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IIpobiiembl pazBuTUs
CyIIepKOMITbIOTEPHOI oTpacyu B Poccun:
B3IJIS[ I10JIb30BaTeIs
BBICOKOIIPOU3BOAUTEJIbHBIX CUCTEM

AHHOTAIIA. 3a mpomieamee JAeCATUICTHE AKTUBHAS TOCIOICPKKA YCKOPUIA
pasBuTHe CylepKoMIIbIOTepHOI oTpacsu B Poccun. Cerojsi B cTpaHe paboTarOT
HECKOJIBKO CYIIEPKOMIIBIOTEPOB OOJIBIIOI IPOM3BOIUTEILHOCTH, HA KOTOPBIX PelIa-
ercsd Bce OOJIbIllee YHUCJIO HAYYHO-TEXHHMYeCKUX 3ajad. Habupaer cuiy cymepkoM-
npioTepHoe obpazoBanue B BY3ax. B To Ke BpeMs MOXKHO KOHCTATHPOBATL «OJI-
HODOKOE» Da3BUTHUSA OTPACJN B OTHOIIEHHUM IIPEJICTABIEHHBIX B CTPAHE CYIEePKOM-
[BIOTEPHBIX APXUTEKTYP U HEIOCTATOYHOE pa3BuThe PaboT B 00JIACTH PA3BUTHS
MAaCCOBOI'O IapaJljIe/in3Ma IPU PEIICHUH IPUKJIAIHBIX 33,12,

B CTaTbe KPATKO PACCMOTPEHBI OCHOBHBIEC TEHJICHIIUN TOI'0, KakK pa3BUBaJjlaCh ap-
XUTEKTYpa U KOMMYTAIIMOHHBIC CeTHU JIYYIINX CYHEePKOMIIBIOTEPOB MUpa, HAYNHAaA C
1990x rr. Beieseno riaBHOe HalpaBJeHHEe, KOTOPOe TOOEXKIaeT B YCIOBUSX 2KeCT-
KOil KOHKYDEHIIMM BO3PACTAIOIIEro CIPOCa HA BBIYUCJIEHHS, HCIOJIb3YIOIINEe BCE
GoJIbIIIee YHCJIO TPOIECCOPOB (BBIYUCIUTEIBHBIX sjiep) B oauoii 3anade. Chopmy-
JINPOBAHBI IIPEJIOKCHUS TOrO, UTO HYKHO HIPEAIPUHATD, ITOOBI CYHEPKOMIILIO-
TepHag orpacab B Poccnm me orcrasa Obl OT MHPOBOTO yPOBHSI, & BCTaja ObI Ha
9TO K€ [VIABHOE HAIIPABJICHUC.

Kpuruaecknit HacTpoit crarbu HM B KOl Mepe HE HAICJICH HA IIPEYMEHBIICHHE
JIOCTUTHYTBIX YCIIEXOB B PAa3BUTHUU CYIEPKOMIBIOTEPHO OTPAC/IM HAIleil CTPaHBI.
3a/lada aBTOPOB COCTOUT B MOIBITKE AKIIEHTUPOBAHUS BHUMAHUS CYIEPKOMITLIO-
TepHOro coobiecTBa Poccnn Ha BbI30BaX, KOTOPbIE YYBCTBYET CErOJIHS POCCUICKUI
YHCHBIHA, UCIOIb3YIOIMUI BEICOKOIIPOU3BOANTEIbLHBIC BLIYUCIICHUS, IIPU IIPOBCICHUN
WCCIeIOBAHMI, KOTOPbIE MOIVIM OBl CTATh KOHKYDCHTHBIMHE B MEXKTyHAPOIHOM
KOHTEKCTEe.

Karouesvie ca06a U (hpasvl: Tononorus MHTEPKOHHeKTa, NyTb K 3k3achnoncy, MacluTabupyemocTs
napannenbHbIX aJropuTMOB, NEPCNEKTUBHbIE AaPXNTEKTYPbI.
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Bsepetxue

B nauaje pa3BuTHus COBETCKOrO aTOMHOI'O IMPOEKTa akaneMuk Jlaw-
Jlay TPUBJIEK OyLyIero akajgeMuka THXOHOBA K YUCJIEHHOMY DEIIEHUIO
3a7ad, KOTOpble TeopeTmyecKas (bU3nKu Morja cOpMYJIHPOBATH [JIsd
onucanus sijiepHoro B3pbiBa. C Tex MOp HAYAIOCh WHTEHCUBHOE DPA3BH-
THe BBIYUCIUTEIBHON MATEMATHKU U YUCJIEHHBIX MeTOo0B B COBETCKOM
Coroze. Baxweitmyo pojib B ycrmexax 3TOil 00JIACTH UTPAJIO COILYTCT-
BYIOIIlee Pa3BUTHE BBIUUC/UATEHHOW TEXHUKH.

K coxajiennto, HayIHO-TEXHUIECKUN MOTEHIMAJ COBETCKON HAYKHU
B 00JIACTH AIapaTHO-TEXHUIECKOr0 ODECIeYeHrs BBICOKOIIPOM3BO M-
TEJIbHBIX BBIYUCICHUN MOTepsa ObLIoN Temn pocta B 3moxy 1990-x ro-
0B B Poccuu. 3a oTu TsiyKesbie TObI HAKOIMJIMCH KaJIpOBble U WH(Mpa-
CcTpyKTypHBIE Tpobsembl. Boixox u3 kpmsuca B 2000-x romax mpuHec
MHOI'O CYIIECTBEHHBIX IIO3UTUBHBIX U3MEHEHUil. T'eM He MeHee CHTya-
[isl B HaIllell CTpaHe MPOJOJIZKAeT BBI3bIBATH CUJIbHOE OECIIOKONCTBO B
KOHTEKCTe OypPHOIO pa3BUTHS CYINEPKOMIIBIOTEPHOU OTpacjud B MUPE.
Vcnexu, mocrurayreie B Poccuu 3a mocsiennee mecsaTuiierne, CKPhIBAIOT
HepelreHHble TPoOIeMbl U cJTabble MeCTa B MH(MPACTPYKTYPE U HAYIHO-
OPTaHU3AIMOHHOM ODECIIeIEeHNN POCCUHCKON CYIepKOMIbIOTEPHON OT-
pacym. OuucaHuio JIAHHBIX MPOOJIEM M BO3MOXKHBIX IIyTell MX perieHust
ITOCBSIIIIEHA, 9T CTAThS.

1. Poccus B cnncke Ton500

Crucok Hambojiee MOIIHBIX CYIEPKOMITbIOTEpOB Mupa 1Torn500 06-
HOBJISIETCS JIBAXKJbI B T'OJl HA MEXKIyHAPOIHBIX CYyHEPKOMITBIOTEPHBIX
KOHQepeHInaX B uione u Hosgbpe. [lepBblit poccuitcKmii CymepKOMITHIO-
tTep nosiBusicad B crucke Tonb00 B HOsiOpe 2001 roma. dro ObLIa cucre-
Ma HEHAy4YHOro Inpoduis, npuHaexaimas Coepbanky Poccuu. B wuto-
He 2002 roma B cuucoxk Torb00 Ha 64 MecTo momas mepBBI POCCUUCKUI
cynepkomibiorep Hayuanoro npoduias (kiaacrep MBC-1000M 8 MCIT
PAH). Takum o6pa3oM, pa3BUTHE CYIEPKOMIILIOTEDHOI OTpaciu B
Poccunm BbImio ma pekum ycroitamBoro pocra okosio 10 jer Hazas.


http://www.top500.org/

B. B. CTETAIIOB, I'. 9. HOPMAH 113

Nudopmanmonnsiit mopraa [Nauka.ru nucan 30 uions 2005 roga B cBsi-
31 C BBOJIOM B cTpoii cynepkomibiorepa MBC-15000 8 MCIL PAH:
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Puc. 1. MakcumanbHas TPOU3BOJIUTEIHLHOCTD JIMJIUPYIONIUX CyIep-
KOMIIBIOTEPOB coryiacHo JanubiM crnimcka Ton500 B 2001-2013 rr.

B 1999 200y 6wvin omrpwum MeostceedomcmBeHHbT CYNEPROMNBLIO-
meproiti uenmp PAH, 2de 6wia ycmanosaen nepswiti poccutickuti cynep-
Komnwvlomep. Imo 000 U3 HEMHORUT HAYYHHL MEPONPUAMUL, KOMO-
poe nocemus mozdawnuti npemvep-munucmp B. Hymun. Ha mom mo-
MEHM, YMO NOOMBEPHCIEHO CEPMUPUKAMAMU, KAACTED B0ULEA 6 COM-
HIO CAMDIT MOWHBLT KOoMNblomepos mupa. IIpouszsodums makxue mawsu-
Mo Mozym Auwd mpu cmpanvs, - CIIA, Hdnonus u Poccus. C 20damu
HOUL CYNEPKOMNDIOMED, HECMOMPA HA MO, YMO KaAHCIv 200 OH HAKA-


http://web.archive.org/web/20050629000843/http:/www.inauka.ru/computer/article54787.html
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YUBANA MBIUYDL, CNYCKAACA 6 MUPOBOT UEPAPTUU MG HUNCHUE CMPOKU.
B 2005 200y ez20 oboeran cynepromnovromep CKUD K-1000, cdeaaroii
coemecmmno Poccueti u Beaopyccueti u yecmanosaennnti 6 Muncke.

Kak ke BbIrJIs1e710 Pa3BUTHE CYIEPKOMIIBIOTEPHON OTPACIN ¥ HAC
B cTpaHe 3a mpomenaiee mecatunerne? Ha PUC. 1 npusemenb gaHHbIE
0 TJI00aJIbHOMY POCTY IIPOU3BOIUTEBHOCTH CYIIEPKOMITBIOTEPOB B
mupe u B Poccun. Bumno, uro mocie 2002 roma Ha cTagud NEepPBOHA-
4aJIbHOTO (DOPMUPOBAHUS OTPAC/IHM U HAKOIJIEHHUS OIIBITA POCT POCCHU -
CKUX CYIIEPKOMIIBIOTEPOB B OOIIEMHUPOBOM DEHTHHIE IIeJ JIOCTATOYHO
Me teHHO. [loBbineHne 9KCIepTu3bl CynepKOMIIBIOTEPHOTO COODIIECTBA
Poccun u nobiiieHne rocyJapCTBEHHOINO (DUHAHCHMPOBAHUSI IIPUBEJIO K
muHaMu4dHOMY pa3sutuio B 2006-2009 rr., mMTOrOM KOTOPOrO MOXKHO
CUNTATD CO3/TaHme KJIacTepa «JIomomHOCOB» MIY UMeHU
M.B. Jlomonocosa, 3augsiiero 12 nosurmio B Ton500. D10 10 cux mop
HernpeB3oiigenublii pesyabrar. Haunnas ¢ 2010 roga, pocT cymepkom-
MBIOTEPHON OTPACTU 3aMEJJIMJICSA, W CTaJU IPOSABIATHCI TEHICHIINN
HechaIaHCUPOBAHHOIO PA3BUTHSI.

Hna amammsa wma PUC. 1 npuBeneHbl JaHHBIE IO TPEM JIHIUPYIO-
UM CUCTeMaM Haleil crpanbl. Ha pHCyHKe TOKAa3aHbI BEPXHAA U
HUKHsIl TPAHUIBI 110 Ipou3BoauTesbHocT (cucrembl Ne 1 u Ne 500) u
TpU caMble MOIIHBIe cucTeMbl B Poccun, momagatoriue B ciucok Torrb00
(c yKa3aHueM uxX HOMEpA)

O JMHAMUYHOM Pa3BUTHH OTPACU MOXKHO T'OBOPHUTbH, €CJIU PACTeT
KaK MTPOU3BOJIUTEILHOCTDL CyHMEPKOMITBLIOTEPA-TUIEPA, TaK U OJuKaii-
IUX K HEMY 110 MOIHOCTH CHUCTeM. MBI BUIUM, 9TO TMEPUOJ, MHTEHCUB-
HOTO POCTA, HA KOTOPBIN BBIILIA HAIIA CYIEPKOMILIOTEPHAA OTPAC/Ib B
2006-2009 rr., cMmeHmICa HepuoAoM ¢ dUepramu crarHammu B 2010—
2013 rr. Bosbiyio 9acTh yKa3aHHOTO CPOKa TPOHKa JIMIEPOB OCTaBa-
sack Hem3Mmennoit: Ne1l - xkjacrep «Jlomonocoy MI'Y wumenn
M.B. Jlomonocosa, Ne 2 - xiracrep MBC-100K MCII PAH u Ne 3 - kja-
crep PHII KW, amanormunsiit MBC-100K. Poct momtaocTn kitacrepa
«JIoMoOHOCOBY 0b€eCITeUnBAJICS TOJKJ/IIOYCHUEM K HEMY JIOMOJTHUTEIbHBIX
MOZyJIeH.
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Panee B 2006-2009 rr. mo3uius CyrnepKOMIbIOTEPA-TUIEPA B CTPa-
HE «MHUTPHUPOBAJIAY MO PA3TUIHBIM OPraHU3AIUIM B IPOMEKYTKE MEXK-
ny obuossienuamu crucka Tonb500 (MCI PAH — Tomckwuii Iocynu-
Bepcurer — MCII PAH — MI'Y umenu M.B. JlomonocoBa — mBa paza
MCIT PAH — MI'Y umenun M.B. JlomonocoBa). MeHsismch u cHCTEMBI
Ne2 u Ne 3 B Poccun, mpencrasisis He TobKO MOCKBY, HO W peruo-
nasbhble neHTpbl (Ydy n Kpacuospcek). Ilomobuas poramus — cyie-
CTBEHHOE OPTaHU3AIMOHHOE YCJOBHE JIUHAMUYHOIO DPA3BUTUS OTPACTH
— mupekparuiack ¢ kounna 2008 r. Tosbko B Kouie 2012 r. cucremoii

Ne 3 cpenmm cyrnepKOMIBIOTEPOB HAYYHBIX OPraHW3AIMI CTAJ KJIACTED
«Topuamo» B OYpI'Y.

2. MupoBble TeHaeHUUW Pa3BUTUS  CYNEPKOMMbIOTEPOB:
«Ha nyTu k 3ak3adnoncy»

2.1. Pa3Butue cynepkoMnbiOTEPHbIX apXUTEKTYP

OcHOBHYIO 339y CyIepKOMITBIOTEPHON OTPACIH MOYKHO ChOopMy-
JIMPOBaTh KaK HEOOXOINMOCTH OObEeIMHEHUS OOJIBIIOTO YHCJIa BBIYHC-
JINTEJIbHBIX JIEMEHTOB JIJI CHHXPOHU3UPOBAHHON pPabOThI C OOIIMMU
JIAHHBIMU — T.€. JIJIsl PEIeHUs] OIPEJIEJIEHHON 3a[a 1.

B 1990-e rompr obcyzkieHne pasBUTHUS CYIEPKOMIIBIOTEPHBIX TeX-
HOJIOTHII BEJIOCh B TE€PMUHAX BBIOOpa MEXKIy JIBYMsI TUIIAMHU CHCTEM.
SMP (Symmetric Multiprocessing) — apxuTekTypa MHOIONPONIECCOD-
HBIX KOMITBIOTEPOB, B KOTODO# J[Ba WJM OOJiee OJMHAKOBBIX IIPOIIECCO-
POB TIOJIKJIIOYAIOTCH K ODINEi MaMsTH H, CJIEIO0BATEHHO, UMEIOT HOCTYII
K ODIUM JIaHHBIM. AJTbTepHATHBON ObLTa MACCUBHO-TTAPAJIIEIbHAS ap-
xurektypa MPP (Massive Parallel Processing) — kiiacc apxurexTyp
apaJuIeJIbHbIX BbIYMCJIMTEbHBIX CHCTEM, KOTOPbIE COCTOAT U3 OT/IEJIb-
HBIX Y3JIOB, IaMATh KOTOPBIX (PU3UYECKHU PA3/IeJI€Ha, U II03TOMY B IIPO-
1ecce pereHns 33149 HeoOX0o MM OOMEeH JTAHHBIMHU MEYK/IYy y3JIaMu.

B pesysibrare pasBurHs 00e TEXHOJOTMM IEPECTAJd KOHKYPHUPO-
BaTh U 3aHSJIM KaXKJasi CBOE MECTO B apXUTEKType COBPEMEHHBIX Cy-
[IEPKOMIIBIOTEPOB.

