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BBE/JIEHHUE

B wnacrosimee BpeMs HaONIOAAaeTCs pa3BUTHE HMH(DOPMAIMOHHBIX TEXHOJOTHA,
CBSI3aHHBIX C pacmpeaeieHHou o0padoTkoi nHpopmanuu. K Hanboaee MacmTabHbIM U3
Hux oTHocsaTcss GRID u TexHONOrMM HCMONB30BaHUS OOJIAYHBIX pecypcoB. JlaHHas
TEHJICHITNS BBI3BIBACT MOBBIMICHHBIN HHTEPEC K CMEKHBIM HH(POPMAITMOHHBIM TEXHOJIO-
rusiM, koTopble ucnoib3ytoT GRID u oGnaunbie pecypchl B KauecTBe MHCTpyMeHTa. K
TaKUM HaIpPaBJICHUSM OTHOCHUTCS PACIPEICICHHOS HMHTAIIMOHHOE MO/ICITUPOBAHNUE.
be3 srama mMopenupoBaHUsSI MPAKTUUYECKH HE OOXOMUTCS CEroJHsS HU OJHA Hay4dHas,
HAy4HO-UCCJIeI0BATEIbCKAs UM UHXKEHEPCKast paboTa. A IpH 3HAUYUTETBHBIX 00BEeMax
MPOEKTOB BHHMaHWE Bce OOJbIIe oOpamiaercs B CTOPOHY MMEHHO DPACIPEIeIICHHOTO
MOJICIIUPOBAHUS.

[IpumeHeHne pacrpeaeieHHOTO MMHUTAIIMOHHOTO MOJCIUPOBAHMS B TOCIICTHEE
BpeMs TTO3BOJIMIIO 3HAYUTEIBHO PACIIMPHUTH KJIACC PEATM3YyEMBIX MMHUTAITMOHHBIX MO-
JIeJiel 3a CueT UCIOJIb30BaHUS OOJBIIOr0 KOJIMYECTBA MOIIHBIX BBIYMCIUTEIBHBIX pe-
CypCOB, K KOTOPBIM MOXHO OTHECTH JIOKAJbHBIC U TJIOOATbHBIC KOMIIBIOTEPHBIC CETH,
CYNEpKOMITBIOTEPHI, KJIacTepa.

3a BpeMsi CBOEro CyIECTBOBaHMS, CHUCTEMbl MMHTAIIHOHHOTO MOJEIMPOBAHUS
MIPOILIN MYTh OT OJHOTIONB30BATEIBCKUX MPOTPAMM U CPEJI, TIO3BOJISIONINX CO3/1aBaTh
MPOCTEUIIINE MOCIEAOBATEIbHBIE MOJCIHN K KPYIMHBIM PacClpeeICHHBIM HMHTAIIMOH-
HBIM CHCTEMaM MOJICITUPOBAHUS, OOBEAMHSIIONIUM PA3HOPOIHBIC YIAJICHHBIE MOJICIH,
CO37IaHHBIC PA3HBIMHU Pa3padOTUYNKAMH, B KaU€CTBE KOTOPHIX MOTYT BBICTYIATh KaK OT-
JIeTbHBIC UHXKEHEPHI U YUEHBIC, TaK U 1eJIble KOJJIEKTUBBI U (prupMbl. ClieICTBUEM STOTO
CTaJI0 CO3JaHHE MEKIYHAPOIHBIX CTAHAAPTOB HA CO3/IaHUE PACTIPEICICHHBIX HMHUTA-
MOHHBIX Mojenel, Takux kak HLA (High Level Architecture).

3HAYNUTEIBEHYIO POJIh B POPMUPOBAHUYU M PA3BUTHH TCOPHH MMHUTAIIMOHHOTO MO-
JCTMPOBAHUS WUTPAOT PabOThI OTCUYECTBCHHBIX M 3apyOeKHBIX aBTOpoB P. IlleHHo-
Ha [1], N.B. Makcumes [2], H.H. MouceeBa [3], H.Il. bycnenko [4], B.M. I'nmymiko-
Ba [5,6], A. IIpunkepa [7], A. 'opnona [8] u ap.

CtpeMuTeIbHOE pa3BUTHE PACIIPENCIICHHBIX BRIUUCIUTEIBHBIX CUCTEM, 00YCIIOB-
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JICHHOE TMOSBJICHUEM MOIIHBIX BBIYUCIUTEIBHBIX PECYpPCOB U OBICTPOJCHCTBYIOIINX
KOMMYHHKAIIIOHHBIX CETEH, MPUBOAUT K HEIOCTATOYHO I(P(PEKTUBHOMY UX HCIOJB30-
BaHUIO CO CTOPOHBI UMHUTALIMOHHBIX CUCTEM MOJCIUPOBAHMUS.

AKTYaJIbHOCTh NpPo0JieMbl. PacnipeneneHHble UMUTAIMOHHBIE MOJEIM Yalle

BCETO CTPOATCS HA OCHOBE CYILIECTBYIOIIMX MOCJIEIOBATEIBHBIX METOJOB MOAEIHPOBA-
HUS, a 3a/1a4a BbIOOpA COBOKYITHOCTH PECYpPCOB JUIsl MPOBEACHUS UMUTAIMOHHOTO JKC-
MEepPUMEHTA Yallle PelIaeTcs ACKIapaTUBHO Ha OCHOBE MH(OPMALINU O BRIUMCIUTEIHLHON
CJIOKHOCTH PaCIpeeICHHON MOAENN U MPOU3BOAUTEILHOCTH CYIIECTBYIOIIUX BBIUMC-
JUTENBHBIX pecypcoB. [Ipu 3ToM Takue BakHBbIE XapaKTEPUCTHKHU Kak Tpaduk, omepa-
THUBHAs NaMATh PACIPEIEICHHBIX MOJENIEH, MOTOKU JIOKAJIbHBIX 337a4 BbIJICJIEHHBIX pe-
CYPCOB €CJIM U YYUTBIBAIOTCS, TO TOJIBKO KaK OrpaHUYMBAIOIINE ITapaMeTPbl IPU BBIOO-
pe pecypcoB, HE BIUSIOMIME HA 3(PPEKTUBHOCTD paclpeiesieHus 3aJaHuil B pacipese-
JIEHHOU BBIYMCIIUTEIBHOM CpeJie.

Bo3Hukias cuTyanus NpuBOIUT K HEOOXOJIMMOCTH HAayUHBIX MCCIIEIOBaHUM 1O
IIMPOKOMY KpPYT'y BOIIPOCOB, CBSI3aHHBIX C TEOPHEH OpraHM3aluMu camoro Ipoiecca
pacnpeieIEeHHOr0 UMUTAIIMIOHHOTO MOJIETUPOBaHUs, 00YCIOBICHHBIX U3MEHEHUEM BBbI-
YUCIMTEIbHON CPEIbl U MEPEXO0IOM OT MOCIEAOBATENbHBIX MOJENEH (IporpaMm) K ma-
paUIETBHBIM (W PacTIpeICTICHHBIM).

BbIcoKass CTOMMOCTB 3KCIUTyaTalliy PacCIpeNeICHHbIX BBIYACIUTENBHBIX CHCTEM
U OOBEAMHSIONMX UX KOMMYHHUKALMOHHBIX ceTell TpeOyeT 3((PeKTUBHOrO NMPOrHO3H-
pOBaHUSI TOBEACHUS paclpeeieHHOW MMUTaMOHHON Monenu. K dakTtopam, Biusio-
IIMM Ha CTOMMOCTb MPOBEJICHUS UMHUTALIMH, OTHOCSITCS KaK MapaMeTpbl BHIYUCIUTEIb-
HOM cpelbl, TaK U XapaKTEPUCTUKU caMOil MMHUTAIMOHHOW Moxaenu. Ilocrnennee oOy-
CJIABJIMBAET aKTyaJIbHOCTD 3a/1a4M aHAJIM3a PaclpeleIeHHbIX UMATALMOHHBIX MOJEIIEH.

AHanu3 3¢()EeKTUBHOCTH Tpollecca pachpeieIEHHOr0 UMHUTAIMOHHOTO, MPOBO-
AUMBIN 10 UMUTAILIMOHHOTO HKCIEPUMEHTA (2 MHOTJA U JI0 CO3/IaHUsl MOJENN), TpeOyeT
HaMuuusi (HOPMaJIbHOTO TMPEACTABICHUS PACIPEACICHHOW HWMHUTAIMOHHON MOJENH U
BO3MOKHOCTH TPOBEJICHUS C HUM OIPEACIICHHBIX ONepaluii, MOKa3bIBAIOIINX U3MEHE-
HUE€ OCHOBHBIX XapaKTEPUCTUK MOJENEN BO BpPEMEHH.

Cpean coBpeMEHHBIX pabdOT, KOTOPbIE HANpPABJICHbl HA CO3JAaHHE TaKoOro ¢op-
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MaJbHOTO ammapara, MOXXKHO oTHecTH paboTsl OxonpHumHukoBa B.B. [9,10], Bo3ne-
cenckout T.B. [11,12,13,14], Bonka M.A. [15,16,17]. Cietmnduka mpeacTaBieHus pac-
PEAECICHHBIX MMUTAIMOHHBIX MOJEJEN B BUIE MAPAJUICIbHO UCIIOIHIEMBIX ITPOLIECCOB
ONpENENsIeT YaCTOEe UCIOIb30BaHUE B BOIIPOCAX aHAJINA3a MPOLECCHON anreOpsl, pa3pa-
6otanHoi Xoapowm [18,19,20] u Munnepom [21].

HuccepTanrionHast paboTa HampaBjeHa Ha CO3JJaHUE MAaTEeMAaTUYECKUX MOJIEJeH,
ONMKCBHIBAIOIINX MPOLECC PACHPEIETEHHOIO UMUTAMOHHOTO MOJICJIMPOBAHUS, U HA pa3-
paboOTKy, Ha OCHOBE 3THUX MoOjeNiel, METOJOB aHalih3a Mpolecca paclpeneeHHOTO
MMUTAIIMOHHOTO MojenupoBanus. Hanmuune 3aga4d, KOTopele HE ObUIM PEIIEHBI BBILIE-
YKa3aHHBIMH aBTOPAMH, OOYCIIOBJIEHO OTCYTCTBUEM B HUX MOJENAX TaKMX BAKHBIX Xa-
PaKTEPUCTHUK, KaK TMHAMHYECKOE N3MEHEHHE 00BEMOB MAMATH PACIIPEICICHHBIX MOJIE-
nei, 00beMbl JaHHBIX, KOTOPHIMA OOMEHHMBAIOTCA MOJIENIM B MPOLECCE UMUTALUU U .
Pemenue 3Tux 3aaa4 no3BoiautT 6osee 3pGEKTUBHO PEan30BaTh aHAIU3 PaCIpeieieH-
HBIX MOJIeJIeH, UCCe0BaTh UX TMOBEJEHUE TOJI BIMSHUEM Pa3IUYHBIX (PaKTOPOB BhI-
YUCIIUTEIBLHON CPEIBI.

Taxum o6pazom, pa3paboTka MoJIele 1 METOJOB AJIsl aHaJIM3a MPOLIECCOB B pac-
MPEJEICHHBIX HMHTAIMOHHBIX CHUCTEMaxX MOJICTUPOBAHUS SBJISIETCA aKTYaJbHBbIM
HaIpaBJICHUEM JUCCEPTALMOHHOIO UCCIIEIOBAHMUSI.

CBs3b_pad0Thl C HAYYHBIMHM NPOrPaMMaMHU, IJIAHAMHU, TEeMAMHM. I[I/IccepTa-

IIUOHHAsI pa00Ta BBHIMIOIHSAIACH B COOTBETCTBUU C IJIAHOM HAayYHO-TEXHUYECKHUX padoT
XapbKOBCKOTO HAITMOHAJIILHOTO YHUBEPCHUTETA PATUOIIEKTPOHUKUA B paMKax TOCOIOJI-
KETHBIX TEM:

- «Pa3paboTka CTPYKTYphl XapbKOBCKOTO pecypcHo-omnepanuonnoro GRID-
1eHTpa u ero pecypcon», gorosop Ne 9 mexny XHYPO u «MIICA» HTYY «KIIN»,
BbINoJIHsIeMass Ha ocHoBaHuM JloroBopa «UIICA» HTYY «KIIN» ¢ MunucrepctBoM
oOpazoBanust u Hayku YKpauHbl NelT/506-2007, I'ocymapctBenHol nporpamMmmbl «H-
(dbopMaIoHHbIE U TETIEKOMMYHHUKAIIMOHHBIE TEXHOJOTUN B 0Opa30BaHUM M HAyKe» Ha
2006-2010 roga (Ne I'P 0107U010616);

- «Pa3paborka u uccnenoBanue npuMmenenuss GRID-mopTama xaperkoBckoro pe-

cypcHo-onepaninonnoro GRID-mienTpay, norosop Ne 08-22/9 mexny XHYPD u «UII-
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CA» HTVYYVY «KIII», Bemmonnsiemas Ha ocHoBanuu Jlorosopa «AIICA» HTVYY «KIIN» ¢

MunuctepctBoM oOpazoBanust U Hayku Ykpaunbl NelT/506-2013, I'ocymapcTBeHHO
nporpammel « THGOpMaITMOHHBIE W TEJICKOMMYHUKAIIMOHHBIE TEXHOJIOTUH B 00pa3oBa-
Huu 1 Hayke» Ha 2006-2013 roga (Ne I'P 0108U008261).

B paMkax yka3aHHBIX TeM COMCKAaTeJeM MPOBEACHO paclpeeieHHOS MMHUTAIIH-
OHHOE MOJICIMPOBAHUE PA3TMYHBIX KOH(PHUTYpalliii W CUCTEMHBIX HACTPOEK XapbKOB-
ckoro pecypcHo-onepanuoHHoro GRID-nieHTpa u ero pecypcoB, a Takke aHallu3 KOH-
dburypanuit npu ucnoiabzoBanuu GRID-noprana Ha pa3IMYHBIX MPUIOKEHUSX.

Pe3ynbTaThl HAyYHBIX MCCIIETOBAHUI HCIOIB30BAHBI B HAYYHO-TEXHUYECKUX OT-
gerax o HJIP Ne 9, HJIP Ne 08-22/9.

Ilear M 3a1a4M MCCJIEIOBAHHUS. HGHLI-O ﬂHCCGpTaHHOHHOﬁ pa6OTI>I ABJCTCA

Pa3BUTHE TEXHOJIOTUHA UMUTALMOHHOTO MOJEIUPOBAHUS B PACIPEICICHHBIX BBIYMCIIN-
TEJIbHBIX CHUCTEMax, pa3padoTKa MOEJICH, METOI0B U MH(POPMAITMOHHON TEXHOJOTUH
aHaJIM3a PacnpeieICHHbIX MPOrPAMMHBIX MOJEJIEH, YTO TMO3BOJIMT YMEHBIIUTH BPEMSI
MOJICTUPOBAHUSA M HEOOXOIUMOE JJIsi MOJEIUPOBAHUS KOJIMYECTBO BBIYMCIUTEIBHBIX
pPECYpPCOB.

B cootBeTcTBHE C CHOPMYIUPOBAHHON 1IEJIHI0 HEOOXOAUMO PEIIUTH CJICAYIOIIHE
3a7a4u:

- pa3paboTka MOJIeNId TPEAMETHON 00J1aCTH, OTPaKAIOIIEH JUHAMHUYECKOE U3Me-
HEHUE OCHOBHBIX MapaMeTPOB MPOTPAMMHBIX 3JIEMEHTOB CUCTEMbBI MOJICIIMPOBAHUS;

- pa3paboTka MoAM(pUKAIIUA MOJEIH JUIS CIIy4aeB CHHXPOHHBIX, KOHCEPBATHB-
HBIX, ONTUMHUCTAYECKUX METOAOB CHUHXPOHM3AIMU PACIPEACICHHBIX UMUTAIMOHHBIX
CHUCTEM MOJICJIMPOBAHUS;

- pa3paboTKa METOJOB aHaJIM3a IPOIIECCOB PACIPEACICHHOIO UMUTAIIMOHHOTO
MO/JICJIMPOBAHUsI HA OCHOBE CO3/IaHHBIX MOJEJIECH ISl METOJIOB pacIpeaeICHUs BbIUUC-
JIUTEJIbHBIX PECYPCOB;

- pa3paboTtka HHGOPMAIMOHHON TEXHOJIOTHH, aJTOPUTMOB M IIPOTPAMMHOTO
obOecrieyeHusl aHajau3a MPOIECCOB PACIPEACICHHOTO UMHUTAIMOHHOTO MOJCIUPOBAHUS
Ha OCHOBE CO3JaHHBIX MOJIECICH.

Oo0vexkmom uccnedosanus SBISIETCS MPOLECC PACTPEACTCHHOTO UMUTALIMOHHOTO
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MPOrPaMMHOT0 MOJEIMPOBAHUS 3a/1a4 OOJIBIION Pa3MEPHOCTH.

Ilpeomemom uccnedoeanusa SBISIOTCS MOJEIH, METOAbI M HMH(DOpPMAIIMOHHAS
TEXHOJIOTHS aHaJM3a IMPOLECCOB PAaCHPEEIEHHOTO MPOrpaMMHOIO MOJEIMPOBAHUSA C
Pa3HBIMU METOJIAMH CUHXPOHHM3ALIMU YACTHBIX MPOIPAMMHBIX MOJENEH.

Memoowt uccnedosanun. J{ns NpoBeneHUs MCCIEAOBAHUN IMPEAMETHBIX O0a-
CTEM MCIOJIb30BaHA TEOPUS. MMUTAILIMOHHOTO MOJEIUPOBAHUS, TEOPUS MHOKECTB, 00-
1asi TEOpus CUCTEM, TEOPHSI UMUTAUMOHHOTO MOJEIUpOoBaHus. s oTpakeHus IrHA-
MUK TOBEJCHHSI YaCTHBIX MOJEJNIEH MCIOJIb30BaH (POpMaIbHBIN amnmapaTr MpOoLEecCHOU
anrebpel. B OCHOBY mpencTaBieHus paclpeAeeHHbIX MPOTPaMMHBIX MOJENel MOJI0-
xeH ctanaapt HLA (High Level Architecture).

HayuHasi HOBH3HA NOJIYYEHHBIX Pe3VJbTaToOB. OCHOBHBIC PE3YJIbTaThl, KOTO-

pBI€ OINpPEACNSAIOT HAyYHYI0 HOBH3HY JHCCEPTAMOHHOW pabOThI, COCTOAT B CIEAYIO-
ieM:

- BIIEPBBIC MPEMIOKEHO HMMUTALMOHHYIO MOJEJb IIPOLiEcCa PacIpereIeHHOTO
JTUCKPETHO-COOBITUMHOTO MOJAEIMPOBAHUS, KOTOpas, B OTJIWYUE OT CYIIECTBYIOIIHX,
YUUTHIBACT JUHAMHUYECKOE U3MEHEHHE OOBEMOB MaMSTH, MOTOKOB JAHHBIX B JIOKAJb-
HBIX MOJENAX, BpEMsI IPOCTOSI, METOIbI CHHXPOHU3AUN MOJIEJIBHOTO BPEMEHU U apXH-
TEKTYpY JOKaJIbHBIX Mozesen cranpapra HLA, 4To MO3BOJISIET BBINOJIHUTH YCTaHOB-
JICHHbIE OIPAaHUYECHUS HAa 00bEM ONEPATUBHOM MaMATH U MUHUMHU3UPOBATH BPEMS MPO-
CTOSI BBIYMCIIUTENIBHBIX PECYPCOB NPU ONTUMUCTHYECKUX W KOHCEPBATHUBHBIX METONAX
CUHXPOHM3ALIMU IIPOrPAMMHBIX MOJIEIIEH;

- BIIEPBBIE IPEIJIOKEHBI METOABI OLIEHKHA CXEMBbl PACHpPEACICHUS JIOKAIBHBIX
IIPOTPAMMHBIX MOJEJIEN 10 BBIYMCIUTENBHBIM pecypcaM, KOTOpbIE HA OCHOBE XapaKTe-
PUCTHK JUHAMHYECKOTO M3MEHEHHUs 00bEMOB MX CETMEHTOB JAHHBIX, JAMIIOB MaMsITH
COCTOSIHUM MOJIeNIEll U OLEHOK NMPOCTOEB PECYPCOB, BHIOMPAIOT MPHUEMIIEMbBIE CXEMBI
pacrpeneneHus pecypcoB, 4TO MO3BOJIAET YMEHBIINUTh BPEMsI BBIIIOJHEHUS U KOJIUYE-
CTBO BBIYHCIIUTEIBHBIX PECYPCOB IIPU PEATU3ALMH ONITUMUCTUYHBIX U KOHCEPBATUBHBIX
METOJaX CUHXPOHHM3alUH MPOrPAaMMHBIX MOJIEIIEH;

- YCOBEPIIEHCTBOBAHA MOJIEb OLIEHKN BPEMEHH BBIITOJIHEHUS IIPOTPAMMHBIX MO-

nenel, KoTopasi, B OTJIMYHUE OT CYIIECTBYIONIEH, YUUTHIBAECT YBEIMUYCHUE 00HEMOB Ia-
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MSITH NIPOTPAMMHBIX MOJIENe U 00beMBI TIepeaBaeMbIX JaHHBIX MEXKIY MPOrpPaMMHBI-
MH MOJEJISIMH, BPEMS IIPOCTOSI PECYPCOB, YTO IMO3BOJISIET OLICHUTh BPEMS BBIIIOJIHEHUS
OPOrPAMMHBIX MOJEJICH I Pa3iIMYHBIX CXEM pPacHpelelIeHUs PECypCcoB C YYETOM
OrpaHUYECHUI Ha 00BEM MaAMITH U CYMMapHO€ BpPEMsl MPOCTOS BBIYUCIUTEIBHBIX pe-
CypCOB;

- MOJIYYWJIA JAJIBHEWIEE Pa3BUTHUE METOJIbI PacHpeneseHusl MPOrpaMMHBIX MO-
JEJEN IO BBIYMCIUTENBHBIM PECYPCaM B PACIpPEICICHHOM UMHUTAMOHHOM MOJEIUPO-
BaHuu GRID-cuctem, KoTOpBIE, B OTJIMYME OT CYIIECTBYIOIUX, BEIOUPAIOT CXEMBI pac-
IIPENEIEHUs PECYPCOB ¢ MAKCUMAJIBbHBIM XOJ0M MOJEJIBHOTO BPEMEHU IIPU OIpAHUYE-
HUAX Ha 00BEM OINEPATUBHOM MaMSTH, BDEMEHU MPOCTOS U BBIOUPAIOT CIIOCOO CUHXPO-
HU3aLMU POTPaMMHBIX MOJIENIEH, YTO MO3BOJISET MOBBICUTH 3PPEKTUBHOCTH IMpoLecca
pacrpeneseHHOro UIMUTAMOHHOTO MOJEIMPOBAHUS IyTEM YMEHBIICHHSI BPEMEHU MO-
JEIUPOBAHUsS U KOJINYECTBA BEIYMCIIUTEIBHBIX PECYPCOB.

IIpakTHYecKHe 3HAYEHMS INOJYYEHHBIX pPe3yJbTATOB. HpaKTI/I‘{eCKaH 3Ha4Yu-

MOCTH TOJTYYCHHBIX TEOPETHUYCCKHX PE3yJbTAaTOB JUCCEPTAIMOHHON pabOTHI TOATBEP-
KJICHA YIydllIEHHEM KadyecTBa aHaju3a paclpe/IeNICHHbIX HMHUTAIMOHHBIX MOJIENEH,
paboTaMMX IO YMPABJICHUEM pPa3HBIX METOJOB CHHXpOHW3AuH. B dWacTHOCTH,
MPAKTUYECKUE PEIICHHS TEOPETUUECKUX UCCIIEIOBAHNN 3aKITIOYAIOTCS B CIEAYIOIIEM;

- YBEJIMYEHO KOJIMYECTBO MapaMeTpoB, MOJTYYaeMbIX B MPOIECCE aHaau3a pac-
MIPEICIICHHBIX HMHUTAIIMOHHBIX MOJIETICH, YTO aeT BO3MOYKHOCTh YJYUIIICHUS METOI0B
pacrnpeneneHus pecypcoB, alTOPUTMOB YNPABIICHUS 3aJlaHUSIMHU Ha MOJIEITMPOBAHUS B
pacnpeneneHHbIX HH()OPMAITMOHHBIX CUCTEMAX;

- pa3paboTaHbl U pea30BaHbl ATOPUTMBI M TIPOLIEAYPHI aHATTN3a PACIIPEIEIICH-
HBIX UMUTAIIUOHHBIX MOJICIICH;

- pa3zpaborana mpolieaypa cpaBHeHHUS! d3(HPEKTUBHOCTH paclpeeICHHbIX UMUTA-
IIMOHHBIX MOJIENIEH TT0 MAKCUMAITLHOMY MPOJABMKCHHUIO MOJICIBHOTO BPEMEHHU;

- pa3paboTaHa TpoIiieypa OIeHKHA BO3MOKHOCTH PacIpeIesieHUs] YaCTHBIX MOJIe-
JIel Ha OCHOBE JUHAMUYECKOTO M3MEHEHHUSI 00bEMOB BUPTYaJIbHON TTAMSITH;

- pa3paboTaHa mporeaypa MOTYyYEHHUsT OLIEHOK MPOCTOSI PECYpCOB ISl aJITOPUT-

MOB CHMHXPOHH3aUU paCpCaACIICHHBIX HMHUTAIMOHHBIX MO)ICJ]CIZ.
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[IpakTyeckoe 3HaAYEHUE PE3YIbTATOB JIUCCEPTALMOHHON padOThI MOATBEPXKAA-
IOTCSI TIOJIOKUTETHHBIM 3(P(hEeKTOM OT MPUMEHEHHsI pa3padOTaHHBIX CPEICTB B:

- 00IIIeCTBE C OrpaHUYCHHON OTBETCTBEHHOCTHIO «BeHTtay, . Kues;

- 00IIIeCTBE C OTPAaHUYEHHON OTBETCTBEHHOCTHIO «AJIBBHCY, T. Kues;

- TIPY BBIMOJIHEHUH TOCOIO/KETHBIX HAYYHO-UCCIIEI0BATENILCKUX pabOT COTIACHO Te-
MaTHUYE€CKOMY IJIaHy XapbKOBCKOT'O HAIIMOHAJIBHOTO YHUBEPCUTETA PATMODIICKTPOHUKY;

- B yueOHOM TIporiecce XapbKOBCKOTO HAITMOHAIBHOTO YHUBEPCUTETA PATHOIIICK-
TPOHUKH TIPU MPOBEICHUM JICKIIMOHHBIX, MPAKTUYECKUX U JTAOOPATOPHBIX 3aHATHH 10
TUCITUTUITMHAM, HAPaBJICHHBIM Ha M3y4€HHWE METOJOB OpPraHW3alliy U MOACPKKH 0a3
JAHHBIX, B KyPCOBBIX M JUIJIOMHBIX IIPOEKTAX, & TAKXKE B CHEUKYypcax i1 MaruCTpoB,
COUCKATEJICH U aCIUPaHTOB.

JIMYHBIA BKJIAJA couckares. Bce HaydHble pe3ynbTaThl TUCCEPTALMOHHOMN pa-

00TbI, BHIHOCUMBIE Ha 3alUTY, MOJIYYEHbl aBTOPOM CaMOCTOSITENbHO. B paboTax, omyo6-
JUKOBAHHBIX COBMECTHO, aBTOPY MPHUHAJIEKAT CICAYIONIUE PE3yIbTaThl: B poOoTe [22]
Ha OCHOBE AHAJUTHUYECKUX MOJEIEeH MpeIokKEHO O0OOOUIEHHYI0 MOJEIb MPOLECCOB
JUCKPETHO-COOMTUIHOM pacrpeneseHHON nMHUTAlNK; B poOoTe [23] aBTOp BBISBHII OC-
HOBHBIC HEJIOCTATKU U 3aMeYaHus MPH UCIIOIb30BaHUN COBPEMEHHBIX METOOB pacIipe-
JICTICHHSI PECypCOB, TTOCTaBMII 3a/1a4y CO3/IaHMsI HOBBIX METOJIOB BhIOOpa CXeM pacrmpe-
JICTICHHS PECYpPCOB; B poOoTe [24] aBTOp MpeiIoKUI HOBbIE (DYHKIIMOHAIBHBIE MOIYJTH
cucTeMbl UMHTAIMOHHOTO MoaenupoBanusi GRID n MexaHu3Mm ux BKJIIOYEHUA B CYIIE-
CTBYIOIIIEE MPOTPAMMHOE OOECIeUeHHE, KOTOPOE pealin3yeT pa3paOOoTaHHBIE METO/IbI
pacrie/iefieHus] MPOrPaMMHBIX MOJIeNIel TI0 BBIYUCIUTENIBHBIM pecypcaM; B poboTe [25]
pPacCMOTPEHbI OTOKU JAaHHBIX B CUCTEMaX MUMUTAIIMOHHOTO MOJCIMPOBAHUS, KOTOPHIC
HCIIOJB3YIOTCS B MPOLECCE aHAIM3a MPOrpaMMHBIX MOJIENIE U METOJIaXx OLICHUBAHUS U
BBIOOpA CXEM UX pacIpeieieHUsl IO BBIYUCIUTEIBLHBIM pecypcaM; B poboTe [26] mpea-
JI0’)KEHA aHAJIUTUYECKAsT MOJIENIb, KOTOpasi B OTJIMYMHU OT CYIIECTBYIOIIUX, YUYUTHIBAECT
BpeMsl IPOCTOSI MPU UCIOJIB30BAHUM PACIIPEICIEHHBIX UMUTAIIMOHHBIX MOJEJEHN ¢ KOH-
CEpBAaTUBHBIMU QJITOPUTMAaMHM CUHXPOHHU3ALMK; B poboTe [27] mpesiokeHa aHaIUTU-
yeckasi MOJIeNlb, KOTOpasi B OTJIMYHMHM OT CYHIECTBYIOIIMX, YUYUTHIBAET TUHAMUYECKOE

W3MEHEHHE 00BEMOB MMaMSITH U IIOTOKOB JAaHHBIX B JIOKAJIBHBIX MOACIAX IIPHU UCIIOJIB30-
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BAHUU PACMPEICTCHHBIX UMUTAIMOHHBIX MOJEJIEN ¢ ONTUMUCTUYECKUMHU aIrOPUTMAMHU
CUHXpOHU3aMK; B podoTe [28] hopMann3zoBaHO MHOXKECTBO OOBEKTOB, KOTOpPBIE 0OecC-
NEYUBAIOT MPOIECCHl paclpeieIeHHOM UMUTaIuu; B podoTe [29] mpeasioxkeHa TEXHO-
JIOTUS CHHXPOHH3ALMU PACHPEIEICHHBIX MOJENIEH C HMCHOJIb30BAHUEM TEXHOJOTUU
peIBapUTEIbLHOTO aHaiu3a Mojeneil; B podote [30] mpeaiosKeHbl HOBbIE apXUTEKTYP-
Hble U (YHKIMOHAJIbHBIE PEIICHUS ISl BKJIIOUCHUS B CUCTEMY pacIpeesIeHHOTO UMU-
tanimoHHoro mojenupoBanust GRID-Moayneit aHanusza nmporpaMMHBIX MOJENEH; B po-
6ote [31] u3yyeHo BIUSHHUE METOJOB U TEXHOJIOTUH CHHXPOHHU3ALUU PACTIPECICHHBIX
Mozelield Ha (DYHKIIMOHUPOBAHUE CUCTEMbI MOJIEIUPOBAHMS U METOJOB aHAJIM3a MOJIE-
nei; B pobote [32] pazpaboTaH aaropuT™M MHTETpalMy OOIIUX MOJYJIEH B CUCTEMY MO-
JenupoBaHus; B podoTte [33] mpenioskeHbl HOBbIe apXUTEKTYPHBIE U (PYHKIIMOHAIBHbBIC
pElIeHHs 10 BKIIOYEHHUIO B CUCTEMY PacClpeAeICeHHOI0 UMHUTAIMOHHOIO MOJEINpPOBa-
Husa GRASS monyneit s aHanu3a IporpaMMHBIX MOJIENei; B pooote [34] npensioxkeH
HOBBIA METOJ| aHaJIW3a PAaCIpPEICICHHbIX MMHUTAIMOHHBIX MOJEIEH C pPACIIMPEHHBIM
MHO>KE€CTBOM IMapaMeTpoB; B podote [35] pa3paboTtan dhopmaibHbIi anmnapar JJjs 0ToO-
pakKeHUsI MPOLECCOB PACIPEACIICHHON UMHUTALMKM C MCIOJb30BAHUEM IPOLECCHOM ai-
reOpsbl; B podoTte [36] mpoBeAeH aHanu3 BIUSHUSA TOTOKOB 33JIaHUl U JAHHBIX B CHCTE-
Max pacmupeeJIeHHOTO MOJAETUpOoBaHUs Ha d(PPEKTUBHOCTh X (PYHKIIMOHUPOBAHUS; B
pobote [37] nmpoBeJieH aHaIu3 BIUSHUS CETEBOT0 Tpaduka B CUCTEMAaX paclpeaesieHHO-
ro MojaenupoBaHusi Ha 3((PEeKTUBHOCTh UX (YHKIIMOHUPOBaHUS; B podotre [38] mpen-
JI0’KEHBI YCOBEPILICHCTBOBAHHBIE AaHATUTUYECKUE MOJEIM ISl aHallM3a paclpeerieH-
HBIX UMUTAIMOHHBIX MOJIeJIC ¢ pa3HBIMM METOJIaMH CHUHXpOHHU3aIUU; B padote [39]
BBEJICHO MOHITHE MEHE/Kepa MaMATH U TIpUBEICHBI ero GyHkiuu; B padote [40] mpo-
JEJICH aHaJu3 BIUSHUS TEXHOJOTUM CHHXPOHU3ALMU MOJIETIEH HA TEXHOJIOTUU UX aHa-
JM3a B PEeKUME PEaTbHOIO BPEMEHHU U C MCIOJb30BaHUEM alpUOPHONM HH(OpMaALUU; B
pobote [41] mpemnokeHa wHOpPMAIMOHHAS TEXHOJOTUS aHAJIM3a PaCHpPEIeICHHBIX
MPOTPaMMHBIX MoJieTiel; B poboTe [42] mpuBEAEHBI dTANbl TEXHOJOTUM aHAIN3a pac-
MpEeNIEHHBIX MPOTPAMMHBIX MOJIENEH.

AHDOﬁaIII/IH pPE3vJAbTATOB JUCCEPTAIINH. OCHOBHBIC MOJIOKECHUS U PE3YyJIbTaThI

JMCCEePTAIMOHHONW PpabOThl ObUIM MPEACTABJICHBI, JOKIAABIBAIUCH U OOCYXIATUCh Ha
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MEXIyHAPOIHBIX HAYYHBIX KOH(EPEHIINSX, B YACTHOCTH Ha!

- 11-i1, 12-it MexnyHapoaHON HayYHO-TeXHHUECKON KoHpepeHnn « CuCTeMHBIN
aHanu3 u uHdopmalmonHsie TexHogorun» (Kues, 2009, 2010 rr.);

- 13-om, 14-om MexnmyHapoaHoM MojoaexkHOM dopyme «PamnoenekTpoHuka u
mononiexkb B XXI cr.» (Xappkos, 2009, 2010 rr.); 9-i1 MexayHapoaHOW Hay4dHO-
TexHu4yeckoil konpepenuuu «IIpobaembr nHGOPMATHKY U MOACIUPOBAHUD» (XapbKOB,
2009);

- 1-i1, 2-i MexayHapoaHOM HaydHO-TeXHHYEeCKON koHbepeHuun «Mudopmaim-
OHHBIE TEXHOJIOTUH B HABUTAIIMU U YIIPABIICHUN: COCTOSIHUE U MEPCIICKTHUBBI PA3BUTHS
(Kues, 2010, 2011 rr.);

- 1-#, 2-i1 MexayHapoHON HaydHO-TeXHU4YeCcKoi KoH(pepeHunu « CoBpeMeHHbIE
HaIpaBJICHUS] PO3BUTHUS WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTMI U CIIOCO-
6oB ympasienus» (Kues — Xapokon 2010, 2011 rr.).

Ha ocHOBaHWM MPOBEAECHHBIX MUCCIECAOBAHUN U MPAKTUYECKON pean3alnu Mpe-
CTaBJICHHBIX METOJIOB W aJTOPUTMOB pa3pabOTaHO METOJUYECKOE M MPOrpaMMHOE
oOecrieueHre, HUCIOJIb3yeMoe B y4eOHOM Tpoiecce XapbKOBCKOTO HAaIMOHAIBHOTO
YHUBEPCUTETA MPU U3YUYEHUH TUCUUIUIMH Npodunupyromiero nukia « Marepdeiicer ma-
paJUIeIbHOTO MPOrpaMMUPOBaHUs», «/IMUTAIIMOHHOE MOJEITMPOBAHUE HA WHHOBAIM-
ouabix HPC cucremaxy, cienikypchbl pyKOBOJUTENSI MAarUCTEPCKUMH pabOTaMH.

Ilyoaukammu. Ilo pe3ynbpraraMm auccepTalMOHHBIX MCCIEA0BaHUM OMyOJIMKOBa-

HO 21 Hayunyto paboty. U3 Hux 7 cTaTeit B COOpHUKAX U )KypHaAIaX, PEKOMEHIOBAaHHBIX
KaK CIElHUAIbHBIC U3/IaHUsI B TEXHUUECKUX Haykax (1 m3maHue BXOIUT B MEXKITYHAPOJI-
Hble HaykoMmeTpuueckue 0a3pl PUHIL u WorldCat), 1 ctaThsi B MHOCTpaHHOM Hay4YHO-
TEXHUYECKOM XKypHaie, 13 myOiukanuii MarepuanoB (T€3UCOB JOKIAIOB) MEXKIyHa-
POJIHBIX KOH(PEPEHIIHA.

CTDVKTVDa AUCCEPTANINH. I[PICCGpTaHI/IOHHaSI pa60Ta COCTOHUT HN3 BBCIACHMH, UC-

THIPEX Pa3/eJIOB OCHOBHOM 4acTH, BBIBOJOB, IEPEUYHS HCIOJIB30BAHHBIX MCTOYHUKOB,
IIPUJIOKECHUM.
B nepBom pa3zzerne npoBOIUTHCS aHAIN3 IPEIMETHON 00J1aCTH AUCCEPTAILIIOHHO-

ro uccieaonanus. B JaCTHOCTH, paCCMATPHUBAIOTCA BOIIPOCHI PAa3BUTHUA pACHIPEACIICH-
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HOI0 MMHUTALMOHHOTO MOJEIUPOBAHUA, MEXAyHapoAHbi cranaapt HLA pacnpene-
JICHHOTO UMUTAIIMOHHOTO MOJIETMPOBaHUs, MPOIeCCHAas airedpa Kak (popMalbHbIN ar-
napar MCCIIEIOBAaHUS IPOLECCOB, METOJABI aHAIM3a PACHPENCICHHBIX MMHUTALMOHHBIX
mozeinend, GRID-cucTeMbl Kak TEXHOIOTUS IPOBEICHUS PACIIPENACICHHON NMUTALIUY.

Bo BTOpOM paznene npuBOAUTHCA (POpPMAIbHBIE MOJEIN PACIPEAEICHHOW HUMHU-
TallMOHHOM cpelbl MOJACIUPOBAHUS, U3MEHEHMS COCTOSHUS HUMUTALMOHHOW MOJEIIH,
(dbopManbHO MpeACTaBICHBl KOHCEPBATUBHBIE M ONTUMUCTHYECKHE METOABl CUHXPOHH-
3alMM PacHpeeICHHOTO MOACINPOBaHUs, II0Ka3aHa COBMECTUMOCTh MOJIEJIEN CO CTaH-
naprtom HLA.

Tpetuii pazznen NMOCBSUIEH BbIOOPY KPUTEPUEB OLEHUBAHUS, pa3pabOTKe MOJe-
JIed, METOZ0B U aJIrOPUTMOB aHAJIM3a IIPOLIECCa PACIIPEACICHHON UMUTALIUM.

YeTBepThId pazzied COACPKUT ONUCAHUE MHPOPMALHUOHHBIX TEXHOJIOTHI HcCce-
JOBaHUS paclpeAesICHHbIX MPOTpaMMHBIX MOJENEH, pa3paboTaHHBIX MHPOrPaMMHBIX
CPEACTB, PEAIM30BAaHHBIX HA OCHOBE MPEJIOKEHHBIX METOA0B U aJITOPUTMOB, UHTEIPa-
LU0 UX B CUCTEMY UMUTAIHOHHOrO MoaenupoBanusa GRID-cucrem, pe3ynbpTaThl Mmpak-

THYCCKHUX SKCIICPUMCHTOB C p33pa6OTaHHBIM IMporpaMMHBIM o0eCIICUeHUEM.
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1 AHAJIV3 TTPEJJMETHOM OBJIACTH 1 TIOCTAHOBKA 1{EJIA U 3AJIAY
NCCIELOBAHIA

1.1 Beenenue

HuccepranonHas pa0oTa BBINOJHEHA HA CTBIKE TPEX HAYYHO-TEXHUYECKHX
HarpasjeHuil. Bo-epBbIX, OCHOBHOM OOBEKT M3YyUYEHHSI — 3TO TEOPUS UMUTALIUOHHOTO
MOJIETMPOBAaHUS, B KOTOPOM BBIOPAH KOHKPETHBIA MPEIMET UCCIEAOBAHUM — METOJIbI
aHAJIN3a UMUTALMOHHBIX MOJEJIEN W aJrOPUTMOB YIpaBieHUs UMU. Bo-BTOphIX, pac-
npejeeHHas Npupoja BHIOPAHHOIO Kjacca MMUTAIMOHHBIX MOJElel TpeOyeT yuera
METOJIOB U CPEACTB MAPAJLICIBHOTO M PACIIPEICIICHHOTO MporpaMMHUpoBaHus. TpeTwe
HaIpaBJICHUE OMpPECISIETCS BEIOPAHHOUN Cpefioil MCTIOMHEHUSI pacipeeIeHHbIX UMHUTa-
IIMOHHBIX Mojieiel 6ombIoii pasmepHocTH — GRID-cuctemamu.

Bce nepeuuncneHHble HaNpaBieHUs ABJISIOTCS CPABHUTENBHO MOJIOAbIMU. CaMoe
«CTapoe» M3 HUX — UMUTAIMOHHOE MOJICIIMPOBAHKUE, KOTOPOE HAYAIO AKTUBHO HCMOJIb-
30BaThcA ¢ 60-x rogoB XX-ro Beka.

AHanu3y pa3BUTUS MMUTAMOHHOTO MOJICIMPOBAHUS B YKpAauHE U B MHUPE IO-
cBslieH noapasaen 1.2. B moapaznene 1.3 npuBoAUTHCS aHAIN3 COBPEMEHHOTO COCTOS-
HUSI pacCMpe/IeICHHOr0 MMUTAlMOHHOTO MojenupoBanus. B monpasnpene 1.4 mpuBo-
IUThCsl 0030p CTaHAapTa pacHpeAcsieHHOTO UMHUTAIMOHHOTO MojenupoBanuss HLA.
J1J1st M37I05KEHUSI TIOJIOKEHUH JUCCEPTAIIMOHHON paboThI, CBA3aHHBIX C OMKMCAHUEM TPO-
1I€CCOB, MPOTEKAIOIINX B UMUTAIIMOHHOMN Cpejie MOJIeIMPOBaHuUsl, BEIOpaH (popMabHbIN
amnrmapar NpeacTaBiICHUs JUHAMHYECKUX MPOLIECCOB Ha OCHOBE MPOILIECCHOM anredpshl,
0030p KOTOpOM TpuBeacH B mojpasaene 1.5. Iloapasaen 1.6 mocssieH MeTogaM aHa-
JIM3a paclpeieICHHbIX UMUTAIIMOHHBIX Mozenen. B noapaznene 1.7 paccmarpuBaroTcs
ocobennoctr GRID-cuctem u ux MecTto B pacmupeeIeHHOM UMUTAIMOHHOM MOJIEIH-
poBanuu. B monpaznene 1.8 Gpopmynupyercs 1eins 1 3a1a4u TUCCEPTAMOHHOTO UCCIIe-

JOBaHUA.
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1.2 AHan3 TEXHOJIOTUH UMHUTAIMOHHOTO MOJEINUPOBAHUS

NmuTanimoHHOEe MOJEIMPOBAaHUWE, KAaK HOBOE HAYYHOE HAIPABICHUE HAYAIO
MHTEHCUBHO pa3BuBaThcsi B 60-¢ roma XX-ro Beka, 4TO OOYCJIOBJICHO IITHPOKUM
BHEJIPCHUEM U HCIIOJIb30BAHUEM CJIOKHBIX TEXHUYECKUX CHUCTEM B Pa3HOOOPA3HBIX
OTPACIISIX YEJIOBEUECKOHN JESITEILHOCTH (KOCMOC, METEOPOJIOTHs, OMOJIOTHS, MEIUIINHA,
SHEPreTUKa, TPAHCIOPT, PKOHOMHKA, HOBBIE TEXHOJIOTMM Ha MPOU3BOJACTBE W [Ip.).
OTAMYUTEILHBIMA OCOOCHHOCTSIMU TaKUX CHUCTEM SIBJSUIMCH OOJIbIIIasi pa3MEpPHOCTb,
HAJIMYKME PA3HOPOJHBIX JJIEMEHTOB W IIOJACHUCTEM, OTCYTCTBHE  MATEMATHYECKOTO
OTMCAaHUS 3aKOHOB UX TMOBEJICHUS, 2 B HEKOTOPBIX CIIy4asix — OTCYTCTBUE JOCTOBEPHOM
CTaTUCTUKH HX TMapaMeTpoB. bojee Toro, HaTypHbIE€ JKCHEPUMEHTHI C TaKUMH
CUCTEeMaMHU KaK TMPaBUJIO HEBO3MOXHBI, JHOO 3aTPyJHEHbl WIM OTIPAHUYCHBI.
PazpabaTeiBaeMble METOJBI MPOBEACHUS HWMHUTAIIMOHHBIX SKCIEPUMEHTOB TpeOOBaAIM
KOHKPETHON  pealu3aldyd, a  CJeI0BaTelbHO, TEXHOJOTHH, O00BEAUHSIONINX
CYIIECTBYIOIINE U CICIMAIBLHO pa3pabdaThiBacMble CPEJICTBA I MOCTPOSHUS MoJielie
Y UX UCTIOJIHEHUE B IPOLECCE MOACIUPOBAHUSL.

CaM0 TMOHSATHE  «UMHUTAIMOHHOE  MOJICIMPOBAHHUE» HMEET  HECKOJIBKO
onpenenenuil. P. [lleHHOH Tak onpenensieT NOHATUE UMUTALMOHHOTO MOJICIMPOBAHUS:
«IMUTAalMOHHOE MOJETUPOBAHUE — MPOLECC KOHCTPYUPOBAHUS MOJECIN PEATIBHOMN CH-
CTEMBl ¥ TIOCTAaHOBKHM JKCIIEPUMEHTOB Ha ATOM MOJIENN C IEJbI0 OLICHUTH (B paMKax
OTPaHUYCHUM, HAKJIaIBIBAEMbIX HEKOTOPHIM KPUTEPUEM WJIM COBOKYITHOCTBIO KPUTEPU-
€B) pa3lIMYHbIE CTpaTEruu, o0ecrneunBaromme GyHKIIMOHUPOBAHUE CUCTEMBI» [1].

TepMUH «MMUTAIMOHHOE MOJEIUpPOBaHUE» BOOpan B ceOs JBa MOHSTHUS, KOTO-
pble TIepBOHAYAIBHO SIBIISUIUCH 0003HAYEHUEM OJTHOTO U TOro k€. Bce pacuerHbie Me-
Toapl HAa DBM BO Bcex cdepax HAyKH U TEXHHUKH SIBISIOTCS MOJICTSIMUA PEATbHBIX TPO-
1eccoB. [l ayTeHTH(UKAIIMKY MaTeMaTUYECKUX MOJICNICH HCCIIeI0OBaTENM CTaIM 1aBaTh
WM JOTIOJIHUTENIbHbIC Ha3BaHUA. TEepMUH «MMHUTAIIMOHHOE MOJICIMPOBAHUE)» O3HAYAET,
YTO MBI IMEEM JIEJI0 C TAKUMHU MaTeMaTUYECKUMH MOJICJISIMHU, C TIOMOIIbIO KOTOPBIX pe-
3yJIbTaT HEJb3S 3apaHEe BBIYMCIUTD WM MPEACKa3aTh, MOITOMY ISl IPEACKa3aHuUs T10-

BEJICHUS PEAIbHON CHCTEMBl HEOOXOIUMO MPOBEACHHUE IKCIIEpUMEHTa (MMUTAIIMN) Ha
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MOJIEIU MpPU 3aJaHHBIX UCXOAHBIX AaHHBIX. B 80-¢ roga XX-ro Beka MMHUTAIMOHHOE
MOJICJIMPOBAHUE CTAJIM HANPSIMYKO ACCOLMHUPOBATH C MOACIMPOBAHUEM HA KOMIIBIOTE-
pax. «MuTamus npeAcTaBiseT co0o YMCICHHBIN MeToa MpoBeaeHuss Ha DBM skcre-
PHUMEHTOB C MAaT€MaTUYECKUMU MOJEISIMH, ONMMCHIBAIOIIMMH MTOBEACHUE CIOKHOM CH-
CTEMBI B TCUCHHE 3aJJaHHOTO WJIK (PopMHUpYyEeMOT0 Meprojia BpeMeHn» [2].

IToBeneHne cucTeMbl, B3aMMOJEHCTBUE €€ PJIEMEHTOB, B UMUTAILIMOHHONW MOJIEIN
Yalie BCEro OMMUCHIBAIOTCS HAOOPOM aJITOPUTMOB U JAHHBIX MPOTPAMMBbI, PEATU3yEMbIX
Ha HEKOTOPOM S3bIKE MOJICIIMPOBAaHMS (WJIM MporpaMMupoBaHus). Bece 3Tu onmcanus
MIPEACTABIISIIOT COOOM MPOTPAMMHYIO UMHUTAIIMOHHYIO MOJIETh, KOTOPYKO HEOOXOIUMO
CIIPOEKTUPOBATh, HAMMCATh, OTJIAJINTh, UCHBITATh, & 3aT€M HCIIOJIb30BaTh JJIs MOCTa-
HOBKHM MMMTAIIMOHHOTO 3KcriepuMeHTa Ha DBM. IloaTomy 1moj mpoieccoM MMUTAIUN
Ha OBM noHMMaroTcs 1 KOHCTPYMPOBAHUE MOJIENIN, U €€ UCHBITAHUE, U NIPUMEHEHNE
MOJIEIH JJI U3YYCHUSI HEKOTOPOTO SBJICHUS WU ITPOOIIEMBL.

B VYkpaunHe cTaHOBJIE€HHE HMHUTAIMOHHOTO MOJICIMPOBAHUS, KaK HAy4YHOU H
MIPUKIIAHONM JIHUCHUIUIMHBIL, cBsA3aHO ¢ uMeHem H.II. bycnenko. Meromonornyeckoun
OCHOBOM JII1  pPa3BUTHS HMMHUTAIMOHHOTO MOJCIMPOBAHUS  SBHIHUCH  PaOOTHI
H.II. bycnenko, B.M. I'nmymkoBa , H.H. Mowuceesa [3,4,5].

[IIkonpl MOA HMX PYKOBOJACTBOM C(HOPMHUPOBAIN TPATUIIMK HMHUTAIMOHHOTO
MO/JICJIMPOBAHUSI, COCPEAOTOUMUBIINCH HA CIAEAYIOIINX HAMPABICHUSIX:

- Pa3BUTHE METOJIOJIOTUH, METOJIOB U TEXHOJIOTUH MOJEIUPOBAHHUS;

- pazpaboTKa CpeJICTB M CHUCTEM MOJECIMPOBaHUs Ha 0a3e YHHBEPCAIbHBIX
AJTOPUTMUYECKUX S3bIKOB MOJICTIUPOBAHUS,

- pa3paboTKa MaKeTOB MOACIUPOBAHUS ITUPOKOTO HA3HAUCHUS;

- pa3zpaboTka mpoOJIEeMHO-OPUECHTUPOBAHHBIX MTAKETOB MOJICIIMPOBAHMS.

Cpenu WU3BECTHBIX 3apyOCkKHBIX YUYEHBIX, BIJIOKUBIIMX COJIMIHBIA BKJIAJ B
pa3BUTHE MMUTALMOHHOIO MOJieIupoBanus cienyer Bblenuth P. IlllenHona [1],
A. Ilpuukepa [7], H. I'opaona [8]. [lIkoyibl UMUTAIIMOHHOTO MOJIEIMPOBAHUS B HaIlEH
CTpaHe M 3a PyOeKOM pa3BUBAIUCh MapajiebHO, YTO IMPHUBEJIO K CO3JaHUI0 CBOUX
OPUTHHAJIBHBIX S3bIKOB U CPEJCTB MOICIUPOBAHMSI.

