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C. M. Abpamon

NccnenoBatusi B 06J1aCTU CyNEPKOMITHIOTEPHBIX
texHoJsioruii UTIC PAH: perpocriekTnBa n
MePCHEeKTUBBI

AHHOTAIMA. [lanHas paboTa IOCBsIeHa 0630py MCCJIEIOBAHUI B 00IaCTH Cy-
IEPKOMIILIOTEPHBIX TEXHOJIOTHI, BBINOIHEHBIX U 3allIaHHPOBAHHBIX MHCTHTY-
ToM mporpamMMHBIX cucrteM umenu A. K. Aidsamassua Poccuiickoit akamemun
Hayk. Paccmorpensr paboThl 1 UX pe3ysIbTaThl 3a Iepuo, HaunHas ¢ 1984 roxa.

1. Bsepenne

B 1984 roxy 8 CCCP mura moaroroBka 3(p@eKTUBHOIO acCUMeTPU-
HOI'O OTBETA Ha aMEPUKAHCKUE IJIAHBI «3BE3/IHBIX BOWH». C 910l MesIhio
HEOOXOMUMO OBIJIO BBIMOJHUTL Psifi (DYHIAMEHTAIBHBIX UCCJICI0OBAHNN B
PA3INYHBIX 00JACTIX HayKu. JIjist 9TOro perienueM IUPEKTUBHLIX Opra-
HoB CCCP B pa3jinuHbIX peruoHax CTPAHBI ObLIO CO3MAHO HECKOJBKO HC-
CJIeIOBATEILCKIX HHCTHTYTOB, OJHIM I3 KOTOPLIX OBbLI H HaIll HHCTHTYT' .
IIpu co3manum pyKOBOJCTBO CTPAHBI B KAYECTBE OCHOBHOMN JIESATEILHOCTH
OTIpeJIeJINJIa HAIIIEMY HHCTUTYTY (DYH/IAMEHTAJIbHBIE UCCJIEIOBAHUS B CJIe-
JYIOIIAX 00/IACTAX:

® UCKYCCTBEHHBII MHTEJJIEKT;

® BBICOKOIPOU3BOIUTEJILHBIEC BHIYUCIEHUS — TO, YTO CETOIHS TIPHU-
HSITO HA3BbIBATh CYHNEPKOMIIBIOTEPHBIMU TE€XHOJIOTUIMU;

® OllepaloOHHbIe CHACTEMBI, SI3BIKM W CHCTEMBI ITPOTrPAMMUPOBa-
HUs1, 0a3bl JAHHBIX — TO €CTh, CUCTEMHOE IIporpaMMHoe obecrie-

venve (I10), nadopMaIIOHHbIE TEXHOJIOTHN.

L Cospan B 1984 roapt kak dumman MucruryTa npobirem kubepueruxu AH CCCP.
B 1986 romy mosyumsi caMOCTOSATENBHBIN CTATyC C HauMeHoBaHUeM: HcTUTyT mpo-
rpammubix cucrem AH CCCP.
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3a mpore e roJbl HHCTUTYT HE TOJIBKO COXPAHUJI 3TY HEPBOHA-
YAJIBHYIO HAIPABJIEHHOCTH CBOMX HCCJIEIOBAHUM, HO M JIOOWJICS 3HAYU-
TeJIBHBIX PEe3yJIbTATOB B 3TUX HAIlPpaBJIEHUsIX. B JaHHOI cTaThe paccMoT-
peHbI BhIOTHeHHBIe B IHCTHTYTE TporpaMMHBIX cucteM Poccuiickoit aka-
nemun nayk (UIIC PAH) uccienoBanus u paspaboTKu B 06JACTH CyIIep-
KOMITBIOTEPHBIX TeXHOJI0rniA, ¢ 1984 110 HacTOsiIee BpeMs U EPCIIEKTUBbI
UX Pa3BUTHS.

OTu pabOThl OXBATHIBAIOT (DYHIAMEHTAJbHBIC MCCIEIOBAHUS W WH-
JKeHEpHbBIEe PAa3pabOTKHU 0 CO3/IAHUIO U IPUMEHEHHUIO AIMIAPATHBIX U MIPO-
IPAMMHBIX CPEJICTB MYJIBTHIIPOIIECCOPHBIX BBIYUCIUTEIbHBIX CUCTEM, CY-
epdBM u grid-cereit. Tanubie paborsr B UHcTUTYTE B OCHOBHOM COCpE-
JnoToueHbl B Vcciie10BaTeIbCKOM TIEHTPE MYJIBTUIIPOIECCOPHBIX CHCTEM
(UIIMC UTIC PAH), psin npuKIaIHbIX paboT BbIoIHEeH B Vccieosa-
TEJbCKOM TIEHTPE MCKYCCTBEHHOIO MHTEJJIEKTa. B craThe Takxke OyryT
paccMOTpeHbl paboThl W PE3yJIbTATHI, MOJYUYEHHbIE U B MWHUIIHATHBHBIX
pa3paboTKax MHCTUTYTA, U B PAMKaX KPYIHBIX (B TOM UHCJIe —MeXK[yHa-
POJIHBIX) HAy9IHO-TeXHUYIeCKuX nporpamm, B Koropeix UIIC PAH urpas
pOJIb TOJIOBHOTO ucrnojaauTesst o7 Poccun. Hekoropsie u3 paccMoTpeH-
HbIX 3/IeChb PE3YyJ/IbTaTOB IIPUHA/JIE2KaT UHCTUTYTY, a HEKOTOPbIE — IIOJIYy-
YeHbl MIUPOKOI HayuHoi kooneparueii (cm. Pazmen «Biaromapuocrus),
BO3IJIABJISIEMON HHCTUTYTOM. MBI TIOCTapaeMcst 1o Mepe U3JI0XKEHU KOp-
PEKTHO OCBEIATH JIAHHOE 00CTOSATEBCTBO, XOTs B MOJHON Mepe 3TO CJie-
JIaTh OyJeT HeBO3MOXKHO M3-33 OIPDAHMYEHUI HA Pa3Mep CTAThU.

2. O cywHoCTU cynepkoMnbIOTEPHbIX TEXHOONNIA

[Ipex e uem HauneM anaju3uposaTh BoinosHenHbie B UTIC PAH wuc-
CJIeJIOBAHUs B OOJIACTH CYNEPKOMIIHIOTEPHBIX TEXHOJIOTUM, MOIBITAEMCH
JIATh KOPOTKOE OMUCAHUE CYIIHOCTH CYIIEPKOMITBIOTEPHBIX TEXHOJIOTUN U
X POJIH.

Cerogusi kpurTndeckue (IPOPBIBHBIE) TEXHOJOIMU B IOCYIAPCTBaX,
CTPOSANINX SKOHOMHUKY, OCHOBAHHYIO Ha 3HAHUSX, UCCJIEIYIOTCs U pa3pada-
TBIBAIOTCsT HA 6a3€e MUPOKOTO UCIIOJIb30BAHUS BBICOKOITPOM3BOINTEIHHBIX
Berancsienuit. I apyroro mytun — ner. Be3 cepbe3mnoit cynepKOMIbIOTEPHOMN
MHOPACTPYKTYPHI:

® HEBO3MOXKHO CO3/aTh COBPEMEHHbBIE U3/IeJIHs BBICOKOIT (a9pOKOC-
MUYEeCKasi TeXHUKA, CyJa, SHEPreTHIecKre OJIOKN 2JIEKTPOCTAH-
Uil PA3JIMUHBIX THUIIOB) U JIAXKe CPEJIHEH CJIOKHOCTH (aBTOMO-
6usIM, KOHKYPEHTOCHOCOOHAs! ObITOBAs TEXHUKA U T. IL.);
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® HEBO3MOXKHO OBICTpEE KOHKYPEHTOB pa3pabaThbiBATh HOBBIE Jie-
KapCTBa U MATEPHAJIbI C 3aJaHHBIMA CBOMCTBAMU;

® HEBO3MOXKHO Pa3BUBATDH IIEPCHEKTUBHbIE TEXHOJOrHU (Guorex-
HOJIOTUHU, HAHOTE€XHOJIOIMH, PENICHUS JJIs SHEPTeTUKN Oy IIEro
U T.1L.).

Cerojiast CynepKOMITBIOTEPHBIE TEXHOJOTHUA CYUTAIOTCS BAYKHEHIITIM
hakTOpoM obecriedenust KOHKYPEHTOCIIOCOOHOCTH SKOHOMUKH CTPAHBIZ, &
€JINHCTBEHHBIM CIIOCOOOM MOOEINTh KOHKYPEHTOB OODBSBJISIOT BO3MOXK-
HOCTH ODOTHATH UX B pacdeTax. 3/eCh XapaKTepHbl cjoBa lIpesnienTa
Cogera o koukypenrocrnocobnoctu CIITA:

«Texronozuu, masarmo, u dernveu docmynms, Muo2um cmparam. Ilo-
amomy CIIA cmoum neped AuuoM HeNPeICKA3YEMBLL IKOHOMUNCCKUL
KOHKYPEHMO6 u3-3a pybeoca. Cmpana, xomopas oscesaem mnobedumsv 6
KONKYPENUUL, 00ANCHA NOGEOUMD 6 EOHUCACHUATSS.

He BaxkHO, 0 KOHKYPEHIIUKA B KAKOM CEKTOPE IKOHOMUKHU HJIET PEUb:
CKAa3aHHOE BEPHO JIjIs1 JTOOBIBAIOIINX U IePEPA0ATHIBAIOIINX CEKTOPOB KO-
HOMUKH, 1 OCOOEHHO 3TO BEPHO TPU pa3pabOTKe HOBLIX TexHosornii. ITo-
9TOMY B Pa3BUTBIX CTPaHAX MHUPa JJIs [epexoja K IKOHOMUKE 3HAHUN
cozjiaeTcsi HoBasi MHMPACTPYKTYpa TOCY/IapCTBa — IOCYIapCTBEHHAST CH-
cTeMa U3 MOIHBIX CYMEPKOMITLIOTEPHBIX IEHTPOB, 00bEINHEHHBIX CBEPX-
OBICTPBIME KQHAJIAMIE CBsI3H B IpU-cucteMy. To ecTb, 110 cyTH, pedub ujaeT
0 HAIMOHAJILHON HayIHO-UCCIIETOBATEHCKON HH(OPMAIIMOHHO-BBIIUCIIH-
TeJIbHOU ceTu. JIjIsi TaKoi CUCTEeMBI YaCTO UCIOJIB3YIOT TEPMUH «KHOep-
undpacTpykrypas?. B 3THX cTpamax Ha co3manme HaMOHAILHOM Kube-
pUHGPACTPYKTYPBI BBIIEIAIOTCS OOJIBINNE (PUHAHCHI U3 TOCYIAPCTBEH-
HbIX 6r01zkeToB: B 2005-2007 rr. CIITA Tparuiu Ha 3Tu ueau or 2 10 4
MJIPJI. JIOJJIAPOB B TO/I.

2 Hanpuwmep, cm. moknan [pesunenty CIIA «Borauciaurensubie Hayku: obecre-
“YeHHe NPEeBOCXOCTBa (KOHKypeHTocnocobnocTn) AMepuku»: “Computational Science:
Ensuring America’s Competitiveness”, PITAC (President’s Information Technology
Advisory Committee), 2005.

S«With technology, talent and capital now available globally, the U.S. is facing
unprecedented economic competition from abroad. The country that wants to out
compete must out-compute”. Deborah Wince-Smith, President of the Council on
Competitiveness “US Competitive Council Meets; HPC TOPS Agenda” HPC Wire,
16.07.2004, http://www.taborcommunications.com/archives/108016.html.

4 B pamHON paboTe 068 TEPMUHA — «HAUUOHAAHAA HAYULHO-UCCAEDOBAMENCKAA
UHPOPMAYUUOHHO-BDIHUCAUTNEALHAA CEMbY U <KUOEPUHPBPACTPYKMYPG> — UCIIOIB3Y-
IOTCH KAK CHHOHUMBI.
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caMbIM, KPaTKO€ OIIpelesIeHNe CEeTrOJHANTHENl POd CyIIepKOM-

IBIOTEPHBIX TEXHOJIOIMH MOXKET OBITh TAKUM: 3TO KJII0UeBast KPUTHICCKA
TEXHOJIOIUS, €IUHCTBEHHBIA WHCTPYMEHT, JAIONMi BO3ZMOXKHOCTDL M00e-
JIUTh B KOHKYPEHTHOI 6opboe.

3. Dranbl pa3sutusa padbor 8 UMC PAH B obnactn
CYNepKOMMbIOTEPHbIX TEXHONOr i

B pa60TaX NHCTUTYTa I10 Cyl’IepKOMHbIOTepHOfI TeMaTHuKe MO>KHO BbI-
JeJINTh HECKOJIBKO 9TallOB:

1984-1992 rr.: yuactue VIIC PAH B paspaboTke mporpaMMHO-
ro obecrieuenus (I10) myst MysbTHIPOIIECCOPA ¢ TMHAMUIECKOH
apxurektypoit (MJIA) EC 2704°;

1990-1995 rr.: paboThI C¢ TPAHCIBIOTEPHBIMUA CUCTEMAMU, yda-
crue UTIC PAH B Poccwuiickoii TpaHCIIBIOTEPHOM acCouaIuy;
HAYaJI0 UCCAEIOBAHUI U IEPBBIX SKCIIEPUMEHTOB B TOM HAIIPAB-
JIEHUU, KOTOPOE B JAJIbHEHIIIeM TPUBEIET K CO3MAHII0 T-crucre-
MBI

19941998 rr.: mouCcK M peasim3alvsi PENIeHuit Jijisi KOMIIOHEHT
mepBbIX Bepcuii T-cucreMbl; B KadecTBe ammapaTHOW 6a3bl HC-
MoJIb3yt0TCs paziudnbie ceru u3 [[9BM — mHauunast ¢ opuru-
HAJIbHBIX ceTeil Ha 6ase yckopeHHBIX (10 1 Mbps) suanit RS-232
7 COOCTBEHHBIX KOMMYTHUPYIONIUX YCTPOICTB /ISl TAKUX CBA3EN;
sakaHunBasd KiacrepoM Ha 6ase FastEthernet (100 Mbps);
1998-1999 rr.: pa3BuTHe IepBOi Bepcuu T-cuCTeMbI, HATaKUBa-
HIe KOOIeparuu ¢ Kojuteramu 3 Mumncka, ¢popMupoBaHue cy-
neproMIibioTepHoit mporpaMmbl « CKN®» CorozHoro rocymap-
CTBA;

2000-2004 rr.: mepmoJi UCIOJHEHUSI CYIePKOMITLIOTEPHOIN TPO-
rpammbl «CKU®» Corosuoro rocymapcrsa, B koropoit UITC
PAH onpenenen Kax roJIoBHOM UCIOJIHUTEIL OT Poccun; paspa-
6orka cynepdBM cemeiictea «CKN®» Psna 1 (2000-2002 rr.)
u Psna 2 (2003-2006 rr.), paspaborka 1O st Hux;
2005—2007 rr.: uHUIMATHBHBIE paboThl B objacTu cynepdBM
u grid-cucrem; pazsurue Hosoii Bepcuu T-cucremsr (OpenTS),
B TOM 4YHCJIE U B COTPYIHUYECTBe ¢ Kopropaiueii Microsoft;

5CHequoueccop EC 2704 Enunoro Cemeiicrea 9BM, opurnHajabHasi OT€4eCTBEH-
nas paspaborka JINV AH CCCP u HULIDBT [25].
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dopMUpPOBaHTE U COTJIACOBAHUE CyTEPKOMITBIOTEPHOI TpOrpaM-
Mbl «CKU®-TPU/» Corozuoro rocymapcrsa; CO3IaHUe HAyY-
HO-TexHHU4IecKoro 3ajesa s cynepdBM «CKN®s Psna 3;

20072008 rr.: ucrosiHenure padboT MEPBOTO ITATIA CYyTEPKOMITHIO-
tepHoii mporpaMmbl « CKNO-I'PI/I» CorosHoro rocynapcrsa, B
koropoit ITIC PAH onpejienien Kak TOJIOBHON UCIIOJTHUTEb OT
Poccuiickoit @emeparun; cosmanue Psna 3 u pa3paboTka moI-
X010B K peasm3aruu Psita 4 cynep@BM cemeiictBa « CKID».

B mocsremyrormux pazaesax Mbl OCTAHOBUMCS HA OCHOBHBIX Pe3yJIbTa-
TaX, MOJIyI€HHBIX B JIAHHBIX PaboTax.

4. 1984-1992 ropgbi: 3N0Xa COBETCKUX CYNEPKOMMbIOTEPHbIX
cucrem

B ucropuu oredecTBeHHON CyIIEPKOMITBIOTEPHOI OTPAC/IN BECbMA CY-
[IECTBEHHBIM TIEPUOJIOM SIBJISIJIUCH [IOCJIE/IHIE B JECSITUJIETHSI B UCTO-
puu CCCP. B crpale B TO BpeMsi OJHOBPEMEHHO BeJIOCh HECKOJIBKO Ce-
PBE3HBIX Pa3pabOTOK BBIYMCIUTEIBHBIX CHCTEM C BBICOKOIl IPOM3BOJIN-
TEJILHOCTHIO U TAPAJIICILHON apxuTeKTypoii. To ecTh, OTHOBpEeMEHHO Be-
JIOCh HECKOJIBKO CYIEPKOMITBIOTEPHBIX ITPOEKTOB. Y IOMSIHEM HEKOTODBIE

U3 HUX.

