tpynne u3 8 BBIYHCIHMTEIIBLHBIX Yy3-
JIOB, HA KOPHEBOM Y3II€;

® YpOBCHb 3 — HE3aBUCHMAasi CCHCOpPHAas CCTh
CKU®D ServNet v.4, oxsarbiBaromias Bce OJIOKH
DIICKTPONUTAHHS, BCE KOPHEBBIC M BBIYMCIIUTCIIb-
HBIC Y3JIbl, MCIIOJIb3YET BBIJICIICHHYIO CETh MCpe/ia-
Y JIdHHBIX C PE3EPBHBIMH KaHAJIAMH, COICPIKHT
HE3aBHCHMBIC CCHCOPBI TCMIICPATYPhI, IPOTEUCK U
BJIQKHOCTH, YPOBHEH HANpsHKCHHUs B Pa3HbIX TOY-
Kax CHCTEMbI, MCXaHW3Mbl BKIIIOUCHHS/ BBIKIOUC-
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HUs (HCMOCPE/ACTBCHHO Ha OJIOKE NMUTAHMS) JICK-
TPONHTAaHUS Ha JHOOOH rpyime U3 8 BLIYUCINTCIIbL-
HBIX Y3/10B M HA KOPHEBOM Y3J1e.

Cencopnast cerb CKHU® ServNet v.4 umeer
CBOIO COOCTBCHHYIO CHCTCMY rapaHTHPOBAHHOIO
snekTponuTanus.  DnekrTponorpedbnenne CKUD
ServNet v.4 — oxono 3 Barr nHa croiiky. CKU®
ServNet v.4 saBiasieTCss HHTC/UICKTYalIbHOW CEHCOP-
HOMH CCTBIO: B KaXkJIOM Y3JIC DTOH CCHCOPHOH CeTH
— @ OHM PACTIONOMNKCHBI B KaXJI0M OJIOKE 21eKTpo-
MUTaHus, B KaXKA0M KOPHCBOM MJIH BBIUYMCIUTCIIb-
HOM y3JI¢ — UMECTCS MUKPOKOHTPOJLICP WIIH MHK-
porpoLcccop, Mo/YICPKUBAIOLIMH BO3MOMKHOCTH:

® JIMCTAHIIMOHHOTO MEPENPOrPaMMHUPOBAHHS;

® [ICpPC/lauM B LICHTPAIbHBIA CepBEp MOJCHC-
TCMbl MOHMTOPUHTA U yripaBieHust HHGoOpManuu u
MCHOJIHCHUSI KOMaH/1 OT IICHTPAJILHOTO CEpBepa;

® JIOKaJIbHOIO aBTOHOMHOTO NMPHHSATHS pellic-
HUSL M pealin3aliuy ACHCTBUH MO MPE/IOTBPALICHUIO
HEXKCIATEIILHBIX TTOCJICACTBAH HEIITATHBIX CHTYa-
LM — B Cllydasix OTCYTCTBUSl CBSI3M C IEHTPANb-
HBIM CCPBCPOM.

LleHTpasibublii  cCcpBEp MOJICHCTEMBI MOHHTO-
pUHIa M yHpaBiCHUs peaym3yeT cOop, XpaHCHHUC
¥ 00paboTKy MH(pOPMALMK OT BCEX YPOBHEH MMOJI-
CHCTCMbl MOHWTOPHMHTA, BH3yaJM3anuio, oOHApYy-
KCHMC HCIUTATHLIX CUTyalMH, MPOrHO3 HEILITAT-
HBIX  CHUTyalMii,  OMNOBCIICHMC  ICpPCOHAJIA,
ABTOHOMHOC TIPUHATHC PCILCHUS # pPeain3alluu
JICHCTBHH 10 TIPCAOTBPALICHUIO HCKEIATCIIBHbIX
NI0CIIC/ICTBNI HELITATHBIX CUTYalMH.

B uenom B cynepkomibiorepax «CKMU®» psna 4
peaM30BaHa yHMKalibHas OTEYECTBCHHAs CHCTEMa
MOHHTOPUHIA W YIPABIICHUS C TPOHHBIM PE3CPBUPO-
BAHHUCM U OUCHB BHICOKOU CTCIEHBIO HA/ICKHOCTH.