SI3bIKM HEMPEPHIBHOTO MOJIETMPOBAHUS (€Ile €ro Ha3bIBalOT COBMEUIEHHBIM [43]
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WJIM aHAJIOTOBBIM MojenupoBaHueM [44,45]), B oTiinune oT cioxKuBIierocst B 50-e rojsl
MPOIIIOrO BEKA MPEICTABICHUSI 00 aHAJTOTOBOM MOJIEIMPOBAHUHU KaK MOJICTUPOBAHUU C
UCIIOJIb30BAHUEM aHAJIOTOBOM M TMOPUIIHON BBIYMCIUTENHHON TEXHUKU [46]) UMEIOT
0JI04HYI0 MO0 OTepaTOPHYIO OpUEHTAIMIo. PaHee moj OJOYHBIM 3alaHUEM CHUCTEMBI
MOHUMAJIOCh COOTBETCTBUE AJIIEMEHTOB LIENIEN B aHAJIOTOBBIX KoMIIbtoTepax [46]. IIpen-
cTaBUTEJIEM OJIOUHOM OpUEHTaluu siBisieTcs ctanaapt PSpice, B koTopoM cxema 3aia-
eTCs MyTEeM yKa3aHUus THUIa 3JIEMEHTa, ero apaMeTpoB U Y3JI0B nojakiatouenus [7,47]. B
OTEPATOPHBIX SA3BIKAX YPaBHEHUS COCTOsTHUS (IudPepeHIuanbabie, pa3HOCTHBIE U JP.)
KOJIUPYIOTCS B IBHOM BHUJIe. K HUM MOXHO OTHECTH HENPEPHIBHBIE PACIIUPEHUS SA3bIKOB
HEJIUC, 'ACTI, IIMHM, 360/System CSMP.

[Ipu coGwITHIiHOM MOaX0M€e [2,48] MOENIb MPOJABUTaeTCS BO BPEMEHH OT COOBI-
TUSI K COOBITHIO, KOTOPBIE U3MEHSIOT COCTOSIHUE Mojesiu. Jloruka HacTyIieHus: CoObI-
THUWM OMpPEAENSIET MOCIEI0BATEIIBHOCT CMEHBI COCTOSIHUI MOJIENU, IPUYEM BpPEMS ITPO-
JIBUTAETCS OT COOBITHS K COOBITHIO. JlaHHBIN 1ToaXx0/ pa3BuBaics B 60-70 roasl XX Be-
Ka W MpPHUBEI K CO3JAaHUI0 Takux cucteM MojaenupoBanHus kak SIMSCRIPT, SMPL,
I'ACII, VHDL [49,50] u T.1.

[Ipu TpaH3aKTHOM MOJXO0/€ MOJENIb MPEJACTABISIET COOOM COBOKYMHOCTH JBYX
TUTIOB OOBEKTOB — TMHAMUYECKHUX (TPAH3aKTOB) M CTATUYECKUX (TIPUOOPOB 0OCITYKHU-
BaHus). [10TOK TpaH3aKTOB MPOABUTAIOT OT OJHOTO CTATUYECKOTO 0OBEKTA K APYrOMY,
COCTOSTHUE MOJEJIM U3MEHSETCA B TUCKPETHbIE MOMEHTBI BpPEMEHU TOCJI€ TOTro, KaK 3a-
KOHUYMJIOCh MEPEMENIEHUE TPAH3AKTOB B TEKYILIU MOMEHT MOJEIIbHOTO BpeMmeHu. [1pu-
MEpPOM TpaH3aKTHBIX cucteM MojaenupoBanusa spisawores GPSS [51,52,53,19,20],
ASPOL [43]. Cucrema mogenupoBanuss GPSS HaxoIuT MKMPOKOE TPUMEHEHHUE CETOTHS
y pOCCUMCKMX UcciegoBareneit [54,55].

[TponeccHblit moaxon [2,9] 3akinroyaeTcs B MPEACTaBICHUN 0O0BEKTa B BUJIE COBO-
KYIMHOCTH HECKOJIbKUX KOMIIOHEHTOB, KaXJAOMY U3 KOTOPBIX CTAaBUTHCS B COOTBETCTBHUE
CBOsI TOCJIEIOBATENIbHOCTh cOObITHH. Kajknas mociaenoBaTelbHOCTh COOBITUI peaTu3yeT
co0O0li TIpoIIeCC — U3MEHEHHUE COCTOSHMS CUCTEMbI BHYTPH OJHOTO KOMIOHEHTa. Mo-
Jedb TPEACTABISAETCS KaK COBOKYMHOCTh B3aMMOJICHCTBYIONIMX KBa3UMAPAJIIEIbHBIX

IIPOLIECCOB, UTO O0JIee aIeKBaTHBIM 00pa30M OTpaXkaeT CTPYKTYPY U MOBEIECHUE peab-
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HOM cuctembl. KBazunapamieabHOCTh 3aKJIIOYAETCS B TOM, YTO MPOTpaMma, COOTBET-
CTBYIOII[as POIIECCY, COCTABIISAETCS M3 MOCIIEI0BATEILHOCTH IIPOrpaMM COOBITHI He3a-
BUCHUMO OT JIPYTHX IPOIECCOB, a UCHOJHAECTCS C MPEPHIBAHUSIMU, BO BPEMSI KOTOPBIX
UCTIOJHAIOTCSA pyrre npouecchl [9]. Peanuzanus Takux cucTeM, Kak MpaBUiio, BKIIIOYA-
€T JIBa TUIIA TOJMPOrpaMM: COOTBETCTBYIOIINUE COOBITHIO U mpoleccy. [lepByto u3 Hux
CUCTEMa MOJICTTUPOBAHMS BBI3BIBAET B MOMEHTHI BPEMEHH, ONpPEIETIEMbIE COOBITUSIMH.
Btopast noanporpamma akTUBHpPYETCSI B TOM K€ TOYKE, B KOTOPOUl Ipoilecc ObUT Mpu-
octaHoBJieH. Tak Kak JIoruka padoThl MPOLIECCOB COCPEIOTOUEHA B OJHOU Mporpamme,
o0Jier4aeTcsi ONMCaHue TUHAMUKHU CUCTEMBI.

[Ipu ucnonb30BaHUM MOJX0/1a CKAHUPOBAHUS aKTUBHOCTEN pa3pabOTUUK OMUCHI-
BAET JEUCTBUS, B KOTOPHIX MPUHUMAIOT YYaCTUE IJIEMEHTHI CUCTEMBI, U 3aJaeT YyCIIO-
BUS, OTIPENETISIONINE HAYallo U OKOHYaHue 3TuX AeiicTBUM. COOBITHS, KOTOPbIE HAYU-
HAIOT WJIM 3aBEpIIAIOT JIEUCTBUE, HE TUIAHUPYIOTCS Pa3pabOTYMKOM MOJIEIH, a MHUIUHU-
PYIOTCS 110 YCJIOBUSIM, ONPEACIICHHBIM i1 JAHHOTO JNEHCTBUS. Y CJIOBUSI Hayajaa WIH
OKOHYAHUS JICUCTBUS MPOBEPSAIOTCS MOCIE OUEPETHOTO MPOABUKEHUSI UMUTAIOHHOTO
BpeMeHU. Eciy 3ajaHHbIE YCIIOBUS YIOBIETBOPSIOTCS, MPOUCXOJIUT COOTBETCTBYIOIIEE
JNEUCTBHUE B MOJIEJIM, CKAHUPOBAHUE YCIIOBUM MPOU3BOJIUTCS JIJII BCETO MHOXKECTBA JEH-
CTBHUI MpPU KaXJOM MPOJABUKEHUN MMHUTAIMOHHOTO BpemeHu [2]. [Ipumepom si3bIKa,
OpPUEHTUPOBAHHOTO HAa CKAHWPOBAHHUE aKTUBHOCTEH siByisieTcst SMPL.

B 00beKTHO-OPUEHTHUPOBAHHBIX CUCTEMAaX UMUTAIIMOHHOTO MOJEIUPOBAHUS MO-
JIeIb TIPEJCTaBISICT COO0M COBOKYIMHOCTh 00BEeKTOB. OOBEKTHI BKIIOYAIOT JAaHHBIC U
oneparuu Hajg HUMU. OOBEKTHI 00y1aa0T crnenuduueckuMm uHTepdeiicom (HabopoMm
METO/0B WK (PYyHKIMIT), OJarogapsi KOTOPOMY OHU B3aUMOJEHCTBYIOT C CUCTEMOM MO-
JEUPOBAHUA U JPYTUMHU 00BEKTaMHU. ITOT MOAXOJ IMIUPOKO HCTOIB3YETCs MPU HaIu-
CaHUU MPOTPAMMHBIX MOJEJICH Ha YHUBEPCAJIBHBIX S3BIKAX MPOTPAMMHUPOBAHUS BBHICO-
koro ypoBHsi (C++, Pascal). MeTomonorudeckue moaxoapl K UCIOJIb30BAaHUIO OOBEKT-
HO-OPUEHTUPOBAHHBIX TEXHOJOTUN cucTeMaTu3upoBanbl B padote I'. byua [56]. Tlpu-
MEpOM peanu3alni 00beKTHO-OpUEeHTUpOoBaHHOTO noaxoxda siisercs SIMULA [57,58].
OOBEKTHO-OPUEHTUPOBAHHBINA TOAXO/ MOTy4Yus pa3Butue B padorax Ilermena [59] c

HOBBIM Ha3BaHUEM — areHTHbIA Mmoaxoha. CorjiacHO 3TOMY IOJXOJy IOBEICHHE BCEH
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CHCTEMbI MOKHO pacCMaTpUBATh KaK pe3yJbTaT MOBEAEHUS OOIBIIOTO YuciIa OOBEKTOB,
Ha3bIBAEMBIX ar€éHTaMU, KOTOPBIE SIBISIOTCSI aBTOHOMHBIMH, MOTYT B3aUMOJEICTBOBATh
JpYT C IPyroM U IpecienyoT ceou 1enu [60,61,62,63].

B nokropckoit auccepranuu B.B. OkonsHUIIHMKOBA [9] NPUBOAUTHCS Ompere-
JIEHHUE JIOTUYECKOTO MOAX0/a K MMUTAIMOHHOMY MOJEIUPOBAHUI0. «Jlorndeckuii moj-
XOJl — 3TO UCHOJIb30BaHUE B UMHUTAIMOHHOM MOJICIMPOBAHUM KOHIENIUN U3 00sacTu
MCKYCCTBEHHOTO MHTEJUIEKTa — KOHIENIUI HEAIrOPUTMHUYECKOTO0 MPOrPaMMUPOBaHUS,
MOKCKA MO 00pa3ily U O3KTpekuHra. Takoi moaxoa AaeT BO3MOKHOCTh CTPOUTH OpPUEH-
TUPOBAHHBIE HA MOUCK LEIH WU TeHEPUPYIOIIHE LEIb CAMOOPTaHU3YIOUIUECS MOJIETN
C IEPEMEHHOU CTPYKTYpO». [IpyruM mIpuUMEpOM MOKET CIIyXKWUTb TEOpHUs arpera-
TOB [64,65].

[Ipu o0meM paccMOTPEHHH METOJIOJIOTMYECKUX MOJXO0JI0B HAXOASATCS 00J1acTh
ux nepecedeHus. Hanpumep, «coObITHE — COCTOSTHUS» AHAJOTUYHO TOHSTHIO «CKAHU-
pOBaHUE aKTUBHOCTEI», B KOTOPBIX COOBITUS HE IUIAHUPYIOTCS, & MHULIUUPYIOTCS OIpe-
JICJICHHBIM COCTOSIHUEM CHCTEMBI; MPOLIECCHO-OPUEHTHUPOBAHHBIN MOJIX0Jl COYETAET B
ceOe 4epThl COOBITUMHOIO MOIX0/a U MO/IX0/1a CKAHUPOBAaHUS aKTUBHOCTEH [2].

[IpoBeaeHHBIN aHATN3 NPUBOJUT K MBICIU O CO3AAHUM €IMHOIO MOAX0a K Mpe-
CTaBJICHUIO UMHUTAIMOHHBIX MOJIENIEH C 1eNbl0 YHU(PUKaUU pa3pabaTbiBaeMbIX ajro-
PUTMOB U MPOTPAMMHOI0 0oOecrevyeHus cucrteM MojenaupoBaHusi. [1ogqo0HbIe MONBITKH
MPOBOJATCA MOCTOSIHHO. OIHAKO 00lllee HAIlpaBJIEHUE UCCIEIOBAHUN MO JAaHHOMY BO-
IIPOCY CBOAMTCS K CO3JAHUIO CBOETO METOJOJIOTMYECKOTO MOAX0Ja WIM KOHUENTYallb-
HOM CXEMBbI TTOCTPOCHHSI UMUTAIIMOHHBIX MOJieel (HampuMep, Teopusi arperatoB [64],
cetu Iletpu [66] u 1.1.). B nanHo# paboTe npeasiaraeTcs UCMOIb30BaTh MOJIX0/, OCHO-
BaHHBIM Ha padortax [2,9,15,16,17]: paccMOTpeTh UMUTAIIMOHHBIC MOJCIH, ITOCTPOCH-
HbI€ C TOYKU 3PEHUS PA3JIMYHBIX KOHIENTYaJbHBIX CXEM, B paMKaxX OJHOI0 MOJXO[a,
OCHOBAaHHOT'O Ha BBIJICJICHUU B CTPYKTYPE MMUTAILMOHHBIX MOJEIEH OAHOPOIHBIX IO
(YyHKIIMOHATFHOMY HAa3HAYCHUIO W B3aMMOCBSI3SIM 3JIEMEHTOB U TOTO OYEBUIAHOTO (hak-
Ta, YTO BCE MEPEUYMCICHHBIE MOIX0/bl PEATU3YIOTCS MPOTPAMMHO, TO €CTh, OHU COZEP-
KaTt B ce0e OJMHAKOBBIE CTPYKTYpPHBIE 3JIEMEHTHI: JJaHHBIE, OTPaKAIOIIUE COCTOSIHUE

MOJIETU U KOJI, OTPaXKaroIIHil ee oBEeJICHNUE.
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1.3 AHanu3 TEXHOJOTMK pacnpeeIeHHOr0 UMUTAMOHHOTO MOJETUPOBAaHHUS

OpHuM u3 HamOoJiee aKTyaJdbHBIX HalpaBiI€HUI B 00JACTH MMUTALMOHHOIO MO-
JeTUPOBaHUs CHUCTEeM sBJisieTcss pacnpeaeneHHoe (distributed) wnam mapasienbHOE
(parallel) nmuranmmonnoe MoxaenvupoBaHue (simulation), TPOBOIUMOE C IIENBIO MOBBI-
meHust ObICTpoAeHCTBUSA. TpaAulIMOHHO, paclpeneeHHOe UMHUTAIIMOHHOE MOJIEIHPO-
BaHHE OTHOCUJIOCh K MOJICTUPOBaHUIO Ha KoMIibioTepax ¢ MIMD (Multipli Instruction
Stream / Multipli Data Stream) apxutekTypoi, B TO BpeMs KaK HCIOJb30BaHUE apXu-
tekTypbl SIMD (Single Instruction Stream / Multipli Data Stream) npuBogmio k «ma-
pajieTbHOMY MOJIEIHPOBaHUIO». [IOCKONBKY MpHU MapalieIbHOM M PaCTpeeTICHHOM
MOJICTTUPOBAHUH MCIOJB3YETCS O/IHA M Ta K€ TEXHUKA, C TOSIBICHUEM KIaCTEPHBIX BbI-
yuciauTenbHbIX cucTteM U GRID-BrIuncieHu rpanb MEXIy STUMU JIByMs BUJAMU UMU-
TAI[MOHHOTO MOJICIUPOBAHMS Havajla CTUpAThCcs. MHOTMMH aBTOpPaMH HCIIOJIBb3YETCs
TEPMUH «PACTIPEICTICHHOE MOJICITUPOBAHUE» JUIsl 0003HAYEHUS KaK MapajlieIbHOT0, TaK
U pacripesielieHHOro Mojienuposanus [9,17]. TenaeHuus ycunmuBaeTcsi pacTyIIUMHA BO3-
MOKHOCTSIMH K MHTETPAIMN ¥ TTOCTPOSHUIO MHOTOMPOIIECCOPHBIX W MHOTOMAITHHHBIX
BBIYMCIIUTENBHBIX CUCTEM MojeiupoBanus, nossieHueM GRID-cucrem kak MormHOMN
Cpeabl MPOBEICHNUSI UMUTAMOHHBIX YKCIIEPUMEHTOB [67,68].

PacnipenenenHoe UMHATAITMOHHOE MOJICTTUPOBAHNE OCHOBBIBACTCS HA CIIETYIOIINX
MCTOYHMKAX: BBIYMCICHUE M MOJEIMpPOBAaHUE, TpeOyIolee aJisi CBOEro BBHITIOJHECHUS
0O0JIBIIIOTO KOJIMYECTBA BBHIUMCIUTEIBLHBIX PECYPCOB, BOCHHBIE TIPUIIOKEHUS, M KOMITBIO-
TEepHBIE TIPOrpaMMbl, oOMeHuBaroIuecss nHpopmarmend npu nomonu MHTEpHET B pe-
anbHOM BpeMeHu. [lon pacrpeneieHHbIM UMUTAIMOHHBIM MOJICTUPOBAHUEM TMOHUMA-
eTCsl «pacIpeieIeHHOE BBIMOJHEHNE €IWHOM MPOrpaMMbl UMHUTAIIMOHHOW MOJIEIH Ha
MYJIBTUIIPOLECCOPHON HWIIM MYJIbTUKOMIBIOTEpHOU cucteme» [10,69]. Ilpu pacnpene-
JICHHOM MOJICIMPOBAHHH, B OTJIHYNE OT MOCJIEI0BATEILHOTO MOICTUPOBAHUS, TIEPBUY-
HOM eIMHUIICH SBISETCS HE 0OBEKT, a TaK HA3BIBAEMBIN JIOTUYECKUN mporiecc [9] umm
yacTHas mojenb [15]. Jlornueckuii mponecc — 3To MociaeaoBaTeIbHasi NOAMOJIENb, KO-
TOpasi UMeeT COOCTBEHHBI Ha0Op 0OBEKTOB U COOCTBEHHYIO YIIPABJISIIOIIYIO MPOTrPaM-

My. YacTHas MoJeib COAEPXKUT B ceOe MOANpOrpaMMmy, OMPENCISIONIyI0 TMOBEICHUE
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MOJCIIUPYEMOTO BPEMEHH H MOAIPOrPaMMY TIEPEABHUKEHUS MOICITHHOTO BPEMEHHU.
B pab6orax B.B. Oxonpaumaukosa [9,10] npuBeneno ciemyroriee GopMaabHOE

IMpCaACTAaBJICHUC pacnpeﬂeneHHOﬁ HMHT&HHOHHOﬁ MOICIIN:

DM =y Ip",
lpk={smkaTkaSk}v (1.1)
L oL (o W e Ry |

Tk:t{(a

rae DM — pacripeqiesiecHHas MOJIEIb;

[p — noruveckuit mporecc;

Sm — TOJIMOJIEIb JIOTUYECKOTO MpoIiecca;

T — 3HaYeHUE JTOKAJbHBIX YaCOB MOJCIHFHOTO BPEMEHH;
S — JTOKaJIBHBIN CITMCOK COOBITH;

Q — coObITHE B CITUCKE COOBITHIA;

{ — MOJICJIbHOE BpeMs HAaCTYIUIeHHs cOObITHS Q (BpeMeHHasi MeTka coobIThs Q).

B pa6orax B.A. I'op6aueBa u M.A. Bonka [15] npuBoautcs apyroe ¢hpopmaabHOe
MPEACTABICHUE CPEAbl UMUTALMOHHOTO MOJEIUPOBAHUS, KOTOpOE OOJee MOJHO Y4H-
ThIBaeT 00001Ia0IIKe TapaMeTphbl Kak IPOrpaMMHOM pacipeeIeHHOM UMUTAIMOHHOM

MOJIEH, TaK U XapaKTePUCTUKU PACIIPEICICHHON Cpebl MOJICTUPOBAHNS:

(" {HM 3BMIIL,},
HM={AIT.H Mr,]IM, .10},
PBM={IIII, CC, RR, W W},

HIT; ={=IT1,;U; J; C; Ry},
< (12)

| ' -
Q@ AM, x AT — M, &M, N M, =D&t T &t = const|

' [
ui:j o AM, xMr— JIM, &t.0'eT &t' 21
|

P

P AM, xH —>,IMI' & JM. ﬁ,ﬂvfj.- ={J
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rae UM — nmutanmonHas MOJeb,

OBM — MHOKECTBO PECYPCOB;

11I],, — MHOKECTBO POTPAaMMHBIX 3JIEMEHTOB;

AIl — moanporpaMmma, pean3yronias noBeICHUE MOJIEIIH;

H — noanporpamMma cBA3U;

MT — nipouieaypa ynpaBieHUsS BPEMEHEM MOJIEIIH;

JIM — 061acTh TaHHBIX MOICIIH;

@ — (OYHKIUS JTOTHYECKOTr0 MpeoOpa3oBaHusl JaHHBIX;

L — BpeMeHHas (PyHKIIHS;

0 — GyHKIMS TpeoOpa3oBaHus TaHHbBIX;

L= {IIlli}, i=1, ..., n — MHO)XECTBO HE3aBHUCUMBIX UEPAPXUUECKUX CUCTEM IPO-
LIECCOB;

CC= {C(}}, j=1,..., — MHOXECTBO CUCTEMHBIX PECYpCOB (ONepaTUBHAS MaMSTh,
MIPOIIECCOPBI, yCTPONCTBA BBOJIa-BBIBOAA U T. 11.);

[} — KOIMYECTBO CUCTEMHBIX PECYPCOB;

RR={RRI, ..., RRa} — ceMelicTBO MHOXECTB PECYpPCOB MOJIb30BaTEIEH;

o — Y9HUCIIO ToJIb30BaTesieit cetu DBM;

WW  — BHemHsAs cpena, ompeaesnsemMas CUCTEMOW YNpaBiIeHHUS JaHHbIMU W,
noib3oBartessiMu Wa u mporpaMMHBIMH OJIcucTeMaMu cethn OBM;

U, J, C;, R; — MHOXECTBO COOTBETCTBEHHO YIPABISIOMINX, HHYOPMAITMOHHBIX,
PECYPCHBIX 10 CUCTEME U PECYPCHBIX MO MOJIL30BATEISAM CBI3EH MEXK Ay MPOIECCaMHU.

OneMeHTbl MHOXECTB All, H, My SIBASIOTCS WUCHOJHSAEMBIMU MpOLEAypaMH, a
(YHKITMOHATIBL @, LI, P — OTPAXKAIOT TUHAMUKY TTOBEJICHUSI.

CpaBHuBas IpeICTaBICHNE UMUTAIMOHHBIX Mojiesiel B BeipaxeHusx (1.1) u (1.2)
MOXHO HaWTH MHOTO o0miero. Tak joruueckuil npoiecc lp 3KBUBaJICHTEH MOHSTHIO
uMUTauoOHHON Mojaenu MM, coObitust S,Q, a TakKe COCTOSTHUSI MOJISIIH Pealiu3yeTcs B
npeacrasiennd (1.2) B Buse nanubix mojenu JIM, ynmopsijoueHHOCTh COOBITHI coTiac-
HO MOJICJIbHOMY BpPEMEHHU 00eCIeUnBaETCs MOAIMPOrPaMMHON yIIpaBiaeHUsI MOJICTbHBIM
BpemeHeM M.

OCHOBHOI HEAOCTATOK OOJIBIIMHCTBA MOJIENEN — BHICOKUN YPOBEHb a0CTpaKLUu,
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KOTOPBIM 3aTPyAHSET UX NPUMEHEHUE MPHU PEIICHUH KOHKPETHBIX 33]a4, a TAKKE OT-
CYTCTBUE €IUHOT0 (OPMANBHOTO ammapaTa UX MmpeicTaBieHus. B cBsi3u ¢ atum, mnep-
CHEKTUBHBIM BUIUTCS UCIIOJIB30BAHUE €IMHOTO (DOpMaIBLHOrO anmapara OIMMCAHUS pac-
MpE/IeJICHHBIX MUMHUTALUOHHBIX MOJeNe W (YHKIIMOHUPOBAHUS HMHTALUOHHBIX CH-
cteM. Takoil moaxoj mpemyaraercs B paborax [15,17]. B pabore [17] npennaraercs
(dbopMalIbHBIN anmapar MpeICcTaBlICHUsS WMUTALMOHHBIX MOJIeNiell Ha OCHOBE MpOIlecC-
HO anreOpsl [16], KOTOpBIM MO3BOISET MPEACTABUTH BBIYMCIHMTEIBHBIE IMPOLIECCHI,
POTEKAIOIINE B UMUTAIIMIOHHON CHUCTEME MOJICTTUPOBAHMS C €CTECTBEHHOM (MpOTrpaMM-
HOI) TOYKH 3peHHs. ONMCaHHBIX MOAXO/[ MO3BOJSET OMUCHIBATH HE TOJBKO 3JIEMEHTHI
MMUTALMOHHON CpeJbl, HO M YYHUTHIBaTh CHELU(PUKY ONEPALMOHHON CHCTEMBI, amma-
PaTHBIX PECYpPCOB U JIPYTUX KOMIIOHEHTOB, YYaCTBYIOIIMX B IPOLECCE IKCIIEPUMEHTA.
OCHOBHOM HJI€€N MpEIaraeMoro ammnapara SBJISETCS €IUHOE MPEACTABICHUE TAKUX
BAJKHBIX NOHITHUI MMUTALMOHHBIX MOJEIEN KaK COCTOSIHUE, MOJAEIIBHOE BPEMsI, BXOJI-
HbIE€ M BBIXOJHBIC IEPEMEHHBIE B KA4ECTBE JAHHBIX MPOrpaMMbl. YIPOLIAs CUCTEMY
BbIpakeHuit (1.2) mpeacTaBuM 00y MPOrpaMMHYI0 UMUTALIMOHHYIO MOJENb B BUJIE

ABYX CCTCCTBCHHBIX COCTABJIAIOINNX — KOJAa U JaHHBIX (BLIpa)KeHI/Ie 13)

HM:{I/IM- i=11]
= dm;, 4,1 =11} (1.3)

4 = @,J—U}

rae AM; — yacTHbIE UMUTAIIMOHHBIC MOACIIH;

I — KOJIMYECTBO YaCTHBIX MMHTALIMOHHBIX MOJACIICH B CUCTEME;

dmi — DaHHBIC MOJIEIIH;

A; — MHOXECTBO U3 J akTUBHOCTEW (ITOAMPOTpaMM), OOCITYKUBAIOLIUX i-F0 UMHU-
TAllMOHHYIO MOJEb.

Crnenyrolyii BaXKHBIM BOIPOC — CUHXPOHU3AIMS MOJCIHBHOTO BPEMEHHM YaCTHBIX
MOJIeJIel WJIM BOIPOC YIpaBJE€HUS] MOJEIbHBIM BpeMeHeM. CHHXpOHHU3aIUs JO0JDKHA
obOecrieunBaTh BBITOJHEHHE YACTHBIX MOJICNICH B MPOCTPAHCTBE €IUHOIO MOICIHLHOTO

BpPpEMCHHN HJIM B IIPABUJIBHOM XPOHOJIOTHYCCKOM IIOPSAAKE, obecrieunBass TEM CaMBIM
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orpanndenue npuanHHOM cBsi3u (local causality constraint) [10]. MeToasl ynpaBieHus
BPEMEHEM B HMHUTAIIMOHHBIX CHCTEMaX SIBIITIOTCS CIIOKHOM, HAayKOEMKOH rpobiemoii. B
pabore [10] mpuBoauTCS 0030p METOJOB pPEIICHUS ITOM MPOOJIEMBbI JJI MOCIEI0BA-
TEJILHOTO U PaCTpe/IeIEHHOr0 UMUTAIMOHHOTO MOJIETUPOBAHUSI.

N3BecTHBI HECKOJBKO KJIACCOB aJTOPUTMOB CUHXPOHM3AIUU MOJIEIHLHOTO BpeMe-
HU: CUHXPOHHBIE, C CHHXPOHHU3AIMEH B3aMMOJIEUCTBHsI, KOHCEPBATUBHbBIE U ONTHMHU-
ctuueckue. Knaccudukarms COBpEeMEHHBIX aJITOPUTMOB CHHXPOHHU3AINH MOJEIHHOTO
BpEMEHHM MpHBeJieHa B padoTax [70-74].

[TepBbie 1Ba KJlacca AITOPUTMOB CUHXPOHU3AIUYU MTPOBUTAIOT MOJIEIBHOE BpEMsI
TOJBKO MIPU YCJIOBUH, UTO BCE YACTHBIC MOJCIIM COTJIACHBI C TUM, YTO IPUBOIUT K HE-
PABHOMEPHOW 3arpy3Ku BBIUHMCIHUTENBHBIX pecypcoB. X MpuMeHEHUE BO3MOKHO MpPH
COOJIFOZICHUM HECKOJBKHX YCIOBHUM: BCE MOJCIM UMEIOT OJWHAKOBYIO BBIUHUCIUTEIb-
HYIO CTOMMOCTb, BBIYUCIUTEIbHBIE PECYPCHI U KAHAJIBI CBSI3U MEXIY HUMH UMEIOT OJIH-
HaKOBBIE TTapaMETPBHI.

B mensx pacnpefeneHHOro MMHUTALMOHHOIO MOJAEIHMPOBAHUS HamOoJiee 4acTo
HCIIOJB3YIOT KOHCEPBATUBHBIE U ONTUMUCTUYECKUE AIITOPUTMBI.

OcoOEHHOCTBIO KOHCEPBATUBHBIX AJITOPUTMOB SIBIISIETCS MPEIOTBPAIIEHUE Tapa-
JIOKCOB BpeMEHH. B mpouecce MMUTaIUK MPEANOJaraeTcs, 4ro agpecar Mmojaydaer co-
OOIIIEHUsI B TOM K€ TOPSIJIKE, B KOTOPOM MX MOCHIJIAET UCTOYHHUK, U YTO UCTOUYHUK BbI-
OMpaeT U3 JOKAIbHOIO CIHCKA COOBITUN COOBITHSI C HEYOBIBAIOUIMMHU BPEMEHHBIMU
MeTkamu (time stamped). IIpu 3TOM BO3MOKHA NMPUOCTAHOBKA BBITIOJTHEHHUS YaCTHBIX
MOJIeJIeH, YTO CHUXKAET MPOU3BOAUTEIHLHOCTh MPOIIECCa UMUTAIIMM U MOXKET MPUBECTH
K TYMUKOBBIM CUTyalusM. [[ns1 ycTpaHeHus 3TUX HEAOCTaTKOB KOHCEPBATHUBHBIC aJIrO-
PUTMBI HCTIONB3YIOT JIOMOJHUTENRHYIO MH(popMmaruto. Hanpumep, nadopmarinio o Be-
POSITHOCTH OMPEACIICHHBIX CBSI3€M MEXITY YACTHBIMU MOJICIISIMH.

[TepBbie KOHCEPBATHUBHBIC ATOPUTMBI HCIIOIB30BAIN MOCHUIKY «ITYCTBIX» CO00-
IIEHUM, KOTOPhIE HE OTPAXKAIOT MOBEJACHUE YACTHBIX MOJEJEH, a MepelatoT JOMOJIHH-
TeJIbHYI0 HH()OPMALIUIO JJIsI OTIPEIeTICHUs] MOMEHTA U3MEHEHUSI MOJICJIbHOTO BPEMEHH U
BEJIMUUHBI ATOTO0 u3MeHeHus [75-77]. llocnenHsis BelWYMHA MOJIYy4YWJia Ha3BaHHE

«HMKHEW TpaHulibl BpeMeHHbIX MeTok» (LBTS — lower bound on the time stamp) [10]
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W1 «BpeMeHHoro ropusonTta» (logical virtual time horizon) [72]. Ocobennoct pabdo-
Thl C BPEMEHHBIM TOPU30HTOM HccienytoTcs B [78]. CrnocoObl MUHMMM3AIMH KOJTUYE-
CTBa IMYCTHIX COOOIeHUN o0cyxaatorcs B [79]. B pabote [77] yka3pIBaeTCs, 4TO KOP-
peKTHasi paboTa ¢ BPEMEHHBIM TOPU30HTOM HE TapaHTUPYET OTCYTCTBUE TYMHUKOBBIX
CUTYallMi, pacrio3HaBaHUE KOTOPHIX HEOOXOIUMO NMPU BO3ZHUKHOBEHUU CHUTYallUU 3a-
[UKJIMBAHUSI AJITOPUTMA CUHXPOHUBALNH

HekoTopsie KOHCEpBAaTUBHBIE AJITOPUTMBI UCHOIB3YIOT MPEIBAPUTEIbHBIN MPO-
cmoTp (look a head), kKoTOpeIil BBI3BaH 3aJ0KEHHBIM B MOJEIB MOAXOJ0M K IOCTPOE-
HUI0O MUMHUTAlMOHHOW MOJAENW WM (PU3HMUECKUMHU OCOOCHHOCTSIMH BBIUMCIUTEIHLHON
Cpelbl.

CylecTBYIOT KOHCEPBATUBHBIE AJITOPUTMbI, KOTOPbIE UTHOPUPYIOT BO3HUKAIO-
IIMe MapajoKChl BpEMEHU (C OMNpeAeNeHHOM TOYHOCThIO). Hampumep, moaxonm «pac-
cinabnenust BpemeHn» (relaxing time), AOMyCKalOMIMI OTXO OT y4eTa COOBITHIA B COOT-
BETCTBUU C BPEMEHHOW ynopsao4eHHOCTH [80], 4TO BO3MOXKHO TOJBKO HAa OrpaHUYEH-
HOM KJIacce MOJIETIeH U OMPeeNaeTCs IPUPOIOH MOJIETIUPYEMBIX 00BEKTOB JIUOO Mpe/I-
MoJIaraeTcs, 4To JAajibHEelIIas cTaTUCTUYecKas 00paboTKa pe3yIbTaTOB MOAEINPOBAHUS
JacT IOMyCTUMYIO TOYHOCTH [81,82]. Ananoruunsie (mpUOIMKEHHBIE) PE3YJIbTAThI /1a-
IOT CHUCTEMbI MOJICIMPOBAHMSI, CAHXPOHHU3ALIUS B KOTOPBIX JOCTUTAETCS IyTEM CUHXPO-
HU3aLWU MOJIETIFHOTO U peasibHOT0. B mocneaHeM ciyyae BO3HUKAET 33]ja4a CUHXPOHU-
3allMM YaCOB CaMHMX BBIYUCIMTEIBHBIX pecypcoB [83,84]. B cucrtemax ¢ npeackazaHueM
U3BECTHbI KBAaHThl MOJIEJIBHOTO BpPEMEHH, C KOTOPHIMU YacTHbIE MOJENIN H3MEHSIOT
CBOU JIOKaJIbHBIC Yackl [85,86]. Elle olvH MOX01 OCHOBAaH Ha MOHATUHU TPUOJIMKEHHO-
ro BpeMeHu (approximate time), OH Jae€T BO3MOKHOCTb MCIOJIb30BATh HEYETKOCTh Bpe-
MEHU BO3HHUKHOBEHHSI COOBITHMI: BMECTO MOMEHTAa BPEMEHHU HCIIOJIb3YETCS MHTEpBall
BPEMEHHU, B TEUEHUH KOTOPOTO BO3MOKHO BO3HUKHOBEHUE coObITHS [87,88,89].

MHorue KOHCEpBAaTUBHBIE aJTOPUTMBI HCIOJB3YIOT TOHSATHE «PACCTOSHUS
(distance), koTopoe npeacTaBiasieT coO0KH BPEMEHHOM OTPE30K, HEOOXOIUMBIN IS TIPsI-
MOTO WJIM KOCBEHHOTO BO3ICHCTBUS OJHOIO JIOTMYECKOrO Ipolecca Ha JApy-
roit [90,91,92]. CornacHo onpeneneHuto, JaHHOMY B [9], pacCTOsIHUE — 3TO MUHUMAaJIb-

HOC KOJIHMYCCTBO MOACIIBHOI'O BPpEMCHHU, KOTOPOEC JOJIKHO HpOfITH, npexac 4€m COOBI-
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THE B OJHOM JIOTHYECKOM TPOIIECCE BHI30BET MPSMO UM KOCBEHHO BBITIOJHEHUE COOBI-
THS B APYTOM JIOTHYECKOM Tporiecce. PaccTossHre MoKeT OBITh MCIIOJIB30BAHO JIOTHYE-
CKHUM TIPOLIECCOM JIJISl OTIPE/ICNICHUsI BpEMEHHOM OTMETKU COOBITHS, KOTOpOoe eMy OyaeT
MIOCJIAHO.

Bonee cnoxxHble aNropuTMbl KOHCEPBATUBHOW CUHXPOHU3ALUU TIPEAINOIaraiT me-
penady Mexay 4aCTHBIMH MOJEISIMU COOOIICHHUS] TTOMEUEHHOI'O0 HE BPEMEHHOM, a BEK-
TOpHOU MeTKoi BpemeHu (Vector Time), MO3BONSIIONIEH YaCTHOW MOJEIH OMPEACIUTh
MECTO CBOETO COOBITHS cpeau apyrux [87,93,94,95].

B oTimume OT KOHCEPBATHBHBIX AJTOPUTMOB, KOTOPHIC HE HAPYIIAIOT TOPSIOK
BBITIOJTHEHHSI COOBITHI B HEYOBIBAIOIEM MOJCIHPHOM BPEMEHH, ONITUMHCTHYCCKHE Me-
TOJBI HE CJIENAT 33 9TUM OTpaHUYCHHEM. B CBSI3U ¢ 3THUM, PU TAKOM METOJI€ TIPOUCXO-
JST «TMapagoKChl BPEMEHW»: HEKOTOPBIC YAaCTHBIE MOJEITH MOTYT «YWTH BIEPEI», TO
€CTh UX JIOKaJIbHOE BpEeMsl MPEBbIIIACT (MHOTA — 3HAUUTEIILHO) JIOKAIBHOE BpEMsI Jpy-
I'MX YaCTHBIX MOJIETICH.

Haunbonee u3BECTHBIN ONTUMUCTUYECKUN aJTOPUTM — AITOPUTM, pa3pabOTaHHBIN
. Jlxeddepconom (Jefferson), HazpiBaeTcsl MeXaHHU3MOM «IaedopManvii BpEeMEHMY
(Time Warp Mechanism) [96]. Korna noruueckuii nporecc rnojaydaer coObITHE, UMe-
I0IlIee BPEMEHHYI0 OTMETKY MEHBIIYIO, YeM Y€ 00paboTaHHBbIC COOBITHSI, OH BBITIOJ-
HseT «otkat» (rollback) u oGpabaTbiBaeT 3TH COOBITHS MOBTOPHO B XPOHOJIOTHYECKOM
nopsinke. OTKaThIBasICh Ha3a/, MPOIIECC BOCCTAHABIMBAET COCTOSTHUE, KOTOPOE OBLIO 710
00pabOTKHN COOBITUN M OTKA3BIBAETCS OT COOOIIECHUI, BO3BPAIIAEMBIMH B MPOIILJIOE CO-
crosiHue. Jlns oTkaza OT ATHUX COOOIIEHHM pa3paboTaH MEXaHU3M AHTHCOOOIIECHUH.
AHTHCOOOIIEHNE — 3TO KOMUS paHee OTOCIaHHOTOo cooduieHus. Eciu antucooOuienue u
COOTBETCTBYIOIIIEE €My COOOIEHUE (MIO3UTHUBHOE) XPAHSTCS B OJTHOM M TOW ke ouepe-
T, TO OHU B3aUMHO YHUYTOXKAIOTCS. UTOOBI M3BITH COOOIIEHNE, TTPOIIECC JOJDKEH OT-
MPaBUTh COOTBETCTBYIOIIEE aHTHCOOOIIeHUEe. Eciu cooTBeTCTBYIOIIIEE TTO3UTUBHOE CO-
oOmeHue yxe 00paboTaHo, TO MpoIlecC-MoIy4YaTeNb OTKaThiBaeTcs Ha3ald. [Ipu HeOna-
TONPHUSATHBIX YCIOBHUSAX MOJICTUPOBAHMS OTKAT YaCTHOW MOJCIIH MOYKET TMPOU30UTH JI0
T000T0 MOMEHTA MOJISTILHOTO BPEMEHH, HAUMHAsI C HyJIeBOTO 3HaueHus1. [loatomy Hamo

COXpaHATb COCTOSAHUSA YaCTHBIX MO]ICJIeﬁ JJIL KaXKA0ro Takoro MOMEHTa MOACJIBHOI'O
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BPEMEHHU, YTO MPUBOAUT K OOJBIIOMY pacxoay mamsitd. JlJis yCTpaHeHHs 3TOTO HENo-
CTaTKa CYIIECTBYET HECKOJBKO IPYNI ONTUMUCTUUYECKUX aJITOPUTMOB.

[IpeacraBuTenu NepBoii TPyNIbl OPUEHTUPOBAHBI HA HAXOXKICHUE MUHUMAJIbHON
BpeMeHHON MeTKku 0TKatoB — GVT (global virtual time) [97], koTopas sBisieTcsl aHaI0-
rOM TJ100a1bHOTO MOJIEIBHOTO BPEMEHHM B MOCIEAOBAaTEeNbHBIX Mojensax. [locie Bbi-
yucienust GVT, naMaTh, UCIONb3yeMas JJIsl XpaHEHUsS] COCTOSIHUM BCEX YaCTHBIX MOJIe-
Jedl ¢ BpEMEHHbIMU MeTKamu, MeHbuMu, yeM GVT ocBoboxaaercs. Hekoropsie aB-
Topbl [98] mpemiaraioT HKCHONB30BaTh MOCIEIOBATEIbHBIE OTPE3KUM BBIYMCICHUNA U
CUETYMKHU COOOIIEeHUH, 3D PEKTUBHO pelIaroIue 3TU MPOOIEMBI.

Opnolt U3 mpo0sieM, BOZHUKAIOUIUX MPU pea3allid ONTUMUCTUYECKUX aJIro-
PUTMOB, 3aKJIIOYAETCS B 3HAUYUTEIBHBIX 00BEMax OMEpaTUBHOMN (BUPTYyaIbHOW) MaMsITH
JUIsl XpaHeHusl MH(popMani, HeoOXOAUMOW JJIs OCYIIEeCTBIeHUs: oTkaToB. [lomxomabl
BTOPOU T'PYIIIBI HAMIPABJICHBI HA COKpaIlleHne 00beMOB aMATU. B HEKOTOPBIX citydasix,
IIPU TEPENOTHEHNN NaMATH, XPAHUMbIE COCTOSIHHUSI MOTYT YIAISATHCS, NAXKE €CIH HX
BpeMmeHHas meTka 6ombiie GVT [99], coxpaHeHre COCTOSHUI MOXKET MTPOUCXOIUTh BhI-
OOpPOYHO M3 BCETO MHOXKECTBA COCTOSIHMM MEXIy TEKYIIUM MOJIEIbHBIM BPEMEHEM
yactHou mozaenu 1 GVT [100,101], ncnonb3yroTcss MaTeMaTUYECKAE METO/IBI Mepecye-
Ta apaMeTpOB MOJIEJICH BMECTO ONEpaIuii ¢ maMmsThio (oTkaTa cocrosiuuii) [102,103].

[Toaxoapl TpEThEH TPYIIIIBI MBITAIOTCS U30aBUTHCA OT AaHTUCOOOIIEHUN WIIA OTpa-
HUYMBAIOT MUX KOJIMYECTBO. ITO TOAXOHbI, HCIOJb3YIOLUIME «IIPOCMOTP Ha3am»
(lookback) [104,105], «nenocpenctBennoit ormenb» (Direct Cancellation) anTHC000-
menuii [106,107,108], «otknaasiBanue» (lazy cancellation) anTucooOuieHuii mpu oTka-
te [109,110].

K derBeprol rpymnmne MOXHO OTHECTH IOAXOHBI, KOTOPBIE K PACHPENECICHHOMN
MMUTAIMOHHON MOJIEeIu J00aBJSIOT aJanTUBHBIE MPOTPAMMHBIE JJIEMEHTHI, KOTOPbHIC
CIEAAT 3a mapamMeTpamMu SKCIEPUMEHTa U U3MEHSIOT MapaMeTPbl CPeAbl UMUTALIMU WU
MOJIEH C LEJIbI0 ONTUMU3AIMU TOTO WM UHOTO PECYPCHOIO BEKTOpa Mpoliecca UMHUTA-
mau [111,112].

Kak ormeuaercs B [9] 3apaHee Henb3sl cKa3aTh, KAKOW M3 MHOXECTBA KOHCEpBa-

TUBHBIX ¥ ONITUMHUCTHYECKUX MOAXOA0B OyaeT padotaTh ObicTpee. Bece 3aBucHT OT pea-
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JU3aLHUA MOJIEIM, [MapaMeTPOB CPEAbl HCIOJHEHUS, TOCTYIHBIX BBIYMCIUTEIbHBIX pe-
CYpPCOB M KaHAJIOB CBS3HM U T.N. ONTUMHUCTUYECKUE AITOPUTMBI TPEOYIOT U30BITOYHBIX
BBIYMCJIEHUN U JTONOJHUTENBHON MaMATU I XPAHEHUS UCTOPUHM M3MEHEHHS COCTOSI-
HUM, IJIs1 ONPEAEIICHHOrO KJlacca MOJIENE, B KOTOPBIX OTKAThl MPOUCXOAAT PEIKO, OIl-
TUMHUCTUYECKHUE AIITOPUTMBI JAIOT BBIUTPHIII BO BPEMEHU UCIOJIHEHUS MOJAENH 34 CUET
6onee 3(hPeKTUBHOrO MCIOJIb30BaHUS Mapaienusma. B [9] nepcnekTUBHBIM BUIUTCS
co3JaHue OMOIHMOTEKH Pa3IUYHbIX KOHCEPBATUBHBIX U ONTUMHUCTUYECKUX aJTOPUTMOB.
[Tocne yero Ha OCHOBE PKCIEPTHOM OLIEHKH pa3pabOTUYMKa MOJENH, TECTOBOTO MCIOJI-
HEHUS MOJIEJIM Ha OTPaHHUYEHHOM OTpPE3KE MOJEIBHOTO BPEMEHH, MOXHO ObUIO OBl
ONPENENNTh, KAKOW U3 KJIACCOB AJITOPUTMOB, KOHCEPBATUBHBIN WJIM ONITUMHCTHYECKUIA,

Ooee MOAXOUT 11 JAHHOM MOJICIH.

1.4 AHanmn3 TEXHOJIOTUH PACIPEACICHHOTO UMUTAIMOHHOTO MOJICIMPOBAHUs Ha

6a3e ctangapra HLA

Ha ocHoBaHuuM aHanu3a, NPOBEAEHHOIO B NMOANYHKTaX 1.2-1.3 MOKHO caenarb BbI-
BOJl, YTO PACIPEIEICHHOE MOJIETUPOBAHKUE MPEACTABISIET COOOM MOCTOSHHO pa3BHUBa-
IOLYIOCST 00J1aCTh HAyYHBIX HccienoBaHuil. [losiBieHrne HOBBIX 0OBEKTOB MOJIEIMPOBa-
HUS, HOBBIX BBIYUCIIUTEIBHBIX PECYPCOB MPHUBOIUT K MOSBICHUIO HOBBIX U MOAM(UKa-
I[MU YK€ U3BECTHBIX METOAOB PaCIpPEAECIICHHOIO HMUTALIMOHHOTO MO/ICJIMPOBAHUSI.

B cepenune 90-x rogoB XX-ro Beka nosiuiicst cranaapt High Level Architecture
(HLA — apxurtekTypa BBICOKOIO YpOBHSI), KOTOPbIH MOMbBITAICS OOBEAUHHUTH YKE CO-
3/IaHHBIE MOJIEJIM U CUCTEMBI MOJEIMPOBAHNUS U1 BO3MOXKHOCTH MX JaJbHENUIIETO COB-
MecTHOro ucnojib3oBanusd. HLA mpeacrasiser coOoil COBOKYITHOCTh METOIUK, PeIlle-
HUW U CTAaHAAPTOB JJIsi TIOCTPOECHHSI CUCTEM PACHPENEICHHOTO0 MOJAEIUPOBAHUS U UH-
TE€paKTUBHbIE CHUCTEMbl MMUTAUNU. [0 MHTEPAKTUBHOCTBIO CHCTEMBI IOHUMAIOT CIIO-
COOHOCTB €€ MOACUCTEM, MOJIYJIEH U 3JIEMEHTOB BbIIaBaTh U MPUHUMATH COOOLIEHUS OT
OPYTUX MOACUCTEM, MOJyJIeld U 31eMeHTOB. OOMEH COOOIIEHUSIMH MO3BOJISIET OpraHu-
30BaTh COBMECTHOE (YHKIIMOHUPOBAHHME PA3JIMYHBIX YYACTHUKOB MOJCIUPOBAHMUS.
JlaHHasi apxuTeKTypa ompeneiseTcs MexayHaponHeiMu cranpapramu [EEE 1516,

1516.1 m 1516.2. HLA — 3T0 HOBas T€XHOJIOTHs, MpEIHA3HAYCHHAS ISl 00eCTICUeHUS
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B3aUMO/ICUCTBUSL TEPPUTOPUAIBHO PACIIPEIEIECHHBIX YYACTHUKOB MOJIEIUPOBAHUS Pa3-
JUYHBIX TUIIOB. JTa TEXHOJIOTUSI OOBEIUHIET BMECTE CUCTEMbI, TOCTPOCHHBIE JIJIsl pa3-
JUYHBIX 1eJIeH, TEXHOJIOTUU Pa3HbIX MEPUOJOB BPEMEHH, MTPOIYKTHI U MIATHOPMBI pa3-
JUYHBIX PUPM U TIO3BOJISIET UM B3aUMOJICICTBOBATH B €IMHOM Cpe/ie MOJICIIUPOBAHMS.

OCHOBHBIMH TIpeIIOChUIKaMH MosBieHUus ctanaapta HLA cuurarorcs paboThl,
npoBoguMbie B BoeHHBIX Iessix (CHIA), mo oObequHEHHI0O B OJJHOM HUMHUTAIMOHHOM
MIPOCTPAHCTBE BOEHHBIX TPEHAXKEPOB U MPOTrpaMMHBIX Mojienield. [lepBbiMu cTangapTa-
MU B 3TOM HaIlpaBJICHUU CUUTAIOTCS CTaHAApPT B3aUMOCBSI3U pACIPEACIICHHBIX TpEeHa-
xepoB DIS (Distributed Interactive Simulation) [113], Beimegmmii w3 mpoekTa
SIMNET [114], u pa3paborannsiii mpotokos ALSP (Aggregate Level Simulation
Protocol) B3aumopeiictBust TpeHaxkepoB [115]. OgHoBpeMeHHO ¢ paboTamu, MPOBOIM-
MBIMU B 3TOW 0OJyactu, Obuta coznana rpynna DMSO (Defence Modeling&Simulation
Office), koTopast ¢ 1996 roga KOOpAUHUPYET UCCIENOBAHUS MO CO3JAHUIO CHEIHAIb-
Hoi1 TexHonoruu HLA, onpenenstonieit oO1yro apXUTEeKTypy BCeX pa3padaThIBAEMBIX B
CIIA cucrem moaenupoBanus. C 3TOro MOMEHTa Bce pa3pabOTUYUKHU CPEACTB U CUCTEM
MOJICIUPOBAHUS JIOJDKHBI 00€CIIeUnBAaTh BHEIIHIOI B3aMMOCBS3b C YUYETOM CTaHJapTa
HLA. B 1998 rony HLA Obuia npunsara crangaptom B NATO. Opranmzanus SISO
(Simulation Interoperability Standarts Organization) B HacTosiIee BpeMsi KOOPJIUHUPY-
et ¢ IEEE u OMG (Object Management Group) padotsl o HLA crannapram.