(1)
(2)
3)

EpeBanckuit maTpuanstii crieriporieccop EC2700;

Kuesckuit makpokonseitep EC2701;

JleHUHTpaACKUil MYJIBTUIIPOIECCOP € JTUHAMUYIECKONH apXUTEK-
typoit EC2704;

Taranporckuit mysbruiiporeccop EC2706;

CewmeiicTBo MysbTuiporieccopubix cucrem 11C-1000 u ITC-2000,
UITY AH CCCP;

Bekropuo-konseitepuast CyniepdBM «Dsrekrpornnka CC-BUC»,
HIIK AH CCCP;

CewmeiictBo Cynep@BM Diibbpyc-1 u Das6pyc-2, UTMuBT AH
CCCP;

Cynepkomubiorepubie paszpaborku HUM «KsanTs;

Crapime Mo — MHOTOMAIITUHHBIE U MYJIBTHIIPOIECCOPHBIE
xkomtiekcnl, KC1066 u crapmre, — HUITI9BT.

JlecsTOK OHOBPEMEHHBIX CYIIEPKOMITBIOTEPHBIX ITPOEKTOB. . . U osTH-
TUIECKasT BOJIsI OblLIa, W OIOKeTa Ha, COOCTBEHHBIE CYIIEPKOMITHIOTEPHBIE
IIPOEKTHI XBATAJIO.
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Cpazy mocite cozmanust, B 1984-1992 romax, HAIll HHCTUTYT y9aCTBO-
BaJI B pa3paboTKe IPOrpaMMHOIO OOECIIEYeH ST JIJIsT MYJIBTHITPOIIECCOPA, €
munamudeckoit apxurekrypoit (MIA) EC 2704. EC2704 uoanepkusasia
MHUKPOIIPOIPAMMHBII YPOBEHb TporpamMmupoBanusi. Hamemy wHCTATYTY
rosiosHble uctoaauTean npoekta EC2704 (HUIIDBT u JIN AH CCCP)
nopyumian paspaborarh accembiiep (Kak g3bIK U CUCTEMY [IPOrPAMMUPO-
BaHusd) U KoMiuiaarop ¢ si3bika C. O6e paboThl YCIIEIIHO BBINOJIHEHbI 1
CJTAHBI 3aKA3Y9UKY.

D10 OblIa WHTEpeCcHasl MalllnHa, cojepxkainas 6 uarepdeicHbix, 12
KOMMYTaIlTUOHHbIX 1 24 BBIMUCJ/IUTEJIbHBIX ITPOIIECCOPHBIX MO}Iyﬂeﬁ. K CO-
JKAJIEHUIO CJIMIIKOM JIOJITHIl CPOK peasiM3alii IIPOEeKTa IIPHUBEJ K TOMY,
YTO TOJBKO HEDOJIBIIOE KOJNIeCTBO 9K3eMILIsTpoB EC2704 6110 ycTaHoB-
JieHo y nosib3oBaresieii. Oxnako B HekoTopbix MecTax (ITVII, Tlomunkn)
9TU MAIIWHBI UCIOJb30BAUCH JIECSITOK JIET.

B EC2704 6b11u 3a/102K€HBI KPaCUBbIE UJIEN, HAIIPUMED, aBTOMAaTHYE-
CKOE JIMHAMHUYECKOE PaCHapaJlJIeIMBAHUE [0JIb30BATEIbCKIX IIPOIPaMM,
YCTONYIUBOCTD MPOIECCA BBITIOJHEHNs IIPOTPAMMBI K OTKa3aM 9acTu 060-
PY/IOBAHUS U T. II.

OmpiT Hameit paborsr ¢ EC2704 jiler B OCHOBY HAINUX JaJbHEAIIINK
paspaboTok. B ToMm uncie, njest aBTOMATUIECKOTO JIUHAMAYIECKOTO pac-
[apaJuUleJIMBaHUs [IPOrpaMM ObLIa peain30BaHa HAMH, HO YK€ COBCEM
MHBIM 00pa3oMm, B T-cucreme.

5. 1993-1995 rogbi: TpaHCNbLIOTEPHbIE CUCTEMBI

B 1993-1995 rosipl B HHCTUTYTE BBIIOJIHAINCH UCCIIEIOBAHNS C TPAHC-
MBIOTEPHBIMU CHCTEMAaMU. JacTh PabOT IMOJIEPKUBAIACH B PAMKAX Ha-
1mero y4actusi B Poccniickoit TpaHCIBIOTEPHO aCCOIUAINN, YACTH UCCIIe-
JioBanuii 6bLIa momepxkana rpaatToM INTAS, mosrydeHHbBIM HAMU BMECTe
C UTAJIbAHCKUM (DUINAIOM KOMIAHUHA INmos u ¢ YHHUBEPCUTETOM rOPOa
Karanbs.

Ha ocnose onbiTa, panee mosydentnoro B paborax nmo EC 2704 [1-5]
HaMH BeJach Pa3paboTKa aJrOPUTMOB JUHAMHYECKON MapIIPyTU3AINN
(¢ 06X0IOM HEMCIPABHOCTEH) COOOIIEHNIT B TPAHCIBIOTEPHDBIX CETAX U Ha-
JIAHCHUPOBKY 3arpy3KH IIPOIECCOPOB.

Hamu pasBuBasiach u Teopusi pacdera ONTHUMAILHON KOHMUTYpAIUu
MYJIBTUIIPOIIECCOPHOIN CUCTEMBI 10 33JJAHHOMY COCTABY BBIUUCIUTEHHBIX
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Mogyneit. Peub mmer o Tom, 9TOOBI 3a CcUeT BBIOOpA TOIMOJOIUU TPAHC-
[IbIOTEPHOI CeTH MUHHUMU3UPOBATH TPaH3UTHBIE Iepeladu B Heil, Mak-
CUMU3UPOBATH YCTOWIUBOCTH K OTKA3aM U OOECIIEINBATH PABHOMEPHOCTH
3arpy3ku KaHajoB cerr. OKa3bIBAETCsl, UTO MIPU 33 IaHHOM JUCJIe KAHAJIOB
B y3/Ie TPaHCILIOTEPHOIT ceTH® (Ipu 3a1aHHOM «BAJIEHTHOCTH> BBIYHCITH-
TeJIbHBIX y3JI0B), ONTUMAJIbHON KOHMDUTypalueil aBIdioTcs epadve ¢ Mu-
HuMaALHOLM duamempom. TIpu STOM, TPAUIMOHHbBIE ADXUTEKTYPBI (MHO-
rOMEpPHBIE TOPBI, TUIEPKYOb, JePeBbs U T.11.) CUJIBHO YCTYHAIOT Irpadam
¢ MUHUMAJIbHBIM JHAMETPOM II0 YCTONYUBOCTU K OTKA3aM, IOJJIEPIKKE
PABHOMEPHOCTH 3arpy3KU KAHAJIOB M MUHUMHU3AIMM TPAH3UTHLIX Iepe-
nmaq. st ucenenoBanust rpadoB ¢ MUHUMAJIBHBIMU TUAMETDAMU B JIaH-
ubie rogpl B UTIMC UTIC PAH 6b11 pea/in30BaH KOMILIEKC IIPOrPAMMHBIX
CPeJICTB It pacdeTa rpadoB U UX [IapaMeTpPOB.

B 1995 roxy B pamkax paboT IO TPAHCIBIOTEPHON TEMATHUKE B MHCTHU-
TyTe OBLIa BHIIOJIHEHA, Pa3pabOTKa OPUTMHAIBLHON NHTEPGECHOM IIaThI
qist ITI9BM Ha ocHoBe Tpancmbiorepa T425. Paspaborannas miara [6]
obecrieunBasta conpsizkerre [I9BM ¢ BbraucuTebHON TPAHCIBIOTEPHON
cerbio. [Ipu aTOM nHTEpdeiic ObLT BBIIIOJIHEH Ha OCHOBE Pa3iesiseMOoil ma-
MSITH. DTO pelreHne obecrednsio Ha muHe [SA BBICOKYIO0 CKOPOCTD TIepe/ia-
qu JaHHBIX — 10 5 MbaiiT/cex, 9ro 1a nopadok npesocroduso napamempon
BCEX CYIECTBOBABINUX B TO BPEMs TPAHCIBIOTEPHBIX ILIAT, UCIOJIB3YIO-
[IX METOJ MPOTPAMMHOIO OOMeHa Yepe3 UHTePMEHCHYI0 MUKPOCXEMY
Co11.

B sT0M ke rojy HamMu OBLI 3aBePIIEH TIEPEHOC 7] CBOGOIHOrO KOMITH-
ssiropa GNU C Compiler Ha apXuTeKTypy TpaHCHbIOTEpOB cemeiicTs T4,
T8 u T9. 3akmounTebHAs OTIAIKA U TECTHPOBAHIE KOMITIUISITOPA ObLIa,
OCYIIECTBJIEHA B yJaJieHHOM pexkuMe Ha ycraHoBke GCel bupmbr Parsytec
B High Performance Computing Laboratory B Adunax (I'perusi), aro
JJIST TOTO BPEMEHH | GBLIO OUeHb CEPbe3HBIM Pe3yIbTaToM. TecTHpOoBaHMe
[MOKA3aJI0, YTO M0 KAYECTBY NEHEPUPYEMOrO KOJa HAIl KOMIIHJISITOP He
yerymaer Kommepueckomy kommuisitopy ACE, Bxogsitemy B coctas OC
Parix. 9Tum pesysnpraram 6ojiee 9eM JeCITUIeTHe! JABHOCTH JI0 CUX 0D
nocssien pa3zen B apxuse “Internet Parallel Computing Archive” [8].

6B KaXKJOM TPAHCIIBIOTEpe, KaK IIPABHJIO, IOJIEPXKUBAJIOCH 4 KaHaja, OIHa-
KO, CYIIECTBOBaJIU TPAHCIBIOTEPOIOAOOHBIE CUCTEMbI C UHBIM KOJIMYECTBOM KAHAJIOB
B y3JIe.

71995 rox, B Poccun pazsurbl Tonbko UUCP-ceru, MuTepHer eme He Boles
OIMPOKO B Hamy KHN3Hb.
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B sro ke Bpems (1994-1995 rojbl) B MHCTHUTYTE BEJHCH HCCIIEI0-
BaHUs [0 BO3MOXKHOCTU BBICOKOCKOPOCTHO# cBszn Mexay [I9BM mpwm
momorn RS-232. Bruto paspaborano u peasn30BaHO KOMMYTAIIMOHHOE
obopynoBanue Jjist CBsi3u Mexkay coboit [I9BM co ckopocThio niepesa-
an manabix 1 Mbps. B manpmeitiiiem Takme MpeaIBECTHUKH KJIACTEPHDBIX
cucrem — cetn u3 [I9BM, cBs3anHble yCKOpeHHBIMY JUHUAMA RS-232, —
HAMU WCIIOJIB30BAJINCH KaK MIaTdopMbl s pazpaborok T-Cucrembr —
CUCTEMBI IPOI'PAMMUPOBAHUS, 00ECIIEYNBAIONIENl ABTOMATUIECKOE PACIIa-
paJjuleNIMBaHUEe MPOrPaMM Ha 3Talle BBIIOJIHEHHUS IPOrPaMM B MYJIBTH-
IIPOIIECCOPHBIX BBIYUCJIUTEIBHBIX CUCTEMAX C OOINEl U PacIpe/iesIeHHON
namsiThio [9,10].

Bazosbie mpuntunsr T-cructeMbl OBLIN BIIEPBHIE IETKO CHOPMYTUPO-
Baubl B 1995 rony. B kadyecTBe BXOJHOIO S3BIKA CHCTEMBI PACCMATPHBA-
JINCH JMAJIEKTHI U3BECTHBIX s13bIKOB TporpamMuposanust (C, @oprpan),
¢ HEDOJIBINUM KOJIMYECTBOM JIOIIOJTHEHHBIX CIIEIUAJIBHBIX KOHCTPYKIINN
1 QYHKIMOHAIBHO-OPUEHTUPOBAHHBIX orpanuvenuii [11]. BoamoxHOCTH
aBTOMATUYECKOTO PacliapasijieJIMBaHusl OCHOBBIBAETCsI HA IIPe/ICTaBJICHUN
BBIUKCJIEHUI B BUJE aBTOTPAHC(OPMAIIUU BBIYUCIUTEIBHON CETH, COCTO-
SAIIEN U3 TPOIIECCOB U 00pabaThIBAEMbIX JAHHBIX. BBIIIOJIHEHA, IepBasi IKC-
[epuMeHTAIbHAsT peau3alust T-CucreMsbl.

B 1995 romy ObLIO BBITTOJTHEHO MCCJIEIOBAHNIE TTPUMEHUMOCTH METO-
JIOB aBTOMATHIECKOI'0 pacliapaJIe/IBaHUsi K OCHOBHBIM AJITOPUTMaM BbI-
YUCJIUTEJIbHON MAaTEMATHKY, TOKA3aHO, YTO [IPEJICTABIEHUE XapaKTEPHBIX
JUIST BBIYMCJIMTEILHON MaTeMaTUKH CTPYKTYP JAHHBIX BO3MOXKHO Ha OC-
HOBE CIIEIUAJIBHBIX CITUCKOBBIX CTPYKTYP, HCIOJIb3yEMbIX IPH PEAJIA3a-
1usix T-cucTeMbl, 9TO He IPUBOAUT K CYIIECTBEHHON IIOTEepe ITPOU3BOJIN-
teabHocTH [12].

[TepBbie MPOTOTUIIHBIE TPOrPAMMHbBIE PEAJIM3AINHN JIJIsI SKCIIEPUMEH-
toB ¢ T-cucremoii cosmasaiuch B cpege MS DOS. U umenno B 1995 r. Ha-
Jaauch padboTsl 1o ucnosbzosannio OC Linux u jiokaibubIx cereir UNIX-
CTaHIMiI B KadecTBe 11aTdopmbl s T-cucrembr; Oblia paspaboTaHa ce-
TeBasi KOMIIOHeHTa T-crcreMbl, obeciednBaIas BO3MOXKHOCTD pacipe-
JIEJIEHHOM 3arpy3KN 3aJ]a9i U BHY TPU3AIATHOIO OOMEHa, YIIPABJISIOIIAMY
1 MHGPOPMAIMOHHBIMU COODIIIEHUSIMU.

6. 1996-1997 roabi: nepeble peanusauun T-cuctemsi

B 1996-1997 romsr B paMkax co31aHus mepBoit paboueit Bepcun T-cu-
CTEMBI B UHCTUATYTE OBbLIN PEIIEHBI BCE OCHOBHBIE BOIIPOCHI 110 PEATN3AIIAN
sanpa cucrembl. s ynpasiaerus B T-cucreme maMsiThio ObLT pa3paboTan
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AJITOPUTM TAOJTUIHO-CTPAHUIHON KOMIIAKTUPYIONMIEH COOPKU MyCcopa, siB-
JISTOIUCS MO UKAIIEN aJITOPUTMa, «KaTsiIuxces Tabymiy. HoBsrit aj-
FOPUTM COXPAHSI IIPEMMYIIECTBA METOJIA «KATSIIUXCS TaOIUI» — OTCYT-
CTBHE HEOOXOIMMOCTH OTBOJIUTH JIONOJHUTEIHHBIN yKa3aTeNlb Ui KaXK-
JIOTO JIEMEHTA JAHHBIX, XPAHIUMBIX B 3BEHHEBOI MAMSITH; HO N30ABIIAIICS
OT OCHOBHOT'O HEIOCTATKA — ITOTEHITNAJIBHO HEBBICOKON 3(hEKTUBHOCTH.

B s10 ke Bpems ist MOAAEPKKA OTJIAAKE T-IIporpaMM MPHUIILIOCH
pemiaTh IpoGJeMy OTCYTCTBHs HOBTOPSEMOCTH (OT 3aIlyCKa K 3aIyCKy)
TPaCChl BBIYUCJIEHUI, OOYCJIOBJIEHHON aCHHXPOHHBIM XapaKTepOM B3a-
MozeficTBust KOMIOHEHT T-cucrembl. B pazpaboTan MeTOMd OT/IAJIKH,
OCHOBAHHBII HA IIPUHIINAIE «IIOBTOPEHUSI TPACCHI BBIIIOJIHEHUS».

Bepcus sapa T-cucrembr, pa3paboTannasi ¢ UCIIOIb30BaHIEM HaAIEH-
HBIX aJITOPUTMOB U METOJIOB, ObLja OnpoOOBaHa W OTJIAYKEHA B IIPOIEC-
ce peaJM3aIiuu MepBOil 3a7a4n i T-CHCTEeMBI: TIOCTPOSHUS PEATUCTH-
JeCKUX M300parkKeHuil BUPTYAJIbHBIX CIIEH METOIOM TPACCUPOBKH JIyUeil.
Bouu npoBejieHbI 1IEPBbIE KCIIEPUMEHTHI 110 BBIIIOJHEHUIO JIAHHON 3a/1a-
YH B OJ{HOIIPOIIECCOPHOM PEXKHME, a TakKe Ha JoKaJubHOil ceru (Ethernet
10Base-2) u3 4eThIpex OJMHAKOBBIX OjHOIpoIeccopHbix II9BM, pabora-
forux oy, yupasiaeranem OC Linux. Pesynbrarsr cuera Ha ogHOM, JIBYX,
TPeX W YeThIpexX IpoIeccopax IoKa3ajm, 9ro T-cucrema obecriedunBaeT
U1 JaHHOI 3a1a49u:

o nuzkuii (1.5-3%) ypoBenb HAK/IIHBIX PACXOIOB (110 CPDABHEHUIO
C TPAJUIMOHHON HenapaJlie/IbHON peaJII/I3aLU/IeI7I);

® IPAKTHYECKH JHUHEHHBIHI POCT MPOU3BOIUTEILHOCTH B 33aBUCH-
MOCTH OT 9YHCJIa IPOIeccopos [12-16].