TexHoornvyeckue BO3MOMKHOCTH HAPAIUBAHUS POU3BOIUTEHHO-
ctu SMP-cucrem orpanuydeHbl mpobsieMoill JOCTyTa K OOIeil maMsiTH.
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OpHako pasBuTHE MOMOOHBIX YCTPONCTB — COBPEMEHHBIX MHOIOSIIED-
HBIX IpoleccopoB u rpadudeckux uponeccopos (GPU) — npoxogur
JIOCTATOYHO WHTEHCUBHO. PaHee pedb IjIa O JeCATKax saep, paboTraro-
mux ¢ obummu ganubiMu. Ceromust (¢ nosiBienuem GPU) peub mpuer
y2Ke O Thicg4yax. B pesyibrare momo0OHAsT MHOTOsiIEpHAS KOMOWHAIIMS
IIPOIIECCOPA U CIENUAIBHOIO YCKOPUTE/sT 00Pa3yOT BBICOKOIIPOU3BO M-
TEJIbHBIA BBIYUC/IATEJIbHBINA 3JIEMEHT.

HagpHeAnuil IyTh HAPAIUBAHUS [TPOU3BOIUTEILHOCTH — & CEero-
JIHSL 9TO KIIYTh K 9K3adJIONCY» — JIEXKUT HA CJIEIYIONEM MaCIITaOHOM
ypOBHE OObEIMHEHUsI COTEH ThICSIY OT/EJBbHBIX BBIYUCIUTE/BHBIX 3JjIe-
MEHTOB (=y3JI0B) B CHCTEMbI, COIEDKAIIUE MUJJIMOHBbI BBIYUCIUTE b
HBIX smaep. g pemrenust 3To# 33184y PENIaioniuM ABIFAETC UCITOTb30-
BaHUe AJEeKBATHON KOMMYTAIMOHHON ceru (MHTEDKOHHEKTA), 00beiu-
HSIFOIIEN CUCTEMY B eIUHOE I[eJI0€.

2.2. KommyTtauuonHas cetb (MHTEPKOHHEKT)

«Cepﬂue» COBPEMEHHOI'O CYHEPKOMIBbIOTEpA — KOMMYTallMOHHAA
CeTb (I/IJII/I I/IHTepKOHHeKT) IIPOABJIAETCA Ha 3 YPOBHAX:

e 000OpyIOBAHUE W TOIOJIOTUs CETH, T.e. IPUHIUN (PUINIECKOrO 00Db-
eJIMHEHUs] Y3JI0B KaHAJIAMUA OOMEHa JAaHHBIX;

® CHCTEMHOe IIPOrpaMMHOe 00eCIedeHne, Peanu3yIoliee CTaHIaPTHbIE
pOIE/ypbl OOMEHA JIAHHBIMEU (OJIMH-OJTHOMY, OJIMH-BCEM, BCE-BCEM
u T.a1.);

® AJIrOPUTMbBI IAPAJIJIEJILHOTO PEIeHNs MATEMATHIECKON 3a/1a4u, OC-
HOBAHHbBIE HA YKA3AHHOM CHCTEMHOM IIPOrPAMMHOM ODECIIeYEHNN.

Bosmoxkubie BapuaHThl anmapaTHOTO 0D00PYIOBaHUS CETH MOXKHO C He-
KOTOPOI1 joJ1eil orpy0sieHus pa3aesuTh Ha JIBa KJIacca:

e 00beUHEeHNe y3/I0B KOMMYTATOPOM WJIN €IMHON IIMHON JaHHBIX;
e 0o0beUHEeHNe Y3JI0B HEIOCPEJICTBEHHO JPYT C JIPYIOM, KOMMY Tallds
OCYIIIECTBJISIETCS CAMUMU y3JIaMU.

IIo BOBMOXKHOI TONOJIOTUH ITU KJIACCHI MPEJICTABIECHBI COOTBETCTBEHHO
CJIETYIOIIAME HAanbO0JIee PACIIPOCTPAHEHHBIMY BAPUAHTAMY:

e TOmOJIOrHMsA TOJICTOE JepeBo» (PUC. 2);
® TOIIOJIOIMH THIA PeleTKay U «MHOromepHbii Topy (PuC. 3).
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BaxkueifimuMmu XapaKTEPUCTHKAMU CETU  BJISIOTCS IPOITYCKHAs
CII0COOHOCTh, JIATEHTHOCTH M TEMII Bbliadu coobmienuit. OurumasibHast
MTPOU3BOINTEHLHOCTD CYMEPKOMITHIOTEPA JTOCTUTAETCS TP COATAHCUPO-
BaAHHOM COYE€TAaHUU YKA3aHHBIX XaPAKTEPUCTUK U ITPOU3BOIUTEIHLHOCTHA
Y3JI0B.

Puc. 2. Cxema obbenuHeHHsI y3JI0B KOMMYTATOPaMU B TOIOJIOIHN
«TOJICTOE IePeBO»

-y

-

oldodo,
Grlodod
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(a) {b) (c)

Puc. 3. Cxema ob6beiuHeHus y3J10B B TOIOJOIMU PeEIIETKA W TOP
(a — pemrerka, b — 2-x MepHBIl TOp, ¢ — 3-X MepHasi peleTKa)

Tomosiornsi UHTEPKOHHEKTA, SABISIETCA KJIIOUYEBbIM (PAKTOPOM, OIpe-
JIEJIATONTAM BO3MOYKHOCTD YBEJIMIECHUST PA3MEPOB CYTIEPKOMITBIOTEPOB.

,HpeBOBI/I)IHaH TOIIOJIOI'A CB#dA3aHa C HCIOJJIB30BaHUEM KOMMYTHU-
pyromux 3emeHToB (switches). Dtu ycrpoiicTBa MOryT OOBEIUHATH
JIECATKY WJIN J]aKe MHOTHE COTHU y3y0B. OJIHAKO YBEJUTEHUE WX eMKO-
CTH TEXHOJIOTUIECKM BEeChMa CJIOKHO. 1l03TOMYy I JasbHeHInero
«poCTa JiepeBay CaMM KOMMYTATOPbI HYXKHO OOBEJIUHATH KOMMYTATO-
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pamu ciienyromero yposas. 1lpu aToMm Bo3HuKaer mpobjieMa HeoOXOu-
MOCTH CYIIECTBEHHOT'O POCTa IIPOILYCKHON CITOCOOHOCTH KaHAJIOB OOMEHa
JaHHBIMU. B pesyJsibTare TPUMEHEHHE TOMOJOTUU TOJICTOE JIEPEBO»
JUTsl crucTeM 60Jiee JECSTKOB THICSY 9JIEMEHTOB CTAJKUBAETCS C TPYIHO-
Pa3penmMbIMA TPOOJIEMAMH.

CucreMbl C TOMOJIOTMEN pemeTKa WM MHOTOMEDHBI TOp IIpe/i-
cTaBisieT coOOM aJbTEPHATHBHYIO KOHIENIWIO MOCTPOeHust ceren (3-X,
5-tu, 6-TU MEpHBIE TOPBI CETOJHS YK€ UCIOJIb3YIOTCS B JIMIUPYIOMIUX
cynepkommnbiorepax cuucka Ton500). OcHoBa 110m006HON TOMOMOIMH —
COEJIMHEHWE y3JI0B C OJMKANIMMEU COCEISMU [0 IPUHIUITY TOIOJIOIH-
qeckoit Gim3zoctu. OYeBUIHO, YTO HapAIUBAHUE pasMepa MOJOOHBIX
CUCTEM He WMeeT CEePhe3HBIX TEeXHOJOImYecKux GapbepoB. OJHAKO Cy-
MIECTBEHHO YCJIOXKHSIETCsT OpTaHu3aIiss OOMEHa COOOIIEHUSIMA — CO00-
IeHWs [EepelafoTcss OT y3ja K y3Jy dYepe3 IENOYKY y3JI0B-
nocpetHUKOB. C OJIHOM CTOPOHBI 3TO 3aMeJIseT Tepenady JIaHHBIX, C
JIPYTOii CTOPOHBI — B MOJOOHBIX TOIOJIOTUSIX UMEETCsI MHOXKECTBO aJlb-
TEePDHATUBHBIX IIyTel meperauu (T.H. AJANTHBHAs MAPIIPYTHU3AIUA).
DTO MOXKET KOMIIEHCHPOBATH OTEPI0 B CKOPOCTH U, YTO KpaiiHe CyIe-
CTBEHHO JIJIsi CBEPXOOJIBIIUX CHCTEM, IO3BOJISIET KOMIIEHCHPOBATH BO3-
MOXKHbIE TEXHUYECKHE HEUCIPABHOCTH Ha y3Jjiax B Iporecce paboThl
CYIEPKOMITBIOTEPA..

B macrositiiee BpeMsi B CTaJIMM aKTUBHOTO PA3BUTUS HAXOJISATCS Ce-
TH CO CJIOXKHOUW TOIIOJIOIMel, HAC/IEeAYIONe TPUHITUIILI JIPEBOBUIHON U
TOPOMJAJIbHOM ToNOJIOrHWi, Takue Kak «crpekosay (dragonfly) xomma-
aun Cray u PERCS (Productive Easy-to-use Reliable Computing
System) komuanuu IBM. BeiGop Tuna KOMMYTAIMOHHON CETH UJIM €ro
CMeHa XapaKTepPU3yeTcs OOJIBIION WHEPIMOHHOCTHIO, T.€. apXUTEKTYypa
CeTH OlpeJiesisieT BhIOOp CHCTEMHOIO IIPOrPAMMHOIO ObOeCIedeHus U
OIITUMaJIbHBbIE a.Hl"OpI/ITMbI HpI/IKJ'[a,/IHbIX nporpaMM. ]_[I/IKJI IIOJIHOM
aJlalTAIluU 110]T JIAHHYIO CEThb MOXKHO oneHuThb 10 rojiamu, 4To ompee-
JIIET MOTPEOHOCTH JIOJITOCPOYHOrO ILIAHUPOBAHUS. BO3MOXKHOCTH «Ma-
HEBpa» B BHIOOpE AIMapaTHOrO ODECHEYeHUs] CeTH OPAHUIUBAETCSI W
TpeboBaHreM OOpATHONH COBMECTHMOCTH, T.€. HEOOXOINMOCTHIO HMETh
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BO3MOXKHOCTb HCIIOJIb30BATh BCE CO3JAHHOE MPHUKJIATHOE IPOrPAMMHOE
obeclieveHre HA HOBOI apXUTEKTYPe.

3. «0Ocobbiii nyTb» Poccum B passutum cynepkoMnbioTepos

B magase 1990-x rooB Ha 3ape pa3BUTUS CyHEPKOMIIBIOTEPHOI
orpaciu TpebOBaIOCh OObEIUHATH B €IMHOE BBIYUCIHUTEbHOE TIOJIe
mopsaka 10-100 yzmo. CosmaHue CymepKOMITBIOTEPOB OBLIO YIEJIOM
kpynubix Komnanuii (Cray, Hitachi, IBM, Intel, NEC u np.). Co3nasa-
JINCh CYMEPKOMIBIOTEPHI C PA3HOOOPA3HBIMU BAPHUAHTAME TOIOJOTUN
cetu. B 3HAYMTELHON CTENeHW 9TO ObLIa 3M0Xa IKCHEPUMEHTHPOBA-
HUsl, TIONCKa ONTUMAJIBHBIX BAPUAHTOB B YCJOBUIAX OYPHOTO Da3BUTHUS
MOIITHOCTH MUKPOIIPOIECCOPOB.

K coxajenuto, B cBa3u ¢ paspyienunem Coserckoro Corosa B Poc-
CHUH B 5TO BpeMs 0ObeM aHAJOTMYHBIX PAOOT CYIIECTBEHHO YIAJ, YTO
[PUBEJIO K TEXHOJIOTMYECKOMY OTCTaBaHuio. Poccuiickuii kypuans «Or-
KpbITbIe cucTeMbl» B 1995 roay mucan [1]:

Hoanooicernue ¢ paspabomramu cyneprkomnvromepos 6 Poccuu, ove-
BUOHO, 0CTNABASEM Ce200nA dHceaamdb aywutezo. Pabomuv, nad omevecm-
sennoimy cynepIBM 6 nocaednue 20000 8eauct cpasy 6 HECKONDKUT
opearusdayusr. Ilod ynpasaenuem axademura B.A.Meavhurosa 6vinra
paspabomana eexmopras cynepdBM "Daexmponura CC-100" ¢ apxu-
mexmypoti, nanomunarowets Cray-1. B UTMuBT PAH nposodamcs
pabomwvr no cosdaruro cynepkomnvromepos "Savbpyc-3". Imom wom-
nvlomep mooicem umemsv 0o 16 npoueccopos ¢ marmosol “4acmomot
10 nc. Io ouenxam paspabomyuros, nwa mecmax LINPACK npu N =
100 6wicmpodeticmeue npoueccopa cocmasum 200 MFLOPS, npu N =
1000 — 370 MFLOPS. /lpyeas paspabomxa, 6viNOAHEHHAA 6 IMOM
uncmumyme, — Modyavhut Kousetiepnovii IIpoyeccop (MKII), 6 xo-
MOPOM UCTOALIYEMCA OPULUHAALHAA BEKMOPHAA APTUMEKMYDPG, 00Ha-
K0 no bvicmpodeticmeuro on, 8epoamHo, doascen yecmynamos "Savbpyc-
3"

Apyzum yenmpom pabom nad omevwecmsentvLmMly CYnepromMnsIome-
pamu asasemcs uzsecmuoili ceoumu pabomamu no EC IBM HU-
I3BT. Tam bvia 6vinoarer pad UHMEPECHHLT PA3pabomox — padaut-
Hoe modeau eexmopHur cynepdBM EC 1191 na ECL-mexnoaoeuu u
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udym pabomuvs 1ad 1o8wvM cynepromnviomepom "AMYP", ¢ xomopom
ucnoavdyemes, KMOII-mexnonozun. Pad opeanusayutt 6o eaase c
HUIIM PAH sedym pabomwi no coddaruto MPP-xomnwvromepa MBC-100,
8 NPOUECCOPHBLT INEMEHMAL KOMOPO20 UCTLOADIYIOMCSA MUKPONDOUECCO-
po.  i860XP, a Oaa opeanudauul  KOMMYHUKAUUT NPUMEHAIOMCA
mpancnotomepv, T805. Xomsa 6 HaAuMUU UMEIOMCA ONvVIMHbBLE 06PA3UbL
HEKOMOPHLT U3 BLIULEYNOMAHYMBLL OMEYECMBEHHDIT KOMNDIOMEPOS, HU
00UM U3 HUT NPOMBLUACHHO HE NPOU3BOOUMCA.

B wurore, B cnoxusimeiica B Poccun B 1990-e roabr cuTyarun He0O-
XOJIMMOCTh B ODOPYJ/IOBAHUU JIJIs MPOBEJEHUsT BBICOKOIPOU3BOIUTE b
HBIX PACYETOB MPUXOIUJIOCH YJIOBJIETBOPAThH 32 CYET UMIIOPTHOTO 00O-
pynosanus [1]:

B boavwuncmsee uMCmastayull CynepromMnsiomepos ucnosb3yem-
ca, sepoamno, npodykuyus dupmo. Conver. B neckoavkuxr opeanu3ay,u-
AT IKCNAYAMUPYIOMCA CMAPBLE MOOEAU MUHUCYNEPKOMNBIOMEPOS Ce-
puti Clzx, C2xxz, xomopuie no NpoussodumesvbHOCTIU YoHce YCmynarom
cospemennovim pabowum cmaryusm. B Cankm-Ilemepbypee 6 cucmeme
Tockomeyaa uncmannuposana munucynepdBM Convex cepuu C3800, 6
Mocxkee 6 HIIM PAH nedasHO YCcmaHOBAEHA CYNEPKOMNBLIOMEPHAA
cucmema SPP 1000/CD. Hmeromcs naarb, UHCMAAAAUUY U ODY2UT
cynepromnviomepos (nanpumep, SGI POWER CHALLENGE) s psade
uncmumymos PAH.

