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AnHoTamms. B cratee 00CyXIaroTCs BOIPOCH], CBA3aHHBIE C o0ecredeHneM 3 GEeKTHBHOTO
MacIITa0UpOBaHMUs TIOTOKOB 3alaHMi, IOPOXKIAEMBIX IPOOIEMHO-OPHEHTHPOBAHHBIMU
pacIpeneIcHHBIMI BBIYHCIUTENFHBIMA CHCTEMaMH, B pa3sHOpoxHbiX Grid ¢ ruOpuaHBIMH
y3namu. PaccMaTpuBAarOTCS MyJIbTHATCHTHBIE METOABI U HMHCTPYMEHTAIBHBIC CpEICTBa
HOBOTO IOKOJIEHHA, obOecneunBaronine 3(QexkTuBHOEe ymnpaBieHHE KOMOWHUPOBAHHBIMH
NOTOKaMM  3aJaHUil  MacIITaOHPYEeMbIX  CEPBHC-OPHEHTHPOBAHHBIX  HPOTPAMMHBIX
KOMIUIEKCOB M OallaHCHPOBKOIM HAarpy3KH BBIYHCIHMTEIBHBIX PECYPCOB HCIOJHHUTEIBHON
cpensl. OnuCHIBaeTCS BBICOKOYPOBHEBBII NMPOrpaMMHBIH MHCTPYMEHTApHUl ISl TOCTPOCHHUS
CEpPBHCOB MacIITA0OMPYEMBIX NPOrPaMMHBIX KOMIUIEKCOB. OTIMYHTENHLHOW O0COOEHHOCTBIO
NPE/ICTAaBICHHBIX METOJOB U CPEACTB OT M3BECTHBIX SIBIISIETCS HCIIOJIBb30BAHHE JJIEMEHTOB
9KOHOMHYECKOH TEOPUH PEryIHpOBaHUs CIIPOCa U MPEITI0KEHUS] PECYPCOB B COTJIACOBAHHOM
MYJIBTHAr€HTHOM YIIPaBJICHUH BBIYMCICHUAMHE ISl KiacTepHo Grid ¢ THOPHIHBIME y3IIaMH,
kak Ha ypoBHe Grid, Takx W Ha ypoBHe npwiokeHHH. DyHKIUH TPOOIEMHO-
OPHUEHTUPOBAaHHOW  BBIYMCIMTENIBHOW  cpeabl  (TIOJIB30BATEIBCKOTO  MPHIIOKEHHMS)
odopmisiercss B Buae Grid-cepBHCOB Ha OCHOBE MpHUMeHeHHs TexHoiormu Web Services
Resource Framework 1 1m1a010HOB B3aUMO/ICHCTBHS C JIOKAITEHBIMU MEHEDKEpaMU PECypcoB
y3noB Grid. [ns co3naHus NPOTPaMMHBIX areHTOB I0JIb30BATENIBCKOTO IPHIIOKESHUS,
MPEOCTABISIIOIINX  3TH  (YHKIHH, HCHONb3YyeTCs HHCTpyMeHTanbHas cpena High-
performance computing Service-oriented Multiagent System Framework, paspaGoranuas
aBTOpaMH. B KkauecTBe NPUMEPOB  OpPraHM3alMd  HPOOIEMHO-OPHEHTHPOBAHHOM
BBIUHCIUTENBHOH cpeibl (IT0JIb30BaTENbCKOTO TIPUIIOKEHHUST) C MOMOLIBI0 PAacCMaTpPUBAEMBbIX
B CTaTb€ METOJOB M CPEJICTB MPHUBOJMUTCS PSiJl HAYYHBIX CEPBUCOB JUIS IKCIEPUMEHTAIBHON
Grid. Ananu3upyroTcs pe3yinbTarsl 3QGEKTHBHOCTH UX (HYHKIIHOHHUPOBAHUSL.

KawueBble cjioBa:  mpoOJIEMHO-OPUEHTHPOBAHHBIC — PACIPENCIICHHBIC  BBIUMCIICHUS
MyHbTPIaFeHTHOC ynpaBneHMe; CepBl/ICbl; I/IHCprMeHTaﬂbele cpeacTaa.
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1. BeedeHue

B mHactosmee Bpems ogHMM u3 (pyHOAMEHTANbHBIX M MPAKTUYECKH Ba)KHBIX
HaNpaBICHUH HCCICIOBAaHMH 110 OpPraHU3alUH NPOOJIEMHO-OPHEHTHPOBAHHBIX
pacIpeeNeHHbIX BEIYUCIUTENBHBIX CUCTEM SABIAETCA obecrieueHre 3 PEKTUBHOTO
MacmTabupoOBaHUs MOTOKOB 33JaHWH, MOPOXKIAEMBIX OTUMH CHCTEMaMH, B
pasHopomubix Grid ¢ THOpHOHBIMEH Yy371aMH. 3alaHHe TPEICTaBIsAeT Co0oit
cnemuduKaio Tpolecca pelmIeHus 3a4ad, Ccoaepkamlylo uHpopmanuio o
TpeOyeMBIX BBIYHCIUTEIbHBIX PECypcax, HCHONHIEMBIX MPHUKIAIHBIX IPOrpaMMmax,
BXOJIHBIX/BBIXOJHBIX JIaHHBIX, @ TaKkKe Ipyrue HeoOxomumble cBeneHus. [loTok
3aJaHuil B 11€JOM 00JIa1aeT HEJbIM PSIIOM CBOMCTB, TAKMX KaK MOIIHOCTH MOTOKa,
MOPSJOK TIOCTYIUICHHs 33JaHHid, KOJMYECTBO 3aJaHUi, IOCTYNAalOIUX B OJIUH
MOMEHT BpPEMEHHM, XapakTep B3aUMOJCHCTBHS 3aJaHHH, OIHOPOIHOCTH 3allaHuH,
WIaTGOPMOHE3aBUCHUMOCTh NPWIOKECHUN JUIA BBIIOJHEHUS 33JaHUH W JpyTHE
Ba)KHBIC XaPAKTEPUCTHKH.