Ta mepBasi pabodasl peasusalus T-CUCTeMBbl, MePBbII MPOCTERIIIit
kiacrep (dersipe II9BM B cern Ethernet 10Base-2) u mepsasi T-mipo-
rpaMma CTaJd HAYaJOM COBPEMEHHOI'O dTAlla CYIEPKOMIIHLIOTEPHBIX HC-
CJIeJIOBAHUU B HAIleM MHCTHUTYTE.

7. 1998 rop: 3aBepweHue pa3paboTkn nepsoii ctabunbHomn
npoTtoTunHoii Bepcun T-cucremsl

B magasie 1998 roma B mHCTUTYTE OBLI peaJM30BaH HOBBIN KPYITHBIA
(1151 TOTO BPEMEHN) KJIACTeP — IPOrPAMMHO-AIIIAPATHBIN MYJIBTHIIPOIEC-
COPHBII KOMILIEKC, B KOTOPOM HCITOJIb30BAJINCH PA3JINIHBIE TT0 KOHMUTY-
paIMy BBIYUCIUTEbHBIE Y3JIbl: Beero 24 mporeccopa Intel PPro-200 u P-
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11-266, muxosasg npoussosurensuocts 5,6 GFlops®, RAM 1.4 GB, HDD
70.4 GB. 3ameTumM, 9TO BBIYUCINUTE/BHBIE Y3JIbI JAHHON YCTAHOBKY OBLIN
nepseivu koMmibiorepamu B UTIC PAH ¢ apxurekrypoit SMP. Jlannas
BBIYUC/INTEJIbHAS TEXHUKA [TO3BOJIMIA Pa3paboTaTh U MOmIepKarh B T-
crucTeMe pa3andHble mIaTdopMbl Kiaacca «IP-cets u3 Intel-coBmecTmmbix
koMmibiorepoB ¢ OC Linux, B Tom 1uciie ¢ SMP-apxurekTypoiis.

Becwnoit Toro xke roga ma a3pike Pedast Ilatoc 0611 peamn3oBan mep-
BBIil KOMITUAJISTOD Jijisi T-I3bIKa — 3TO OBLIO HErJIAKOe CHHTAKCHIECKOEe
pacrmmpenne sizpika C. Tak 6bLia 3aBepriiena pa3paboTKa MEpBOi CTa-
OUIBLHON MTPOTOTHUITHOM Bepcun T-cucTeMbl.

3a mepBblie mosroa onbiTHOM sKciryatanun B UTIC PAH wmacrepa
¢ T-cucremoit 6pun peasim3oBanbl 10 33189 U3 PA3INIHBIX TPUKJIATHBIX
obIacTelt, IMEIONUX PA3JINIHYI0 aJTOPUTMUYIECKyTo ipupomy [13,14,16].
Ha mannbix 3aavax OBLIN UCC/IEIOBAHBI CBOMCTBA T-CHCTEMBI U IPAKTHU-
YeCKH IIPOJIEMOHCTPUPOBAHBI BayKHENIINE CBOIICTBA JTAHHOIO IOJXO0Na K
OpraHW3aIy IMapaJIe/IbHBIX BBIYUCIEHUI:

e T-cucrema aBTOMaTHYECKH pacliapaJsiiesinBaeT BblloaHeHue T-
IPOTPaMM, IIPYU ITOM JJIsi MHOTHX aJITOPUTMOB JOCTUTAETCS 10~
9TH JIMHEAHBII POCT TPOU3BOUTEIBHOCTH IIPU POCTE TUCTIA TTPO-
neccopos (ot 1 o 24);

e paspaborannble Ha T-s3bIKe 33Ja4u MOLYT BBIIOJHATHCH (6€3
[IEPENUCHIBAHNS, TIEPEKOMIUJISIIINI WA UHBIX IPYTUX MOIu(U-
Kaluii) Ha MyJIbTHIIPOIECCOPE C IPOM3BOJILHOI anapaTHOl KOH-

duryparueii.

Tem cambiM T-cucreMa HO3BOJISIET CHU3UTH 3aTpPaThl HA Pa3pabOTKY
[aPAIIENIbHBIX IPOIrPAMM (AaBTOMATU3AIMS] PACIIADAJIICJMBAHS ), YBEJIH-
YUTH TyOMHY NapaJsulen3Ma 1 60JIee MOJTHO HCIO0Ib30BaTh BO3ZMOKHOCTH
AIIIAPATHON YaCTH MYJIBTUIIPOIECCOpa (3a CUeT pacrapaJlie/UBaHus B
JIMHAMUKE) .

SE,ILI/IHI/ILU:,I npousBoauTesbHocTu cynepIBM: 1 Gflops — Mmunaps onepanuii ¢
wraBatoniei Toukoit B cekynay, 1 TFlops = 1 000 GFlops — Tpuiinon onepanuii ¢ mia-
BaoIeil Toukoit B cekynay, 1 Pflops = 1 000 TFlops — Thicsiga TpUIINOHOB Onepauii
C IJIaBaloleil TOYKON B CeKyHY.
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8. 1998-1999 roabi: hopmupoBaHme CynepkoMnbLIOTEPHOIA
nporpammbl K CKU®» Coro3zHoro rocygapcrsa

B mae 1998 roma cocrosiinch niepsoiii Busut B Munck B HITO «Ku-
oepraeruka> HAH Benapycu u nepBble KOHTAKTBI ¢ OEJIOPYCCKUMU KOJI-
JIEraMU 110 TEMaTHUKe BBICOKOIIPOU3BOIMTEILHBIX BbIuncjeHuii. B poccuii-
CKOIl Jiejieraruul ObIJIN IIPEeJICTaBUTEM MOCKOBCKOM Kommanuu «Cytep-
komibioreprbie cucreMbly (CKC) u corpynuuku UIIC PAH. Komuanus
CKC nmemoncTpupoBaja MaKeTHBIH 00pa3er] OJIHOPOIHON BBIYUCIUTE b
Hoit cpespl (OBC), m3roToBIeHHBIH Ha 6a3e MUKPOCXEM, BBIMYIIEHHBIX HA
upeanpustan «Aarerpans (Munck). Ipeacrasuresun MTIC PAH nemon-
crpupoBajiu T-cucremy u npukiauabie T-niporpammvbr. Obe meMoHCTpa-
IIIY TTOJTYIMJIN TIOJIOKUTENbHY0 oneHKy y IIpesumenta HAH Bemapycn
Botiiropuua A. II.

st 6ostee moapoOHOTO U3y IeHUST BOZMOXKHOM KOOTIEPAITNU OBbLIT HAMe-
YeH OTBETHBIN BU3UT, KOTOPBIit cocTosiyicst H—12 uionst 1998 roma. B komre
Busuta 12 mions 1998 roma [pesunent HAH Benapycu Boitrosua A. I1.,
mupektop UTIC PAH Aiytamazsa A. K. u qupekrop kommnannun CKC Ta-
Typ B. IO. noanucanu tpexcropoHHee corsialienue O KOOIepaluu B 00-
JIACTH BBICOKOIIPOU3BOIUTE/ILHBIX BBIYUCJIEHAN. DTO OBLI MEPBBI mar K
dopmupoBannio cynepkomibiorepuoii mporpammbl « CKU®» Corozaoro
rocy/iapcTBa.

[Tocsie BosBparenus: B Munck, Boitrosuu A. I1. gomoxkui I[Ipesuien-
1y Pecriybsiuku Besapycs Jlykamenko A. I'. 0 pe3yibrarax 1mepBbiX KOH-
TAKTOB U O BO3MOXKHOM COTpyJIHUYIeCTBe MexXay Poccueit u Benapycsio
B CYIEPKOMIIBIOTEPHON OTPACTU. DTHU WU HAILIN TOPAIYIO TOIIEPKKY
Ha BBICIIIEM IOCYIapPCTBEHHOM ypoBHe Besnapycu. Bouio BbizesreHo mese-
Boe (DUHAHCHPOBAHNE, CO3JAH BPEMEHHBINI HAyYHBIH KOJUIEKTHUB, IEJIHIO
KOTOPOT'O OBLJIO MCCIIEIOBAHNE BCEX ACIIEKTOB BO3MOXKHOTO COTDY/IHHIE-
crBa u (opmupoBaHue (IOArOTOBKA) coBMECTHOH nporpammbl « CKU®»
Co103HOTO TOCYAPCTBA.

K xonmy 1998 rona BpeMeHHBIN HayIHBII KOJIJIEKTUB 3aBEPIIUI CBOIO
pabdory, rekct coBmectHO porpamMmbl « CKMPD» 6611 chpopmuposan. I1o-
cJie 3Toro Bech 1999 roj yirest Ha coryiacoOBaHHE IIPOrPaMMBI B POCCHIICKUX
MUHHUCTEpPCTBaxX U BegoMcTBax. U Tosrbko ¢ ocernn 2000 rosa Hadaaach pe-
aJibHast pabora 1o BeinoHeHuIo [Iporpammbr « CKU®».

Koneuno, xoxjenue mo muHucTepcTBaM Mbl B 1999 romy coemera-
JIM U C TIPOJIOJIZKEHUEM HUCCJIeIOBaHUi. B 9TOM Ke romy Jis MOIJIepPKKN
s dexTusnoit padborsr T-cucremsr Ha SMP-y3nax O6bi1a pazpaborana u
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peaim30BaHa CUCTEMA YIIPABJICHUS PA3e/IgeMOil TaMAThIO, 001 A0
CJIEJTYIOIIUMHU OCOOEHHOCTSIMMU:

® [IPOIIECCHI ONEPAIMOHHON CUCTEMBI, PEaTH3yIOIIe €INHOe TIPU-
JIOZKEHUE, PA3JETISIOT BUPTYaJIbHbIE aJIPECHBIE IPOCTPAHCTBA HE
[TOJTHOCTBIO, & TOJIBKO YACTUYHO — B OTJIMYUE OT CTAHIAPTHBIX
POSIX-coBMecTuMBIX peaju3aiuii CHCTeM MOIEPKKU JIETKO-
BECHBIX IIPOIIECCOB;

® KOIEpEeHTHOe pa3MeIeHre CerMEHTOB DPa3JesiseMoil maMsaTi B
BHUPTYaJbHOE aJ[PECHOE MPOCTPAHCTBO IIPOIECCOB MOXKET OCY-
MECTBIIATHCS TUHAMIIECKH.

JlaHHOE CBOIICTBO ITO3BOJIET SKOHOMHO UCIIOIE30BATH PECYPC CETMEH-
toB pazgensemoit mamstu OC, obIee KOJMIECTBO KOTOPBIX OTPAHUYEHO.

B sToM ke roiy npomosnKaauck paspurue T-si3bIKa, MPOrpaMMUPO-
BaHue B T-cucreme IeMOHCTPAIIMOHHBIX U PEAJbHDBIX ITPUKJIAIHBIX 33134,
onbITHAs 3KcIuryaTanus kiaacrepa UIIC PAH. B TtakoM vHUIIATHBHOM
nopsiake pabors! mo T-cucreme paszBuBasmch 10 Konma jgeta 2000 roga—
JI0 HadaJ1a (DUHAHCUPOBAHUS CYIEPKOMITbIOTepHOIT TporpamMbl « CKD»
CO103HOTO TOCYIAPCTBA.

9. 2000-2004 rogbi, nepuog, UCNOAHEHUSI CYNEPKOMNbIOTEPHOIA
nporpammbl « CKU®» Coro3zHoro rocypgapcrsa

[Tepebie nsiTh Jier HOBOro Beka paborsr UIIMC UIIC PAH B obnactu
CYMEPKOMITBLIOTEPHBIX TEXHOJIOTUI MPOXOJIMJIA B PAMKAX HCIIOJIHEHUS Cy-
nepkoMiibioTepHoii porpaMmbl «CKM®» CorozHoro rocymapcrsa. [los-
Hoe HazBaHue rporpaMMbl « CKIN®» — «Pa3paboTKa 1 OCBOEHNE B CEPHii-
HOM IIPOM3BOJICTBE CEMENCTBA MOJE/ell BBICOKOIIPOM3BOINTEIbHBIX BbI-
YHUCJIATEIBHBIX CHCTEM C MAPAJIIETIbHON APXUTEKTY POl (CyIIepKOMIThIOTE-
POB) U CO3/IaHUE TIPUKJIAJHBIX [IPOrPAMMHO-AIIAPATHBIX KOMILIEKCOB Ha
UX OCHOBE»,— TOYHO OIIPE/IEISIIO U COJIEpyKaHie paboT. DTO ObLIA Cephes-
Hasl COBMECTHAsl HAYYHO-TEXHWYECKas IMporpaMMa JByX cTpaH — Poccun
n Benapycu.

WNHcTuTyT nporpaMMHBIX cuCTeM PoccuilcKoil akajieMuy HayK ObLI
orpejiesieH TOJIOBHBIM ucoJiauTeaeMm mo mnporpammve «CKU®» or Poc-
cun. PaboThl 110 CO3JaHUIO allapaTHBIX M IIPOIPAMMHBIX CPEICTB JJIst
cemeiictBa cynepkomnbiotepoB «CKU®» UIIC PAH Besuch B TecHOM
COTPYIHUYECTBE ¢ HCroHUTE MU 0T Pecrybsimku Bemapych u ¢ ocHOB-
HBIME UctoHITesiMu [IporpamMmber co ctoponsl Poccun, cpejin KOTOPBIX
ObLIH:
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e OAO «Hayuno-ucciemoBaTelbCKuii MEATP 3JEKTPOHHO-BBITUC-
sarenbHoit Texuukuy (HUIIDBT, Mocksa);

e IleHTp HAyUYHBIX TEJEKOMMYHUKAINN 1 MHPOPMAIIUOHHBIX TEX-
nostoruii (ITHTK PAH, Mocksa);

o HUU mexanuku MI'Y umenu M. B. JIomonocosa (Mocksa);

e ITHCTUTYT BBICOKOIIPOU3BOAUTEIBHBIX BHIYUC/ICHUH 1 nHbOpMa-
muonnbix cucreMm (IBBulC, CII6.);

e Poccuiickuit HUU pernonanbubix npobuem (PocHUN PII, Tle-
pecsiaBib-3asecckuii);

e Kommnanus «Cynepromibiorepubie cucrembl» (CKC, Mocksa).

Meponpusitusi iporpammbl « CKU®» oxBaTbiBaju Bce 00JIACTH Cy-
IIEPKOMIIBIOTEPHON OTpac/Iu:

e pa3paboTKa U IIPOU3BOJCTBO MUKPOIJIEMEHTHOI 06a3bl, cylep-
9BM, cucremuoro 11O jis mux, mHcTpymenrtaabHoro 10 u
MIPUKJIATHBIX CHCTEM;

® BCIIOMOTaTe/IbHbIe MEPOIIPUSITHS — IOJTOTOBKA U II€PEIIO/IIOTOB-
Ka KaJIPOB, CO3JIaHUe €INHOI0 NH(MOPMAIIMOHHOIO IIPOCTPAHCTBA
IIPOEKTA.

Cynepromnbroreproit mporpavye « CKN®» mocBsiIeHo 1ocTaTovHo
mHOTrO nyosukaruit. [losTromy B mammoit pabore Oy/eT JaH BeCbMa KpaT-
Kuit 0030p OCHOBHBIX PE3YJIbTATOB U IIPUBEJIECHBI CCHLIIKU HA COOTBETCTBY-
FOIIUe ITyOIMKAIIIH.