DKOHOMUYECKHE TPYIHOCTH HE IIO3BOJIMJIM POCCUMCKUM YYEeHBIM
OBICTPO U B IOJTHOM OObEME OTpearupoBaTh Ha CJIEYIONWl Iar pa3Bu-
TUS CYHNEPKOMIIBIOTEPHON 00JIaCTH, O3HAMEHOBAHHBIN IOSIBJIEHUEM B
1995 romy cynepkommbiorepa Cray T3E, ocnoBanHoM Ha Tomosiorun 3-X
MEPHOr0 TOpa. JTa CHCTeMa OKazajach OJHON u3 Hambojiee KOMMepdUe-
CKH YCIIENTHBIX Pa3paboToK cymnepkomibiorepoB. B 1998 romy nHa cy-
nepkombiorepe Cray T3E Buepsbie 6611 1peosonier 6apbep ITPOU3BO-
quresabnoctr 1T®@Jonc npu pacdere MPUKJIAIHON TPOrPAMMBL. 3HATE-
HUE, KOTOpas JIAHHAs CUCTEMa MMeJIa, Jijisd ODINEro Pa3BUTUS CYIEPKOM-
IILIOTEPHOI OTpac/iv, NOKa3bIBaeT TABJIMIIA 1.
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Tas/miA 1. Yucno cynepkomnbiorepos Cray T3E B BepxHeii mecsaTke
crmckoB Tom500 B 1996-1999 rr.

11/1996 | 06/1997 11/1997 06/1998 11/1998 06/1999 | 11/1999
1 6 5 8 6 5 4

JloMuHUPOBAHME OIHOIO THUIIA CYIEPKOMIILIOTEPA, €CTECTBEHHO, OT-

pasuyIoCh W HA TEHJEHINHAX pa3pabOTKU CHUCTEMHOIO U IIPUKJIAIIHOIO
IIPOrPAMMHOIO ODecIiedeHusi JJjisd BBICOKOIIPOU3BOAUTEBHBIX CYIIeP-
KOMIBIOTEPHBIX PACYETOB.

K coxanenuto, B Poccuu momobnast cucrema He TMOABUIACD.

[Iporpecc B CynepKOMIBIOTEDHON OTpAC/d y HAC B CTpaHe HaMe-
THJICS B CBA3U C NOABJIeHHEM K KOHITY 1990-X T0JI0B MIUPOKOIO CIIEKTPa
HEJIOPOr0  KOMMEPYECKOI0 KOMMYTAIIMOHHOTO O0OPYyIOBAaHUs THIIA
Ethernet, Gigabit Ethernet, Ha ocHOBe KOTOPOr0 MOXKHO OBLIO CO37a-
BaTh CUCTEMbI, [IOJIyYHUBIINE HA3BAHUE KJIACTEPOB.
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Puc. 4. CyvmmapHasi BbIYHCIHTEIbHAsT MOIIHOCTH CHCTeM Rmax ¢
KOMMYTATOPHON # OE3KOMMYTATOPHOI TOMOJOTUSME CPEIN CUCTEM
BepxHeil mecarku crucka Tomb500

Cozmanme KJIacTepoB M3 KOMIUJIEKTYIONIMX CTAJ0 JIOCTYIIHBIM
GOJIBIIIOMY YMCJIy OpraHU3alliil U Hay4HBIX KOJUIEKTUBOB, KaK B MHUDE,
Tak 1 B Poccun. B pesysbrare nogasnenus B Hagase 2000-x 6osiee mpo-
M3BOJUTEHLHOIO KOMMEPYECKOr0 KOMMYTAIIMOHHOI'O ODOPYJOBaHUA TH-
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ma Myrinet, Quadrics u Infiniband smoxa momuHMpOBaHMS HOpPOrUX U
IKCKJTIO3UBHBIXY»  CyIIEPKOMITBIOTEPOB  IpepBajiach. CyliecTBeHHbII
MOMEHT 3aKJI0YAETCHd B TOM, YTO BCE YKA3aHHBbIE KOMMEDYECKHE IIPO-
AYKTBHI ObLIN OPUEHTHPOBAHBI HA CO3JAHHE KJIACTEPOB C KOMMYTaTOD-
HOI TOMOJIOTHEl «ToJICTOe JepeBo». VIMEHHO Takue CynepKOMIThIOTEPHI
BN B Jujepsl cimcka Tonb500 B 2000-x romax. Ha PUC. 4 ormeue-
HbI HA3BAHWS CHCTEM, IABIIAX PEIIAINIUN BKJIA B CYMMAaPHYIO IIPOU3-
BosuTesbHOCTD. [locisie epepriBa B 2002-2003 rr. nepas cucrema IBM
BlueGene/L ¢ romosiorueii 3-x MepHBbI# TOp HOMAJa B BEPXHIOI JIECST-
Ky crucok Tomb00 B mone 2004 roma. Kak xkpacHOpedmBO MILTIOCTPH-
pyer PucC. 4, B 2002-2003 rr. «9KCKJ/IO3UBHBIC» CyNEPKOMITLIOTEPHI C
TOPOUIAJIBHON TOIOJIOrMEl MHTEPKOHHEKTa BOOOIIE WCYE3IU U3 BEPX-
ueit mecsatku Tonb00. IlpaBia, ncaesnn HeHATOJITO.

% OT NOSHOWN MOLLHOCTH Cuctems!
nepsoi aecatku Ton500 KOMMyTaTopamu
100 — ’9 *Q
, \
3 o

' Cuctembl Ges KOMMYTaTopoB
(2D, 3D Topbl 1 Ap.)

[loMUHMpOBaHMe nporpamma DOE INCITE
Quadrics, Myrinet, Infiniband

Puc. 5. Tlporent cymmapHON BBIYUCTUTEIHHON MOIIHOCTH CHCTEM C
KOMMYTATOPDHO# 1 0Ge3KOMMYTATOPHOIl TONOJIOIHSIMU CPEIU CUCTEM
BepxHeil ecaTku crucka Tond500
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OpHakKO WMEHHO Ha 3TO BpPEMs IPHUIIEJICS TAIl PA3BUTHS CyTIep-
KOMIBIOTEPHO! oTpaciu B Poccum, Korja crajgm akTHBHO CO3/1aBATHCS
CHCTEMBI OOJIBITNION MOIHOCTH. [lo-BuauMOMy, 9TUM OOBSICHAETCS TOT
dakT, 4TO BCE POCCHUICKHE CYyHEPKOMIIHIOTEPHI HA IPOTIKEHUU BCEX
JIECSITH JIET PA3BUTHUsI OTPAC/H OPUEHTUPYIOTCsI Ha COOPKY U3 MMIIOPT-
HBIX KOMILJIEKTYIOIUX W HMEIOT TOMOJIOTUIO TOJICTOE gepeBo»l. Tak
MMEHHO B PaMKaX TOTOJIOTUH TOJICTOE JIEPEBOY» CO3MAHBI TEKYITUE CHUC-
tembr NeNel-3 B Poccum.

IIpobisiema 3akIr09aeTCsT B TOM, YTO MPOIECC IMOUCKA ONTHUMAJIBHON
torosiorr B 2000-X rojiax OTHIOJbL He 3aKoHYmJIcs. Il He ocTaHOBUJICH
Ha TOIMOJIOTUU «TOJICTOE JIEPEBO» KakK eIUHCTBEHHOM 3(pEHEKTUBHOM
BapuanTe. Kak Bumuno u3 PUC. 5, yxke B 2006 romy B BepxHeil mecsaTke
crucka Tonb500 cymMmapHast IPOM3BOAUTE]HHOCTh CUCTEM C TOPOUIATb-
HON TOMOJIOTHEN OIATh MPEBBICUJIA CYMMAPHYIO ITPOU3BOIUTEILHOCTD
cucTeM € ToOHoJIOTHell «roJsicToe nepeBo». 2012 roj mokasaJs cTpeMu-
TeJIbHOE TAJIEHNE YJIeJIBHOTO BKJIAJa CHUCTEM TOIIOJIOTUU «TOJICTOE JIepe-
Bo». B cimcke Torr500 mrorst 2013 r. BKJIAI CHCTEM C TOIOJIOTHER «TOJI-
CTO€ JepeBO» BO3POC M3-33 BBEJECHUA B CTPOIl KUTAUCKON CHCTEMbL
Tianhe-2 ¢ npoussomuresnprocThiO 33.86 [I®nomnc. Ee aeransrnoe obcy-
2KJIEHUE BBIXOJUT 32 PAMKU JAHHOW CTATbU, OJHAKO OTMETUM, UTO Ta-
Kas BIEYATJIAIONIAs MPOU3BOIUTEILHOCTD JOCTUTHYTA B OOJbINE CTe-
IIEHW 33 CYeT UCIOJb30BaHUs YCKOpUTeseil, a He Pa3BUTHS UHTEPKOH-
HekTa (crucrema cofepxkut Beero 16 000 y3s7os).

Henb3ss HEe OTMETHUTH C TJIyOOUAHMIIUM COXKAJIGHWEM, YTO HAYaB
BO3POXKJIATHCS HA BOJHE POCTa IPOU3BOJUTEIHHOCTH KOMMEDPYECKH
JIOCTYITHBIX KOMILIEKTYIOIINX, CYIIEPKOMIIBIOTEPHAsT O0Tpacab Poccun He
COXpaHUJa TEMIT Pa3BUTHs COOCTBEHHOM 3jieMeHTHOH 6a3bl. A 3ToT
BEKTOp pa3BuTus, meamuit u3 1980-x roj1oB, COCTOA UMEHHO B Pa3BU-
TUU MaCCUBHO-TIAPAJIIETbHBIX CUCTEM C TOIOJIOTHEH, KOTOPYIO BIIOCTIE]I-
CTBUU CTaJIn HAa3bIBaTb TOpOI/I,U,&J'IbHOI?‘I.

Konmenmuss maccoBoro mapaJuiesimaMa, BEPOSTHO, BIEPBBIE IIPO-
ABUJIA, CBOI IOTEHIIMAJ B CHUCTEMAaX HA OCHOBE MPAHCNHLIOMEPOS —

1
CymecTByioT Juinb JBe Hebosbimmx cucreMbl uHoro tuna: IBM BlueGene/P BMK
MI'Y mmern M.B. Jlomonocosa u xmactep CKU®-Aspopa FOYpI'Y ¢ skcnepuMenTaib-
HBIM TOPOHMJIAJIBHBIM UHTEPKOHHEKTOM.



124 TIPOBJIEMBI PA3BUTHUS CYIIEPKOMIIBIOTEPHOII OTPAC/IN B Poccuu

MHUKDOCXEM, COYETABIINX HA OJHOM KPHCTAJJIE IIPOIECCOp, ONepPaTHB-
HYIO TIAMATh ¥ HECKOJIBKO KOMMYHWKAIMOHHBIX MOJyJIell (TpaHCIbioTe-
PbI MOIJIM WCIIOJIb30BATHCH M B CBA3KE C 0OJiee IIPOM3BO/IUTEHHBIMU
upoueccopamu SPARC, Intel i860 u ap.). C HeGosbiuuM 3ana3/(bIBaHu-
€M II0 OTHONIEHWIO K TaKUM 3apyOeKHBIM [IPOU3BOJIUTEIAM, KakK
INMOS, Transtech u Meiko, B CoBerckom Corose ObLiu HadaThl pabo-
TBI 110 PA3BUTUIO TPAHCIBIOTEPHO 3s1eMeHTHOI 6a3bl [2], [3]. Bosbume
HaJEeXK bl HA [APAaJjebHbIE BBIYNUCIEHUS ObLIN CBA3AHBI C CO3/IAHUEM
«KOMIIBIOTEPOB IHATOrO IOKOJIEHHUS», OT KOTOPBIX OKUJIAJIOCHh BO3HUK-
HOBEHUsSI CUCTEM MCKYCCTBEHHOro uHTesuiekTa [4]. OpuruHasiabHON ore-
YECTBEHHON CHCTEMON CTaJia MYJbTHIIPOIIECCOPHAS TPAHCIBIOTEPHAS
cucrema MAPC na 6ase nponeccopos Kponoc [5], [6], [7]. IIpoekT mo-
IeJ1 JI0 CTAJINU MEJIKOCEPUIHOrO ITPOU3BOJICTBA, HO, K COXKAJEHWIO, HE
ITOJIY YW TAJTbHENIIero pa3BUTH.

OTanHON Ccepueil OTEYeCTBEHHBIX CYHEPKOMIIBIOTEPOB HadaJa
1990x rr. crano (ynommHaBimeecss B Iurare Bbime) cemeiictBo MBC-
100. KoMmMmyHuKAIIMOHHAS CHCTEMAa ITUX MAIIMH CTPOHJIACH HA OCHOBE
TPAHCIBIOTEPOB, HMPUTOIHBIX JJIsI TOCTPOEHUsI TOIOJOTUU 2-X MEPHOrO
Topa. PeasibHO MCIOIB30BAINCH «KBA3UMATPHUIBIY — OOpPA30BAHUS HA
OCHOBE JIByMEDHBIX pelieToK. lIpemrosaragocs, 9To MTPOU3BOIUTEb-
HOCTb JAHHOI'O THUMa cucreM MoxKer jgoctudb 100 I'Piroric, omHako pe-
anbable 00pas3ipl jorn 0 ypoBHs 10 ['®gormc. IIpoekT cucrem ciie-
nyiorero  mokojerus MBC-1000 mepBoHadasbHO —pas3pabaTbiBajCs
TaKyK€ C OpPHWEHTAIlWeil Ha TPAHCIBIOTEPOIOIO00HYI0 KOMMYHUKAIMOH-
Hyl0 crucreMy (B Hell MCHONB30BaJUCh IUQPOBbIE CUTHAJBHBIE IPOIEC-
copbl DSP, moxokue Ha TPaHCHBIOTEPHI U TAKXKE HPHUTOIHBIE JJIA I10-
CTPOEHUs JIByMEPHBIX TOPOB, perierok u T.11.) [8], [9]. Heckonbko Ta-
KUX MAaliuH (C TOLOJIOruell HEIOJHOrOo JByMEPHOIO TOpa) ObLIO I10-
CTPOEHO, HO BCKOpPE CTaJjO $CHO, UTO 10 OCHOBHBIM IIOKa3aTessaM -
GbEKTUBHOCTH KOMMYHUKAIIMOHHON CHCTEMBI OHU yCTYTIAKT, KJIACTepaM,
OCHOBaHHBIM Ha TOJIBKO YTO IIOABUBIIEMCA KOMMEPYECKHU JOCTYITHOM
uHTepKoHHeKTe Myrinet ¢ Tomosiormeit «rTosicroe jepeBoy (IIPOTOTHIL
cucrtembt MBC-1000M ¢ mpoussBogurenbrocThio mnopsaka 200 I'®iorc
Gbuia ycranossed B 1999 r. 8 MCIT PAH).
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Heobxomumo OTMETHTB, YTO MPOU3BOAUTETHLHOCTH TPAHCIIBIOTEP-
ubix cucrem MBC-100 w MBC-1000, BoObGIEe ToBOps, JOIyCKAJIa WX
nonazganue B cuucok Ton500 B cepenuue 1990-x rr. (XoTst u He HA Jiu-
pupytoiye nosunuu). IIpenarcTBiueM HOCHYXKUJIM TeXHUYECKHE CJI0K-
moctu B 3amycke cragapTabix TectoB LINPACK. B pesysabrare,
toabko MBC-1000M craJ mepBoit pOoCCHIICKOI CHCTEMOT B 9TOM CIIHCKE
¥ O3HAMEHOBAJI 30Xy JOMUHUPOBaHUsI B Poccuum cucrem ¢ KoMMepde-
CKUM MHTEPKOHHEKTOM THUIIA KTOJICTOE JIEPEBOY.