IIpennonaraercs, 4TO Maciradupyemas MIPOOIEMHO-OPUEHTHPOBAHHAS
pacmpesienieHHasi BBIYMCIUTENbHAS CHCTEMa (II0Jb30BATEIbCKOE IPHII0KEHHE)
BKJIIOYaeT HaOOp MPUKIAAHBIX HNPOTpaMM Ul MAapajiedbHOTO PEIICHUS 3aJa4d C
MIOMOIIBIO PA3IMYHBIX BBIYUCIUTENBHBIX CIWHUIL (HAIpUMEp, siiep) TMOPUIHBIX
y3moB kiactepHoir Grid W mopokgaeTr KOMOWHHPOBAHHBIA ITOTOK 3aJaHUH,
OObEAMHIIOMMHA 3afgaHusg Uil 3TUX [PUKIAAHBIX TporpamMm. [lpm  3TOoM
BBIUMCIINTEIbHAS HArpy3ka, CBA3aHHas C pEHICHHEM 33Jadd, paclpeaeiseTcs
MEXAy BBIYUCIUTENBHBIME €IUHUIIAMH THOPHIHBIX y3JI0B KiactepHod Grid, a
BpeMsi BBIIIOJIHCHUS 3aJJaHUH KOMOWHHMPOBAHHOI'O MOTOKA YMEHBIIAETCS 00paTHO
MPONOPIMOHAIBEHO KOJIMYECTBY HCIIOIb3YEMbIX BHIYUCIUTEIBHBIX €ANHHIL C YYETOM
UX MPOU3BOIUTEIBHOCTH B cocTaBe KoHKpeTHoro y3na Grid. Co3maHue CHCTEMBI
yIpaBieHUs] KOMOMHHMPOBAHHBIMHM IOTOKaMH 3aJaHUil Uil pacrpeieieHHO
BBIYHMCIINTEILHOM CHCTEMBI SIBISIETCSI HETPHUBHAIBHONH W BeChbMa aKTyaJbHOM
npobneMoil. J{is ycHmemrHoro pemeHus STOH MpoOJieMBl HEOOXOAWMO, YTOOBI
MOJTb30BATENILCKIE MPUIIOKEHHUS TAKOTO POJIA BKIIIOYAIH BO3MOXKHOCTH, BO-TIEPBBIX,
MOHHUTOPHHTA COCTOSIHUS y3110B Grid (MX JOCTYITHOCTH, TOTOBHOCTH, HaI€XKHOCTH,
napaMeTpoB OdYepelel, CTaTycOB 3allyleHHBIX 3aJaHui W Jp.) M THOKOTO
yIpaBJeHUs 331aHIAMH (yueTa TpeOOBAaHWH K BBIYHCIUTEIBHON CHCTEME, 3aITyCKa,
pecrapTa ¥ MHUIpalMU 3a/IaHHUH, MOIAECPIKKH MEXaHU3MOB CO3/aHUsI KOHTPOJIBHBIX
TOYEK), BO-BTOPbIX, TUHAMHYECKOH JEKOMITO3ULIUM NCXOIHOM 33/1a4M Ha NOA3aJa4uH
Ha OCHOBE aHajM3a aJrOPUTMOB pEIIeHUS 3aJa4d M BBIYHCIUTEIBHBIX
XapaKTEePUCTUK Y3JI0B, HAa3HAYCHUs] ATUX Y3JIOB JJIsl PELICHHs B HHUX MOA3a1ad W
MOCJIeIyIoNIel TeHepaluyd II0TOKOB 3aJaHuil Uil  TIPHUKIAJHBIX [IPOTpamM,
pa3MellIeHHBIX B BBIOPAHHBIX y3JIax.

Tpaguimonnbie  Merammanupoumku  Grid, wanpumep, GridWay  [1],
MPEIOCTABIISIOT CPEJCTBA TOJIBKO Ul PEaNU3aldyd B TOM WIM WHOM BHJE MEPBOM
KaTeropuu  BBILICTICPEYMCICHHBIX ~ BO3MOXXHOCTEH Uil MOJIb30BaTEIbCKUX
npwioxeHui. Peanmuzanms ke BTOpPOHl KaTreropum BO3MOXHOCTEH TpeOyer
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pa3pabOTKM TaKUX CPEICTB YNpPABICHUs, KOTOPbIE MOMNIM OBl MONydYaTb |
MIPUMEHSITh 3HAHHSA O criennduKe mpoOIeMHON 00IacTH pemaeMoi 3a1adm.

AHanu3 MHpPOBBIX TEHICHIMH B 00NAaCTH aBTOMATH3AaLUHU PEIICHUS MPHUKIAIHBIX
3aad B MapajyieIbHBIX M PACHPENEICHHBIX BBIYUCIUTENBHBIX CPEAax IO3BOJIIET
yIBEpXKAaTh, YTO pEIICHWE O3TOW MPOOJEMBI HETOCPEICTBEHHO CBSA3aHO C
MHTEJUIEKTyann3alyell, Tak Ha3blBAEMOT0, IPOMEXKYTOYHOTO IPOTPAMMHOTO
obecrieueHns, IMO3BOJIIOIIETO JHHAMMYECKH HMHTEIPUPOBATH pacHpe/ieieHHbIE
pa3sHOPOIHBIE  PECypchl B BHUPTYaJbHYIO  HUCIOJHUTEIBHYIO  Cpeiy H
MPEJOCTABIIAIONIETO BO3MOXKHOCTU AJIS PO3PAavyHOI0 HCIOIb30BAHUS 3TOHM Cpenbl.
IMMupoko wucnone3yeMbIM Ha MpakTHKE MOAXOAOM K HUHTEUICKTyalu3aluu
NPOMEXYTOYHOTO  NPOrPaMMHOTO  OOECIe4YeHHs  SBISIeTCS  NpUMEHEHHe
MyJabTHareHTHsIX cucteM (MAC) nist ynpaBneHus BerauciaeHusmMu [2]. IToBeienne
KadgecTBa ympaBieHUYecKnX permeHnii B MAC 3adacTyio JOCTHTaercs IIyTeM
UCTIONIb30BAaHMUSA  JKOHOMHYECKMX MEXaHH3MOB PETYIHPOBAaHUS CIpoca H
MPENJIOKEHUST PECYPCOB PACIIPENEICHHON BBIYMCIUTENBHON cpensl [3]. MoxHO
BBIICINTh [JBA OCHOBHBIX MOJAXOJa K  MYJBTHAIGHTHOMY  YIPABJICHHIO
BbIunciaeHUsAMH [4]: B3aumoernctBue MAC ¢ JIoKaIbHBIMU MEHEIKEPAMHU PECYPCOB
y350B Grid ¢ 1enpi0 ONTHMHU3aIMH HCIIOIb30BaHMSA 3TUX PECYPCOB M MHTETPALHS
MOJIb30BATENLCKOTO mpwioxkeHus ¢ MAC s BeIOOpa pecypcoB C  IICIbIO
MOBBILIEHHS AP PEKTUBHOCTH pELICHUs 3a]]a4 STHM IIPHII0KEHHEM.