9.1. OcHoBHble pe3ynbTaTbl CyNEepKOMMbIOTEPHOI NPOrpamMmbi
«CKN®D» Coro3Horo rocypapcrea

B pamkax cynepkommbioreproii mporpamybl « CKU®» Corozuoro ro-
cymapcrBa B 2000-2003 rogax OBLIN MOJIYYEHBI CJICIYIOIINE PE3YIHTATDI
[17-20]:

e PaspaGorana KoHCTpyKTOpCcKast nokymenrtamnust (KJI) u obpas-
1Bl BbICOKOIIpou3BoauTebHbIX cucreM «CKN®» Psna 1, koto-
pble MPOIILIM IPUEMOYHbIe (FOCYyJapCTBEHHbIE) UCIblTanus. 11o
pe3yJbraTaM TOCY/IapCTBEHHBIX WCIBITAHWI KOHCTPYKTOPCKOMN
JIOKyMeHTanuu npucsoena jmrepa O .

e Paspaborano 6a30Boe mporpaMMHOe obecredeHne KJIacCTEPHOrO
yposug (IIO KY) u psiji NIPUKIAIHBIX CHCTEM CYNEePKOMIIbIOTE-
poB «CKN®» Psina 1 u Psana 2. Tanuoe 10 npormio npuemou-
Hble (rOCYIaPCTBEHHbIE) UCIBITAHMS ¥ 110 Pe3yJIbTaTaM UCIIbITa-
unit qanaomy 110 mpucsoena simrepa O;.
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Cpenu ipodero, Ha MCIBITAHUS BBIHOCHIJIOCH DOJIEE JIBAIIIA-
TH IPOIPAMMHBIX CUCTEM, CPEIU HUX:

— MOAUMUINPOBAHHOE SIIPO OMEPAIIMOHHON cucTembl Linux-
SKIF (UIIC PAH u MI'V);

— MOIu(UINPOBAHHbBIE TAKETDI IapaJLIeJILHON (dailmoBoii cu-
creMmbl PVEFS-SKIF u cucrembl makeTHOi 06paboTKu 3a1a4
OpenPBS-SKIF (UIIC PAH u MI'V);

— monunropnas cucrema FLAME-SKIF kjiacrepHbIX yCcTaHo-
Bok cemeficta «CKN®» (UIIC PAH u MI'Y);

— crangaprable cpejacrsa (MPI, PVM) nomaepxkku napas-
JIEJIbHBIX BBIYUC/IeHUI, 12 a1anTupOBaHHBIX IIAKETOB, OUO-
smorek u npuioxkennit (UIIC PAH u MI'Y);

— T-cucrema u comyTCTBYIONNE HAKETHI: 1-SAPO, KOMIIHIIS-
Top tgce, maker tcmode st pegakTopa Xemacs, eMOH-
crparmonHble u Tectoble T-3anaun (UIIC PAH u MT'Y);

— ormmaguauk TDB g MPI-nporpamm (MIIC PAH);

— JIBe IPUKJIAIHBIE CUCTEMBI, PA3padAThIBAEMBIE 10 ITPOTPaM-
Me «CKU®»: cucrema aBTOMATH3AIMU TPOEKTUPOBAHUS
xumuaeckux peakropos (IBBullC, CII6.), cucrema kiac-
cudukanyy 60JIBIITOTO MOTOKA TEKCTOB IIPU TIOMOIIH TEXHO-
Jioruit uckycersennoro uareiekra (U UTIC PAH).

e B OAO «HUIIDBT» mnoarororjeHa MNpOU3BOJACTBEHHasT 0asa,
poBeeHa pa3paborka K/l 1 0cBOEHBI B MPONU3BOICTBE aJaIITe-
pet (N330, N335, N337,) cucremnoii ceru SCI, koropbie sBJis-
I0TCSI TOJHBIMY (DYHKIIMOHAJIHHBIME aHasoraMu ajantepoB SCI
komnanuu Dolphin (D330, D335, D337).

e B 2000-2003 rr. mocTpoeHo IIECTHAANATH ONBITHBIX 0OPa3IoB
U BBIYUCAUTETbHBIX yCTAaHOBOK Psma 1 um Psama 2 cemeiicTBa
«CKUD»°.

e Hauarbl paboThl 10 MHYKEHEPHBIM pacyeTaM Ha, CUCTEMAaX Ce-
meiictBa «CKII®» 1 110 CO3MaHNAIO €IMHOI0 MH(MOPMAIMOHHOTO
npocrpatcrBa nporpammbl «CKH®». B paMKax IpueMOYHBIX
(rocyIapCTBEHHBIX) MCIBITAHUN CBEPX MIPOrPAMMBI M METOIU-
KU UCIBITAHUI OBbLIM IIOKA3aHbI IIEPBbIE PE3YJILTATHI B 9TOM Ha-
[IpaBJIEHUN:

9B ToM umcie npemnpusTHEM «Cynepkomnbiorepable cucrembl» (Mocksa) cos-
mectHO ¢ HIW 9BM (MuHCK) M3roTOB/IEH 9KCIIEPUMEHTAIbHBIH ITMOPHUIHBII MakeT, B
KOTOPOM KJIACTEDHBI yPOBEHb COYETAETCsL € BhluncauTesbHbIMU MoaysisiMu OBC.
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— Bruia cozjana MerakjacrepHasi Paclpe/IeJIeHHAsT BBIYUC-
JInTesIbHAA CTPYKTYpa Ha 6a3e ceru HTEpHET M TpEX KJa-
crepubix cucrem «CKI®» UIIC PAH (Ilepeciasib-3a-
seccknii), HUU mexanukun MI'Y (Mocksa) u OUIINT HAH
Benapycu (Musck). ITonreepxeHa GyHKIMOHATIBHOCTD U
[IEPCIIEKTUBHOCTh HCIIOJIb30BaHus T-CHCTEMBI B KadecTBe
6a3bl JJIs CO3JIaHNUS BBICOKOYPOBHEBOU CPeJIbl TOJIEPIKKH
110/TOOHBIX KOH(MUT'Y pAITHii.

— IIpoBepen pexkuM yIaJIeHHOTO JOCTyIa u3 MuHCKa K pe-
cypcam maxera STAR-CD1', yeranossennoro na cymepkon-
nbiorepe « CKU®» B ITIC PAH (Ilepecnasib-3atecckuii).

— IIpoBepen pexxum yaajgeHHOTO mocTymna m3 Mumncka ¢ mo-
morpio Web-uaTepdeiica K pecypcamM yCTAHOBJIEHHOTO Ha
cynepromibiorepe «CKI®» B UIIC PAH (Ilepeciasin-
3aJiecckuii) IporpaMMHOrO KOMILIEKCA JIs Pacyera [Ipo-
neccoB B PECVD-peakropax.

— ITokazaHbl pe3yJsbTaThl UCIOJb30BAHUS BEIYIIEr0 B 00Ja-
CTH MEXaHUKH JIeDOPMUPYEMOTIO TBEPJOIO TeJla HWHKEHEP-
woro nakera LS-DYNA, ycTaHOB/IEHHOTO Ha CYTTEPKOMITHIO-
repe «CKN®» B . Muncke (YII «HUU 9BM>» ).

B IIporpamme « CKU®» ObLI0 TIPELyCMOTPEHO U MEPOIIPUSITHE, CBsI-
3aHHOE C IIOJI'OTOBKOIl U II€PENOJrOTOBKOM KaJpoOB JJjisd PabOTHI C BBI-
COKOIPON3BOIUTETbHBIME ycTanoBKaMu ceMeiictBa « CKU®». B pamkax
JIAHHOT'O MEPONPUATHS B JIETHUN MEPUOJ, KaXKIbIi roj, Haunuag ¢ 2002
rojia u 7o cux mnop B IlepeciaBiie-3aieCCKOM MPOBOJATCS CTYIEHIECKIE
mKojbl-ceMuaapsl 110 IIporpamme «CKU®», ¢ yuacTueM CTYIAEHTOB U
acmmpanToB u3 Poccun, Bemopyccun, Ykpannnl. Ha pa3muaabix cexmumsax
IIKOJIBI CTY/E€HTHI 3aHUMAaIOTCA MH2KEHEPHBIMHI pacdeTaMi U IIporpaMMu-
poBannem Ha T-crucreMe, OCBOEHMEM TEXHOJIOTHI, NCIOJIH30BAHHBIX B Ce-
MmetictBe cynepkoMmiibiorepoB « CKU®». B moceame 1M pabOThI MIKOJT
IIPOBOJIATCH KOH(MEPEHINH, TJie KaKJbIil yYaCTHUK JOKJIAIbIBAET O Pe-
3yJIBTATAX, HOJyIEHHBIX B PAMKAX ITKOJIBI.

B nmonpaszmenax, mepedncaeHHbIx HIXKe, Mbl OCTAHOBUMCS HECKOJIBKO
mo/ipoOHee Ha, HEKOTOPBIX pedyiibrarax mporpammbl « CKD»:

e GRACE u OpenTS: pazsurue peanuzanuii T-cucremsr;

1OSTAR—CD—o;mH U3 BeJyIUX WHXKEHEPHBIX I[MaKeTOB B 0O0JIACTU MEXaHWKU
JKUJKOCTU U rasa.
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e COOCTBEHHOE MTPOrpaMMHOE ODecIiedeHre JJis CeMelcTBa, CyTep-
koMIibi0TepoB «CKU D> ;

e paspaborka cepsucnoii ceru ServNet (Bepcuu 1 u 2) mis cynep-
9BM cemeiictBa «CKID»;

e BXOXKJieHUE B MUpOBOit peirtuHr TopH00 cynmepKOMIbIOTEPOB ce-
meiictBa «CKU®» Psna 2;

e 00IIasl OIEHKa PE3YJIbTATOB CyIEPKOMIILIOTEPHON MPOrpaMMbl
«CKU®» Coro3HOro rocyiapcraa.

9.2. GRACE wn OpenTS: pa3zsutue peanusaunii T-cucremsi

B pamkax pommossenust IIporpammvbr « CK®» mpomosnKaiucs uc-
caenoBanus, cBs3aHuble ¢ T-cucremoil. Boun paspaboranbl jBe HOBBIE
Bepcun T-cucremsl (B corpyauundecrse ¢ MI'Y umenu M. B. Jlomonoco-
Ba):

e GRACE (1999-2002 rr.) —Bepcus [21-23|, momiep:kuBatoniast B
KadecTBe 6a30BOr0 T-g3bIKa CHHTAKCUIECKU-TJIAIKOE PaCIITupe-
uue s3bika C. Cucrema GRACE B 2002 roy mporiuia mpueMod-
Hble (roCyapCTBEHHbBIE) UCIBITAHNS ¢ IpUCBOeHHeM JuTepbl O1.

e OpenTS (2003-2004 rr.) — T-cucrema ¢ OTKPBITON apXUTEKTY-
Poii, peajM30BaHHAs B BUJIE HAJICTPOUKH (CYIEepCTPYKTYPbI) HaJl
siabikoM C-++-. BaBepinenne paspaboTKu IepBOil BEPCUU U IIPO-
XOKJIeHne nMpueMovHbIX ucnbiranuit OpenTS OBLIO BBITIOJHEHO
B 2004 romy, o pesysbratam ucnbitanuii cucreme OpenTS Gpura
npucBoena jgurepa O1.

B HoBoit Bepcum T-cucremsr ¢ oTkpeiToit apxurektypoit (OpenTS)
OBLIN TTO//IEPYKAHBI HOBBIE BO3MOXKHOCTH: 3 (DEKTUBHAS MOIIEPKKA ap-
xuTeKkTypbl SMP, acuHXpoHHBIH pekuM 06MeHOB BHyTpHu T-cucreMbr, Me-
XaHU3M ODecIiedeHusl OTKA30yCTONYNBOCTH, HOBasl CUCTEMa cOOpa CTATHU-
CTUKHU, MEXaHN3M TPAacCUpPOBKHU T-mporpamM. Beiaa mposemena moandu-
Kalug A3bIKOBBIX cpescTB T-cucrembl (kommmisaropa TG+, KoHBEpPTO-
pa ¢ a3bika T++ u Tpanciagropa ¢ sa3bika T-Fortran) B coorBercrBuu ¢
HOBBIMU BO3MOXKHOCTSIMU T-CHCTEMBI.

9.3. CobcTBeHHOe nporpamMmHoe obecneyeHune ans cemencrea
cynepkomnbiotepoB « CKUD »

OrpomHuble ycusnst, 60JIbINAst TSI BPEMEHH, CHJI U CPEJICTB ObLIN T10-
rpadensb! B [Iporpamme « CKU®» Ha pa3paboTKy porpaMMHOro obecie-
venus (I1O) u surepHoii nporpammuoii gokymenrtaiuu (I111). Ormernm,
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aro Bes [1]1 6buta paspabdorana B coorBerctsun ¢ TpeboBanusymu ECILI,
[POBEJIEHa Yepe3 HOPMOKOHTPOJIb, YCIEIIHO IPOIIIA IPUeMOUHbIe (rocy-
JIAPCTBEHHbIE) UCIbITaHus ¢ npucBoenueM jmrepbl «O1». O6uuii obbem
komiutekTa 11O jyist cemeiicrBa cyneprommbioTepoB «CKN®» cocrapiis-
er 10 muckoB CD-ROM. Ilepeuncimm OCHOBHBIE KOMIIOHEHTHI JAHHOI'O
KOMILIEKTA:

crapgapraoe sapo OC Linux u momudmuiuposannoe siapo OC
Linux-SKIF (¢ 6ospbummM ypoBaeMm uHMOpMannOHHON He3omnac-
HOCTH );

napaJsuiesbHast daitiosast cucrema PVFS-SKIF, momudunupo-
Bana moj cuernduky cemeiicra «CKUD»;

e cucrema ouepeseit OpenPBS-SKIF (momudunuposana);
® OpUIMHAJIbHAS CHCTEMA MOHUTOPWHIA W YIPABJIEHUS] YCTAHOB-

kamu cemeiicrBa «CKII®» Flame-SKIF, cpeau mpodero BKJIIoO-
qatorast u nofaepxkKy ceppucHoit ceru CKMD-ServNet;

TDB — pacnpenenennniit uarepakTuBHb oTnaank MPI-mipo-
rpamMM, ¢ TOJJIEPKKON oTiagku T-mporpamm (OTedecTBEeHHAST
3ameHa Joporocroguieii cucrembl TotalView);

12 ajganrupoBanHbIX K ocobeHHOCTsIM cemeiicTBa « CKI®» cBo-
OOIHBIX AKETOB, OMOIMOTEK U MAPAJLICIHLHBIX TPUIOKEHIIH;

7 IPUKJIAIHBIX IPOIPAMMHBIX CHCTEM, pa3pabOTAHHBIX B CPEJIE
OpenTS:

— MultiGen (Heal'V) —cucrema pacyera GHOJIOrIIECKO aK-
THUBHOCTHU MOJIEKYJI C yIETOM UX KOH(POPMAIIMOHHOIO MHO-
roobpasus, IPOrTHO3UPOBAHUE U MIPOEKTUPOBAHUE B XUMUN
(JlekapcTBa M Ipyrue CoeIuHEHNs);

— IAKeT pacdyeTa adpPOMEXAHWKH IOIBUYKHBIX IJIOX000TEKae-
mbix ten (HUW mexanuku MIY umenu M. B. Jlomonoco-
Ba);

— obpaborka u nouck XML-nanupix (HUU mexanuku MY
umenn M. B. Jlomonocosa);

— mporpaMMHas cucreMa (GopMUPOBaHUS (DOKYCHUPOBAHHBIX
paaumosiokannoHHbx n3obpaxkenuit (HU KC);

— [pOrpaMMHast CUCTEMa MOJETUPOBAHUS IUPOKOIIOJIOCHBIX
MPOCTPAHCTBEHHO-BPEMEHHBIX PAJINOJIOKAIINOHHBIX CUTHA~
sos (H KC);

— IpOorpaMMHast CHCTEMA IOTOYECIHON 00pabOTKU IIBETHBIX U
IIOJIyTOHOBBIX BUJIEO0/IAHHBIX KOCMUYECKUX CHCTEM JINCTAH-
ronHoro 3ouuposanus (HUU KC);
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— TIporpaMMHasi CUCTEMa, KJIACCU(DUKAIIMHA TUIIEPCIIEKTPAJIb-

HBIX M300pazkenuii co cnyrHuka LANDSAT (UIIC PAH);
e 14 mapaJjuresIbHBIX IPUIOXKEHNH COOCTBEHHON paspabOTKH, cpe-
JI KOTOPBIX:

— WIIC PAH, Pocruapomer: mozens mnpod. B. M. Jlocepa u
JpyTHe METEOPOJOTHIECKIE MOJIEJIH;

— OUIIN HAH Benapycu, Pecriybiukanckuit ['mappomereo-
POJIOTMYECKUIA [IEHTD: YUCTEHHBIE METOJbI TIPOTHO3UPOBAa-
HUSI TIOTOJIbI, MOJIEJN PErMOHAIBLHOIO TPOrHO3a, MOTOIbI Ha
48 qacos;

— NI NTIC PAH: Tpu npukiaafHble CUCTEMbI HCKYCCTBEH-
noro unre/iekTa: AKTUC — knaccudukaius TeKCTOB 110
3aJlaHHBIM B 1poriecce obydeHus Kiaccam (ruiyGokuil ana-
JIU3 TEKCTa, BBICOKasi peseBaHTHOCTD); INEX — uznieve-
HUEe 3HAHWI W3 HECTPYKTYPUPOBAHHBIX TEKCTOB HA €CTe-
CTBEHHOM sI3bIKE, 3AII0JIHEHUE 33 IaHHOM pesstimontoil B/1;
MIRACLE (cucrema paspaborana Ha OpenTS) —urcTpy-
MeEHTaJIbHad CHUCTeMa JJigd IIPOEKTHUPOBaHNUA HNHTEJIJIEKTY-
AJIBHBIX CUCTEM;

— OUIIN HAH Benapycu, PHIII «Kapmaunomoruss u YII
«HUM9BM>»: kapanosiormdecknit KOMILIEKC Ha 6a3e Kiia-
crepa «CKU®»;

— NBBulC: xapaunojgornieckast S9KCIepTHas CUCTEMa Peaslb-
noro epemeru «ADEPT-Cs.

9.4. CepsucHas cetb ServNet (Bepcun 1 n 2) gna cynep3BM
cemeiictea « CKN®D»

Paspa6orka cepsuchoii ceru [24] (ServNet Bepcun 1 u 2) st cynep-
9BM wunTEpECHA TEM, UTO YIAJ0CH HEOOJIBIIUM ¥ IIPOCTHIM AIIAPATHBIM
UBJEJIUEM TIOJIEPXKATH JIOCTATOYHO 6OTAaThI HAGOP Bo3MoKHOCTel. C mmo-
MOIIBIO ypasJsmomieil cetu ServINet MOKHO OBLIO:

® CEJIEKTHBHO BKJIIOYATH W OTKJ/IIOYATH IMUTAHUE HA JIIOOOM y3Je
cynepBM;

® CEJIEKTHBHO BBIMIOJTHUTD AIMMaPATHBIA cOPOC JIFOOOr0 BBIYUC/IU-
TEJILHOTO y3J1a;

® CeJIEKTHBHO OCYIIECTBJISITh MOJIKJIoUeHne K nopry RS232 yaia,
a 9TO0, B CBOIO OYePe/ib, OOECIIeYNBAET B3AMMO/IEHCTBIE C y3JI0M
KJIacTepa B KOHCOJbHOM pexkuMme Linux serial console, a Takzke
BO3MOXKHOCTB yJajieHHOi paborsl B pexkume BIOS Setup, econ
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BIOS ysma momgep:kuBaeT B3auMOACHCTBUE Yepe3 IOCJIEI0Ba-
TeJbHBIN nHTEpdEiic.