3akniovyeHue. CoBpemMmeHHoe
COCTOSIHME U NepCneKTUBbI NPOeKTa

[TepBbiii onbiTHbIA  06pazen, «CKU®d-ABpopa
HOYpl'Yy» nperepriest MOACpHU3ALMIO (OT MOJIENH
CKUD 4/N o CKUD 4/W) u pacumpenue. 310
MO3BOJIMIO CHCTEME 3aHAThL 87-0¢ MECTO B peH-
tuure Top500 B wione 2011 ropa ¢ npousBoau-
renbHocthio 100.40/117.00 Tflops u 121-0e mecro
B HosiOpbeckoMm peittunre 2011 roga [3]. poxon-
Kacrest paspaboTka NMPUKIIAHOro MpOrpaMMHOIO
obccneychus. 3/1eCh CICAYCT OTMCTHTB, HTO BCC
IPOrPAMMHOC OOCCIICHCHUE CUCTCMbI, HAUUHAS C

OC, npaiiBepoB, MHTECPKOHHCKTA W 3aKaHYMBast
NPUKIaJHbIMH CHCTEMAMH,— OTCUCCTBCHHbLIC pa3-
paboTKH, B TOM YMCJIC M Ha 0a3c MporpaMMHoOro
ofccrnedenust ¢ OTKPLITBIMH KOJIaMH.

OO0cyx/1asi NCPCHCKTUBLI PA3BUTUS CCMCICTBA
cynepkomibioTepoB «CKHUD», koHeuHo, Hajo Jiy-
MaThb O MPUMCHUMOCTH HAKOIJICHHOTO ONbITa JIJIs
JIBKEHMSI B CTOPOHY K skcaduioncHomy pyoexy.
OO1IEenpHUHATO, YTO C ITUM CBS3BLIBAIOT CIIC/IYIO-
LIMH KpyT npodnem:

® BbICOKAsi MJIOTHOCTb KOMIOHOBKH BbIYKC-
JIATENA;

® COKpailicHHe (PU3UUCCKON JUIMHBI COC/iM-
HCHMI;

® CHIDKCHHC YJICABHOTO MOTPCOACHUS 9HJICK-
TPOIHCPTHH;

e S(heKTUBHBIA W HAJCIKHBLIH OTBOJL TEILIA;

e cucreMa OOMCHOB MEIXK/Ly BbIYHCIIMTCIIbHBI-
MH y3J1aMU ¢ HU3KOH 3aJICPIKKOH, BLICOKOH IPOITY-
CKHOM CIOCOOHOCTBIO, TMOICPIKKON HMHTCrpal|u
o4eHb Oonpuiol cuctemnt (Nx 10(’);

® MOHHMTOPMHI W  YIpaBicHUC
CHUCTCMOM,

® YCTOWYMBOCTH CHCTCMbl K OTKazy 4acru
obopy/loBaHust, TAPHPOBAHUC OMIHOOK;

® HOBBIC ITOAXO/Ibl K OPraHu3allii Napasiciib-
HOT'O BBITIOJHCHUS MPOTPAMM;

® JIOJUICP/KKA MCIOJIb30BAHUS HCOAHOPOIHBIX
A7CP MW YCKOPUTEIICH B COCTaBC MNPOLICCCOPOB M
BLIYMCIIMTEIILHBIX Y3II0B.

bpino 6bl paHO M M3IMIIHE CAMOHA/ICSIHHO TO-
BOPUTH, YTO PCLICHUS BCEX HEPCUMCICHHBIX MPO-
OneM yke HaijieHbl B Hauiumx npoekrax. OjHaxo
NpOEKT co3janust cynepkomibiorepoB «CKND»
psijia 4 gacT XOpoIyl0 CTapTOBYIO MIOMIAJKY JUls
9T0# pabotel. [1o CyTH, B BBINOJHCHHOM HPOCKTE
WCITOJIHATCIIM IIPUKOCHYTUCH KO BCeM mpodiiemam
U NIPOJIBMHYJ/INCh B MIPABUIILHOM HAIIPABJICHHH K HX
PCIICHHIO. 3TO BEPHO JUI BCCX TCPCUMCIICHHBIX
npobIIeM, 3a UCKITIOUCHHEM, TTOXKATYH, TTOCIICAHCH.

ABTOpBI OJaroapHbl BCEM, C KCM MM 110CUHACT-
JMBUIIOCH paboTarh BMECTC B PaMKax cCo3/lauus
cynepkoMipioTepoB cemericrea «CKUDy, a Taioie
pykoBoAcTBY COIO3HOr0o rocyjaapcrsa W Munu-
crepcTBa  o0pasoBauMs W Haykh Poccuitckoi
denepauuu 3a MPCAOCTABICHHYIO BO3MOKHOCTD
BBIITOJHCHUSA — HAYYHO-TEXHHUCCKUX  NPOrpamMmm
«CKUD» u « CKUD-T'PU/T».

00JILLIOK
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