PazBurme cucrem TOpOMIaIBHON TOMOJJIOIME TPOJIOIKAJIOCH B PaM-
KaX COBMECTHOIl poccuiicko-6esiopycckoit  mporpammbl  «CKUD».
B 2003 r. 6puia cosmana cucrema CKIM® K-500 ma ocmose SCI-
uarepkorHekTa Dolphin ¢ Tonosiorueit 3-x mepuoro Topa [10], monas-
mas Ha 385 Mecto B crucke Ton500 Hos6ps 2003 r. (orHecena k Bena-
pycu). Cers SCI, K coxKaJleHWIo, He JIOJINO NIPOJIEPKAJach HA PHIHKE, U
MTOCJIEIYOIUX ITOJOOHBIX TOPOUIAJBHBIX CHCTEM OOJIBIIEr0 pa3Mepa
co3mano He Obuto. lcnosib30BaHME KOMMEDPUYECKOTO WHTEPKOHHEKTA
(Myrinet, Infiniband u ap.) 610, OYEBHIHO, BBIOJHO B TO BPEMs II0
COOOparKEHUSAM TEKYIIero MOMEHTa: KaK € TOYKH 3PEHUsl HUTOrOBOM
upousBoAuTeIbHOCTH (oupenessomeii mecto B cuucke Tonb00), Tak u
CTOMMOCTH CO3J/[aBaeMbIX cucreM. JlOCTYIHBI TOpOMIAJIBHBIA UHTEP-
KOHHEKT IPOUI'PBIBAJI 10 9TUM IPUOPUTETHBIM IIapaMeTpaM, & CIIely-
aJIbHOTO ODOCHOBAHHOI'O CIIPOCA HA CHUCTEMBI OIPEJIEJIEHHON TOIOJIOI MU
— He O6pu10. B pesysbraTe 9TOrO mporecca TOPOUIAJIbLHBIE CETH B CY-
IEPKOMIBIOTEPAX IO BCEMY MHUPY COXPAHWJINACH, B OCHOBHOM, B KJIAcCe
cucreM 0co00 HOJIBIIOrO pa3Mepa, He IpejicTaBjieHHoM B Poccuu.

B moxke Bpemsi B pamkax mporpammbl CKU® Bce-Taku Besmch pa-
OOTHI IO CO3JAHUIO OPUTMHAJIBHON KOMMYHAIMOHHON CETH C TOIIOJIOTUEH
3-x MepHoro Topa [11]. IIpororun TOro MHTEPKOHHEKTA GBLI YCTAHOB-
sier Ha cucreme CKU®-Aspopa B FOYPI'Y (¢ ocHOBHOII KOMMYTAIMOH-
HO#t cerbio Tuma Infiniband).

Bepogarno, mepBoit oTedecTBEHHON pPas3spabOTKONW WHTEPKOHHEKTA
g MIMD cucrem, moBesieHHON JT0 peajbHOTO MPUMEHEHUSI, CTAJIa CETh
MBC-9kenpece [12], koTopasi, 07HAKO, OblIa BOIUIONIEHA TOJBKO B
JPEBOBUIHBIX TOMOJOrUsAX. JIPYyrUM TEKyIMM POCCAMCKAM ITPOEKTOM
[0 Pa3BUTHUIO MHTEPKOHHEKTA SIBJsIeTCA ceThb AHrapa c¢ Tomosiorueit 4-x
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MepHOro Topa, paspabarbiBaemasi B HUIIDBT [13]|, [14]. Ha Hanuo-
HAJIBHOM cymepkommbioTepaoM dopyme 2013 r. (HCK®-2013) 6bum
[PEJICTABIEHBI SK3EMILISAPHI JIAHHBIX YCTPONCTB, TOTOBBIE K CEPUITHOMY
npousBosicTBy. PaboTer mo cozmanuio mHTepKOHHEKTa «CHCcTeMa Mex-
nporeccopabix odmenoy CMIIO-10G, moapasymeBaroIero co3paHue u
ToporasbHbix cucreM [15], Bemyrcs POAIL-BHUMD® coBmecTHO €
HUNNC um. FO. E. Cenakosa.

TAB/MIA 2. Yncio u cymMMapHBIE MApaMETPhl CHCTEM C TOPOWIATb-
HO# ToroJsiorueit 1o crpanam mupa B crmcke Torb00 Hosi6pst 2013 .

Peruon/crpana Koa- Huezo Rmax, % or Haspanue
P BO gjep T®sonc | XRmax
Poccust 1 8192 23.9 001 | IBM®- 1.
1678 384 B IBM -9,
Espona 23 (4317 856) 23 148.5 9 Cray - 14.
Apcrpanns
’ 204 384 IBM -
Bpasunus, Kanaya, 5 04 38 1 670.6 0.7 3
(+ 1 248) Cray — 2.
CayroBckast Apasust

IBM - 14
4 780 928 i
TI1A 2 . 24 ray — 13,
C 8 (+338 280) 59 589.8 Cray — 13,
Sun — 1.
Fujitsu -3,

Anonns 1 036 928
u HOxuas Kopest 9 (+18 048) 14 098.0 6 IBM -2,
Cray — 4.
froro 7 700 624 f];f\litsuzg ’
o Ton500 65 (+428 744) 98 316.0 39 Cray - 33,

Hos1Opst 2013 r.: Sun - 1

Amnanms pacrpejiesieHrs B MUPE CHCTEM € TOPOUIAJBHON TOMTOJIOTU-
eit okasbiBaeT, 9T0 B Bepcuio crucka 1omb00 mosbps 2013 r. BxomdT
65 cucrem. Ilpum srom B CIIIA pacnonaratorcs 28 u3 mwmx. 13 250
[I®nonc cymMMapHO! BBIYUCIUTENBHONR MOITHOCTH CYIEPKOMIIBIOTEPOB,
BxoiAmux B cucok Tomb500 mosibpss 2013 T. Ha CHCTEMBI C TOPOUIATH-

? Poccntickast cucrema IBM BlueGene/P 6eia Ne 381 B cnucke 3a HOstGpb 2009 ro-
na. B Tekymumit crimcok He BXOIUT.
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Hoit Tomosiorueit nmpuxomurca 98.3 II®momnc, T.e. 39%, exatouas cemw
cucmem u3 nepsotll decamru audepos (cm. Puc. ).

TABINIIA 2 WLTIOCTpUpYeT oveBuAHbIA (daxT aunepcrsa CITA B
MHUPOBOM DPa3BUTHHU CYIIEPKOMIIBIOTEPHON orpaciu. B Tabiuie mokasa-
HO KOJIMYECTBO CHUCTEM C TOPOHIAJILHON TOIOJIOrUeH, CyMMapHOE MUCIIO
sauep (B ckobKax — NPUPOCT [0 OTHOIIEHUIO CHUCKY HOAOps 2012 r.),
CyMMapHasi IIPOU3BOJUTENBHOCTh, BKJAJ B CYMMAapPHYI IIPOU3BOIU-
TesibHOCTL Tekymiero crmcka Tomb00 (250 IDonc), pacupeesienue
cucrem 1o npousBoguresnsm (Kuraii noka me upexacrasien B Torb00
TAKUMHU CyNEPKOMIIbIOTEpaMu). B To ke BpeMs eBpONeiiCcKue CTpaHbl He
JIOIYCKAOT 00PA30BAHMS KAaYECTBEHHOI'O DAa3PhIBA B TEXHUIECKOM OC-
HAIEHAN, ¥ B CHJLy TOTO, YTO COOCTBEHHBIX ITPOM3BOIUTESIEN TOM00HOMI
rexuuku B EBporne (I0Ka) HeT, Jyis 9TOr0 aKTHBHO 3aKyNAIOTCs aMepu-
kaHckue cynepkomibiotepsl IBM n Cray. 3a npomemmuil roj ObLIO
ycranoByiero 9 nHoeeix Cray XC30 (Ascrpasmst — 1, Tepmanus — 4,
IMIseitnapua — 1, Benukobpuranus — 1, dnonus — 2) u ogHa HOBag
cucrema IBM BlueGene/Q B Benukobpuranuu.

Anonust, 3arpatus B 2006-2012 rr. GecupeneaeHTHbIN 00beM roc-
unapectunuii (Goaee $1.2 mupi.), paspaborana cOGCTBEHHbBIH UHTEPKOH-
HEKT C TOIOJIOTHe#l 6-Tu MepHOro Topa M yKe MocTpomya 4 cynepKoM-
nbioTepa Ha ero ocuHose. K coxkastenuio, Poccust B aTOM crimcke — dB-
HBII ayTcaiizep. Y HAC UMeeTCs TOJIBKO OfHA Hebosibimas cucrema 1IBM
BlueGene/P u Her sICHBIX TIPOJIEKIAPUPOBAHHBIX IJIAHOB CO3/IAHUST UJIH
3aKyIKN HOBBIX ITOJ00HBIX cucrenm’.

B To0 ke Bpems mpuBereHHBIE TAHHBIE OJIHO3HAYHO CBHUIETEIHCT-
BYIOT, YTO CYIIEPKOMIIbIOTEDPHI C TOPOUJIAIBHON TOIOJIOTHEN SIBJISTFOTCSI
KaH/IMJIATAMU Ha POJIb CHCTEM 9K3aDIIONCHOrO KJracca.

Pazuuynbie apxXuTeKTypbl CyHEepPKOMIIBIOTEPOB WMEIOT CBOH CHJIb-
Hble U cjaabble cropoHbl. Hesb3d yTBep2KJaTh, YTO TEKYIIUH TPEH.
pa3BUTUA B CTOPOHY TOPOUJIAJIBLHON TOIIOJIOIMU yKa3blBaeT Ha OKOHYA-

TeJIbHOE PellleHre IPOoOJIeMbl BbIOOPA ONTHMAJIBHON TOIOJIOIMH HHTED-

3 .
Hosble cucTeMbl JOTKHBI IPEACTABIATH COO0Il He MUHHMAJIBLHBIE IIPUMEPDI, IPU-
TOJIHBIE TOJIBKO JyIsl TeCTOBBIX nccenoanmii (1 croiika IBM BlueGene/Q — 1024 yana),
a OBbITH MAIMHAMHE JJIsI IIPAKTHYIECKOTO UCIOIb3oBanus (MuHuMyM 10-20 Thic. y3710B).
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KOHHEKTa <«Ha TyTH K dK3aduioncy». B JaHHBII MOMEHT 1O 3aKa3y
oboponnoro areacrsa CIIIA DARPA kommanus IBM paspabarsiBaer
narepkonHeKT PERCS, KoTOpBIil MOKHO paccMATPUBATH KAK PA3BUTHE
TOTIOJIOTHH  «ToJicToe nepeBoy. OmuoBpemenno Komnanusi Cray paspa-
GarbiBaer TomoJoruio «crpekosay (dragonfly), mmeromyoo depThl Kak
TOPOUJAJIBHOM, TaK U JAPEBOBUIHON CTPYKTYPHI.

OueBUIHO, 9TO CyIEPKOMITBIOTEPHAS APXUTEKTYpa HEPa3PBIBHO
CBsI3aHA C CHUCTEMHBIM W IPUKJIAIHBIM ITPOIPAMMHBIM ODECIIEYEHUEM, a,
pa3paboTKa M COBEPINEHCTBOBAHUE IIPOTPAMMHOIO ObecriedeHust Tpedy-
€T HaJIM4usl COOTBETCTBYIOIIEro obopymoBanus. llosromy «omHOGOKOES
pa3BUTHE amlmapaTHOW 6a3bl CyMIepKOMIBIOTEPHOW oTpaciu B Poccum
[PUBOJIAT K TOMY, YTO OTE€YECTBEHHBIE Pa3pabOTUYMKKA HE MMEOT BO3-
MOXKHOCTH pa3pabaThiBaTh ITPOrPAMMHOE O0eCledeHrne JJis IMEePCIeK-
TUBHOI'O THIA CUCTEM OyIyineil 3K3adJIONCHON IP5I.

Onsarb, kak u 20 JeT Ha3aj, JOMUHUPYIONIME TO3UINHA 3aHSJIA Cy-
MIEPKOMIIBIOTEPHI, TocTaBisieMble Kommanusymu IBM u Cray — rorosbre
pelennst <o, KJaod». KoMMmepyeckKu I0CTYIHOE 00OpYyIOBaHUE IIJIst
co3nmanust cereit ¢ Tomosorueir Top or komnanuu Mellanox mosiBusiock
Ha peiEKe [16]-[17], HO moka 4TO MMeercsa Maso uuHpoOpManuu 06 yc-
HEMIHbIX [PUMepax ero uctojb3oBanus [18]. Ilpu aTom cyuecTBeHHBIM
apyigerTcs dPPEKT 3ana3bIBAaHUs: yKA3aHHBIA KOMMEPYECKUI MPOIyKT
komnannu Mellanox mosiBusics gepe3 7-9 jer mocsje Hadaja WHTEHCUB-
HOrO paseuTus ToponjaibHbix cucreM IBM BlueGene u Cray. MoxHo
C YBEPEHHOCTBIO IIPEJIIIOJI0KUTh, 9TO TAKNEe TEXHOJOIMIeCKUe HOBUHKH,
KakK CeTH C TOIoJiorueil 5-tu u 6-tu Mmepuoro Topa u cerb PERCS, ecim
U TIOSBSITCSA HA PBIHKE, TO ¢ TAKUM YKe 3aIa3/biBaHueM.

OueBWIHBIA BBIBOJI U3 NPUBEJIEHHON PETPOCIEKTUBLI Pa3BUTHUA OT-
pac/ii COCTOUT B TOM, YTO W TOCYJAPCTBO, M POCCHICKHE KOMIIAHUU-
HHTErPaTOPbI JIOJIKHBI WHUIIMUPOBATDL U TOJJIEPKUBATH PA3BUTHE OTE-
YECTBEHHBIX Pa3paboOTOK HWHTEPKOHHEKTA s ODECIeYeHus] He3aBUCH-
MOTI'0O U CBOEBPEMEHHOIO BXOXKIeHUs Poccuu «B 9py aK3adoncas .
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4. OtpenbHble NpobGNemMbl Pa3BUTUA  CYNEPKOMMbIOTEPHO
otpacau 8 Poccumn

OrmederHOE «OIHOOOKOE» pa3BUTHE CYIIEPKOMIIbIOTEPHON 00J1aCTH
y HaAc B crTpaHe 3a nocienuaue 10 jieT ¢ abCOMIOTHBIM JOMUHHPOBAHUEM
CUCTEM OJTHOW TOIIOJIOTWH, HA HAI B3MJIsIJl, yKe IIPUBEJIO K OIPEeIesIeH-
HOMY UHQPACTPYKTYPHOMY, TEXHOJOIUIECKOMY W METOIUIECKOMY OT-
CTaBaHWIO. BbIIE MM HECKOJIBKO OTIEJIbHBIX ITPODIEM.

4.1. Maccosbiii napannennsm: HE06X0AMMOCTb UK rNaBHas uUenb?

I'nobasibHbBI TIyTh Pa3BUTHUs CyNEPKOMITBIOTEPOB JIEXKUT B HAIIPAB-
JICHUY YBEJIMYEHWs YHUCJIA BBIYUCIUTEJBHBIX JIEMEHTOB (pa3Mepa Bbl-
YUCAUTEIBHOIO 1O0Jf), OODbEIMHEHHBIX WHTEPKOHHEKTOM. TeKyiumii
YPOBEHb U CKOPOCTH Pa3BUTUS ITPOU3BOJIUTEIBHOCTH Y3JIOB IIPEBOCXO-
JIUT YPOBEHb U CKOPOCTb PA3BUTHUsl KOMMYTAIMOHHON ceTu. [losTomy He
VJIUBUTEJIBHO, YTO OCHOBHOM (DOKYC BHUMAHUSI COCPEIOTOYEH Ha paspa-
060TKax B 00JIACTH WHTEPKOHHEKTA.

Apxum npumepom spisiercss cepusi IBM BlueGene, koropas Hada-
sack ¢ cucrembl BlueGene /L, ocnosannoit na nporeccope PowerPC 440
¢ TakroBoit wactoroit 700 MT'. «Ciabbrity mporeccop ObLT BHIOpAH s
CHUKEHUsI SHEPTOBBIIECICHUS U OOJIerdeHus IJIOTHONH KOMIIOHOBKH.
Pazpaboranku nocraBuim 1esb J100UTHCH BBICOKOM ITPOU3BOIUTEHHO-
CTH 32 CYeT CoBeplueHcTBoBanus unrepkonnekTa. Cucrema BlueGene/L
nojryumsia 3 ceTu OOMeHa JAHHBIMH, KOTOPbIE MOI'YT HCIIOJIb30BATHCS
omHoBpeMenHo. B pesynbrare B crnmcke Tonb500 wmions 2004 r. misa
BlueGene/L ¢ 4096 sapamu ykasana npoussoaureabHocts 8.7 Tdomnc,
a mig BlueGene/L ¢ 8192 aupamu — 11.7 T®gonc. B tom ke cnucke
Uit cucteMbl ¢ maTepkoHuekToM Myrinet u 2500 oxHOSAEpPHBIME TPO-
neccopamu Intel Xeon 3.06 I'T'm ykasana TpPOM3BOIUTENIBHOCTH 9.8
T®norc.