Bo3MOXKHOCTD yj1aIeHHOTO JIOCTYTIA C YIPABJIAIONIEH CTAHIUN Ha Ce-
PHAJIbHYIO KOHCOJIb y3J1a II03BOJISIET PEAN30BbIBATH PA3JINIHBbIE (DYHK-
[N YIIPABJICHUS Y3JIOM:

VoMmsiHy ThIE BbIIIE BO3MO2KHOCTH PaboThI ¢ Linux sertal console BbI-
YUCJIMTEJILHOTO y3J1a U yaajaeHHoi paborsl B pexkume BIOS Setup.

e BosmoxkHOCTH ynpasienust 3arpysuukoM (LILO) onepanmon-
HBIX CHCTEM BBIYHCIUTEIBHOrO y3jia. Ha cepuajibHy0 KOHCOJIb
MOXKeT OBbITh cKoHGurypuposano yrpasienune LILO u, eciu na
y3J1aX YCTAHOBJIEHO HECKOJIBKO Pa3JIMYHBIX OIEPAIIMOHHBIX CH-
cTeM, TO MOXKHO C ympasJjsiorieit crarmuu Bbibpats Tun OC,
3arpyzKaeMoil Ha KayKJOM y3Jie U TaKUM 00pa30M Ha BCEM KJla-
crepe (MM Ha YACTH y3JI0B) MOXKET OBITh 3arpyrKeHa Ta MM
unasg OC (U3 npeyCcTaHOBJICHHBIX Ha Y3JI€).

e B0O3MOXKHOCTD M3MEHSTDH MapaMeTphl 3arpy3kKu sjpa Linux Ha
KayKJIOM y3JIe.

e BO3MOXKHOCTH «IIOCMEPTHOTO» MPOCMOTPA HEKOTOPOTO KOJIIIe-
cTBa nocaeqHnX cTpok (10 4 KGaiToB), BbIBEIEHHBIX HA CEPU-
aJIbHYI0 KOHCOJIb. [Ipu «3aBuCaHUU» BBIYUCJIUTEIHHONW CHCTe-
MBI, KOTJ[a y2Ke He pabOTaloT HU CUCTEMHAsl, HA BCIIOMOTATE b-
Hasl CeTH KJIacTepa, B HE3ABUCHMON HaMsaTu aganrepa ServNet
COXpaHsAeTCs WHMOPMAIUST O COCTOSHUU CHUCTEMBI TEPeJl «3a-
BUCaHWEeM». TakuM 00pa30M, C yIPABJIAIONIEH CTAHIIUN MOYKHO
BOCCTAHOBUTH KAPTUHY ITOCJIEIHUX «MI'HOBEHUIT YKU3HU» BBITHC-
JINTEJILHON CUCTEMbI U TIOHATh Ipuuuny cOosi. JlanHas BO3MOXK-
HOCTH MOJJIepyKaHa TOJIbKO B ServNet, ee HET B aHAJOTHIHBIX
3alaHbIX Pa3paboTKax.

9.5. BxoxaeHue B muposoi peintudr Top500
cynepkomnbioTepoB cemeiictBa «KCKU®P» Papa 2

W3 mecTHaATH ONBITHBIX 0OPA3IOB M BBIYUC/IUTEBHBIX YCTAHO-
Bok cemeiicTBa « CKU®», cozmanubix B 2000-2003 1., 1Be CyIepKOMIIbIO-
TEepPHBbIE YCTAHOBKH BOIILJIN B MUPOBOI PEHTHUHT IISITUCOT CAMBIX MOIHBIX

9BM Top500*L.

1 1http ://www.top500.0rg/
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Puc. 1. CyuepdBM «CKU® K-1000»

e B nosibpe 2003 roga cynepdBM «CKN® K-500» 3ansiia 405
mecto B peittuare Top500, moka3aB MUKOBYIO IMTPOU3BOIUTE b~
HocTh 716.8 Gflops, peasibHYIO TPOM3BOIUTEIBHOCTD HA 33/1a49€
Linpack —471.6 Gflops (65.79% ot mukoBoit).

e B HosiGpe 2004 roga cynepdBM «CKN® K-1000» (Puc. 1) 3a-
usa 98 mecto B petituare Top500, moka3aB THKOBYIO IPOU3BO-
gureabHOCTh 2534 Gflops, peasbHYI0 TPOU3BOAUTETHLHOCTH HA
sagade Linpack —2032 Gflops (80.19% ot nukosoit).

Iobasum, uro cynepkomibiorep « CKN® K-1000» Ha MOMeHT co3/1a-
Hust (OKTAOPL 2004 T0/1a) SBJISIICS CAMOM MOIIHOI U3 BCEX BBIYUCIUTEb-
HBIX CHCTEM, yCTaHOBJIEHHBIX Ha TeppuTopusx Poccun, CHI' u Bocrounoii
Espormer. B peiitunre Top Cranch (moiepkan areHTCTBOM TEPCIIEKTHE-
HbIX 060ponHbIX ucciaenoBanunit — DARPA) cynepkomubiorep «CKD K-
1000» 3aHs1 TOT/IA IIEPBOE MECTO B MHUPE Ha 3a/la4ye pacyera CTOJKHOBE-
HUS TPEX aBTOMOOUJIEN.
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B nmos16pe 2004 1. cymepkommbiorepbl « CKU® K-1000» u « CKUD K-
500», KOHCTPYKTOPCKas ¥ IPOrpaMMHAas JOKYyMEHTAINs CyIIePKOMIILIO-
tepoB Psima 2 cemeiictBa « CKU®» ycmentHo mponum rocyaapcTBeHHbIE
UCHbITaHus ¢ npucBoenneM Jjmrepbl «O1». [ocymapcTBeHHas KOMUCCHS
OTMETHJIA FOTOBHOCTH IIPOMBIIILIEHHOT'O BBIIIYCKA CyIEPKOMIILIOTEPOB Ce-
MmeiicrBa «CKU®» Psana 2 ¢ npousBOAUTENBHOCTBIO 10 15 TPUIIJIMOHOB
oneparuii B cekyuuay (15 Tflops), coorBeTCTBYIOIUX MeKLyHAPOIHBIM
CTaH/IAPTaM 110 TEXHUYECKUM II0KA3aTeJsAM, COCTaBY, KOMIIJIEKTHOCTH U
nporpaMMHOMY obecrieuennto. O4eHb BayKHBIM Pe3yJIBTaTOM IIPOrPaMMBbI
«CKU®» siByisiyiach MOANOTOBJIEHHAS [IPOM3BOJCTBEHHAsT 6a3a, BO3MOXK-
HOCTH y9acTHUKOB mporpamMmMbl « CKU®» 1103BoJIAONINE CEPUITHO BBITYC-
KaTh:

® CyIIEPKOMIIBIOTEPHI € IPOU3BOAUTEILHOCTBIO 10 15 Tdrome —
[0 TEXHOJIOIUSIM, paHee MpOBepeHHBIM Ha cyrnepdBM Psia 2
cemeiicree «CKU®»;

® OTeYeCTBEHHBbIE aJANTePhl BHICOKOCKOPOCTHBIX cereil SCI miist
KJIACTEPOB — IIOJHBIX aHAJIOroB agantepos dbupmMer Dolphin (SCI
PCI64,/66 Dolphin ICS, 1D- u 2D-top, D330, D337, D335);

e aganrepnl cepucHoii cetu CKI®-ServNet.

9.6. O6wian oueHka pe3ynbLTaTOB CYyNepKOMIMbIOTEPHOIA
nporpammbl K CKU®» Coro3Horo rocyaapcrsa

[Iporpamma «CKU®» Oblia mpusHaHA OJHONU M3 CAMBIX YCIIEITHBIX
nporpamm Corozaoro rocymapcrsa. Tak, B [locranosiennn Cosera Mu-
uuctpoB Corozuoro rocymapcrsa ot 21 ampens 2005 r. Ne 17 «O6 urorax
BhITIOTHEHNS 1TporpaMMbl Coro3HOTO rocymapcrBa «PaspaboTka um ocBoe-
HIE B CEPUITHOM ITPOU3BOCTBE CEMENCTBA BHICOKOIIPOU3BOIUTETBHBIX BbI-
YUCIUTEIbHBIX CUCTEM C IIAPAJIIEIBHON apXUTEKTYPOii (CyIIepKOMIIbIOTE-
POB) U CO3J[aHUE TIPUKJIAJHBIX [IPOrPAMMHO-AIIIAPATHBIX KOMILJIEKCOB HA
UX OCHOBE» BMECTO JI€2KYPHOIO «IIPUHATH [IPEJICTABICHHBIA OTIETS OBLIO
CKa3aHo:

Cosem Munucmpos Co1031020 20cydapcmea nocmaHo8AAEm:

1. Cvumams 3asepuierroti npoepammy Coroznozo 2ocydapemea «Pas-
PabomMKa U 0CBOEHUE 6 CEPUTHOM NPOUBOICTNBE CEMETUCNEA BHLCOKONDO-
U3B00UMEADHBLT BVIUUCAUMEALHOLT CUCTEM C NAPAAAENLHOT APTUMEK-
mypotll (cyneprxomnoiomepos) u cozdamnue NPuUKAGOHBLE NPOZPAMMHO-AN-
NAPAMHHLT KOMNAEKCO8 Ha UL 0cHho8es U 0006pums npedcmasaenmviti Ha-
YUOHANHOU akademueti Hayk Beaapycu u Dedepasvrvim azenmemeom no
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nayke u unnosayusm (Munucmepemeo obpazosanus u wayku Poccui-
ckolt Pedepayuu) omuem 06 umozax ee peasudayuu 6 2000-200/ 200ax
(npunaeaemcs,).

2. Dedepanvromy azenwmemesy no nayke u unrosayuam u Hayuonano-
1ot axademuy wayk Beaapycu nodzomosums u 6HeCMU YCMAHOBAEHHBIM
nopadkom 6 Cosem Munucmpos Cor031020 2ocydapcmea npediosrcerue o
dasvretwem pazsumuy pabom 6 obaacmuy co3danusi U paspabomxy Gol-
COKONPOUZBOIUMENDHDIT BDIUUCAUMEALHUT cucmem 6 pamrar Cor31020
2ocydapcmea.

3. Hacmosawee nocmamnosaerue 6Cmynaem 6 cuny co Ons €20 noonu-
CaHUS.

Hemmuoro moszxke Tu pe3yabTaThl HOJIYYIUId U BBICOKYIO IIPABUTEb-
CTBEHHYIO OIlEHKY. 3a pabory «Pa3zpaborTka KOHCTPYKTODPCKOW M IIPO-
IPAMMHON JIOKYMEHTAIINN, TIOATOTOBKa IIPOMBIIIJIEHHOI'O MIPOU3BOJICTBA
U BBIIIYCK 00PA3II0B BHICOKOIIPON3BOIUTE/IBHBIX BBIUUC/IATEIBHBIX CUCTEM
(cynepkomibiorepos) cemeiicrsa «CKU®» Pana I u Pana II» Gbuia npu-
cyxena npemus IIpaBurennpcTrBa Poccniickoit @enepariun B 061acTH Ha-
yku u rexauku 3a 2006 roj rpyiie ucnoauuTesieit Ilporpammbr « CK®D».
Jlaypeatamu crasu:

e Or UIIC PAH, Ilepecmanian-3anecckuit: Aftnamazsa Asnbdpes
Kapsosuu (nocmeprro), Abpamos Cepreii Muxaiinosud, Aja-
moBu4 Autekceit Uropesuu, Kopasienko Makcum Pyciianosud,
ITonomapes Aujtekcangp FOpweuu, Illepuyk FOpwmit Biagumvu-
poBUY;

e Or HUIIDBT, Mocksa: Caynxkua Anarosuit Mnbuy;

e Or xomnanun «T-Ilmardgopmbery, Mocksa: Onanacenko Bceeso-
Jionr FOpbepny;

e Or OUIIN HAH Benapycu, Munck: Auurenko Biaagumup Buk-
toposud, [lapamonos Hukosmait Hukomaesma.

[ToxkaJtyii, caMbIM BaxKHBIM pe3yabraToM mporpamMMbl « CKIA®» moxk-
HO Ha3BATh BOCCTAHOBJIEHNE U CO3J[@HKME KOOIIEPAIMOHHBIX CBsI3€ii, opra-
HU3AIAIO0 TAKOA KOMaH/IbI UCIIOJIHUTEJIEH, KOTOPOH 110 IIJIedy caMble CJIOXK-
HBbIE 33291 B 00JIACTU CYME€PKOMITBIOTEPHBIX TEXHOJIOTHH.

DT0 0COBEHHO STPKO TPOUJLTIOCTPpUpOBaJ onbIT co3nanns «CKU® K-
1000». Kak ormegasnocs, B Hosiope 2004 r. cynmeprommbiotep «CKN® K-
1000» zansa 98-e mecto B petitunre Top500. IIpu sToM cymepKoMIIbIOTE-
PBbI U3 «IIepBOil COTHU», KpoMe y4IacTHUKOB mporpaMmbl « CKND», BbI-
myckaau B 310 Bpemst Toibko CIITA, dnonus u Kurait. Muorue japyrue
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crpanbl 3anaaaoil EBporbl u Asun 061a1aiin pa3BUTON CyTEPKOMITBIO-
TEPHOI OTPACbIO U CO3/IaBajN CYIIEPKOMITBIOTEPHI, BXogmme B Top5d00,
HO HE B «IIEPBYIO COTHIO» !

DToT PaKT JOKAZBIBAJ TE3UC, YTO HA ITOT MOMEHT KOMAH, 1A UCITOJTHU-
tesieii nporpaMMbl « CKI®» neificTBUTEIBHO JOCTUIIA MEPOBOTO YPOBHS
B OCBOEHUHM CYTIEPKOMIIHIOTEPHBIX TeXHOJIOTH. Ul He NCIo/Ih30BaATh TaKOit
pecypc B unTepecax Poccun u Benapycu 66110 661 OMIHOKOIA.

10. 2005-2007 rogbi: bropoKkpaTUYECKME MPOBOSIOYKU U NOTEPS
Temna

Eme B cepemune 2004 1. B corpymaamdectse UIIC PAH c¢ 6esopyc-
CKUMU U POCCHUHCKUMU OPTaHU3AIUSMEI OBLIN IIOJIOTOBJIEHBI IIPEIJIOXKe-
HUsl 110 (DOPMUPOBAHUIO HOBOI CyIEPKOMIIbIOTEPHOI mporpaMmbl Coro3-
HOTO TocylapcrBa: «Pa3paboTka ¥ HCIOJIB30BaHUE MIPOrPAMMHO-AIIIA-
patuabix cpencts I'PUJI-TexHomoruit m mepcreKTUBHBIX BBICOKOITPOU3BO-
JIUTEJIbHBIX (CYyNePKOMIIBIOTEPHBIX) BBIYUCIUTEIbHBIX CUCTEM ceMeicTBa
«CKUD» (mmudp «CKUD-I'PUI»)».

K coxanenuro, npeyiokerust mo (pOpMUPOBAHUIO HOBOI CyIIEPKOM-
nbforepHoit mporpaMmbl Corozuoro rocyiaapcrsa «CKUO-I'PU» pac-
CMaTPUBAJIUCH, COTJIACOBBIBAJINCH, YTBEPKIAJINCH B POCCUIICKUX BEIOM-
crBax'? mosrux Tpu ¢ jaumenM roga: ¢ 2004 mo mapr 2007 roma. A 6e3 ro-
CYJIApCTBEHHOM TOJIEPXKKH ITPOJOJIKEHUSI HAYIHOIO HAIIPABJIEHUSI [IPO-
rpammbl « CKU®» HaydHBII 38711 ¥ MOTEHIINAJ KOMAH Bl UCIIOJTHATE 1]
mporpaMmbl «CKN®D» Ge3HaaeKHO TEPSIICA.

OO0I1en3BeCTHO, ITO MUPOBBIE CYyIEPKOMIBIOTEPHBIE TEXHOJIOTUHU Pa3-
BUBAIOTCH 110 3aKOHY Mypa — mpubIn3uTe/bHO «yIBOEHUE 33 TOI», — IO
BCEM OCHOBHBIM ITOKA3ATENSIM. DTO 0DOCTOSITEIHLCTBO O3HAYAET, 9TO 1 1oL
POCTOsI MPUBOJIUT K MOTepe 1/2 dacTu 3ajesa U IOTEHIHAasa; 2 rojia
IPOCTOsI — OT 3a7ie/1a ¥ MOTEHINAJIa ocTaercs 1/4 4acTh u T. 1. DTO 103-
BOJISIET OIIEHUTH TOT yIIepO, KOTOPBIl ObLI HaHECEH OIOPOKPATUYECKUMU
[IPOBOJIOYKAMHU HAYYHOMY 3aJeJly W IOTEHINAJIY, PAHee OIPOMHBIM TPY-
JIoM co3ganHoMy uctoanTes MU nporpaMMbl « CKD».