B mepBoM cmywae, kak mpaBuio, ucrnonb3oBaHne MAC mpeznosaraeT 3aMeHy
TPaAMUMOHHBIX  METAIUIAHUPOBIIMKOB, TakuX Kak, Hanpumep, GridWay,
CrelUaJIbHBIMU areHTaMU YIPAaBJICHHUs] BBIYHCICHUSIMH, 00ECIIeUnBAOIIMMU OoJiee
addektuBHOE pacnpeneneHre pecypcoB. OHako, BCIENCTBUE TaKOW 3aMEHBI,
KaX/Ipli MOJIb30BAaTEb, HE 3aBUCHUMO OT €r0 XKeJaHWs, CTAHOBHUTCS TJI0OAIBHBIM
MIOJIF30BATENEM, OCYILECTBIISIOLIIM B3aMMOJIeHiCTBHE c pecypcamu
pacnpenesIeHHON BBIUMCIUTENBbHOM cpelpl Toiabko ¢ nomomblo MAC. Takum
0o0pa3oM, OTpaHMYMBAIOTCS  BO3MOXKHOCTH  IIMPOKOTO  Kpyra JIOKJIBHBIX
TIOJTb30BATEIICH, JKEJIAIOIUX PellaTh CBOM 3aJlaull B KOHKPETHBIX y3JIaX cpenbl, 0e3
WCIOJIb30BaHUsl MPOMEKYTOUHOro “‘rnocpennHuka’. Kpome Toro, mpu ympaBieHUU
notokamu 3amaHuii MAC Ha ypoBHe Grid Bpemsl BBITOTHCHHS OTHEIBHBIX
NPWIOKEHUH MOXKET yBEIMUMBATHCS, TOCKOJIBKY 3THM areHTaM HE YIAeTCsl y4ecThb
PSR BaXHBIX OCOOEGHHOCTEM Impolecca peUIeHHs 3aJadyd M II0JIb30BaTeIbCKUX
MPEANOYTEeHUH, KacaloIuxcss pecypcoB. Bo BTopoMm ciydae, Hpu HaTUYUU
GonpIIOrO YHMCIa TPHIOKEHWH IOJIB30BAaTENeH, HCIONB3YIOMHUX Ppa3IHYHbIe
METOAB! YHPABJICHUS BBIYMCICHUAMH, J(PQPEKTHBHOCTH CHCTEM YIpPaBICHHS
BBIYUCIICHISIMA MOJKET OBITH CYIIECTBEHHO CHI)KEHA BCIIEJCTBHE KOHKYPEHIINU
areHTOB ITUX MPWIOKEHUH 3a O0IIMe pasfelsieMble pecypchl. DTa mpobiema BO
MHOTOM O00YyCIaBIMBaeTCs TEM, YTO CETrOJHsS HET 0oJjiee MM MEHEee HM3BECTHOTO
CTaH/APTU3UPOBAHHOTO  WHCTPYMEHTapHs,  OOECIEUYHMBAIOIIEI0  IOCTPOCHHUE
CHCTEMBl  YNpaBJICHHWsS JUIi  TPOU3BOJIGHOH  ITPOOJIEMHO-OPUEHTUPOBAHHOM
pacrpeieIeHHON BBIYUCIUTEIBHOW CHCTEMBI.
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B craTpe mpeanararorcsi MyJIbTHAr€HTHBIE METOBI M HHCTPYMEHTAIBHBIE CPEACTBA
OpTaHM3aIn pOOJIEMHO-OpPHEHTHPOBAHHBIX BBIYHCIUTEIBHBIX CHCTEM,
o0eceunBaONIMe HMHTETPAMIO JIBYX PACCMOTPEHHBIX BBIINIE IIOAXOMOB K
yIpaBICHUIO BBIYUCICHUAMH B kimactepHoil Grid. Ilpemmaraembie MeTOABI U
CpelcTBa peaJu30BaHbl Ha OCHOBE MapaurMbl CEPBUC-OPUEHTHPOBAHHOTO
NpOrpaMMHUPOBAHUSI B paMKax pa3pabaTtbeiBaeMoill B THCTUTYTE TMHAMUKH CUCTEM H
teopun ynpasienus: (UJICTY) CO PAH CATYPH-texuonoruu [5-7] mocrpoenus
UHTEJUIEKTyaIbHbIX MPUKIIAJAHBIX BBIUUCIIUTEIBHBIX CUCTEM u ee
CHelManu3upoBaHHbIX Bepcuil [8-10] ams pacnipenieneHHBIX BEIUUCIUTENBHBIX CPE.

2. MlocmaHoeka 3adayqyu

Lensto nanHON paboOTHI sBIsSETCA pa3paboTKa MyJIbTHAreHTHBIX METOAOB U
WHCTPYMEHTAJIBHBIX CPEICTB HOBOTO IOKOJICHMS, oOecriednBaromux 3hheKTuBHOE
yIpaBjeHue KOMOMHHMPOBAHHBIMHM MOTOKaMH 3aJaHUil MacIITa0UPYEeMBIX CEpBHC-
OPHUCHTHUPOBAHHBIX MPOrPAMMHBIX KOMILUICKCOB W 0alaHCUPOBKON HArpy3ku
BBIYHCIIUTEIBHBIX PECYpPCOB HCIONHHUTENBHOW cpenpl. DTH pa3pabOTKH OyayT
HHTErpUPOBaHbl B paMKax CHHHOﬁ TEXHOJIOTUN NOAACPKKHU aBTOMAaTHU3allUN
npolecca peleHns: OONBIIUX Hay4yHbIX 3a/ad B COBpeMeHHOW kinactepHod Grid,
Y316l KOTOpOM (KIactepbl) MOTYT HMETh CIOXHYIO THOPHIHYIO CTPYKTYpY.
HccnenoBanne  HampaBIeHO Ha  pa3pabOTKy  BBICOKOYPOBHEBBIX — CEpBHC-
OPHEHTHPOBAHHBIX HMH(OPMAIIOHHO-BBIYUCIUTENBHBIX CPEA A TPHUKIAJHBIX
CIEIUAHCTOB, HaIleIeHHbBIX Ha 3¢ pexTuBHOE IIPUMCHEHHE
BBICOKOTIPOM3BOJUTEIBHBIX ~ PECYpcOB  0€3  IMOTPYKEHHsI B  OCOOCHHOCTH
HU3KOYPOBHEBOTO IApaJUIEIBHOTO /WM PACHPENENICHHOTO IPOrpPaMMUPOBAHUS
penraemMoit 3aaun. B Takux cpemax moCTpoeHHe MapajulenbHON (pacipeesieHHON)
KPYNHOOJIOUHOM MporpaMMmbl Ha OCHOBe OHOJIHMOTEKH —crienu(pUINPOBaHHBIX
MPUKJIAJHBIX MOAYJEH U JaibHeillllee ee HCIOJHEHHE B paclpe/le]IeHHON cpere
MPOU3BOJIUTCS ABTOMATHYECKH T10 LIEJIEBOMY COJIepIKaTeIbHOMY 3aIpocy.