Takum 06pa3oM, pasBUTHE TEXHOJOTMH — ECTECTBEHHO, TPeOOBAB-
Imee CynieCcTBEeHHOI'O (bHHaHCI/IpOBaHI/IH — IO IIO IIYTHU MacCCOBOI'O Ila-
pasutesm3Ma. XOTs C TOYKUA 3PEeHHsl I[IPOU3BOJUTEIBHOCTU CUCTEMBI
MEHBIIIEr0 pa3Mepa Ha CYyIIeCTBYIOIIEM WHTEPKOHHEKTEe 0becreduBasu
Ha TOT MOMEHT TaKyI0 K€ MPOU3BOIUTEITHHOCTb.
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Ceroisi Mbl BUIMM PE3yJIbTAT 9TOTO IIyTH pa3BuTuda. Kak mokasa-
Ho Ha PUC. 6, cyunepkomubiorep IBM BlueGene/Q obbenunnsi B oiHO
nesoe yxe 6osee 1.5 mmumonos spep! Ha pucyHke cuMmBoaMu moka-
3aHBI TPU CaMble MOIIHBIE CHCTeMbl B Poccuu, momajaoime B CIIUCOK
Ton500 (¢ ykazanuem ux HoMmepa). CepbiM IIYHKTHDPOM IOKA3aHbI JAH-
mpie gist cucreM Ne 1 m Ne 500 crimeka Tomrb00. st cucrembr Ne 1 o,
TOUKAMHU YKA3aHO YHCJIO BBIYUCIUTENIBHBIX 3JIEMEHTOB. [LyHKTHPOM
BBIJICJIEH YPOBEHb 1 MJIH. s1jiep.

IIpumegarenpro, aro cucrembl IBM BlueGene, obbenunstomme
KOPOTKVMY CBSI3sIMU OOJIBIIIOE YUCA0 OTHOCUTETBHO MPOCTHIX BHITUCJIH-
TEJIbHBIX 3JIEMEHTOB, MOTYT PaCCMATPUBATHCS KAaK HOBBI BHTOK pas-
BUTHS HJIell co3aaTeseil TPaHCIBIOTEPHBIX cucreM [19).
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Puc. 6. Yucio BBIYUCIATENBHBIX JIEMEHTOB B JIHIAUPYIONX CyTIep-
KOMITbIOTepax coryiacHo JaHubiM crucka Tor500 B 2001-2013 rr.
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Ha PucC. 6 ciienyer ormeruTs erie OgHY OCOOEHHOCTH, & UMEHHO —
ToT pakT, 9T0 POPMAT MPEJCTABIEHUSA JAHHBIX O YUCJE sJIEP, IPUHS-
teiii B Torrb00, oT9acTu CKphIBAET PEAIHbHOE yCTPOWCTBO ITUX CHCTEM.
TAB/IMIA 3 IOKa3bIBaeT YCTPONCTBO y3JI0B TpeX JIUAUPYIOUUX CyIlep-
KOMIIBIOTEPOB TEKYINEro CIUCKA. BUIHO, YTO MPOU3BOAUTETBHOCTD CHAC-
rem Ne 1 u Ne 2 mocturaercs 3a CUeT yBeJIMYEHUS TPOU3BOIUTETbHOCTH
yanoB. Ilpuaem B ciaygae Tianhe-2 poct mpom3BomMTEIBHOCTH y3J10B
SIBHO IIPOTUBOPEYHUT dPHEKTUBHOCTA UX HCIOJIH30BAHUS U3-33 CJIOKHO-
CTH OPTraHU3AIMK COBMECTHOTO JOCTYHa K MaHHBIM g aByx LIITY u
tpex yckoputeneir. Cray Titan B aToM orHOIIEHUU GoJiee cOaTAHCHPO-
BanHas cucreMa. C TOYKU 3pEHHS MaCCOBOTO IAPAJIIEIM3Ma OYEBU -
HbIM JgepoM spjsiercss IBM Sequoia, KaxKwlii y3es1 KOTopoit obJiaia-
er Jiib oxauM 18 saepubim nporieccopom Power PC A2 ¢ Teoperuue-
cKoii npousBoureabHocTbio 205 I'@uionc (2 supa — ciyxebHbIe).

Tas/miA 3. OcoberHocTn ycTpoiicTBa cymepkommborepoB NeNe 1-3
tekytiero crucka Tornb500 urons 2013 r.

K Vzen
OJI-BO
Kour- b CymmapHaast
BbIYUCJI.
BO aep TITY Yckopuresb TEOp. IPo-
Y3JI0B (Kom1-BO s71€D) (koJ-BO s171€ED) u3B. y3ia,
Iy
Tdonc
2 x Intel Xeon 3 x Intel Phi
Tianhe-2 | 1 4 4
ianhe 6 000 | 384 000 (2x 12) (3 x 57) 3.43
Cray AMD Opteron Nvidia Kepler
. 18 688 299 008 (14 moTOKOBBIX 1.45
Titan (16)
MYJIBTUIIPOIECCOPA)
IBM IBM P PC
| 98304 | 1572 864 ower 0.205
Sequoia (16 + 2)

TABINIIA 4 TIOKa3bIBaE€T CPaBHEHNE PeaJbHON IIPOU3BOIATEIbHOCTH
CYIEPKOMITBIOTEPOB € CyMMapHOW TEOPEeTUYECKON IIPOU3BOIUTE/BHO-
CTBhIO UX BBIYUCJINTEJIBHBIX 3JIEMEHTOB. B Ta6JIHHe YKa3aHbl CyMMapHad
TeopeTudecKas Npou3BouTeabHOCTL (Rpeak) uX BbIMUCIUTENLHBIX
9JIEMEHTOB, UX OTHOIIEHUE, OTpeb/isgeMasi MOITHOCTh U yeIbHAas MIPO-
U3BOAUTENBHOCTh HAa BT mo mamabim crmcka Greenb00. s cpaBnenust
[IPUBEJIEHBI JAHHBIE JJIs KJlacTepa «JIOMOHOCOBY .
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IMo stum gamEbiM BugHO, yTo cucrema IBM BlueGene/Q Gosee
3 PEKTUBHO HCMOIB3YeT OOBEIUHEHHYIO BBIYUCIUTEIHHYIO MOIITHOCTD
yanoB, yem Cray XK7. Ilpu stom morpebisiemasi MOITHOCTb 3JIEKTPO-
[MUTaHWs TTPAKTUIECKH OJMHAKOBa. KEIe OJIMH HEMAJIOBAXKHBIN IILITIOC
cucrembl IBM BlueGene/Q — 3T0O HMCHOIBb30BAHUE BBIYUCIUTEIHHBIX
9JIEMEHTOB, He TPEOYIONIUX CIIEIUAIbHBIX METOIUK ITPOrPAMMUIPOBAHUSI.
Beraucnauresnpubie y3ibr Cray XK7 TpebyioT crenuaabHOrO IIepeHoca
(nepenuchbiBaHus) TPUKJIAJHBIX IPOIPAMM C HCHOJIb30BAHUEM TEXHOJIO-
run Nvidia CUDA. Ormerum, aro gy cucrem tuna Tianhe-2 xapax-
TepHA AHAJIOTUYHAsI CATYAIMs: HECMOTDsl Ha WCIOJb30BaHUE sIep C
apxuTeKTypoir x86 B yckopurensax Intel Phi, sdbdexkruBubiit mapas-
JIGJIbHBII AJIFOPUTM JIOJI2KEH YUIUTBIBATH OCOOCHHOCTH BHYTPEHHEH Op-
raHu3aIluu  y3JjoB. g MHOIMX TIPUKJIQJIHBIX IIPOrPAMM  I0JI00HAS
aJIalTanus U ONTUMHU3AIUsS AJITOPUTMOB Tpebyer He MeHee 1 Toja mpu
HAJIMYUU COOTBETCTBYIONIUX CIIEIUAACTOB.

[TosTOMy MOXKHO yTBEDK/ATh, ITO YPOBEHb TEXHOJIOIMH B CyIep-
KOMITBIOTEPHOM 00JacTi B OOJIBINEN CTENeHN OMpeesIsieTcss He MPOU3-
BOJMTEILHOCTBIO B meradJioncax, a KOMMYHUKAIMOHHON CETHIO M KO-
JIMYECTBOM BBIYUCIUTEIHLHBIX 9JIEMEHTOB, KOTOPbIE MOT'YT ObITH 3 deK-
TUBHO €10 OOBbeIMHEHbI. AHAJN3 OTEYEeCTBEHHBIX CHUCTEM II0 pPa3Mepy
BBIYUCINTENLHOTO 1107151 (PUC. 6) IeMOHCTPHUPYET JOCTATOUYHO MeJJIeH-
HOE COKDAIEHUE OTPhIBA OT MUPOBBIX JIHICPOB B 9TOM OTHOIIEHUHU.

TABIMIA 4. Peanmbhas mpoussoguTeabHocTh (Rmax) cymepkomibio-
repoB Cray «Titan» u IBM «Sequoia» mo Ton500 HosiOps 2013 r.

Rmax, Rpeak, Rmax/Rpeak, MBt T'®Jronc

I®gonc | IIdaonc % /Br
Tianhe-2 33.7 54.9 61% 17.8 0.733
Cray XK7 «Titan» 17.6 27.1 65% 8.21 2.143
IBM BlueGene/Q 17.2 20.1 81% — 85% 7.89 2.177

«Sequoia»

Kiacrep «JIomono- 0.9 1.7 53% 2.8 0.322
COB»
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4.2. Heobxogumbl HoBble TecTbl npoussogutensHoctu: LINPACK yc-
tapen!

CraHgapTHBIM CIIOCOOOM CpPaBHEHUsI CyHEPKOMITBIOTEPOB sIBJISETCS
usmepenue ux npousBojguresnproctu mo recty LINPACK. Coorserct-
BYIOIIIE DPE3YJIbTATHI, U3MepeHHble B eamHunax Ojorc, paHKupyoT
cucreMbl B crucke Ton500. OpHako HEOOXOIMMO YUUTHIBATH, YTO TECT
LINPACK mupencrasiaser coboil m1ocTaTodHo crenuduydeckuii Habop
3a/1a9 JIMHEHHON ajredpbl. DTOT TECT OBLI MPEJIOXKEH [IJIsi TECTUPOBAa-
HUSI TPOU3BOJIUTEIHHOCTU CyNMEePKOMITBLIOTEPOB B 1979 roxy. B To Bpem#
3a7a4M JINHEHHOW ajireOpbl COCTABJISLIA 3HAYUTEIBHYIO YaCTh PUJIO-
KeHuil m3 Habopa MOTEHIMAJBHBIX 3389 JIJIT BBICOKOITPOM3BOIUTE b-
HBIX BbIYucjaeHuii. K HACTOAIIEMY BPEMEHH CHTYAaIlus CHJIBHO M3MEHU-
sach, u K pesyabraram Tecra LINPACK He ciemyer oTHOCHTBCS Kak K
[JIABHOMY KpHUTEPHUIO 3PDEKTUBHOCTA CYHNEPKOMIIBIOTEDA, JeIaTh U3
HEro «CBAIIECHHYIO KOPOBYY .

3apyOeKHbI ONBIT JAEMOHCTPUPYET MPUMEPBI MEPEIOBBIX CHUCTEM,
co3zaTesim KOTOPBIX He mtaHupoBasn momnaganuve B Tomb00. Amonckuit
cynepkomibiorep «Protein Explorer», cosmaHHBII Ha OCHOBE YHIIOB
MDGRAPE-3 jis1 3a/1a4 MOJIEKYJISPHOIl JIMHAMUKY, JOCTUI MOIIHOCTH
1 II®jiomic eme B 2003 roxy. CosmaBaemasi B JJaHHBIIE MOMEHT CHCTEMA
IBM Blue Waters na ocaoBe rubpugHoro narepkonnekta PERCS —
BO3MOXKHBIN Oy Iymuiil JIMAep B CYyIEePKOMIILIOTEPHOM 0bracTu — CKOpee
BCero He OyJeT MPOXOJUTH TECTbl I TomnajaHus B crnucok Tom500
[20].

B macrosimee Bpemst aKTHBHO Pa3BUBAIOTCS AJbTEPHATHBHBIE HAOO-
pPBbI TECTOB, KOTOPbIE HAIEJIEHbI HA MMUATHPOBAHUE HECKOJIBKUX THUIIOB
COBPEMEHHBIX aJIFOPUTMOB BBICOKOIPOU3BOJIUTEIbHBIX  BBITUCICHUN.
CJ102KHOCTDb BBIPAOOTKM HOBBIX KPUTEPUEB COCTOUT B TOM, YTO B 00JIAC-
TH BBICOKOIIPOU3BOIUTEIbHBIX BBIYUCIEHUN CHOPMUPOBAIOCH HECKOJIb-
KO TomobyacTeil ¢ pas3audHOil chemuaam3anueii. Pemrenme Hay<IHO-
TEXHUYIECKUX 33729 TpedyeT (HU3MKO-MATEMATHIECKOTO MOJIEIAPOBA-
HUA Ha OCHOBE HIMPOKOI'O KJjlaCCa BBIYUCJANUTE/IBHBIX METOJ/I0B. HOHbIT—
KON WX PEnpe3eHTATHUBHOTO IPEJ/ICTABIEHU, SBJIAETCS, HAIIPUMED, Ha-
6op Tecrop Mantevo [21]. C apyroii cTOpOHBI aJIrOpuTMBI 06pPaGOTKH
60bIINX 00bEMOB JAHHBIX U BeO-IOMCKa CHOPMUPOBATIN APYTOH KJIACC
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BBIYUCAUTENbHBIX MeronoB (T.H. Data Intensive Supercomputer —
DIS), npencrasiennsrit Habopom Tecros Graph500 [22].

K coxasenuto, B Poccuun nipu mraHEpOBaHUU HOBOI'O CYIIEPKOMIIb-
forepa nonajganue B ciucok Ton500 wa ocHose tecta LINPACK 3auac-
TYI0 PacCMaTPUBAECTCH KaK CaMOIEeIb. JTa TOYKA 3PEHHs, Ha HAaIl
B3IVIsAJl, IPUBOIUT K II€pPeKOcaM IIPU DPA3BUTHH CyHEPKOMIIBIOTEPHOM
oTpacyu. 3a4acTyio JJjis MOBBIMIEHWS ITAPAMETPOB CyIEPKOMITbIOTEPA
mo tecty LINPACK mocrarodso MakcHMMaJbHO TOBBICHTH MOIHOCTD
BBIYMCJIUTEIbHBIX IJIEMEHTOB, YKEPTBYs TEM CAMbBIM ITPUHIIAIIAMEU MaC-
COBOTO IapaJjulesiu3Ma ¥ IPEHSTCTBYSI, T€M CaMbIM, PAa3BUTUIO HOBBIX
aJITOPUTMOB U IIPOrPAMMHOIO O0eCIedeHns SK3a(IIONCHOTO YPOBHSI.

4.3. Beoga v BbIBOA, AaHHbIX: Npobnema 6e3 pewseHus

Kak mia 3amad KpymHOMACIITAOHOTO CYIMEPKOMIIBIOTEPHOTO (DU3M-
KO-MaTEeMaTHIeCKOr0 MOIEJUPOBAHUs, TaK W I 33jJa4 00paboTKu
OOJIBINIIX O0OBEMOB JAHHBIX OTIEJILHON BaykKHEHINel TeXHUIEeCKON 3a1a-
Jeil Ha MyTHU B 9Py 9K3aDJIONCA» SBJISETCS OPraHU3AIMs MapaJLIesb-
HOTO BBOJIa-BBIBOJIA, C COTEH ThICSd W MUJLIHOHOB sifep. Coxpanenue
«TOYEK OCTaHOBa» cUeTa M Ilepe3allyCK 3a/a4 [IPU MCIOJIb30BAHUU
cBepx OOJIBINX PA3MEPOB BBIYUCJIUTEILHOIO IOJIS JIaXKe C MPUMEHEHU-
€M COBPEMEHHBIX TEXHOJIOTUN MOXKET 3aHUMAaTh OOJIbINE BPEMEHU, UeM
caM mporiecc pacdera. Tpebyercsa pa3paboTKa MTPUHIMITUATIBLHO HOBBIX
pemenuit B 3Toit obnactu. Peub muer 006 OpraHu3alu CHEIUAAJIBLHOTO
YPOBHA MHTEPKOHHEKTA JIJId 3a/i1a4 BBOJA-BLIBOJIA, JIOIIOJHHAIONIETO CETh
obMeHa maHHBIMU. POJCTBEHHON sBisieTcst mpobiema obpaboTKU U BH-
3yaJIM3alii JAHHBIX PACIeTOB «HA JieTy». llpm sTom perrenue momo0-
HBIX 33J[a49 Jallle BCEro MPUBA3aHO K KOHKPETHOH npobsieme. Bunmanue
K 9THM 3aJ]a9aM B MUDPE YJAEIAeTCsd, HO He aKIEeHTUPyeTcs (HalpuMep,
HeT clelnuaJIbHBIX peﬁTI/IHFOB, COIIOCTABJIAIOIIUX CYIEPKOMIILIOTEPHI B
sToM orHomenun). B Poccun sTa TeMaruka MOKa erie IPaKTUIeCKd He
pa3BUBaeTCsd, IO-BUIUMOMY, U3-3a OTCYTCTBHUSA BBIPAsKEHHOI'O CIIPOCA CO
CTOPOHBI ITOJIb30BaTEJIEeH.
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4.4. CncremHoe nporpammHoe obecnedyeHuve: HOBble TEHAEHLMN He 3a-
meueHbi?