B cuny ykazauubix obcrositesibers, B 2005-2007 rofax ucciieoBaHust
B 00JIACTH CYTIEPKOMIBIOTEPHBIX U grid-TeXHOJOTUt MHCTUTYTOM BBIIIOJI-
HSUJINCH B MHUITUATHBHOM IOPSIIKE U B paMKax (PyHIAMEHTAJbHBIX UCCTIe-
nosannit Poccuiickoit akaemMun HayK.

12 Benapycu corytacoBanusi 66111 3aBepiiensl Becuoit 2005 roja.
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B 2005 romy Oblna peanu3oBaHa PACIpEIEICHHAS] BBHIYUCIUTETbHAS
cerb T-Grid B 1. [lepecitaBie-3amecckoM, 0ObETUHSIONIAS B €IUHYIO CETh
JacTh BhraucauTebHbix pecypco UIIC PAH u Yuusepcurera ropoma
[epecmanmns. Beraucnenust B cern T-Grid mpon3BoMInCh C UCIIOIH30Ba-
HUEM CPeJbl TMHAMUYECKOI'O aBTOMATHYECKOrO PACIapasIe IMBAHNAS IPO-
rpamMMm — T-Cucrembl. [IpoBeeHbl 9KCIEpUMEHTHI 10 3aIycKy T-mpuiio-
JKEHUIl Ha TeTeporeHHbIX KJacrepax u cucreMme T-Grid, a Tak»ke 1o uc-
nosib3oBanuio crenga T-Grid B Merakiacrepuoii ycranoske (120 mporec-
CODOB).

B 510 ke Bpems ObLIa HavuaTa pa3spabOTKa OCHOBHBIX IMPUHIIUIIOB W
AIIAPATHLIX KOMIOHEHT cepBucHOi ceru (ServNet sepcuu 3) jyist cynep-
9BM cemeiicrBa «CKN®» Psja 3 ¢ O0JbIIMM YHUCIOM Y3JI0B — JAECSITKH
TeIcad U 6ostee. OTmmans mamHoi Bepcun ServNet oT IpeabIIy X ObLIIT
B CJIEIYIOIIEM:

e ServNet Bepcun 3 6bL1 opuenTHpOBaH Ha cynepIBM, cozman-
uble Ha 6a3e blade-perntenuit — Berauncaurens cynepdBM cobu-
paJicsi U3 IMaccu, BHYTPH MIACCH YCTAHABJIUBAJIUCH BBIYUCIIN-
TeJIbHBIE MO/TYJIN;

® COOTBETCTBEHHO, B ceTu ServNet Bepcun 3 UCIOIB30BAJIICH JIBE
neuaTHble wiaThl: ServNet CNB —miara ynpasienus maccu u
MOAKIIOUYeHHbIe K Hell maarbl ServNet T-60 — o oxHoit miare
Ha KaKJbII BbIYUCIUTEILHBIN y3el;

e 1y CBsi3u B enuHyI cerh miaTbl ServNet T-60 crabxkasmch
narepdeiicamu RS 485, a mnara ServNet CNB —unTepdeiicavu
RS 485 u Ethernet 10Base-T;

e B paMkax MoOHTaxKHOTO TiKada Bce mwiarel ServNet CNB 06b-
emnusgiores cerbio RS 485. U Bee mmaror ServNet T-60 kaxkaoro
IACCH TOJKJII0YatoTest mpu momorm RS 485 k cooTBercTByIO-
meit wiare ServNet CNB;

e B Kax0M mKady oxHa u3 wiat ServNet CNB (mwmi HeCKOIBKO
JUIS HAJIEsKHOCTH) TIOAKII0YaioTcs K Ethernet-cermenty, oxsa-
THIBAIOIIEMY BCe IKadbI, U YIIPaBJIsolie cranmuy cynepdBM.

Takum obpaszom, 6bLIa ObecieueHa TPAKTHIECKH Oe3rpaHnIHAsT Mac-
MTabuPYyEeMOCThb CEPBUCHOM ceTu st cynepdBM sroboro auamasona mpo-
U3BOIUTETHHOCTH.

ServNet Bepcun 3 OblLia BoCcTpebOBaHA IIPU IMOCTPOEHUU CYTIEPKOM-
nbiorepoB «CKU® MI'Vs u « CKU® Ypas» B 2008 romy. K sTomy Bpe-
MeHU pa3paboTKa ObLIa IMOJHOCTHIO 3aBEPIIEHA, U ObLIT PA3BEPHYT BBIITYCK
anmapatypsl ServNet Bepcun 3 Ha 0ase ombiTHOro mpowmssozcTsa UIIC
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PAH. Bcero B KOpoTKuii Cpok HaMu 6bLIO BBIILYIIEHO HEOOXoauMoe (st
cynepdBM «CKU® MI'V» u «CKUD Vpass») KosmuecrBo usziesnii: 60-
siee 800 mnar ServNet T-60 u 80 miar ServNet CNB.

Bemosnasucs B 9tn ke romel u padborsl mo pazsuruio OpenTS —
coBpeMeHHOH peasm3anun T-cucrembr. B 2004 rony na Open TS obparu-
Jia, BHnMaHue koproparusi Microsoft. B pesysibrare HeckoibKkux paboumx
obcyxkaennit 6611 0OPMIIEH KOHTPAKT HA CPABHUTEJBHBIN aHAIn3 -
dexTuBHOCTHU HCIOIb30Banus cucreMbl OpenTS u 6ubsmoreku MPI jyist
HAIMCAHUS IPUKJIATHBIX IPOTPaMM. 3a/1a49a UCCJIeIOBAaHUs OBLIA TOCTAB-
JleHa cjemytomuM obpaszom. Kopropanust Microsoft BeiOpasia jBa mpu-
JIoKenus S, Korophle pa3pabaThiBaanCch MHOIHE TOIbI Ha Gase GubIHo-
teku MPI ycuwiuamu coTeH mporpaMMUCTOB — CTOPOHHUKOB JIBUKEHUS
Open Source. Takum 06pa3oM, BHIOpAHHBIE TPUJIOKEHUsT OBLTH MaKCH-
MAJIbHO ONITUMU3UPOBaHB! (OTIIIN(OBAHDI) — HACKOJIBKO 3TO TO3BOJISIET
MPI-noaxon. Corpynuuku UTIC PAH B cxxarbie cpoku, ue 6oee 3-x Me-
CSITIEB, JOJIKHBI ObLIM TIepenucarh JgBe orobpanabie cucrembl ¢ MPI ma
OpenTS. Pesynbrar cuurajicst Obl IIOJIOKUTEJIBHBIM, ecjii B T-cucreme
KOJI, TIOJTY YmJICst ObI H0Jiee SICHBIM U KOMIIAaKTHBIM. [Ipu 3TOM momyckaiach
norepsa npoussoanTeabnoct 10 30%.

Tem cambim Koprmoparust Microsoft siBHO BbIpakajia CBOM IIPEJIIIO-
YTEHUST: JIOMyCKasl JiaXKe HeDOJIBIIYIO TOTEPIO MPOU3BOJUTEIHHOCTH PO~
rpaMM BayKHO TOBBICHTH [POM3BOJIUTE]HBHOCTh TPY/a MTPOIPAMMUCTOB,
obecrieunTh Gosiee SICHBI M KOMIIAKTHBIA Ko (a, 3HAUMT, u Gojiee Ha-
JIE’KHBINA KOJI: MEHbBIIIE CTPOYEK — MEHBIIIe MEeCTa, JJId OIMMUOOK, GOJIbInast
SICHOCTb — MEHBIIIe IPUYHUH JJIsI OIIHOO0K).

Pe3yJIIDTaTBI ,ELaHHOfI pa,6OTI)I ObLIN HEO2KNJaHHBIMU JlazKe JIJIsd HacC:

® OTPOMHBIE TPOTPAMMHBIE KOMILIEKCHI OBLIM B JBYXMECSIIHBIH
cpok 2-3 mporpammuctamu repernucanbl Ha OpenTS, orrakensr
U 3aIlyIIEeHbL;

e ObLIO JIOCTUTHYTO PAIUKAIBHOE YJIYUIIEHNEe KOMIAKTHOCTHA KO-
na— T-porpaMmbr ObLIH 3HAYUTETHFHO MeHbIe, ueM MPI-mpo-
rpaMMmbl: st Powray —B 7-15 pas, a s ALCMD —8 7 pas;

e 1pu 3ToM T-miporpammbl 1 MPI-iporpaMmbl mOKa3bIBaIN MPU-
MEPHO OJIMHAKOBYIO ITPOU3BOIUTETBHOCTD.

1‘r)’Powmy—naKeT IIOCTPOEHUSI PEAJIUCTUYHBIX TPEXMEPHBIX CIIEH METOJIOM TPac-
cupoBku Jydeir; ALCMD — nporpamma [yisi pacyeToB B 00JIaCTH MOJIEKYJISIDHOM
JUHAMUKH.
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JlaHHBI CpaBHUTEILHBIN AHAJN3 BBIIOJIHSJICS B ONEPAIMOHHON CH-
creme Linux — /y1st KOTOPOil 1 ObLIa M3HAYAJIBHO Pa3padOTaHa CHCTEMA
OpenTS. Pesynbrarsl anamunza nokazaiauch Koproparuu Microsoft nm-
TepecabiMu, 1 B 2006 rogy Hale COTPYIHUYIECTBO OBLIO IMPOIOJIZKEHO
B paMKaxX HOBOI'O KOHTPaKTa, IeJiblo KoToporo Obui mepeHoc OpenTS
u3 OmIeparoHHoil cucreMbl Linux B omeparmonnyo cucremy Windows
Compute Cluster Server. Kourpakr 6b11 ycnerao Boimosiner B 2006 ro-
nay: sapo T-cucrembr 610 Iepeneceno B WinCCS, TpaHCIgaToOp ¢ sA3bI-
ka T4+ 6bur maTerpupoBan B Visual Studio, 6pu1 pazpaboran nHTEpaK-
TUBHBIN WHCTAJLISTOD, CIPABOYHAS IIOJICUCTEMA U BCE OCTAJIBHBIE KOMIIO-
HEHTBI, TPAJUIMOHHDBIE JIJIsI CHUCTEM IporpammupoBanus 1ox Windows.
PesynbraThl 1mpejcraBisiinch Ha MEXKIyHapOIHOW KOH(MEPEHIMH U Bbl-
craBke «Supercomputing’2006’», Tammna, CIITA, Hos16ps, 2006. B moce-
nytormue rogel (2007-2008) mosbie Bepcun OpenTS namu co3nasanuch B
Kpocc-mnardopMeHHoM BapuaHTe: oauH u TOT ke kox OpenTS moxkHO
ObL710 cOOpaTh B AUCTPUOYTUB I OMEPAITMOHHON crucTeMbl Linux u fys
Windows Compute Cluster Server.

B 2005-2007 romax B UTIC PAH 6buta paspaborana cucrema cbopa
JIAHHBIX O MOKA3aHUSIX CEHCOPOB Y3JIOB BBIYUC/IMTEJbHBIX KJIACTEPOB, B
KOTOPO# OCYIIEeCTBJISIETCS TIOCTOSIHHBINA COOP JIAHHBIX ¥ HAKOILJIEHUE WH-
dopmaruu 06 orkazax obopyaoBanusi. CucreMa mpeHa3HAYEHA HE TOJIb-
KO 1y cOopa MHMOpMAIUU, HO U i YIPEXKTAOIIEr0 PeICKA3AHUS
Ha 6a3e cOOpAHHBIX JAHHBIX BEPOSITHOIO OTKA3a 00OPYIOBAHUS, 8 TAKIKE
HETUITUIHOTO MOBEJICHUsI alllapaTHBIX U IMPOTPAMMHBIX CPEJICTB CyTep-
9BM. Cucrema ycraHOBJIEHA Ha Pa3HBIX CYyIEPKOMIIBIOTEPAX CeMeHcTBa
«CKU®»: Ilepeciasib, Mocksa, Munck, Yensounck, Tomck u ap.

B 2006-2007 roxy B momosHenue K T-cucreme Oblia co3maHa U pas-
BUBaJjach oubanoreka T-Sim mapaJsuieIbHOTO IIPOrpaMMUPOBAHUS Ha, OC-
HOBe 1mabJioHHbIX KiiaccoB C++. B ee cocraB BritoueH HabGop mabiio-
HOB — (QPYHKITUI BBICIIETO MOPSIKA, ITPUMEHSIONINX ONEPAIlAN, ITePeIaH-
HbBIE [I0JIb30BaTeIeM ([IPOrPAMMUCTOM ), K MHOXKECTBY BXOJHBIX JIAHHBIX —
Mozeab map-reduce. IToBenenne mabI0HOB OMpPEIEISIETCS KAK KIaCCAMU-
CTPATErUsIMHE, TIePEJAHHBIMY IIPOTPAMMICTOM, TaK W THIIAMH 3JIEMEHTOB,
COCTABJISIIONINX BXOJIHOE U PE3yJITHPYIOIiee MHOXKecTBa. [Ipu co3mannn
napaJsiieJIbHbIX IIPOrpaMM Ha ocHoBe T-Sim pazpaboTynk MOKeT UCIIOJIb-
30BaTh KaK BBICOKOYPOBHEBbIE (DyHKIMU-IIA0IOHBI (B HAub0JIee IIPOCTHIX
cJlydasix), TAK U peaju3ys HEeCTAHIAPTHBIE PEIICHUs C UCIOJIb30BAHU-
€M MeXaHn3MOB T-CHCTeMBI UM MEXaHU3MOB aKTUBHBIX COOOIEHMI. DTO
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IIO3BOJISIET ITOJIB30BATENIO BBIOMPATH MHCTPYMEHTHI, HanboJee ageKBaT-
HbIe 3ajade.

B 2006 romy mamu ObLT TPEITIOXKEH HOBBIN MOAXOM K CO3IAHUIO BbI-
YUCIUTENHHBIX Web-CepBUCOB HA OCHOBE CHCTEMbI ABTOMATHYIECKOTO M-
HAMHYECKOTO PACHAPAJIIEIMBAHNUS IIPOI'PAMM, OCHOBAHHBIA HA aBTOMa-
THUYECKOU I'€HePAIUU BBIYUCIUTEJbHBIX grid-cepBucoB 1o ommcanuio T-
nporpamM. Beutu pazpaboTanbl MporpaMMHBIE CPeJICTBA TeHepalu grid-
CEPBUCOB, IOJJIEPKUBAIOIIIE METAKIACTEPHBIE U I'eTepPOreHHble KOHQU-
rypaiuy 3a CYeT MeXaHu3Ma cepuajmsanuu o0bekToB B XML-dopmy.
Brina peanuzoBanHa BO3MOXKHOCTL HCHIOJIB30BaHUs mpoTokona MPI mgna
oOMeHa TAHHBIMHU U JIPYTHE JIOMOJHUTEIbHBIE BO3MOXKHOCTH. Pazpaboran-
HbIE POI'PAMMHbBIE CPEJICTBA IIPEIHAZHAYEHDI JJIs OPTAHI3AINN HHCTPY-
MEHTAJIbHOM Cpebl CO3anns grid-IpuiIoKeHuil ¢ NCIIOIb30BAHNEM CHCTe-
MBI aBTOMATHYIECKOTO THHAMIYECKOTO PACIapauIeIuBaHus mporpamMm T-
Sim.