Jns  JoCTWXKEHMsT  IOCTAaBICHHOM UENM  MPEJCTaBICHHOTO  HCCIEJI0BaHUS
HEoOX0MMO OBUIO PEUIMTh CIEIYIOIIMEe 3aJaud: CO3[aTh BBICOKOYPOBHEBBIil
MPOTPaMMHBIN WHCTPYMEHTApUH ISl MOCTPOCHUS CEPBHCOB MACIITAOMPyEeMBIX
NPOTPaMMHBIX KOMILJIEKCOB, OOECIeunBaIONIMN Pa3IMYHbIe CHOCOOBI OCTyNa K
cepBUCcaM M BO3MOYKHOCTh KOMIUIEKCHOTO HCIIOJBb30BAaHUSI ITHX CEPBHUCOB B
nporecce pemeHns OoNbIION Hay4dyHOH 3amauu B KiactepHoit Grid; peanmsoBarh
ABTOMATH3MPOBAHHYIO CHCTEMY KOHBEPTAllMM II0JIb30BATEIbCKUX 3alPOCOB K
MacmTabupyeMbIM CEpPBHC-OPUEHTUPOBAHHBIM IPOTPAMMHBIM KOMIUIEKCAM B
KOMOMHUpPOBAaHHbIE TOTOKM 3aJaHUii W paclpefeieHuss 3THX MOTOKOB B
BBIYHMCIINTEIBHOW cpele; pa3padoTaTh MYJNbTHArCHTHBIE METOJbl U CpEeAcTBa
yIpaBJIeHUs] KOMOWHUPOBAaHHBIMU ITOTOKAMH 3aJaHUil B Pa3HOPOJHOMN KIIaCTEPHOMN
Grid, obecneunBaromuye pearn3aiio MHOTOYPOBHEBOTO MapalIen3Ma anropuTMa
pemIeHns 3aJa9H ¢ y4eTOM THOPUIHON CTPYKTYPHI Y3JI0B HCIIOTHUTEIBHON CPEBI.
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B kauectBe ampoOaumu pe3yiabTaTOB HCCIECIOBAaHHSA pa3pabOTaH psii HAYIHBIX
CEepPBUCOB I OKcrmepuMeHTanbHOM kiactepHoit Grid MIACTY CO PAH,
MIPOBE/ICHBI aHAJIN3 U OILIEHKA MOKa3aTeiel 3PPEeKTHBHOCTH X (PYHKINOHUPOBAHHS
B 3TOH cpene.

3. MemoObI opeaHu3ayuu pacnpeodesieHHbIX 8blYUC/IeHuUl

B o0mem cirygae mosb30BaTENBCKOE NMPUIIOKEHHE JIODKHO OBITH MPEACTABICHO
OMOMMOTEKON NPHKIATHBIX IIPOTPaMM, BKIIOYAIONMIEH, Hapsay C NpOTrpaMMaMu,
peaNn3yONMMU alrOPUTMBI PEIICHHs NPUKIAAHBIX 334a4 (Jajnee — pemaTensiMu),
CIEIUATN3NPOBAHHBIC ~ TPOTPaMMHBIE  MOIYNH,  INpEJHA3HAYCHHBIC  JUIA
JICKOMITO3UIIMU 3aJauyd 10 IAaHHBIM, a TaK ke JUI1 psAfa IPenpoLecCOPHBIX U
MOCTIIPOLIECCOPHBIX 00PabOTOK BXOJHBIX M BBIXOJIHBIX JIaHHBIX. B wacTHOM ciy4ae
Ui OpraHu3aIu MHOT'OBapUaHTHBIX pacueToB MIPUMEHSIOTCA
aBTOMATH3MPOBaHHbIE  NepeOOpHbIE  MeTOoAbl  (DOPMHPOBAHMS ~ BapUAHTOB
(coueranuii) 3HaueHMH BXOAHBIX IIEPEMEHHBIX pellaeMON 3aJaud Ha OCHOBE
3aJJaHHBIX 00JIACTEH NOMYCTUMBIX 3HAUCHNH NEPEMEHHBIX M [IaroB H3MEHEHUS 3THX
3HAYEHUH WM HCIIOJNB3YIOTCS CIUCKH (haijloB C BapHaHTHl 3HAYCHUH BXOIHBIX
NEpEeMEHHBIX, 3aJaHHBbIC IIOJB30BAaTENsIMU. lIpMMEHEHHE TakuX METOJOB
BO3JIaracTCsl HA CUCTEMY YIPaBJICHUS BHIYNUCICHUIMH.

VYnpasneHue pacnpesielieHHBIMU BBIYUCICHUSIMH B KiactepHoit Grid peanusyercs
MAC [10] ¢ 3amanHO#N OpraHM3aIlMOHHOW CTPYKTYypoil. Koopauuaims aedcTBuii
areHTOB OCYIIECTBIIAETCS C MOMOIIBI0 OOIMMX IpaBWI TPYMIIOBOTO ITOBEICHUS.
ATeHTHl (YHKIIMOHHPYIOT B COOTBETCTBUH C 33aJaHHBIMH POJISIMH, W JUI KaXKAOH
poJHn oTIpeeNieHbl CBOM TPaBHIIa TMOBEJCHHUS B BUPTYaJbHOM COOOIIECTBE areHTOB.
MAC BkiIIOYaeT areHToB IIOCTAHOBKM 33/1a4d, IUIAHHUPOBAHMS BBIYHCIICHHH,
MOHHUTOPHHTAa M pacIpeJieNieHns] PecypcoB, KiIacCH(HUKAIMM, KOHKPETHU3ALUU H
BBITIOJTHEHMS 33/1aHUH, a TAaK)Ke YNPAaBISIOUIEr0 areHra. B pasHBIX BHPTYyalbHBIX
cooOmiecTBax, Bo3HHMKaromuXx B MAC, areHTsl MOTyT KOOPAWHHMPOBATH CBOH
JEHCTBUSA IyTeM KOOIEpallMi WM CONEPHHUYECTBA. ATEHTHI, INPeICTaBISAIONINE
MOJIb30BATENILCKOE NPUII0KEHHE, 00pPa3yI0T BUPTYaJIbHOE COOOLIECTBO MPUIOKEHHS
(BCID).

Pacnpenenenne  BBIYMCIMTENBHBIX ~ PECYpcOB — areHTaMum  Oasupyercs  Ha
HCIIOJIB30BaHUH MOJIENHN 3aKphITOro aykuuoHa Bukpu [11]. ITo okoHwaHuu Topros
Ha TakOM AayKIHMOHE areHTaMH paclpeleNieHHus] pPecypcoB  JOCTHUTaeTcs
COTJIACOBAHHOE YCTOMYMBOE COCTOSHHE, KOTOPOE B OIPEAEICHHOH CTENeHH
SIBJIICTCS AHAIOTOM paBHOBeCHs 110 Hatry B TeopeTHKo-urpoBsix Mmomessx [11].

[Ipunoxxenne mone3oBarens odopmisiercss B Bune Grid-cepBuca. K Hactosmemy
BpEeMEHHU pa3paboTaH MUPOKUH CIIEKTP WHCTPYMEHTOB ISl TOCTPOEHHS OZO00HBIX
cepBucoB [12]. Wcmoms3yembiii B pabore wmertox cosmanust Grid-cepBucos
NpWIOKEHNI Oa3upyercss Ha codeTaHumH TexHoiorumii Web Services Resource
Framework (WSRF) [13] u ucmonp3oBanun miaGnonoB [14] B3auMoaelcTBUs ¢
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JIOKAIBHBIMH ~ MeHekepamu  pecypcoB  y3moB  Grid. [Jns  co3mammst  BCII
UCIIONB3YEeTCS HMHCTpyMeHTanbHas cperna High-performance computing Service-
oriented Multiagent System (HpcSoMaS) Framework, pa3paGoranHast aBTopaMu Ha
OCHOBE 3THX TEXHOJIOTHH.