OnHolt M3 KOHUENIMN CTaHaapTa SBJSIETCS OOBEIUHEHUE MOJIeNel, CO3qaHHbIX
pa3HBIMU pa3paboTyMkaMH B pasHoe Bpems. [IpuueM 3TO0 0ObENMHEHHE TOCTUTAETCS
IBYMs cpefcTBamMu. Bo-mepBbiX, 3TO cTaHaapTU3anus UHTEpPEHCcOB MO, TO €CTh
GbyHKIMA (METOIOB) TIPH IMTOMOIIHA KOTOPBIX MOJIECTh B3aUMOJCHCTBYET C BHEIITHUM MH-
poMm. B kauecTBe mocneaHEro Jisi MOJIEIN BBICTYMAeT CIielnaibHas UHPPaCTpyKTypa
Runtime Infrastructure (RTI). lannas undpactpykrypa rapantupyer oomeH uHpopma-
1Mel B PeaIbHOM BPEMEHH MEXTY UMHTAIIMOHHBIMU MOJEISIMU U JPYTUMHU YYaCTHH-
KaMH BUPTYaJIBHOTO TIpoiiecca (yCTpoMCTBaMH, TpEeHa)Kepamu, IMoJib3oBaTelsiMu). Bee
oHM Ha3zbIBatoTcs ¢eneparamu (federates). B kauectBe (eneparoB BBICTYNAIOT UMHUTA-
IIMOHHBIC MOJICJIM U CHCTEMbI MOJCIUPOBaHus (constructive), TpeHaxkeps! (virtual), pe-

aJbHBbIE YYaCTHUKM WIM moJib3oBarenu (live), ciennanin3upyemMoe mporpaMMHoOe oOec-
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MEeYEHUE, KOTOPOE COXPAHSET, CTATUCTHYECKU 00pabaThiBaeT W BU3YAJIU3UPYET TEKY-
1yt uHGOpMAaIHIo 0 mporecce. Bo-BTOphIX, cTaHmapTu3anus camoi cTpykTypsl RTI.
B pesynbrate ananuza crangaptoB [116,117,118], co3nana cTpykTypHas cxema, 0T00-

paxatomias nemeHTsl RTI (pucynok 1.1).

Deneparust
i Monenu Tpenaxepbt VYerpoiicTBa [Tonb3oBarenu E
! 7'y 7'y 3 3 i
i ___________________ v i
Vb i '
' | WmuranuonHble i CucTeMbl UMUTAIIIOHHOTO v y y !
1 ! 1
P MOZAEIN | MOZAEIMPOBAHHA I[IporpammHbIii HHTEpdEiic :
Pl ! i
i E Hutepdeiic i Wutepodeiic i
i Wnrepdeiic RTI ;
i Monyns Monyns Monyns Monyns Monyns i
! KOHTPOJIS yIIpaBIICHHUSI CepTU(UKAINT H yIIpaBIICHHS YIIpaBJICHUS i
: €1epaToB eaepauueit 6e3omacHOCTH JaHHBIMU BpeMEHEM i
i P P P !
. RTI i

Pucynok 1.1 — Onementsl apxutexktypsl HLA

OCHOBHBIMH COCTABJISIONIMMU CTaHAApTa SABJSIETCS: HaOOp OOMIMX MpaBHII
HLA [119,120], mnpaBuna moctpoeHus ¢enepatoB U opranusanuu  denepa-
iuu [121,122], cnemmudukarnus uatepdeiica deneparon [123]. CepBuckl RTI obecme-
YUBAIOT yIpaBiieHue Qeaeparueit, ynpasienue Qeaeparamu, ceptudukaiuo u 0e3-
OMAaCHOCTb, YIIPaBJICHUE pacpeeICHUEM JaHHBIX, YIPABICHUE MOJIETbHBIM BPEMEHEM
u cuHxpoHmzauuto. I[Ipumepamu peanuzoBaHHbIX coryiacHO craHjpapra HLA mpo-
IPaMMHBIX CUCTEM sBJsieTcsi mporpammubie mpoaykThl VR-Link, Plan View Display,
DIS/HLA nns Vega Prime.

HecMoOTpst Ha 1OCTATOYHO HIMPOKOE paCpOCTPAHEHUE TaHHOTO CTAH1apTa, MHO-

ruc pa?)pa6OT‘II/IKI/I HMHUTAIUOHHBIX CUCTEM MOJCIIMPOBAHUA OTMEUAIOT CJIOKHOCTD pEa-
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JM3aly 3TOro CraHaapra, a TakiK€ HCBO3MOKHOCTb C€ro MCIIOJb30BaHUA JI SI3BIKOB

JEKIapaTUBHOTO TUIA U3-32 00BEKTHO-OPUEHTUPOBAHHOM HarpaBieHHocTH HLA.

1.5 Ananu3 nmpoieccHbIX anredp kak popmanbHOro anmnapara Jjisi IpeICTaBlIeHUs

ImapaJuICJIbHBIX IIPOLCCCOB

B mepBoii monoBuae 20-TO BeKa, OBLIN MPEIJIOKEHBI Pa3IuIHbIC CIIOCOOBI (op-
MaJM3allid OMUCAHUS TOHATUS BBIYMCIUMON (YHKIMU: [-PEKYpPCUBHAS (PYHKIIUSA, Ma-
muHa ThropuHra u naM0/1a-UCUUCIICHUS, SIBIISIIOLIEHCS Hanboyiee N3BECTHBIMU MPUMeE-
pamu. OgHAKO B CBSI3U C Pa3BUTHEM HMH(POPMALMOHHBIX TEXHOJOTHUH MOTPEOOBAIUCH
HETPaJUIIMOHHBIE (POPMYIMPOBKH TOHSATUS BBIYUCICHUN, B YACTHOCTH SBHBIC TPEII-
CTaBJICHUS TapajUiesiu3Ma U CBsA3EH MEXIy MapajjieabHO (PYHKIIMOHUPYIOIMIUMU KOM-
noHeHTamu. [losiBUIMCh Takue MojieNd napauielibHbiX ucuucienui kak Ceru [letpu B
1962 r. u mogens «/esrens» B 1973 r. UccnenoBaHus My MPOIIECCHBIX ayire0p Havallu
BCepbe3 3aHUMaThCsl PoOMH MuHep, mpeayioxkuB MpoLEeCcCHY0 anredpy «Bzaumonen-
cTBytomux mnapamienbbix cuctem» (CCS — Calculus of Communicating Systems), B
nepuoA ¢ 1973 o 1980 rox [21,124,125,126]. I1apamienbHO ¢ HUM padOTall TAaKKe U3-
BECTHBIA y4€HbId Yapnp3 Xoap, NpEeAIOKUBIINM UHYIO KOHLIETIHIO, U3BECTHYIO I10J
Ha3BaHueM  «B3aumojelcTByIOIKME TOCHeaoBaTeabHble  mpouecce» (CSP —
Communicating Sequential Processes), koTopasi BnepBbie mosiBUiIuCh B 1978 roxay, u
BIIOCJIC/ICTBUM TIPEBpaTWIaCch B TIOJHOLICHHYIO TMPOIECCHYI0 airedpy B Hadale
1980-x [18,19,20]. ITo mepe pa3BuTus 3TH 00€ 0a30BbIE€ KOHIICMIIMUA PA3BUBAIU U JI0O-
noyHs Apyr apyra. B 1982 roay fn berctpa u An Bumnem Knon nauan paboty Han
TEM, YTO CTaJi0 BIIOCJIEACTBUU U3BECTHO, KaK «AnreOpa B3auMOJEHCTBYIONTUX MPOIIEC-
coB» (ACP), coOCTBEHHO M NPENJIOKUBIINE TEPMHUH IIPOLIECCHAs anreopa» sl Onu-
canusi cytu ux padotsl [127]. CCS, CSP u ACP npeactaBisitoT coO0i TpH OCHOBHEIE
BETBU B CEMbE MPOIECCHBIX ANIreOp: BCE OCTaIbHbIE TEOPUHU OEPYT CBOM HAYalo Yy 3TUX
OCHOBOIIOJIATAIOIINX KOHIICIIINM.

B nacTosimee Bpemsi uccieoBaHusl B 00JIaCTH MPOIIECCHBIX anredp CoCpenoTo-
YeHbl B OCHOBHOM Ha CJIEYIOIINX MpoliemMax:

- pa3paboTKa HOBBIX MPOIECCHBIX anreOp aisg 0ojiee TOUHOTO WMHUTAIMOHHOTO
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MOJIETUPOBAHUS;

- HaXOXKJIEHNE TOIXOISANINX TOAMHOKECTB ainreOp I TaHHOW MpOoOJIeMHON 00-
nactu. MHorue u3 anredp camu 1o cede SIBISIFOTCS JOCTATOYHO OOIIUPHBIMU U OOIITUMU
JUTSI TOTO, YTOOBI OMUCHIBATH KOHKPETHBIC CIICM(PUIHBIC MPOIECCHI, a TAKKE, MHOTHE
NPUIIOKEHUS! HE UCTIONB3YIOT BCEX CPEJICTB, MPEOCTaBISIEMBIX anredpamu;

- paclIUpeHHEe MOBEACHYECKUX TEOPUN MOHATUAMM 3KBHUBAJICHTHOCTH MPOLECCOB
(ToMCK KJIacCOB AKBUBAJICHTHBIX MpolieccoB). Kak mpaBuiio, mpouecchl MOTyT CUUTATh-
Cs UACHTUYHBIMU BHE KOHTEKCTa MapajuIeIbHOCTH, OAHAKO C YYETOM TAaKOBOM MOXKET
0oOHapyX uTbcsl paszHuiia. K coxaneHuro, IpUHSATHE 3TUX Pa3IMUUi SIBISETCS TOHKOM
JIETaIbl0 M 3a4aCTYI0 HEMPOCTO YCTAHOBUTHh UCTUHHYIO SKBUBAJICHTHOCT.

Onpenenenre MpoIeCCHOM aireOpbl 0OBIYHO HAYMHAETCSI ¢ HayalbHOTO Habopa
KaHaJIOB, KOTOPhIE UCIOJIB3YIOTCS B /i1 OOECIICUEHUs] B3aUMOJIEUCTBUS MpolieccoB. B
JOTIOJIHEHUE K KaHajlaM, HY>KHbI CPEJICTBA JIJI CO3/IaHUSI HOBBIX IIPOLIECCOB.

OcCHOBHBIE OMEpPATOPbI, MPEACTABICHHBICE B TOM WM WHON (opme, MO3BOJISAT
MPEJCTABUTh: KOMIIO3UIIMIO MapaJIeIbHBIX POILIECCOB; CHEIU(UKALNIO: KAKUE KaHAJIBI
MCIIOJB30BaTh ISl IpUEMa Iepeladyd JAaHHBIX; OMUCAHUE IMOCIEI0BATEIbHOCTH B3aH-
MOJICHCTBUH; COKPBITUE TOYEK B3aUMOJICUCTBUS;, PEKYPCUIO (PETUIMKAIIMIO) TTPOIIECCOB.

Kparkuii 00630p nporeccHbIX anredp npuseaeH B [128,129], ucropudeckuii aHa-
au3 B [130], pa3audHbIe MOAXO/IbI, CBA3aHHBIC ¢ TEOPUEH KBUBAJICHTHOCTEH — B pado-
tax [131,132], npoueccHbie anredpsl ¢ pekypcueil BBeneHsl B [133,134], matemaTuye-
CKHE MEeTObI BepuHUKaIlUK npeacTaBieHsl B [135], pacimupenus n-calculus nosiBumuch
B pabotax [136,137,138]. Takxe U3BECTHBI BEPOATHOCTHBIE MPOLIECCHBIE ANreOpbl, I
ITPOLIECCHI UMEIOT OTOJHUTEIBHBIE BEPOSTHOCTHBIE XapakTepucTuku [ 139-143].

Br160op To# MM MHOM KOHIIETITUN OTIPEeIsIeTCsl CaMOol 3a/1ayueit, 1k KOTOpPOi Ta
WJIW WHas mpolieccHas anaredpa 0oJibllie MOaX0AUT. BOIBIIMHCTBO MPOILIECCHBIX anredp
MpeiaraloT MUPOKUA HAOOP aKCUOM U TEOpPEM IS I0KAa3aTeIhCTBA SKBUBAIICHTHOCTHU
MPOIIECCOB, a TAKXKE JIJI1 HAXOXKACHUS JE/UIOKOB U TYMUKOBBIX CUTYaLIH.

YuuThIBasi HBIHENTHIOK TEHICHIUIO K UCIIOJIb30BAHUIO MHOTOIPOIIECCOPHBIX BBI-
COKOTIPOM3BOIUTEIBHBIX BBIUMCICHUHN, OOJBITMHCTBO paHEE OIMUCAHHBIX AJITOPUTMOB

MOABEPTarOTCA Hepepa60TKe JJIA oOecIiedeHUs BO3MOXKHOCTH pacapaljICInBaHUA IIPO-
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recca BoluucaeHus. OqHako Mpu TaKOM MEPEXOJI€ SKBUBAJIEHTHOCTh MPOILIECCOB MOKET
OBITH HapyIIeHA, TUTFOC K TOMY B aJTOPUTME MOTYT COJEPIKATHCS TYTMKOBBIC CUTYAIHH
B3aMMOJICUCTBHS MapaiiiesIbHO PabOTAIOIIUX YaCTeH.

Ha cerognsmHee BpeMss HauOOJIbIIee PACIPOCTPAHEHUE TOIYUUIIO CEMEHUCTBO
npoueccHbix anredp CCS, Bkito4asi Takve pacimpeHus kak m-calculus, onuceiBatoiee
nuHaMudecku u3MeHsieMble cuctembl, 1 PEPA (Performance Evaluation Process
Algebra), nobGaBisroiiee onepaTopbl CTOXaCTHYECKOTO HEJIETEPMUHU3MA.

[IpouieccHas anrebpa Kak CpeACTBO OMUCAHUS MPOLIECCOB UMUTAIIMOHHOM Cpe/Ibl
MOJEJIMPOBAHUS HCIOJIb3YETCS U YKpaMHCKUMHU yueHbIMU [144,145,146]. TlpoueccHas
anreOpa OblIa BIOpaHa B KauecTBe (OPMaAIBLHOTO arliapara npeCTaBICHUs MTPOIIECCOB,
MPOTEKAIONUX B PACIPEJCICHHOW WMUTAIIMOHHON cpefe MojaenupoBaHusi B pabo-

tax [15,16,17] u Oyner ucnoab30BaHa ISl 3TUX 1IeJIe B JaHHOU paboTe.

1.6 Ananu3 MOI[GJIGﬁ Imponecca pacipCacIICHHOr0O HMUTAINOHHOI'O MOACINPOBa-

HUuA

Kak ormeuaroT MHOTHE M3 aBTOPOB, OJIHOM U3 OCHOBHBIX IPOOJIEM BHIOOpA TOTO
WJIM MHOTO METOI0JIOTHYECKOro MOAX0/1a, CIoco0a, alrOpuTMa CHHXPOHHU3AIINHU, CPEIbI
pacnpeneeHHOTO HMUTAITMOHHOTO MOJICITMPOBAHUS MPU PEIICHUH KOHKPETHOM 3a/1auu
SBJISIETCS] TPYIHOCTh MpEJCKa3aHus: Kakor U3 HUX JacT 6osee d3hPeKTuBHOE pelieHue.
ITon s dexkTUBHOCTHIO, B TAHHOM KOHTEKCTE, OyeT MOHUMAThCS Oyaylee ObICTpOIeH-
CTBHE MUMHTAIIMOHHOTO JKCIEPUMEHTA, TO €CTh MPHU BBHIOOPE KaKOW M3 COBOKYITHOCTEH
CPEIICTB MOJICTTUPOBAHMS ISl OJTHOTO U TOTO K€ UMUTAITMOHHOTO DKCIIEPUMEHTA Ha OJI-
HUX W TE€X )K€ COBOKYITHOCTSX, U COCTOSIHUSIX PECYPCOB OYyJIEeT MOTyYEeHO MEHBIIIEE Bpe-
M$I BBITIOJTHEHHSI MOJIEITH.

[IpoGnema aHanM3a pacnpeleseHHbIX HWMHUTAIMOHHBIX MoJieiell 00ocTpuiiach
CPaBHUTEIHHO HENABHO M ObLJIA CICACTBUEM IMOSBIICHUS (paCIIUPEHHMs) 3a71a4 OOJIBIION
Pa3MEpPHOCTH U OOIIETO TMOBBIIMICHUSI KAYeCTBA M KOJUYECTBA JOCTYITHBIX BBIYHCIIN-
TeJIbHBIX pecypcoB. CyllecTByeT HECKOJIBKO padOT B 3TOM 00JIaCTH, HO UX KOJIUYECTBO,

HCYKJIOHHO YBCIIMYHBACTCH.
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BoeiienuM J1Ba OCHOBHBIX HAINpaBiieHUs B yKa3aHHOM aHanu3e. [lepBoe u3 Hux
HCITOJIB3YETCsI, KOT/Ia B OMPEACICHHON NPOOIeMHONM 00J1acTH, IISI KOTOPOH CTPOUTHCS
MOJIENb, CYIIECTBYIOT TPAAMIIMOHHBIE CPEICTBA MojieinpoBanus. Hanpumep, B Teopun
MacCOBOT0 OOCIIy’KUBaHUS, B PEIICHUN TPAHCIIOPTHBIX 3a7a4 MIMPOKOE PacHpoCTpaHe-
HUE TIOJYyYWJIM MPOrpaMMHBIE CHCTEMBI MOJCIMpOBaHUS Ha 0a3e  s3bIKa
GPSS [51,52,53,147]. Ans uccinenoBaHusl AUCKPETHBIX JUHAMHYECKHUX CHCTEM OoJiee
IIMPOKOTO Kilacca — anmapar cereit [letpu [66,148]. B 3ToM ciiyyae CyiiecTByeT MHO-
KECTBO METOJIMYECKUX PEKOMEHAAIMH, HAyYHBIX aHAJTUTHYCCKHUX IyOJIMKAIMM, KOTO-
pbI€ TIOMOTYT pa3pabOTUMKy BBIOpATh HYKHBIE CPEJCTBA U MPABWIHHO CIIPOEKTUPOBATH
Mogenu [149,150,151].

BTopoe HampaBieHHE UCXOIUT M3 caMOM MPHUPOAbl MOJEIN KaK MPEACTaBUTEIS
TOTO HJIM MHOTO METOJIOJOTMYECKOT0 MOAX0Aa MW HUASCH O TOM, YTO JIF0Oas MMUTAIU-
OHHAas MOJICNIb MPEJICTABIISIET cO00M MporpaMMHbIN NpoayKT. K Takum pabotaMm ciemy-
et otHectH [9,15,74,152,153].

PaccmoTpuMm monaxon K aHaiM3y, MPUBEIEHHBII B paborax BosHeceH-
ckoii T.B. [11-14]. PaGoTsl yka3aHHOTO aBTOpa 00OOIIAIOT MOJENb B3aUMOJICHCTBUS
JIBYX UMHUTAIMOHHBIX MOJIEJIEH MOJI YIPaBICHUEM ONTUMUCTUYECKUX aJTOPUTMOB CHUH-
xponuzanuu (noapasaen 1.3), paspadorannoit D. Mitra u [. Mitrani [74].

B paccmarpuBaeMoii MoOACHIM BBIICIUM CleAyrome oOo3HaueHus: Pr —

KOJIMYECTBO IporeccopoB. Kaxknmass yacTHass MOJEnb C HOMEpPOM 7, ne[],N] MMEET

CBOE JIOKAIbHOE MOJICITBHOE BpeMst ¢ . MoeibHOe BpeMst BCE pacrpeIe/iCHHON Mojie-
a2 N .

JIM XapakTepu3yercs BeKTopoM 1" =1t ,¢°,...,t" (. MoaenbHOE BpeMsl BCEd MOJEIU MPH

MPOU3BOJIBHOM OOpaIIeHUH K CUCTEME OINpPEAENseTCs] MUHUMAJIbHBIM 3HAYEHUEM 3Jie-

MenToB Bektopa T, = min x". IIporiecc MpOABMKEHUS MOICIIBHOTO BPEMECHHU 3aBHCHUT
n=I1,N

OT BBIOPAHHOTO aJTrOpPUTMa CHUHXPOHHU3ALMH, Habopa PecypcoB, MCXOJHBIX JTaHHBIX
JKCIEpUMEHTa. Tak Kak 3apaHee BCE OTH NapaMeTpbl HEU3BECTHBI, TO IOJIAraeTcs, 4To

mpoueCcCc M3MCHCHUA MOJCIbHOI'O BPEMCHU HOCHUT BCpOHTHOCTHBIfI XapakTep. I[J'ISI aHa-

732 BBOJUTCS TOHSATHE Iara HaOJMIOJCHHUS 3a CHCTEMOM MOJEIUpPOBaHUS i, i€ [,00.

CoOOTBETCTBEHHO MOJIEJIBHOE BPEMSI PacIpeAeI€HHON CUCTEMOI Ha i-OM IlIare Xapakre-
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pusyeTcs COOTBETCTBEHHO 3HaueHusMu 1; u T, . YacTHble Mojenu MOryT oOMEHH-

BaThCS COOOIIECHUSAMHU C BEPOSITHOCTHIO akl(k,l elN,d" e [0,1]). 3aTpaTbl BpEMEHHM Ha

BHYTPEHHIOIO PabOTy MPOIECCOB MEXY JBYMS COCEAHUMHU IlIaraMu XapaKTepU3ylOTCs

k

CIIy4yallHBIMH BEJIMYMHAMHU {iik } k=1N, fl-k > (). BenuunHbl al-l u (fl.k XapaKTepU3yroT
pacupeielIiCHHYI0 UMHUTAIMOHHYIO MOJCNb. BBIOMpas KOJWYECTBO MPOIECCOPOB P u
3aKOH TMPOJIBIKCHUSI MOJICIIBHOTO BPEMEHHU, MOKHO TIOCTPOUTH MOJAETH (hyHKITHOHHUPO-
BaHUS PACIpPECIICHHON MMHTAIIMOHHON MOJCIH BO BpeMeHH. Llenbio mocTpoeHus Ta-
KHX MOJIENICH SIBJIACTCS aHAU3 U CPAaBHEHUE PA3IMUHBIX aJITOPUTMOB CHHXPOHH3AIUH.
Kputepuii cpaBHEHUS: TOT aIrOPUTM CHHXPOHM3AIIUU JIyUIlle, KOTOPBIA 3a OJTHO M TO
K€ KOJIMYECTBO I1aroB MO3BOJIUT Pa3BUTh HIMUTAIIMOHHYIO MOJIEb O OOJIBIIIETO 3HAYE-
HUS MOJCIIBHOTO BpeMeHH 7.

Ha ocHOBaHMM JaHHBIX XapaKTEPUCTHK CTPOSTCS CHUCTEMBl YPaBHCHUH, OIHCHI-
BAIOIIME Pa3BUTHE MOJENe BO BpeMeHU. Tak ainsa mojened, GyHKUUOHUPYIOIIUX Ha

OJIHOM TIPOIIECCOPE WM CUHXPOHHBIX MojefeH, (PYHKIHMOHUPYIOIMINX Ha Pa3HbIX Mpo-

1eccopax, cucteMa OyieT UMETh BH/I:

_ t! +& ecut! =T,
ti+1 n n
t; ,ecmut; #1;
th =0 (1.4)
n=1,
Ty = min (tin+1)
n=I,N

Cy1iecTBYOT MOAU(PUKAIIMN ATUX MOJIETEH 1Jisl KOHCEPBATUBHBIX U ONTHUMUCTHU-
YECKUX METOJO0B CHHXpoHM3auuu. Ha ocHoBaHuu 31X Mojeneit B paborax [11,12,13]
PacCMOTPEHBI YaCTHBIE CIIy4au ISl U3BECTHBIX AJITOPUTMOB CUHXPOHU3AIINH, TAKUX KakK
anroput™ Chandy-Misra ¢ nepegadeiit HyJ€BbIX COOOIIEHUN, KIACCUYECKUN aIrOpuT™M
Time Warp, anropuT™Mbl ¢ OTpaHUYCHUEM ONTHUMHU3MAa, BPEMEHHBIM OKHOM, aJITOPUTMBI
C TIEpUOJIMYECKUM COXpPaHEHHEM COCTOSTHUM u nip. [154].

OcTaHOBUMCS Ha HEJOCTATKaX OMUCAHHBIX METOJOB U MOJIENICH, yCTpaHEHUE KO-

TOPBIX pacCMaTPUBAETCA B IAaHHOM padoTe:
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- HE YUHUTBIBAECTCS PEAJIbHOE BPEMSI BBIIIOJHEHUS YaCTHBIX MOJIETIEH;

- HE YYMTBIBAETCS BpEMsl MepeJau COOOIIEHNI MEXAY YACTHBIMU MOJEISIMU (B
cllydae, KOI/Ia YaCTHbIE MOJENIN HaXOITCs Ha yIaJ€HHBIX PECypcax, 3TO BPEMS MOKET
3HAYUTEIBHO IMPEBBIIATh BPEMs BBIIOJHEHUS ONPECICHHBIX YACTHBIX MOJEIEH WU
CITy’KEOHBIX);

- paccMaTpHuBaeTCsl WACAJIbHBIA Cllydal, KOIZla KOJMYECTBO YACTHBIX MOJEJEH
paBHAETCA KOJIMYECTBY NpoueccopoB: N=Fr;

- HE YUUTBIBAIOTCSl QJITOPUTMbI CTATUYECKOIO U JUHAMHYECKOIO paclpeesieHus
pECypCOB;

- HE YUUTHIBAIOTCA KOJWYECTBEHHBIE MapaMeTPbl YACTHBIX MOJEIEH U BBIYUCIIHU-
TEbHBIX PECYPCOB: OOBEMBI ONEPATUBHOM, BUPTYaJbHOM BHEUIHEW mamsTH, GOoHOBas
3arpyska mnporeccopa, BpemMsi IpocTos u T.IL.;

- HET JOCTAaTOYHO MH(OPMALIUU O TOM, KaKUM IyTEM MOKHO HOJYyYUTh HEKOTO-
pble TapaMeTpbl MOJENIENH: BEPOATHOCTh MOCBUIKM COOOIIEHUH, 3HaUeHUs (uiaroB co-
CTOSIHMI Ha OIPEIEIIEHHOM I1are MOAEJIMPOBaHUS U T.I1.;

- YOYUIEH BapUaHT BO3MOXHOW KOMOWHAIMU aJrOPUTMOB CHUHXPOHHU3ALIMU pac-
MpEIEJIEHHBIX UMUTALIMOHHBIX MOJIENEH.

VYka3aHHbIE HEJOCTATKU TOBOPAT O TOM, YTO OINKCAHHBIE MOJENU TPEOYIOT Aallb-
HEHIIIero YCOBEPIIEHCTBOBAHMSI, K KOTOPHIM, B YaCTHOCTHU, MOKHO OTHECTU PabOThl U

YKpanHCKHX y4eHsbIX [155,156].

1.7 AHannu3 COBPEMEHHBIX pachpeieieHHbIX cucteM MmozaenupoBaHusi u GRID-

TEXHOJIOTUN

[locnennue nBa pecsaTwietus HaOmonaercs wmupokud uHTepec kK GRID-
TEXHOJIOTHSIM, NMPEAOCTABISIONIMM HAYYHOMY COOOLIECTBY JOCTYN K OOJBIIOMY KOJIH-
YEeCTBY pacrpeneneHHbix pecypcoB. GRID maet BO3MOKHOCTh yBEIMYEHUS pPa3MEPHO-
CTH UMUTAI[MOHHBIX MOJIENei, 0COOCHHO TeX, KOTOpPhIE UMEIOT MOBBILLIEHHbIE TpeOoBa-
HUSL K BBIYMCIIUTEIBHON CTOMMOCTU U OOJbIIOMY 00BeMYy 0OpabaThiBaeMbIX JaHHBIX.
GRID o0beaunsieT pazanyHble TeTEPOTCHHBIE PECYPCHI MJIs PEIICHUS 3a7ad OO0JIbIION

pPa3MEPHOCTH B HayKe U uHxkeHepuu [157].
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MHorue nakeTsl NporpaMmM, pacCYUTaHHbIE HAa MapaJIJIe/IbHbIE BBIYMCIICHHS aJar-
tupyrorcs s padbotsl B GRID. CyiiecTByeT MHOrO peanu3aluuid pacrpeeeHHbIX Ch-
CTEM HMMHUTAlMOHHOrO MojenupoBanus, Hanpumep, SPEEDES u PARASOL [158].
BonbIIMHCTBO M3 HUX MOAJIEPAKUBAIOT cTaHAapT (moapasnen 1.3). Anmanramust cyuie-
CTBYIOILIMX CHUCTEM MPUBOJIUT K OTPAHUYEHUIO UX BO3MOYKHOCTEN, TaK KAK MPOrpaMMU-
POBaHHUE CUMYJISITOPOB BBIMOJIHAETCS B BUAE NEPEAECIKN CYIIECTBYIOIIETO MPOTPAMMHO-
ro obecniedenus (I10). JlaHHbI MOIX0 HE aeT €CTECTBEHHOW WMHTETPAIlUN CHCTEMBI
mozaenupoBanusi B GRID mpocTpaHCTBO U BENET K CO3AAHUIO HOBBIX CHCTEM MOJEIUPO-
Banus [144,145,159].

B pa6ote [160] mpemnaraercss mepecMOTpETh caMy CTPYKTYPY MOJETUPYIOITUX
IPOrpaMM € LENbI0 ONITUMAIBHOIO BKIIOUeHUs: B uHppacTpykTypy GRID, co3znaB cBoe-
ro poaa middleware cucTeM HMMHTALIMOHHOTO MOJEIHUPOBAaHUSA M C(HOPMYIUPOBAHBI
TpeOOBaHUs K CUCTEME UMUTAIMOHHOTO MoaenupoBanust GRID.

B pe3ynbrare NpoBEACHHOIO aHAIU3a IPEII0KEHO HECKOIBKO CTPYKTYpP CUCTEM
UMUTAIMOHHOTO MojenupoBaHus it GRID-undpactpykTypsi.

IlepBas cTpykTypa yHUBEpCaabHasi, OHa MOXKET MCIIOIb30BaThCS AJIs JTHOOBIX Kilac-
COB MMUTAIIMOHHBIX MOJIEJIEH U COCTaBa BBIUMCIUTENBHBIX pecypcoB (pucyHok 1.2). B
YHUBEPCAIBHOU CTPYKTYPE BBIACISAIOT YIPABISAIOIIYI0 U MOJEIUPYIOLIYIO POrPaMMBbl.
NmuTanimoHHbIE MOAENM BKIIKOYAKOTCS B MOJCIHPYIOUIYK Hporpammy. Bzaumonen-
CTBUE MEXIY 3JEMEHTaMU CUCTEMbI MOJEIMPOBAHMS, PACHOJIOKEHHBIMH Ha Pa3HBIX
BBIYMCIUTENBHBIX pecypcax (BP), Boimonnsiercs cpencrBamu middleware. Cucrema,
MOCTPOEHHAs HAa OCHOBE 3TOM CTPYKTYpPhI, MOKET pabOTaTh KaK B JIOKAJIbHOW CETH
OBM u Ha TEpPUTOPUAIIBHO PACIIPEAEIEHHBIX KOMITBIOTEPAX, TAK U HA yTAJICHHBIX KJIa-
crepax. JJoCTOMHCTBOM CTPYKTYpBI SIBJISIETCS TO, YTO HANKMCAHUE UMUTALMOHHBIX MOJE-
Jel mpu cOOMIOAEHUM CTaHJAPTHOrO MHTEpQeiica YaCTHBIX C CUCTEMON MOJEINpOBa-
HUS He TpeOyeT oT pa3padoTuMKa 3HaHUHM O pachapalieIMBaHUU IPOIEcca MOAEIUPO-
BaHus. HegoctaTok CTpyKTypHOI OopraHm3alii — HU3Kas CKOPOCTh OOMEHa JaHHBIMU
MEXIy dJIEMEHTaMHU CUCTeMbl. Eciii BpeMsi IpoBeIeHUs IIUKJIA BBITOJIHEHHS] YaCTHBIX
MOJIeJIel MPEeBBIIACT BpeMs nepenaun AaHHbeiX B cpeae GRID, npumenenue pacnapaii-

JICJIMBAHUA 3aJa4H MOXXCT OKa3aThbCA HCHGHCCOO6pa3HBIM.
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OO6iacTh TPUMEHEHUSI YHUBEPCATBHOW CTPYKTYPBI OTPAHUYMBACTCS MOJEISIMU, Y
KOTOPBIX YaCTHBIC MOJCIIA TPEOYIOT 3HAUNTEIHHBIC BPEMEHHBIE PECYPCHI, & CBSI3b YaCT-
HBIX MOJIJIeH MEXly co00M siBisieTcs ciadoii. B ciyyae, eciu yacTHbIE MOJIENIA UMEIOT
HEOOJIBIITYI0 BBIYUCIIUTEIIBHYIO CIIOKHOCTh, @ UX B3aMMOCBSI3HM 3HAYUTEIHHBI, HEOOXO-
JIUMO CTPEMUTHCSI K MUHUMM3AIMU BPEMEHU PabOThl MOJETUPYIOIIEH MPOTrpaMMbl U
middleware. B xauecTBe perieHus 3Tou MpooIeMbl IIpeayiaraeTcsl HCKIIOYEHUE U3 Mpo-
rpaMMHOTO obecriedueHusi, (GYHKIIMOHUPYIOMIETO Ha YAAJICHHBIX pecypcax BP; — BPy,

MOJIETIUPYIOIIEH MPOTrPaMMBI.
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Pucynok 1.2 — YHuBepcanpHasi CTpyKTypa CHCTEMbl HMUTAIHOHHOT'O MOJIETIMPOBAHHUS

B pa6ote [160] nmpemnaraercs co3aanre KOHTEHHEpA I YaCTHOM MOJEINH, KO-
TOpPBIN 00JIaJIaeT CTaHJAPTHBIM UHTEP(PENCOM KaK ¢ YaCTHON MOJEIbIO, TaK U C YIPaB-
nsroriedt nporpammoit. C TOUKHU 3peHUs 00BEKTHO-OPUEHTUPOBAHHOTO MTPOTPAMMUPO-
BaHMsI (MJIM ar€HTHOTO MOJX0/[a) peanu3allusl BRITJISAUT CISTYIOIINM 00pa3oM: CO31aTh
0a30BbI KJ1acc (00BEKT) — «MHTEp(DEIC», OT KOTOPOro OYIyT HACIETOBATHCS BCE YaCT-
HbIE MOJICTIH, COEPXKAIINA CTaHAapTHBIE GYHKIIMU oOMeHa MHpopMmaImel ¢ MoeNn-
pYyIOLIEN MPOrpaMMON M JPYTrMMHM YacTHBIMU MOJEIISIMU. [[pyroe pemeHue 3TOU Ke

po0JieMbl — HEMOCPEICTBEHHO BHYTPU YACTHOM MOJENIM HUCIOJIB30BaTh OJMH U3 CTaH-
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JapTHBIX MHTEP(ENcoB MmapayienbHOro nporpamMmmupoBanus, Hanpumep, MPIL. Ctpyk-
Typa CHCTEMBI MOJECIMPOBAHUS, PEATU3YIOWIAS JTYy HJCH0, NPEACTABICHA HA PUCYH-
ke 1.3 a.

CoznaHre pasHOPOAHBIX PACHpPENEIEHHBIX UMUTAMOHHBIX MOJENE (coderaro-
MKUX B ce0e YaCTHBIE MOJIENIH, IIOCTPOCHHBIE Ha PA3HBIX METOI0JIOTHYECKUX MOAX0/1aX)
ABJISIETCST O0JIee CIOXKHBIM MPOLECCOM M JOHKHO YUYUTHIBATH MHOXKECTBO (DAKTOPOB:
NPUPOY YACTHBIX MoOjeNiel (Hampumep, AUCKPETHBIE M aHAJIOTOBBIE), CIIOCOOBI Opra-
HU3AIMKU MoOJeNe (IPOIECCHBIN, COOBITUMHBIN, TpaH3aKTHBIM, MPOCMOTpPa aKTHUBHO-

CTEH), pa3Hble MEXaHU3MBbI YIIPABIECHUS MOJCIIBHBIM BPEMEHEM.
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Pucynok. 1.3 — Knacrepnas (a) u rereporennas (6) CTpykTypa pacnpeeieHHONW CUcTe-

Mbl UMUTAIIMOHHOI'O MOACIIMPOBAHUA

CrpykTypa pacupeieieHHOWM WMUTALMOHHONW CUCTEMBbI MOJECIUPOBAHUS JOJKHA
YYHUTHIBATH MOJOOHBIE 3HAYUMBIE COCTABIISIONINE UMUTAIIHOHHON MOJIEIIH:

- BBIYUCIIUTENBHAS CJI0KHOCTh YaCTHBIX MOJIEJIEH MOXKET ObITh pa3Hoil. B cBsi3u ¢
ATUM Ha OTJeIbHOM BP MOTryT MCHOTHSATHCS HECKOIBKO YaCTHBIX MOJICNICH HEOOJIbIION
CJI0KHOCTH M 00JIaJaloIMX BBEICOKOH CTENEHBIO CBSI3HOCTH;

- U peanu3alyy Npeliyllero MyHKTa B YNPaBISIONIYI0 IPOrpaMMy CHCTEMBI
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MOJICJIMPOBAHUS BBOAUTCA JOMOJHUTEIBHBIM MOJYJb: AUCIETYEP YACTHBIX MOJECIIEH,
OCYILECTBIISIOIINN OLIEHKY B3aUMOCBSI3€d MOJIETIEN U X BBIYUCIUTEIBHYIO CJI0KHOCTD;

- ISl K@XJ0ro pojia YaCTHBIX MojieNiell He0OX0IMMO HaJIMYue CBOEH MOJIEeTupy-
IOILIEN IPOTPaMMBIL;

- JUIs B3aUMOJICMCTBHUS MOJCIHUPYIOUIUX MPOrpaMM HEOOXOAUMO CO3JaHue
middleware cuctemMbl MOACIUPOBAHUS, COTJIACOBBIBAIOIIEIO PAdOTy Pa3HOPOIHBIX MO-
JNETUPYIOIIUX POrpamm;

- JUISL peau3aluy IpebIyIIero MyHKTa He00X0IuMO co3/lanue uHTepdeiicoB u
MPOTOKOJIOB B3aUMOJICHCTBUS, YUUTHIBAIOIINX CIIEIU(PUKY UMUTAIIOHHOTO MOJEIUPO-
BaHUS;

- yIhpaBliieHue OTAeIbHBIMA BP MOXeT ocCylecTBIsThCS aBTOMATH4EeCKU (IIpo-
IPaMMHBIMH WUJIW alllapaTHBIMUA CPEICTBAMU) WIIM BPYUHYIO (ITOJIb30BATENSIMU).

O0006111as nepeyeHb CBOMCTB paclpeesieHHOM CUCTEMbl UMUTAIIMIOHHOTO MOJIe-
JUPOBaHUS, IPOrpaMMHOE 00€CIIEYeHNE, YCTAHOBICHHOE HAa OJJHOM BBIYMCIIUTEIBHOM
pecypce, MPUXOAUM K CTPYKTYpE TETEPOTEHHOM CPebl PACIPEIECIICHHOTO HMUTAlOH-
HOTO MOJIeNTupoBaHus (pucyHok 1.3 0).

B rereporeHHoil cucremMe MOJIEIMPOBAHMS 3aJaHHUSI MOTYT KOPPEKTHPOBATHCA
MOJIb30BATEISIMU BO BPEMsI BBIUHMCIHUTEIIBHOTO 3KcnepuMmenTa. OtaenbHbie BP moryt
COAEpkaTh OJHY UMHUTAIMOHHYIO MOJEJb U HE COJEPKATh YIPABISIIOMIUX ITPOTPAMM.
OpraHu3anusi TAaKOro pojia B3auMOJICUCTBUS SIBISETCS CIIOKHOW TEXHUYECKOU 3a/1auei,
paboTa HajJ KOTOPOW BeJeTCs B HacTofilee Bpems (Hampumep, cranmapt HLA, onwu-
CaHHBIN paHee).

Jnst 5 HEeKTUBHOTO MPUMEHEHHsI METOJIOB U CPEJICTB PaClpeAesIeHHOIO UMHUTa-
LIUOHHOT'O MOJENHUPOBaHUs TpeOyeTcs, Hapsay ¢ (GOpMaTbHOM MOJAETBI0 UMUTAIIMOH-
HOI cpenpl, uMeTh (opmanbHyto Moaenb GRID-cuctembl. CyliecTByrolue MoAenu
GRID nmu6o opueHTUpOBaHBI Ha pEIIeHNe KaKux-1r00 JacTHbhIX 3ama4 [161,162], mubo

UMEIOT He(opMann30BaHHBIN (MOBEACHYSCKUN WIIM CTaTHUCTHUECKHi) xapaktep [163,

164,165].
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1.8 BbIBOIbI IO aHANMK3Y MPEAMETHOM 001acTH, TOCTAHOBKA LIEH U 33/a4 UCCIIe-

JOBaHUA

B pesynbrare mpoBeIEHHOTO aHalu3a Ha OCHOBE 0000IICHMs ObLa MOJTy4YeHa
KJIaccu(puKaIus CymecTBYIOMNUX TEXHOJIOTHI OpraHU3aIllid UMHUTAIIMOHHOTO MOJIEIH-
pOBaHMUsI, KOTOpasi MpeACcTaBiIeHa B MpuiioxkeHuu I

B 3aBHCHMOCTH OT pa3MEpPHOCTH MOACIUPYEMBIX 0OBEKTOB MIIM CUCTEM, METO/IOB
MOJICIIUPOBAHUS, IIETU SKCIEPUMEHTOB M JOCTYITHBIX WH(GOPMAIMOHHBIX PECYPCOB,
MO>KHO BBIJIETTUTH TP OCHOBHBIX TEXHOJIOTMM MMUTALMOHHOTO MOJEIMPOBAHUS — TO-
cleA0BaTeNbHAas, MapajuielibHasl U pacpeAciCHHA.

[TocnenoBaTenbHasi TEXHOJIOTUS UMHUTAIMOHHOIO MOJEIUPOBAHUS MPUMEHSIETCS
B OCHOBHOM IIPHU UCCJIEAOBAHUHU MPOCTHIX CUCTEM WJIM YIPOILIEHHBIX MOJEIEH CI0KHBIX
CUCTEM, C OTpaHUYEHHBIM HaOOPOM 3JIEMEHTOB U B3auMocBsizeil. [IporpamMmmubie cpe-
CTBa IOCTPOEHUS W MOJECIUPOBAHUS IMPU ITOM PACCUUTAHBI HA OJHOMPOIIECCOPHBIC
KOMITBIOTEPHI U HE TPEOYIOT UCIIOJIb30BAHUS TEXHOJIOTUH CETEBOTO 0OMEHA JaHHBIMHU.

[Ipu ucciaegoBaHUU CIOKHBIX CUCTEM U MPOIIECCOB, B HACTOSIIIEE BPEMS ITPUME-
HAIOT MapaJlyIeIbHBIE U PACHPEICIICHHBIE TEXHOJOTHHN, PACCUMTAHHBIE HA UCIIOIb30Ba-
HHUE MHOTOMNPOILIECCOPHBIX M MHOTOMAIIIMHHBIX allapaTHBIX CPEJICTB C OOIIel u pac-
npeeeHHON TaMsIThio. B HEKOTOPBIX Cydasix, BO3MOKHO COBMECTHOE UCTIOb30BAHUE
KakK MapaulebHbIX, TAK U PACIPEICIICHHBIX TEXHOJIOTUH.

Ha ocHOBaHMM MPOBEAECHHOTO aHAJIM3a, MOXKHO CJIeJIaTh BBIBOJ O HEOOXOUMOCTH
CO3/IaHUSI HOBBIX M COBEPIIECHCTBOBAHUE CYIIECTBYIOIIUX TEXHOJOTHII UMUTALIMOHHOIO
MOJCIIUPOBAHUS MH(DOPMAITMOHHBIX CUCTEM OOJBIIONW Pa3MEPHOCTH C YYETOM IOSBHUB-
IIUXCS TJI00aTbHBIX BRIYUCIUTENBHBIX cucTeM (GRID u o01auHbie CUCTEMBI).

Chopmynupyem 11enb TuccepTalmoHHON paboThl: pa3BUTHE TEXHOJOTHA UMHTA-
IIMOHHOT'O0 MOJICTUPOBAHUS B pacClpe/IeIEeHHBIX BBIUUCIUTEIBHBIX CUCTEMAX, pa3padboT-
Ka MoJIeJieil, METO/IOB U MH(DOPMAITMOHHON TEXHOJIOTHH aHAJIN3a PACTIPEICTICHHBIX TIPO-
rpamMMHBIX Mozenert GRID-cucrem, 4To MO3BOJIMT MOBBICUTH 3(PGHEKTUBHOCTH pacmpe-
JIeJICHUS PECYPCOB B MIPOIIECCE pacpeAeICHHOTO UMUTAIMOHHOTO MOJICITUPOBAHUSI.

B cooTBercTBHE ¢ cHOpMYIMPOBAHHON IENBIO JJIA PEIICHUS €AMHOW HAayYHOU
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po0JIeMbI B IMCCEPTALIMOHHON paboTe pacCMAaTPUBAIOTCS CIIEIYIOIINE 3a/1a4H:

- IPOBECTU AHAJIM3 CYIIECTBYIOIIUX CHUCTEM PACHpPENEIEHHOTO MMHUTAIMOHHOIO
MOJIETTUPOBAHUS U pa3paboTaTh UMUTAMOHHYIO MOJEIIb, OTPAXKAIOIIYI0 JUHAMUYECKOE
M3MEHEHHUE MapaMeTPOB MPOTPAMMHBIX MOJIENICH: 00bEMOB MaMATH U BPEMEHH MPOCTOS
C YYETOM BBIOPAHHOTO METOJ1a CHHXPOHU3AIINH;

- pa3pabotarb MOAM(PUKALIMKA MOJEIU JIJIsl CIIy4aeB CUHXPOHHBIX, KOHCEPBATHB-
HBIX, ONTUMHUCTUYECKUX METOJIOB CHUHXPOHHU3AIMU PACHPEACIICHHBIX WMHUTAIMOHHBIX
CUCTEM MOJICIIUPOBAHUS;

- YCOBEPIIEHCTBOBATh MOJI€NIb OIIEHKH BPEMEHU BBIMIOJHEHUS! POTrPAMMHBIX MO-
JeJel ¢ y4eTOM U3MEHEHU 00beMOB NaMsATH MPOrPaMMHBIX MOJIENEH U BPEMEHH Bpe-
M5 [IPOCTOSI PECYPCOB;

- Ha OCHOBE CO3JJaHHBIX MOJENel pa3padoTaTh METOIbl OLEHKH CXEM paclpese-
JICHUS POTPAMMHBIX MOJIEJIEN HA BRIYUCIIUTEIIbHBIE PECYPCHI;

- pa3pabotarhb MH(POPMAIMOHHYIO TEXHOJOTHUIO, AJITOPUTMBI M IMPOTPAMMHOE
o0ecrieueHne aHajli3a MPOLECCOB PACHpPEEIEHHOr0 UMHUTALIMOHHOTO MOJEIUPOBAHUS

GRID-cucTeM Ha OCHOBE CO3JaHHBIX METOJIOB U MOJIENIEH.
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2 PABPABOTKA ®OPMAJIBHOU MOJIEJIN PACIIPEIEJIEHHOM

VMUTAITMOHHOI CPELI MOJEJIMPOBAHUS

2.1 HUccnenoBanue pacupeAeaeHHOW NPOTPaAMMHOM CPeJIbl MOJETUPOBAHUS

HCHBI-O nmoapasaciia ABJISACTCA q)OpMaJILHOG IMpCaACTaBJICHUC pacnpezxeneHHofI
HMHTaHHOHHOﬁ MOACIIN. 3a OCHOBY IpUMEM IIPCACTABJICHUC HMHTaHHOHHOﬁ MOJC-

au, mpuBenieHHoe B [15]. Ilpeanaraercs cneayromuii andaBUT akTHBHOCTEH MOJIEIIN:

Act =0 UNUA();_, <@, (M), cA(5)7_, = A (2.1)

rae Act —angaBUT aKTUBHOCTE;

@ — MHOKECTBO BHYTPEHHUX AKTUBHOCTEN MOJIEIIH;

/I — MHOECTBO aKTUBHOCTEH YINPABIECHUS JAHHBIMU MOJIEIH;
A — MHOXECTBO aKTHUBHOCTEH B3aUMOJIEUCTBUS MOJIEIIEH,

F, L, D — onpenesitoT KOJIMYECTBO aKTUBHOCTENW B COOTBETCTBYIOIIECH TPYIIIIE.

OTMeTHM, YTO TakOoe€ MPEACTABICHUE PACIIMPSIET MOJENb, MPEACTaBICHHYIO
B [9] MHOXXECTBOM aKTHBHOCTEW YMpaBJICHUS JAaHHBIMHA MOJEIH, MOATOMY JJis CO-
XpaHEHUs KBUBAJIEHTHOCTU MOJICJIC YKaKeM, YTO MHOXKECTBO /1 OBbLIO BBIIEICHO
u3 MHOXecTBa @ 1o (hyHKIMOHAJIBHOMY MPHU3HAKY OOpaOOTKM JAHHBIX MOJIEIH, TO
€CTh IIPH MepexoJie K MoJienu Beinonusiercas A @. Mogens B [17] 6onee monpoOHa
(MomHOCTh andaBuTa OOJBIIE), TOITOMY JJII YCTAHOBJICHUS DKBUBAJEHTHOCTU MO-

JieJer BBEJIEM OTHOIIEHUS:

Al My} c @, {IM}c A, {H}c A. (2.2)

Taxum 06pa3om, MOJTOKEHUS, U3NOXKEHHBIE B [15,17] OyayT pactipocTpaHsaTbCs
Y Ha MOJIeJb, 00JIaarolyt0 aipaBUTOM aKTUBHOCTEH (2.1).

B umMuTanimonHoi Mozienu BBIACISIIOT cOObITHE (event) e, KOTOPOE MPUBOJIUT
a1M00 K MHUIMAIN3AIMN OJTHON M3 aKTUBHOCTEH MOJENH, 100 K M3MEHEHUIO COCTO-
AHUSI MOJIENIU. TaKKe CyleCTBYET MTOHATHE TIpoLecca P, KOTOPBIN ABIAETCS OTBETOM

Ha 9TO coObITHE e. B 0003HaueHMIX TIpoIiieccHOl anreOps [16] mocnenoBaTeabHOCTh
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cobvimue—npoyecc 0003HaUaeTCs Kak e—P (3a COOBITHEM e ClIeAYyeT BBIIOJHECHUE
nporecca P). B Hamem ciiydae HEmoCpeICTBEHHO BBIMOJIHEHUE MIPOLIEcca peaan3yeT-
Csl aKTUBHOCTSIMH, TIOATOMY OyJIeM CUUTaTh 3anucu e—P 1 e—A SKBUBaJICHTHBIMH.
BoapIIMHCTBO paciIMpeHnid IPOLUECCHOM anreOpbl BKIKOYAET MOHATUE COCTOSI-

HUSA S 00BeKTa (MOJENH, MPOTPAaMMEI, MPOIECca) U TOHITHE Mepexoa o0heKTa U3
. . A
OJHOTO cocTosiHus (i) B apyroe (j): s;———>s;. OcyliecTBICHHE Mepexoa Mpouc-

XOIUT IOJI BO3JAEHCTBUEM KaKOM-ITN00 aKTUBHOCTHU A.

CocrostHue MojeNu s, COOBITUS e, a TaKXKe JIPYrue 3JIEMEHThl MOJEIH, KOTO-
phie B TIPOTPAaMMHON peal3aIlii MPEACTaBICHBI JaHHBIMH (CETMEHTOM, JTaHHBIX,
dbparMeHTOM MaMATH | T.I1.), OyJeM HETOCPEACTBEHHO CBS3BIBATh C JAHHBIMH MOJIC-
U dm, TO €cTh S, e  dm JlecTBUTENBHO, JI00as mporpamMma (B TOM YHUCIIE U MPo-
rpaMMHasi MOJIEJb) OTPEENSIeTCs] KaK COBOKYIMHOCTh JAHHBIX U KOJa, KOTOPBIM 3TU
TAHHBIC U3MEHSIET B MPOIECCE MCIOMHEHHUS MPOTrpaMMbl (MOACIUpOBaHusA). B aTom
clydae TOHSATHS M3MEHEHUS COCTOSHUS MOJEIH W M3MCHEHHs JaHHBIX MOJETH Oy-
JIEM CUMUTATh SKBUBAJICHTHBIMU. VM, IpYyrUMuU ClIOBaMHU, JaHHBIC MOJIEIHU SIBISIOTCS
dbuznyeckoi peanuzamueil abCTpPakTHOTO MOHATUS cOCTOsIHUS Mojenu. K mogooHbiM
AJIIEMEHTaM TaK)K€ OTHOCSITCSI TPAH3aKThI, COOOIIECHHUS, JIOKAJIbHBIE U TI00aIbHBIC TIe-
pEMEHHBIC, BXOJHBIC U BBIXOJHBIC MapameTpbl MoJenu T.1. M3MeHeHus B Mojenu,
OPUBOMIT K W3MEHEHWIO JaHHBIX TIOJ BIUSHUEM OJHOW W3 aKTHUBHOCTEH
dm—2>dm'.

Takum oOpa3om, dJIeMEHTaMH UMHUTAIMOHHOW MOJIETH SIBJISIOTCS aKTUBHOCTHU
A; v nansbie (dm;). AKTUBHOCTU A; OCYIIECTBISIOT (hYHKIIMOHUPOBAHUE HA OCHOBE
JTaHHBIX Mojeu. PaccMoTpum Gosiee moapoOHO KilaccuUKAIMIO TaHHBIX MOJIEIH.