Hamu 65111 BBITTOJTHEHBI UCCIIEIOBAHNS CPEJBI HA OCHOBE HMHTErDAIIIH
Pa3HOPOIHBIX UCTOYHUKOB mdaHHbIX Open Grid Software Architecture —
Data Access Integration (OGSA-DAI) (nauHBIf IaKeT sIBAAETCS IPO-
IPAMMHBIM 00ECIIeYeHUEM C OTKPBITBIMUA UCXOTHBIME KOJAMU, ITO IO3BO-
JIIET JOTOJIHATD €ro HeoOXomuMbiMu Mojyaamu). Cozman Habop J0I0JI-
uenwii K makery OGSA-DAI, mo3Bosstionuii 0cyImecTBIsTh MOIKII0YEHIEe
ncrounnkoB ganabix XML CYB/I Sedna. B pamkax mpoekra « Bupryasib-
Hast 00cepBaTOPHUsi» — BeO-CPEICTBA IPEJIOCTABICHUSA JOCTYIIA K JAHHBIM
grid-cpest 1t KOHEYHBIX [TOJIb30BATEIIEN, — CO3/IaHa CUCTEMA CAMOOIIACA-
HUs CTPYKTYP paszesoB BupryasbHoil o6cepBaTopun U IIOUCKOBBIN cep-
BHC, BKJIIOYAIONUNl B ceOs psij YIYUIIEHHBIX II0JIb30BATEIHCKUX (DYHK-
1870788

10.1. Uonb 2007-2008 roa: MNepsbiii 3Tan ncnonHeHns
cynepkomnbioTepHoii nporpammbl K CKUD-TPUO »
Coto3Horo rocypapcrsa

K Becue 2007 roma ObLIO 3aKOHYEHO (POPMUPOBAHUE U COIVIACOBA-
nre, nu B mione 2007 roja HAYAJIOCH UCHOJTHEHUE CYNEPKOMITHIOTEPHOI
IIporpammbr'* Corozmoro rocynapersa «CKU®-T'PU/T», B koropoit UTIC

14l cnommenne: 2007-2010 OBl TIOJTHOE HAUMEHOBAaHUe TTporpaMMbl: «Paspabor-
Ka W HCIIOJIb30BaHUE IporpamMHo-amnmnaparibix cpeacts ['PUJ-texnosioruit u mnep-
CIIEKTUBHBIX BBICOKOIIPOM3BOJUTEIBHBIX (CYIEPKOMIIBIOTEPHBIX ) BHITHCIUTEIbHBIX CH-
crem cemeiictBa «CKUD» ».
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PAH sasisiercst ronoBabiM uctiosauTesieMm or Poccun. IIporpavma Brito-
JaeT deThIpe HAlpaBJeHus paboT:

o GRID-mexnor02uu: NCCIIeIOBAHNE, CO3JAHNE, PA3BATHE U BHEI-
peHne CpeJCTB BBICOKOIIPOU3BOAUTEILHBIX BBIUYACIEHUN HA OC-
noBe GRID-rtexnosiornii; mojiepKka reTeporeHHbIX, TePPUTO-
pUaIbHO-PACIIPE/IEIEHHBIX BBIYUCIUTEIHHBIX KOMILIEKCOB.

e Cynepromnvromepo, cemeticmea « CKH®» (Psd 3 u 4): co3na-
Hue cynepkoMiibiorepoB « CKM®» HOBOro mokoJienusi Ha 6ase
HOBBIX [TEPCIEKTUBHBIX IIPOIECCOPOB U BBIYUCIUTEbHBIX Y3JI0B,
HOBBIX TEXHUYIECKUX CPEJICTB CUCTEMHOI CETH, YIIPaBJIEHUS CH-
CTEMOIl, CHenBbIYUCIUTENEH U THOPUIHBIX Y3JI0B, pa3paboTKa
COOTBETCTBYIONIErO TPOrPAMMHOTO ODECIIeIeH S,

o Bawuma undopmaruu: peasusanus (alNapaTHbBIX 1 IPOrDAMM-
HBIX) CPEJICTB 3AIIUThHl UH(MOPMALUN B CO3/1aBAEMbIX BbIUMCIIH-
TEJIbHBIX KOMILJIEKCAX.

o [Tunommnoie cucmemsl: pearn3anysl IPUKJIATHBIX CUCTEM B IIEP-
CIIEKTUBHBIX O0JIACTSIX MMPUMEHEHUs] CO3[aBA€MbBIX BBICOKOIIPO-
M3BOJUTEILHBIX BBIUUCIUTEbHBIX CUCTEM, DEIIEHNe aKTya/lb-
HBIX 3ajad Ha cynepkommbioTepax u GRID-cucremax, ycmimst
II0 TIOJITOTOBKE W TIEPEIIOATOTOBKE KAJIPOB B 00JIACTH CYIIEPKOM-
nbtorepubix 1 GRID-texnomnormii.

K wucmonaenuro IIporpammbr npuBiedeHo OOJIBIIIOE KOJTHIECTBO Op-
ranu3anuit. B Tom 4dnciie, poccuiicKuxX MCIOMHUTENEH TPOrpaMMbl — 060~
sgee 20, cpequ mux: Il PAH, UKW PAH, UIIM um. M. B. Kejpima
PAH, UIIIIA PAH, NIIX® PAH, UX® PAH, HUBIT MI'Y, HU KC,
HUN®XB MI'Y, HUNA® MI'Y, HHI'Y, HIII «3Bucy, OUAU, OO0
«T-ITlmardopmbry, OO0 «FHOuukAitCuzy, [lensl'V, CII6AIII, CII6I'TIY,
TTY, Xumuaecknii pakymaprer MY, YenlV, KOYpI'Y. B nociemyrormmx
paszesiax 0OCYKJIAIOTCS TOJBKO OCHOBHBIE PE3YJIBTATHI MIEPBOTO ITAIa
BermostHeHns mporpaMMbl « CKUO-I'PU».

10.2. Paspaborka pewennin gnsa Grid-texHonornia

Cpeau pa3paboTOK /ISt COBEPIIIEHCTBOBAHNS CUCTEMBI JOCTYIIA K Ha-
VYHBIM JAHHBIM CKaxkeM 0 «Bupryasnbnoit obcepsaTopuns. B 3roit obsa-
CTHU BBIIIOJIHEHBI: PA3BUTHAE MEXAHM3MOB PA0OTHI C MCTOYHUKAMU JAHHBIX
U MeTaJaHHBIX, Pa3pabOTKa JIOMOJIHUTEIbHBIX CPEJICTB BHEIITHErO [TONCKA,
BKJIIOUas TIO/JIEPKKY HEUETKHUX 3aIlIPOCOB, M OOMEHA JIAHHBIMU MEZKLY JIO-
FUYECKN B3aMMOCBS3AHHBIMU BUPTYAJILHBIMUA 00CEPBATOPUSIME, a TaKKe
YIIydIlIeHUe 0JIb30BATEIbCKOIO U aIMIHICTPATUBHOIO HHTEPdEHCOB.
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Bruna BeimtoTHEHA €11Ie OHA WHTEpeCHAs pa3pabdOTKa — IPOrPaMMHOE
obecrieuenne SKIF@QHome, KoTopoe 1mM03BOJIsSIET pa3BEPTHIBATH BBITUCIIM-
TeJIbHbIE CETH, UCIOJIb3YIONINE /I BHICOKOIIPOM3BOIUTEIBHBIX, PACIIPe-
JIEJIEHHBIX BBIYMCIEHUI MOIITHOCTHA HEIOJHOCTHIO 3arPy’KEHHBIX IepCo-
HAJIbHBIX KOMIIBIOTEPOB (TaK HA3BIBAEMBIX «KOMIIBIOTEPOB-0HOPOB» ). OT
aHasoros (rakux Kak, Hanpumep, naker BOINC — ocHOBBI M3BECTHBIX
npoekro SETIQ@Home n Folding@Home) ITO SKIF@QHome oiaaer uc-
[10JIb30BAHUE TEXHOJIOTUN BUPTYaJIbHBIX MAIIUH Jjisi 00eCIeYeHsT «KOH-
TPaKTay MEXK/Iy JOHOPOM U OPraHU3aTOPAMU CETH: PAa3TPaHIYEHHE MIPO-
IPAMMHOIO OKPY2KEHUS BBIUYACIUTE/BHBIX TPUIOKEHNA U KOMIBIOTEPA,
Ha KoropoM ycranasjubaercs 110 SKIFQHome, orpanuyenust 00beMOB
[aMsTH, UCIOJb3yeMoil ceTbio. Paspaborana opurmHajbHAS METOINKA
OTpaHWYEeHUs JIOJIU MPOIECCOPHOTO BPEMEHU: IIPU MTOMOITH IPadUIECKO-
ro uaTepdeiica aJIMUHUCTPATOP KOMIIBIOTEPA-IOHOPa CIOCODEH 3a/1aTh
OTpaHUYEeHHsI C TOYHOCTBHIO JI0 HECKOJIBKUX IIPOIEHTOB. B cocras paspa-
6orannoro I1O BxomuT BEO-cepBuUC, TPOBOALIINN TOYHBII yIeT PECypPCOB
(IIPOIeCCOPHOTO BPEMEHH, NAMSITH ), IPEJIOCTABJIEHHOTO JIJIsl IPOBEIEHUs
pacyeToB OTAENbHBIME AoHOpaMu. Hamu Oblaa mokasama paboTocrmocob-
Hocth B mpororurie cpeibl SKIFQHome pacrpeiesieHHBIX MTPUIIOXKEHUIH,
pa3paboTaHHBIX C UCIOJb30BaHKeM OubnoTeKn X-Com, YTO OTKPBIBAET
[IIPOKIE BO3MOXKHOCTH 110 ucnojib3oBanuio cpeibl SKIFQHome.

B 311 ke rospl COTPpYIHIKAMI HHCTUTYTA:

e ObLIa yCOBEPIIIEHCTBOBAHA CHCTEMA [IPEICKA3AHNS OTKA30B KJla-
crepHbIx ycranoBok (CIIOKY);

e pa3paboTaH psJ AJTOPUTMOB CTATUCTUYECKOI'O AHAJIN3a JIaH-
HBIX IOKa3aHUH CEHCOPOB KJIACTEPHBIX YCTaHOBOK;

e paspaboraHa M peajn3oBaHa CXeMa IpeJCKa3aHusl 0TKa30B 000-
PY/ZlOBaHMsI Ha OCHOBE 3KCTPAIOJANMHN IOKa3aHUN CEHCOPOB B
Gunzkaiiniee Gyjyiee (IIpU 9TOM BEPOSTHBIM OTKA30M CUUTACT-
€ BBIXOJ, IIPOIHO3HOI'O 3HAYCHUA 38 IIpeJesbl pacdeTHOrO WH-
TepBaa);

e pazpaboTaHa W PEATN30BAHA CXeMa OIEHKH KAJeCTBa MpeICKa-
3aHOi, a TaKzKe COIIOCTABJICHAA BHOBD IIOJIyYaeMbIX JAHHBIX CO
CTaTUCTUYECKON MOJIE/IbIO JIAHHON KJIaCTEPHOI YCTaHOBKU;

e pa3paboTaHa CHCTEMa OIOBEIICHHUS AJMIHICTPATOPOB YCTAHO-
BOK O BO3MOXKHBIX OTKa3aX O0ODY/IOBAHUS, YCOBEPIIEHCTBOBAH
BeO-CalT, MO3BOJISIONINN aIMIHUCTPATOPAM IIPOCMATPUBATDL U
AHAJN3UPOBATH JIAHHBbIE, HAKOIIJIEHHBbIE B XPaHUJIUIIE.
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10.3. OdanbHeiiwee pa3sutue OpenTS

Cucrema napasutesbaoro nporpammuposanus OpenTS mopaborana
JIO TIOJIJIEP>KKU TeTEPOTeHHBIX PACIIPEJIEIEHHBIX BHIYUCIUTEIbHBIX ApXH-
TekTyp (grid-cucreMm, TEPPUTOPUAILHO-PACIIPEIECIICHHBIX HEOIHOPOHBIX
BBIUUCJIATEILHBIX cucTeM). B Tom gucie, B OpenTS noguep:kana orka-
30yCTONYUBOCTD MCIOJHEHUS T-1puiioskenuit B Bepcun cucreMbl OpenTS
ans maardopmbl Windows:

e 0paboTaHHAs B YaCTU OTKA30yCTOWYMBOCTH DeasIn3allisi HAU-
6ostee ymorpebumoro nogmuoxkecrsa dyuknuit MPT—DMPI;

e jopaboTaHHAsI B YACTU OTKA30yCTONUINBOCTH PEAJIU3AIHST CPEJIbI
ucriosHenusa T+ Iporpamm.

Brina paszpaborana cucrema remeparuun Web-cepBucos st T-dyHK-
muit B cucreme OpenTS mrs mwrardopvbr Windows Compute Cluster
Server (WCCS). UIIC PAH rakxke Obuin pa3paboTaHbl CPeICTBa BH-
3yaJIn3allii [MPOIECCa MapaslIeIbHOTO UCIOJHEHUsT 14+ mporpamMm st
mwiargopmbl WCCS, mo3BoJisgionye HarIsgHo oToOpaXkKaTh BO BpEeMs UC-
[TOJTHEHUST KJTFOUEBbIE XaPAKTEPUCTUKY CPEJIbl UCIoTHeHsT T++.

B cucreme OpenTS 6bumm mojmep:KaHbl MHOTOSIIEPHBIE BBITUCIIN-
TesibHBbIe apxuTeKTyphl 1o yrnpasiaenueM OC cemeitcts UNIX u Win-
dows. Ocymmecrsiien neperoc oy Windows momymnss OpenTS, koTopsbrit
mo3BoJisieT T-rporpamme 3¢hheKTHBHO 331efICTBOBATD BCE BHIUUCIUTE b=
HBIE Apa Beex mporeccopoB SMP-cucrembr.

10.4. CKU®-MonnroH n nunoTtHbie NpuknagHblie CUCTEMbI

IToMUMO OJIMHOYHBIX CYIIEPKOMITBIOTEPHBIX YCTAHOBOK YITOMSIHEM €IIle
00 ofiHOM pe3yJibTaTe, KOTOPBI JOCTUTHYT B PAMKAX II€PBOrO ITAIA HC-
nostaerust iporpaMMbl « CKU®-I'PU/I»: 910 co3panue pacrpenesieHHoi
BerancsnTensHoi cucremsl «CKM®-TTommrons (cm. Puc. 2). « CKII®-ITo-
JINTOH» OObEeIUHSIET CyNEePKOMIIbIOTEPHBIE IEHTPBI, B KOTOPBIX PAaCIIO-
sioxkenbl cyniepdBM cemeiictBa « CKU®» 1 Hay4IHO-HCCIIEI0BATEIBLCKIE
IEHTPBI, KOTOPBIM HEOOXO/IMM JIOCTYI K BBIYUCJIUTENbHBIM pecypcam. K
ocernn 2008 roma ObLIH 0ObEIUHEHBI PECYPCHI CYIEPKOMITBIOTEPHBIX IEH-
TPOB, PACIIOJIOXKEHHBIX B CAMBIX Pa3HBIX ropojax bBemapycu m Poccun:
Munck, Mocksa, Ilepeciaapiab-3anecckuii, Yensounck, Tomck, CraBpo-
110J1b, Bitajumup u jipyrue ropoga. CyMMapHast THKOBast IPOU3BOIUTE b=
Hocthb cucreMbl «CKU®-ITosuron» ceromust npepsimaer 100 Tflops. B
JTaJIbHERTIIeM TTPeIyCMOTPEHO pacinupenue cocrapa yIacTHuKOB « CKID-
[Tosmuronas u yBenmmaenne ero npomssoaurespHocTr. Cucrema «CKUD-
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CaHKT=
Metepbypr.

MuHck

Mockea: - Mepecnasnb-3anecckuit

. Bnagumup

WlHwxHnin Hosropoa

MNenga

CraBpononb . YensbuHck
. Tomck
. LleHTp ynpasnexus CI . Cant Cn D Monb3osatens CI1

Puc. 2. Cxema pacupenesieHHOI BBIYUCIUTETLHON CH-
crembr CKU®-Tlosiuron

[Tonurons saBasercs addexkTuBHON WIATGHOPMOIT, HA KOTOPOI TPOBOIAT-
cs1 pa3spabOTKU CHCTEMHOIO U IIPUKJIAIHOIO IIPOrPAMMHOI0 obeciieueHust
ast cynepdBM cemeiicrBa « CKII®». PaspabarsiBaembie TpOrpaMMHbBIE
KOMILJIEKCHI TIPEIHA3HAYEHBI JIJIsl BBIIOJHEHUs] HAYYHBIX U WHXKEHEPHBIX
PacYeToB B TAKMX BarXKHEHINNX 0OJIACTIX KaK:

® UCCIeIOBAHUs B 00J1acTH 0OpabOTKU JTAaHHBIX B 3JpaBOOXpaHe-
HuK (HAIpUMeEp, cucreMa Jyisi 06paboTKU U XpaHeHus nudpo-
BBIX MAMMOIDAMM);

® CCJIe/IOBAHUSI B ODJIACTH MTPOEKTUPOBAHUS JIEKAPCTB C 3a/IaH-
HBIMU CBOMCTBAMU;

® pacueThl B MHTEpecaxX pa3pabOTKU HOBBIX MATEPHUAJIOB, B TOM
YUCJIe — HAHOMATEPHUAJIOB;

® UCCJIeI0BaHUs B 001aCTH OMONMHMOPMATUKH;

® pacueThl, CBA3aHHBIE C obecredeHneM Ge30MaCHOCTH ATOMHBIX
3JICKTPOCTAHIINIA;

® pacueThl B MHTEPECAX PA3JIMYHBIX PA3JEJIOB HAYK O 3eMJie
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TapulA 1. OcuoBuble xapakrtepuctuku Cynep9BM
«CKUN® MI'Y»

[IpousBoaurensHocTh nuKoBast/Linpack: 60 / 47.17 Tflops (KITJ1=78.6%)
BoraucaurenbHbIX y3/10B: 625
Yucsio CPU Intel Xeon E5472, 3,0 GHz / aznep: 1250 / 5000
Cymmapnas mamarth y3i108 RAM / HDD: 5.5 Tb / 15Th
Komcrpykrus y3ma: blade
MonTaKHBIX MKadOB BEIYUCIATEIIS: 14
CucremHasi ceTb: Infiniband DDR
BajzeprkKa [IpyU Nepejiade MaKeTOB JaHHbBIX: < 2.2 MKC
Bcnomoraresnbuas cerb: Gigabit Ethernet
CepBucHast ceTb: CKU® ServNet v.3 4+ IPMI
BaHnMaeMasi MIOMIAlb: 96 KB.M.
TToTpebasieMasi MOIHOCTb YCTAHOBKU B II€JIOM: 520 kBT

® U JIpyI'ue UCCJIeJOBaHNA.

10.5. Cynep3BM Pspa 3 cemeiictea « CKU®D »

K mapty 2008 rozma 65110 3aBEPIIEHO CO3IAHUE €IIe ABYX CYIePKOM-
nbiorepoB Psa 3 cemeiictBa «CKUD»:

o «CKU® MI'V», Linpack-npousBogurenprocts 47.17 Tflops; mu-
koBast mpouszBonuresbaocTh 60 Tflops, Tabmuma 1;

o «CKU® Ypaur», Linpack-mpouzsomuresrocts 12.2 Tflops, -
KoBast mpousBoauTebHOCTh 16 Tflops.