4. Apxumekmypa UHcmpymMeHmarsnbHol cpedbl HpcSoMas
Framework

B cocraB mHCTpy™mMeHTanpHO# cpemsl HpcSoMaS Framework (pumc. 1) Bxopmst:
CpeICTBa CO3JaHMs areHTOB Ha 0a3e HEHPOHHBIX ceTel; OmOnmoTeka pa3paboTKH
cepBucoB Ha ocHoBe cranmapra REST (Representational State Transfer) wu
npotokona SOAP (Simple Object Access Protocol), a Tak ke TOTOBBIE CEPBHCHI,
peanusyrone ©OaszoBble (QyHkuMu areHtoB BCII, co3maHHble Ha OCHOBE
OMOMMOTEYHBIX KJIaCCOB W TpeOyIollue JJisi CBOEr0 HCIOJIb30BaHUS TOJIBKO
KOHQUTYpallMOHHYIO ~ HACTPOWKY; TrpaduyecKkue CpeAcTBa IPOCKTUPOBAHUS
CEpBUCOB; JOKYMEHTALUsI MO MCIOJIb3yeMbIM (popmaram (aiioB KOHGUrypauuu
cepBucoB. Mcnonb3oBanue cranmapra REST 00ycioBICHO ero BO3MOXKHOCTSIMH
JUIL  TIPEACTAaBIICHUS] CEpBHCA B BHJIEC KIMEHT-CEPBEPHOTO  IMPUIIOKECHHUS,
BEITIOJTHEHUS HEPECYPCOEMKHX paboT B ()OHOBOM pEKHME, 3allycka IMOTOKa Ha
Ka)XTOTO KIMCHTa, KOMIAKTHOCTBIO MTAKETOB 3aIIPOCOB M OTBETOB IO CPaBHEHHIO C
SOAP.

CyIecTByIOT IIBE KaTeropuu MOJIh30BaTeNIeH paccMaTpuBacMOi
HHCTPYMEHTAJIBHON CpeNbl: CHCTEMHBIC pa3pa0OTYHKH, KBATU(PHUKAIHI KOTOPHIX
MO3BOJISIET MOIU(HUIIMPOBATh 0a30BbIE BO3MOXKHOCTH TOTOBBIX CEPBHCOB MpHU
CO3/IaHMHM CHCTEMHOM 4YaCTH TPOTPAMMHBIX KOMIUICKCOB, ¥  CIICIIHAUCTHI-
MPEIMETHUKH, 3aHUMAIONIUECs CO3JaHHeM (QYHKIHOHAILHOTO  HAIOIHCHHS
TMIPUIIOKCHUA u HCTIOJIB3YIOMINE ClieuaJIbHbIC HUHCTPYMEHThBI JJIA €ro
npeAcTaBieHuss B Buje cepBuca. Jljig mepBoM KaTeropuu IMojb30BaTenei
MpPEOCTaBIsACTCS peXuM paboTel ¢ OMOIMOTEKOH pa3pabOTKH CEpBHCOB,
MpelycMaTpUBAIONUN py4YHOE 3amojiHeHue (aiioB KOHPUTYypalud CEpPBUCOB,
JIOpabOTKY U KOMIHJISILIMIO MCXOJHOTO TPOrPaMMHOIO Koja mabJIOHOB CEPBHCOB.
Jlyis BTOpOW KaTeropuH MOJIb30BATENCH MPEIOCTaBIIeTCS CTaHIAPTHBIA Habop
CEPBHUCOB, I KOTOPHIX (hailibl HACTPOSK MOXKHO CO3[aBaTh M MOIH(DHUINPOBATH,
UCIIONB3YS YTHUIIUTHI C TpaduaeckuM HHTepdericoM.
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Huctpyuenmnasnng cpean HpeSoMaS Framework

Bralamomesn K1acoom w yniimaTes
COLAMMME MM TEUICETYLIRMIY
ANCHTON
iy e peFipOnnBX ceTed

Ewlasorea pampalboTen CopRIscos

| Knaccw met-mrmedpeioon

Krnacow arewron ma Gase REST |
L]

| Befeunredipeiic

Kaaccs SOAP-Cephiston ¢
npescsciies WESRF

|_ Koo SOMAP-copmcon |

] !

A . -
SOAP-cepamnc ¢ | SOAP-cepatcu |
mpEuacHcies WERF
Arcim-sieneniepi na Gaswe REST l'_

A apunnmcrpaponasas na fase REST  la—

XML opuar dhaitnon sondairypacmne cepancon |

¥ IHAHTH COTIAHIE CEpRMCOR

Puc.1. Uncmpymenmanvnas cpeoa cozoanus BCII acenmos.

B BCII, pa3pabarbiBaeMbIX C HOMOIIBIO MHCTpYMEHTaJIbHOW cpensl HpcSoMaS
Framework, MOXHO BBIIEIUTHh TPH YPOBHS: YPOBEHb IMOJIb30BATEIBCKUX AreHTOB,
MPEICTaBICHHBIA KIUCHTaMH B Opay3epe; ypOBEHb arcHTOB-MCHEIKEPOB,
MPE/ICTABJICHHBIA CEPBUCAMHM, pPEAIN30BAaHHBIMH Ha OCHOBe craHmapra REST;
YPOBEHb PEAKTUBHBIX areHTOB BHITIONHEHUS 3aJJaHUil, TIPEJICTABICHHBIN CEpBUCAMU,
peann3oBaHHBIMH Ha ocHoBe mporokosa SOAP. MHoroypoBHeBas apXHTEKTypa
co3naBaembix BCII moO3BOJISIET JIOKAIBHO 3aMEHATH OTIENbHBIE (QYHKIMOHAIBHBIC
YacTH JTOTO COOOIIECTBA ¥ MHOTOKPAaTHO MX HCIONB30BaTh B  Pa3HBIX
npuioxeHusx. [lomp30BaTey MOTYT MOJKIIOYATBCS K JIFOOOMY W3 arcHTOB-
MEHEKepoB 4depe3 web-uHTepdelic MoIb30BaTeNbCKOTO areHTa, JOCTYHHBIH C
KOMIIBIOTEPOB U MOOMIBHBIX YCTPOWCTB, MOJKIFOUEHHBIX K ceTH MHTEepHET, mpu
HaJIMYMU y4eTHOM 3anucu nosib3oBarens Ha BK arenra.
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5. BblyucriumersibHbIU 3KCepuMeHm

CepBUCHl 1MOJIH30BATEIBCKUX MPHUIIOKEHUH OBLIM CO3JIaHbl JUIS WCIIOJIB30BaHHS B
pasHopoaroii knactepHort Grid UJICTY CO PAH, Bxmogaromieii: ogaopoassiii BK
«Blackford», 20 y3mos, 40 CPU Quad-Core Intel Xeon E5345, obuiee uncnio suaep
160; reomnopoausiii BK «Axamemuk B.M. Matpocos», 110 y3108, 220 CPU AMD
Opteron 6276 «Bulldozer», obmee uucio smep 3520, y3en ¢ rpaduueckumu
nporeccopamu NVidia C2070 («Fermiy»); meomaopomusii BK ¢ GPU NVidia
«Tesla», B coctaB KoTOporo BXoAut 4 4eThlpexbsiJepHbIX Ipoueccopa Intel Xeon
X5570 («Nehalem») u 8 GPU NVidia «Tesla» C1060 ¢ o01muM 9rCIIOM ITOTOKOBBIX
anep 1920; BK I[19BM, 8 pabounx cranuuii, 1 CPU AMD, o6ruee uncino sizep 32.
Ha xaxmom BK 0pu1 ycranosmen HTTP web-ceprep, obecneumBaromuii moctym
n3BHe, A REST- u SOAP-cepBucoB ncnosb3oBaics cepep TomEE, xoropsrlii
npencrapisieT U3 ceds MoaudumupoBanHblid Apache Tomcat ¢ noOaBiieHHBIM B
Hero ¢ynknuonasom JavaEE. Ha puc. 2. mpuBenmena cxema pa3MelIeHUS U
¢yaxunornposanus BCII B kmacteproit Grid UICTY CO PAH.