OrcraBanue B IIPOU3BOJAUTEIBLHOCTH CYIEPKOMIIBIOTEPHBIX CHCTEM
MOXKET PACCMATPUBATLCA KaK KOJUYECTBEHHOE OTCTaBaHue (T.e. MbI
pemaeM 3aJadd HAa MHPOBOM YDOBHE, HO B MEHBIIEM KOJIMYECTBE WU
noabine). K coxajleHuio, oTCyTCTBHE CYIEPKOMIIBIOTEPOB C II€PCHEK-
TUBHO TOIIOJIOTUENl MHTEPKOHHEKTA M OTCTABAHUE B PA3MepPe BBITUCIIH-
TEJIBHOT'O TIOJIs fABJISAETCS y2Ke B OOJIbIIEil CTElneHn Ka4eCTBEHHLIM OT-
cTaBaHUEM. DTO 3HAYHUT, UTO POCCUIICKHE HCCIIE/IOBATEIN BOOOIIE JIH-
IIIeHbI BO3MOXKHOCTH Pa3pabaThiBATh AJITOPUTMBI MUPOBOTO YPOBHSI.

C mauana 2000-x TOJI0OB aKTUBHOE PA3BUTHE CHCTEM C TOMOJOTHEH
TUIIA TOP CTUMYJIADYeT IIeJIyI0 OOJACTh MCCIEIOBAHUN HA CTBIKE COM-
puter science um BBIYHCJINTEIBbHON MATEMATHKH, & MMEHHO — UCCJIENO0-
BaHUE aJITOPUTMOB KOJIJIEKTUBHBIX KOMMYHUKAIIUNA B CETIX C MOI0OHOM
tonosiorueit. B cBsa3m ¢ orcyrcrBHEM MOMOOHBIX CYyHEPKOMITBIOTEPHBIX
cucteMm B Poccun mamuas o6/1acTh pa3BUBAETCA KpaifHe MeIIeHHO.

B kadecrBe mpumepoB 3apyOerKHBIX pabOT 9TOH TEMATHUKU MOXKHO
npusectn e mybsmkarun yaensix u3 CIIIA [23] u [24]. Ha paGory [23]
3a mepuoj, HeMHOrUM Oosibie 3 jer Obuia maHa 31 cCbLIKa B HAY9IHON
nepuojuke (aBTOpbl HUTUPYOMUX crareii uz Ascrpuu, 'epmanuu, -
qun, Urammu, Vcnanun, Kuras, CIHA u Typuuu). Ha paGory [24] 3a
epuoJ; HeMHOruM OoJibiiie 1 rojia 6bLI0 JaHa 21 cchUiKa B HAyJIHOI
nepuo/mke (aBTOpbl UTUPYOMUX crareli u3 Benbrun, T'epmannu, VH-
nuu, Ucnanun, Kurag u CIITA).

[Ipumep JaHHBIX cTaTeil MOKA3BIBAET BBICOYANIIYIO BOCTPEOOBAaH-
HOCTb B MHUPe HCCJIeJO0BaHUN B JHaHHON obsiactu. K coxkaJjieHuro, KOc-
BEHHO MOIOOHDBIN AHAJIN3 JINTEPATYPHI BBISIBISET CKPOMHBINA BKJIAJ, POC-
CHUICKUX YYEHBIX B JAHHOM HAINPABICHUHU. Pe3yJbTAThbl MCCIIeI0BAHUN
0 pa3paboTKe BAPMAHTOB POCCHUICKOTNO MHTEPKOHHEKTA IIPE/ICTABJICHBI
BCEro B HECKOJIBbKUX cTaThax [11], [12], [13], [14], [15].

IlosBnenne TexHoMOrMM TMapaJuieTbHOrO mporpaMmmupoBanusa MPI
(comasimee ¢ nosipiaeHueM peitftrara Ton500) B 3HAYMTENBHO CTEIEHN
CKPBLJIO apXUTEKTYPHBIE PA3JIMYUA BBICOKOIIPOU3BOIUTEIBHBIX CHCTEM.
OHaKO TEXHOJIOIMYECKUEe TPYIHOCTH IIPOJBUMKEHUS IO IIyTH K K-
3adJIoncy» IMOKA3bIBAIOT, YTO ONTHUMH3AIMS MPUIOXKEHWI HA CBEPX-
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OOIBIINX BBIYUCIUTE/BHBIX MOJISIX HE MOYXKET HE YUUTHIBATDH JeTajeil nx
anmapaTHoro ycrpoictBa. DMO@EKTUBHOE HCIOJb30BAHUE CHCTEMBI C
TOPOUIAJIBHBIM MHTEPKOHHEKTOM OCHOBAHO HA HCIIOJIB30BAHUHU TOIIOJIO-
MYECKH OIIPEJIEIEHHBIX CEerMEHTOB CHCTeMbl (HAIPUMED, «3aMKHYTBIX»
cerMeHTOB u3 512 sjep) U CHenuajbHON OPraHU3aluu PACIOJIOKEHM s
JIAHHBIX HA y3JlaX C YYeTOM TOIOJIOTHY I MUHUMHU3AIUA OOMEHOB.
IIpobiembl Takoro poja JJjisl CUCTEM C TOIOJIOIMEN «TOJICTOE JIEPEBOX»
BbIpaXKeHbI cjabee u, raaBHOEe, TPEOYIOT MPUHIMIINAJIBHO MHBIX OJIXO-
noB muia perennsi. Ha yposae y3moB crammapt MPI toxke me moxker
«ABTOMATHIECKH» OOECIEINTDh BBICOKYIO 3(PHEKTUBHOCTH. BOIBIMIMHCT-
Bo coBpeMennbix rubpugabix GPU-cucrem ocHOBaHO Ha  CBsI3Ke
MPI+CUDA. Ha mepBblil B3rJisij apXUTEKTYPHO OJHOPOIHBIE CHCTEMbI
¢ yckopuresamu Intel Phi Takxke Tpebyror pemenust npobsembr MPI-
00OMEHOB KaK BHYTPH OJIHOI'O YCKOPHUTEJIS, TAK U BHYTPHU OIHOIO y3JIa.

4.5. NapannenbHbie anropuTmbl U NpUKIagHOE NporpaMmHoe obecne-
YeHue: Nno4Tn Katactpocuyeckoe orcraBaHme!

Eme ommm acmekT KadecTBEHHOIO OTCTABAHUS POCCHUACKON cymep-
KOMIBIOTEPHON OTpAC/JM OOYCJIOBJIEH TEM, YTO CO3/IAHUE AJITOPUTMOB
pellleHnsI KOHKPETHBIX 33/[a4 HEPa3pPbIBHO CBS3aHO C TOIOJIOTMENH WH-
TEPKOHHEKTa ¥ CHCTEMHBIM IIPOrPAMMHBIM obecniedenueM. JlocTuzkenne
MaKCHMAJIBHOHN MapaJsiiesibHoi 3(hPEeKTUBHOCTH — 3TO TOHKHUI IIPOIIECC,
OCHOBAaHHBI Ha ydeTe CHenudUKN pelraeMoil 3aJa4du U CHenuduKku
UMEIOIENC CyIepPKOMITbIOTEPHO TexHuku. MOXKHO KOHCTATHPOBATD,
9TO TEKYyIas CATYalls OIpeesseT MCKJIOUeHNE POCCUUCKAX YUIEHBIX
13 BaXXHEHIIero MIPOBOr0 TPEHJA PA3BUTUS BBIUNCINTEIbHBIX METOJIOB
JUIST BBICOKOIIPOM3BO/IUTENIBHBIX PACYETOB.

Db DEKTUBHOCTh  AJTOPUTMA  PACIIAPAJIICTUBAHNS  ONPEJIEISAETC
YMeHbIIIEHNEM BpPEMEHU pac4deTa IIpu pocTe Yucjia SaﬂeﬁCTBOBaHHbIX
BBIYUCJ/IUTE/IBHBIX JIEMEHTOB. B njaeajibHOM CJiydae IIPpU POCTE€ BbIYUC-
suTesipHOrO 1osig ¢ 10 o 100 sagep perenue 3a1a49u JOJI2KHO IIPOUTH B
10 pas ObicTpee. B rmeiicTBuTeibHOCTH Teperada JAHHBIX MEXKIY y3Jia-
M{ TPUBOJIUT K OTKJIOHEHUIO OT WeasJbHON Mmacinradbupyemoctu. [la-
paJIIeIbHBIA  aJITOPUTM TEM JIydIille, YeM OOJIbIlee BBIYUCIUTEHHOE
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mojie MOXKHO 3 (HEKTUBHO UCIOIb30BaTh. Hampumep, peajbHbIl cirydait
MOZKeT BBINJIAAETh Tak: Iipu nepexose ¢ 10 Ha 100 aaep Bpemsa pacdera
nagaer B 7 pas, upu nepexoje ¢ 10 ma 1000 ssimep — mamaer B 20 pas,
npu nepexosie ¢ 10 ma 2000 saep — Bo3pacraer B 2 paza. B mociennem
cydae paclapajuleJiuBaHue Ha Takoe OOJIBIIOe BBIYUCIUTEIHLHOE II0JIe
cranoputTcs HeddpdekTuBHbIM. (OCHOBHAS 3ajada CO3MATENs I[MapaJ-
JIEJIBHOTO aJITOPUTMa — TOBBICUTH ITOJOOHYI0 T'DAHUILY ITOTEPU HApPaJI-
JIeTbHON 3P HEKTUBHOCTH.

ITo mamum CyObeKTUBHBIM HABJIIONEHUAM (CTATUCTUKA HE H3BECT-
Ha), GOJILIIMHCTBO 3824, PENIAEMbBIX HA OTEYECTBEHHBIX CYIIEPKOMIIbLIO-
Tepax, UCoJb3yIoT nopgaaka 10-100 BerauciauTenbubx guep (6e3 yuera
GPU yckopureseit). Bosbliiee Koim4uecTBo sijiep Ha IPAKTUKE HE BOC-
TpeboBaHO M3-3a mMOTepr FPPEKTUBHOCTH PACTIAPATIICTUBAHUS MCIOTb-
3yeMbIX KOJOB. Mausioe dmcio 3aja4d ucnoiab3yer nopsiaka 1000 sep.
Samaun, KOTopbie 3(P@PEKTUBHO PEIIAIOTCS ¢ UCIIOJb30BAHUEM OPSIKA
10000 gmep, B poccuiicKoit MpakTUKE PEIKH.

B 10 ke Bpewms, pa3BuTHE CYIEPKOMIBIOTEPHBIX TEXHOJIOTHII B
CIITIA (u B EBpore) BcTaso Ha IMyTh PAIUKAILHOIO HAPAIUBAHUS UUC-
Jia, BBIYUC/IUTEJIbHBIX 3JIeMEHTOB. Kak ObLIO OTMEYEHO BBIIIE, CEPUsi
cucrem IBM BlueGene 6b11a ¢ camoro Hadasia 3a/lyMaHa JiJIsd Pa3BUTHUS
TEXHOJIOTUU MaccoBoro mapasuiesm3ma. B 2006 romy, Korga cucTembl
IBM BlueGene mpomnumi HavagbHYIO ArpodaIiio W MOSBUIUCH CyTep-
kommbtorepbl Cray XT3/4 (PUC. 5), mias passuTusi ajJrOpUTMOB I1a-
PaJLIeJIbHOTO PEIIeHUs] MaTeMaTUYeCKUX 3aJa9 HA ITHUX HOBBIX CHUCTe-
max Jenaprament suepreruku CIIA (DOE) pacmupus yxke cymiect-
BOBaBINyI0 panee mnporpammy Innovative and Novel Computational
Impact on Theory and Experiment (INCITE) [25]. Tak B 2012 roxy Ha
60 mpoekTor (TABJHIA 5) ObLIO BBIIEIEHO 1672 MUJIIMOHA HPOIECCOP-
vyacoB Ha cynepkomibiorepax IBM BlueGene/P u Cray XT5.

TABJIMIA 5. Yuesio IpoeKToB, MOy YUBIINX KOMIIBIOTEPHOE BPEMsi Ha
cucremax IBM BlueGene L/P/Q u Cray XT3/4/5/XKT7 no nporpam-
me INCITE B 20062014 rr.

Ton 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
q

neno 15 45 58 66 70 | 57 | 60 | 61 | 59
IIPOEKTOB
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ITokazarenbubiM sBasercs Tor dakr, aro B nporpammve INCITE
YYIACTBYIOT CHCTEMBI TOJBKO C TOPOUIAJIBHON TOMOJIOTHE.

Kak mokazano wa PUC. 7, temaruka npoektoB INCITE oxBareiBa-
eT IMPaKTUYeCKH Bce O0JIACTH HAYKW W TeXHUKU. Ha pucyHKe moKa3aHO
(a) 4mMCIIO TPOEKTOB MO KaxKoh TeMaruke u (6) BBIIEJIEHHOE HA KaXK-
JIyI0 TEMATWKY BBIYHCJINATEIbHOE BpPEMsl B MUJUIMOHAX MPOIECCOPO-
qacoB. VcXozst U3 JOCTYITHOTO KPATKOTO OIUCAHWUsI, BCE MPOEKTHI ¢ He-
KOTOPO# J10JIefl YCJIOBHOCTY DPa3JieeHbl Ha CJIeILYIONe TeMaTUKU: aTo-
mucrtudeckue mozgeau (Ab initio — pacderbl u3 IEPBBIX NPUHIUNOB U
MD — mMoseKyJsipHasl JMHAMUKA), MOZEJIN B PAMKAX MEXAHHUKH CILIONI-
eix cpen (CFD), acrpodusmueckue momesun (Astrophys), dbusuka
wrasMbl (Plasma), kBanroBast xpomogunamuka (QCD), dusuka snpa
(Nuclear), computer science (CS). B nporpamMmy IpPUHUMAIOTCS IIPOEK-
THI ¢ MEXKJIYHAPOJHBIM ydyacTueM, jaxe 6e3 napraepa uz CIIIA.

Nuclear
Tuclear cs 2040 Cs

Ab initio
1130.0

Ab initio QCD
12 460.0

Plasma
835.0

Astrophys
415.0

(@ o (6)

17.5

CFD
1660.5

Puc. 7. Henenne npoekros INCITE 2014 r. mo Temarnkam

B pamkax nporpammvbl INCITE tpagunuonno pacnpenenserca 60%
BBIYHMCJIUTEILHONO BpeMeHu Ha onuoit cucreme IBM wm onHolt cucreme
Cray [emapramenrta suepreruku CIIIA. Wutepecubie maHHbIe MIpE/-
CTaBJIdeT aHaJIU3 paclpele/IeHnd IIPOEKTOB MEXK/1y HUMHU 110 BbIJIEJICH-
HOMY BBIYUCIUTEILHOMY BpeMeHu. TABJIMIA 6 TMOKA3bIBAET CYyMMApPHDIE
KBOTBHI BPEMEHU, BbIJIEJIEHHbIE Ha KaxKJ0it m3 aByX cucreMm B 2010 m
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2014 rr. pna upoektoB INCITE. CpaBHenue mokaspiBaeT, YTO OJIst
BBIJIEJISIEMOTO  BBIYUCIUTEILHOIO BPEMEHH OIIPEJIEJISIeTCs IUCJIOM IPO-
[ECCOPHBIX sIJIEP, & He BBIYUCJIUTEIBHON MOITHOCTHIO CHCTEM.