O6e st cynepdBM coznanbl Ha 6a3e OIMHAKOBBIX TEXHIIECKHX Pe-
IeHnil, pa3pabOTaHHBIX B PaMKax IepBoro srara mporpammbl « CKI®-
I'PUd». B cynepdBM wncnosb3oBaHbl camble MEPEIOBbIE TEXHUIECKUE
pelreHust:

® YETHIPEX'bSIEPHBIE MTPOIECCOPDI, BHITIOTHEHHBIE IO TEXHOJIOTUN
42 um— Intel Xeon E5472; 3.0 GHz — ucroib30BaHbI BIEpBLIE B
Poccun;

e cucremuasi cerb DDR InfiniBand; Bciomoraresbuas cers Giga-
bit Ethernet, cepsucnas cerb CKU® ServNet v.3;

e BbICOKasi IJIOTHOCTH ynakoBku B «CKU® MI'V» u «CKU®D
Ypair» JOCTUTHYTA 38 CUET UCIIOIH30BAHUS OTEIECTBEHHBIX Cep-
BEPOB-JIE3BU{l, MMEONUX ILIOTHOCTh BBIYUCIUTETHHON MOIIHO-
ctu Ha 20% Jyuniyio, 4eMm y JIOOBIX APYTUX CEPBEPOB-JIE3BHIA.
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Cynepromnbiorepst Pana 3 «CKU® MI'Y» u «CKU® VYpaa» mpen-
HA3HAYEHBI JJIsd PENIeHUs 33029 CO CJIOXKHON JIOTUKON U OOJIBIIAM KOJIV-
YeCTBOM BBIYUCJICHUIA.

10.6. Bxoxpgenue cynepdBM cemeiicteBa « CKU®D» B peinTunr
Top500

B pamkax ucnioaenunst nporpammbl « CK®» u mepBoro srara mpo-
rpammbl « CKU®-I'PUJI» ObLIO BBIMYINEHO AEBATHAIIATH OMBITHBIX 00-
pasnoB cynepkoMibiorepoB PsiioB 1, 2 u 3 cemeiicrBa «CKU®», BHE
pamok IIporpamm B pasznuunbie opranu3anuu Poccum u Benapycu mo-
crapjieHo 6osiee 60 cynepkommbioTepoB cemeiictBa « CKU®D».

[Tare cymepkommbioTepoB cemeiictBa «CKU®» Bomam B MupoBoif
peittuar Top500 — msiTrcoT caMbIx MOITHBIX cyiepdBM mupa. 91o oueHb
Ccepbe3HbIil pe3ysbTat u i Poccun, n st Besrapycn, TOCKOBKY 3a BCIO
ncropuio pa3purus BeraucanTenbHoi Texauku B CCCP u B crpanax CHI
OBLIIO BCETrO IIECTh CYIIEPKOMIIBIOTEPOB, KOTOPhIE BOILIA B MUPOBOM peii-
tuar Top500 ¢ nmpu3HaAHEEM MHPOBBIM COOOIIECTBOM MX OTEUECTBEHHOTO
npoucxoxkaeHns. Bor aru mectsb cynepdBM (em. Puc. 3):

e cynepdBM «MBC 1000M» Bouwuia B peiituar Top500 B urone
2002 roza 3ansB 64 Mecro ¢ npousBoauTesibHOCTHIO 0.734 Tflops
na recre Linpack, nukoBas mpoussoguresbaoctb— 1.024 THops.
Pazpaborankun: HUU «Ksanty», UTIM nmenn M. B. Kemabima
PAH, MCII, PAH,;

e cynepdBM «CKUN® K-500» Borwra B peiiruar Top500 B HOsIO-
pe 2003 roga 3ansaB 405 MecTO ¢ MPOM3BOAUTENHHOCTHIO (0.423
Tflops na tecre Linpack, nukoBast mpousoguresbaocts —(0.717
Tflops;

e cynepdBM «CKU® K-1000» Bormwia B peiituar Top500 B HOsIO-
pe 2004 roma 3aHs1B 98 MECTO C IIPOU3BOIUTEIHLHOCTHIO HA TECTE
Linpack 2 Tflops, nmukoBas nnpoussojuresibHocTh — 2.534 Tflops;

e cynepdBM «CKU® Cyberiay souuia B peiituar Top500 B urone
2007 roma 3ausaB 105 MecTO ¢ MPOU3BOIUTETHLHOCTHIO HA TECTE
Linpack 9.013 Tflops, nukoBast npousBoguTesbHOCTH — 12.002
Tfops;

e cynepdBM «CKU® VYpass» Bomuia B peiituar Top500 B utone
2008 roja 3aHSB 282 MeCTO ¢ HMPOU3BOJIMTETHHOCTHIO HA TECTE
Linpack 12.2 Tflops, nukoBast mpoussomuressaocTs 15.9 Tfops;
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- MBC1000M (2002 roa) @nig CKU® Cyberia (2007 rog)
| Mukoeas/Linpack — 1.024/0.734 Tflops. i «MukoBasi/Linpack — 12.002/9.013 Tflops.
«Konunuecteo yanos/CPU/apep — 384/768/768 «Konuyectso y3nos/CPU/spep — 282/564/1128
d «Tun npoueccopa — Alpha Ev67 667 Mhz J € JekH®) «Tun npoueccopa — Intel Xeon 5150 2.667 GHz
CKU® K-500 (2003 rog) Gl CKWU® Ypan (2008 roa)
o[Mukosasi/Linpack — 0.717/0.423 Tflops. ] oMukosasi/Linpack — 15.936/12.2 Tflops.
«Konuuectso yanos/CPU — 64/128/128 " «Konuuecteo yanos/CPU/snep — 166/332/1328
«Tun npoueccopa — Pentium IV Xeon 2.8 Ghz B ""acnnﬁf «Tun npoueccopa — Intel Xeon E5472 3.0 Ghz
©) CKU® K-1000 (2004 rog) ® CKU® MY (2008 rog)
«Mukosasi/Linpack — 2.534/2.032 Tflops. «MukoBasi/Linpack —- 60/47.17 Tflops.
Ll <Konuuectso yanos/CPU/sipep — 288/576/576 «Konunuectso yanos/CPU/apep — 633/1250/5000
{&w *Tvn npoueccopa — Opteron 248 2.2 Ghz ficki| «Tun npoueccopa — Intel Xeon E5472 3.0 Ghz

Puc. 3. Bce mects npusnanubie OTe€9eCTBEHHBIE CYIIED-
9BM B Top500. Ilsarh u3 1ectu — CynepKOMIIBIOTEDPHI
cemeiicrBa «CKI®»

e cynepdBM «CKU®D MI'VY» Bomia ¢ peittuar Top500 B utone
2008 roja, 3aHAB 36 MECTO C MPOU3BOIUTEIHLHOCTHIO HA TECTE
Linpack 47.1 Tflops, nukoBasi npouzsogureabaocts 60 Tfops.

Kpome stux mectu, 66111 u npyrue cynepdBM na Teppuropuu Poc-
cuu, KoTopble Bxoauwan B crimcok Topb00, HO OHU BCe SIBJISITUCH UMIIOPT-
HBIMU BBIYUCIUTEHHBIMA CUCTEMAMU.

Eme pas noguepkuem: u3 mrectu Bomeamux B peiirunar Topb00 ore-
9eCTBeHHBIX cyrepdBM 1siTh SBJISIIOTCS CYIIEPKOMITBIOTEPAME CEMENCTBA
«CKU®». To ecTb, pa3BuTHE CYyIEPKOMIBLIOTEPHBIX TEXHOJIOTHI HA TEpP-
puropuun CHI' ceromnst B mogaBsromeit gojre 00eCredeHo COI3HBIMU CY-
nepromibioTepabiMu iporpamMmmamu «CKU®» u « CKUO-I'PU/T». DTo
WLTIOCTPUPYET OOJIBINOE 3HAYEHNE, KOTOPOE UI'PAIOT HAY THO-TEXHUIECKIE
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| 12/9.011 Tflops

)

15.94/12.2 Tflops

Puc. 4. Cynep9BM cemeiicra «CKU®» Psima 3, ox-
HOBPEMEHHO BOIIE/IIINE B IOCIEIHION PEJAKINIO (UIOHDL
2008 roga) peitrunra Top500

nporpaMMbl COI03HOTO TOCYJIApCTBA B JIejie Pa3BUTUS WHHOBAIIMOHHBIX U
HayKoeMKux Texnosoruit B Poccun u Benapycn.

3aBepiasi 00CYKJI€HIE BXOXKJIEHUs CyIEePKOMIIBIOTEPOB CeMeicTBa
«CKU®» B muposoit perituar Top500 oTMeTnM ciemyroniee 00CTOATe b
cTBO: B ocsieaneii pegakuuu (uonb 2008 roga) peiirunra Top500 Poccus

BIIEpBbIE II0JIyY9WJia CJAeJyIoninue pe3yJabTaThl:

(1)

(2)
3)

B peiitunre Top500 ogHOBpEMEHHO IPUCY TCTBOBAJIO TPU OTEUe-
crerHble cynepdBM cemeiicrBa « CKII®» Psaza 3 (em. Puc. 4):
«CKU® MI'Y», «CKU® ¥Ypan» u «CKINP Cyberias. o sro-
ro, Kak MpaBUJjio, B BBIMYCKAaX peidTuHTa JUOO HAXOIUIACH OJTHA
orevyecTBeHHas cynepIBM, jimbo HU OHOIA.

CynepdBM «CKN® MI'Y» 3aHsiia B pelituare 36 MECTO —3TO
caMoe BBICOKOE JIOCTUKeHMe poccuiickux cynepDBM.

B anasmTudeckoM oTveTe, KOTOPBIM COIPOBOXKIAETCS BBIILYCK
peittuara Top500, Poccusi BnepBble BBINIIA M3 KATETOPUU <A
JIpyTHe CTPaHbl» U ObLIa OTMEYEHA OTIEJIHHO.

B Tabaurie 2 mpejicTaBieHbl OCHOBHbBIE TTAPAMETPHI CYyEePKOMITbLIOTE-
poB cemeiictBa «CKU®s» Psana 1, 2, 3 u 4. Kpome Toro B Tabaune yka-
3aHbl 3JeMeHThI cyrnepdBM, siBJisroIMecss OTe9IeCTBEHHON WHTEJIIEKTY-

aJbHOI

COOCTBEHHOCTHIO — B JIOIIOJTHEHHE K O6HLI/IM CXEeMOTEXHNYIECCKUM

PEeIeHusIM, KOHCTPYKTOPCKON 1 IMIPOrPAMMHOl JOKYMEHTAIIUN Ha, CyTep-
9BM cewmeiicrBa «CKI®», KoTOpbIE BCErJa Pa3pabaThIBAIOTCA HAMU U

IpUHAAJIEeKaT HaM.
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TapuyA 2. Cynepkommbiorepsl cemeiictBa «CKUD»
Pan1,2,3u4
Tonpl, mukoBast Tre
NIPOU3BOAUTEIb- C’E;’S /B CereBble pelieHus Dopm-
Psan HOCTbH paspaLL BCIIOMOTaTeIbHOMN / daxrop IIpumeuanne
(pacuernbrii HOCTD CHUCTEMHOI ceTu (CPUs/U)
JMAIa30H)
FastEthernet/ OrevecTBEHHBII
20002003, astivnerne 4U-1U SCI (2D-Top).
1 0.020-0.5 TFI 1/32 SCI (2D-top), o )
. . ops Myrinet (0.5-2) XJIa2K JICHHE:
BO3IyX
ServNet v.1, v.2.
GbEthernet/ 10, Yckopurein:
2 2003-2007, 1, /32-64| SCI (3D-top), |HyperBlade| FPGA, OBC.
0.1-5 Tflops .
Infiniband (2) Oxutax eHue:
BO3AyX
1U, blades ServN 5
5 | 20072008 |, 0| GbBthernet/ 20 CPU O;‘;};te‘;‘u .
5-150 Tflops Infiniband DDR 55U ACHHE:
BO3/1yX-BoJa-(HppeoH
(2-4)
Infiniband QDR/ blades Hosble nmoaxomsr K
20092011, oTedyeCTBEHHASs 64 CPU OXTMAZKICHIIO.
4 500-5000 Tflops 4-8/64 CUCTeMHasl CeTh B 6U Yexopure:n:
P (3Dorop) FPGA, GPU,

11. MepcnekTuBbl pa3BnTusi cynekoMmnbtoTepHbix pabor 8 UMC
PAH. Cynepkomnbtotepbl Papga 4 cemeiictBa « CKUD »

Cynepromnbiorepst Pama 1, 2 u 3 —3T0 pa3paboTKu, KOTOPBIE yKe

BBINIOJIHEHBI B pamKax mporpaMMbl « CK®» u mepBoro srama mporpam-
Mbl «CKM®-T'PUI». Ha Bropom 3Tale 3aljiaHupOBaHa pa3paboTKa TeX-
HUJYecKuX pertennii s cynepdBM Psina 4. 9ta pabora y:ke BO MHOIOM

CeJlaHa: BbIIIOJIHCHBI OoJIbIIIasg 9aCTh I/ICCJIG,HOB&HI/II'?'I 1 9aCTbh KOHCTPYK-

TOPCKHX pa3paborok. Ilpu Haamanm mocTaTrovHoro (puHAHCUPOBAHUS KO-

manga uctosauTeseir nporpammbl «CKUO-I'PU/I» rorosa 3aBepmuTh
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1kB.2012 CKU® M~5.0
3 k8. 2010 CKU® -1.0
3 kB. 2009 CKU® -0.5
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Puc. 5. CewmeiicrBo cynepdBM «CKU®»: Psan 1, 2, 3 u 4

BCE UCCJIEIOBAHMUSI, IOATNOTOBUTh KOHCTPYKTOPCKYIO U MPOIPAMMHYIO JI0-
KYMEHTAIMIO U BBIILYCTUTH OIBITHBIE 00PA3IBI ¢ MUKOBO# IIPOM3BOIUTEb-
Hoctbio (eM. Puc. 5):

e k HosiOpIo 2009 roma— 0.5 Pflops;
e k mHosiOpIo 2010 roma— 1.0 Pflops;
e k mapry 2012 roga—5.0 Pflops.

B srobom ciryuae, B pamkax mporpammbl « CKU®-T'PU Iy mbr mog-
TOTOBUM TEXHHYECKUE PEIeHNs, BCIO HEOOXOMMMYI0 KOHCTPYKTOPCKYIO
JIOKYMEHTAIINIO, U3TOTOBAM MOJYJIH, U3 KOTOPBIX BO3MOXKHO COOpaTh Ta-
kue cynepdBM. Bymyr sm cynep@BM cemeiictBa «CKU®» Psama 4 ¢
npouspouTe/ibHOCTBIO 0.5-5 Pflops m3roros/ieHbl B yKa3aHHbBIE CPOKH —
9TO BOIIPOC HAJUYHUsI IOJIUTUIECKON BOJIM M BOIIPOC PACIIMPEHUs] (DUHAH-
cupoBaHUsi JaHHBbIX pabor. [loromy uro namsble cynepdBM — 0.5, 1 u
5 Pflops, — TpebyOT COOTBETCTBYIOMIETO MOTOJHATEIHHOTO (DUHAHCHPO-
BaHus pabor. MuI HasteeMcst, 9To u B maabaeiimem Coo3HOE TOCyIapCTBO
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u Poccust 6ymeT oka3pIiBaTh HEOOXOANMYIO TIOIIEPIKKY OT€IECTBEHHBIX CY-
MEPKOMITBLIOTEPHBIX Pa3pabOTOK.

BnaropgapHoctn

3a To, 94TO MOCYACTIIMBWIOCH paboraTh B MHCTUTYTE MpOrpaMMHBIX
cucrem Poccuiickoit akageMun HayK, aBTOp OJjaromapeH cyanbe m Tem
JIIOJISIM, KOTOPBIE CIIOCOOCTBOBAJIM TAKOMY IIOBOPOTY B CyJ/Ib0e, B IEPBYIO
ouepenb: Aitamassany A. K. u Konaparsesy H. B.

Agrop 6narogapen Bcem corpyaaukam UIIC PAH, ¢ koropbiMu BbI-
maJja JecTb paborarh BMecTe B 19862008 rr., m BceM KoJLaeraM u3 Op-
raHU3aIUi-TIAPTHEPOB [0 CYIEPKOMIIBLIOTEPHBIM HCCJIEI0OBAHUSIM HAIIe-
ro uncruryra: BI'Y, BI'VUP, T'll PAH, UBBuldiC, UK PAH, UIIM
um. M. B. Kengeima PAH, U PAH, UTIX® PAH, X® PAH, Kowm-
narns CKC, HUBII MI'Y, HU KC, HUN mexanuku MI'Y, HUN®XbB
MIY, HUM9BM, HUNAD MTY, HHITY, HIIL «9uasuc», OUIIN HAH
Benapycu, OAO «HUIIDBT», ONAUN, OO0 «tOuukAiiCus», Ilensl'V,
PocHUU PII, CII6ADII, CII6I'TTY, TT'Y, Xumuueckuii daxynsrer MIY,
HTK PAH, Yeal'V, IOYpI'Y u ap.
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ABsTrACT. This article describes supercomputers technologies researches and developments
conducted or planed in the Ailamazyan Program Systems Institute of Russian Academy of
Sciences. The corresponding projects and its results since 1984 are discussed.
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