B kavecTBe mepBoro mpuMepa OBUI peal30BaH CEPBUC Ul PEIUCHUS 3aJa4yd
MOCTPOEHHUS 00JIACTH YCTOMYMBOCTH B MIPOCTPAHCTBE JIBYX BHIOPAHHBIX NAPaMETPOB
K uw T perymitopa 3aMKHYTOH CHCTEMBl YIPaBICHHUS, ONHCHIBAEMOM

dX
muddepeHInaNbHBIM ypaBHEHUEM e = AX, Tae 3JIeMeHTHl MaTpullbl A 3aBUCAT

ot mapametrpoB K u T. Drta 3a1aua CBOAUTCS K PEIICHUI0O MHOXKECTBA HE3aBUCHUMBIX
nox3agad  (MPOBEJCHUIO MHOTOBAapHAaHTHBIX pacyeToB) IO  ONPENEICHHIO
YCTOMUMBOCTH MaTpuubl A Tpu H3MeHeHHHM 3HadeHuit mapamerpoB K um T B

samanHbeiX guanasoHax Ko, <K<K w T, <T <T,, c marom AK n AT

cootBeTcTBeHHO. [lyrem BapsupoBaHmsi 3HaueHui mapamerpoB K um T crpownrcs
YHCIIOBas CETKa, Ha OCHOBE KOTOPOil (opMHpyeTcs MHOXECTBO moazagad. Jlis
BBITIOJTHEHHS 3a/laHMs JIOKAJIBHBIH areHT 3alyCKaeT NPHUIOXKEHHE, pealn3yrolee
CXeMy BBIUHCIIEHUSI COOCTBEHHBIX 3HAUEHUH NMPOM3BOJIEHOW IUIOTHOM MaTpHUIBI C
WCIIOJIE30BAaHUEM aJTOPUTMOB, TpEACTaBICHHBIX B pabote [15]. HeoOxommmbim
YCIIOBHEM pEIICHUS WCXOAHOM 3amadd SBIAETCS BBIIOJIHEHHE 3aJaHus IS

peuieHus Ka)K,HOﬁ noa3ajgavyu.
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Puc.2. Cxema pazmewenus u gpynxyuonuposarus BCII ¢ knacmepnoii Grid U/JCTY CO
PAH.

B xagecTBe BTOpOrO NMprMepa pean3oBaH cepBUc ais pemeHus SAT-3amxaq (3amaq
BBINIOJITHUMOCTH OYJIEBBIX OTpPaHMYEHUil) MyTeM MPOBEACHUS MHOTOBAPHAHTHBIX
pacyeToB Ha OCHOBE JEKOMIIO3MIMHM MCXOJHOW 3aJayd C IOMOIIbI0 METo/a
pacmierienust [16]. B osTomM ciaydae MHOrOBapWaHTHBIE pacueThl MOTYT
BBITIOJHATBHCSA B PEXHUME JUHAMHYECKOTO BBIOOpA pecypcoB. B BBIYMCIUTENBHBIX
9KCIIEPUMEHTaX MCHOJIB30BAIICH Kak cymiecTBytomue SAT-pemaTeny ¢ OTKpBITOI
JUIIEH3MeH, Tak 1 pa3paboTaHHBIe aBTOpaMu perrateny [17, 18].

B mnepBoM mpumepe cepBHC TPWIOXKEHHUS NpeRHa3HA4YeH JUIsl pealu3aliu
MHOTOBAPHAHTHBIX PacyeTOB C HMCIHOJB30BAaHUEM CTAaTHYECKOTO BHIOOpA pecypcoB.
OueBHIHO, YTO JUIs 3a/lad TAaKOTrO BUJA INPEUMYIIECTBO PACCMOTPEHHBIX BBIIIE
CPEACTB MYJBTHAareHTHOTO YIIPABJIEHHS II0 CPAaBHEHHIO C TPaJUIMOHHBIMH
MEHE/DKEpaMu pPEecypcoB HE3HauuTeJIbHO. Bo BTOpOM ke IpuMepe CcepBHC
NPWIOKEHUS. TpelHa3Ha4eH Ui peaJld3allid MHOTOBApPHAHTHBIX pacdyeToB B
peXuMe JAWHAMHYECKOro BbIOOpa pecypcoB. B sTom ciydae, mpemiaraeMsie
Cpe/ICTBa MYJIbTHAT€HTHOTO YIPABJICHHs BHIYUCICHUSIMH TTO3BOJISIIOT CYLIECTBEHHO
COKpaTUTh BpeMs pelleHHs 3aJadyd [0 CPAaBHEHHWI0 C TPAJAUIMOHHBIMH
MEHEDKEpaMH PECYpCcoB 3a CYeT BhIOOpa HamOojee ONTUMAIbHBIX pemaTesield H
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HaFIMEHEe 3arpy>KCHHBIX BBIUYMCIUTEIBHBIX PECYPCOB, COOTBETCTBYIOMIMX ATHM
pemrarensaM (taba. 1). B Tabnuite mpuBeaeHBI pe3ybTaThl pEIICHHS 3a1a9n Ditepa
0 XOJe [IaXMaTHOTO KOHS (HE3aMKHYTOE [IBIDKEHHE) IO YIpPaBICHUEM
TPaAMIMOHHOTO  MEHe/Kepa  pecypcoB W mox  ympaeiaenuem  BCII,
00ecreynBaoIero BO3MOXKHOCTh JMHAMUYECKOTO IepepacipeesieHns 1mo/13aaau
NpU TOSBJICHUM CBOOOAHBIX pecypcoB. [IpuBoanTcs cpenHee M MHHUMAJIbHOE
BpeMs 11 cepun u3 100 3amyckoB 3aaad.

Tabn.1. Cpaenenue epemeHu peuteHust sat-3a0ayu nPu pacnpeoesieHuu NOMoKa 3a0aHuil
MmpaouyuoHHbLM MeHedwcepom pecypcos (MP) u BCII.