TAB/MIIA 6. Pacmpeneenne BBIYUCIAUTENBHBIX PECYPCOB MO TPOrPaM-
me INCITE s 2010 u 2014 rr.

Bpewms,
C YHuciio Rpeak, Rmax, peMs,
crema . -
HeTeM dnep IIdsomc IIdsomc Mt POt
4acoB
2010
Cray XT5 «Jaguary 224 162 2.331 1.759 940
IBM BlueGene/P «Intrepid» 163 840 0.557 0.459 646
CootHomenne 1.4 4.2 3.8 1.5
2014
. 299 008
Cray XK7 «Titan» ) 27.11 17.59 2250
/560 640
IBM BlueGene /Q «Mira» 786 432 10.07 8.59 3530
CootHomenne 0.4/0.7 2.7 2 0.64

Ob6s13aTe/IbHBIM YCJIOBUEM TIOJIyY€HUs PACI€THONO BPEMEHH IO MPO-
rpamme INCITE gasasercs ucnonb3oBaHHe MacCOBOIO NapalieIn3Ma.
IIpu sTom 3a7a4u, CBA3AHHBIE C OJHOBPEMEHHBIM 3aITyCKOM OOJIBIITOTO
4qucIa OJHOTHUIHBIX 33Ja4 (TPUBHAJILHBIA Iapa/uieu3M s Habopa
CTATUCTUKM ), PACCMATPUBAIOTCS, OJIHAKO HE SIBJISIFOTCS] IPUOPUTETHBIMU
[25]. OT anropurma peleHus NPUKJIAIHON 3a/a49u TpedyeTcs IeMOHCT-
PUPOBATH TAPAJIETbHYI0 3(MMEKTUBHOCT HA BBIYUCIUTEILHOM IIOJIE
nopsaaka 20% ucnonb3yemoit mammabl. B 2011 Tomy 3TO COOTBETCTBO-
BaJIO0 pa3Mepy BBIYUCIUTEIHLHOIO TOJs mopsaka 20 Teicdd sjiep, a B
2013-14 rr. — 200 Teicsu siep!

Imu yudpu, demorcmpupyiom neperod K HOB0U IPe UCTLOABIOGG-
HUA BOIMUCAUMEADHBT MEMOJ08 8 HAYKE U TEeTHUKE.

OueBnHO, 4TO B pe3ysbraTe pabor B pamkax nporpammbl INCITE
u anajormuubix eif (ALCC u mp.) 6yjer HaKOIUIEH ONmBIT pa3paboTKu
[IPOTPaMM JIJIsI CyIEPKOMITBIOTEPOB 3K3a(JIONCHOTO KJIACCA TOPOUIATb-
HOM ApXUTEKTYPhl M CO3JAHBI KOJbI JJIsi MIPEICKA3aTEIbHOrO (DU3UKO-
MaTEeMaTHIeCKOTO MOJIEIMPOBAHUS BO BCEX ODJIACTIAX HAYKU U TEXHUKH.
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EcrecTBeHHO, aHAJIOrMYHOE PA3BUTHE UMEET MECTO U B ODJIACTH TEXHO-
soruit 06padorku Gonbmux obbemos ganubix (DIS).

K coxajieHuio, ceroiusa pOCCUICKUE UCCIIEIOBATENN MTPAKTUIECKH
JIAIIEHBI BO3MOXKHOCTH y9aCTBOBATH B IIOJOOHBIX MEXKJLyHAPOIHBIX
OPOEKTAX U3-33 OTCYTCTBUSA HEOOXOAMMON MHMPACTPYKTYDBI JJId IPEI-
BapuTeabHOM oTiagaku 3a7ad. Jlaxxe Ne 1 B Poccun kimacrep «Jlomowno-
COB» MOXKET MPEJOCTABUTEL TOJIHKO 50 THIC. TPOIECCOPHBIX sAep!

MOKHO KOHCTATHPOBATH, YTO K HACTOAIIEMY BPEMEHH C TOYKH
3peHusl TIPUJIOKEHUIl CyIepKOMIIbIOTEpHAsT OTpacyb B Poccun mpomnuia
STall HAKOIUIEHHS KPUTHYIeCKOro obbema ombita [26], [27]. Bo mmormx
00JIACTAX MCCIEIOBATEI AKTUBHO UCHOJIb3YIOT IaPAJLIE]bHBIC BbHIUHC-
JIEHUS B Pa3IUYHBIX OOJIACTAX HAYKU M TeXHUKH. VIMeercsd ApKO BbI-
pPaKeHHDI 1edUIUT BHIYMCIUTEIBHONO BPEMEHH Ha PECypcax KOJIJIeK-
TUBHOTO JocTymna. Jjist pemenus GOIBIIOrO Yucaa 3aa9 MOJIb30BATEH
AKTHBHO NPUBJIEKAIOT KAK IPOTPAMMHBIE PENIEHUSI C OTKPBITBIM KOIOM,
TaK M KOMMEPYECKHE MPOAYKTHI. MupoBasi MpakTUKa MOKA3BIBAET, UTO
pa3paboTka TapaJsiiebHOrO MPOrPAMMHOIO OGECIIeYeHus TepecTaeT
ObITh YACTHBIM JEJI0M Y3KOI'O KOJUIEKTUBA CIEHUAJMCTOB U CTAHOBUTCS
OpeIMETOM GOJIBIINX KOJLJIAGOPATUBHBIX (3a9aCTyI0 MEXKJIyHADPOIHbIX)
mpoekToB. IIpumepom ofHON w3 objacTeil, TEMOHCTPUPYIONEH AKTHB-
HBI CIIPOC HA MApaJIIeJbHbIE BBIMUC/ICHUS, SBISETCS MOJEKYJISAPHOE W
ATOMHMCTHYIECKOE MOJIETMPOBAHME, PACYETHI SJEKTPOHHON CTPYKTYPHI H
kBaHTOBast xumust [28], [29]. BHaUYMTEsNBHBI TPOrpecc B JAOCTHXKEHUN
napajuiesibHoi 3 MEKTUBHOCTH Ha CUCTEMAaX € TOPOUJAJIBHON apXu-
TEKTYPOIi JOCTUTAETCS C MOMOIIBIO PACIPEIEICHNs JIAHHBIX 110 y3/1aM ¢
Y9IeTOM TONOJIOTMHA MHTEPKOHHEKTA. TakmMm 00pasoM ymaercst CyIecT-
BEHHO MHMHUMU3HUPOBATH OOBEMBI MEXKY3JIOBBIX OOMEHOB maHHbIMHU. C
HOMOIIBIO MOJOOHBIX [IPUEMOB YAAETCA JOOUTHCH OTHOCUTENHLHO BBICO-
KOl mapasuiesibHoil 3MMEKTUBHOCTA JaXKe JIjIsd TAKOr0 YUpe3BbIYaAiiHO
TpeboBaTeNLHOIO K OOMEHAM KJIACCa 3aJiad, KaK 3aJa49l pacuera JeK-
TPOHHOU CTPYKTYpPbI (cM., Hanpumep, [30]). Pasjiuunbie npumepnr xo-
PONIO MACIITAOMPYEMBIX ATOMUCTHYECKUX MOJIEIeH OBLIM IIpeCcTaBIe-
HBI HaimmM kojutektuBoM Ha HCK®-2013 [31].
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IIpuknanayo mampasienHocTb npoekToB INCITE moxkHO mpowus-
JgrocTpupoBarh paboroit 2011-2012 rr., MOCBAIEHHONR MOJIEIUPOBAHUIO
KPOBOTOKA B apTepHsiX roJoBHOrO Mosra [32]|. Emunas mHOroMacmras-
Hasl MOJIEIb O0beINHAET THAPOJNHAMIIECKOE OIUCAHNE TEYEHUsI KPOBHU
B pamkax momesiu HaBbe-CToKca U [eTajibHOE OIMUCAHUE XOJIECTEPUHO-
BBIX YaCTHI[ METOJOM MOJIEKYJIApHOH auaamuku (cm. PUC. 8).

s pemenus omHON 3a7a4dn B pabore ucnossdyercs or 20 mo 300
ThIC. sdJiep. PaccmarpuBaeTcs CTPYKTypa ydYacTKa CHCTEMBI apTepHuil.
Crpykrypa nompasjesisercsd Ha 00JIaCTH, KaXKIasi W3 KOTOPBIX PaCCYu-
TBIBACTCS HA BBLIYUCIUTE]HLHOM I0jie Topanka 5—70 Tbic. sdjaep.
TABJINIA 7 TIOKa3bIBAET BO3MOXKHOCTH BBICOKOI HapasiebHOol ddder-
THUBHOCTH PAaCYETOB IJAHHOM MOJEIN HA pa3Mepax BBIYUCIUTEILHOIO
roJisg 10 200-300 ThIC. Anep.

Anterior
, cerebral

Middle
cergbral

}Aneuryxm
|

Right interior
carotid artery
Basilar
Left <
carotid"

artery

Vertebral Red blood cell Platelet

Puc. 8. MuoromacirabHast MOJIEIb KPOBOTOKa € dDeKTaMu OTJI0-
JKEHUsI XOJIECTEPUHOBBIX OJIAIIEK, COYETAIONell ATOMUCTUYECKOE MO-
JleupoBanue ¢ Mojiesbio xuakocrn Hasbe-Crokca [32]



142 TIPOBJIEMBI PA3BUTHUS CYIIEPKOMIIBIOTEPHOII OTPAC/IN B Poccuu

WccnenoBanme, BBIMOJHEHHOE B IIPUBEICHHON paboTe [32], COCTOUT
U3 CJEAYIOINUX YacTen:

(1) cBSI3b KOHTUHYQJIBHOTO U JUCKPETHOI'O AaJrOPUTMOB C Pa3HBIMU
BPEMEHHBIMU IMaraMU;

(2) oOMeH JAHHBIME B IPOIECCE PACUETa MEXKJIy YaCTSIMU CHCTEMBI U
ME2KJ1y KOHTUHYAJIbHBIM U JUCKPETHBIM YPOBHAMU;

(3) omTMMU3aIUs TPOU3BOAUTEBHOCTH C YYETOM CIENUMUKU CUCTEM
IBM BlueGene/P u Cray XTb5;

(4) aHAIM3 TAPAJLIETBHOM 9 MEKTUBHOCTH HA 00EUX CHCTEMAaX.

ITpumep paGorbr [32] 1mOKa3BIBAET HETPUBUAILHOCTH CAMOIO IIPO-
1[eCCa WCIOJIb30BAHMS HOBBIX CYIEPKOMIIBIOTEPHBIX BO3MOXKHOCTEM, Ha-
YrHas C [POIEeCCa 3aJaHus HAYAJIbHBIX YCJIOBUI W 3aKaHIUBas 00pa-
OOTKOII OOJIBIIMX MACCHBOB BBIXOJHBIX JaHHBIX. PelreHue 10I00HBIX
pobJjieM, OYEBUIHO, UMEET BBICOKYIO HAYyYHO-TEXHUYECKYIO IIEHHOCTD.

Tap/muA 7. JlemoncTparusi coxpaHeHusi 3(HPEKTUBHOCTH PaCIapasi-
JICIMBAHUS PEIIeHUsT OJHON 3a7a49n Ha cucremax BlueGene/P u Cray
XT5 no 295 Teic. u 191 Toic. syep coorBercTBeHHO (M3 paboThI [32])

YHucno sep | Bpewms zarpysku LHITY, ¢ | DddekTuBHOCTH
BlueGene/P (4 sinpa na ysen)
32 768 3580.34 1.00
131 072 861.11 1.04
262 144 403.92 1.07
294 912 389.85 0.92
Cray XT5 (12 simep =Ha y3eu)
21 396 (Kraken) 2194
30 036 (Kraken) 1177 1.24
38 676 (Jaguar) 806 1.10
97 428 (Jaguar) 280 1.07
190 740 (Jaguar) 206 0.68

Ob6paTuBIMCh K HCTOPUU PA3BUTHS CBdA3el AalllapaTHON W IpO-
IPAMMHOM  COCTaBJIAIONIUX CYIEPKOMIBLIOTEPHOI OTpaciau B MHDE,
C TOYKU 3peHus PU3NIECKOr0 MOJIEIUPOBAHUS MOYKHO BBIJIEJIUTH OJIHY
BayKHYIO «pa3Bwiky». B 1992 r. B omaoM n3 Hambojiee MPECTUKHBIX
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dusnyecknx KypHasoB Physical Review Letters ogroBpeMeHHO BBIIILIO
JIBE CTATBU, OIUCHIBAIOIINE PE3YIbTATHl PACYETOB HA OCHOBE KBAHTOBO-
MeXaHMYeCKUX HepBoIprHIMIHBIX (ab initio) Momeseii ¢ ucronab3o0Banu-
€M MAaCCHBHO-IIAPAJUIEJBbHBIX agroputmos [33], [34]. B nenax memoncr-
palyy HOBBIX BO3MOYKHOCTEH B 9TUX CTATHAX PACIUTAHBI CBOWCTBA II0-
BEPXHOCTH KPUCTAJUINIECKOTO KPEMHUSI, UMEIOIINE IIPSIMOe OTHOIIEHHE
K  pemeHuio  QyHIAMEHTAJBHBIX  HPOOJIEM  MHUKPO3JEKTPOHUKH.
Jnsg  pacyeToB  HMCIOJIB30BAJMCH  JIBE  PA3JIMYHBIE  MACCUBHO-
napaJulesibHbIe CUCTeMbl: TopougajbHas cucremMa Meiko Computing
Surface (uCHOIB30BAJIOCH BbIUUCIUTENBbHOE TI0JIe U3 64 TpaHCIbIOTED-
HBIX y370B ¢ mponeccopamu Intel i860) u cucrema Tuma runepky6
Thinking Machines CM-2 (ucmons3oBanocs 16384 oqnoGHTOBBIX IpPO-
neccopa coBMecTHO ¢ 512 apudmernueckumu yckopuresnsmu Weitek).
VYKazaHHOe ammapaTHoe ODOecliedeHue CTajgo JocTyrnHo B 1986-1987 ro-
Jax W, TaKuM o0pa3oM, Ha Pas3pabOTKy TPOTPAMMHOTO OOECTIeYeHUsT
VIILIO, MO-BHAUMOMY, BCero okojo 3-4 sier. MOKHO C yBEpEHHOCTBHIO
YTBEPK/IATh, YTO CO3JAHHDII B TO BPEMsl METOJMIECKUI 3aeJ OIpe/ie-
JIMJI CErONHAIIHNE JIMAUPYIOIIee IMO3UINN 3apyOe’KHBIX KOJIEKTUBOB B
00J1aCTH TIPOrPAMMHOIO OOECIIeYeHUs [IJIsi KOMIIBIOTEDHOI'O MATEPHAJIO-
BEJIEHUs, BBIYUCJIUTEILHON XUMUU U JIPYTUX CMEXKHBIX 00JacTeil, CBs-
3aHHBIX C ATOMUACTHYECKMM MojejupoBanueM. s 3amad apyrux Tu-
noB (ra3oBasi JIUHAMHUKA, KBAHTOBAs XPOMOJMHAMUKA U JIP.) MOJOOHBIN
3a1es1 Havas (GOPMUPOBATLCA B TO Ke BpeMs (nmpudeM u B CoBeTCKOM
Coroze — cmM., Hanpumep, [35]).

Ouoxa mnorpsacenuii Havasa 1990-X romoB IOMeIa s POCCUHACKIM
VUIEHBIM MPUHATH aKTUBHOE yYacTHE B PA3BUTUU IIPOIPAMMHOI0 obec-
[eYeHNsl JId MACCHBHO-TIAPAJIIETBHBIX CHCTEM B MOMEHT HUX IOSBJIE-
HUsI. 3a TIPOIIeIiee IBaIATHIETAE OTCTABAHUE YIAJIOCH COKPATUTD.
OpHako yke HACTYNUBINIAI HOBBIA 3Tal PA3BUTHUS CYIEPKOMIIbIOTED-
HBIX MaCCHBHO-TIAPAJIIEIbHBIX BBIUUCIUTENIBHBIX TexHOormii X X1 Beka
€ellle He BBI3BIBAJI JIOJPKHOIO OTKJIMKa B Poccum m Tpebyer He3aMe s1u-

TEJIbHBIX U PEHIUTEJIbHBIX NEUCTBUN.
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BbIBOJJ,bI: HaM nopa MEeHATb ﬂpO(bECCI/IIO nnn ye3)KaTb?