Breigenum cpeny Bcel COBOKYIMHOCTH JaHHBIX dm; T€, KOTOPBIE ITOCTYITHBI

TOJBKO W3 4YacTHOW monenu (pucyHok 2.1). HazoBem uX JOKaJbHBIMH JTaHHBIMU
YaCTHOM MOJENHU dmf . Yrnpasistomiasa nporpamma mozaenuposanus (YIIM) Beiens-
eT TpeObyemMyro 00J1acTh TaMSITH JaHHBIX U1 aKTUBHOCTH A4; U TIEpeIaeT IpaBa Ha UC-
MOJIb30BAHUE ATOW MAaMATU AKTUBHOCTSM i-OM YaCTHOW MoJiesv. Bee onepannu ¢ dmf

OCYIIECTBIISIIOTCS] UCKITFOUUTENIHHO KOJIOM aKTUBHOCTH M3 MHOXecTBa A;. K 3Toil ke

IPYIIE JaHHBIX MOKHO OTHECTH T€ JAaHHBIC, KOTOPBIE MOXKET MCHOJIb30BaTh ¥YIIM
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HJIIMX MOHHUTOPHHI'OBBIC ITPOIrpaMMbl TOJIBKO OJIA (I)YHKIII/II\/'I YTCHHA, TaK KaK OHH HC
U3MEHSIOT COCTOSIHUSI YaCTHOU MOJCJIH. OObIuHBIC dmll pasMeiaroTCsa COBMECTHO C

KOJOM aKTHBHOCTH, PCAJINU3YA, TAKUM O6p330M, CBOMCTBO HHKAIICYJISIIUA 0OBEKTHO-

OPUEHTHUPOBAHHOI'O MPOrpaMMUpoOBaHus [56].

I'nobaibHBIE JaHHBIE

mozemu (dm®)

!

VYnpasistoias nporpamma
OmneparmoHHasi cuctTemMa
MOJICITUPOBAHUS
A
A 4 \ 4
'moGanbHbBIE TaHHBIE ['moGaneHbBIE TaHHEBIE
. . 1
gacTHOM Mogemu (dmf) 4acTHON Mozenu (dm;)
JloxanbpHBIE JaHHLIE JloxanpHBIE JaHHEIE
o 1 )
gactHOU Mojenu (dm;) YaCTHON MOJIENH (dm})

Pucynok 2.1 — I'mobajibHbIE U JIOKAJIBHBIEC JAHHBIC UMUTAIIMOHHON MOJCIIH

I'moGanbHBIE JaHHBbIC MOACTIN HUCIIOJIB3YIOTCA AJIA pCain3allvi IBYX OCHOBHBIX

byHKIIMIA:

- XpaHEHHUs MapamMeTpoB BHEUIHEH (IO OTHOLIEHUIO K YaCTHOM MOJENH) Cpe-
abl (dm®);

- Iepefadye JAaHHBIX, OTBEYAIOIIMX 33 B3aUMOJCHCTBUE YAaCTHBIX MOJEJEH
Mexy coboit (dm®™).

VYnpasisoomas nporpaMma MOJEIMPOBAaHUS OTBEYAET 3a PEaTU3aLUI0 CIEIy-

FOIIIUX OTHOIIICHUU:

dm® ={Jdm? ; dm® =dm®*" O dm®* ; dm* Ndm*" = (2.3)

Hapymenue otHomenuit (2.3) cuntaercs OMmOKON MOJETUPOBAHUA. Y CIIOBHUE

HE IepeceueHusi MHOXKeCTB dm® u dm®" maer BO3MOKHOCTH DPA3HECTH JaHHBIE,
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OIIPENEISAIOIINE COCTOSHUE YAaCTHOM MOJENN M JaHHbIE, [IepelaBacMble B BUJE CO-
OOIIEHUI MEXJy YaCTHBIMHU MOJEISAMH. DTO AT BO3ZMOXHOCTh Pa3MEIICHHS 3THUX
JAHHBIX Ha pa3HbIX pecypcax U IMOJ YNPaBICHUEM Pa3HOrO MPOrpPaMMHOrO odecre-
yeHus (OCYIIECTBUTh BUPTYAJIN3AIUIO XPAHEHHSI TAHHBIX IBYX THUIIOB).
OnpenenuM JOKaJIbHbIE JaHHBIE YACTHBIX MOJIENIEH KaK JIaHHbIE, CYLIECTBYIO-
M€ TOJBKO BO BPEMs BBIIIOJIHEHUS aKTUBHOCTH. JIOKanbHbIE JaHHBIE YACTHOM MO-
JIEIU CO3/IAI0TCS NEPE BBIMOJIHEHUEM aKTUBHOCTH W YHUUTOXAIKOTCS MPU €€ 3aBep-
meHuu. Takoe onpeneneHue JOKaIbHBIX JAHHBIX, C OHOM CTOPOHBI, COOTBETCTBYET
JIOKQJIbHBIM NEPEMEHHBIM OOJIBIIMHCTBA COBPEMEHHBIX CUCTEM IPOrPaMMHUPOBAHUS
(JlokanpHbIE JaHHBIE CO3/AIOTCS B CTEKE MOJNPOrpaMMbl Ha BpEMsl €€ BbI30BA, MpU
YCIIOBUHM OTCYTCTBHSI CTaTUYECKHUX JIOKAJIBHBIX NEPEMEHHBIX), C JAPYrOd CTOPOHBI,
MO3BOJISIET MOAU(PUUMPOBATh ONpPENEIECHUE TPAH3AKIMOHHOW MOJIETH, BBEICHHOU
B [166], 1 cunTaTh TPAaH3aKIIMOHHON MOJEIBIO Ty, KOTOPAsl BBIIIOJIHSIET BCE ONEPALINN
C INI00aNBbHBIMU JAHHBIMH MOJIETH Yepe3 uHTepdelic MeHekepa naMsaTu. B pesyib-
TaTe€ TAKOTO OINPEICIICHHUS] UCKIIOUYMM M3 JAIbHEHMIIEr0o pacCMOTPEHUS JIOKaJIbHBIC
JaHHBIEC YACTHBIX MOJENIEH U TOJCUCTEM MOJEIUPOBAHUS, CUUTASI UX MPEPUKCHBIMU
(BBIMOJHAEMBIMU 10 TEKYIIEH aKTUBHOCTH) U CY(DPUKCHBIMU (BBIMOJIHAEMBIMU TIOCIIE

TEKYIIeW aKTUBHOCTH) aKTUBHOCTSIMHU JIJIs1 000N aKTUBHOCTH YACTHOM MOJIEIIH:

A(dm§ ).Ai A(dm’ﬁ-)

g \ 24
dmj ,dmj

dm$ ~dm'; =@ , (2.4)

dm’j mdm’]g =

raic  A; — mo0as akTUBHOCTb YaCTHOM MOJCIIH;

A( a’m§~ ) — aKTUBHOCTb CO3J/IaHMS JIOKAJIbHBIX JTAHHBIX IS aKTUBHOCTHU 4acT-
HOI MOJICTIH;

A( dm’j. ) — aKTUBHOCTb YHMUTOXEHHUS JIOKAJIBHBIX JAHHBIX IOCJE BBIIOIHE-

HUSI aKTUBHOCTH YaCTHOW Mojenn. Kak mpaBuio, peanusanus MOCICIHUX IBYX aK-

TUBHOCTEH OCYIICCTBIACTCA CPCACTBAMUA OHepaHHOHHOﬁ CHCTCMBEI.
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2.2 YupaBieHHe COCTOSHUEM paclpe/ieIEHHON MOJEeN B MPOCTPAHCTBE MO-

ACJIBHOTO BPCMCHU

B OonbpIIMHCTBE CUCTEM MOCIHUPOBAHUS YIPABICHUE MOJIEIBLHBIM BpEMEHEM
OCYIIECTBIISIETCS YIPABJISIONIEH MPOTPAMMOM WJIA OJHOW M3 aKTMBHOCTEW YACTHOU
MOJIEIIH, & TOBEICHUE UMUTALMOHHON MOJEIN COCTOMT B U3MEHEHUH JTAHHBIX MOJIE-
71 B 3a)MKCUPOBAHHOM, HEU3BMEHHOM MOMEHTE BpeMeHH f. CrieoBaTeNIbHO, B OJUH

H TOT K€ MOMCHT MOJCJIBbHOI'0 BPEMCHHU CYHICCTBYIOT ABa PA3HLIX COCTOSHHA AAH-

HBIX Mojenu: dm'* L)a’m’t" . IIpu peanmmzanum oTKara MOJEIBHOTO BPEMEHU U3
MHOECTBa COCTOSIHUI MOjieNin, 3a()UKCUPOBAHHBIX B JKypHaje HA MOMEHT BPEMEHHU
ty, HEOOX0IMMO BBIOpaTh 07HO. B pabote [166] mpuBOAUTHCS MOHSATHE OJTHO3HAYHO-
CTH COCTOSIHUSI MOJIEIM B MPOU3BOJIBLHBIA MOMEHT MOJIEILHOTO BPEMEHU: COCTOSTHUE

MOACIN B HCKOTOpBIﬁ MOMCHT MOJACJIBHOI'0O BPEMCHU fx Ha3BIBACTCAd OJIHO3HAYHEIM,

€CJIM C TUM MOMEHTOM BPEMEHU aCCOIMUPYETCS TOJIBKO OJHO 3HAUCHUE dm'k .

YTBEpKICHUE: AITOPUTMbl CHHXPOHHU3AIUM JIOJKHBI OCYIIECTBIISITH JdaMII
ri100aIbHBIX JAHHBIX MOJICNH JIHOO JI0, OO ITOCIIE BBHITTOJIHEHUS BCEX aKTHUBHOCTEH B
MOMEHT MOJICTLHOT'O BPEMEHHU f JIJI1 OJJHO3HAYHOTO OMPEACIICHUSI COCTOSIHUS MOJIe-
JIK B OTOT MOMEHT BPEMEHHU.

Jloka3aTenbCTBO: KaK MOKa3aHO B moApasjeiie 2.1, JToKaabHbIe JaHHBIE MOJE-
JI1 HE OTBEYAIOT 3a COCTOSTHUE MOJICJIM, a TAKXKE HE XpaHAT JaHHbBIC, MepeaatomMecs
MEXy 4acTHBIMU MojessiMU. COCTOSTHUE MOJIENIM TOJHOCTBIO OMpeeNseTcsl IJIo-
OaJILHBIMU JAHHBIMHU MOJIEIIH.

PaccMoTpruM MHOKECTBO BO3MO>KHBIX COCTOSIHUM MOJICJIM B MOMEHT BPEMEHHU

Iy IPU YCIIOBUM CYIIECTBOBAHUS JBYX aKTHBHOCTEH, U3MEHSIIOIIUX COCTOSIHUE MOJIE-

JIK1 B 9TOT MOMCHT BPpCMCHM:

t A t
dmf'* —L—>dm'¥'* , A, € A, dm§ edm
(2.5)
t A t
dms* —Z—>dm'§'* | 4, € A, dm§ e dm
[IpennoxkeHsl 5 cTpaTernii OCyIIECTBICHUS JaMIla IaMsITH.

CTpaTeFI/Iﬂ Nel: COXpPaHCHUC JaHHBIX OCYHICCTBJIICTCA ICPCA BBIITOJIHCHHUCM
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Ka)XJI0M aKTUBHOCTH pealin3ysl Tak Ha3biBaeMoe npedukcHoe nericteue [20]:

A = A(t,) .4,
Ay = A1) .4,

B stom ciyuae, cormacHo (2.5) B )KypHan OyJaeT BHECEHO JBa Pa3HbBIX 3HaYe-

t t o
HUS COCTOSIHUS MOJIEIIU: a’m}g om dm’]g k. B cmydae BbIMoOSHEHUS N aKTHBHOCTEH,

TaKUX BO3MOJKHBIX 3HAUYEHHH COCTOSIHUS MOJIeIu OyneTr cooTBeTcTBeHHO N. B pe-
3yJIbTaTe, OJHO3HAYHOTO COOTBETCTBHUSI COCTOSIHUSI MOJEIW MOMEHTY BPEMEHU HE
JIOCTUTHYTO.

Crparerus Ne2: namn naMmsiTU OCYILECTBISETCS MOCJE BBINOJHEHUS KaxKJI0W

aKTUBHOCTH, PeasIn3ys TaK Ha3bIBAEMOE MOCTPUKCHOE ICHCTBUE:!

A=A, A (1;)
AZ = AZ 'A()a/wn (tk)

B stom ciyuae, cormacHo (2.5) B )KypHasl OyJeT BHECEHO J[Ba pa3HbIX 3HaYe-

t t .
HUSL COCTOSIHUA Monenn: dmf* wu dm'$* . B ciydae BbInoNHeHUsT N akTHBHOCTEI,

TaKuX BO3MOKHBIX 3HAUYEHHUI COCTOSIHUS MOJieau Oynetr cooTBeTcTBeHHO N. B pe-
3yJbTare, OJHO3HAYHOTO COOTBETCTBHSI COCTOSHUSI MOJEIM MOMEHTY BPEMEHHU HE
JIOCTUTHYTO.

Crparerus Ne3: mamn maMmsiTé OCYHIECTBIISIETCS JI0 BBINOJHEHHS] BCEX AKTHB-
HOCTEH MOJIeJId B MOMEHT BPEMEHH #r. BBeieM J1Ba JOMOJHUTENIBHBIX COCTOSIHHS MO-

t t
nenu dmj ¥ u dm's’* | COOTBETCTBYIOLIME COCTOSHHSM /10 M MOCIIE BBITOJIHEHHS BCEX

aktuBHOCTeW. Toriaa mpu yclnoBUH NPEPUKCHOTO NEHCTBHS Asave(tk).(AI‘AZ ), co-
rmacHo  (2.5)  BO3MOXHBI ~ CICAYIOIIME  TPAacChl  MOBCACHHS  MOJICIH:

t t t t t t t t
dmy —dm/ —dm§ —dm')f nm dm) —dm} —dm} —dm'} . HezaBucumo or

t
Tpacchl, OyJET COXpaHEHO TOJBKO OJHO COCTOSHME MOJENH — dmy . YBennueHue

KOJINYECTBA aKTUBHOCTEH IMPUBCACT K YBCIINYCHUIO KOJIMYCCTBA TPACC, HO HC ITOBJIN-

A€T Ha COXPAaHCHHOC COCTOSHHC. CJIGI[OB&TCJ'H)HO, B JaHHOM CJIy4da€ OJHO3HA4YHOC
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COOTBETCTBUC JOCTHUIHYTO.
CTpaTeFI/Iﬂ Ne4. AaMII IMaMATH OCYIICCTBIACTCA IMOCJIC BBIIIOJIHCHUA BCCX dK-

TUBHOCTEHU MOJICJIM B MOMEHT BPCMCHHU ;. Torna IIpu yCJIOBUHU HOCT(l)I/IKCHOI‘O ,ZICI?I-

CTBHUS (A]‘A2).Asave(tk), cornacHo (2.5), BOBMOKHBI CIIEAYIOIINE TPACCHI MOBEICHHUS
t t t t t t
MOJIENTN dm(t)k —>dm} —dm} —dm')} nm dm(t)k —>dmf —dm; —dm'} . Heza-

t
BHCHUMO OT TPacchl, OyJIE€T COXPAHEHO TOJIBKO OJIHO COCTOSIHME MoJenu — dmy’ . YBe-

JINYCHHUE KOJIWYECTBA aKTMBHOCTEH MNPUBCACT K YBCIIMYCHUIO KOJIMYCCTBA TpacCC, HO
HC IMOBJIMACT HAa COXPAHCHHOC COCTOSAHUC. CJ'IGI[OB&TCJ'II)HO, B JAaHHOM CJIy4ac OIJHO-
3HAYHOC COOTBCTCTBUC NOCTUIHYTO.

CTpaTeI‘I/IH No5: BeIIONTHEHME JaMIia ITaMATH JO M IIOCJIC BBIIIOJIHCHHMA aKTHB-

HOCTeH Asave(tk).(A]‘Az).Asave(tk)HpHBo;[m K CYIECTBOBAHHIO JBYX 3HAa4EHUH CO-

t t
CTOSIHUS. MOZIEJIU B OJJMH M TOT )K€ MOMEHT BpeMeHu: dmy u dm', . Taxum e oOpa-

30M, BBITIOJIHEHUE JIaMIIa MaMsTH JI0 U TTOCJI€ BBIIIOJIHEHUS] aKTUBHOCTEW MPUBOJUT K
YBEIIMYEHUIO KOJIUYECTBA COXPAHEHHBIX COCTOSHHM B OJIMH U TOT K€ MOMEHT MO-
JIETILHOTO BPEMEHHU.

YT1BepxkaeHUE 10Ka3aHo. M3 TaHHOro yTBEpKICHUS CIEAYET, UTO MPHU BBIOJ-
HEHUH HEOJHOKPATHBIX JaMIIOB COCTOSIHHUSI MOJEIHU B OJIMH U TOT K€ MOMEHT BpeMe-
HU, TIOPSIZIOK BBITIOJTHEHHUS JIaMIIOB HE TO3BOJISIET PEIIUTh 3a/a4y OJHO3HAYHOTO CO-
CTOSIHUSI MOJICNIM B (PUKCHPOBAHHBIM MOMEHT BpeMmeHu. ClieoBaTeIbHO, MPU HAJIU-
41U ABYX U O0Jee JaMIOB MaMsITH B HEKOTOPBI MOMEHT MOJIETLHOTO BPEMEHH f; HE
CYILIECTBYET OJTHO3HAYHOCTH B OMPECICHUN COCTOSHUS MOJEIN B 3TOT MOMEHT MO-

JIETLHOTO BPEMCHHU.
2.3 OnpenenieHre MHOKECTBAa aKTUBHOCTEU YIIPaBICHUS JaHHBIMU MOJIETN

BoJbIIMHCTBO COBPEMEHHBIX MMHUTAITMOHHBIX MOJICNICH peaiu3yloT CBOM OpH-
TMHAJIBHBIC CPENICTBA ympaBiieHus! NaHHbIMU. B pabote [10] BbICKa3biBaeTCs mpen-
JIO’)KEHHUE co3AaHusi OUOIMOTEKH aNrOpUTMOB YIpPaBJICHUS COCTOSTHUEM pacrpee-
JICHHBIX UMUTAIIMOHHBIX MOJiesiel. Takol Moaxo/1 CTaIKUBAETCS C TPYIHOCTSMHU, BbI-

3BAHHBIMU PAa3HOPOAHOCTBIO Q)opMaanoro OIMMCaHus Pa3IMYHbIX MMOAXO0A0B K MOJIC-
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JMPOBAHMIO, YTO MOKAa3aHO B pazjeine 1 nuccepraiimoHHoN paboTsl. OIUH U3 HEMHO-
IUX CTaHJApTOB B 00JACTH PaCHpelesCeHHOIO0 MMHUTALMOHHOTO MOJECIUPOBAHUS —
HLA, naknanpiBaeT o0si3aTelibcTBa Ha MPOTPAMMHBIE MOJIEIHM TMPEIOCTaBISATh CH-
creme MonenupoBanus Qenepartsl (federates), oTBewaromme 3a BO3BpaT MOJAETU BO
BPEMEHH, TO €CTh CTaHAapTH30BaHHbIN uHTepdeiic. [Ipu aToM peanuzanus penepata
MOXET OBITh MPOU3BOJILHOU (pUCYHOK 2.2). @I, ... , N mpeAcTaBIsIOT cOO0M WH-
tepdericubie QyHKIHMH, peanuzyeMble (enepatamu. Cremyer oTmMeTuTh, 9yTo HLA
CTaHJapTU3yeT ToibKo uHTepdeiicel Geaepator ¢ RTI, a e camu peanuzanuu. Ilo-
TOMY KOPPEKTHOCThH UCIIOJIHEHUSI paclpeeieHHON (enepanuu, T.€. TapaHTUs, YTO
KOHCEpBaTUBHOMY deqiepaTy He OyJleT MociaHO COOOIIEHHE ¢ BPEMEHHOU METKOM,
MEHBIIIEH, YeM €ro JIOKaJbHOE MOJEIbHOE BpeMs, OOCCIEUYMBACTCS TOJIBKO MpHU
YCIIOBUM KOPPEKTHOM peanu3aluu caMmoro (penepara, OTBETCTBEHHOCTh 32 KOTOPYIO

HeceT pa3zpaboTurk (denepara.

-
@ O

AKTHUBHOCTH
MOJEIN

ON —O

EAE)

\

Pucynok 2.2 — Peanuzanus enepatoB B UMUTAlMOHHOM MOJENH

Ha ocnoBe mpencTaBiieHHOM BbILIE MOJAENH, IMPEAIAracTCsi HOBBIM MOAXOJI —
BBECTH CTaHJApPT HAa OMNEpalUH C JAHHBIMM MOJEIN U PEAIM30BaTh MOAYJb MEHE-
JKepa YIpaBJICHUS] JaHHBIMU Mojenu (pucyHok 2.3). Peanuzaiusi 3Toro aeicTBUs
OTKpPBIBACT MPHUHIMIHAIHHYIO BO3MOXXHOCTh peain30BaTh J0OON U3 ¢eneparos,
YIPaBJISIONIMX COCTOSTHUEM MOJEIM BO BPEMEHU M OCBOOOAUTH pa3paboTynka Moje-

JIM OT HEOOXOAMMOCTHU PeaM3aIliy ATOro0 HHTEep(deiica BpydIHYIO.



54

4 ) a

Menemxep —_—
] JIAHHBIX MOJIEIN ol O
—
AKTHBHOCTH Onepanuu
MOJIETIN C JJAHHBIMH OOMEH TaHHBIMU
I C IPYTUMH )
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N Y, \ f )

v

Pucynok 2.3 — Peanuzarus enepatoB 1 akTHBHOCTEH B3aUMOICHCTBHS MOJICIICH B

MCHCI’KCPC TaHHBIX

13 MHOXECTBA aKTHBHOCTeH A%

, KOTOpbIE MOYKET BBHITIOJNHATH MEHEIKEP
JTAHHBIX MOJIEIHN (MHOXECTBO STUX aKTUBHOCTEHW MpuBeneHO B padbote [166]) BhiOE-

PEM AKTUBHOCTBL, PCAIUM3YIOINYIO COXPAHCHHUC OAdHHBIX MOJICIH (I[aMH HaMHTI/I)

A*"¢(T, ) ¥ aKTUBHOCTB, TO3BOJIAIONLYIO BEPHYTh COCTOSHIE MOJEIN B OJHH M3 MO-

MEHTOB MOJIEIBHOTO BpeMeHH B mpormiom A (T, L)

Adata _ {Asave (Tk ), Aload (Tk )} (26)

B noapazaene 2.4 ObUI0 AOKa3aHO, YTO HCIOJB3YsSd AKTUBHOCTH COXPAaHEHUS
JTAHHBIX MOJIEJIA JO0 WJIU TOCJI€ BBITIOJIHEHUS MOBEICHUECKUX aKTUBHOCTEN B (PUKCH-
POBaHHbII MOMEHT MOJEJIBHOTO BPEMEHH MOXHO JIOCTUTHYTh OJIHO3HAYHOCTH B
OTPENICICHUH COCTOSIHUSI YaCTHBIX MOJEJNEH B 3TOT MOMEHT MOJEIBHOTO BPEMEHH.
PaccmoTpum mpuMeHEeHUE MEHeIKepa NaMsATH JJIsI KOHCEPBATUBHBIX U ONTUMUCTH-

YECKUX AJITOPUTMOB CUHXPOHU3ALMHU MOJEIBHOTO BPEMEHH.
2.3.1 KoHcepBaTUBHBIE aITOPUTMBI

st pabotel ¢ koHcepBaTuBHBIMU (penepatamu RTI mmeer muTepdeiicHyio
bynakuuto NextEventRequest() [91]. KoncepBaTuBHBIN (enepaTr T0KEH UMETH Clie-
nytone uHTepdeicabie QyHKINM:

ReflectAttributeValues ();

TimeAdvanceGrant (T).
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Korna koHcepBatuBHbBIN (enepaT 3aBeplinl BCe ACHCTBUS, CBA3aHHBIE C Te-

KYILMM 3HA4€HUEM CBOETO JIOKAJIBbHOI'O MOJEIBHOTIO BPEMEHHU [}, U TOTOB NEPEUTH K
BBITIOJIHEHHIO CIEAYIOLIETO COOBITHS ¢ BPEMEHHON METKOM I} , OH BBI3BIBAET MHTEP-

deiicayto pynkuuto NextEventRequest (3ampoc cienyromiero coObitusi): NextEvent-

Request (T)), n o)xumaeT pa3pelieHus Ha MOCIaHHBIN 3arpoc.

Nudpactpykrypa RTI, nmonyuuB BwI30B NextEventRequest, aHamu3upyeT co-

crostare TSO-ouepenu. Ecim TSO-odepens HE COMEPKUT COOOIMIEHNUN ¢ BPEMEHHBI-
MU METKaMu, MeHbIIuMU unu pasHeiMu 1 , 1 RTI rapantupyer, uto u B nanbHEn-

meM He OyJeT Takux CcooOlIeHM, TO OHa BbI3bIBaCT (QyHKUMIO deaepara
TimeAdvanceGrant (pa3peuienue npoaBuwkeHus Bpemenn): TimeAdvanceGrant (T').

Ecou TSO-ouepenb coaepkut cooOIIeHHUs] ¢ BPEMEHHBIMH METKaMH, MEHb-
UMM Ui paBHbIMU 1), , To RTI noceinaer genepaty nepBoe cooOIIEHUE B OUEPEH.
[Tycth BpemenHass mMeTka 3Toro coobrenust 7, (T, <T,<T]), torna RTI BbI3biBaeT

unrepdeiicayro pyukuuio dhenepara TimeAdvanceGrant (Te).

[Toceuika coobiiennst B CTaHAapTHOM (popmaTe OCYHIECTBISIETCS ¢ MOMOIIBIO
BbI30Ba UHTepdericHon dyHkuuu geaepara ReflectAttributeValues (nepenats 3Have-
HUS aTpUOyTOB).

[Monyuus TimeAdvanceGrant, KOHCEpBaTUBHBIN (enepaT yCTaHABIMBAET CBOE
JIOKaJIbHOE MOJENIBHOE BpeMs paBHbIM 7, wWin T, W BBINOJHSAET COOTBETCTBYIOIIEE

cOOBITHE.

Takum o6pazom, RTI nogaepxuBaeT KOHCEPBATUBHYIO peanu3aluio deaepara.
Jlns aroro B RTI noimkeH ObITh peann3oBaH OJMH W3 W3BECTHBIX KOHCEPBATHBHBIX
aNrOpUTMOB, Hanpumep, BerunciieHne LBTS — HuKHEW rpaHuiibl BpEMEHHBIX METOK
coobmenuii. Hexotopeie peanuzammu RTI TpebyroT, 4To0b! (henepaTsl HCTIOIH30BATN
TEXHUKY «MPEJCKa3aHU» MPHU MOCHLUTKE COOOIIECHUH.

VYcaoBuem KOppeKTHOW peanu3anuu (denepara sBIASETCS 3aJeprKKa UCIOJIHE-
Husa denepara MeXay BbI3oBoM GyHKIUU NextEventRequest m moigydeHueM paspe-
IIEHUs] Ha TPOJBHXKEHUE MOJENbHOTO BpeMeHu TimeAdvanceGrant. [Ipyrum ycio-
BHEM KOPPEKTHOCTH MCIIOTHEHUS (emepaTa sSBISAETCS TapaHTHUsl, YTO MOCTIE UCTIOJTHE-

Hust uatepdeiicoit pyukiun NextEventRequest(T)) dbenepar He mouuier cooOiie-
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HUU C BPEMEHHOUW METKOM, paBHOU 7). Ecim 3TO orpaHuyeHue SBJIAECTCS CIMUIIKOM

KECTKUM, TO UCIIOJIB3YIOTCS Apyrue uatepdeiicabie pyHkuuu RTI.
ComocTaBuM BBITIIEIPUBEACHHBIM (PYHKITUSAM aKTUBHOCTH IS YIPOIICHUS

IPEICTABIICHUS POLIECCA MOJIETUPOBAHMS (BBIIIOJIHUM EPEUMEHOBAHUE):

P[fi]=P[NextEventRequest()/A"" ReflectAttributeValues/A™",

(2.7)
TimeAdvanceGrant()/A™¢ ].

CoryacHO BBeJIeHHBIX 0003HaUeHUN BBeleM (OpPMabHOE BBIPAXKEHUE, O0TOO-
paxkaroniee npouecc pa3BUTUS YACTHOM MOJENIH BO BPEMEHU OT MOMEHTa C BPEMEH-

HOM METKOM T} 10 MOMEHTA C BPEMEHHOU METKOU 7

T UA, T qner T’ T Atag T ). 4" T
dm'* ————>dm'"'* A—Z—)" dm''* (z.) >sdm' F udm’”

dm' e Odm"™ = dm'e

(2.8)

Asave

Hpe;mar aCTCs, BBIIIOJIHATH aKTUBHOCTD ( T, k ) , COXPaHAOIIYIO COCTOAHUC

MozieN (COXpaHEHUE JTaHHBIX MOJIENH) HEMOCPEICTBEHHO IOCJE 3aBEPIIEHUS BbI-
MOJIHEHUSI BCEX MOBEAEHYECKUX AKTUBHOCTEW YacCTHOW MOJIeId B MOMEHT BPEMEHU
T}. Tak kaKk K 3TOMy MOMEHTY BPEMEHM YacTHAsi MOJIENIb OMPEAEINIACH CO CIEIYIO-

MM MOMEHTOM BpPEMEHH, K KOTOPOMY IOTOBa MEepeTH, OyAeM yKa3blBaTh B Kaye-

CTBC BpCMCHHOfI MCTKHU COXPAHACMBIX NAHHBIX MOACIN 3HAYCHHC Tk .

ITpu 5TOM, akTHBHOCTh A"® CTAHOBHUTHCS MOCT(HUKCHON aKTHBHOCTBIO JUTS aK-

Asave

TUBHOCTH (T, )u peanusyeTrcsi aBTOMATUYECKU MEHEIKEPOM TTaMSITH:

dmTe A .Amve(T,;).A””(T,;) s dm' T

dm' e Odm’™ = dm’e

Atag (Te ).Amv

N 1Ty rav
>dm' " F udm™", 2.9)

B MeHemKepe maMsITH B Ka4eCTBE BPEMEHHOM METKHU TIPH BHI30BE aKTUBHOCTH
A"“€ samuceiBaercs 3HaueHue T, KOTOPOE B HALIEM CIydae MOKET OBITh MEHBIIHM
WM PaBHBIM BPEMEHHON METKU T (T e <TI,<T, k) Takum oOpa3oM, coxpaHeHue co-

CTOSIHUA MOJCIIN ITPOU3BOAWTHBCA HC B KOHIIC HHUKJIA HWCIIOJIHCHHA aKTUBHOCTEN C
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BPEMEHHOU METKOW 7}, a B HadaJie [IMKJIA WMCIOJIHEHUS AKTUBHOCTEW C BPEMEHHOM

metkoii T,. AxtuBHocTH A™8 (T e)I/I A™" 1o cBoe# cyTH NPUBOIAT K M3MEHEHMIO

JaHHBIX r100aabHBIX JaHHBIX MOJCIHU, TO €CTh U3MCHAIOT 3HAYCHHUC IIJIAHUPYCMOT'O
ClIcayromero MOMCHTa BpEMCHH C Tk Ha Te U U3MCHAIOT anI/I6YTBI CJICaAyromero co-
OBITHSI B MOMECHT BpCMCHHA T, e HOCJIeI[HI/Ie ABJIAIOTCA 4aCTbIO MHOXKCCTBA AAaHHBIX

Mozemu dm'¢ . [Ipy aKTHBALHMH MOJCIH B MOMEHT C BPEMEHHOMN METKOi 7}, [IOBEICH-
YeCKUE aKTHMBHOCTH MOJICNIM CUUTHIBAIOT W3 TJIOOATBHBIX JaHHBIX MOJIEIH HOBBIC
3HAYCHUS MOJICTLHOTO BPEMEHH U aTPUOYTOB COOBITHS B 3TOT MOMEHT BpeMeHH. Ta-
KM 00pa30M, €ClIM KOHCEPBATHBHBIM aJTOPUTM HE PEaTM3yeT KaKWX-JTHOO CIICIH-
buueckux neiictBuil B uHTepdeiicHbIx GyHKIMIX penepara, To 3TH QYHKIIMH MOKHO
MTOJTHOCTBIO PEATM30BaTh B MEHEKEPE TTaMSITH.

Pa3o0beM Bce MHOXKECTBO aKTMBHOCTEW Ha TPYMIBI MO MPUHAICKHOCTH OJ-

HOMY U3 00BeKTOB MojenupoBanusi: RTI, Mmenemkepy namsiTu U 4aCTHON MOJIEIH:

RTI: {A”‘” (7} )}
A e (1, ), (1, ), 4 (7,), 47} 2.10)
M : {A“’g (T,)+@, A + @}

rae "+" — onepanusa aNbTEPHATUBHOW KOMITO3ULIMH.
Hannune cpenu akTUBHOCTEN MEHEIKEpa NMAaMATH aKTUBHOCTU Aload(T k) HE

SBJISIETCSL 00s13aTENbHBIM, TaK KaK KOHCEPBATHUBHBIE AJITOPUTMBbI HE IMOAJIEPKUBAIOT
OTKaThl MOJIEIBHOrO BpeMeHH. OJJHaKO, JaHHAsl aKTUBHOCTh MOXET OBITh MOJIE3HON
npu peanu3anuu QyHKIMI oOecriedyeHusl HaJe)KHOCTU (BOCCTAHOBIIEHHUA) Ipoliecca

MOJICIMPOBAHUS WM B 3aJ]a4aX MHOTOBAPUAHTHOTO pacuera.
2.3.2 ONTUMUCTUYECKHUE AITOPUTMBI

Cranmapt HLA omnpenenser deaeparsl isi ONTUMUCTUYECKUX QJITOPUTMOB
yIPABJICHHS MOJISTILHBIM BPEMEHEM B BUJIE NBYX MHTep(eicHbIX hyHKImH [151]:

ReflectAttributeValues ();

FlushQueueGrant (7).
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B MoMmeHT 3aBeplieHHs BCEX aKTMBHOCTEW B TEKYLIMHA MOMEHT MOZEIBHOTO
Bpemenu Ty, dhenepar Bei3biBaeT Gpynkiuio FlushQueuetRequest(Ty), aem coobOmIaer
cucreme RTI (Runtime Infrastructure) o TOTOBHOCTH MPOAOIKATh MOACIHUPOBAHUE U
YBEJIMYNTH 3HaUeHUE MojaenbHoro BpeMenn. RTI mepenaer ontumuctudeckomy de-
nepary odepenb coobmenuit ¢ BpemeHHbIMEH MeTkamu TSO (Time Stamp Order),
CYILIECTBYIOLIYIO B CHUCTEME Ha 3TOT MOMEHT BpeMeHH. [lepenada ocyiiecTBisieTcs
nyTeM BbI3oBa WHTep(deiicHor dyukumm ReflectAttributeValues(). Jlanee denepar
IIPOJIBUTAET CBOE MOJIEIBHOE BPEMSI Ha OCHOBE 3TOM MPOMEKYTOUHOUN YNOPSAI0UYEH-
HOU ouepenu coobmenuit. Ecnu denepar oOHapyKuBaeT cOOOIIEHHE, C BPEMEHHOM
METKOW MEHBIIEH TEKYILETO 3HAYECHUS JIOKATBHBIX 4aCOB, OH CAMOCTOSITEIBHO OCY-
HIECTBJISIET OTKAT, pacchljasi MPU HEOOXOAMMOCTA aHTHCOOOIEHUS BBI30BOM (DYHK-
uuu RTI Retract (). Cuctema RTI Bpemst oT BpeMeHH nockutaeT peaepary 3HaUCHHE
GVT (Global Virtual Time) npu nomoiu ¢pynkuuu FlushQueueGrant (GVT). Coro-
CTaBUM ONMUCAHHBIM (YHKIHUSIM aKTUBHOCTH JUIsSl YNPOIICHHS MPEJCTABICHUS IMPO-

1ecca MoJIeIMpoBaHusl (BBIMIOJIHUM MIEPEUMEHOBAHUE):

P[f5]=P[FlushQueuetRequest/A"" ReflectAttributeValues/A"™",

(2.11)
FlushQueueGrant /A% Retract/A™" |].

I[OHYCTI/IM, 4TO COXpPAaHCHHC HAHHBIX YaCcTHOM MOJACJIBIO OCYIICCTBILACTCA I10-

CJI€ BBITIOJIHEHUSI BCEX aKTMBHOCTEN B TEKYIIUM MOMEHT BpeMeHu 1. CienoBaTesb-
HO, C TOYKH 3pEHHs IOTHKH paGothl RTI, Bemonuenue aktuHoctn A°(T,) m3

MHOeCTBa (2.6) MOXKET SBIATHCS MPEPUKCHBIM MPOLECCOM K BBIIOJIHEHHUIO (PYHK-

wun FlushQueuetRequest('T, ), uiu, IpyruMu CIOBaMH, COBEPIICHHUE MOEIBIO CO-

XpaHEHHE COCTOSHUS MOJENIU BiiedeT 3a coboit mHpopmupoBanue cuctembl RTI o
3aBEPUICHUU BCEX JEUCTBUI YaCTHOU MOJIEJIM B MOMEHT MOJIEIILHOTO BPEMEHU 7.
Menemxep JAHHBIX o0s13aH MPEAOCTaBUTD RTI byHKITHIO
ReflectAttributeValues(), koTopasi BI3bIBa€TCA JIJISl TIEpEAaun YaCTHOM MOJIETH OYe-
penu cooOuieHuid. [Ipu oOHapy>KeHUN COOOIIEHUSI C BPEMEHHOM METKOM, MEHbIIEH
TEKYIIEro 3HAYCHUsI, MEHEIKep MaMsTH 00s3aH OCYIIECTBUTH OTKaT. [Ipeacrasnenue

JaHHOI'O IMponecca:
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T save(p 'Aﬁ]r 4T ATSO
dm'* ety ) >dm'™ U dimpg, ——>
Ty
o |dmt eemu Ty rso) 2 Ty , (2.12)
% ,
Aload(r,, in(TSO) ) Tnin(rso)
>dm secnu Tnerso) <Ty
TS0
roe A — aKTUBHOCTb MEHEIKEpa MaMsTH, OCYIIECTBISAIONIAS MPOCMOTP

ouepesId COOOIICHMI;

dm g, — cama ouepeb COOOICHHIA;

Tmin(TSO) — MHUHHUMAJIIBHOC 3HAYCHUC BPCMCHHOU MCTKHU COO6H_IGHI/II/I B

ouepeau TSO.

Bripaxkenue (2.8) mokasbIiBaeT, 4TO NpU COOTIOJICHUN YaCTHOW MOJIETBIO Mpa-
BUJIa BBIMOJIHEHUS 1aMIla COCTOSIHUS B KOHIIE IIUKJIa MOJICIMPOBAHUS, MEHEKED Ia-
MSITH CITIOCOOCH COBEPIIUTh OTKAT K COCTOSTHUIO YACTHOW MOJENH B KOHKPETHBIN MO-
MEHT B MpPOLLJIOM CaMOCTOSITENbHO, 0e3 ywactus camod monenu. OO0o3HaueHue

me' B BBIpa)K€HUH (2.6) MOAYEPKUBACT TOT (DAKT, YTO B MOMEHT MOJIEIHLHOIO
min(TSO)

BpeMeHU T, 750 )9acTHAs MOJENb MOIJIa HEe COBEpIIaTh ACHCTBUM. B aToM ciyyae

OTKaT TMPOU3BOJAMUTHECS JO OJIMKAWIIero jJamra COCTOSHUST YacTHOM Mojenu

!

Tin(150) < Tin(1s0)- AKTHBHOCTH A™" SBIAETCS aKTUBHOCTBIO MOJIENH, MPHYEM

OHA MOXET MOJJEPKUBATHCS WM HET, YTO HE BIUSAET HA (PYHKUIMOHAIBHOCTh MEHE-
JOKEpa IaMATH 10 MPOABUKEHHUIO MOAEIIBHOTO BPEMEHH.

[TonBoast uror, pa3o0beM BCE MHOKECTBO aKTMBHOCTEW Ha TPYIIBI MO MpH-
HAJUIeKHOCTH OAHOMY M3 00BeKkTOB MojenupoBanus: RTI, MeHemxepy mamsitu u

YaCTHOU MOJIETH:

RTI - {Aﬁ]r, Aretr}
Adata _ {Asave(Tk )} A,load (Tk )’ Arav, ATSO’ Aﬁig} (2]3)

onm

M A4 + 3, 4% 1 o)

Bbi30B aktuBHOCTH A8 MOXeT GbITh MIPOUTHOPUPOBAH MO0 HCIOIH30BAH

MCHCIKCPOM MaMATHU I YAAJICHHA BCCX HAMIIOB ITaMATH, BpEMCHHAA MCTKa KOTO-
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pbix MeHble GVT (¢ 1enbro 5KOHOMUY TaMATH).
W3 Beipaxenus (2.9) BUAHO, 4TO pa3pabOTUYMKY YACTHOW MOJENIHU H3 BCETO

MHOKCCTBA q)e,ﬂepaTOB, B ClIydac HCO6XOI[I/IMOCTI/I, HaJI0 pCalIn30BaThb TOJBKO ABC

akTHBHOCTH — A" 1 A€ | 11 TO IPH YCIOBHH, YTO OHM HEOGXOAMMSI JUIs obecIede-
HUS Criel(UIECKOi JIOTHKA paboThl Bee Moaenu. OCTaabHbIE aKTUBHOCTH SIBJISIFOT-

Ccsl cTaHapTHBIMU, 1100 171t RTI, mubo asis npeamokeHHOro MeHeKepa MmaMsITH.

2.4 OHpCI[CJIGHI/Ie MHO>XECTBa aKTUBHOCTEH MCHC’KECpa IIaMATHU, pCaJIN3YIOIIC-

ro untepdericet HLA m1a obecriedeHnst CHHXpOHH3AIUU MOJICIBHOTO BPEMEHU

MHOXECTBO aKTHBHOCTEll MeHekepa mamsta A%

MOJIy4aeTcsl MyTeM 00b-
€IUHEHUS TIOJIMHOKECTB aKTUBHOCTEH 00paboTku naHHbIX moxaenu (2.10) u (2.13)
COOTBETCTBYIOIINX AKTUBHOCTSIM, PEAM3YIONIUM KOHCEPBATUBHBIE U ONTUMHUCTHYE-
ckue (enepaTsi:

Adata _ Adata U Adata _ {Asave(Tk )’ A;load (Tk )’ Arav, Atag (Te )} ATSO, Aﬁ]g} (214)

onm KOHC

OTMCTI/IM, 4dTo IEPECCUYCHNEC YKA3aHHBIX JIBYX MHOKCCTB HC €CTh ITyCTOC MHO-

KCCTBO.

onm KOHC

Adata A Adata _ { save(Tk )’ A;load (Tk )’ Arav} (215)

TO €CTb, pAa AKTUBHOCTEH HCIIOJB3YCTCA KaK B OITUMUCTUYCCKUX, TAK 1 B KOHCCPBa-

THUBHBIX aJITOPUTMAX CHMHXPOHU3AIMHU MOACIbHOI'O BPCMCHHU.

2.5 OmnpeneneHre MHOKECTBA aKTUBHOCTEH OOMEHA JJaHHBIMU YacCTHBIX MOJIE-

nen

Pacnipenenennoe MMUTAIIMOHHOE MOJICIUPOBAHUE, B OOIIEM Ciy4ae, moapas3y-
MEBaeT MapajyieIbHOE MCIIOTHEHUE YaCTHBIX MOJIEJIEeH, KOTOphIe B mpoiecce (PyHK-
ITIMOHUPOBAHMSI OOMEHHUBAIOTCS JIPYT C APYTOM HEKOTOPOUM MH(pOpMaIue. ITO MOTYT
OBITH COOOIIEHNs (KOTOPBIC MOACPKUBAIOTCS HanboJiee M3BECTHBIMU HHTEp(erica-

MU TapajyIeIbHOTO TporpaMMHpoBaHusi, Hampumep, MPI — Massage Passing



61

Interface [152]), B3aumoaeiicTBUE MO BXOAHBIMH WM BBIXOJHBIM JIaHHBIM MOJIEJIH,
OOBEKThl CHUHXPOHHU3ALMU TPHU HCIIOJB30BAHUU PA3JEISIEMbIX PECYpPCOB, OOBEKTHI
CETEBOTO B3aMMOJICUCTBHSI CEAHCOBOI'O YPOBHS (COKETHI) U T.]I.

Tax kak mobas momoOHass wHOpMAIUs MPOTPAMMHO PEaTU3yeTCsl MOCpe-
CTBOM JIaHHBIX MOJIETH, TO BBEJEM B MHOKECTBO aKTMBHOCTEH MEHeIKepa MaMsaTu
JOTIOJTHUTENbHBIE aKTUBHOCTHU JIJISl peanu3aluu QyHKIUNA oOMEHa JaHHBIMH MEXIY
yacTHeIMU MojensimMu. Ctangapt HLA He ommchiBaeT JaHHBIE 3J€MEHTHI UMUTAIIH-
OHHBIX MOJEJICH, TO €CTh MO/IPa3yMeBaeTcs, YTO 3Ta (YHKIMOHAIBHOCTh PealU3yeT-
Csl CAaMOCTOSITETILHO CO3/IaTeIsIMU MoJieNiel B MPOou3BoJIbHON Gopme. Dopmanu3zanus
&Ke ITON (YHKIIMOHATBHOCTH OTKPBIBAET JOMOJIHUTEIBHBIE BO3MOKHOCTH JIJISl peajiu-
3allid METOJOB aHajan3a 3(PQGEKTUBHOCTH MPUMEHEHUSI aJTOPUTMOB CUHXPOHU3ALNUN
pacmpeieIeHHbIX UMUTAIIMOHHBIX MOJIEIICH.

[Ipouecc nepenayn MHGOpMaUK B3aUMOJEHCTBUS YaCTHBIX MOJENIEH COAep-
JKUT JIBa 3Tana: MoAroTOBKA JAHHBIX B 00JIACTH JOKAJIBHBIX WX INI00AJTBHBIX JaHHBIX
MoJieH (co3aaHue U 3amnojiHeHus: Oydepa MaHHBIX) U BBINOJHEHUE MHTEPhEUCHOM
(GYHKIMM, HEMOCPEICTBEHHO IMEpelarollell JaHHbIE C YKa3aHHEM B IapaMeTpax
bynkuuu agpeca Oydepa u o0bema nepe1aBaeMbIX TaAHHbBIX.

BreneMm cnenyroniee orpanndeHue: 0ydgep maHHbIX buf 11 nepenadn uHPOp-

Mallid MEXJy YaCTHBIMU MOJEJISIMU U ajpecHas uHbopmanus addr MOJKHBI OBITH

CO3/1aH B IVIOOAJIBHBIX JAHHBIX MOJIEIIN: {buf ,addr} c dm?®.

BBezeM MHOXECTBO aKTHBHOCTEM A° MeHemKepa NaMaTH JJIs Pealn3aliy Iie-

PECBUIKH OAHHBIX MCKAY YaCTHBIMHU MOACIISIMMU

4* =45 (puf addr), A" (buf ,addr ), A" (buf  addr )} A% (2.16)

rme A (buf ,addr) — CHHXpOHHAs Iepefada JaHHBIX C OKUIaHHUEM ITO[I-
TBEPIKICHMS 3aBEPIIEHUS MIPoIecca Iepeaadn HHGHOpMaInu;

Adsend (buf ,addr) — aCHHXpOHHAs Mepenaya JaHHBIX 0e3 OKHIaHHs MOITBEp-
JKJIEHUS 3aBEPIIEHHMS IPOIIECCa Iepeaaun HH(POPMALIVH;

A" (buf ,addr) — monycHHXpOHHAS Mepeaya, KOTopast 3aKTIIaeTCs B OJ1-

HOBPEMEHHOM Tepeade BCeX COOOIICHHI MOBEICHUYECKUX aKTUBHOCTEH, HAKOIIJICH-
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HBIX B (I)PIKCI/IpOBaHHBIfI MOMCHT MOJCJIbHOI'O BPEMCHHU.
Hepe‘-II/ICHeHHBIe AKTUBHOCTHU HOJIKHBI UMCTb COOTBCTCTBYIOIIMUC UM aAKTHBHO-

CTH MCHCIKCPA IIaMATH Ha HpI/IHI/IMaI-OHIGf;I CTOPOHC!

A {A’Se”d (buf ,addr), A (buf ,addr), A" (buf,addr)}c Adata (2.17)

AKTUBHOCTH 4YaCTHOM MOJCJIN MOT'YT UCITIOJIb30BATh KaK BCC aKTUBHOCTH IICPC-
Jadn JaHHBIX, TaK U T000€ UX IIOAMHOXXCCTBO.
Baxno OTMCTHUTD, UTO OIICpanudg IICPpCaadu 110 CCTU JaHHBIX MOJICIIN BKIIOYACT

B €051 HECKOJIbKO YPOBHEM MPEICTABICHUS TAaHHBIX (PUCYHOK 2.4).

CeThb
VpOBEHE IPHKIATHBIX TIareTs! nepeqa9H TaHHBIX
IIPOTOKOJIOE OIlepa- I

CHcTeMHEIH Oydep MeHeKepa aMATH

-

VpoBeHE Me-

HEIAREPA ITanAa- bufl addr!

buf® addr® ——

YPOEEHE aKTHE-

YacTHAT MOIeNb 1 YacTHAT MOOEb 11

HOCTeH MOJIeTH

Pucynok 2.4 — Ilepenaua MHpOPMAaIIMOHHBIX JAHHBIX YACTHBIX MOJIETIEH B CETH

YacTHble MOJENH OCYUIECTBISIOT MOJATOTOBKY JAHHBIX B Oydepe NaHHbIX, pac-
MOJIO’KEHHOM B aJJpeCHOM IPOCTPAHCTBE INIOOATBHBIX JaHHBIX MOJIEIH. 3aTeM BbI3bI-
BaIOTCSl AKTUBHOCTHU M3 MHOecCTBa (2.16), ocylIecTBISAIONME KONUPOBAHUE JAHHBIX
B cuCTeMHbIN Oydep naTepdeiica oOMeHa TaHHBIMU TI0 CETH (B HAIIIEM CIIy4ae — 3TO

MeHekep namatu). [locme gero mpoucxoaut odpaiienrne K GyHKIHUSIM (MU 00BEK-
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TaM) OMNEPALMOHHON CHCTEMBI, OCYIIECTBISIOMUM (POPMUPOBAHUE NAKETOB (IIpH-
KJIaJIHOTO, MPEJICTABUTEIHLHOTO UITU CEAHCOBOTO YPOBHEN MOJICNIH CETH).
[lepcrieKTUBHBIM SIBJISIETCS UCIIOIB30BAHUE HA CMEXKHBIX YPOBHSX OIHOTO U
TOTO K€ y4JacTKa MaMsITH I peanu3anuu Oydepa JaHHBIX, YTO JACT BO3MOKHOCTD
COKPaTUTb BPEMEHHBIE 3aTPaThl HA KOMMMPOBAHUE TAaHHBIX.
B pasnene 3 nannoe mpejcTtaBieHUs Ipoliecca nepeaadyu nHpopmanuu OyaeT
OTPaXEHO B METOJMKE OIICHKHU 3aTpaTr MaMsITH Ha OpTraHU3aIuio oOMeHa mH(pOopMa-

HHCﬁ MCIKAY aKTUBHOCTAMMH YaCTHBIX MOII@JIGfI.

2.6 BbIBOJIBI 110 pazaeity

B pazgene 2 mpemyioxkeHo HOBoe (hopMaiabHOE NPEACTaBICHUE pacIpe/iesicH-
HOW MMUTAIIMOHHOW MOJIEJIM HA OCHOBE BBIJICJIEHUS] COBOKYITHOCTA aKTUBHOCTEHW MO-
JIEJIM ¥ TAaHHBIX MOJEIIA, OTPAXKAIOIINX U3MEHEHUE COCTOSSHUNA MOJICIIM BO BPEMEHU U
MH(OPMAIIMOHHBIE COOOILIEHUSI MEXKy aKTUBHOCTSIMU YacTHBIX Mojenel. Ha ee oc-
HOBE TMOKa3aHa BO3MOXKHOCTh YIPABJIEHUS PACHPENCICHHBIMU UMUTAIMOHHBIMA MO-
JICIISIMU.

JlokazaHo yTBepxkAeHUE 00 OJHO3HAYHOCTH OMPEACIICHUSI COCTOSHUS MOJIENN
B IIPOCTPAHCTBE MOJICIIBHOIO BPEMEHU IIPU PEATU3ANUUA PA3JIUYHBIX aJITOPUTMOB
CUHXPOHU3ALIUU.