Cpennee Bpemst MunumanbsHoe
peuieHus sat- BpeMs pellIeHue sat-
3aja4H, C. 3ajauy, C.
Yucno
KHO NepeMEHHBIX/ MP BCII MP BCII
JM3BIOHKTOB
knight8 4096/491024 183.0 132.0 61.0 0.6
knight9 6561/1007603 499.0 359.0 282.0 199.0
knight10 10000/1913276 3599.0 2464.0 651.0 276.0

Tpetuii cepBUC TpeHA3HAYEH ISl OPraHU3aUH MHOTOBAPHAHTHBIX PACUETOB MPH
HCCJIEJIOBAHUU CHCTEM MAacCOBOTO OOCIYXXHBAaHHS B Cpele HMHTALUOHHOTO
mojgenupoBanust  GPSS  World [19]. HeobxoguMocTh MNpPOBEICHUS TaKHUX
HCCIICIOBAaHUN MEPUOJINYCCKA BO3HUKACT, HAIIPUMED, B PETHOHAIBHBIX CKJIAICKUX
JIOTHCTHYECKUX KOMILICKCax. B umcie perraeMplx 3ajad:  MOJACIMPOBAHUE
MOTPY304YHO-PA3rPy304YHBIX PabOT, MOACTHPOBAHNUE TEXHUYCCKOTO OOCITYKHBAHUS
CHCITEXHUKA W aBTOTPAHCIOPTa, IIOCTPOCHUE pPACHHUCAHUN OOCITY)KUBAHUS
IUTAHOBBIX KJIMEHTOB C YYE€TOM IOTOKOB CIIy4aiHBIX 3assBOK Ha OOCIy)XHBaHHUE,
pa3paboTka Mojeneil O00CIyKHBAaHHS KJIHEHTOB C Pa3IMYHBIMH  YPOBHSIMH
00CIyXHBaHHs, MPOTHO3UPOBAHHE TMPOIECCOB CAAYM CKIAJICKHX OOBEKTOB B
apeHny, aHamu3  (POHJOEMKOCTH  TOProBO-CKIAJICKMX  yciayr.  Pemienue
MIEPEYHCIICHHBIX BBINIEC 3a/1a4 TPeOyeT MpPOBEICHHsS MHOTOBAPHUAHTHBIX PacdeTOB.
Y4YuTHIBas CTOXAaCTHYHOCTh MOJEIHPYEMBIX IPOIECCOB, JUIA KaXJIOTO BapHaHTa
HY>KHO BBITIOJHHUTH TOCTATOYHO OOJBIIOE YUCIIO MPOTOHOB C TEM, YTOOBI TOOUTHCS
TpeOyeMoi CTETIeH! TOCTOBEPHOCTH Pe3yibTaToB. JlajpHelInee pa3BUTHE CEpBHCa
nperoiaraeT  paciuiupeHne  ero  (QyHKIuA  QYHKIUSIMH  IUTAHHPOBAHUS
BBIYUCIUTEIBHOIO OJKCIICPUMEHTA, aHajdH3a H HWHTEPIPETALUU PE3yJIbTaTOB
MOICTUPOBAHHS.
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6. AMuTaumoHHoe mogenupoBaHue pyHKUuMoHupoBaHus Grid

C uenbio 0Oosiee MOJHOTO HCCIEIOBAaHHMS PACCMOTPEHHBIX BBIIE METOIOB H
MHCTPYMEHTAIBHBIX ~ CPEICTB  IPOBEJCHO HMMHUTALHOHHOE  MOJEIHPOBAHHE
¢dyukunonuposanuss Grid ¢ momouipio cucrembr GPSS World. Monenupyemas
cucrema Brrrogana 10 ximactepoB ¢ unciom siaep ot 6000 no 14000 equaum u 300
nonb3oBarenieii. OOmiee wucno sgep cocraBmsuio 100000  emwmun.  Ywcno
JOCTYIIHBIX A1ep B 3KcIepuMeHTax mMersuiocs ot 80000 mo 100000. Brropannas
KOH(UTypanusi MOJEIUPYEMOH BBIYUCIMTENBHONW Cpelbl M0 CBOMM HapaMeTpam
JOCTAaTOYHO a/IeKBaTHO OTpaxaer XapaKTEePUCTHKU POCCHICKHX
CYNEpPKOMIBIOTEPOB, BXOAAIMX B oduIManbHbl crnucok 500 MolmHeHmmx
komrbioTepoB  mupa  [20].  Kimactepbl  BKNIOYANM — THOPWAHBIE  Y3JIBI,
MOJJIEP)KUBAIOIIME PA3IMYHbIE TEXHOJOTHU IMapajlieIbHOTO MPOTrPaMMHPOBAHHS.
[Ipn mpoBeneHNN UMUTAMOHHOTO MOJEIMPOBAHMS IIPEAIIOIArajJoch, YTO 3aJaHus
nosb3oBareneit Ha ypoBHe Grid MOTYT OBITH BBITNIOJHEHBI Ha JTIOOOM KJlactepe, a Juis
Ka)XKJOTO TIPWIOXKEHHS JIOKAJIbHOTO ToJsb3oBatenst kimactepoB (JIIIK) wmmerorcs
YHUKAJIbHBIE PELIATeIH, PeaIn30BaHHbIC C YUETOM BBIYHCIMTEIBHBIX OCOOCHHOCTEH
Y3JIOB KIACTEPOB, B KOTOPBIX 3TH PELIATENN YCTaHOBIICHBI. [Ipy nMHUTanny BpeMeHH
BBINIOJIHEHHSI 33/laHKMs Ha KJacTepax INPUMEHSINCh KOA(PQHUIMEHTH YCKOPEHHS
CYeTa, 3Ha4EeHHUs KOTOPBIX IS Pa3HBIX KJIacTepoB BapbHpoBaimuch oT | mo 1.5 B
3aBUCHMOCTH OT BBIYMCIIUTENBHBIX XapaKTEPUCTUK ITHX KIIaCTEPOB.
Mopenupyemsiii niepuoj BpeMeHH padboThl cucteMbl — 30 CyTOK. 3a 3TOT Mepuo
obOpaborano 12990 moTokoB 3amaHuWil Kak mMmoik3oBarenell Ha poBHe Grid, Tak u
JIOKaJBHBIX MOJIb30BaTee! KiIacTepoB. JTH MOTOkM BKiIouanu ot 1000 mo 10000
MPOLIECCOB VISl TApaIeNbHBIX MPOTPaMM WIN 3aJaHWi JUIi MHOTOBAapHaHTHBIX
pacueToB. B kauectBe meramanupoBuukoB Grid ucmonbs3oBanuch GridWay wiu
MAC [10], a pacopeneneHue pecypcoB sl MPHWIOKEHHHA JIOKATbHBIX
MOJIB30BATENEH OCYIIECTBIISIIOCH caMUMHM moinb3oBatesivu uinu BCII. MaTepBan
nepepacnpenencaus  pecypcoB  (RESCHEDULING INTERVAL) xak  mns
GridWay, tak u qis BCII Obut paBeH 5 MuH. [lWCHUIUIMHA OOCITYXKHBaHUS
ouepezeit 3ananuii — FCFS (First Come, First Served) ¢ npuopureramu. B kauectse
OCHOBHBIX HaOJIIOZaeMbIX MEPEMEHHBIX HMMHTAI[MOHHOW MOJENH HCIOJIb30BaHBI
CIENyIOIMe TOKA3aTelM: CPeJHee YMCIO Nag 3aJaHMM B oyepeny KiacTepa,
cpennee Bpemsa tay NpeOblBaHMA 3a1aHMS B O4YEpPENM KIacTepa M CPEIHHI
K03 punneHT Kavg MOJIE3HOTO UCIIONIb30BAHMS y3I7I0B KJIACTEPOB,
CpEHEeKBAaIpaTHYECKOE OTKJIOHEHHE O KOI((HUIMEHT MOJIE3HOI'0 HCIIOJIB30BAHUS
Y3JI0B KJIACTEPOB.
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Tabnuya 2. Pesyromamoi moodenupoganus o 100000 oocmynnuix sioep.