Kpurnueckoe oTHOIIEHME, BhIpa)kaeMoe HAMU B JAHHOW paboTe K
CYTEPKOMITHIOTEPAM C TOIOJIOTHEH «TOJICTOE JePeBO», He 03HAYAET, UTO
TaKHe CHCTEMbI HE HYXKHbBI, YCTapeJd W OT HUX HEOOXOIMMO OTKA3aTh-
cst. Ha mamHOM 3Tame pa3BUTHS CyIEPKOMIIBIOTEDHI € JPEBOBUIHON U
TOPOUJIAJIBHON TOIMOJIOTUSIMU MOXKHO YCJIOBHO YIIOAOOUTH PA3IUIHBIM
BHUAM TPaHCIOPTa — aBTOMOOWJIsIM U camojsietam. VI Tor, m apyroit
BHUJ TEXHUKU HEOOXOIUM JIJId PEIIeHnsT 3aa9 CBOEro KJacca. IIpu sTom
CTPAHHO pAa3BUBATH TPAHCIIOPT, MPUHUMAS BO BHUMAHHE TOJIBKO aBTO-
MoOUI 1 urHOpUpys aBuaimio. OIHAKO B CYIEPKOMIIBIOTEPHOM 0bJ1ac-
1 Poccuu B JIAHHBI MOMEHT CJIOXKUJIACH MTOJO0HAST CUTYAIIHS.

CriocobHOCTh OBICTPO 00pabaTBIBATH OOJIBINME 00BEMBI HHMOPMA-
[MA W TPOBOJUTH IIPEJCKA3ATEIbHOE MOJICJIMPOBAHNE B PA3THIHBIX
0bIaCTSX HAYKW W TEXHUKM — 3TO KJIOYEBble (DaKTOPBI, OMPEIeIsSio-
e KOHKYPEHTOCIIOCOOHOCTh B coBpemenHOM wmupe. Cosmanue cynep-
KOMIIBIOTEPHBIX CHCTEM 3K3aJIOIICHOIO KJIacca — O4YepeIHOl pybdex
HA IyTH PA3BUTHs COOTBETCTBYIONMX TexHoJoruit. [Ipu arom passurue
TEXHOJIOTUH KOMMYHUKAIIMOHHBIX CeTell COBMECTHO C COOTBETCTBYIOITIM
MPOMEXKYTOYHBIM W MPHUKJIATHBIM [POIPAMMHBIM ODECIIedeHneM —
BasKHENIINIT HHCTPYMEHT JjIsl IIPEOJIOJIeHns JTaHHOro OGapbhepa. A pere-
HUE TepeioBBIX 3aja4 cBepxOosbmux MacmrTabos (grand challenges)
SABJISIETCS JIBUKYINENH CUJIOW WHHOBAIIMOHHOIO Pa3BUTHS BCeil cymep-
KOMITBIOTEDHOI OTPac/In.

MO2KHO BBIIEIUTH CJIEAYIONINE OCOOEHHOCTH PA3BUTHS CYIEPKOM-
bIOTEPHOI oTpacyu B Poccun 3a moc/ieHue jiecsThb Jiet.

(1) B magasne unrencuBHOro paspurusi, Hadasimerocs B 2002 r., o0bem
[OSIBJIABIIIUXCS CYIIEPKOMIIBIOTEPHBIX PECYPCOB OIEPeKaJl CIIPOC CO
CTOPOHBI HAYYHO-TEXHUIECKOro coobiecTBa. VIMeHHO B pesyJibrare
JIECATUIIETHEr0 PA3BUTUs TAKOW CIPOC MTOCTEIeHHO BhIpoc. U cero-
JTHS MOYKHO TOBOPUTB O BO3MOXKHOCTHU (POPMYJIUPOBATL KOHKPET-
HbIE HOTpe6HOCTI/I (TaKI/IM IPpUMEPOM ABJACTCA U JJaHHaAA CTaTbH).

(2) Ha mporsizkerun nepseix 5 jer (opuentTuposodso go 2007 r.) Ha-
6JII0/1aJTaCh HEJI03arPY3Ka MHOTHMX BBEJIEHHBIX B IKCIUIyaTAIMIO B
Poccun cymepkommbiorepoB. B 9TOT mepexomgHbIN mEepHoa (hopMu-
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POBAJINCh KaK KOJIJIEKTHBBI, ODecrednBaiome padoTy CyIepKOM-
IIBIOTEPOB, TAK M KOJIJIEKTUBBI UX IIOJIb30BATEJIEN, OCBANBABIINE CO-
OTBETCTBYIOIIME BBIYUCJIUTEIbHbIE MeTONUKHU. K coxkajenuio, 3a
9TOT K€ MEPHUOJ, ¥ MHOTMX PYKOBOnuTesel chOpMUPOBAIOCH MHE-
HUE O HEBO3MOXKHOCTH ITOJTHOIEHHOT'O HCIIOJIb30BAHUS YK€ CO3/IaH-
HBIX CyHEpPKOMIIBIOTEPOB. BeposaTHo, 3TOT (hakT oTvacT OObSICHSI-
er 3amenjenue pazButus orpacau B 2010-2013 rr. B macrosimuee
BpeMsl CHATyaIlusl y»Ke CTaja MPsSMO IPOTHBOIOJIOXKHON — HWMeeT
MeCTO OOJIBIIoN AeUIUT BBIYUCIUTEHHONO BPEMEHU U BBIYUCIIH-
TEJIHBIX PECYPCOB.

(3) PasBurne ammapaTHO-TEXHUYECKOI'O OCHAIIEHUSI CYIEPKOMIIbIOTED-
HOIl OTPaC/Id MPOXOJIUT B YCJIOBUSX OTCYTCTBUsI SIBHO IPOJEKJIAPU-
POBAHHBIX TOXKEJAHWIA CO CTOPOHBI mojib3oBareseit. [Ipu momobHO
HEOIIPEJIEJIEHHOCTH BaXKHEHUIITUM KPUTEPUEM YCIIENTHOCTH SIBJISIETCSI
[IPOU3BO/INTEBHOCTE CyHEPKOMIIbIOTEPA, (OpMATIBHOE OIIpe/Iese-
HUE KOTOPOU IMMOCTEIIeHHO YTPadYUuBaeT CBs3b C PEAJIbHBIMU 3aJada-
MH. DTO TPHUBOIUT K «OTHODOKOMY» PA3BUTHIO, B 3HAYUTEIHLHON
CTENeHN IPOTUBOPEYAIEMY MArUCTPAIBHOMY HAIPABIECHUIO IIPO-
rpecca CymepKOMIITBIOTEPHON OTPACH B MEDE.

Heobxomumo npruHATHE CPOYHBIX Mep II0 JUKBHUIAIUU AIIIAPATHO-
TEXHUYECKOI'0 OTCTABAHUSA POCCUUCKON CyHepKOMIBIOTEPHOU OTPACIIH.
st aTux 1esiei:

BO-TIEPBBIX, HEOOXOINMO OCHACTUTD HAYYHBIE IEHTPHI CTPAHBI 000-
PyZIOBaHWEM MUPOBOTO YPOBHS 3apyOeKHBIX MPOU3BOIUTENEH;

BO-BTOPBIX, HEOOXOJIMMO CYIIECTBEHHO YCKOPUTH DPa3BUTHE OTede-
CTBEHHOI'O alnapaTHoOro obeciedenus (B NHEPBYIO OdYepelb — UHTED-
KOHHEKTA) U JIOBECTH €r0 yPOBEHb B Kpardaillline CPOKHU 0 YPOBH:A
YCTAHOBKHM Ha OOJBIINX CHACTEMaX W TECTUPOBAHUSA HPAKTUIECKUX 3a-
Had;

B-TPeThbUX, HEOOXOANMO IIPOIEKIAPUPOBATL TPEOOBAHUS CO31a~
HU# /2JIAITAIA IIPOIPAMMHOIO 00€CIIeYeH sl Ha TEXHOJOIUAX MaCCOBO-
r'o mapaJsuieJin3Ma MIPOBOIO MaCIITabHOIO YPOBHH.

Iuist obcyXaeHus IIaHa JIeHCTBUI 110 YKA3aHHBIM HAIPABJICHUSIM
HEOOXOIMMO KOJIJIETHaJbHOe OOCYK/I€HWE C TPUBJIEYEHUEM BCEX 3anH-
TEePEeCOBAHHBIX OPraHM3aIMil U BEJOMCTB, HalpuMep, B pamkax Harumo-
HaJIbHOM CyIEePKOMIIBIOTEPHOM TEXHOJIOINYeCKO! NIaT(OPMBI.
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IIpu omcymemeuu udmenerutd nodobrozo poda poccutickue cne-
UUGAUCTDL, CBAZAHHDBIE C UCTLONB30BAHUEM BbICOKONPOUIEO0UMENLHDILT
BHIUUCAEHUT 8 PASHBLL 0DAGCTMAT HAYKU U MeTHUKU, uyepe3d 1-2 z200a
oxaotcymea neped QUAEMMOT: MEHAML NPOPHECCUI UAU YE3AHCAMD 6
CMPAHDL C CYNEPKOMNBLIOMEPHOT UHPDACMPYKMYPOT 8VICULE20 YPOBHS.

MpepnoxeHnsa no pasBuTUIO CyNepKOMNbLIOTEPHOI uHdpa-
CTPYKTYpbl

Harmumonasnbubiii cynepkommnbiorepubiit ¢popym 2013 r. B Ilepecias-
se-3asecckom (HCK®-2013), na Haln B3MMIs[, OJHO3HAYHO IIPOJEMOH-
cTpupoBaJ, 9To B Poccuu CymecTByIOT «TOYKH POCTa», aKTHBHOE Pa3-
BUTHE KOTODPBIX CIIOCOOHO M3MEHUTHh TEKYIYIO 0e3pa0CTHYIO CHTYa-
1uio. CauTaeM BO3MOXKHBIM C(HOPMYJTUPOBATEH CJIEYIONIHE IPEJJIOXKe-
HUSI OPTraHU3AIMOHHOIO XapaKTepa.

(1) s JIMKBUJAIMKA TEXHOJIOIMYECKOI'O OTCTABAHUsI HEOOXOIMMO Op-
TaHU30BATh 3aKYIIKYy HOBEHIINX CYINEePKOMIIBIOTEPOB JIJisl CO3IaHUSI
HOBBIX IIEHTPOB KoOJuIeKTuBHOrO nojb3osanusa (IIKIT) u momephu-
3amuu cymecTByomux. Vexoms u3 JIMIHOrO OOIIEHNs C IIPeICTaBu-
rensaMu  pupm-npoussoguresnecii na HCK®-2013, cjio:kuioch BIie-
JaT/IEHue, YTO CYIIEeCTBOBABIINE PAHEe 3AlPEeThl M OIPAHUYEHUS Ha
MOCTAaBKy B POCCHIO BBIUMC/IMTE/IBHON TEXHUKU IKCTPa-Kjacca Cy-
IIECTBEHHO OCJIabJIeHbl, W (OUPMBI-IIPOU3BOIUTE]N OXOTHO PAC-
cMOTpen Obl COOTBETCTBYIOIINE 3asdBKH.

(2) Heobxomuma poranus JTUAXPYIOMAX 10 MOIHOCTH CYIEPKOMIIbIO-
repoB B Poccuu 10 passbiM  oprapusanuaM (35 KpyuHeiimum
IKIT), grobbl Kaxiasd Cjeiyolas JUAUPYIOmasd [0 MOUIHOCTH
cucTeMa BBOAWJIACH B CTPOM APYTUM KOJIJIEKTUBOM CIIEIIAAJIUCTOB.

(3) B messx crumysnmpoBaHUsS MEPEXOJa HAYYIHBIX KOJUIEKTHBOB HA
BBIYHUCJIUTEIbHBIE METOINKHA KPYITHOMACIITAOHOTO IMapaJuIen3Ma
HEOOXOIMMO BBECTH KOHKYPCHBIE IIPOIEIypPhI, aHajorudubie IN-
CITE u PRACE, nja penienus 3a/1a9 Ha BBIYUCTUTEIHHBIX MTOJIAX
0COOEHHO OOJBITIOr0 pa3mepa. [IombITKH OpraHu3aiuu TaKOro poja
CIEITUAJIBHBIX BBIYNCIUTENbHBIX CECCUll y2Ke OBbLIM paHee IIPeIIIpH-
waret MCIL PAH, a B 3srom romy u HUBIL MIY wume-
nu M.B. JlomonocoBa Ha cynepkombioTepe «JIOMOHOCOBY .
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IIpenmoxkenns HayIHO-TEXHUIECKOTO XapaKTEPa.

Heobxomumo BcemepHOe ycuiieHHWE COOCTBEHHBIX HUCC/IEIOBAHUN B
00/1aCTH  TIEPCHEKTHUBHOIO HWHTEPKOHHEKTA U COOTBETCTBYIOIIETO
CHUCTEMHOI'O M I[POTPAMMHOIO OOecCIledeHUsi. Y2Ke MMEIOTCs JeiiCcT-
Bylomue peanm3anun untepkonnekta MBC-Dxcmpece [12] (MIIM
um. M.B. Kemnpima PAH u @TVYII «HIM Ksauts) n 3-X MepHOro
toponjasnbHoro uHTepkoHHekTa, CKIM®-Appopa [11] (WIIC
uM. AK. Aitnamazsrna PAH). Ha HCK®-2013 Geuin npejicrasie-
HBI paboTarormiye 00pa3ibl 4-X MEPHOTO TOPOUIAIBHOIO WHTEPKOH-
nekra Amnrapa [14] (HULIDBT). Murepkonunexkr CMIIO-10G [15]
(POAI-BHUND®) rakKe HAXOAUTCS HA CTAJUU BHEIPEHUS.
OCHOBHBIMU KpUTEpHUSME [JIs aHau3a 3(PHEKTUBHOCTH HUCIOTB30-
BaHUs CYIEPKOMIIbIOTEPA JIOJKHBI ObITh: 1) pasMep BBIYUCIUTEb-
HOIO 10Jist (YUCJIO Y3JI0B, IIPOLECCOPOB U siJ€P), MCIIOJIb3YeMOro
OpY pelieHrH KaXKJION OTIeJbHOI 3a1aun, u 2) napaJuieibHas d¢b-
dEKTUBHOCTD UCHOJIB3yEeMBbIX KOJIOB, T.€. BBICOKAsl CTENEHb YCKOpe-
HUsI PACYETOB Ha OOJIBIMUX paszMepax BbIYUCJIUTEIBHOrO moJisi. He-
00x0oMMa KJIACCH(DUKAIUS CUCTEM 110 Pa3Mepy BBIYUCIUTEIHHOIO
HOJIA W 110 KJIACCAM COOTBETCTBYIOIIMX MM 33Ja4 (QHAJOTUIHO JIe-
sennto TierQ, Tierl, Tier2, npunaromy B nporpamve PRACE).
Jist TIPOJBUZKEHUS «IIO TIYTH K 9K3a(JIONCy» HapsAILy ¢ UHTEPKOH-
HEKTOM 0COD0€ BHUMAHNE HEOOXOJIMMO YJIE€IUTb HpobyeMe mapad-
JIEJIBHOI'O BBOJIA-BBIBOJA JIAHHBIX IPU Pa3Mepax BBIYUCIUTEIBHOIO
ITOJIsI TTOPSIJIKA COTEH THICSIY M MUJLJIMOHOB 3JIEMEHTOB.

Baazodaprocmu. Asmopv.  npusnamesvhw,  C. M. Abpamosy,

E. P. Kywmanosy, A. O. Jlayucy, A. C. Cemenosy, A. U. Cayurxuny
u C. A. Cmenanenxo 3a moseswvie cosemu u obcyotcdenusn na HCKD-

2013. Paboma evinoamnena npu gurarcoeol noddepocke PODPU (npo-
exm 13-08-12070-o¢pu_ m).
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ABSTRACT. Over the past decade, active government support accelerated devel-
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mance computing using a growing number of processors (cores) for a given prob-
lem. We discuss what could be done to put Russia into the same main trend.
Critical attitude of this article seeks in no way to underestimate the progress in
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search that could be competitive in the international context. (in Russian).
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