BBeneHo nonsaTHe mMeHemxepa naMsaTh Mojesin. [lokazaHa BO3MOXXHOCTB I10-
CTPOEHHUS HA OCHOBE BBEJICHHBIX AKTHBHOCTEN KOHCEPBATUBHBIX U ONTUMHUCTUYECKUX
AJITOPUTMOB CUHXPOHU3AIMH PACIPEACITCHHBIX UMUTAIMOHHBIX MOJICJIE HA OCHOBE
crangapta HLA, paccMoTpeHbl 0COOCHHOCTH peanm3anuu (eneparoB Ha OCHOBE
bynkiui MeHemkepa namsatu. [lokazaHo, 4TO NP KCMOJIBL30BAaHUM MEHEKepa Ia-
MSITH JJIs1 YIIPABICHHUSI COCTOSSHUEM B MPOCTPAHCTBE MOJEIBHOTO BPEMEHH, BO3MOXK-
Ha aBTOMaThHyeckas peanusamnus ¢eaeparos crangaprta HLA u dpeaepaToB pacnpene-
JIEHHOU cucTembl MoaenupoBanus RTI, momnepkuBarOnX KOHCEPBATUBHBIE U OII-
TUMHUCTAYECKUE AITOPUTMBI CHHXPOHU3AIMHU, CPEACTBAMU MEHEKEPA ITaAMSITH.

PaccmoTpen mporecc mepemadyr COOOIIEHUM MEXKIYy YaCTHBIMU MOJACISMHU C
TOYKHU 3PE€HUS YIIPABJICHUSA NMOTOKAMH JTAHHBIX, OCYIIECTBISEMOr0 MEHEIKEPOM T1a-

MATH IIPU TOMOIIH OAHOTO U3 IPOTOKOJIOB OHepaHHOHHOﬁ CHUCTCMBEI.
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IlepcrieKTUBHBIM SIBJISIETCSA WUCIOJIB30BAHUE HA CMEXHBIX YPOBHSX OJHOIO U
TOTO K€ yJacTKa MaMsTH AJs peanu3anuu Oydepa TaHHBIX, YTO TACT BO3MOKHOCTD
COKpaTUTh BPEMEHHBIC 3aTPaThl HA KOIIMPOBAHUE JAHHBIX.

[TomyuenHble pe3ynbTaThl OTKPHIBAIOT BO3MOXHOCTH YHU(DUKAIIMK TPOTPAMM-
HBIX UMUTAIMOHHBIX MOJENEH, BEAYIIUE K YIPOLICHUIO U YCKOPEHUIO IIPOLECCa UX
IOCTPOEHHUSI Ha OCHOBE MPOCTOro MHTEp(elica, OCHOBAaHHOIO Ha YIpPAaBJICHUU JAH-
HBIMU MOJIEJIH, @ TaKKe CO3JaeT MPEANOCHUIKM K CO3/1aHnI0 3((HEKTUBHBIX METO/I0B

aHaJin3a IpouccCoB pacnpez:eﬂeHHoﬁ HUMUTalHuH.
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3 MOJAEJIM U METOIbI NCCJIEAOBAHIS PACIIPE/JEJIEHHBIX

MMUTALIMOHHBIX MOJIEJIEN

3.1 ITapameTpbl KpUTEPUEB OLICHUBAHUS PACTIPENCICHHON UMUTALIMOHHON MO-

bi (Sh1 0%

OmHuUM W3 OCHOBHBIX KPUTEPHUEB OIEHUBAHUS A(H(DEKTUBHOCTH MOJCIH SIBJIS-
€TCS CTOMMOCTBH IMPOBEICHHUS UMUTALMOHHOTO 3KCIepUMEHTa. YacTo B OCHOBE €ro
ONpEIEIICHUS JIEKUT BpEMs UMUTALNK. YeM MEHbIIE BpeMsI IKCILTyaTalluh BbIYHCIIH-
TEJIbHBIX PECYPCOB, TEM MEHBIIIE CTOUMOCTD 3KCIIEPUMEHTA.

B nogpaznene 1.6 npuBeneHO ONMKMCAHME CYHMIECTBYIOIIMX METOJIOB aHalM3a
pacripe/ieJICHHbIX UMUTAIIMOHHBIX Mojenel. [lokazaHo, 4To OOJBIIMHCTBO METO/IOB
ONUPAIOTCA HAa OTPAHMYEHHOE MHOXECTBO MapaMETPOB, K KOTOPBIM OTHOCSAT COOT-
HOIIICHUE BBIYMCIIMTENILHON MOIIHOCTH 3ajaun/pecypca, rIyOuHa MpOABUKEHUS MO-
JIETLHOTO BPEMEHH 3a (DMKCHPOBAHHOE YMCIIO 11aroB MOJEIUpPOBaHus U T.M. Bo Bcex
ONMCAHHBIX METOIaX 3HAYUTEIBbHBIM HEIOCTATKOM SIBJISIETCS TOIYLIEHUE O MTHOBEH-
HOM peanu3aluyi aKTUBHOCTEH MOJIeNIM, a UMEHHO: MTHOBEHHOM (C TOYKU 3pPEHUS
aHajau3a) CUMTACTCS IMepeliada TaHHBIX MEXKY paclpeelICHHBIMUA YaCTHBIMU MOJIe-
JISIMHU, COXPAaHEHHUE COCTOSIHUS MOJIEIIH, OTKAT MOJIENIA BO BpeMeHu. U ecnu BpemeHem
BBITIOJTHEHHUS MTOBEICHUYECKON aKTUBHOCTH MOXHO MpeHeOpeds (IeUCTBUTENIBHO, PU
JT1000M crocobe OpraHu3alii UMUATAMOHHOTO MOJIETMPOBAHUS TOAIpOorpaMMa To-
BEJICHUS BBITIOJHSIETCS 32 MPUOIUZUTEIFHO OJJMHAKOBOE BPEMs), TO KOJUYECTBO Iie-
pelaBaeMbIX, COXpPaHIEMbIX U BOCCTAHABJIMBAEMbIX JIAHHBIX, a TaKXKe cpejaa (arrma-
paTHasi U MPOTpaMMHasi), 00ECTICUNBAIOIIAS OTU OTEPAIH, B 3HAUYNTEIHHON CTETICHH
BJIUSIIOT HA PEATbHOE BPEMSI MOACITUPOBAHMSL.

[Ipennaraercss pacmpuTh MapaMeTphbl, COMIACHO KOTOPBIM (POPMUPYIOTCS

KpuTepuu 3QGHEKTUBHOCTH MPOIECCa UMUTAITUH, ¥ BKIIOUYUTH B UX MHOYKECTBO:

- BpEMsl COXPAHEHMs COCTOSIHUS MOJIEIH (aMIT ImaMsTh) t°;

- BpeMms mepenadd JaHHBIX (COOOIIECHHUS) MEXKIY paclpeeIeHHBIMUA MOJICIIsI-

"

MH

- BpeMs BOCCTAHOBJIEHUS JaHHBIX MOJENIU (OTKAT MOAENH) ¢ |
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- 00beM mamsATH, TpeOyeMblil 11 XpaHeHHus aKTHBHOCTell Mozenu V' ;
- 06beM HaMATH JaHHBIX Mogen V™
- 00bEM IIAMSATH XpAaHEHHUS TAMIIOB COCTOSIHUS Mojenn V.
st popManbHOTO OIpEACNICHHUs MapaMeTPOB BBEAEM orepaTop sizeof(dm),
oTnpeenstonmii pasmep mamatu (V, datim), HEOOXOIUMOU ISl XpaHEHUS AJIEMEHTa
JAHHBIX dm; U omnepaTop time(A), onpenensaouuii pealbHOE BpeMs BBIIIOJIHEHUS He-

KoTopoi akTUBHOCTHU (7, cekynO). OUeBUTHBIMU SIBISIOTCS CIEAYIOIINE BhIPAKECHUS:

N _
ZSizeof(dml-)z Sizeof(dm), ecnu dm; "dm; =, Vi,jeLN,i# j, (3.1)
i=1
N _
S sizeof (dm; ) = sizeof (dm), ecau Idm; M dm; #QO,Vi,jeLN,i#Jj; (3.2)
i=1
time(Ay,,,,)> time(Aqbch (dm, )) (3.3)

Bripaxxenue (3.1) roBOpUT O TOM, YTO €CIM BCE YACTHBIE MOJICIH MPOBEIYT
COXpPaHEHHE CBOETO COCTOSIHUSA, TO pa3Mep MaMsTH, KOTOPbIA MOTPeOyeTCs JIJIsl 3TOrO
OyZeT paBeH pa3Mepy MaMaTH, HEOOXOJUMOMY JIJII COXPAHEHHs] COCTOSTHUSI BCEl MO-
JIeJIU TIPU YCJIOBUH, YTO JJAaHHBIE MOJIETU HE TepeceKkaroTcsi. B mpoTHBHOM ke citydae,
9Ta mamsATh OyaeT Oosbie (BeipakeHnue (3.2)). Boipaxkenue (3.3) mogyepkuBaet TOT
dakT, 4TO BpeMms, 3aTpauyMBaeMOe CUCTEMOM MOJCIUPOBAHUS HA BBHITIOJIHEHHUE JaMIia
naMATy B 00IIEM ciiydae 0oJibllIe BPEMEHHU, KOTOPOE 3aTPAYMBAETCS HA COXPAaHEHUE
COCTOSIHUSI YACTHOM MOAMOJIEIIH.

CnemyeT OTMETUTh, UTO ONEPATOPHI Sizeof U time SIBIASIOTCS JOCTYNMHBIMHU B
OOJIBIIMHCTRBE SI3bIKOB MPOTPAMMHUPOBAHUS U MOACPKUBAIOTCS COBPEMEHHBIMU OTIe-
palMOHHBIMU cucTemMaMu. KpoMe 3TOro, OCHOBHbIE AKTUBHOCTH IO COXPAaHEHHIO,
W3MEHEHUIO W Tepe/layd JTaHHBIX MOJEJICH COIVIACHO PE3yibTaTOB, MPUBEICHHBIX B
pazzesie 2, BBINOJIHAIOTCA MeHEKepoM naMaTi. Clie10BaTesbHO, 3TU XapaKTEPUCTH-
KA MOTYT OBITh TIOJIy9€HBI TPOTPAMMHBIM ITyTEM JI0 CO3IaHMS PACTIPEICICHHON NMHU-
TaMOHHOUW Mozenu. [lapaMeTpsl, KOTOpbIE 3aBUCST OT pealin3allK pacupeaeIeHHON
MMUTAIMOHHON MOJIENM (HarnmpuMmep, BpeEMsl BBITIOJIHEHUSI U Pa3MeEP MaMsITH MMOBEICH-
YECKUX aKTUBHOCTEM MOJIeNIM) MOTYT OBITh 3aJlaHbl TpeMs CIoco0aMu: IBpPUCTHYE-

CKHUM (Ha OCHOBC 3HaHHA aKcnepTa), OKCIICPUMCHTAJIbHBIM, ITOCJIC CO3JaHUA CaAMUX
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MMOBCACHUYCCKUX ITOAIMPOrpaMm 1100 ITpH IMMOMOIIX AaBTOMATHUYCCKUX CPCACTB aHaJIM3a

Iporpamm.

3.2 Pa3paboTka UMHUTAITMOHHON MOJIETH Mpoliecca pacipeaeIeHHOTO TUCKPET-
HO-COOBITUMHOTO MOJICIMPOBAHUS C YIETOM M3MEHECHHN 00bEMOB ITaMITH U BpEMEHU

HUCIIOJTHCHHUA

B npouecce dbyHKIIMOHMPOBaHUS paciipeieiieHHass UMUTAIMOHHAsT MOJIEIb 3a-
TPAYMBAET MPOIIECCOPHOE BPEMsI HA UCIIOTHEHHWE CBOUMX AKTUBHOCTEH. AKTHBHOCTH
MOJIEIM MOTYT BbI3BIBATh aKTUBHOCTHU MO pabOTe C IaHHBIMH, KOTOPBIE, B CBOIO OYe-
pelb, YBEIMUUBAIOT MPOIIECCOPHOE BPEMS MO OOCITYKUBaHUIO YacTHOU mojenu. [Ipu
ATOM, Ha KaXJOM Illare MOJICIIMPOBAHUS MOXKET MPOU3OUTH yBEIWUYEHUE 00beMa ma-
MSTH, 3aHUMaeMoro 9acTHoit Mmojienbto. C ydeTom BeipakeHus (1.4), koTopoe orpe-
JeNsieT W3MEHEHHE MOJICJIBHOTO BPEMEHH, PACCMOTPUM H3MEHEHHE IapaMETpOB,
VUUTBHIBAIOIINX JUHAMUKY W3MEHEHHS OOBEMOB MaMSTH YACTHBIX HMUTALIMOHHBIX
MOJEJIEN U peallbHOE BPEMs, 3aTPAUYMBAEMBIM Ha BBIIIOJHEHWE aKTUBHOCTEW MEHe-
JOKEpa MaMsTHU 10 BBINIOJIHEHUIO OoIepaunid ¢ JaHHbIMU. CHCTEMa BBIPAXKEHUM, NPHU-
BEJICHHAS] HIKE SBJISIETCS MAaTEMAaTHYECKON MOJIENIbI0 M3MEHEHUsl YKa3aHHBIX Tapa-

METPOB B IIPOCTPAHCTBE MOJAEIBHOIO BPEMEHU.
[pyr TPOABMIKEHUH MOJEIBLHOTO BPEMEHH f; n-OH MOJEIH Ha i-OM IIare Mo-
JEIUPOBAHUS TIPOUCXOIUT COXPAHEHUE COCTOSIHUA MOJIENIHA, YTO MPUBOAUT K POCTY

aMSITH, 3aHUMAEMOM JTaHHBIMH TIPOrPaMMHOM 4acTHO# mMoxensio V" . Ha omeparmu
C MaMSATHIO 3aTPAYyMBACTCS TPOIIECCOPHOE BpeMst TR, KOTOpOE COCTOUT M3 BPEMEHH
COXPAHEHHSI COCTOSIHUSI MOJICIIH {; , BDEMEHH Iepeaun COOOIIEHUS OT YaCTHOM MO-
aenu n dactHo# momenu k (¢"). Bpemst t" B oOriiem citydae siBIsieTcss (yHKIHCH,

. k
3aBHCSIICH OT MOBEACHUS aKTMBHOCTH Mepeavyn MaHHbIX O, U pa3Mmepa reperaBa-

€MBIX JTaHHBIX (buffl-”k ). B cBotO ouepenps BpeMs, 3aTpauy€HHOE Ha BBIMOJHEHHE BCEil

UMUTALMOHHON MOJENIH Ha [-OM Iuare mouenupoBanus ATR; onpenensaercs Kak Mak-

CUMYM CpCau CyMMbl BPECMCH HCITOJIHCHUS HOBGI[CH‘—IGCKOI‘/JI AKTNBHOCTH (Dln Hh BpEMC-
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B pe3yJIbTaTeC, MOJdy4acM MATCMATHUUYCCKYIO MOJICIIb, OIIMCBHIBAIOIIYIO TWHAMHU-

Ky M3MEHEHHUs IapaMeTpOB PACHPEACICHHOW MMHMTALMOHHOM MOJEIH, YYUTHIBAIO-

ITYH0O UBMCHCHUSA 00BHEMOB MMaMSITH U p€ajlbHOC BPEMs UCITOJIHCHUS MOACIIN

TR =0;
n Z‘l's’ecjlu tin :T;' N nk ,m nk . nk
ATR! = + >.a" -t (6]" sizeof (buff;"" ));

O,ecnut] =T,  k=I

TR , =TR" + ATR";

i+1

TR,,; =TR; + max(time(¢" )+ ATR ) + TR} ,
s

Vy =sizeof (A" U A");

N n
Vy = NI
n=1
ns n
AP = V" ecnut, :Ti.
i - )
0,ecnut! #T,
iy :V,.n +A4V";

N
Vier =Vy + 24V

1 1

n=1
TO = 0,'
Tivy= min(tly;);
n=I,N
n=I1N.

(3.4)

rae TR; — peallbHOE BpeMs, 3aTpauy€HHOE Ha BBIIIOJHEHUE [ I1aroB Ipolecca

MOJICJIMPOBAHUS BCEX UMUTALIMOHHOW MOJIENIH,

TR — peasbpHOE BpeMsl, 3aTPauyeHHOE /1-0i YaCTHOM MOJIEIBIO Ha [-M IIIare Mo-

JIeTUPOBaHUS Ha paOOTy C IaHHBIMU;

1

t" — Bpems Tiepeiaun JaHHbIX;

t; — BpeMsI COXpaHEHHs COCTOSIHHUSI MOJIEJIH Ha i-M Ilare MOJICTHPOBAHHS;
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time((pi" ) — BpeMs1 HCIIOJIHEHHSI TOBE/ICHYECKON aKTHBHOCTH @' ;

ank — BCPOATHOCTD ITOCBIIIKH COO6H1€HI/IH OT YaCTHOM MOACIIN n K YaCTHOM MO-

nenu k;

N — KOJIMYeCTBO YaCTHBIX MOJICIICH;

M :
TR;” — Bpems pabOThI CIIy’)KO CUCTEMBI MOJIEIMPOBAHUS HA i-OM IIAare MoJe-

JUPOBAHUS;

t — JOKaJILHOE MOJEIBHOE BPeMs N-0i YaCTHON MOJENY Ha i-OM IIare Moje-

JINPOBAHUA,

T;— — rI00ajJpHOE MOJACJIBHOC BPCM:A Ha [-OM 1Iare MOACIUPOBAHUA,

&' — 3HaueHHE BPEMEHH, XapaKTepU3yollee BHYTPEHHIOW paboTy MpOIECCOB
MEK]ly ABYMSI COCETHUMH IIaraMHi MOJIEJIUPOBAHUS;

Vl.” — 00BbEM MaMATH, 3aHUMAaEeMbBIH JAHHBIMHU 71-OM 4YaCTHOM MOJIEIBIO Ha i-OM

1iare MOAEeJIUPOBAHUS;
V" — o0beM mamiia maMsITH JUIs 1-OM YaCTHOW MOJIENH Ha [-OM IIare MOJICIIH-
pOBaHMUS;
AV — npupamienne oObeMa MaMsATH #1-0M YaCTHOW MOJICH HA HA i-OM IIare

MOJCIINPOBAHUAA,

V; — 00beM mamsiTu, 3aHUMaeMOW BCEeH pachpeelIeHHON MMHUTAllMOHHONW MO-

JENBIO Ha i-OM IIare MOJICITUPOBaHHUS;
TR,, TR, , ty, V), V, — HavyanbHbIC 3HAYCHHUSI COOTBETCTBYIOLIUX MapamMeT-

pOB.

[Tapamerpsl T;, V;,TR; BBIUHCIAIOTCS HE3aBUCUMO Apyr oT apyra. Cienosa-

TEJIbHO, BO3MOXHA peanu3alus MNapajuleJIbHOTO BBIYMCICHUS 3ITHX MapaMeTpoB.
Kpome TOro, oTCyTCTBHE KOJMYECTBEHHBIX JAHHBIX O KaKOM-JIMOO YJICHE BBIpaXKe-
Hus (3.4) (Hanpumep, BPEMEHH, KOTOpOE XapaKTepu3yeT BHYTPEHHIOW paboTy Mpo-
LIECCOB MEX]ly JBYMsI COCEIHUMHM IIaraMu MOJIEJIMPOBaHUS ), ITOBJIEYET 32 COOOM He-

BO3MOXXHOCTB BBIYHMCICHUA TOJIBKO OAJHOI'O U3 HHUX.
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3.3 Pa3paboTka MoauduKaiuu MOJEIu Mpolecca pacipeeeHHOTO TUCKPET-
HO-COOBITUMHOTO MOJEIUPOBAHUS MO/ yHpPaBICHUEM KOHCEPBATUBHBIX alTOPUTMOB

CUHXPOHU3AIINHN

Oco0EHHOCThIO KOHCEPBATUBHBIX aJITOPUTMOB CHUHXPOHM3ALMH MOJEIBHOIO
BPEMEHHU PACHPEACIICHHBIX MMUTALMOHHBIX MOJEIEH SBISAETCA HENOIYLIEHUE IpPO-
JIBWKCHUSA MOJEIBHOIO BPEMEHU YaCTHBIX UMUTALIMOHHBIX MOJEJIEH IIPU BEPOSTHO-
CTH TIOSIBJICHUSI COOBITUSI C MEHBIIIUM 3HaYCHHEM BpeMeHHOM MeTku. CrieoBaTeIbHO,
IpU CTAaHJAPTHOW pealM3aluy 3THX aJITOPUTMOB, OTCYTCTBYET HEOOXOAMMOCTH B
BBINIOJIHEHUH JaMIla MaMsITH YacTHBIX Mojenel. M3meHeHne oO0beMOB MaMsTH, BbI-
3BaHHOE AJITOPUTMUYECKUMHU U3MEHEHUSIMH ITapaMETPOB MOJEIM, KaK IIPAaBUIIO, OT-

CYTCTBYET, JINOO HE3HAUUTETHHO (IO CPABHEHHUIO C pa3MEpaMH CaMOM MPOTPaMMHOMN

mozenu). B TakoM ciydae, B BelpaxkeHue (3.4) He y4MTHIBAIOTCS mapamerpbl V™

(00beM maMsATH IS COXPAHEHHsI COCTOSHHS MOJICITH) | ¢; (BPEeMsI COXpaHCHUsI MOJIe-

7M), a BeIpakenue (3.4) npumeT BU;
TR) =0;
Nk k k
ATR! = > a"™ -t/" (8] ,sizeof (buff!™ ));
k=1

"= TR" + ATR";
TR, =TR; + max(time(¢" )+ ATR! )+ TR,

n=I1,N
SV, =sizeof (A" L A" ); (3.5)
N n
Vo =2V
n=1
Vconst = VO ;
T0 :0,'

Ti+1 = mﬂ(tzﬁl)
n=I,N

n=1N.

\
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Peanm3anyss HEKOTOPBIX LEIEH IKCIEPUMEHTA, HAIIPUMEDP, MHOTOBaApUAHTHBIN
aHalM3 WK 0OeCIeUYeHrEe BETBJICHUS AJITOPUTMOB aHANIM3a B MPOILIOM, MOTYT TO-
TpeOOBaTh COXPAHEHUS] COCTOSIHUS MPOTPaMMHBIX Mojeneil. B stom ciyuae, yka-
3aHHBIE TTaPAMETPhl MOTYT OBITh OCTABJICHBI, HO YCIOBHE WX BKIIIOUEHHUS Ha OMpese-
JIEHHBIX IIarax MOJCIMPOBAHUS JOJDKHO ONPENEIATHCSA JIOTUKOW JKCIIEPUMEHTA
aIpUOPHO, 0 HAYaJla MOJAEIUPOBAHU.

B KOHCEpBAaTHBHBIX AITOPUTMAX YACTHBIE MOJEIN MPOCTAUBAIOT, 0KUAAS pa3-
peLIeHHs Ha IPOJABUKEHUE MOJEIBHOIO BpeMeHU. Beiencrsue atoro, pecype, Bblle-
JIEHHBIN NI 00CITy’)KMBAaHUS STOW 4aCTHOM Mojenu, mpocrauBaeT. Hekoropele anro-
PUTMBI pacHpeleNieHusT PECYpCOB YUYUTHIBAIOT JaHHBIA (DAKT mpu OanaHCHpPOBKE
Harpy3KH.

Jlo0aBHM K MaTeMaTHYECKON MOJENIH MpoLecca UMHUTAIIMU BbIpaXKEHHE, YUU-

TBHIBAIOILIEE BPEMS MTPOCTOSI YACTHOU MOJIEIIH:

T =0
TP",ecut] =T, (3.6)

n = —
HETE + max(time(qpl-"')Jr ATR,”I), n'=1LN/n'=n,ecut! #T,

n

rae TP — Bpemst MpoCTOs N-0if YaCTHOW MOJIEITH Ha MOMEHT JOCTHXKCHHS i-TO

niara MOJIeJIMPOBAHUS;

n' — WHJIEKC MHOXECTBO AKTUBHOCTEW MOJIEININ, 32 UCKIIOYEHNEM YaCTHOM MO-
JIeJIA C UHAEKCOM A.

OTMeTuM, 4YTO TMpU peau3alyy BBIYUCICHUS TAHHOTO BBIPAXKEHHS, IMOUCK
MaKCHMyMa MOKHO BECTH Ha MHOXKECTBE YACTHBIX MOJICJICH, aKTHBUPOBAHHBIX Ha
I[-OM I11are MOJEIUPOBAHUS.

Takum oOpa3om, TOJlydeHa MareMaThueckas MoJeib (PYHKIIMOHUPOBAHHUS
pacrpeieIeHHOH UMHUTAIMOHHON MOJIEM ¢ KOHCEPBATHUBHBIM aJITOPUTMOM CHHXPO-
HU3alMM YaCTHBIX Mojenel (BboipaxeHue (3.5)) ¢ yueToM IpocTOos BBIYUCIUTEIbHBIX

pecypcoB, Ha KOTOPBIX MPOU3BEICHO paclpejieiicHue UMUTAIIMOHHOW Mojenu (BbI-

paxxenue (3.6)).
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3.4 Pa3zpaboTka MoauduKaMyu MO Mpoliecca paclpeaesieHHOrO JUCKPEeT-
HO-COOBITUMHOTO MOJAEIUPOBAHUS MO YIPABICHHEM ONTUMUCTHUYECKUX aJTOPUTMOB

CUHXPOHU3AIINHN

B oOmem ciywae, it aHanu3a ONTUMUCTUYECKUX AJITOPUTMOB, MOKHO HC-
MOJIB30BaTh cucTeMy BoIpakeHui (3.4). OmHako, psa MOAU(GUKAINN ONTHMHUCTHYIC-
CKUX aJITOPUTMOB TMPHUBOJAT K €€ U3MEeHEeHHI0. OCOOECHHOCTHhIO ONTUMUCTUYECKHUX
AJITOPUTMOB, OITMCAHHOM B MYHKTE 2.3.2 SBISAETCSA BO3MOXKHOCTh OTKAaTOB MOJEIICH B
MPOIIIIOE, JIsS OPTaHU3aIUKA KOTOPOTO HEOOXOIMMO COXPAHEHHE COCTOSTHHN MOCIH
(BBITMIOJTHEHUE JTAMIIOB TAMATH). DTO MPUBOJUT K IOCTOSHHOMY POCTY MaMsTH B MO-
MEHTBl aKTUBU3AlMU YacCTHON Mojenu. Beinenum u3 Beipakenus (3.4) yacth, OTBe-

YAIOIIYIO 32 POCT 00beMa MaMSATH:

( ns n
Ay = Vi ecaut; =T,
M=
0,ecnut! #T,

i =V A , (3.7)

N
=V 2Aav

n=1

[Ipu G0MBIIIOM KOJUYECTBE IIar0OB MOJICIUPOBAHUS YBEIUUYEHHE 00heMa mamsi-
TH TIPUBOAUT K TEPEMOJHCHUIO (DU3UYCCKON WM BUPTYaTbHON IMaMSITH BBIYHCIIH-
TEJILHOTO pecypca.

Tak, Mpu UCMOIB30BaHUU HaUOOJIEe U3BECTHOTO ONTUMUCTHUYECKOTO aJrOpUT-
Ma, paszpaborannoro Jxeddepconom [96] (Time Warp), B MOMEHT TOJIy4SHHS YaCT-
HOM MOJICNIbIO COOBITHS, UMEIOIIET0 BPEMEHHYIO OTMETKY MEHBIIIYIO, UeM yKe o0pa-
OO0TaHHBIE COOBITHS, YaCTHASI MOJEJIh BBITIOJIHAET OTKAT M 00padaThIBaeT 3TU COOBI-
THS TIOBTOPHO B XPOHOJIOTHYECKOM Topssike. OTKAaThIBasACh Ha3aJl, YaCTHAsI MOJENb
BOCCTAHABJIMBAET COCTOSIHUE, KOTOPOE OBLIO 10 00pabOTKKU COOBITUM (MCHIOJIB3YHOTCS
KOHTPOJIbHBIC TaMIThl TTAMSATH) U OTKA3bIBACTCS OT COOOIICHUM, OTIPABICHHBIX «OT-
KaueHHBIMU» cOObITUsIMU. CJeI0BaTeNbHO, JJIT YaCTHOM MOJENH HAOJI0AaeTCs To-

CTOSIHHBIN POCT mMaMATHU 3a CUCT BBIITOJIHCHHUA AdaMIla IIaMATH U (bOpMI/IpOBaHI/IH HO-
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BbIX co0OIIeHui. Bo Bpemsi oTkara HEOOXOJUMO HE TOJBKO BEPHYTh COCTOSIHUE
YaCTHOM MOJIEINIH, YTO COOTBETCTBYET 3arpy3Ke OJHOTO M3 KOHTPOJIBHBIX AAMIIOB Ia-
MSATH, HO ¥ OYHUCTUTH IAMATh, 3aHUMAECMYIO JaMIlaMd IaMATH, CO3JaHbIMHU IIOCIIE
KOHTPOJIBHOTO.

Mexanu3m anTucoodueHuit B anropurMe Time Warp mo3BoJiieT YHUUITOXKATh
B ITaMATH HEOOpaOOTaHHBIE COOOIIEHHUS, CO3JaHHBIE I10CJIE KOHTPOJIBHOTO JamIia ma-
MSATH, 1100, €CIM YacTHas MOJElNb-Iodydarenb yxe oOpaloTana ero, akTUBHPYET
IIpOLIECC OTKATa JUIsl YACTHOM MOJIEIU-TI0NydaTes.

Pe3ynpTaTom peanuzalnuy 3TOrO alropuTMa SBJISETCS MOCTOSHHOE U3MEHEHUE
00BEMOB MaAMATH YaCTHOW MoJenu. i1 oTpakeHHs] ATUX IPOLECCOB MpeIaraeTcs

MOAU(PUIIUPOBATH BhIpaxeHHE (3.6) cleayommumM 00pa3om:

V) =sizeof (A" u A ),

N n
Vo=2Vy

n=1

M}’l
ns nm nm n __
Ve + V" = o V" ecu i =T,

1

AV = =1 ; (3.8)
0,ecrut] #T,
N =V AV =S AV Vk elqi]
k

N
1 =Vi+ XAy,

n=1

rae V" — o6bem cooluieHuil (MM aHTHCOOOMIEHHH), BO3HUKAIONIAX B pe-

3YyJIbTATC BBIITOJIHCHUA aKTUBHOCTEH YaCTHOU MOJICJIM Ha I-M IIare MOACIUPOBAHHUA U

MIOMEIIEHHBIX B 04Yepe]ib COOOIICHUM;

M" — Konu4ecTBO COOOLIEHHH B JIOKAILHON OYepeay COOOIEHHI n-0i JacT-

HOM MOJICTIN;
VU"’” — 00BEM MTaMSITH, 3aHUMAEMBIH j-bIM COOOIIIEHHEM B 3TOM OYEpE/IN;
T, € [0,1] — GuHapnbIit npu3HaK yraneHus COOBIIEHHS U3 OYePeIH;

¢q — mar MoJacjaIrupoBaHus, 10 COCTOAHHUA KOTOPOro 4aCTHad MOACIIb OCYIICCTB-
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JsieT OTKaT (g <i); UHAEKC k MepeurcisieT BCe yAaliseMble JaMIbl MaMsiTH, COBEp-

MCHHBIC OJIsA ,HaHHOﬁ YaCcTHOM MOACIN MCKAY IIaraMu MOACINPOBAHHUA i q.

lpusHak ynaneHns cOOOILICHHS U3 OYepenu 7;0yIer paBeH 1 B cremyromux

ClyJasx:
- IIpY yAQJIEHUH 0Opa0OTaHHOIO COOOIIEHMS W3 OYEepEed, TO €CTh €CIH Bpe-

MCHHas1 MCTKa COO6H1€HI/I$I PaBHA T; u COO6HICHPI€ O6CHy}KeHO YaCTHOM MOJICIIBIO,

JUIsL KOTOPOTO 3TO COOOLIEHHE MPEIHA3HAYAIOCH;
- IpU YAAICHUH COOOIIEHUI BO BpeMs OTKATAa YACTHOM MOJENIU AJIA BCEX CO-
oOLIEHUH, Ybs BPEMEHHAs METKa OO0JbIlIe€ BPEMEHHON METKH, COOTBETCTBYIOLIEH OT-

KaTty.

He cmotpst Ha TO, uTO B BhIpaskeHuw (3.7) mapamerp V., yMeHbIIaeTcs B CIiy-

yae OTKaTa MOJEIBbHOIO BPEMEHM, B AUHaMHKe, npu yBerndueHun GVT stor mapa-
METp PacTeT B CHJIY TOrO, YTO B MaMATH COXPAHSAIOTCSA BCE JAMIIBI MTAMSTH, BBIIIOJ-
HEHHbIE J0 3TOoro MoMmeHTta Bpemenu (GVT).

B cBs3u ¢ 3TUM, NpemIoKEHO pAl MOAU(DUKAIUNA ONTUMUCTUYECKUX aJTo-
PUTMOB CHHXPOHM3ALIMHU, OTPAHUYMBAIOIINX POCT IMAMSTH.

Jst Time Warp cucrem, Il KOTOPBIX OTMEYAETCsl Ype3MEPHOE «3aberaHue
BIIEPET YACTHBIX MOJEINIEH, YTO BEAECT K CEPhE3HBIM 3aTpaTaM IMaMsITH U JUIMHHBIM
oTKaTaM, MMPUMEHSIOT OTPAaHUYCHUS dTUX «3a0eraHui». BBoaaTcs «mmepeMeniaeMbley
B MOJIEJIBHOM BPEMEHHM OKHA, OIpEAEIsiEMble Kak BpeMeHHOW wuHTepBan [GIVT,

GVT+T,/, tne T,, — 3T0 mapameTp, 3aJaBa€MbIii I10JIb30BATEEM JINOO BBIUMCIIIEMBIi

B Ipoiiecce uMuTanuu. YacTHple MOAEIN 00padaThIBAIOT TOJBKO T€ COOBITUSI, Bpe-
MEHHBIE METKH KOTOPBIX HAXOATCS B JaHHOM BPEMEHHOM MHTepBasie. OrpaHu4eHHE
Ha MPOJBUKEHNUE MOJICIBHOIO BPEMEHU YAaCTHOM MMMTALIMOHHON MOJIENU TMPUBOJUT
K MPOCTOIO0 BBIYMCIUTEIBHOTO pPecypca, YTO 00CYkAaaoch MPU PACCMOTPEHUH KOH-
CEpBATUBHBIX aJTOPUTMOB CUHXPOHU3ALMUU PACIPEIEIECHHBIX UMUTALIMOHHBIX MOJe-
neil. B 3ToM cilydae cTaHOBUTHCS BO3MOKHBIM NPUMEHEHHS BbIpaxeHus (3.6) s
OLICHKH IPOCTOSI BBIYMCIUTENBHOIO pecypca. B 3ToM ciydae MOKHO HCIIOJIB30BaTh
BbIpakeHue (3.6) ¢ MOaM(UUKUPOBAHHBIM YCIOBUEM, YUUTHIBAIOIIUM CYLIECTBOBAHHE

BPCMCHHBIX OKOH:
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TE! =0;
TP", eciu (tl" =T, umt'GVT + Tw) (3.9)
TP — ' , L _
o TP" + max(time((pf )+ ATR! ), n'=1,N/n'=n,ecmut] #T,
n/

Eme ogna momuduxanus MeTona 3aKiIlO4yaeTcsi B 3aJIEpKKE OTIPABKU COO0-
IICHUS 10 TOTO MOMEHTA, KOT/la MOSBISETCS TapAaHTHs, YTO OHA HE COCTOMUTCS MO3KE
otrkata (GVT mponBuraercs 10 MOACIBHOTO BPEMEHH, Ha KOTOPOE OBLIO 3arlIaHUpO-
BaHO COOBITHE, YTO UCKIIIOYAET HEOOXOJMMOCTh B aHTHCOOOIICHUSIX U UCKITIOYAIOTCS
KAaCKaJMpPOBAHHbBIEC OTKATHI). M3BECTHBI MOIXO0/IbI, UCTIOIB3YIOIINE KIIPOCMOTP Ha3a»
(lookback), TexHuKy nmpsiMON OTMEHBI, KOTOpasi HHOTJ]A UCIIOJIb3YETCsl I CPOYHOMN
OTMEHBI HEKOPPEKTHBIX cO00IIeHn. UTOOBI yuecTh TaHHbIe MOAU(PUKAILINH, TIPe/Ia-
raroTCs MaTeMaTUYECKUE BBIPAKEHUS, YIUTHIBAIOIINE KaK BO3pacTaHre 00ObEMOB Ma-
MSTH (B Cllydae BBITIOJHEHHsSI JaMIla TaMsTH), TaK U YMEHbIIIEHHE 00BEMOB MaMSITH
3a CYET yJaJeHUs JaMIIOB, CIEJIaHHBIX 1O MOMEHTAa BpeMeHH, onpenensiemMoro GVT.

CylecTBYIOT psii MyTeW pelieHus MpoOieMbl OOJBIIMX 3aTpaT MaMATH AJis
XpaHeHus JaMmoB namsTu. Hambosee n3BecTHRIC U3 HUX: BHIIOJHEHHE OTKAaTa C TOU
LEJIbI0, YTOOBI OCBOOOIUTH MaMsTh; COXPAHEHHE TEKYIIETO COCTOSIHHS pexe, ueM
COXpPaHEHHUE IOCJE KaXJA0ro COOBITUS; 3alaHUE TIEPUOJIOB COXPAHEHHs B Ha4aje Mo-
JISTUPOBAHMSI, OCBOOOXKICHUE TIAMSITH, 3aHITON BEKTOPAMH COCTOSIHUM, JaK€ B TOM
cilydae, eclii uX BpeMeHHasi meTka ooubiie, uem GVT, u T.1.

YuuTeIBasi BO3MOXKHOCTD pean3allii BBIIICTIEPEUUCICHHBIX CIIOCOOOB YIIpaB-
JICHHsI TAMSATBIO, TIpesiaraeTcs cleayromas 0000ImeHHas MaTeMaTH4Ieckasl MOJIeTb,
oTpaxaroias JUHAMUKY U3MEHEHHUs] 00bEeMOB TaMsATH (KaK YBEJIMUYEHUE HCIIOJIb3Ye-
MOW TIaMSITH, TaK M €€ YMEHBIIIEHUE B CUTYaIUsAX, KOTJa CUCTEMa MOJACTUPOBAHUS
rapaHTHUPYeT OTCYTCTBHE OTKaTOB BO Bpems, npeamectBytomee GVT) npu peanusa-
IIUN PaCIpeIeTICHHBIX UMUTAIMOHHBIX MOJIENIEH, HCIIOIB3YIOMUX ONTUMUCTHUECKUE

AJIrOPUTMbI CUHXPOHHU3allUN:
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V, = sizeof (A" u A ),

N n
Vo=2Vy',
n=1
Ml’l
ns nm nm n __
Ve + —erVij cecut] =T,

1

AV” = ]:] ,'

l

0,ecnut! #T, (3.10)

I
AV = ZIV;’, (V). j <igyp unu j>i' )
]:

L=V AV =R AV - AV elq i)
k

N ’
Vir =i+ SAV = av”,

n=1

rae AVl-” — 00BEMBI MMaMATH, OCBOOOXKIaEMbIC 71-OM YaCTHOM MOJIENIBbIO TIPH
nepeIBUKeHUU HbkHeH rpanuibl GVT;
igy7y — LIar MOJENMPOBAaHMs, HA KOTOPOM ObUIA JOCTUTHYTa HWKHSS I'paHULA

GVT;

i', — mar MOJIEIMPOBAHMS, A0 BPEMEHHOM METKH KOTOPOTO OCYILECTBIIACTCA

OTKaT YaCTHOM MOJEIIH Nn.

B cnydae peanuzanuu oTkara ymaiastOTCS BCE JaMIlbl MAMSITH, BBIITOJHEHHbBIC
YaCTHOM MOJEIBI0 MEXAY IIaraMmud MOJICIIUPOBAHUS, BPEMEHHBIE METKH KOTOPBIX
OoJIbIlIe 3HAYCHHMS MOJICTLHOIO BPEMEHH, 1O KOTOPOTO OCYIIECTBISETCS OTKaT. B

ATOM Cllydae, BEIYMCIICHUE 3HAYEHUSI OCBOOOK1aeMOM TaMATH 1-0M YaCTHON MOJIen

AV," npeanaraeTcst MpoOU3BOUTE COTJIACHO CIIEMYIOIIEMY BBIPAKEHHUIO:

, i
]:

rac 7— BPCMCHHAA MCTKa JaMIia IIaMsATH, TO €CTb YMCHBIIICHHNC o0BeMa mamsi-
™ IJIA n-OM 4acTHOM MOACIHN IIPpHU pain3allii OTKaTa MOACJIbHOIO BPCMCHU OIIPC-

ACJBICTC KaK CyMMa 00BEMOB JaMIIOB ITaMsTH YaCTHOM MOACIIM, BPCMCHHAA MCTKa

KOTOPBIX 7; OOJIbLIC BPEMEHHOM METKH T JlaMIla IaMsITH YaCTHOM MOJIEIIH, BBIIIOJI-
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HEHHOTO Ha Il1are MOJAEJINPOBaHus i', 10 KOTOPOTO OCYLIECTBIISIETCS OTKAT.
[Ipu mpoaBuxeHUH HWXHEH rpaHulbl MoaenbHOoro BpemMeHu GVT o0wvem
OCBOOOXKAAEMOM MaMATHU OINPEAEIAETCS KaKk cyMMa OObEMOB JIaMIIOB MAaMSTH, Bpe-

MEHHasi MeTKa KOTOophIX MeHbIe 3HaueHus GVT, u Oyner paBeH

i
'n _ n .
AI/I = ZVJ,\V/],TJ >TGVT 5 (312)
Jj=1
TO €CTb U3 COBOKYITHOCTH AAaMIIOB IIaMATH qacTHOU MOACIIN 6y,Z[yT YAAJICHBI BCC BbI-

IIOJIHCHHBIC OaMIIbl IIaMATH N-OM 4YacTHOM MOACIN, BpCMCHHAA MCTKaA Tj KOTOPBIX

MEHbIIIE HUKHEN IrpaHuLbl II100a1bHOTO MOJIEIBHOTO BPEMEHU Ty -

O06o001eHHasi MaTeMaTudyeckas MoJieib (DYHKIIMOHUPOBAHUSI pacrlpeeICHHON
UMUTAIMOHHON MOJIEITN TIOJ] YIPABICHUEM ONTUMHUCTHUYECKUX AITOPUTMOB CHHXPOHH-
3alliy JIOJDKHA YYUTHIBATh OMMCAHHBIE HauOOJee W3BECTHBIC AITOPUTMBI, a TAKXKE JI0-
MOJTHUTEJILHBIC BPEMEHHBIE ITapaMeTphl U MapaMeTpbl 00HEMOB MTAMSITH, MOSIBJICHUE KO-
TOPBIX 00YCIABIMBACTCS MPUMEHEHUEM ATHUX aTOPUTMOB. OTMETHM, YTO ATH MapaMeT-
PBI IOJDKHBI YYUTHIBATHCS MOJIENBIO, HO TIPY UX OTCYTCTBUU (HEBO3MOKHOCTH UX TIOJY-
YCHHS B MPOIECCE MMHUTAIIMOHHOTO MOJCITUPOBAHMS), HE JOJDKHBI BIHUATH HA JPYTHC
napamMeTpbl MOJIEIH.

B paznene 4 Oyner mokasaHo, 4TO MPH OTCYTCTBUH anpUOpHON MHGOpMAIHA O
HEKOTOPBIX U3 TIPUBEACHHBIX MapaMeTPOB, MX BO3MOXKHO TIOJIYYHUTh YK€ BO BpeMsl TIPO-
BEJICHUS DKCIIEPUMEHTOB, MCIOJB3Ys CTaHIAPTHBIE CPECTBA MOHUTOPHHIA U Yy/aJleH-
HOTO aIMUHHCTPHPOBAHUS, BXOAIINE B COCTaB COBPEMEHHBIX CETEBBIX OMEPAITMOHHBIX
CHCTEM.

C y4eroM BBINMICU3IOKEHHOTO, TMpEAJIaracTcss 000OIIeHHas MaTeMaThudecKast
MOJeNb (DYHKIIMOHUPOBAHUS PACTIPECICHHOW WMHUTAIIMOHHON MOJICIN TIOJ YIpaB-
JICHUEM ONTHUMHUCTHYECKUX aJTOPUTMOB CHUHXPOHU3AIUM, YYUTHIBAIOINIAS BBIpAXKE-

Hus (3.8-3.12):
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TR} =0,
t; ecut] =T, N
ATR" =4 : + Sa™ 1" (5 sizeof (buff™ ));

OeCJzut =T, k=1
TR' , =TR' + ATR;

TR, ; =TR; + max(time(p" )+ ATR" )+ TRM + max(tzme(AV’]))
n=1,N j=IN

B} =0;
TP", ecnu(t! =T unut] >GVT +Tw),

TP , S ,.
HETATP 4 max(time ")+ ATR! )n'=1,N/n"=n,ecut] #T,
i e (Dl i i i

Vy =sizeof (A" U A"),;

N
V, = SV (3.13)
n=1

A v +V”m—Zr Vi ecut! =T,
., = ] ] "

1

0,ecnut! #T,

i
AV" = 3 V() <igyr v J>iy);
j=1

A=V AV =S AV - AV]" Yk e[ q.i];
k

V.

1

N
n=1

+1:Vi

TO :0,'

T = mil(t;:]);
n=I,N

n=I1N,

rae max (time(AV’l/ )) — BpeMsl, 3aTpauyMBaeMO€ CUCTEMON MOJICIUPOBAHUS Ha
j=1,N

MPOLEAYPY OTKAaTa WM YJAJCHUS JaMIIOB MTaMSTH, BBIIOJHEHHBIX PAHEE BPEMEHHOM

Metkn GVT: onpenensercss Kak MakCHMaJbHOE BpEMs yNAJEHUsS JaMIIOB NaMSTH

Cpelld YaCTHBIX JIOKAJIbHBIX Mojiesiel. Ha mpakTuke naHHBIN mapaMerp MOXeT (QUK-

CUPOBATHCS CaMOM CHUCTEMOW MOJEIUPOBAHHUS, CIEHHAIBHBIMHU MOHUTOPHUHTOBBIMU

nporpaMMamu, Ju00 CpeacTBaMHU ONepanuoHHOi cuctembl. [lomyepkaem TOT (akr,
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YTO IIPU OTCYTCTBUM BO3MOXXHOCTHM MOHHMTOPHMHIA OJHOIO W3 IIApaMETPOB, BCE
OCTaJbHbIE MOTYT OBITh BBIUMCIICHBI (HET B3aMMHOM 3aBUCUMOCTH 3THX MAapaMeTPOB).
B nanHoM noapaznene Obu1a IpeyiokKeHa MaTeMaTHYecKas MoJeNb (QyHKIHO-
HUPOBAaHUS PACIPEACICHHON MMUTAIMOHHOM MOJENIH C ONTHUMHUCTUYECKHUMHU aJro-
pUTMaMU CHHXPOHHU3AIMU YaCTHBIX Mojeliel (BbipaxkeHue 3.13), koTopasi y4UThIBAET
BPEMEHHBIE 3aTPAThl M 3aTpaThl MAMSATH HA BBIIIOJIHEHHE COXPAHEHUN COCTOSHHU
YACTHBIX MOJIENIeH (JaMIbl MaMsTH), peai3aliio OTKATOB, OOCITYKUBAHUE MTOTOKOB
COOOIIEHUI 1 aHTUCOOOIIEHUI, HAJTMUYUE BPEMEHHBIX OKOH ONTHMHUCTUYECKON CHH-

XPOHHU3aAlIUHU.

3.5 YcoBepuIEHCTBOBAaHNE MOJEIH OLICHKA BPEMEHHU BBINOJHEHHS ITPOTrPaMM-
HBIX MOJIEJIEH C y4eTOM M3MEHEHHUs] 00BEMOB MaMsITH MPOTPaMMHBIX MOJIEIEH U Bpe-

MEHH MPOCTOsI PECYPCOB

O0600mKM pe3ynbTaThl, MOJIyYEHHbIE B Tojapa3zaenax 3.2-3.4 U JIONMOJTHUM U3-
BECTHYI0 MAaTE€MAaTHUYECKYI0 MOJIENb OIEHKH BPEMEHU BBIIOJHEHHUS MPOrPAMMHBIX
mozenel (1.4) oueHOYHBIMH MMapaMeTpaMu U3MEHEHHs 00BEMOB NaMATH, 0OBEMOB
JTAHHBIX, TIEPEeIaBaEMbIX MEXIY MPOrPaMMHBIMU MOJICIISIMH, BPEMEHEM IIPOCTOS pe-
cypcoB (3.4, 3.5, 3.6, 3.13). IIpu 5TOM OTMETUM, YTO BBIPAKCHMS, BXOJSIIUE B
0000IIEHHYIO MOJI€JIb MOTYT MEHSThCS B COOTBETCTBHUM C BbIpaxkeHUsAMH 3.7-3.12 B
3aBUCUMOCTH OT BO3MOKHOCTH OTPEJEICHUS HEKOTOPHIX MapaMeTpoB (ampHOpHO
WIM B MPOILECCE MOJAEIMPOBAHUS) U BHIOPAHHOTO METOJIa CHHXPOHHM3ALMU YACTHBIX
MPOrpaMMHBIX MojieNiel (CHHXPOHHOTO, KOHCEPBATUBHOIO MJIM ONTUMHUCTHYECKOTO).
B pesynbraTte, monydyaem 00OOIIEHHYIO MOJENIU OIEHKHU MapaMeTPOB BBITIOJHEHUS
MPOTPAMMHBIX MOJICJICEH C Y4eTOM M3MEHEHHUs OOBEMOB IMaMsITH MPOrPAMMHBIX MO-
neneii, 00beMOB JaHHBIX, TIEPEIaBAEMBIX MEXAY MPOTPAMMHBIMU MOJEIISIMA W Bpe-

MEHH MIPOCTOSI PECypPCOB:
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t0:0, TROZO, TRO :0,
t! + & ecut! =T,
tl =4t ecmut] #T, ;
t)r,ecau i,
t; eciut] =

N
ATR" = + S a™ (5 sizeof (buff™ )):
O,ecnut! #T;,  k=I

TR , =TR" + ATR",

TR, ., =TR; + max(tzme(gp )+ATR”)+TRM +max(tzme(AV']))
n=I,N =I,N

TP =0;
TP", ecnu(t! =T, unut; >GVT +Tw);

TP , S ’.
TR" + max(time(¢” )+ ATR!" ),n'=1,N/n"=n,ecnut #T,
n l

i+1 —

(3.14)
N

Vy =sizeof (A" 0 A" )V, =V,
n=1

A Sh Z v V" ecut! =T,

l

AV” = ] bi ;

1

0,ecnut] #T,

i
AVt = 3 V() j<igyr v J>iy);
=1

N =V AV =S AV - AV]" Nk e[q.i];
k

N
Ve =Vi + 24V = AV",;
n=1

Ty=0;T ;= min (),
n=1,N

=1,N.