MeHemkep pecypcoB: ypoBeHb Grid, ypoBeHb NPUIIOKEHUS
IToka3zaTens i
GridWay, JITIK MAC, JITIK MAC, BCIT
Navg, CAMHUIL 520.362 98.071 53.859
tavg: CEK. 701.750 286.184 170.183
Kavg, %0 0.690 0.616 0.647
o 0.005 0.003 0.002

PesynmpraTl MonenupoBaHus (Tabi. 2), MOKasbiBalOT, 4yto npumenenune BCII
coBMecTHO ¢ MAC MOXET CYIIECTBEHHO YJIYYLIMTh BHIOpAaHHBIC I10KA3aTeNn
(YHKIHOHHPOBAHHS TOCTATOYHO OONBIION KiacTepHoil Grid mo cpaBHEHHIO Kak ¢
MmeramanupoBikoM GridWay, tak um ¢ camoii MAC. Bo MHOrom »sto
00yCIIaBIMBAETCsI CIEAYIOIUM 00CTOSTEILCTBOM: KOT/Ia BMECTO MUTPALIUH 331aHHS
IO BBIMOJIHEHUIO NTPOTPAMMBI ¢ OJHOTO KJacTepa Ha JPYyroil TpedyeTcs reHeparis
HOBOTO 3a/laHMs JUIS BBIIIOJIHEHUS JPYTod IPOTrpaMMBbl, METAIIAHUPOBIIMKHA Ha
ypoBHe Grid He MOTYT BBIIIOJIHATE MOJOOHBIE IEHCTBUS, TaK KaK HE 00J1alatoT BCei
HeoOxomuMmol WHpOpManueil o mpoOIeMHO oOnacTh pemaeMol  3agadu
none3oBaress. [Ipu paspadorke BCII nonp3oBaTens mMeeT BO3SMOXKHOCT CHAOANTD
areHTOB HYXXHBIMH 3HaHMAMHU. Mcmonezyembii B MAC u BCII anroputm
pacnpeieNneHus pecypcoB Ha OCHOBE SKOHOMHYECKUX MEXaHH3MOB PEryJIMpOBaHUS
UX CIpOca M TPEUIOKEHHUS MTO3BOJISIET OCYLIECTBIISATH OJIOKUTENBHOE BIMSHUE Ha
0aJaHCHPOBKY 3arpy3Kd pecypcoB, O 4YeM CBHUJIETEIbCTBYET yMEHbBIICHUE
IoKa3aTeNsl o. YMeHbIIEHHEe 3HAa4eHHs cpelnHero koddduuuenta Kag Ione3Horo
UCIIONIb30BaHMsI y3JIOB KJIACTEPOB B TPEThEM M YETBEPTOM CTOJIOLAX Tabi. 2 1o
CPaBHEHUIO CO 3HAYEHUEM BO BTOPOM CTONOIE OOBSICHIETCS] COKpaIlleHUEM OOLIEero
BpPEMEHHU BBINOJIHEHHsI BCEX IMOTOKOB 3aJaHuii 3a cuer ydyera areHtamu MAC u
BCII k03¢ ¢ununeHToB ycKOpeHus cyeTa Ha KiIacTepax MpH paclpeelieHnH B HUX
3aJaHU M TeM CcaMbIM YBEIWYEHHWsS YHCIIa 3aJaHMid C HYJIEBBIM BpEMEHEM
OKHJaHUS B OUepeIu.

7. 3aknroyeHue

B cratbe paccMOTpeHBI HOBBIE MYJIBTHAreHTHBIE METOJBl M HMHCTPYMEHTAJBHBIE
CpeICTBa yIpaBIeHUs] KOMOMHHPOBAHHBIMH ITOTOKAaMH 33JaHUIl B Pa3HOPOIHON
knactepHoit Grid, obecrieunBaromye peaar3auio MHOTOYPOBHEBOTO Mapayljien3Ma
aNropuTMa pemeHus 3aJadyd € Y4eTOM THOPHUAHON CTPYKTYpHI  y3IIOB
WCTIONTHUTENFHONH cpeapl. OTINYNTENbHBIMH OCOOCHHOCTSIMH 3THX METOAOB H
CPEICTB OT H3BECTHBIX SABIAIOTCS. WCIOJIB30BAHHE D3JIEMEHTOB SKOHOMHYECKOU
TEOPUH DETYIMPOBAaHUS CIpOCa W TPEIIOKEHUS PECypcoB B COTJIACOBAHHOM
MYJIBTHAr€HTHOM YIpaBieHWW BbIUUcIeHus MU jist Grid ¢ rHOpuaHBIMHU y37aMu,
kak Ha ypoBHe Grid, Tak M Ha ypoBHe NpuIIOXeHHH; peanuzanus areHtos BCII B
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BUJIE CEepBUCOB. TaKke cleayeT OTMETHTh, YTO PH B3aUMOJICHCTBUH C pecypcamu
Grid areHTBhl Ha 00OMX YPOBHSX HCIOJB3YIOT KOMaHbl JOKAJIBLHBIX MEHEIKEPOB
peCypcoB, JOCTYITHBIE JIFOOOMY MOJIb30BATENIO, 3aMyCKAIOT 3a/laHus yepe3 olIue
ouepeu kiaactepoB Grid v He BIUSIOT HA MX aIMUHUCTPATUBHBIC TOJIUTHKH.
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Abstract. The paper discusses the issues related to ensuring the effective scaling of the job
flow generated by problem-oriented distributed computing systems in heterogeneous Grid
with hybrid nodes. Considers the multiagent methods and tools of the new generation, to
ensure effective management of the combined job flow of scalable service-oriented software
systems and load balancing for computing resources of runtime environment. Describes a
high-level tools for developing services of scalable software systems. A distinctive feature of
the presented methods and tools is use of elements of the economic theory (such as elements
of regulation of supply and demand of resources) in the coordinated multiagent management
of cluster Grid with hybrid nodes, both at the Grid level, and at the application level. The
functions of problem-oriented computing environment (user application) is realized in the
form of Grid-services using technology Web Services Resource Framework and patterns of
interaction with local resource managers of Grid nodes. To create the agent of application is
used development environment High-performance computing Service-oriented Multiagent
System Framework, developed by the authors. A number of scientific services for
experimental Grid are given as examples of organization of the problem-oriented computing
environment (user application) using methods and tools considered in this paper. The results
of their effective functioning is analyzed.

Keywords: problem-oriented distributed computing; multiagent control; services; tools.
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