Takum 00pa3oMm, OJHOBPEMEHHO C M3MEHEHUEM MOJEIIBHOIO BPEMEHM YacT-
HBIX TIPOrPAMMHBIX MOJIeNel ¢/ , Beipaxernue (3.14) maeT BO3ZMOKHOCTh OICHUTH pe-
ajpHOE BpeMsi MojenupoBanusi TR, BpeMst TPOCTOsI BBIYHCIHMTEIBHOTO pecypca
TP, u3MeHeHrne 00HEMOB TTAMSTH Ha [-OM Iare MojenupoBanust AV;" u o6beM ma-

MSITH, 3aHUMAaeMBbIi 7-0i MoJesbo V)" .
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3.6 Paszpabotka anroputrma mnpoiiecca (PyHKIIMOHUPOBAHUS paCIpEIeSICHHON

UMUTAIIMOHHOU MOJIEITA

Ha ocHOBe mMaTeMaTH4eCKUX MOJENEW, NPUBEIACHHBIX B mojpasaenax 3.2-3.4
pa3zpaboTaHa anropuTMHuYecKas MOJAENb Ipolecca (YHKIIMOHUPOBAHUS paclpere-
JIEHHOM MMHUTALMOHHON MOJIEIIH, LIEJIBI0 peaanu3aluy KOTOPOU ABJISAETCA BBIYMCIICHUE
OCHOBHBIX I1apaMETPOB KPUTEPUEB OLICHUBAHUS PACHPEACICHHON WMUTALlMOHHOU
MOJIEIIA, K KOTOPBIM OTHOCSTCS:

- [ — HOMED 11ara MOJAEIUPOBAHHUS;

- T;— rno6anbHOE MOJEIIBHOE BPEMSI, TOCTUTHYTOE MOJIENIbIO Ha i-OM IIare Mo-

JIETAPOBAHUS,
- TR, — peanbHOE (aCTPOHOMHYECKOE) BpPEMsl, 3aTPa4YEHHOE CHCTEMOW MOJE-
JUPOBAHUSI HAa BBITIOJIHEHHE 1 IIIar0OB MOJIEIIH;
- TR peanbHOE (aCTPOHOMHYECKOE) BPEMsI, 3aTPAuYCHHOE CHCTEMOW MOJIEH-

POBaHUsI Ha BBITIOJIHEHUE [ IIIArOB /-0l YaCTHON MOJIEIH;
- Vi — oObeM BUPTyalbHON MaMSTH, 3aHUMAEMbIF MOJENBIO 10 JTOCTUKEHUIO

[-I'0 111ara MOAEJIUPOBaHU,
- V" — 00beM BHPTYaNbHOM MAMSTH, 3aHIMAEMBbIii 71-0i YaCTHON MOJIEIBIO 110
JOCTHKEHUIO [-TO 1Iara MOJEIMPOBAHMUS.

st ympolleHus TPeICTaBICHUs alropuTMa BBEJIEM BEKTOp «, OMHAPHBIM

DIIEMEHT «f,, KOTOPOTO OMpeAeNseT Hamn4re (OTCYTCTBUE) ONPENETIEHHOTO TapaMeT-

pa pacnpeieIieHHOW UMUTAIIMOHHOW MOJIEIU WIH SBJISIETCS MPU3HAKOM MOAu(UKa-

UM AITOPUTMA CUHXPOHU3ALWUH, KOTOPBIM PEAIN30BaH B JAHHOW paclpeIeCHHOU
MMHTAIMOHHOM MOJEITH: O = la;,a,,...ay b a, €01}

BeeneM crenyromuye 3Ha4eHus 2JIEMEHTOB BEKTOpA:

- a; =1, ecnu TpeOyeTcs BBIUMCIATH BPEMEHHbIE MapaMeTpbl (yHKIIHMOHUPO-
BaHMS pacrpeseneHHol umutannonHoi moxenu (TR, TR; ), u «; =0, ecnu Bpe-

MCHHBIC ITapaMCTPbI BBIYHUCIIATh HC HYKHO;

- a, =1, ecau TpeOyeTcs BBIUUCIATh UBMEHEHHS] 00bEMOB MaMATH NpH (QyHK-
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MOHUPOBAHUM pacIpeieeHHON uMuTauuoHHou moxaenu (Vi Vl-” ), 1 a, =0, ecnu

mapamMCTpPhbl 00BEMOB IMaMSITH BEIYUCIISATE HE HYKHO,

- a3 =1, ecny UCHOJB3YeTCd ONTHUMHUCTHYECKUM AJITOPUTM CUHXPOHHU3ALUU
YaCTHBIX MOJEIIEH, U ¢ 3 = (), eClli KOHCEPBATUBHBIN aJITOPUTM,

[TpuBenem anroput™ mporecca GyHKIIMOHUPOBAHUS PaCIpeIeICHHOM MMHTA-
I[IUOHHOU MOJEIIH:
- mar 1: tHUUManM3alys 1 3arpy3ka napameTpoB MOJIEIH;

- mar 2: YCTAaHOBJICHUC HaYaJIbHBIX 3HAYEHUU CJICAYOIUM BbIYUCIIACMBIM I1d-
pamerpam mogem: TR, =0, T, =0, TR} =0,TP} =01 =0, (n=1,N);
- mar 3: eciu 0(2 = | BBIYHCIIIEM HAYaIbHEIE O6T)€MBI namMsiTHu, 3aHUMaCMBbIC

Vy =sizeof (A" u A ),
MOJICIIBIO: N
Vo=2V4"
n=1

- miar 4: Hayajo MKJa ara MojieaupoBanusi, i=0;

- mar 5: ecnu o =0, nepexo K wary 13 anropurma;

- mar 6: THUIHAJIU3UPYEM IUKJ TEKYIIETO HOMEpa YaCTHOW MOJIENH n=1,
- war 7: BBIYKCIISIEM BPEMsI, 3aTPAUYMBAEMOE HA BBINOJHEHUE 71-OM YaCTHOU

MOJEJH Ha [-OM IIare MOJCIUPOBAHMAA:

t;,ecut] =T, N
; ; P > a"* " (5l."k , Sizeof (buﬁink ))

ATR!" =
0,ecut! #T, k=1

- mar &: BBIYMCIISIEM PEATBHOE BPEMS, 3aTPAu€HHOE Ha BBINOJHEHUE 71-OU
YaCTHOM MOJIENM 3a BCE LIAard MOJAEIMPOBAHUs, HaUMHAas ¢ (-ro 10 i-ro BKJIIOUUTEIb-
Ho: TR/, ; =TR + ATR/" ;

- war 9: coxpaHseM BbIYUCIICHHbIC 3HAUCHUSI JIJISl i-TO [Iara MOACIMPOBaHUS;

- war 10: nepexoanm K cieayromeil 4acTHOM Moaenu n=n+1,

- miar 11: ecnu Bce Mojenu He nepedpanbl (1< N), mepexoaum K mary 7;

- mar 12: BeIYKCIIsIEM pealibHOE BpEMS, 3aTPAYE€HHOE HA BBINOJHEHUE BCEU MO-

ACJIN 3a BCC IIaru MOACJIIMPOBAHUA, HAYHHAsA C 0-to J10 I-I'0 BKJIKOYUTEIILHO:
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TR,,, = TR, + max (n'me(gp;’ )+ ATR]' )+ TR ;
n=1,N
- mar 13: ecimn a, =0, nepexon kK mary 25 anropurma,
- war 14: vHUIMaIM3MpyeM LUK TEKYIero HoMepa 4YaCTHOM Mojienu n=1;
- mar 15: ecnmu a3 =1, nepexon k mary 19 anropurMma;

- war 16: BpUKcIseM OpHUpamieHue o0beMa NaMsAT! #-0M YaCTHOM MOJIENU Ha

. . |\Vi"ecm t] =T,
[-OM 11are MojenupoBanus: AV, = :
0,ecut] #T,

- mar 17: BeuncasieM oOmui o0beM MaMATH n-OW YaCTHOM MOJENM U BCEH
MOJIEJIH TIOCIIe i-T0 miare MojpenupoBanus: Vy, , =V," + AV,

- mar 18: mepexon k mary 23 anroputMma;

- war 19: BeluucHseM NpupanieHue oobemMa namsITH 7-0i YaCTHOM MOJENH Ha

[-OM 111are MOACIUPOBAHUA:

M"
ns nm nm n __
) Ve v = Tle-j ,ecnu t; —T,-.
AV = j=1 s

l

0,ecut; #T,

- mar 20: BBIYUCIISIEM yMEHbLIEHHE 00bEMa MaMATH YaCTHOH MOJENH 3a cHeT
yAaJeHus JaMIIOB MaMATH HPH OTKATaX U MPOJBMKEHUM TJI00ATbHOTO MOJEIBHOTO
g L. Y
Bpemenun: AV''= Y V; (), j<igyr v j>i');
J=1

- mar 21;: BpraucisgeM ool 00beM IMaMATH N-0M YaCTHOW MOJENH MMOCJIE 1-TO

1

mare MopempoBanus: Vi1, =V + AV =S V' —AV'" Yk €|q.i];
k

- miar 22: nepexoauM K CIeAYIoIIel YacTHON Moaenu n=n+1;
- miar 23: eciu Bce MojieN He iepedpansl (n< N), mepexoaum Kk mary 15;

- mar 24: BBIYUCIAEM OOIIMIl 00beEM MMaMATU MOJENIHU IOCJE I-T'0 IlIara MoJe-

N AV’ ecmu oy =1
mapoBanust: V., =V, + > AV - i 3 :
n=1 0,ecmu o3 =0
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- miar 25: onpeersieM UL KaKI0H MO BpeMsi Oy ayIiero CoObITHS:
t! + & ecut] =T,
tl =<t ecut! #T, ;

n o
ty,ecu 31,

- mar 26: npoaBUraeM MojaenpHoe Bpems: 1, ; = min. (tf+ / );
n=1,N

- mwar 27: yBelIM4rnBaeM 3HAYEHUE 11ara MoAeIMpoBaHus i=i+1/;

- mar 28: eciiM He JOCTUTHYTO YCJIOBHE JAOCTHKEHUs KOHIA MOJEIUPOBAHUS,
IIEPEXOAUM K LIary 5 aaropuTMma;

- war 29: ¢ukcanus HoMepa mara OKOH4YaHUsl MOJIeIMpoBanus 1 = i;

- war 30: ¢popmMupoBaHHE OTYETOB MO pe3ybTaTaM MOACIUPOBAHNUSL;

- mar 31: KoHel anropuTMa.

BoeixonHo#l nHQOpManuen, MOJy4YEeHHON B PE3YJIbTATE BBIIOJHEHHS aJITOPUT-
Ma, SBISIETCS KOPTEX MapamMeTpPOB OLEHUBAHUS PACIPENCIICHHOW WMUTALMOHHOU

MOACIIN:

O=<I,T,,TR,, TR",TP", V;, V" >,i=I,N (3.15)

OTMeTHM, YTO KOPTEX COAEPKUT BEKTOpA MAPAMETPOB, OTPAKAIOIMINX UX H3-
MEHEHHE BO BPEMEHU. DJIEMEHTHI BEKTOPOB C UHAEKCOM [ = [ SIBJSIOTCSI 3HAYEHUSIMU
COOTBETCTBYIOIIMX IMAPAMETPOB HA MOMEHT OKOHYAHHUA MPOLECCA MOJEITUPOBAHUS.
[Ipu 5TOM CyIIECTBYET BO3MOXKHOCTh MOJIyYEHHUS 3HAYEHUS JIIOOOTO U3 MPUBEIECHHBIX
apaMeTpoB Ha i-M LIare MOAECIUPOBAHUS UM B OJTHO U3 JUCKPETHBIX MOMEHTOB MO-

nenpHoro BpeMenu 1;. IIponenypa momydyeHust JaHHBIX B ITOCIEAHEM CIIydae 3aKJIo-

YyaeTcsl B HaXOXKIACHUM MHJEKCa [ JJii MOMEHTa BpeMeHH 1; (WM Oirpkaiiiero 3Ha-

4yeHUs U3 BeKTopa 7; ) ¥ BbIOOpa U3 IPYIUX BEKTOPOB 3HAYEHUN C HHAEKCOM I.

B nmannom monpasnene mpuBeneH 0OOOIIEHHBIN alTOpUTM Tpoiiecca (PyHKITH-
OHHMPOBAHUS pacHpe/eICHHOW WMUTAIIMOHHOW MOJICIIH TI0/ YIIPaBIICHUEM KOHCEpBa-

THUBHBIX U OIITUMHCTHYCCKHX AJITOPUTMOB CHMHXPOHH3AIIUH.
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3.7 P33pa6OTKa MCTOJZa OLCHKN BO3MOKHOCTH OCYIICCTBJICHUS PACIIPCACICHUA
YaCTHBIX Moz(eneﬁ Ha OCHOBC JHMHAMHWYCCKOI'O HU3MCHCHMHA 00BHEMOB BHpTyaHBHOﬁ

IHaMsITH

3HaueHue o0beMa CBOOOHON BUPTYAIbHOW MaMATU BBIUUCIUTEIHHOTO PeECyp-
ca SIBJSAETCS OTPAaHMYMBAIOIIMM [TAPAMETPOM ISl PACIIPEAECIICHUS YACTHBIX MOJEIIEH.
JIelicTBUTENBHO, BBIUMUCIUTEIBHBIA PECYPC HE MOXKET BBINOJHATh YACTHYIO MOJIEIb
(COBOKYITHOCTB YaCTHBIX MOJIENEH), 00bEM KOTOPOH MPEBBIIIAET ONEPATUBHYIO (BHpP-
TyaJbHYI0) MaMsITh pecypca 0€3 JOMOTHUTEIBHBIX CPEJCTB BUPTyanu3auu. JJanubii
(bakT y4uTHIBAETCSI MHOTUMHU METOJIaMU PacHpe/IeJICHUSI PECYPCOB U SIBIISIETCS Orpa-
HAYUTEIBHBIM YCIOBHEM BapHaHTa paCIPEAEICHUS YACTHBIX MOJIEIIEH 10 PECYpCaM.

Pa3zpaboTtannas Mmosienb PYHKIIMOHUPOBAHUS paCIpeIeICHHON NMUTAIIMOHHOM
MOJEH TIO3BOJISIET YYUTHIBATh HE TOJIBKO CTATHYECKUE XapaKTEPUCTUKN 3aHUMAEMOU
IIaMTH 4YaCTHOM MOJENIM B MOMEHT PaCIpeNeIeHus, HO U JUHAMHYECKNE, BO3HUKA-
IOLIUE B Ipolecce PyHKIIMOHUPOBAaHUS MOJIETH. B O0NbIIMHCTBE Cily4aeB, B MPOLIEC-
Ce UMUTAIMU 00bEM MaMATH, 3aHUMAEMbIl YaCTHON MOJEJNbIO, PACTET 3a CUET JlaM-
OB MaMSITH CO3J[aHUSI HOBBIX COOOIICHHH, BHYTPEHHUX 00BEMOB JTUHAMUYECKOM Ia-
MATU. B mocieiHem cityyae MOKET BOZHUKHYTh CUTYalUs NIEPEIOIHEHUS BUPTYaJlb-
HOM IaMsTH peCypca, 4YTO MPUBEAET K OTKA3y pecypca Uisi CUCTEMBI MOAETUPOBAHUSI.

[Tycth umeeTcst R BRIUMCIUTENBHBIX PECYPCOB C 00bEMaMu CBOOOTHOM MaMsITH
VR, r= ],_R, Ha KOTOPBIE HAJ0 pacupelenuTs N 4acTHeIX Moaenend SM, ,n= ]_N B
OTIIMYME OT OOJIBIIMHCTBA U3BECTHBIX METOAOB paclpeeeHus, OyieM CUUTaTh, YTO
KOJIMYECTBO PECYPCOB HE PAaBHO KOJIMYECTBY YACTHBIX MOJENIEW M HAa OIHUH PECYPC

MOXHO pPACTpPEeeINTh HECKOJIBKO YacTHBIX Mojeneil. O6o3naunm uepe3 K MHOXKe-

CTBO BO3MOKHBIX PaCIpEeAEICHUN YaCTHBIX MOJIEIICH:

K, :SM —VR umu K, :sm* —VR™ m=1M, M <N,

) 3.16
sm,/; CSM,Sm,/; r\sm,l; =, V(i,j), ie[l,N], je[l,N], I ( :

3amayy OLEHKH KadyecTBa paclpeiesIeHHus] YaCTHBIX MOJIENIEH Ha OCHOBE JUHA-
MUYECKOTO M3MEHEHHUsI 00BEMOB BUPTYaJbHOU MaMATH CPOPMYIUPYEM CIEAYIOLIUM

oOpasoM: pacupeneneHue K, sBisercs TOMYCTUMBIM, €Ciau o0beM mamsatu V,
m
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3aHMMAEMBIH JIFOOBIM INOAMHOXXCCTBOM YaCTHBIX MOﬂeﬂeﬁ Sm Ha JIFOOBIX 3Tamax

mo
MOJIEJIMPOBAaHUS MEHbIIE 00beMa MaMsATH 7-ro pecypca VR, , Ha KOTOpbIN pacnpene-
JIEHO MHOKECTBO YaCTHBIX MOJENIEH sm,,, .

O06o03HaUNM q9epe3 u MHACKC 3JICMCHTA TIOAMHOXKECTBA Sm,, .

Um
sm_=|Jsm,_,U_ <N. (3.17)

u=l
Torna mamsiTh, 3aHUMaeMasi MHOXKECTBOM YacCTHBIX MOZeENel sm,,, ¢ y4eToM

BbIpakenuii (3.4), (3.5), (3.13) Ha MOMEHT Hayajia MOJICTUPOBAHUSL:
Um
_ u

Ven =2V . (3.18)

rae V) — o0beM maMsaTH 4acTHOM MOJen U3 MHOXecTBa sm,,. V' € O (BbI-

paxenue 3.15).

Boipaxxenue 3.18 MoxkeT ObITh UCIOJIB30BAHO TOJIBKO B TOM CIIy4ae, €clid 00b-
€MBI [TaMATH YaCTHBIX MOJEIIEH HE U3MEHAIOTCA B IPOLIECCe MOACIUPOBaHus. B ciy-
yae JUHAMUYECKOr0 M3MEHEHHS 00bEMOB MaMATH YACTHBIX MOJEJICH Mpeasiaraercs

HCIIOJIB30BaTh CIICAYIOIICC BBIPAKCHUC!

U

V., =max3 V' (3.19)
" =11 y=]

rae V' € V" u3 Beipaxenust (3.15).
OTMETHM, YTO HEKOTOPbIE aTOPUTMBI PACIIPEICIICHUS PECYPCOB UCIIONB3YIOT

npyryro moaudukaimto Beipaxerus (3.19):

Vim, = UZ maX(Vi”), (3.19)
u=] i=11

TO €CTh 00BEM NaMATH, TPeOyeMBbIN 1JI1 MHOXKECTBA YaCTHBIX MOAENEH sm,,, onpe-

ACIACTCA KaK CyMMa MaKCUMAJIbHBIX 00BEMOB MaMATH YaCTHBIX MOHCH@ﬁ, BXOOATINX
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B JIaHHOE€ MHOKECTBO. JTO BBIPAXKEHHE MOXKET OBbITh HCIOJIb30BAHO, OJHAKO OHO
YXYJALIAET OLIEHKY KayeCcTBAa PACHpPEACIICHUS YaCTHBIX MoJeled. J[eMCTBUTEINBHO,

IIyCcTb IMOAMHOXKECTBO Sm, COACPKUT ABC YAaCTHBIC MOJCIIH, KaKIAasd N3 KOTOPLIX
HMCECT TOJIBKO OAWMH MAKCHUMYM 3HAUYCHUH 00HEMOB MaM:ATH, IIPUYCM HA PA3HBIX IIa-

1 . .
rax MOACJINPOBAHUA Vl )41 ij s, 1LF ] B takom ClIydac, Ha COOTBCTCTBYIOIIUX IMarax

MOJCINPOBAHNA, 00BEMBI namMsATH, 3aHNMAaCMbIC BTOPbBIMU MOJCIISIMU, 6y,Z[YT MCHBIIC

MaKCUMyMa: le <Vl-] ,Viz <Vj2 . B Takom cnyuae, BeipaxkeHue (3.19) mact oreHky

IHaMsTH KakK Vil + VJZ , 3HAUYCHUC KOTOpOfI OoubIIIe PCAIBbHBIX 00BEMOB ImaMsATH, 3aHH-

MaeMbIX YaCTHBIMU MOJEJISIMHU HA i-OM M j-OM LIarax MOJAEIUpOBaHus. Takas oneHKa
MOKET B TaJIbHEUIIEM UCKITFOUUTD U3 PACCMOTPEHMS OJIMH U3 BO3MOKHBIX BapHAHTOB
pacipenesieHns pecypcoB, XOTs peajbHbIE 3aTPAThl IAMATH HE COOTBETCTBYIOT pac-
cuuTaHHBIM. Bripaxkenue (3.18) B 3TOM ciiyyae yuuTBHIBaeT peajbHble 3HAUECHUS 00b-
€MOB MMaMSTH ISl BCETO MHOKECTBA YaCTHBIX MOJIEJEH Ha BCEX IIarax MoJeIupoBa-
HUSL.

OcHoBbIBasich Ha BbIpakeHUH (3.18) chopmynupyeM ycioBHE BO3MOKXHOCTHU

pactpenenenus K :

Vsm,, >VR.V_ . <VR'. (3.21)

Ecnu ycnosue (3.20) He BBIMOMHSIETCS XOTS OBl JUIsl OJTHOTO U3 MOAMHOMKECTB
sm,l; , pactipenenenue K; HEBO3MOXHO, TaK KaK MPHUBEAET K NEPENOJIHEHUIO TaMsITH

Ha OJTHOM U3 PECYPCOB, UTO MPHUBEIET K COOI0 IMpolecca MOAEINPOBAHNUS.
Cdopmynupyem 3Tanbl pean3alii METOJa OLEHKH BO3MOXKHOCTU OCYIIECTB-
JIEHUS paCIpENeNIeHHs] YACTHBIX MOJIENIEH Ha OCHOBE aHAJIW3a JUHAMHUYECKOIO U3Me-
HEHUSI 00bEMOB BUPTYaIbHON MaMsTH.
Ortan 1: Ha OcCHOBaHUU cXxeM Ha3zHaueHus K, MoimydeHHBIX OT CUCTEMBI pacipe-

JIETICHUST PECYPCOB, IS KaXKIOW k-0l CXeMbl Ha3HAYCHMSI, BBIICTISIOTCS TTOJIMHOMKE-
CTBa MPOTrPaMMHBIX MOJIETIEH Smf; , pacIlpelleICHHBIX Ha OJMH pecypc R, . YcioBu-

€M BKIIIOUYCHUSA HpOFpaMMHOﬁ MOACIIM B JAHHOC IMOAMHOMKCCTBO ABJIICTCA €C IIPH-

HAJUIEKHOCTh K M-MYy pecypcey.
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Ortan 2: 3a7aTh Ha4aJIbHbIE TTAPAMETPhI PACIPEACIICHHBIX UMUTAIIMOHHBIX MO-
Jeneit coraacHo (ainy-onucanus 3aJaHus Z U aros 2-3 ajaropurMa, NpruBeIeHHOTO
B nojpaszene 3.6.

Otan 3: corinacHO pacCMOTPEHHOMY BBIIIE aIrOpUTMY (Toapasaen 3.6) mpous-
BECTH BbIUMCICHUE KopTexka (3.15) s Bcex peanu3auuil pacnpenesieHHs MIpo-
IPaMMHBIX MOJIEJIEH.

Otan 4: BBIUUCIUTH V. & COITACHO BBIPAKCHUAM (3.19) u (3.20) nns Bcex

MOAMHOKECTB YaCTHBIX MOJEJEH B 3aBUCMMOCTH OT BBIOPAHHOTO ajlropuTMa CHUH-
XPOHHU3ALUH MPOTPAMMHBIX MOJIEIIEH.

Otamn 5: nMpoBepUTH BBINOIHEHUE yciaoBus (3.21) s BceX BO3MOXKHBIX pac-
npenesieHnid 4acTHhIX mojeneil. g 3Toro, HeoOXoAMMO B LUKIE mepedpaTh Bce

3JICMCHTHBI BCKTOpaA sm,, , 1 CPABHUTH 3HAYCHUS COBOKYIIHOI'O o0beMa MmaMsITH BCEX

MPOTPaMMHBIX MOJEJNEH, paclpeeIeHHbIX Ha JaHHBII pecypc Vsm , C 00BEMOM T1a-

m

MATH BBIYMCIIUTENIBHOIO pecypea VR, .
Ortan 6. VckimouuTh Bce pacnpeneneHus, sl KoTopbix yciosue (3.21) He BbI-

TMOJHSIETCS XOTs ObI TS OJHOTO U3 TIOAMHOYXECTB sm’ . B pesyisTate, mojydaeMm Ho-
Boe noamHoxectBo K'=K | K, , VK, — El(sm,]; — VR, )Vsmk >VR".
m

[TpennoxxeHHBI METOJI MOXKET OBITh MCIOJB30BaH IS OIEHKH KadecTBa I1O-
JY4YEHHOTO MHOKE€CTBA BO3MOXKHBIX PACHPEACICHUN WIM A0 Hayajaa MOUCKA OITH-
MaJIBHOTO PaCHpelesieHUus Il UCKIIOUYECHUSI HEKOTOPBIX MOAMHOYKECTB BAPHAHTOB
pacnpenenenui. [locnennee nmpuMEeHEHHE METO/IAa MO3BOJUT HE TOJBKO HCKIIOYHUTH
TYNUKOBBIE BapUAHTHI paclpeiesieHUsl, HO U COKPAaTUTh BpeMsi pabOThl aJIrOPUTMOB

pacrpeaencHusl.

3.8 Pa3paboTka MeTo1a OTy4eHUST OIIEHOK MTPOCTOSI PECYPCOB ISl PA3TUIHBIX

MCTOJ0B CHHXPOHHU3alINN PACIIPCACICHHBIX HMHUTAIIMOHHBIX MO)Ie.TIeI\/'I

BOJIBIIMHCTBO METONOB paCHpeIesICHUsT UIMUTALIMOHHBIX MOJEJIEN Ha BBIYMC-
JIUTEIIBHBIE PECYPCHI HE YUUTHIBAIOT IIPOCTOM PECYPCOB, CBSI3aHHBIA C CHHXPOHU3A-

LIME€H YaCTHBIX MOJECIICH B €IMHOM IMPOCTPAaHCTBE MOACIbHOTO BPpCMCHHU. Ecau ogaum
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U3 CYLIECTBEHHBIX KPUTEPHUEB OLEHKU 3PHEKTUBHOCTH SIBISETCA CTOUMOCTD UCTIOJb-
30BaHUs BBIUUCIIUTEIIBHBIX PECYPCOB, TO 3HAYUTEIbHBIN MPOCTON PECYPCOB OKa3bIBa-
€T CYILIECTBEHHOE BIIUSHHUE Ha 3TOT Kputepuil. B GobIei cTeneHu 3To nposiBiasieTcs
B CJIy4ae HCMOJIb30BaHMSI KOHCEPBATUBHBIX AJITOPUTMOB CHHXPOHU3AIMHU pacipese-
JICHHBIX UMUTAILMOHHBIX MOJICJIEH, TaK KaK OCHOBHOW WX UAECEH SIBIIACTCS 3aIpelile-
HUE MPOJABUKEHUS MOJIEIbHOTO BPEMEHU, TO €CTh, 10 CYTH, IPUOCTAHOBKA MOJEIH-
pOBaHUsI, 10 MOMEHTA CHHXPOHHU3AIMU BCEX MOJIEIICH.

Hcnonp30BaHrEe KaXKIOTO j-TO pecypca U3 MHOXKECTBA AJIEMEHTOB CPEIbl UMHU-
TallMOHHOTO MOJICJIMPOBAHMS, HA KOTOPBIM pacrpeliesieHa i-s 4acTHasi MOJENb, Xa-
paKTepU3yeTcsi HEKOTOPOl CTOMMOCTBIO ¢;. BennuuHa c¢; XapakTepu3yeT CTOUMOCTb
UCIIOJIB30BaHUsl pecypca B e€IMHUIY BpeMeHH. CylIecTBYe€T MHOYKECTBO METOOB
OTPEJICJICHHS 3TOTO MapaMeTpa, HO JJIsl MOJb30BaTENs, KaK MPaBUI0, CTOUMOCTD SIB-
JISI€TCSI UCXOIHBIMU JJAHHBIMU, BHICTABJISIEMBIMU BJIJI€NIBIIEM PECYPCOB.

[{enbro TPUMEHEHUS! JAHHOTO METO/IA SIBJSIETCS MOJIyYEHUE KPUTEPUEB OLICHKU
3 PEKTUBHOCTU UCIOIB30BaHUSI AJITOPUTMOB CHUHXPOHU3AIUU PaCIPEIEICHHBIX
MMHTAIIMOHHBIX MOJIETIEH, UCXO0/ISI U3 CTOMMOCTH MCIOJIb30BAaHUS PECYPCOB.

[Ipennaraempiii METOA OILICHKU MPOCTOSI PECYpPCOB OCHOBAaH Ha BBIpaXKe-
Huu (3.6), IpeAJIOKEHHOM B nojpasnesnie 3.3 yisi KOHCEPBATUBHBIX aJITOPUTMOB WM
BbIpakeHnH (3.9) 119 ONTUMUCTUYECKUX AITOPUTMOB. METO COAEPKUT CIAEAYIONINE
STAaIlbI.

Otan 1: 3a7aTh UCXOAHBIE NApAMETPhl PACIPEIEICHHBIX UMHUTAIMOHHBIX MO-

neneit cornacHo ¢ainy onucaHus 3ananHus (Z) u cuctembl Bbipakenuit (3.14) ms
napaverpos TR, =0, T, =0, TR} =0,TP} =0,1 =0, V'V, (1=1.N).

Ortam 2: corinacHO pacCMOTPEHHOMY BbIIIE alNropuTMy (monpasaen 3.4) npous-

BECTH BBIYHCIICHHE BeKTOpoB TR u TP s Bcex peanusanuii pacrnpeneseHHbIX
MMUTAIIMOHHBIX MOJIEJEH, XapaKTEePU3YIOIINe pealbHOe BpeMsi paboThl peCypcoB IO

00CITy)KMBAHUIO YaCTHBIX MOJEJIEH W BPEeMs MPOCTOS pecypcoB. 3Hauenus TR, u

TP/ xapakTepH3yrOT KOHECYHOE COCTOSIHHE MapaMeTpOoB Ha MOMEHT OCTAHOBa IPO-

necca MMUTAIIMOHHOI'O MOJAC/IMPOBAHU .

Otan 3: BBIYUCIUTH A1 KaXXO0ro pecypca j-I“O CTOUMOCTDL HCIIOJIb30BAaHUS B
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pexuMe HCIHOIHEHUs 4YacTHbIX Mozened: CR; =TR} -c ;» TIe N — HOMEep MOJEIH,

pacnpeeNeHHOM Ha j-bIi pecypc.

Otan 4: BBIYUCIUTH T KaXKI0TI0 j-FO pecypca CTOUMOCTL HCIIOJIB30BAaHUS B

peXKUME IIPOCTOS: CPj =TP' -c It

Dran 5: BBMUCIMTE CyMMAapHYK CTOMMOCTH MCIIOJIB30BaHHS j-TO pecypca:
Oran 6: BEIYUCINUTH CYMMApPHYIO CTOMMOCTD HUCIIOJIb30BAHUC PECYPCOB, a TaK-

K€ CYMMApPHBLIC CTOUMOCTHU HCIIOJIB30BaHUS PCCYPCOB B PCIKUMC BBIIIOJIHCHUS MOJC-

R R R
M U B pexume npoctosi: C = Z C;, CR= Z CR;, CP= Z CP; .
J=1 J=1 J=1
Drar 7: BEIYUCIUTH KO3()(OUIIHEHTHI HCITOIB30BAHUS PECYPCOB KaK OTHOILICHHE

BPEMEHU OOCIYKMBAHMS YACTHBIX MOJIEJIEd K OO0IIeMy BPEMEHU MOJIECIHPOBAHUSA:

TR/
Pj= on _oon
TR; +TH
Otan 8: BBIUUCIUTH KO3PPUIUEHTHI IPOCTOSI PECYPCOB KaK OTHOLIEHHE Bpe-
MEHHU IpOCTOs pecypca K o0uiemy BpEMEHU MOJICJINPOBAHUS:

o,
R ey

Otan 9: Nogyd4eHHBIN B pe3yibTaTe BBHINOJHEHUS MYHKTOB 1-8 KOpTex mapa-

METPOB UCIIOJIb30BaTh IJI1 OLEHKU KauyecTBa MPUMEHEHUS aJTOPUTMOB CHHXPOHHU3A-

UH JJISI paCIPEACTICHHON UMUTAIIMOHHOW MOJIEIIH.

CC=<CR;,CP,,C;, CR,CP,C,p,,5; > (3.22)

JlaHHBIM METOJ MpeAnoaaraeT MoJy4YeHUe NapaMeTpOB OLICHUBAHUS KauyeCTBa

pacnpeacicHud Ha OCHOBE CTOMMOCTH HMCIIOJIB30BaHHA PECYPCOB U MOIKET OBITH HC-

IMOJIb30BaH JId BBIACJICHHSA M3 BCCI'O MHOXKCCTBA BO3MOJKHBIX aJITOPUTMOB CHHXPO-

HU3AIMM U MHOXECTBAa BO3MOXKHBIX PACTpPEIEICHUI 3a7ad Mo pecypcaMm Haubosiee

OIITUMAJIBHOTO (C HAMMEHBIIIEH CTOMMOCTBIO WJIM HAUMEHBIIMMU 3HAYECHUSIMHU CTOU-
MOCTH TIPOCTOS).

Bonee croxHbie anrOpuTMBbI pacipeiesieHus pecypcoB (Hampumep, aaropuTMbl
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JTUHAMUYECKHUE PaACIIpPE/IeNICEHNs) MOTYT YYHMTBIBATh OLIEHKH MPOCTOS PECYPCOB JIs
MapajuielIbHOTO KCIOIB30BaHUS pecypca B IPYTUX BBIUMCIUTENBHBIX MPOLIECCaX WIH

1 COBMCIICHUA Ha OJHOM PCCYPCC HCCKOJIBKUX YaCTHBIX MOHGHGﬁ.

3.9 Moaudukanus MeTosia cpaBHeHUs Y3PHEKTUBHOCTH paCIIPEACICHHBIX UMU-

TalMOHHBIX MOI[GJ'I@IZ 10 MaKCUMAJIbHOMY IIPOABUKCHUIO MOJICJIBHOTO BPpCMCHH

C nomombo MPUBEACHHBIX BBIIMIE MOAEIECH MOXKHO OIIEHUTHh MOJEIBHOE BpE-
Msi, KOTOpO€ JOCTUTHET paciipe/ie]IiCHHass UMUTAIIMOHHAs MOJEIb 3a (PUKCHpOBAaHHOE
KOJIMYECTBO IIArOB MOJEIHPOBAHUS, YTO MO3BOJSAET OUEHUTh 3PPEKTUBHOCTH MPH-
MEHEHHUSl Pa3JIMYHbIX AJTOPUTMOB CHUHXPOHM3ALMM U CTPATETUH MOJIEIUPOBAHUS,
pPEAIM30BAHHBIX B PACIPENCICHHON HWMUTAIMOHHOM MOJENH. J[aHHBIA KpUTEpHUid
(MpoBMKEHUE MOJIETIBLHOTO BPEMEHM) MCIIONB3YETCs /111 OLIEHKU BBIOPAHHOT'O aJro-
pUTMa CUHXPOHU3ALMK PACIPEACICHHBIX UMUTALIMOHHBIX MOJIETIEH, HAIPUMED, B pa-
oorax [11-15].

[IpuBenem stanbl MOAUGUIUPOBAHHOTO METOJA CpaBHEHUS AG(HEKTUBHOCTH
pacnpeieIeHHbIX UMHUTALMOHHBIX MOJIENIEH MO0 MAaKCUMaJIbHOMY IPOJBHKEHUIO MO-
JeIBHOTO BPEMEHMU:

Otan |: moAy4YuTh OT CUCTEMBI PACIPEEICHUS PECYPCOB MHOKECTBO BO3MOXK-
HbIX cxeMm HazHayeHus K (3.16) mporpaMMHBIX MOJENel Ha JOCTYIHbIE BBIYMCIIH-
TEJIbHBIE PECYPCHI.

Otan 2: 3a1aTh UCXOAHBIE MapaMeTPbl paclpeeEeHHbIX UMUTAIMOHHBIX MO-
nenen cornacHo (ainy omucanus 3anaHus (Z) U cucteMbl BbipakeHud (3.14) nus
napametpos TR, =0, T, =0,TR; =0,TP} =0,1; =0, V.V, (1=1.N).

Otan 3: corinacHO pacCMOTPEHHOMY BbIIIE ANrOpUTMY (Toapasaen 3.6) mpous-
BECTH BBIYMCIIEHUE 3JIEMEHTOB KopTexka (3.15) /s Bcex peanusanuid pacrpeeneH-
HbIX UMUTAIIMOHHBIX MoOJieJiel (C MCIOJIb30BaHUEM KOHCEPBATUBHBIX U ONTUMUCTH-
YECKHUX METOJI0B CUHXPOHU3ALINH).

Jtan 4: UCNOJab3ysl METOJ OLICHKH PACIPEACICHUS YACTHBIX MOJICJIEH HA OCHO-
B€ JTMHAMUYECKOIO M3MEHEHUs 00bEMOB BUPTYaIbHOU MaMaTH (roapasnaen 3.7) Bbl-

OpaTh cxeMy Ha3HAYEHUS JUIsl POTPAMMHBIX MOJIENIeH C ONTUMUCTUYECKON CHHXPO-
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HU3aIuen.

Otan 5: UCcHoJb3ysl METO/ OLIEHKU MPOCTOSI PECYPCOB MPHU BHINIOJIHEHUN YaCT-
HBIX Mojenel (moapaszzaen 3.8) BeIOpaTh CXeMy Ha3HAYEHUS JUIsl IPOrPAMMHBIX MO-
JIeJIe C KOHCEPBAaTUBHOM CUHXPOHU3AIUECH.

Otam 6: BeIOpaTh W3 JIBYX CXeM Ha3HadeHHs (MOJYYCHHBIX Ha 3Tamax 4 u 5)
peanu3anuii pacpeAeIeHHbIX HMUTAIMOHHBIX MOJIETIEH Ty MOJEIb, JJs1 KOTOpou 717
(MOJIEIBHOE BPEMs HA MOCJEIHEM [-OM I1are) siBASeTCS MAaKCUMAJIbHBIM.

[TonydeHnas, B pe3yibTaTe NPUMEHEHUS METO/A, CXEMA PACIpPEEICHUS 1103-
BOJIUT BBIMOJIHUTh MOJEIUPOBAHUE C MEHBIINM pPEalbHBIM BPEMEHEM MOJEIUPOBA-
Hus. KpoMme 3Toro, moiaydeHHble B pe3yJjbTare MPUMEHEHUS METOJia 3HAUYCHUS MO-
JIETILHOTO BpeMEHU 1717151 BCEX CXEM pacCIpeIeNIEHUs] pECYPCOB MOKHO UCMOJIb30BATh
B KaueCTBE OTACIBHOTO KPUTEPHUS WM B KAYECTBE MapaMeTpa COBOKYITHOTO KpHUTeE-
pust 3P PEeKTUBHOCTU paclpeie]ICHHON UMUTAIIMOHHOW MOJIEIIH.

B omimuune ot cymiecTByromero Meroja cpaBHeHHs d(PQPEKTUBHOCTU pacrpe-
JIEJICHHBIX UMUTAIIMOHHBIX MOJEJICH 10 MaKCUMaIbHOMY IIPOJIBHXKEHUIO MOJIEIBHOTO
BpEMEHU, MOJU(PUITUPOBAHHBIA METOJ 3a CUET NMPUMEHEHHUS METOJIOB OIICHKU pac-
npejieIeHUs] YaCTHBIX MOJIEJIe Ha OCHOBE TMHAMUYECKOT0 U3MEHEHUS 00BEMOB BUP-
TyaJbHOU TaMSTH M METOJ OLIEHKU MPOCTOSI PECYpPCOB MPHU BBIMOIHEHUHU YACTHBIX
Mozenen (3Tamnel 4 U 5 pacCMOTPEHHOTO METO/1a) YOpaTh U3 PACCMOTPEHUS TE€ CXEMBI
Ha3HAYEHUs, JJISI KOTOPHIX HE BBIMIOJHSIOTCS OTPAaHUYEHUS IO MCIOJIb30BAHUIO Ta-
MSATH U IPOCTOSI BBIYUCIUTEIBbHBIX PECYPCOB.

Otansl 4 1 5 BO3MOXKHO pPeain30BaTh 3a CUET MPEIBAPUTEIBHOTO MPOBEACHUS

UMUTAIIMOHHOTO MOJACIUPOBaHus (dTamnsl 2 u 3).

3.10 BeiBozb! no pazueny

B nanHoM pasznerne ObuIM MpeaIoKeHBI Psij MapaMeTpoOB, COTIACHO KOTOPHIM
MOYHO OLICHUTh CXEMbI pacrpeieieHuss TPOrpaMMHBIX MOJIENICH MO BBIYUCIUTEb-
HbIM pecypcam (noapaszzaen 3.1). JlaHHble mapaMeTpbl MOTYT KCIOJb30BATHCS CaMo-
CTOSITEJILHO, JIMOO YUUTHIBATHCA B 000OIIAIONINX KPUTEPUSIX OLICHUBAHUSI.

brina mpeayioxkeHa UMHUTAIMOHHAS MOJIETb Ipollecca paclpeiesIeHHOTO JIUC-

KPETHO-COOBITHITHOTO MOJICTTUPOBAHMSI C y4€TOM H3MEHEHUW OOBEMOB TMaMSATH U
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BpEMEHM UCHOJHEHMs (moapasnen 3.2). PaccMoTpeHsl yacTHbIE ciaydyau Moau(puKa-
IMA MOJICJIM TIPU KCIOJb30BAaHUHU KOHCEPBATUBHBIX (mojapasnen 3.3) u ONTUMUCTH-
yeckux (moapasnen 3.4) anropuTMOB CHUHXPOHHU3ALMU, KOTOPHIE YUYMTHIBAIOT BpE-
MEHHBIE XapaKTEPUCTUKH BBINOJHEHUS PacHpeeI€HHON MMHUTALIMOHHON MOJEIN U
3aTpaThl BUPTYAIbHOW MaMSTH MPOLIECCA MOJIETUPOBAHHUS.

Ha ocHoBe pa3zpaboTaHHBIX Mojeeil B noapasaene 3.5 mpeuiokeHa yCcoBep-
IIEHCTBOBAaHHAsI MOJIEIb OLIEHKA BPEMEHH BBINOJHEHUS MPOTPAMMHBIX MOJENEH C
Y4ETOM H3MEHEHHsSI 00BbEMOB MAMSTH IMPOrPAMMHBIX MOJIENEH U BPEMEHU IPOCTOS
peCypcCoB.

Ha ocHoBe pa3pa®oTaHHBIX Mojenel pa3paboTaH alropuTM Imporecca QpyHK-
LIMOHUPOBAHMSI PACIPEACICHHON UMUTAMOHHOW MOJIEIU IIPU MCIIOJIb30BAaHUN KOH-
CEpBAaTUBHBIX U ONTUMUCTHYECKUX AJITOPUTMOB CUHXPOHU3ALMHU (1oapaszzaen 3.6).

Ha ocHoBe mMaremMaTM4ecKoM M AJTOPUTMHUYECKUX MOJEIEN MPEITI0KEHO P
METOJIOB OLIEHKH CXEM PACIPEIECICHUS MPOTrPaMMHBIX MOJENEH C y4eTOM pa3HbIX
QITOPUTMOB CUHXpPOHU3aLUMU (moapaszaensl 3.7-3.9), a UMEHHO: METOJl OLIEHKH BO3-
MO>KHOCTH OCYILECTBIICHHSI pACIIPEACIICHHs YACTHBIX MOJIENICH HA OCHOBE JUHAMUYe-
CKOrO M3MEHEHHsI 00bEMOB BUPTYaJIbHOM mamsTu (mmoapaszaen 3.7), MeTol moiryde-
HUS OLICHOK MPOCTOSI PECYPCOB ISl PA3IMYHBIX METOJOB CUHXPOHHM3ALMU pacIpese-
JICHHBIX MMHTAIMOHHBIX Mojenei (moxpasnaen 3.8), momudukamus MeToga cpaBHE-
HUSA 3QPEKTUBHOCTU pacnpeieIEHHbIX UMUTAIIMOHHBIX MOJIENEH M0 MAKCUMATIbHOMY
MIPOJIBMKEHUIO MOJICIIBHOTO BpeMeHH (mmojpasuen 3.9).

CrnenyeTr OTMETHUTb, UTO MOJYYEHHbIE PE3YJIbTaThl MOTYT OBITh UCHOJIb30BaHbI
B pslie JAPYTUX METOJOB aHAJIM3a PaclpelleICHHbIX MMHUTAIMOHHBIX MOJENEH AJis
pPa3HBIX AJITOPUTMOB CHHXPOHH3ALMH, PACCMOTPEHUE KOTOPBIX BBIXOAMT 3a PaMKU
JTaHHOU paboThl. KpoMe 3TOro, OHU MOTYT UCIOJIB30BAThCSl B METO/IaX CTATUUYECKOTO
U JTUHAMUYECKOTO PACTIPEEICHHUS] PECYPCOB B 3aJa4ax paclpeeIeHHOr0 UMHUTALIM-

OHHOI'O MOJCIIMPOBAHUA.
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4 THOOPMAIIMOHHAA TEXHOJIOI'MA PACITPEAEJIEHHOI'O
NMUTALIMOHHOI'O MOAEJIMPOBAHMA U EE BHE/IPEHUE B CUCTEMY
MO/JEJIMPOBAHM A GRASS

[IpennoxxenHsie B pasnene 3 MaTeMaTUYECKUE U UMUTALIMOHHBIE MOJIEIIH OTU-
CBIBAIOT, IPU NOMOIIM KOJIMYECTBEHHBIX XapPaKTEPUCTHUK, ITOBEICHHUE PaCIpPEIECIICH-
HBIX IPOrpaMMHBIX Mojieeil. [laHHble MOJENN U METOJIbI MO3BOJISIOT pa3padoTaTh
UH(GOPMAIIMOHHYIO TEXHOJIOTHIO PACIPEICTICHHOTO UMUTAIIMOHHOTO MOICITUPOBAHUS
C BKJIIOUEHHEM B HEE€ HOBOM HH(DOPMAIMOHHOW TEXHOJIOTMH HCCIIEJOBAaHUS IPO-
IPAMMHBIX MOZEJIEN M CXE€M Ha3HA4eHUs, KOTOpas B OTIMYHE OT CYLIECTBYIOIIUX
TE€XHOJIOTU, TTO3BOJISIET MOJIYYUTh OLIEHOYHbIE XaPAKTEPUCTUKH 00bEMOB ONEPATHUB-
HOM IIaMsATH, BpeMs IPOCTOS MPOLEccopa U IPOABUKEHUE MOJIEIBHOIO BPEMEHH, UTO
JaeT BO3MOKHOCTb BBIOOpAa CXE€MbI Ha3HAa4YeHMs, KOTOpass 00ecledrMBacT MEHbIIEe
BpEMsI MOJCIMPOBAHUSA NP OIPAHUYECHUAX HA MaMATh U MPOCTON pecypcoB. B pas-
nene 4 onuceIBaeTcs pazpaboTaHHbIE MH()OPMAIMOHHBIE TEXHOJIOTMHU U UX HUMILIE-
MeHTauus B cucreMy GRASS pacnpeneneHHOro MMUTAMOHHOTO MOZIEIUPOBAHUS
GRID-cucreM, a Takke NpOBEAECHHBIE SKCIIEPUMEHTBI 110 TPUMEHEHUIO MPEJI0KEH-

HBIX MOJIEJIeH, METOI0B U HUH(POPMAITMOHHBIX TEXHOJOTHUH.

4.1 Pa3pabotka MHGPOPMAIMOHHON TEXHOJOTUM PACHPEACICHHOTO HMUTAIIU-
OHHOT'O MOJICJIUPOBAHUS C UCCIEIOBAHUEM MPOTPAMMHBIX MOJIEJIEH U BHIOOPOM CXe-

MBI Ha3HA4YCHU A

Cornacno omnpenenenuto, nanHomy B ['OCT 34.003-90, undopmarmoHHas
TEXHOJIOT U TPEJCTaBIAET COO0M MPUEMBI, CIIOCOOBI U METOAbI TPUMEHEHHUS CPE/ICTB
BBIYHMCIIUTENILHON TEXHUKH MPU BBITTOJIHEHUH (PYHKIMI cOopa, XpaHeHus, 00pabOoTKH,
nepeavr U UCIOJIb30BaHUS JaHHbBIX.

[IpuMEHUTENBHO K CHUCTEMaM pacCIpeAeIEeHHOIO WMHUTALMOHHOTO MOJEIHPO-
BaHUsI O0OBEKTAMU JJAHHBIX BBICTYMAIOT UCXOJHBIE TaHHBIE K MOJEIUPOBAHUIO (KOH-
burypanronsbie ¢Gailyibl 1 MporpaMMHbIE MOJYJIN), KOTOPBIE TOJKHBI OBITH Mepea-

Hbl Ha BBIYMCIIMTEIBHBIE PECYPCHI, NaHHBIC, IIEPEAABAEMbBIE MEXKIY IMPOTPAMMHBIMHU
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MOJIETSIMU BO BpeMsl MOJEJIMPOBAHMUS, a TaKke (hailiibl pe3ynbTaToB, KOTOPbIE AOK-
HBI OBITH COOpaHbl U MepeaHbl MOJIB30BaTENI0 MOcie (MM BO BPEMs) MOAEINPOBA-
Hus. Pa3zpaboTtanHas nH(OpMaLMOHHAs TEXHOJOTUS, IPUBEICHHAS HIKE, TAKXKE CO-
3a€T HOBYIO MH(OPMAIMI0O O MPOrPAMMHBIX MOJEISIX, KOTOPYIO HEOOXOAMMO CO-
XpaHATh B 0a3e JAaHHBIX, XPAHAMIMX UHPOPMAIUIO O MPOBEICHHBIX IKCIEPUMEHTAX,
U 00€ecreunTh JOCTYN K HEW MPOrpaMMHBIM MOJYJISIM CUCTEMbI MOJIETTUPOBAHUS, pe-
ANU3YIOIIHAM METOAbI OLIEHKU CXEM Ha3HAYCHUS.

Ha ocHoBe Mozeneld U METONOB aHAJINW3a PACHPEACIICHHBIX MMHTALMOHHBIX
MoJieJIel, MPUBEAEHHBIX pa3zene 3, pa3padoTaHa TEXHOJIOTHsSI aHAJIW3a PaclpeeIeH-
HBIX MMUTAlMOHHBIX MOJIEJIEN, KOTOPasl BKIIOYAET CICAYIOIINE ITaIIbI.

Ortan 1: nonydyeHue 3a1aHus Ha MOJICTUPOBAHNE OT MOTPEOUTEINS B BUAE COBO-

KYITHOCTH KOH(UTYpPaMOHHBIX, UCIIOJHSAEMbIX, HHPOPMALMOHHBIX (PailsIoB:

N . . .
n={Z',JPr;,D; W'} 4.1)
j=1

rae Z — KoH(DUrypanuoHHbIHN (aiisl OnucaHus 3a/1aHus;

N
UPr]l- — MHO>ECTBO NMPOTPAMMHUX MOJEJNIEH, KaKJas U3 KOTOPBIX TpeOyer
j=1

JUISL CBOETO BBIMOJIHEHUS OT/IEIBHOIO BEIUUCIUTENBHOTO pecypca (KOMIIbIOTEpa);

D — ¢aiin (¢aiinsl) BXOJAHBIX JTaHHBIX, OMPEACISIONINN HaYaJIbHOE COCTOSHUE
IIPOTPAMMHBIX MOJIETIEN;

W — ums ¢aiina (uMeHa ¢aiioB), B KOTOPbIE 3alHUCHIBAIOTCS PE3yJIbTaThl MO-
nenupoBanus. KonpurypanuonHsiid (aiinn 3aganust Z coaepxKuT HHGOPMALIIIO O TPo-

IPaMMHBIX MOJIETISIX, TPEOYEMBIX pecypcax U T.I., HalpuMep,

1

i _ z z z z z z
Z = {arl- ,08;, pc; , ps; ,ms; ,dc; ,pri,cal-,bwi,rti,...} (4.2)

TIIe ar — apXUTEKTypa MpoIeccopa;
0S — OTIepaIlMOHHAs CUCTEMA,
pc — Tpedyemast MPOU3BOAUTEIBHOCTD POIIECCOPOB;

ps — OBICTPOJICIICTBHE TIPOIIECCOPOB;
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ms — 00beM ONEPaTUBHON MaMSTH;

dc — TpeOyembIii 00beM BUHYECTEPA;

ca — K03(pPUIMEHT CBA3HOCTH 3aja4 B 33/IlaHUMU;

pr — IPUOPUTET 3aJaHUS;

bw — mpornyckHas criocoOHOCTh KaHaja CBS3M I OpraHU3alui OOMEHa MEX-
Jly IPOrpaMMHBIMHU MOJEIISIMU;

¥t — BpeMsl BBIIIOJIHEHHUS 3aJaHUS U T.I1.

[Ipou3BoauTcs napaienbHbIN 3aIycK 3TanoB 2 u 3.

Ortan 2: Ha OCHOBE KOH(PUTypallMOHHOTO (haiina 3ajaHus Z NpoXoAUT UHULIKA-
JU3alysl alpUOPHBIX JAHHBIX O PACHPENEICHHBIX MPOTPAMMHBIX MOJENSX U pa3me-
LICHUE 3aJjaHusl B OUYepeau OKUIaHus pacnpeneneHus. Jlanee nepexon K atamy S.

Otan 3: mpoBepka Haiuuus B 0a3e JaHHBIX WH(OpMAIMK O MPEABIIYIINX 3a-
MyCKax MOJENH (cornacHo aTpulyTam Z), IOJy4eHHOU OT MOJICUCTEMBI aHAIN3a MO-
JIeId U COOpaHHOW B pe3yiIbTaTe MOHUTOPUHIA MPEABLAYIIMX MPOLIECCOB UMHUTALIM-
OHHOI'0 MOJIeNHpoBaHuA. Eciu naHHbIe TPUCYTCTBYIOT B 0a3€ IaHHBIX, & IPOUCXOAUT
3arpy3ka uHpopManuu u3 0a3bl JaHHBIX M NEPEXO]l K 3Taly S5, UHaye — NEepexo]l K
sTamy 4.

Oran 4: 3amycK IPOrpaMMHBIX MOJENEN, MOAETUPYIONIUX MPOLECCH UMHUTA-
LIMU, UCCIIEIOBAHNE MTOBEACHUS MOJEIIEH C Pa3IM4YHBIMA METOJAMHU CUHXPOHHU3ALMH
(KOHCEepBaTUBHBIMU M ONTUMHUCTUYECKUMHU). Pe3ynbTaToM SIBIII€TCS MOTYYEHUE BEK-
TOpa, oTnpeeasieMoro BeipakernueM (3.15).

Otan 5: NpUMEHEHMs CTaHAApTHBIX METOJIOB PaCIpPEACIICHHs] PECYPCOB C Lie-

JIBIO TIOJIYYEHUSI MHOXKECTBA JOMMYCTUMBIX CXEM pacIpe/iesiCHUs PECypPCOB.

Pemaercs 3amaua pacnpeneneHuss nporpaMMHBIX MOJIEJIEN Prj’. Ha JOCTYIIHBIE

M
pecypcesl | JRm, Tae

m=1

I
m

Rj= {ar,z, 0S,,, PCr., DSy, ms, , dc, bwfn} (4.3)

PG3YJ'II>T3TOM SABJIIACTCA MHOKCCTBO JOCTYIIHBIX CXCM HA3HAYCHUS, TAC KAKI0-

MYy NIpOrpaMMHOMY KOMIIOHCHTY CTaBHUTLCA B COOTBETCTBHC BBIYHCJIMTEIbHBIN pe-
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cypc P =/ {Pr} —>R,,,Vj =1,_N}k (k-xOnMM4YeCTBO JOMYCTHUMBIX CXEM Ha3HA4YCHUS).
k

D@ beKTUBHOCTH pacpeAesieHus OnpeaesseTcs MUHUMHU3allied BpEMEHU UMUTALUU
WJIM CTOMMOCTBIO UCIIOJIB30BAHUS PECYPCOB.

Otan 6: npUMEHEHUE METOOB aHAJM3a PACIPEAEICHHBIX MPOTPAMMHBIX MO-
neneil. B paznene 3 paccMOTpeHBI TpU METOJa: METOJl CpaBHEHUS d(PPEKTUBHOCTU
pacIpeneneHHbIX UMUTAIIMOHHBIX MOJEJIEN M0 MaKCUMaJIbHOMY IPOJBHKEHUIO MO-
JIEJIbHOTO BPEMEHH, METO/] OLICHKHA BO3MOKHOCTH PACIpPEAECICHUS YaCTHBIX MOJENEH
Ha OCHOBE JIMHAMUYECKOTO0 U3MEHEHHSI 00bEMOB BUPTYaJIbHOMN MaMsITH, METO]T TOJY-
YEHUsI NPOCTOS PECYPCOB IMPU HCMOJB30BAHWHM PA3ZHBIX METOJOB CUHXPOHHM3ALHUH
pacnpenesleHHbIX MMATAlNOHHBIX Mozeneil. KpoMe Toro, cymecTByeT BO3MOXKHOCTb
WCIIOJIb30BaHUsI HOBBIX METOJOB, ITOAKIIOYAEMBIX MTapaJIIENbHO. LIenbio BeINOIHEHUS
JTana SBJISETCS HAXOXKICHUE CXEMbl HAa3HAUYCHUS, UMEKIOIIECH MUHUMAIIBHOE BpEMS
BBITIOJIHEHUS C BBITIOJTHEHUEM OTpaHUYEHUN Ha 00BEMBI MaMSTH, 3aHUMAaeMbIe MPO-
rPaMMHBIMHA MOJICJISIMA U BPEMEHU MTPOCTOS BEIYUCIUTEIBHBIX PECYPCOB.

B koHIle 3Tama mpou3BOAUTCS COXpaHEHHE WH(OpMAIUU, MOTYyYEHHON B pe-
3yJbTaTe MPUMEHEHHS] METOJIOB OLICHKU CXEM paclpeiesieHns], B 0a3e TaHHbIX.

Otan 7: BBI30B OpOKepa pecypcoB, peanu3yrouiero (pu3nueckoe pacmnpesese-
HUE JIOKAJIBHBIX IPOTPAMMHBIX MOJIEJIEW Ha BBIYMCIUTENIBHBIE PECYPCHI COTJIACHO
BBIOPAHHOM CXEMBbI pacipeieIeHus.

Otan §8: UCHOJIB30BaHUE CPEJICTB MOHUTOPUHIA CUCTEMbI MOJICIIUPOBAHUS U
ONEPAlMOHHOM CHUCTEMBI Uil TOJYYCHMS JAWHAMUYECKUX IapaMeTpoB Ipolecca
MMUTALMU U COXpaHEHHE UX B 0a3e naHHbIX. COXpaHEHHE U YCTAaHOBJIEHUE CBS3EH B
0a3e MaHHBIX MEXIY alPUOPHBIMHU MapaMeTpaMH SKCIIEPUMEHTA, C OJTHOW CTOPOHBI,
Y MOJYYEHHBIMH B pe3yJibTaTe MPUMEHEHHs TEXHOJOTUU aHallu3a U cOopa CTaTUCTH-
YECKUX JTAHHBIX OT CHCTEM MOHHUTOPHMHIA CPEIIbl UCIOJTHEHHS MPOTPaMMHBIX MOJE-
JIeU, C APYTOU CTOPOHBI.

Ortan 9: nepenavya pe3yJbTaTOB BBINOJHEHUS 3aJaHus IMOJb30BATEN0 B BHJIE
MHOeCTBa (haisioB-pe3ynbTaToB W. AHanu3 nHbopMaIy, MoJyuYeHHON B pe3yibTa-
T€ Mpolecca MOACIUPOBaHUS (MTapajlIeIbHOTO UCIIOJHEHHSI TPOTPAMMHBIX MO/IENEH)

IMPOU3BOAUTCA IOJIB30BATCIIEM U HC BXOJAHUT B IICPCUYCHL BOIIPOCOB, PACCMOTPCHHBIX B
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JlaHHOM paboTe.

Taxkum oOpazom, mpemaraemasi HHPOPMAITMOHHAS TEXHOJIOTHS pacTpe/IeIcH-
HOTO MMHUTAIIMOHHOTO MOJCIMPOBAHUS BKJIIOUAET B ceOsl ACBATH ATAIOB, CPEIH KO-
TOPBIX OPUTHMHAIBHBIMU 3TallaMH SIBIISIIOTCA 3Tall MOJACIMPOBAHUS MPOIECCOB pac-
MPEICICHHON MMHTALUKM, KOTOPBIM MCCIEAYET MOBEACHUE MOJIECICH C pa3InyHbIMU
METOJlaMU CHHXPOHHU3AIMU (KOHCEPBATUBHBIMU W ONTUMUCTHYECKUMH), a TaKXKe
3Tan MPUMEHEHHsI METOJIOB CpaBHEHUS CXeM Ha3HaueHus (3tamsl 4 u 6). Undopma-
1S, KOTopasi GOpMUPYETCS Ha BBIXOJIE ATUX ATAIlOB, YUYUTHIBACTCS Ha ATarle pacrpe-

ACIICHUA ITPOTrpaMMHBIX MOI[CJ'IGﬁ 10 AOCTYIIHBIM BBIYHUCIINTCIIBHBIM PCCYpPCaM.

4.1.1 ITapannenbHble U NOCIEAOBATENbHbBIE TAMBI Pa3pa00TaHHON TEXHOJIOTUU

[TpencraBuM pa3pabOTaHHYIO TEXHOJIOTHIO aHajlIM3a, yKa3aB 3Tallbl TEXHOJIO-
I'MM B IPUBSI3KE K AUarpamMMbl JI€WCTBUN, OTPa3UB MOCJIEI0BATENIbHbBIE U Tapaslieib-
HbIE ATanbl (pUCYHOK 4.1).

[TpuMeHeHne TPEThEro U YETBEPTOro ATarna BO3MOKHO MapajIeIbHO C BBINOJ-
HEHHEM BTOPOTO dTama, KOTOPBIA peann3yeT pa3MelieHHe U Tepenady HCXOIHBIX
¢aiinoB Ha pecypcax, 00CTyKUBAIOUIUX PACIIPEACICHHYIO CUCTEMY MOJEINPOBAHUS
U MATOTO 3Tana, KOTOPBIM FeHepUpPYyeT MHOKECTBO CXEM Ha3HAYEHUS CTaHIApTHBIMU
MeToJaMu. B KauecTBe CTaHIapPTHBIX METOI0B IPUMEHSIOTCSI METOABI PABHOMEPHOTO
3all0JIHEHUSI PECYpCOB HAa OCHOBE BBIYHUCIUTENIBHOM CIOXKHOCTH M Pa3MEpOB Mpo-
IPaMMHBIX MOJIyJIEH, METOBI CITy4allHOTO pacnpenenaeHus u meron backfill.

[TomryueHHbIe CXeMBbI HA3HAYCHHUS SIBISIFOTCS] BXOAHBIMU JAHHBIMU JJIS IIIECTOTO
sTana. BTopoil 4acThbi0 BXOJHBIX JaHHBIX JUJIS LIECTOTO 3Talla SIBJISIFOTCS PE3yJIbTaThl
WCCJICIOBaHMsI MTPOTPAMMHBIX MOJIEJeH W JaHHBIE O MPEIbIIYIINX SKCIIEPUMEHTOB,
KOTOpBIE XpaHATCS B 0a3e TaHHBIX.

Ecnu skcniepuMeHT moBTOpsieTcs: 63 M3MEHEHUsT KOHPUTYPAITMOHHBIX (hailioB
Y MHOKECTBA MPOrpaMMHBIX Mojeneit (4.1) n B 6aze JaHHBIX HaXOAUTCS BbIOpaHHas
paHee cxeMa Ha3HA4YeHMs, 3Talbl UCCIET0BAaHUS TPOrPAMMHBIX MOJIeNIeil MOTYT OBITh
nponymieHsl. Eciau, mpu 3ToM, MHOYKECTBO JOCTYIHBIX BBIUMCIUTEIBHBIX PECYPCOB
COBIAJIAET C MPEABLAYIIINM SKCTIEPUMEHTOM, TO MOKET OBITH BBIKIIFOUEH MIECTOM Tam

pa3paboTaHHON WH(GOPMAIIMOHHON TEXHOJIOTHH.
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( Oran 1. [Tonydenne 3aaHus Ha PacTIpe IEIEHHOE MOJIETUPOBAHUE ) ( 3aImycK CHCTEMbI MOZIEIMPOBAHHS )
¢ T ( Munimanusanys HadaabHbIX 3HAYCHUN )
Hamname ( Bribop MeToa CHHXpOHU3 AU )
B b/] naopmanuu o mporpam=
v MHBIX MOJIEIIs
Oran 2. HnImann3amys anpruopHBIX
JaHHbIX O pacrlpe;[eneHHoﬁ HpOI‘paMMHOﬁ ran 3. 3arpy3Ka I/IH(i)OpMaHPII/I I/ICCHCZ[OBaHI/Ie MOOECIIN Hccnenopanue Moaenu
MOJIENH, Pa3MeIleHUE 3alaHus B OUepen 13 6a3bl JTaHHBIX C KOHCEPBATUBHOI C ONTUMHCTUYECKON
¢ ¢ CHUHXPOHU3 A EH CHHXPOHU3 AL EH
( Oran 5. [IpuMeHeHne CTaHAAPTHBIX METOA0B PaCIpeeIeHHs PECYPCOB )
( CoxpaHeHHUE JAHHBIX, IIOyYECHHBIX B XO/IE
y
A2 HMMUTAIIIOHHOTO 3KCIIE PUMEHTA
v
Oran 6. [IpnMeHeHne METOI0B OIIEHKH CXEeM pacIIpeieNIeHHs Oran 4
MPOTPaMMHBIX MOJEIeH
A4
v

Oran 6. MeTo1 OLIeHKH CXEeMBbI paclpe/ieNIeHns IPOrpaMMHBIX MOZIENICH Ha Oran 6. MeToJ1 OLlEHKH CXEMBbI paclpe/ieNIeHnst POrPaMMHBIX
OCHOBE IMHAMIYECKOI'0 H3MEHEHHS 00bEMOB BUPTYaJIbHOH MaMATH MOJIeJIel Ha OCHOBE OIICHKHM BPEMEHH IPOCTOS PECYPCOB

v v
!

( DTan 6. MCTOI[ CpaBHCHUA C)Cbcl)eKTI/IBHOCTH pacpeaciieHus nporpaMMHBIX Moz{eneﬁ 10 MakCUMaJIbHOMY NPOABMKCHUIO MOACTIBHOTIO BPEMECHU )

( Oran 7. Be3oB Opokepa pacrpeesieHus 4aCTHBIX MoJeIell o pecypcam )

t v

[QTan 7.PacnpeneneHue nporpaMMHBIX MO IO BEIYUCIIUTEIbHBIM pecypcam ,) [ Otan 8. MOHUTOPUHT COCTOSIHUS IPOrPaMMHBIX MoJiesiell U ]
X

HWHULHaIM3aly s mpouecca pacupeAaeJI€eHHOr0 UMUTAIITMOHHOTO MOJACIIMPOBAHU S BBIUHCIIMTEIILHOIO peCypca, COXpaHECHUE I/IH(I)OpMaI_II/II/I B 0aze JIaHHbI

v

( Otan 9. [lepeaaya pe3ynbTaToB BHIIOTHEHUS 3aJaHUS )

Pucynoxk 4.1 — JIlnarpamma aeiictBuii ”HGOPMAIIMOHHON TEXHOJIOTHH aHaJIM3a PAcpeIeICHHBIX TPOTPAMMHBIX MoJieNen

99
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W3 nmpuBeaeHHON auarpaMMbl BHUJIHO, YTO peajiv3alus LIECTOTO 3Tama BO3-
MO>KHA C MapajuieJIbHbIM BBIIIOJIHEHHEM JIBYX METOJOB UCCIEA0BAHMS ITPOrPaMMHBIX
MOJENEN: METOJa OLUEHKH BO3MOKHOCTH OCYLIECTBIICHHUS PAaCHpPEACIICHUS YACTHBIX
MOJIeJIeld Ha OCHOBE TMHAMUYECKOI0 U3MEHEHHsI OObEMOB BUPTYaAJIbHOW MAMSITH (Me-
TOJ ONMCaH B moApasjaeiie 3.7) 1 MeTo/1a MOJyYEeHHs OLIEHOK MPOCTOSI PECYPCOB IS
pPa3IMYHBIX METOJOB CHHXPOHU3ALMHU PACIPENCICHHBIX HMHUTAUOHHBIX MOJEIEN
(MeTon onucad B mojapazzene 3.8).
Takke nmapajuieTIbHO MPOBOAUTCS MHULIMAIM3ALMSA CEAbMOrO U BOCBMOIO 3Ta-
OB, TO €CTh 3aIyCK W YIPABICHUE PACTIPEICICHHBIM UMUTAIUOHHBIM MOJAEINPOBA-
HUEM OCYIIECTBIISIETCS MapajuIeNIbHO CO CIIy>)KOaMH yAaJIeHHOIO MOHHMTOPHUHIA pac-
IPEJICTICHHBIX BBIYMCIUTENIBHBIX PECYPCOB U KaHAJIOB OOMEHAa JaHHBIM B paclpee-
JIEHHOU CHCTEME MOJACIMPOBAHUS.
[IpennoxxenHass nuarpamMma JACUCTBUM (DAKTUUYECKH SBISCTCS aJTOPUTMOM,
OTIPEEISAIOUINM TOCIEA0BATEIbHOCTD BBIIIOJIHEHUS 3TANOB pa3paboTaHHON HMH(OP-
MalMOHHOM TEXHOJIOTMH C BO3MOKHOCTBIO BBIJICIICHHS Ha HEW MapajuieIbHbIX U T0-

CJICOOBATCJIBHBIX J3TAIIOB.

4.1.2 OcHOBHBIC OTIINYUS pa3pabOTaHHONW MH(POPMAIIMOHHON TEXHOJIOTHUHU pac-

npeaACICHHOIO MMHUTAITMOHHOI'O MOACIIMPOBAHUS

OCHOBHBIMH OTIUYHUSIMU Pa3padOTaHHONW WH(DOPMAIMOHHOW TEXHOJIOTHH SB-
JISIIOTCSL HAJIMYKUE YETBEPTOTO M IIECTOTO ATAroB, KOTOPhIE MO3BOJSIOT HAa OCHOBE
UMUTAIIMOHHOTO MOJICIMPOBAHUS U IPUMEHEHUSI METOJIOB OIEHKU CXE€M Ha3HAYCHUS
C Y4eTOM O0OBEMOB OINEPATUBHOM MaMSATH, BPEMEHU MPOCTOS PECYPCOB M METOJIOB
CUHXPOHM3AIIUM, COKPATUTh BPEeMsI MOJICTUPOBAHUS U KOJUYECTBO MCIOJIB3YEMBbIX
peCypcoB.

B pesynbrare nmpuMeHenus nHOOPMAITMOHHOW TEXHOJIOTHHU, CUCTEMa pacrpe-
JIEJICHUs] PECYPCOB MOJy4YaeT JOCTYI K HOBOM MH(pOpManuu (mapaMerpaM Ipoiiecca
MMHUTAIMH), YTO OTPAKEHO HA pUCYHKE 4.2.

Kak BugHO M3 pucyHka, npejjgaraeMmas MHGOpPMAIIMOHHAS TEXHOJIOTHS TTO3BO-
JISIeT MOJYYUTh HOBBIM MH(POPMAIMOHHBIN MTPOAYKT, B OCHOBE KOTOPOTO JIeKaT MOJy-

YEHHBIE XapaKTEPUCTHUKHU (ITapaMeTpbl) MPOLECCa PACIPEACIIEHHON UMHUTALUH, dJie-
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MEHTHBII COCTaB KOTOPBIX MpuBeneH B kopTexe (3.15). ITapameTpsl pa3memaroTcs B
0a3e MaHHBIX OJTHOBPEMEHHO C MMapaMeTpamMu SKCIEPUMEHTA, ONMPEACIISIeMbIMUA dJe-
MEHTaMHt KopTexka (4.1) U CTaTUYeCKUMU U JTHHAMHUYCCKUMHU XapaKTePUCTUKAMH BbI-
YUCJIUTEIBHBIX PECYPCOB M KaHAJOB TEpeaadr MaHHBIX (KOpTexk 4.3), MOoaydeHHBIX
OT CHCTEM MOHUTOPWHTA BBIYUCIUTEIBHBIX pecypcoB. Ilomydenne 3toit mHbOpMa-
MU JaeT OCHOBAHHME TOBOPUTH O IPUMEHECHUU HOBOW MH(MOPMAIIMOHHON TEXHOJOTHU
uccienoBanus (aHanM3a) MporpaMMHBEIX Mojened. [lanHas TexHonorus OyaeT omu-

caHa B noapaszaeine 4.1.3.

Pucynok 4.2 — CpaBHeHHUE CTaHJAPTHOM U MIPEAJIaraeMoil TEXHOJIOTUH paclpeiene-

HHUSA ITPOTpaMMHBIX MO)Ie.TIeI\/'I 110 BBIYUCIINTCIIbHBIM pECypCaM

[Tomy4yeHHast B pe3ynbTaTe HCIOJIB30BAHMSI HOBOM TEXHOJIOTHH HH(MOpPMAIIUS
MOXET UCIOIb30BaThCA HE TOJIHLKO METOJIAMH OLICHKHA CXEM Ha3HAa4Y€HUsl, PUBEICH-
HBIMU B JJaHHOM paboTe (pasnen 3), HO U HOBBIMU METOJaMH PaCTpEIeICHUs pecyp-
coB. B aToM ciyuae npoliecc pacnpenesieHus 3aaHusl Ha pacpeieIeCHHOE UMUTALIH-
OHHOE€ MOJICJIMPOBAHUE MOXKET ObITh 3HAUUTEIHLHO YCKOPEH.

B Hpe,HHO)I(eHHOﬁ TEXHOJOInu pacrnpeaciCcHHOroO MMUTAIIlMOHHOI'0O MOJCINUPO-
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BaHMsI BIEpPBbIE MCMOJIb30BaHA pa3paboTaHHas MOJENb MpoLecca PaclpeeIeHHOrO
JTUCKPETHO-COOBITUHHOTO MOJAEIMPOBAHUS, KOTOpasi, B OTJIMYME OT CYIIECTBYIOILIUX,
MO3BOJIMIIA TIOJIYYUTh JAHHBIE O TUHAMUYECKOM M3MEHEHUH 00bEMOB MaMsTH, MOTO-
KOB JIaHHBIX B JIOKQJIBHBIX MOJENSAX, BPEMEHHU IIPOCTOSI, AIITOPUTMbI CHHXPOHU3ALUU
MOJEIBHOTO BPEMEHH, YTO JAJ0 BO3MOKHOCTH BBIIIOJIHUTH YCTAHOBJIEHHBIE OTrPaHU-
YeHUs] Ha 00bEeM OMEePaTUBHOW MaMSATH U MUHHUMHU3HUPOBATH BPEMs MPOCTOSI BHIYHUC-
JIUTEIIBHBIX PECYPCOB IIPHU ONTUMHMCTUYECKUX M KOHCEPBATUBHBIX METOJAX CHHXpPO-
HU3ALMK [IporpaMMHBIX Mojened. Taxxke Oblila MCIOJIb30BaHa YCOBEPILIEHCTBOBAH-
Hasi MOJIEJIb OLIEHKU BPEMEHHU BBIIIOJIHEHUS MPOrPaMMHBIX MOJEIEH, KOTOpasi, B OT-
JMYKE OT CYIIECTBYIOLIEH, YUUTHIBAET YBEIMUEHUE OOBEMOB MaMSTH MPOTPAMMHBIX
Mojzielell U 00beMbl MEepelaBaeMbIX JaHHBIX MEXKIY MNPOTPAaMMHBIMU MOJEISIMH,
BpEMsI IIPOCTOSI PECYPCOB, UYTO MO3BOJMIIO OLIEHUTH BPEMS BBINOJHEHUS MPOTPAMM-
HBIX MOJEJIEN JJIsI Pa3IMYHBbIX CXEM PACHpPEAEIICHUSI PECYPCOB C YUYETOM OrpaHuye-
HUIl Ha 00bEM NaMATH U CyMMapHOE BpeMsi IPOCTOSI BBIYMCIUTENIBHBIX PECYPCOB.

B npennoxxeHHON HHPOPMAMOHHON TEXHOJIOTUY BIEPBBIE HCIIOIb30BAHbI ME-
TOJbl OLICHKHA CXEMBI PaCIPEACIICHUS JIOKAJIBHBIX IPOIPAMMHBIX MOJEJIEN 110 BBIYHUC-
JIMTEIBHBIM PECYpCaM, KOTOPbIE HA OCHOBE XapaKTEPUCTUK TUHAMUYECKOTO M3MEHE-
HUSL 00BEMOB UX CEIMEHTOB JaHHBIX, JAMIIOB MaMITH COCTOSIHUNA MOJIETIEH U OLEHOK
IPOCTOEB PECYPCOB, BHIOMPAIOT MPUEMJIIEMbIE CXEMbI PACIPEEICHUs PECYPCOB, UTO
ITO3BOJIAET YMEHBIIUTH BPEMS BBIIIOJIHEHUS U KOJIUYECTBO BBIYMCIUTEIBHBIX pECYp-
COB IIPU pealM3alyi ONTUMHUCTUYHBIX U KOHCEPBATUBHBIX METOJAX CUHXPOHU3ALUU
IIPOIPAMMHBIX MOJIEJIEN.

B crnenyroumux mnoapazaenax OyneT MOKa3aHO MPAKTUYECKOE HCIOJIb30BAHUE
npeIoKEeHHOH MHPOPMAIIMOHHOM B paclpeieeHHOM UMHUTAlMOHHOM MOJIEIHpOBa-
Huu GRID-cuctem, koTopasi, B OTIUYHE OT CYIIECTBYIOIIUX, BHIOUPAET CXEMBI pac-
MIPEAEIEHUSI PECYPCOB C MAKCUMAJIBHBIM XOJOM MOZEIBHOTO BPEMEHU IPU OTPAHU-
YeHUsIX Ha 0OBEM ONEpaTMBHOI MaMSATH, BPEMEHHU MPOCTOSI M BBIOMPAIOT CHOCOO
CUHXPOHU3ALUU MPOTPAMMHBIX MOJEJIEH, YTO MO3BOJISET MOBBICUTH 3(D(PEKTUBHOCTH
IIPOIIECCa PACIPEAEICHHOIO UMUTALMOHHOIO MOJCIMPOBAHUSA ITyTEM YMEHBIICHHUS

BPCMCHHN MOACIUPOBAHNA U KOJIMYCCTBA BBIYUCIINTCIILHBIX PECYPCOB.
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4.1.3 Pazpabotka WHGOPMAIMOHHONW TEXHOJIOTMM HCCJEI0BaHUS pachpese-

JIEHHBIX POTrPaMMHBIX MOJEJIEU

NudopmanmonHas TEXHOJOTHUS HMCCIEIOBAHUSA PACIPEACICHHBIX MPOrpamMm-
HBIX MoOJeJeil pazpaboTaHa I pealn3alliyd 4YETBEPTOro dTana HMH(pOpMarmoHHON
TEXHOJIOTUH PACHpPENEIEHHOTO0 HWMUTAMOHHOTO MOJEIUPOBAaHUA. [ E€XHOJIOTHS
BKJIFOYAET CIEAYIOUIUE ITAIIbI.

Otan 1: 3amyck mporpaMmbl, MOJICIUPYIOLIEH MOBEAEHNE YaCTHBIX MPOrpaMM-
HBIX Mojenei. MHunuanm3anus HavYadbHBIX 3HAYCHUW Ha OCHOBe (aitma 3aja-
Hus (4.1) u (4.2).

Otan 2: BBINOJHEHUE alropuTMa Ipoiecca (PYHKIMOHUPOBAHUS pacmlpejie-
JICHHOW MMHUTAlMOHHON Mojenu (pUBeeH B mojpasiene 3.6) ¢ MpuMEeHEHUEeM KOH-
CEpBaTUBHOTO aJrOpUTMa CHHXPOHHM3alMM MPOTrpaMMHBIX Mojener (moapas-
nen 2.3.1).

Ortan 3: BBINOJHEHHUE alNTOpPUTMa Ipoiiecca (PYyHKIIMOHUPOBAHMS pacrpese-
JICHHOM WMUTAIIMOHHOM MOJIETM C MNPUMEHEHUEM ONTHUMHUCTUYECKOTO ajIropuTMa
CUHXPOHU3AIUU MTPOTPAMMHBIX Mojenei (moapasnen 2.3.2).

Otan 4: coxpaHeHue NaHHbIX (KopTex 3.15), MoJMydeHHBIX B XOJ€ MOAEIUPO-
BaHUs, B 0a3¢ TaHHBIX C COXPAHEHHEM UJEHTU(PUKATOPA IKCIIEPUMEHTA, aTpUOyTaMu
KOTOPOT'O BBICTYNAIOT 3JIEMEHTHI MHOKECTBA 3a1aHus (4.1).

Takum 00pa3om, NpeaIoKeHHas HHPOPMALMOHHAS TEXHOJIOTHSI UCCIIEI0OBAHNUS
MPOTrPaMMHBIX MOJIENIEH COAEPKUT YEThIPE ATana M MO3BOJIAECT MOJYYUTh U COXpa-
HUTH B 0a3e JaHHBIX MHGOPMAIIMIO O CTATUYECKUX M TMHAMUYECKHX XapaKTePUCTU-
KaX IporpaMMHbIX Mojenei. JlanHas uHpopmanus sBIASETCS BXOIHOM IJIs IIECTOrO
sTana nH(HOPMAITMOHHONW TEXHOJIOTHH PACIPEICICHHOTO UMUTAIIMOHHOTO MOJIEIINPO-
BaHU4, NPEIJIOKEHHON B noapasaene 4.1.

Pacnipenenenne QpyHKUMNA CHUCTEMbl paclpeieIEHHOTO UMUTAIMOHHOTO MOJe-
JUPOBAHMS, MPU BHEIPEHUU pa3zpaboTaHHON WHOOPMAIIMOHHOW TEXHOJOTUU TPE-
CTaBJICHbl Ha (YHKIIMOHAIBHON Mojenu (pucyHok 4.3). B oTinuuue oT CyliecTByro-
IIMX TEXHOJOTUW PaCHpeaeICHHOTO0 WMHUTAIMOHHOTO MOJEIMPOBAHUA, JTO0ABICHBI

cienytonue GyHKIIMOHATBHBIC JIEMEHTHI:
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- A6 — obecnieunBaronuii BEIOOP M3 0a3bl JaHHBIX MH(OPMALUKM O TIPEIbIIY-
IIUX 3allyCcKax MOJIEIH;

- A7 — dbopmupyIOUUMi TONOJHUTEIBHBIE CXEMBI paclpeeIeHUus] METOJaMu
PABHOMEPHOTO U CIIy4allHOTO pacIpe/ie/eHus;

- A8 — OCyIIIECTBISIONINM 3aITyCK MPOrPaMMHBIX MOIYJIEH aHaln3a;

- A9 — Moaenupyromnil NOBEICHUE PACTIPEACICHHON MTPOrPaMMHON CHUCTEMBI
MOJIEIUPOBAHUS JIJIsl Pa3HBIX METOJAO0B CUHXPOHU3AIINH;

- A10, A1l u A12 — npuMEHSIOMMX METOJIbI OIIEHKH CXEM pacIpeAeICHUS;

- A3 — BpIOUpaeT cxeMy pachupeiesIieHUs] pecypcoB Ha OCHOBE MH(OpMAIUU OT
A10-Al12.

Bpoxep pecypcoB (A4) Ha OCHOBE TIEpeIaHHON CXEMbl HA3HAYCHUS Pk, UCTIOIb-
3ysl CEPBUCHI TEpeayl JTaHHBIX OMEPAIIMOHHOW CHCTEMBbI U CUCTEMbI MOJECIUPOBa-
HUSI, OCYILIECTBIISIET nepeaauy GailyioB 3aJlaHus Ha yAaJICHHbIE BEIYUCIUTEIBHBIC pe-
CYpCBL.

Ha pucynke 4.3 moka3aHa B3aMMOCBS3b pa3paOOTaHHBIX (DYHKIIMOHAJIbHBIX
AIIEMEHTOB C YK€ cyliecTByromuMu B cucreme GRASS:

- A0 — mpuHUMaeT 3aJaHue OT MOJIb30BaTeNs B BUAE MHOXECTBa (haityioB (OMu-
caHus 3a/IaHMsI TPOrPAMMHBIX MoJenel Ha s3bike jdl, caMux mporpaMMHBIX MOJeen
U KOHQUTYPAIMOHHBIX (PAiJIOB), JIEMEHTBI KOTOPOTO COOTBETCTBYIOT PAaCCMOTpPEH-
HOMY KopTexy (4.1);

- Al — npou3BOAUT yJIaJIEHHBIX MOHUTOPUHI PECYPCOB C IIEIBI0 ONPEACICHUS
OCHOBHBIX XapaKTEPUCTUK COCTOSHUS BBIYHCIHMTEIBHOTO pecypca B TEKYyIIUH MO-
MEHT BPEMEHU;

- A2 — reHepupyeT MHOXECTBO BapHaHTOB CXEM pAacCIpEIeiICHUs PecypcoB
CTaHJAPTHBIMU U MOAU(DUIIMPOBAHHBIMU METOIAMU;

- A3 — BeIOMpaAET cxeMy pacnpeaesieHus: pecypcoB (MoaudUIupyeTcst B Mpe-
JaraéMoi TEXHOJIOTUU PaclpeieICHHOTO UMUTAIIMOHHOTO MOJICIIMPOBAHUS);

- A4 — ocymiecTBIsIeT Mepeaavyy NpOrpaMMHBIX MOJEIEH M COMYTCTBYIOIIUX
¢daiioB Ha BBIJICTICHHBIE PECYPCHl COTIIACHO CXEMbI Ha3HAYEHUS, 3aIMyCK MPOTPaMM-
HbIX Mojene u mannuanuzanuio RTI, mogaepkuBaroiieir oOMeH JTaHHBIMU U CHH-

XPOHU3ALMIO TPOTPAMMHBIX MOJIETIEH.
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3afABKa Ha BbINO/NHEHMe 334aHnA

MHPpopmaLma o BbINOAHEHAW pacnpeaeneHHoM NporpaMMHOR MoAenu

-

3amarme NHbOpMaLMa O TEKYLLLEM COCTOAHMM PECYPCOB
(Job, JdI) NHdopmauun
> oTpecypca 1 CobpaTtb
AnpropHble MNpuHaTtL MHbOpMauuto o
[laHHble 3ajaHune COCTOAHUMU
0 mojenu (Jdg ) BbibpaTh 13 H6asbl Becypcay
A0 AaHHbIX — noseaeHun
T MHPopmaumio o NIOKaNbH bIX
MeHeaxep 3agaHui npeablaywmx NPOrpamm
§ 3anycKax mogenu > AS
A6
Bbl4aTb TeKyLLy
- MHGOpMmaumto o RTI Cuctembl
( pecypcax pacnpefeneHHoOro
J Al MMUTaLMOHHOTO
f MoAeNMpPoBaHuA
AHanusatop pecypcos
[____> MPUMEHUTb CTaHA,APTHbIE METOAb!
pacnpefeneHua pecypcos
>
A2
MccnepoBaTb
) moaeme AHanusatop pacnpegeneHHbIX mojenei
KOHCepBaTUBHOM
"
___p| onTumucrnueckoii MpnmeHnTb
CUHXPOHM3aum el MeTOoAbl OLEHKN
MoAroToBUTL AaHHblE
A7 cren P, 0 A8 METOA,0B OL,eHKU
0 PACMIPEACNERMA T —p| CXem pacnpeaeneHuns c
NpPOrpammHbIX i
mogeneil KOHcepBaTMBHOMP
OMNTUMM CTUYECKOW
A8 CUMHXPOHM3aUm et
A9
p
MpuMmeHeHUTb meToz
OLEeHKM BO3MOKHOCTM
pacnpegenieHns YacTHbIX MpUMeHeHUTb MeToz,
Mogenei Ha ocHoBe CpaBHEHMA
AV HaMKY ecKoro addeKkTnBHOCTH BeibpaTh cxemy
M3MeHeHnAa 06 beMoB pacnpefeneHHbIX _J’ pacnpeneneHna
BUPTYasIbHOM NamsaTu MMWTALMOH HbIX
A10 Mmogenen no T A3
MaKCMMaibHOMY
MpUMeHeHUTL MeToa NPOABUMKEHUIO ﬂnaHMpOB¥MK
OLEHKH NPOCTOA MO/AEeIbHOrO BpeMeH#M 3afaHui
pecypcos ana Al2
pacnpeaeneHHbIx Mepepatb3agaHune |

mozaenen
All

Rm={rm, m=1,2,...M}; - MHoxecrso pecypcos

P={pk, k=1,2,...K}; - MHoxecTBO cxem pacnpeaenenus

O=<I, T, TR, . TR® TP* V. V*=i=IN

Ha pecypcbl

A4

T

Cepsucbl nepeaym
JaHHbIX

Pucynok 4.3 — @yHkmoHanbHasi MOJENb HH)OPMALIMOHHONW TEXHOJIOTHH UCCIENIO0-

BAaHUSA MIPOTPAMMHBIX MOJEIEN
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[IpensioxkeHHasi TeXHOJOTUsl OblIa peaiM30BaHa MU HMHTETPUPOBAHA B CyIlle-
CTBYIOIIEE TPOrPaMMHOE OOecTieueHue, MOCTPOEHHOE Ha 0a3e pacnpeaeeHHOW UMH-
TallnoHHOW cucteMbl MozenupoBanusi GRID-undpactpykryp — GRASS (GRID
Advanced Simulation System), koTopas onrcaHa MmoApPOOHO B CIAEAYIOMMX IMOApPa3-

JcJiax.

4.1.4 OOBEeKTHI NMPECTABICHUS U WHISKCUPOBAHUE JAHHBIX B MPEIOKEHHBIX

UH(GOPMAIMOHHBIX TEXHOJIOTHIX

[Ipumenenue pa3zpaboTaHHBIX UH()OPMALMOHHBIX TEXHOJIOTUHN MOIpa3yMEBAET
CO3JaHME, XpPaHEHUE, IIepelady U HCIIOJIb30BAHNE JTAHHBIX O IIPOrPAMMHBIX MOJEIIAX,
BBIYHCIIUTEIBHBIX pecypcax, KaHalax Mepefayd JaHHbIX U UMUTAUUOHHBIX 3KCIEPH-
meHTax. g 3¢ (peKTUBHOrO B3aMMOJEHCTBUS MOJCUCTEM, 00OECIIEUUBAIOLIUX IPO-
LIECC PacCHpeAesICHHOT0 UMUTAIMOHHOTO MOJEIUPOBAHUS, HEOOXOJUMO CO3/1aHUE
€MHOr0 MPOTOKOJIa OOMEHa JaHHBIMH U (popMmaTa MpeACcTaBiICHUS JaHHBIX BHYTpPU
CUCTEMBI MOJEITMPOBAHUS.

Jlns mpencraBieHus AaHHBIX MCIOJIb30BaHa OOBEKTHAs MOJENb MpeAcTaBiie-
Hus nokymenta XML (Extensible Markup Language), KOTOpbIil TO3BOJISIET CTPYKTY-
pUpoBaTh UH(POPMAIMIO PA3HOTO THUMA C OJHOM CTOPOHBI, U UMEET 3HAUYUTEIbHYIO
NOJAJIEPKKY MPOrpaMMHBIMU 1IA0JIOHAMHU B3aMMOJIEUCTBHS C CYHIECTBYIOUIMMHU Oa-
3aMH JAHHBIX C JPYTOM.

B xauecTBe nepBUYHBIX OOBEKTOB MPEACTABICHUS JaHHBIX BHICTYIAET MHOXeE-

CTBO:

0=<0,,08,90 > (4.4)

rae 0, — MHOXECTBO JAaHHBIX O 3aJaHUU Z, COOTBETCTBYIOIIEE MHOXKE-
cTBY (4.1) unu MHOXecTBY (4.2);

(O — MHOECTBO JAHHBIX O BBIYMCIUTENBHBIX pecypcax (4.3);

0p— MHOXECTBO JaHHBIX, [TOJIYYEHHBIX B pE3yJIbTaTe MPUMEHEHHS TEXHOJIO-

I'mi a”Halin3a pacIIpCaACIICHHBIX IIPOIrpaMMHBIX MOI[GJ'IGIZ, KOTOPLBIC OIIPCACIIAIOTCA

kopTexeM (3.15).
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dopmupoBaHue JaHHBIX MHOXkecTBa (4.4) 1o co3manus oobekTHOM XML Mmo-
JIeJIA TIPEJIaraeTcsi OCYIIECTBIATh COTJIACHO NPOJYKUHWOHHBIM MPABUWIIAM, KOTOPBIE
MCIIOJIB3YIOTCSI aBTOMATUYECKH WJIM TIOJ YIIPABIECHUEM MOJIb30BaTeNsA. B oTinuune ot
OOBEKTHBIX TEXHOJOTHH (popMupoBaHHS HAaOOpa JAHHBIX, MPUMEHEHUE MPOTYKIIH-
OHHBIX TIPABWJI HE TPHBS3BIBACTCS K CTPOTO OTPaHUYCHHOMY (opMary, TPH 3TOM
oOecrieuynBasi MPOCTOM MEXaHMU3M 3aJlaHus MPaBUl (POPMUPOBAHUS MHOXKECTBA CO-
XpaHsIEeMBbIX JaHHbIX. [locime onpeneneHrs MHOKECTBA JAHHBIX, KOTOPBIE MOJJIEKAT
COXpaHEHUIO, MPOUCXOJUT aBTOMaTHUeCcKoe co3faHue oObekta B opmate XML u
COXpaHEHHE ero B 6a3e JaHHBIX.

XpaHeHHe MPOAYKIIMOHHBIX MPaBUJl TAKKE BO3MOKHO B 0a3e JaHHBIX B BUJE
PEISAIMOHHBIX TA0JINII, COJAEPKAIIMX HOMEDP MpaBMiIa, 0071acTh TPUMEHEHUS MTpaBUiia

(x 2nemeHTy MHOXecTBa Q WM JIEMEHTY NOAMHOXecTB O, ,0x,0,), npouenypa

(mporpaMMHBIN 3J€MEHT) IPUMEHEHUS TIpaBuia, mpoieaypa co3ganus XML oObek-

Ta!
(a);F(q);Pry(q=4q");Pryoun(q'), (4.5)
r7Ie a — HOMEep MPOyKIIMOHHOTO TIPaBUIIa;
F(q) — ynkmus onpeneneHus NpUMEHUMOCTH MpaBuiia F K 2JIeMEeHTY JTaHHBIX
7.9€0;

!
Pr,(q = q')— nporuenypa NpUBEACHUSI COXPAHSIEMOTO JJICMEHTa MHOXECTBA

Q B CI[HHBIﬁ (bOpMaT XpaHCHUSA JaHHBIX CUCTEMbI MOJICJINPOBAHMAA,

Pry, (q') — nipouienypa coznanus oobekTa qaHHbx B hopmare XML.

B peanpHO cyliecTByrOLIEH CHUCTEME BO3MOJKHA CUTyalMs CYLICCTBOBAaHUS
JBYX MPOAYKLUHMOHHBIX MPABHJI JUJISI OJAHOTO U TOTO K€ dJieMeHTa . Bo nu3bexanue
KOH(JIMKTOB MPUMEHEHUS MTPABIJI UM CYLIECTBOBaHMS B 0a3e JaHHBIX JIByX U Ooiiee
KOIUM, COOTBETCTBYIOIIMX OJHOMY M TOMY K€ 3JIEMEHTY MpPaBWJl, B pa3padOTaHHOU
TEXHOJIOTUH CYLIECTBYET OTPAHUYEHME: BO3MOKHO CYIIECTBOBAHUE TOJBKO OJHOTO
IIpaBUJIA [Tl KQXKIOTO 3JIEMEHTA NAHHBIX. B CBS3M C 3TUM, KaXKIbIid 3JIEMEHT JaHHBIX
q MpU PETUCTPaALlMU B CUCTEME MOJIECIUPOBAHMS TIOJy4yaeT YHUKAIbHBIN WaeHTU(UKA-

Top (4.5).
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B nmogpasaene 4.1 ormedanocs, 4TO JaHHBIE, ONKCHIBAIOIINE 3a/1aHUAS. U BbI-
YHUCIIUTENbHBIE PECYPCHI MOTYT OBITh KOJMUYECTBEHHBIMH (HAIIPUMEP, BBIYUCIUTEIb-
Hasl CJIOKHOCTh WJIM KOJIMYECTBO MPOLIECCOPOB) U KAUECTBEHHBIE (TUI ONEPALMOHHON
CHCTEMBbI, HAIMYUE BHEUTHEH mamsTH y pecypca). Tak Kak B (pOPMUPOBAHUU MHOXKE-
CTBa BXOJHBIX JAHHBIX (Q IPUHUMAET y4yacTHE MOJb30BaTENb, TO BO3MOKHO BHECE-
HUE OMMOOYHBIX WJIM HEKOPPEKTHBIX JAHHBIX, KOTOPhIE HE PACIO3HAOTCS MPOLEaY-
pou nmpuBeneHus naHHbix Pr. [loaTomy, BO Bcex mpouenypax NpUBEACHUS OPEAY-
CMOTPEHO UCKJIKOYEHUE, KOTOpOe (PUKCHPYET HECOBMAAEHUE (POPMATOB JAHHBIX U, B
cllydae HEBO3MOXXHOCTHU IpUBEJIEHUs, He co3aaeT 00bekT XML, cooTBeTcTBYIOMUMI
sToi MH(popmanuu. OTCYTCTBHE JAHHOTO OOBEKTAa B 0a3e JaHHBIX, COOTBETCTBYIO-
el TEeKyIleMy OSKCIEPUMEHTY, ONpPEIENseTcs OTCYTCTBHEM OOBEKTa € aTpuldy-
ToM (4.5).

MHoxecTBO NpouUeayp NMpUBEIeHUS U co3gaHusl oobekta XML, Takum oOpa-

30M, MOXKET OBITh IIPOMHACKCUPOBAHO MIPH ITOMOIIH aTpudyTa (4.5):
Pr=<(Pr) ,Priy; )> (4.6)

[TpakTryeckas peanuzanus yKazaHHbBIX MPOLEAYpP MpearacTcs B BUIE peau-
3allMM TUIATMHOB Ha si3bIke JavaScript.

B mHO)ecTBe Qp 11€71€c000pa3HO BBIACIUTD J1Ba OJMHOXKECTBA: (Jp, — CTATH-

YECKHE XapaKTEPUCTHKU O PECYpCe, KOTOPbIE COOMPAIOTCA B Pe3yJIbTaTe MOHUTOPUH-

ra BBIYUCIUTEIBHBIX PECYPCOB BHE 3aBUCUMOCTU OT 3aJlaHUM HAa MOJICTUPOBAHUE U
Qry — TapameTpsl, coOnpaeMble OT CUCTEMbl MOHUTOPHHIA BO BpEMs IPOBEICHUS
HKCTIIEPUMEHTA.

DOneMeHThl MHOXecCTBa (4.4) UMEIOT JIOTHUECKYIO CBs3b. Tak (popmupoBaHue
MHO)eCTBa () MIPOUCXOJUT HAa OCHOBE MH(OpPMALIMU U3 MHOXKeCTBa (J, , U COOTBET-
CTBYET OMPEICIICHHOMY JKCIEPUMEHTY, MPOBOJUMOMY B CHUCTEME MOJICIUPOBAHUS.
M3MeHeHne KOJUYECTBEHHBIX M KaueCTBEHHBIX JAHHBIX W3 MHOXecTBa (), (3HA4M-
TEJIbHOE W3MEHEHHE YCJIOBUUA MMHUTAIMOHHOTO SKCIEPUMEHTAa), MOXKET MPUBECTH K
3HAYUTEIHLHOMY M3MEHEHHIO TapaMeTPOB, XapaKTEPU3YIOIIUX MTPOLIECC MOJIETUPOBa-

Hus (MHOecTBO (3.15)). HakoHel, aneMeHThsl MHOXKeCTBA O, U CXEMa paclpenese-
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HUSA  PECypCOB  OKa3bIBAKOT CHJIBHOC  BJIHMAHUC Ha  3HAYCHHUA  JJICMCHTOB

MHOXKeCTBA Op, .
B cBd3u ¢ 3THM, Ipearaercs MHAEKCUPOBATh JIaHHbIE MHOXecTBa (4.4) at-
b . .
pubytoM b — (7, KOTOpHI HA30BEM aTpUOyTOM JKCIepuMeHTa. JlaHHBIA aTpuOyT

MIO3BOJISIET CBA3ATh UCXOJHBIEC IAHHBIE 3aJJaHUSI C MHOKECTBOM JIAHHBIX, OJTYYEHHBIX
B pe3yJbTaTe MOJEINPOBAHUS U JaHHBIMU, MI0JYy4a€MbIMU OT CUCTEMBl MOHUTOPUHIA
peCypcoB.

[Tpu pabote ¢ cucTeMoil MOJECIMPOBAHUS TOJIH30BATENb BHITIOIHSIET CIEIYIO-
mue AeicTBUsA: POpMHUpPYET UCXOHbIE JaHHbIE SKCIepuMeHTa (koprex 4.1), nepena-
€T UX CHCTEME MOJEIMPOBAHMS, CHCTEMA BBINOJIHSAET MOJEIMPOBAHUE U TEperaeT
pe3ynbTaThl MOACIMPOBAHUS TOJIb30BaTENI0. 110/Ib30BaTENb aHATM3UPYET, MTOTYYEH-
HbIE B PE3YJIbTATE 3KCIIEPUMEHTA, JaHHbIC, KOPPEKTUPYET MUCXOAHBIC JAHHBIE U IIO-
BTOPSIET DKCIIEPUMEHT. Takol LMKJ MTOBTOPSETCS MHOTOKpATHO. [Ipu 3TOM M3MeHe-
HUS B UICXO/IHBIX JJAHHBIX MOTYT OBITh HE3HAUUTEIbHBIMU WM 3aTParuBaTh OOJIBIIOE
KOJIMYECTBO 3JIeMeHTOB MHOXecTBa (4.1). Ecnu gukcupoBath nHPOpMaIuio o Bcex
HKCIIEPUMEHTAX, TO OOBEMBI JaHHBIX B 0a3e MOryT ObITb 3HAYUTENbHBI, & COOTBET-
CTBEHHO MOXKET YBEJIMYMBATHCS BpEeMsl MOMCKa COOTBETCTBYIOIIEH 3amucu B 0ase
JTAHHBIX.

OCHOBBIBasICh Ha TOM (paKTe, 4YTO MOBTOPEHHUE IKCIEPUMEHTOB C HE3HAUUTEb-
HbIMU U3MEHEHUSIMU MOXET OCYIIECTBISITHCA YK€ C MOMOUIBIO MCCIEIOBAaHHOMN CO-
BOKYITHOCTBIO MPOrPaMMHBIX MOJEJIE M CXeMbl Ha3HAYEHUs, MPEIaraeTcs BBECTU

MOHATHE HacTpauBaeMoro KoddduimMenta OJU30CTH, OIPEACNAIONIero Hauboee
b
MOIXO/ISIIIEe MHOXKECTBO (0, KOTOPOE MOXKET OBITh MCIOIB30BaHO JJIs BHIOOpA cXe-

MBI Ha3HA4YCHMH .

K,=K*.K" . kP .K" 4.7)

rae K% — k0o9pdUIUeHT GIM30CTH IapaMeTpoB KoH(pUTypanroHHoro ¢aiina

OIINCaHuA 3aaHMA,

P .
K'" — koa(dunmeHT GIM30CTH MHOKECTBA MPOTPAMMHHMX MOJIENEH, Kaxkaast

N3 KOTOPHBIX Tpe6yeT AJI BBIIMOJIHCHWA OTACIIBHOI'O BBIYMCIUTEIBHOI'O pECypca,
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K~ — xospdunueHT 0au30cT MHOXKECTBA (aliJIOB BXOJHBIX JAaHHBIX, OIpe-

ACIHIOIMNX HAYaJIbHOC COCTOSAHUC ITPOTrPpaMMHBIX MOI[GHCﬁ,

K" — xosdduupent 6nm30cTi MHOKECTBA (aiioB, B KOTOPHIE 3aIUCHIBAIOT-
CsI pe3yJIbTaThl MOJICIIMPOBAHUSI.
B mpocreiimem ciryyae mpeiaraeTcsi HCIOIb30BaTh CIEAYIONIEEe BBIPAKCHUE

TSt TI000T0 13 KO3(PPHUITUEHTOB OJIM30CTH:

Y _

y |LecmQ =0,
K, = v (4.8)

0,ecru Q" +# Q,
TO €CTh, KO3 UITMEHT OJIM30CTH paBeH 1, €Clu COCTaB MHOXKECTBA AJIEMEHTOB OITH-
CaHUsl TEKYIEro JKCIEePUMEHTa COBHAJACT C AJIEMEHTAMU MHOKECTBA OIMUCAHUS
IKCIIEPUMEHTA, COXPAHEHHOTO B 0a3e NaHHBIX, U PAaBEH HYJIO, €CIIM COCTaB MHO-

YKECTB OTJINYAETCSI.

Ananu3 npousBeneHus (4.7) MoKa3bIBAa€T, YTO MHTETPAIbHBIN KOADPUIIMEHT

omu3octu K, paBeH 1, eciu Bce KOO (PUIMEHTHI OJIM30CTH PAaBHBI 1 1 2J1eMEHT 0a3bl

naHHBIX O MOXKHO WCIIONB30BATh JUIS BHIOOPA CXEMBI HasHadeHHs. Eciu xoTs Gbl
ouH u3 Kod(p¢puuneHToB paseH 0, To MHTErpayibHbli ko3 ¢puuueHt K, paseH 0 u

3aMUCh C UHJEKCOM b HE MOXET ObITh MCIOJIb30BaHA JJIsl BHIOOpA CXEMbI Ha3HaYe-
HHSL.

JlanbHeiiee pa3BuTHE B onpeaesieHn Kodpduimenta O0JU30CTH BUAUTCS B
3aJIaHUW MPOAYKITHOHHBIX TIPABUJI €ro omnpeaesieHus. [Ipu 3ToM HEOOXOUMO YUUTHI-
BaTh JBa HampaBjeHus. [lepBoe cBsA3aHO C HATMYHUEM KOJIMYCCTBEHHBIX U KaUueCTBCH-
HBIX TIapaMeTPOB B KAa4ECTBE AJIEMEHTOB MHOXecTBa (). KauecTBeHHBIE MapaMeTphl
(HampuMep, B MHOXECTBE Z, MOTYT 3a/1aBaTh TUII OTICPAIIMOHHON CUCTEMBI WIIH apXH-
TEKTYpY MPOIecCcopa) MOTYT ObITh OCHOBAHBI Ha MPEANKATHOM BbIBOJIE. J1Jis cpaBHe-
HUS KOJIMYECTBCHHBIX IMapaMETPOB MOYKHO HCIIOJIh30BaTh MAaTEMAaTHUECKHE U aJro-
PUTMHUYCCKHE METOJbl. BTOpoe HampaBieHHE CBS3aHO C COCTaBOM IIPOTrPaMMHBIX
MoOjieNiel, KOTOPbIE MOTYT MEHSTHCA KaK B KOJIMYECTBEHHOM COCTaBe, TaK U B Kade-
CTBEHHOM (HarpuMep, B ClIydae CyIIECTBOBAHUS HECKOJBKUX MPOTPaMMHBIX MOJIE-

JeH, peaau3yomuX OJUH U TOT K€ MOJYJIb CHCTEMBI).
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B cBsi3u ¢ 3TUM, B pa3pabOTaHHON TEXHOJIOTMH MPEAJIaracTcs BBECTH BO3ZMOXK-
HOCTb 33J]aHHsl MPOTYKIIMOHHBIX MPABUII, OMPEAESIONX KO3PPUIUEHTH! OJIM30CTH
MHO’KECTBa MapaMETPOB TEKYIIETO U MPEIbIIYIINX SKCIIEPUMEHTOB (COXPAaHEHHBIX B
0a3e JaHHBIX) Ha OCHOBE IMOJKIIOYAEMBIX MPOTrpaMMHBIX Moayled. Muaekcanus
IPaBHJI MOKET ObITh CKBO3HAsI IIEJIOYMCIICHHAs (HauuHas ¢ 1) Wiu mpu MOMOIIU aT-

pI/I6YTOB ITIOAMHOXKCCTBA JaHHBIX:

(Y);F(Q);Pry((0,0" )= K" ), (4.9)

rae Y — arpuOyT NpOIyKUIMOHHOIO MpaBUjia, COOTBETCTBYIOIIMM MOJMHOXE-
CTBY JJaHHBIX MHOKeCTBa Q;

F(Q) — dynkuusa onpeneneHus NTpUMEHUMOCTH MpaBuiia F Kk MHOXECTBY J1aH-
HBIX TEKYIIEro 3kcnepumenTa Q (Ipy 3HaYUTEILHOM U3MEHEHHH YCIOBUM U COCTaBa

MOJIYJIeH BBIUUCIUTENBHOTO SKCIIEPUMEHTA, MMPABUIIO MOXKET OBITH MPOITYIIEHO);
Pry (( 00" )= K" )- nporeaypa ONpeICIICHHUS koahuirienTa

6mmsoctr K.

HNHuTterpanpubiii K03GdUIUEHT OIU30CTH MOACYUTHIBaeTCS 1o popmyne (4.7).
B npuBeneHHOM BapuaHTe, MHOKECTBO BO3MOXKHBIX 3Ha4eHUM kKod(duiimenta O0u-
30cTy BKJto4yaeT aBa 3HadueHus K={0,1}. OgHako, HE HCKIIIOYAETCS BO3MOXKHOCTb
co3/laHusl 00Jiee CIOXKHBIX METOJIOB €r0 OMpeeeHuUs: C OOJIBIIUM KOJMYECTBOM BO3-
MO>KHBIX 3HAYEHHH (B TOM YMCIIe M HEMIPEPBIBHOTO 3Ha4YE€HUs KO3 PuimeHTa 61m3o-
CTH).

Kaxx1p1i1 13 nepBUYHBIX 0OBEKTOB MPE/ICTABIICHUS TaHHBIX (4.4) peacTaBIseT
co0oit o0sekTHYI0 MOJienh B XML ¢dopmare. B mpumepe 4.1 mokazano ohopmiieHne
3a7laHus TIOJI30BaTENIsl HA OCHOBE BhIpakeHus 4.1.
<?xml version="1.0" encoding="utf-8"?>
<Task>

<Z>

<processor > Intel Core i3 </ processor >

<operation system> Scientific Linux <ver> 4.0</ver> </ operation
system>

<RAM> 1200 </RAM>

<HDD> 3000 </HDD>

<priority> 1 <priority>
<parameter pluginsDirectory =
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"//WS39-2/C:/simulation/plugins/"/>

</7>
<program models>
<plugin name="AlgorithmLoader" filename="algorithm loader">
<parameter TasksCount="10"/>
<parameter Algorithm="RandomDistributionAlgorithm"/>

</plugin>
<plugin name = "DataManager" filename = "data manager" />
<plugin name = "Queue" filename = "queue" />
<plugin name = "RandomDistributionAlgorithm" filename =
"rda"/>
<plugin name = "ResourcesController" filename = "rc" />
<plugin name = "SimpleResourcesManager" filename = "srm" />
<plugin name = "SimpleTasksGenerator" filename = "stm"/>
</program models>
<Data>
<file = "Task stream" filename = "Matrix.dat" />
</Data>
<Result>
<file = "results" filename = "out.res"/>
<Result >
</Task>

[Tpumep 4.1 — OpopmiieHne 3a7aHus OJIL30BATEIS

B npusenennom pparmente XML nokymenrta pasznen Task ompenenser omnu-
caHue 3aJ]aHusl, KOTOPOE CTABUTHCS HA MOJCIMPOBaHUE, paszjien program models —
MHOKECTBO MPOTPAaMMHBIX MOJIEIICH, C YKa3aHUEM MMEH HUCIIOIHAEMBIX ¢aiinoB. Ca-
MU (pailyibl pa3MeIaTCs Ha CETEBOM JIMCKE, MyTh K aKTyalIbHOMY KaTaJory KOTOPO-
ro yKa3pIBaeTCs ¢ IMOMOIIBI0 Tapamerpa pluginsDirectory = "//WS39-2/C:/simu-
lation/plugins/" B monpasaene 3ananue (MASHTUPUITUPYETCS TeroM <Z>).

@ailsibl UCXOHBIX JAHHBIX 3aJar0Tcsa B paznene <Data>. B npuBeneHHOM
puMepe B Ka4eCTBE UCXOHOTO (pailyia maHHbIX yka3aH ¢ain "Matrix.dat", KoTopbIii
OyZeT mepenaH Ha BCe BRIYUCIUTEIBHBIC PECYPChl, HA KOTOPBIE OYIyT pacipec/ICHbI
nporpamMmHubie Mojenu. CyIiecTBYeT BO3MOXKHOCTHh TPHUBS3aTh KOHKPETHBIN (aiin
JTAHHBIX K OTJEJIBHOW MPOTPaMMHON MoAENU. B Takom ciydae, cucteMa MOAEIUPO-
BaHMS TIepeacT (paiy1 JaHHBIX TOJBKO HA TOT BBIYUCIUTEIBHBIA pEeCypc, Ha KOTOPBINA

OyZeT pacnpesienera nporpaMMHasi MOJIEIb:

<file = "Task stream" filename = "Matrix.dat" user = "DataManager"/>.

Ecnu mporpammuast mogens ¢ umeneMm "DataManager” He Oynet HaliieHa, TO

daiin "Matrix.dat” Gynet NpoOUTHOPUPOBAH, & B KyPHAJI CUCTEMbI MOJICTUPOBAHUS
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OyJZeT BHECEHA COOTBETCTBYIOIIAS 3AIHUCh.
AHanorHYHBIM 00pa30M MOKHO MPUBS3ATh (DA PE3yIHTATOB K MPOTPAMMHOMN

MOACIIN:

<file = "results" filename = "out.res" user = "DataManager"/>.

B sToM ciyyae, cuctema MOIETMPOBaHUS IO OKOHYAHUIO SKCIIEpUMEHTa OyAeT
ucKaTh (aill pe3yapbTaToB ¢ UMeHeM "out.res" TOJBKO HAa TOM BBIYHCIUTEIHLHOM pPe-
cypce, Ha KOTOpBIN ObllIa pacrpesieseHa mporpaMmHaas Moaeis "DataManager”.

bonee moapo6HO ¢ mpumepom daiina omucaHus dKCIEPUMEHTa MOXKHO O3Ha-

KOMUTLCA B ITPHIIOKCHUN B.

4.2 Pa3pa60TI<a U UHTCTpalus IIPorpaMMHOIro 00eCIIeYeHHUS B COCTaB CHCTEMBI

moznenupoBanuss GRASS

[IporpammHoe obecnieueHue, peaaTu30BaHHOE B paMKaxX IUCCEPTALMOHHOW pa-
OOTBI MOKHO Pa30UTh Ha JABe yacTu. [lepBas U3 HUX peain3yeT aJrOpUTMbI aHAIU3a
pacIpeneaeHHbIX MIMATAIMOHHBIX MOJENEN 1 onucaHa B nojpasneie 4.2.1 Bropas —
pacripeneneHHas cucrema moaenupoBanus GRASS, kotopas ucnonbzoBasiace s
MPOBEICHUS SKCIEPUMEHTOB IO OLIEHKE pEe3yJbTaTOB, MOJYYEHHBIX B PE3YJIbTATE
JMCCEPTALIMOHHON PaOOTHI.

Cucrema moaenupoBanusi GRASS onucana B noapazneine 4.2.2 Kpome storo,

ee CTPYKTYpoil, (GyHKIIMOHAJIBHOCTh U OCOOCHHOCTh MCIOJIb30BaHUs MPOIILIA arpo-

Oanuro [24].

4.2.1 IIporpaMmHBIE CpE/ICTBA aHAIM3a PACIPEIEICHHBIX UMUTAIUOHHBIX MO-

neneu

ITocne 3amycka, mporpamMma MepeXOaUT B COCTOSHHE OKHMJIaHWs BBOJA Iapa-
METPOB MOJIENH, YTO COOTBETCTBYET mnoisryueHuto cooduieanss WM _COMMAND ot
koMmrioHeHTa edit — IDC_STEP1 OK. IIporpamma cuMThIBaeT 3HaY€HUE, BBEJECHHOE
noJib3oBaTesieM ¢ nomotbio hyakuuu GetEditValue() w, eciiu oHO momajaeT B WH-

tepai oT 0 go 100, To mporpammMa mepexoauT Ha CICAYIOUIMNA 1Iar, B MPOTUBHOM
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cily4ae BbIJIa€T COOOIIEHUE O HEKOPPEKTHOCTH BBEJICHHBIX JAHHBIX.

Ha BTOpoM m1are monab30BaTelb JOKEH BBECTH CTAPTOBBIE MapaMeTphbl IS
Kax0i Mmozaenu. [Iporpamma oxuaaeT COOOIIEHHS OT OJTHOTO U3 TPEX KOMIIOHEHTOB
edit, KaxabIil U3 KOTOPHIX OTBEYAET 3a 3aMOJIHEHUE OJHOTO M3 HaYaIbHBIX MapaMeT-
POB IS KaXKI0W U3 MOJIETIN.

Coobmenne IDC INPUT MEMORY wuHunmanuzupyer AuajioroBoe€ OKHO
InputMemory, B KOTOPOM TOJIH30BATEIO TPEITIOKEHO OyIET BBECTH 00BEM MaMATH
M3HAYaJbHO 3aHMMAEeMbIH KakJI0M M3 yacTHRIX Mozenei. Cozmaercs n edit (rme n —
KOJIMYECTBO YACTHBIX MOJIEJEH) 1 MOCIe TOTO KaK MOJIb30BaTENb BCEX MX 3aMOJIHUT U
HaxxMmeT OK npon30MaAET cunThiBaHNE apamMeTpoB. ECau monbp30BaTenb 3a0JHAT HE
BCE IOJIS, TO IpOrpaMMa BBIJIACT COOTBETCTBYIOLIEE cooOeHne. CUUThIBaHUE MPO-
ucxoauT ¢ nomoinbto QyHkuun GetDigltemText(), a ¢ nomoniplo (GyHKIUU atoi()
CUMTAHbIE CTPOKOBBIE 3HAUECHUS IIPEOOPA3YIOTCS B LIEJIOUHUCIIEHHBIE, KOTOPHIE 3aTEM
3alUCYIOTCS B MAaCCHUB M YYUTBHIBAIOTCS MIPU paccueTax BBIXOAHBIX mapaMeTpoB. Jlis
yI00CTBa BBOJA MapaMeTPOB M COXPAHEHHS] MX B OTIEIbHBIE (DAMIIBI C LEIBIO TO-
BTOPHOI'O MCIIOJIb30BaHUsI, ObLI pa3padbotan Moy Input v0.1. BHenpenue ganHoro
MOJYJISl IO3BOJISIET MOJIb30BATENI0 BBECTH NapaMeTphbl B YJOOHOM pelaKTOpEe C MHO-
YKECTBOM MOJICKA30K, MJIK BbIOpaTh (aiiil ¢ yKe COXpaHEHHbIMH MapamMeTpbl, YTO CY-
IIECTBEHHO YKOHOMHT BpEMsl MPH BBOJE MapaMmeTpOB U JEJaeT Mporpammy Oosiee
TUOKOM.

[Tocne 3anoyiHeHUsT BCeX MEPBOHAYAIBHBIX [MAPAMETPOB MPOrpaMMa NEPEXOTUT
Ha TPETUH 1Iar, B CTaguto MojenupoBanud. [Ipu HaxaTtuu Ha KHONKY «Ctapt» npu-
xoaut coodbienne IDC START kotopoe 3amyckaeT caM Mpolecc MOACIUPOBAHMUS.
3amyckaetrcs Tpu motoka: CalcualteRT, CalcualteVT, Syncronize. IlepBbiii TIOTOK
CILY’KUT JIJI1 BBIYMCJICHUS peaJIbHOIO BPEMEHHM 3aTpaue€HHOE Ha padOTy BCEUl CUCTEMBI
B 1IEJIOM Ha 1-OM IlIare MOJENUPOBaHus. BTOpOi MOTOK BBIUMCIIAET peaibHOE BpEMs,
3aTpadyeHHOE YaCTHOW MOJIENbI0, TJI00aTbHOE MOJEIHLHOE BPEMEHs, 00beM JaHHBIX
YaCTHOM MOJIEJIM U BCEW CUCTEMBI B LIEJIOM. TPETHM MOTOK CIYKHUT ISl CAHXPOHU3A-
MU Tpoliecca MOJICTMPOBAHUS U 3alUCH AamIia. J[Jisi CHHXpPOHHU3alMKU UCTIOIb30Bal-
cs1 OOBEKT CUHXpOHU3auu Event.

COXpaHeHI/Ie COCTOSHHA BBIXOAHBIX IMApaMETPOB IIPOHUCXOANUT CICAYIOIMIUM 00-
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pazom. Korna o6a motoka, KOTOpbIE BBINOJIHSIOT PacyeT: pealbHOI0 BPEMEHHU, MO-
JEIBHOTO BPEMEHHM M pa3Mepa 3aTPAu€HHOM MaMsTH, 3aBEPIIAIOT TEKYIYI0 UTepa-
LIUIO B JEMCTBHE BCTYyNAET «IOTOK CUHXpOHM3alMU». OCHOBHOH 3ajauei, KOTOpPOro
ABJIAETCS JOOABJIEHUE BBIXOJIHBIX MAPAMETPOB K JAaMIy MaMsaTH. Jlamn namsitu npea-

ctaBiseT (ain ¢ pacmupenneM .xml. Kaxapiii HOBBIN 3JIEMEHT UMEET CIIEIYIOIIYIO

CTPYKTYpPY.

<Iteration>
<RealTime size="1.24" param="msec" />
<ModelTime size="0.57" param="msec" />
<MemorySize size="73" param="kb" />
</Iteration>

[locne 3aBepuieHUs CBOEM OCHOBHOM 3aaydl «CUHXPOHU3UPYIOLIUN IOTOK»
3aIlyCKaeT MPUOCTAHOBJIEHHBIE TIOTOKM U 3aBEPIIAET CBOIO pabOTy, TEM CaMbIM 3a-
mycKasi HUKINYECKYI0 poOOoTy mojacueTa mapaMmerpoB. [Iporpamma npemxycmaTpruBaet
OCTaHOBKY BBINOJHEHUS MOJEIUPOBAaHUS B JII000H MOoMeHT BpeMeHu. Ilocne storo,
II0JIb30BaTENIb MOXKET IMOCMOTPETh IpapUKU A1 KaKI0ro U3 napamerpoB. I'paduku
CTpOSITCSL Ha OCHOBe ¢aiiyia Jamrna U oToOpaxkaloT MHGOPMAIUI0 O TMapaMeTpe ¢
Hayaja 3alycka MporpaMMbl U 10 OCTaHOBKM MozenupoBanud. [lo ocu X pacmnoo-
KEHa MIKaJa IIaroB MOJCIUPOBAHMS, a TI0O OCH Y MIKama Ajs TEeKyIIero mapaMerpa
(Bpemsi, pa3mep MamsITH, U T.1).

KommoneHnT BbiBoJIa rpadiKOB MO3BOJISIET MaIITAOMPOBATh N300paXkeHue (Ipu
nomoIiy mouse wheel), 4To MO3BOJSET MONB3OBATENIO 00JIEE I€TATBLHO TPOAHATIU3H-
pOBaTh MOBEACHNE TAPAMETPOB 3a ONPEACITHHBIN EPUO] MOJETUPOBAHMSL.

MatemaTtnueckas 4acTh MPOEKTa COCTOUT U3 CICAYIOMNX (PYHKIIHIA:

- SaveStateModel() — ¢yHKUMS, BpeMEHH COXpAaHEHHUSI COCTOSIHUS MOJICNIM Ha
1M Iare;

- TimeWorkModel() — pynkius, BpemeHu paboThl i-0il YaCTHON MOJIENH;

- TimeWorkSystem() — ¢yHkIus, BpeMeHu pabOThl CUCTEMBI MEXKIY JBYMsI
[1araMu MOJEIUPOBAHMS;

- CalculationRealTime() — pyHKIUs, BEIYHMCIEHUS pEaTbHOTO BPEMEHHU 3aTpa-
YEHOI'O [-OM YaCTHOM MOJICIbIO;

- CalculationGlobalTime() — dbyHKIMS, BEIYUCICHHS TJI00aTEHOTO MOJIEIBHOTO
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BPEMEHU;

- CalculationStepVn() — QyHKIMS, BEIMUCICHUS Iara MPUpOCTa oObeMa mamsi-
TH MOJICIIN;

- CalculationVn() — dyHKIIHS, BEIYUCICHUS 00beMa TaHHBIX i-OM YaCTHOW MO-
JeNH;

- VolumeDamp() — dbyHKIus Bo3Bpalariias o0beM JlaMra naMsTH,

- SendMesBetweenModels() — gyHkuus, Bo3BpaIliammaeT BEPOSATHOCTb MO-
CBUIKH COOOIIEHUS OT 1-OM YaCTHON MOJIEIM K OCTAJIbHBIM YaCTHBIM MOJIEISIM YMHO-
YKEHHOE Ha BPEeMsI OCBUIKH COOOIICHHUSI.

OxoHHbIE (pOpMBI UHTEPPENCHOTO MOYJIA BBOJA MMAPAMETPOB MOAEIU Mpe.-
cTaBjeHbl B npuiioxkenuu b (pucynok b.1).

Mogyne Input v0.1 BeIMONHAET clienyromue GyHKINM:

- BBOJI TApaMEeTPOB BCEX TUIIOB, C PA3TMUHBIMH PEKUMaMH,

- COXpaHEHHE MapaMeTpoB B ¢aii;

- 3arpy3Ka M peIaKTUPOBAHUE YK€ NMEIOIINXCSI ITapaMETPOB;

- CO3/IaHKe HOBOMW TAOJMIIBI JIJISi BBOJIa C BO3MOKHOCTBIO BBIOOpA: peKHUMA, Ia-
pameTpa u pazmepa.

3anmyCcTUTh MOJYJIb MOKHO JByMs crioco0amu. [lepBriif cioco0: 3aiiTu B mari-
Ky, TJIe yCTaHOBJIEHA MporpaMMma, U BIOpaTh OuHapHbIA (Qaitn Input.exe. B atom
clly4yae THI M PEXUM BBO/JIA MI0JIb30BATENb JIOJKEH BBIOPATH CaM, MOCJE YEro co3/1aTh
TaOJHITY JJ1 BBOJIA HAXKATUEM KHOIIKH «CO3/IaTh.

JIJist mpoBepKU KOPPEKTHOCTH BhIOpaHHBIX (paitioB Mmoayis Input v0.1 anamu-
3UpYET 3aroJOBOYHYIO YacTh (haiiljia Ha COOTBETCTBUE OINPEACICHHBIM TPEOOBAHUAM,
B Cllydyae HECOOTBETCTBHUS MporpamMma MOKa3bIBAaeT COOOIEHHE, JAaHHOE BBEICHUE
CYILECTBEHHO MOBBIIIAET O€30MaCHOCTH padOTHI ¢ aiaamu.

BTopoii crioco6: B OCHOBHOM OKHE IpOorpaMMbl BHIOpaTh HEOOXOIUMBIE Mapa-
METp Y Ha)KaTh Ha KHOMKY «pYy4YHOU BBOA» (pucyHokK b.2).

[Tpu TakoM BXO/A€ B MOJIyJb, IPOrpaMMa caMa yCTAaHOBUT HEOOXOIUMBIN pe-
KUM, TIapaMeTp W pa3Mep BBOJA, 3aTEM CO3JacT TabJUIly ¢ HEOOXOAUMBIM KOJHUYe-
CTBOM siueek (pa3Mep TaOJHIBl 3aBHCHT OT KOJMYECTBA MOJIENEH, BHIOpAHHBIX Ha

NEPBOM IlIare MOJEJIMPOBaHUSl B IVIABHOW mMporpaMMme U pexuma). B nanpHeiem
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IUIAHUPYETCS BBECTU B MOJYJIb KOMIUIEKC ITOJCKAa30K U OIPAaHUYEHUN B 3aBUCUMOCTH
OT BBIOPAHHBIX MAPAMETPOB IS e OoJiee y100HOH paboThI.

PaccMoTpuM MHCTPYKIUS NOIB30BATENS 110 BBOY HHPOPMAIIUH.

WuTepdeiic monp3oBatens NpeAcTaBiseT co00 OKOHHOE MpHIIOKEeHUE (pucy-
HOK b.3). [Ins BbINOMHEHHS 3aJa4ll MOJAEIMPOBAHUS IMOJIb30BATEI0 HYKHO IPOUTH
TPH 3TaIla MOACIUPOBAHUS.

Ha nepBoM mare nonp3oBareins 3a1aeT KOJIU4ecTBO Mozene. Ha Bropom srta-
1€ BBOJUTCS HaYaJIbHBIE NTAPaMETPBI JJI KKI0M MOJIEIIN:

- 00beM NaMSATH, 3aHUMAEMbIH TaHHBIMH N-OW YaCTHOM MOJIEIIbIO;

- BEpPOSITHOCTh IOCBUIKM COOOIIEHHUS OT OAHOW YacCTHOW MOJENU K APYrou
YaCTHOW MOJEIIN;

- BpeMsl epejauu TaHHbIX.

[Tocne 3Toro ocymecTBIsIETCs MEPEX0] Ha dTall MoAeInpoBanus. s 3amycka
3TOr0 MPOLECCa HYKHO HaxaTh KHOIKY «CTapT», IOCJE Yero Mojab30BaTeab MOXKET
HaOJII0AaTh U3MEHEHHUSI BBIXOJHBIX MapaMeTpoB. i TOro, 4roObl YBUIAETh U3MEHE-
HUS JTHX IIapaMEeTpOB Ha BCEM 3Talle MOJCIUPOBAHUS CIENYET Ha)XaTb KHOIIKY
«Ctomy, nocie 4ero OyayT JOCTYIHBI papuKH MO KaxKAoMy U3 napameTpoB. Haxas
Ha J1I000H M3 rpaMKOB MOKHO HAOIOJATh KaK U3MEHSUIMCh ATH napametpsl. [lpu
Ha)KaTUM CHOBAa Ha KHONKY «CTapT» Mpolecc MOJEIUPOBAHUS MPOAODKUTCS. Bes
UCTOpPUS U3MEHEHMS BBIXOJHBIX MapaMEeTpPOB HA KaXJOM IlIare MOJEIMpOBaHUS 3a-

nuceiBaeTcs B (aitn data.xml Haxosuuiicss B Katajiore ¢ mporpammoil B mamnke data.

4.2.2 Cucrema umuTaniuoHHOTrO MoaenupoBanusa GRASS

Cucrema mozaenupoBanusi GRASS nmeer MoaynbHYIO apXUTEKTypy (pHUCy-
HOK 4.4). OHa COCTOUT U3 fiipa U JUHAMUYECKH IMOJKIIOYAEMbIX MOJYyJIEH (Iiaru-
HOB). Kak1p1if MOyJib BBIIOJHSET CBOIO Y3KOCIEHUAIM3UPOBAHHYIO 3ajady, o0pa-
[asich IpU HEOOXOJMMOCTH K JIPYrUM MOAYJSIM CHUCTEMBI. SIapo mpemocTaBiser
CpeICTBa MEKMOAYJIHLHOIO B3aMMOCHCTBHS, a TaKKe 00ecreunBaeT HauyalbHYIO 3a-
I'PY3Ky U KOHQUTYpALIIO CUCTEMBI.

Kaxxnpiii Momynb UMEeT YHUKAJIbHBIA CTPOKOBBIA HaeHTUPUKATOp (ums, ID).

OH Taxke MpeaocTaBisieT Habop MHTEP(HEHCOB B3aUMOACUCTBUS C HUM JJIs APYTUX
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KOMITOHEHTOB cucTeMbl. Kaxaplii uHTEepdeiic MOAyssl TakKe MUMEET UMl U MOXKET
OBITh peanan30BaH JIOOBIM KOJMYECTBOM Moayieil. Takum oOpa3om, A MOTydeHus
Kakoro-i1u0o umHrepdenica Moaysst He0OXOAMMO 3HATHh €ro UMs M UMs uHTepdeiica

B3aUMOJIEUCTBUSL.

Pucynok 4.4 — KoMroHeHTHasi MOJIEIb PACTpe/IeIEHHON CUCTEMbI MOJIETUPOBAHUS

GRASS

Monyne B cucteMe GRASS npencrapisier co0oit TUHAMUYECKH TTOAKIIIOYAEC-

myto OmOmmoreky (dynamic linked library (dll) — B OC cemeiictBa Microsoft
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Windows, shared objects (so) — B UNIX-nono6nbsix OC), koTopas peanusyert (Had-
puusbId MeTo (factory method), cozmarommii sx3emMmuisap kinacca moxayis. Kmace mo-
nyst peanusyeT uHtepbeiic Framework::IPlugin, 9T0 TO3BOJIIET YHUBEPCAIBHO pa-
00TaTh C HUM, HE YUYHUTHIBAasE OCOOCHHOCTH peajM3alli U TOT aJanTtep, KOTOPbIA Co-
rJ1acyer ero padory.

Otor uHTepdeiic BKIOUaeT B cebsi Oa3oBble oOrepaluu, KOTOpble 00s3aH
IPEIOCTABUTh CUCTEME KaXK/IbI MOJYJIb:

- UHUIIMAJIA3aIus uHTepdeiica;

- IOJTy4YEHUE UMEHU MOJTYJIS;

- IOJIy4YeHue uHTepPeiica ¢ 3aJaHHbIM HMEHEM;

- UHUIHAJIA3AIMs (HE00s3aTeNIbHO);

- 3aBepIlIeHHE pa0OThl (HEOOA3aTEIBHO).

KoMroHeHTHas AuarpaMMa MporpaMMHON CHCTEMBbI paclpeeIeHHOro MOJe-
mupoBanusi GRASS npencrasnena Ha pucynke 4.4. [IporpammHoe obecrnieueHue cu-
ctembl GRASS pa306uTo Ha Tpu rpynmsl: IporpaMMHOe 00ecTieueHre OJIb30BaTes,
BUPTYaJIbHOW OpraHW3allii, BBIYHCIUTEIBLHOTO pecypca. Kaxkmas rpyrma oObIYHO
IpeacTaBisgeT coO0M MHOKECTBO MPOrpaMM Ha OJHOM BBIYMCIHUTENBLHOM pecypce. B
KaueCTBE pecypca BBICTYNAET, KaK MPaBUJIO, OTAEIbHBINA KOMIBIOTED.

Kaxnprii uaTepdeiic, npemocTaBIsieMblii MOIyJIEM, TaKke JODKEH ObITh yHa-
CJIeIOBaH OT CTaHJapTHOTO Kjacca Framework:: IPluginlnterface, KOTOpbIN MO3BOJIS-
eT yHu(uIMpoBaTh Bce MHTEpPeiichl Moayneit B cucreme. OCHOBHBIM 3allpoCOM K
HEMY SIBJISICTCSl TIOJIyYeHHE MMEHU B BHUJE CTPOKOBOTrO uaeHTu(ukaTopa. Oobmas
CTPYKTypHasi CXeéMa OTHOLUEHUH W B3aUMOJACHCTBUS MOAYJEH, X UHTEp(PEHCcCOoB U
a/ipa MoKa3aHa Ha pucyHke 4.5.

Ha nuarpamme Tak)ke mpeicTaBlIeHbl KJIACChl PUMEpa pean3alii OCHOBHBIX
uHTep(deiicoB moakirogaeMoro Moayisi: Example::Plugin — rmaBHBINA KJlacc peain3a-
nuu 1iarnaa, Example:: IExample — oqun u3 ero unrepderncos.

3anpoc uHTepderica 0JHOro MOAYJS IPYTUM BBITJISIAUT CIEIYIOUIUM 00pa3oM.
3anpamuBarOi MOYJb BBI3bIBAET METON siapa getPluginlnterface(), nepenapas

€My B KaUeCTBE apryMEHTOB UMSI MOJYJISI M UMS €ro HHTepdeiica.
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Framewodc:IPlugin
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Pucynok 4.5 — CtpykTypHasi cxeMa B3auMOJICUCTBUS MOJTIYJIEN CUCTEMBI U siIpa

Snpo npoBepsieT HaIMYue MOAYJS € 3aJaHHBIM UMEHEM M ero coctosHue. Ec-
J¥ MOJyJb HE HAl/ICH UM yKe Oblla HeyJadHas MOMBITKA 3arPy3UTh €T0, BO3BpaIla-
ercst ommoOka. Ecnu 310 nepBoe oOpailieHre K MOJyJII0, U OH €lle He ObLI 3arpy’KeH,
BBITIOJTHAETCSI €T0 3arpy3ka B MaMsITh, MHUITUANIA3AINS U KOHOUTYPUPOBAHHE.

Ecnu 3arpy3ka mpouuia ycrenurHo, siipo BbI3bIBaeT Meton getPluginlnterface()
U MoJIy4aeT TpeOyemblii nHTepderic Moy [0 UMEHHU, €CJIA OH MOAEPKUBAETCS.

[Tpu ycmenHOM 3ampoce SApO BHITOTHSIET IPOBEPKY COOTBETCTBUS MMEHH TI0-
Jy4eHHOTO uHTep(deiica 1 BO3BpaIlaeT €ro, BHIMOIHSA Mpeodpa3oBaHue K Tpedyemo-
My Tty C++.

[Tomyuenue moctynma Kk wHTEpdeicam IpYrux IUIATUHOB IMPOUCXOIUT Yepes
raBHBIA uHTEpdeic snpa Framework::IFramework. OH peanu3yeTcsi KJIaccoMm
Framework::Framework, KOoTOpbIii OCylIeCTBISIET 00pabOTKYy KOH(UTYpalHOHHOTO
daiina u HavyanbHYIO 3arpy3ky raruHoB. Matepdeiic Parameters::IParameters, a
Takke ero peanmsauus Parameters::Parameters npeanasHaueHbl ais nepenadu moj-
KITIOYaeMbIM MOJYJISIM HaYalbHBIX MMApaMETPOB, 3aJaHHBIX B KOH(PUTYPAIMOHHOM
daitne.

PaccMoTpum npeuMyliecTBa MpeaiioKEHHON MOLYJIbHOU apXUTEKTYPhI CUCTE-
MBI MOJICJTUPOBAHUSI.

['n6kocTh HacTpoiiku. CucteMa MOXKET OBITh 3aIlyllleHa ¢ Pa3IUYHbIM KOJIHYe-

CTBEHHBIM M Ka4Y€CTBEHHBIM COCTAaBOM Mojyiel. Hampumep, 0JHO M TO K€ MPHIIO-
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KeHre 0e3 MEPeKOMITUIIALIMN MOXKET OBITh 3alyIeHO B rpadUuecKOM UM KOHCOJb-
HOM pEXUME€ B 3aBUCMMOCTHU OT YCTAHOBJIEHHBIX MOAYJEH BU3yalau3aluu. AHalo-
TUYHBIM 00pa30M MOYKHO 3aITyCKaTh JOKAJIbHYIO WU CETEBYIO BEPCHIO TTPUIIOKECHHUS,
MHTEPAKTUBHYIO BEPCUIO WUJIN BEPCUI0, KOTOPAs 3aIyCKAETCs U3 KOMaHAHOM CTPOKHU U
reHepupyetr otuer. Pazymeercsi, HaOOp MoOJyJie AOJXKEH OBbITh JTOCTAaTOYHBIM ISt
BBITIOJTHEHUS TTOCTaBJICHHOM 3aJa4yH, T. €. €CJIM KaKOW-TM00 KPUTHYECKU HEe0OXOu-
MBI MOJyJIb OTCYTCTBYET, KOPpPEKTHass paboTa CHCTEMBbl B JaHHOW KOH(MUTYypaIruu
OyJileT HeBO3MOYKHa.

[IpocTora Mmoaudukanuu. M3amMeHeHne TeXHOJIOTHM, pa3paboTKa HOBBIX METO-
JIOB M aJTOPUTMOB, a TAaKXE€ MCIpPABICHUE OIIUOOK B YK€ TOTOBBIX peaTu3arusx
HEN30€KHO MPUBOAAT K MOAU(UKAIIMKN CYHIECTBYIOMMX cUcTeM. C HCIOIb30BaHUEM
MOJYJIbBHOM apXUTEKTYpPhI, JJisl OOHOBIEHUSI CUCTEMBI, JOCTATOUYHO JIMIIIb 3aMEHUTH
pean3almio CTApOro KOMIIOHEHTAa Ha HOBYIO WJIM MCIPABJICHHYIO, MOIAEPKUBAIO-
1yto npexkaue unrepderncel. [lpu 3ToM HET HE0OXOIMMOCTH BHOCUTh U3MEHEHHUS B
OCTaJIbHbIE KOMIIOHEHTHI CUCTEMBI.

VYrpoieHue pa3pabOTKU OTACIbHBIX KOMIIOHEHTOB. MCromnb3ysi MOIYJIbHYIO
aApXUTEKTYPY, MOKHO JIETKO peaanu30BaTh OJAWH W3 OCHOBHBIX MPUHIUIIOB MPOrpaM-
MHPOBAHUS — JEKOMITO3UIMIO 3aJ]a4M Ha TOA3a/1a4M, KaXKAasi U3 KOTOPBIX PEATU3YET-
csi oTeNbHBIM MojtysieM. COOTBETCTBEHHO, Pa3IUYHbIE MOIYJIN MOTYT OBITh peaiu-
30BaHbl Pa3HBIMU Pa3pabOTUMKAMK HE3aBUCHUMO APYT OT Jpyra Mocjie COCTaBICHUS
crnenudukaruu UHTEPHEHCOB MEKMOMYJIBLHOTO B3auMojecTBusi. Kpome Ttoro, B
OOJBIION CUCTEME BAKHOM TaKXKE SIBIISIETCS BO3ZMOYKHOCTH MEPEKOMITHIIAIIMKA OJHOTO
MOyJis 6€3 COOPKU IPYTHUX, YTO 3HAUUTEIHHO YIKOHOMHUT BPEMS U CUJIBI pa3paboTdu-
KOB.

Ynpoienue TectupoBaHus. MoaylibHasi apXUTEKTypa MO3BOJISIET JIETKO MPO-
W3BOJAUTH UNit-TECTUPOBAHUE KAK OTICJIBHO B3ATOTO0 MOJYJISl WJIM TPYIIbBI, TaK U BCEH
CUCTEMBI B LIEJNOM. {15 3TOro crnegyer peain3oBaTh COOTBETCTBYIOIIME TECTOBBIC
MOJIyJIM, COJIEpKAIME UCXOJHBIE JAaHHBIE, PE3YyJIbTAaThl TECTUPOBAHUA, 4 TAKKE Me-
XaHU3MbI CPAaBHEHHUS TIOJYYCHHBIX JAHHBIX C dTAJOHHBIMU, U CKOHPUTYPUPOBATH CH-
CTEMYy TaKUM 00pa3oM, 4TOObI OHA HCMOJb30Baia ux. Kpome Toro, Moryt ObITh pas-

paboTaHbl CiIyKeOHbIE TECTOBBIE MOJYJIU, COJIepKAIlUe OO YACTO UCTIONb3YEMBIH
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koj. bosee Toro, MOXHO Tak)ke CpaBHUBATH MEXIAY COOON pe3yNbTaThl pabOThI pa3-
JUYHBIX pean3aluii OHOTO U TOTO K€ JIOTMYECKOro 3JIeMEHTa (aJroputma) Jjist
MPOBEPKHU KOPPEKTHOCTU PabOTHI 00OUX.

B03MO0HOCTh UMETh HECKOJIBKO pealiu3aliuii OJTHOr0 U TOTO ke MoayJsi. Mo-
TyJIbHAsl ApXUTEKTypa UACATbHO MOAXOAUT JUIsi CPABHEHUSI PA3JIMUHBIX peaTu3aiuil
OJIHOTO U TOTO K€ JIOTUYECKOT0 3JIEMEHTA. ITO MOXKET ObITh aJITOPUTM 3aIlUTHI, pac-
npejeneHuss oOIIel Harpy3ku, pacuera KakoW-TMO0O BEIWYMHBI WK peaiu3aius
(GYHKIHMOHATIBHOCTH I KOHKpETHOHM mnaTdopmbl. iMest HECKOJIbKO MOayIel, pea-
JU3YIOIIMUX OJIHY U TY JK€ JIOTUKY, Mbl MOKEM ITOOYEPETHO 3aIlyCTUTh UX HA OJIHHUX U
TeX K€ JIaHHBIX 332 CYET KOH(PUTypalluh COCTaBa CUCTEMBI M, CPABHUB PE3yJbTaThl
paboThl, caenarh BeIBOABI 00 ux 3ddexruBHocTu. KpoMe TOro, MoynbHas apXUTeK-
Typa JIETKO TO3BOJIACT JUHAMHYECKA BO BpPEMs HUCIIOJHEHHUs BbIOHMpaTh Haubosiee
3 PeKTUBHBIN MOJTYJIb B 3aBUCUMOCTH OT UCXOJHBIX JAaHHBIX WJIH MPEAOCTABICHHBIX
pecypcoB.

B03M0HOCTh MOBTOPHOI'O KCIOJIb30BaHUS Kojla. MoJylibHasi apXUTEKTypa
MO3BOJISIET UCIIOJIB30BATh OJIHU U T€ K€ HapaOOTKH B Pa3IMYHbBIX MPOEKTAX, Peain30-
BaHHBIX HA OCHOBE OJIMHAKOBBIX UJIM COBMECTUMBIX sJIep. DTO MOTYT OBITh 4YacCTO HC-
MOJIb3yeMble KOMIIOHEHThI, TAKUE KaK CHUCTEMbI BEJCHUS >KYpPHAJOB, JIOTOB, CTaTH-
CTUKHU, MEHEKEPhI MaMsTH, KOMIIOHEHTHI Tpaduueckoro nurepderica nojib30BaTens
(GUI), Mmonynu uHTEpHALIMOHAJIU3AIIMU U T. 1.

JleHuBasi 3arpy3ka — OJHO M3 CYIIECTBEHHBIX MPEUMYIIECTB MOJYJIBHOU CH-
CTEMBI, KOTOPOE MO3BOJISIET 3KOHOMUTDH ONEPATHUBHYIO NMAMSTh KOMIIBIOTEPA, a TAKXKE
BpeMsl 3aIlyCKa MPUJIOKEHUS. ITO 03HAYAET, YTO MOJYJIb HE OYyJIeT 3arpykeH J10 TeX
1op, MOKa HE BO3HUKHET HEOOXOAMMOCTh B (DYHKITMOHAIBHOCTH, MPEAOCTABIICMON
UM. XOTsI OOJIBIIMHCTBO MOJYJIEM CHCTEMBI CIEIYIOT ATOMY IPaBUIY, BO3ZHUKAET
HEO0OXOIMMOCTh 3arpy3Ku HEKOTOPBIX MOAYJIEH MPHU CTApTE CUCTEMbI, YTOOBI HAYaTh
BBITIOJIHATH KaKyI0-T100 paboTy, BHI3bIBAS B NATbHEUIIIEM JPYTHE KOMIIOHECHTHI.

st co3manust THOKOM MOAYJIBHOM CUCTEMBI HEOOXOJIMMa BO3MOXKHOCTH IPO-
CTOTO M3MEHEHUsI Habopa TUIAriHOB U WX MapaMeTpoB 0e3 MoAudUKAINK SApa UITU
camux Ombnmnorek moxynei. Jns atoro B GRASS ucnons3yercst cuctema KOHQUTY-

paunoHHbIX (aitioB Ha ocHoBe XML. OcHOBHOM KOH(MUryparmoOHHBIN (ain mo-
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KJIFO4aeMbIX Mojysie plugins.xml umeeT BUJ, MOKa3aHHBIN B mpuiiokeHun B (mu-
ctuHr B.1).

OH OnUCHIBAaET B3aUMOCBSI3M MEXAY UMEHaAMU MOJYJIEH B CUCTEME U Ha3BaHU-
svu (aitoB nx Oubamorek. Kpome Toro, oH mo3BOMSIET 3a/1aTh TapaMeTphI, Tiepeaa-
BaeMbIe MOIYJISIM TPHU 3arpy3Ke, KOTOPhIE MOTYT OBITh MCIIOJIB30BAHbI TSI 3aJlaHUs
pexuMa paboThl WM WHUIMAIU3AlUd BHYTPEHHHUX 3HaueHud. HekoTopwie W3 3THX
mapamMeTpoB MOTYT TakXKe 3a/JaBaTh MyTh K APyruM daiiaam, coaepkammm oomee ae-

TaJbHYI0 MH(GOPMAIMIO O HACTPOIMKAX /JI1 KOHKPETHOT'O MOAYJIS.

4.2.3 Pa3zpaboTka MOJICUCTEMbI BU3YyaJU3allMK JIAaHHBIX paCIpe/eIeHHON UMU-

TAIMOHHOU cucTeMbl MojaenupoBanust GRID

B CcOBpeMEHHBIX NPOrPAMMHBIX CUCTEMAax OJHUM M3 OCHOBHBIX JJIEMEHTOB
ABJIIETCS MHTEpdeiic Moab30BaTelNsd, KOTOPBIM OKa3blBa€T CHUJIBHOE BIMSIHHUE HA
CKOPOCTb OCBOCHHSI NPWJIOKEHHUW, BPEMS BBINOJHEHHUS NPUKIAAHBIX 3a1ad4,
CTOUMOCTh ~ IPOrPaMMHBIX  pa3pabdOTOK,  MPOU3BOAUTENBHOCTh  OTAEIBHBIX
COTPYAHUKOB M LEJBIX OpraHu3auvii. B mocienHee BpeMs MOSIBUJIOCH MHOYKECTBO
HAay4HbIX MyOJUKalMii B 3ToMl mnpeameTHo obmactu [153,154]. Hawubonee
aKTyaJIbHOW U OOCYXKJaeMOH SIBJISIETCS TMOCTPOCHHE BH3yalIbHOTO UHTEpdeiica
pacmpeneNieHHbIX W TapalyieNbHbIX cuctem [155,156], sapkum npeacraBuTeneMm
kotopoit siBnsiercs GRID-undpactpykrypa [157].

B nmamHOM nmozpasnene MNPUBEACHO OINKWCAHUE MOJEIHA BHU3YaJbHOIO
uHTepdeiica s pacnpeaeeHHON UMUTAlMOHHONW cucteMbl MoaenupoBanus GRID-
unppactpykrypet — GRASS (GRID  Advanced  Simulation  System),
pa3zpabateiBaeMoii B XapbKOBCKOM HAallMOHAJIBHOM YHUBEPCHUTETE pPaJAHOdJIECK-
TpoHuku [40, 146].

PaccMoTpuM cocTaB cUCTeMBbl BH3yaldu3alMd HH(OpMalMM, MOIy4aeMoOH B
npoiecce (YHKIMOHUPOBAHUSI CUCTEMbl PACIPEACICHHOIO UMUTAIMOHHOTO MOJe-
mupoBanus GRASS.

B pacnpenenennoit umutanmonHoit moaenu GRID @yHKmoHanmbHOCTh BU3ya-
JM3alMy JaHHBIX HE SIBJISIETCS HEMOCPEACTBEHHO YaCThK) CTPYKTYpPbI CHUCTEMBI, a

Hapsy C APYTMMH TOJCHUCTEMaMM BBIJET€HA B OTAeNIbHble Momyin: «Windows
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Manager» 1 MHO>KECTBO MOJyJ€ii-a1anTepoB.

Monyns «Windows Manager» mpencraBisieT cCOOOM OCHOBY IOICHCTEMBI
BU3YyallM3allMi, KOTOpash MpH 3alyCKe CUCTEMbl B TpadUUeCKOM pEXKHUME CO3AaeT
TJIaBHOE OKHO, a TakXe TMPEeAOCTaBIsieT METOMAbI, IMO3BOJISIIONINE APYTUM
KOMIIOHEHTaM CHCTEMbI PETUCTPUPOBATh COOCTBEHHBIE TpadUUeCKHE SIEMEHTHI,
MaHeJIM MHCTPYMEHTOB U NMyHKTHI MeHio. « Windows Manager» Takxke 3aHUMAaeTCs
pa3MeIIeHueM U TPYNIHUPOBKOM 3THX TpadUUYECKUX SJIEMEHTOB BHYTPHU TJIaBHOTO
OKHa.

Monynu-anantepsl, SBISIIOTIIMECS  BCIIOMOTAaTE€bHBIMH  KOMIIOHEHTaMU
CHCTEMBI, CO3/Ial0T TpadUyecKue 3JIEMEHTHI, PETUCTPUPYIOT WX B TITABHOM OKHE C
nomouibto Moayina «Windows Manager» u oOecneuuBarOT B3aUMOJCHCTBHE
rpaduueckoro uHTEpdeiica MONb30BaTENs] C OCHOBHBIMH MOIYJISIMH CHUCTEMBI, a
TaKk)Ke€ CBOEBPEMEHHOE OOHOBIICHHUE JAHHBIX, MPEAOCTABIISIEMBIX ITHMH MOIYJISIMU, B
IJIaBHOM OKHE.

Kak m mob6oit mogyne B cucteme, «Windows Manager» mnoaaep:KuBaeT H
peanusyet unrepdevic Framework::IPlugin [146]. Bcs noruka paboTel MEHeIKepa
OKOH pacrojio’)keHa HEMOCPEACTBEHHO B kiacce WindowsManager, ¢ KOTOPBIM
CBsI3aH KJjacc ruiaruHa (plug-in) otHomenuem arperuposanust [158].

Cucrema KoH(GUTYpUPYETCS TaKUM 00pa3oM, 4TO MPH 3amycke B rpaduyeckoM
peXHUMe TUTarMH MEHEKepa OKOH 3arpyaeTcsl aBTOMaTHYECKH, CO3/1aBasi IPH STOM
[JJABHOE OKHO W OXHUJAasg pPErucTpauuu rpapuueckux 3JIEMEHTOB APYTUMHU
mnaruHamu. Kiace Plugin — ocHOBHOM Kilacc, ONMUCHIBAIONIUIN JTaHHBIA MOJYJb B
CUCTEME PpACHpEICICHHOr0 MuMHUTaMoOHHOro wmoaenupoBanuss GRID. Jlanubii
MonyJb peanusyeT unrepdeiic IPlugin, onucanue MeTo10B KOTOPOro MpeCTaBICHO
HKe. Meton initialize() BbI3BIBACTCS MPHU 3allyCKE CHUCTEMBI M 3arpy3Ke JTaHHOTO
Monyins. Bee nmelcTBuUs, KOTOpbIE HEOOXOAWMO BBITIOJHUTH 10 HEMOCPEACTBEHHOTO
Hayvaja paboThl MOAYJIsS, OMUCAHBI B ’TOM METO/IE.

Jlis monyd4eHuss MMEHH MOMAYNsl HEOOXOAMMO BBI3BaTh MeTon getName().
Meton getPluginlnterface() B CcBOIO ouepenb IO3BOJSECT TMOJYYUTh OJUH U3
uHTep(DhericoB MOy TIO €0 UMEHH.

Knacc WindowsManager nacnenyetrcst ot kinacca QMainWindow 6ubnuorexu
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Qt, a Taxke mnpemocrtaBiuseTr uHTepdeiic, onucanHeli B [WindowsManager wu
COJZIep KAl HIKETTPUBEIEHHBIE METO/IBI.

Meton registerWidget() 1mo3BonsieT IOOOMY JIpPYyromMy MOJIYJIO CHCTEMbI
3aperuCTPUPOBATh B TJIABHOM TpauuecKOM OKHE CHCTEMBI COOCTBEHHBIN AJIEMEHT.
OTBETCTBEHHOCTh 3a PACIOJOKEHHUE 3TOTO TPaPUUIECKOTO AJIEMEHTa JIOKHUTCS Ha
WindowsManager, B To BpeMsi Kak OOHOBJICHHE COCTOSIHUS JIOJDKEH MPOU3BOJIUTH
MOIYJIb-a/IamTep.

Mertonsl registerMenu() n registerToolBar() npenocTaBisiioT BO3MOXKHOCTb
JPYTUM MOJYJISIM CHUCTEMbI JOOABISATH B TJIABHOE OKHO COOCTBEHHbBIEC ITYHKTHI MEHIO
U COOCTBEHHBIE IIaHEIW HMHCTPYMEHTOB COOTBETCTBEHHO. Kak u B ciywae c¢
perucrpaiyeii rpad@uueckoro 3jeMeHTa, o0paboTKa COOBITHM IS J100aBISIEMBIX
MEHIO/TIaHENIeH OCYIIEeCTBIIICTCS MOTYJIEM, HHUIIUAPYIOIITIM PETHUCTPAITHIO.

Takum obpazom, WindowsManager urpaer macCUBHYIO POJib U 3aHUMAETCs
JUIIb TMPAaBUIBHBIM OTOOpaXEHUEM M pa3MEICHUEeM TIpaUuecKux 3JIEMEHTOB B
TJIABHOM OKHE, a WHHIIMHUPOBATH TPOIECC TOOABICHHS ATUX JJIEMEHTOB JODKCH

HCIIOCPCACTBCHHO Ka)KIIBIﬁ MOIYJIb B OTACIIBHOCTH.

4.2.4 PazpaboTka Moyneh-aganTepoB IS MOAKIIOUEHUS HOBBIX MOIYJIEH K

cucrteme GRASS

Monynu-anantepsl MCHOJB3YIOTCS MJIi TOTO YTOOBI CHU3UTH CBSI3AHHOCTH
(coupling) cucTeMbl U MOBBICUTH CBSI3HOCTH (Cohesion) KaXkJ0ro OTAEIBHO B3STOIO
MOyJis, cieays npaBuwily dddexktuBHol pazpabotku «low coupling — high
cohesion». B crangapTHOW CHUTyalluu KaXJIOMy MOJYJIO CHUCTEMbl MOMHMO
BBITIOJIHEHUSI CBOEW OCHOBHOM pabOThl MPUILIOCH Obl «3a00TUTHCS» U O BBIBOJIE
uH(popMaIuu Ha dKpaH ornepaTopa cuctemMbl. C 1o0aBiIeHHEM HOBOTO (PYHKITMOHAJIA
CJIOKHOCTb MOJIYJISI PACTET HKCIIOHEHIMAJIBHO, TO €CTh YPOBEHb CBA3HOCTH MAJAET, A
YPOBEHb CBS3aHHOCTH HAO0OpPOT BO3PACTAET BCIEACTBUE KOPPENALMH 3THX JBYX
napaMeTpoB, 4YTO MPUBOJUT K 3aTPYJHCHHIO JajdbHEWIIEH MOACPHU3ALNU U
COMPOBOXK/ICHUSI CHCTEMBI.

Monynu-anantepsl, MNpPU3BaHHBIE PEUIUTh 3Ty MpoOJeMy, MNPEACTABISIOT

co00il JOMOJHUTENBHYIO TPOCIONKY MEXAy Trpaduueckoil W aHaTUTHYECKON
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MOJICUCTEMaMHU, TO €CTh UTPAIOT POJIb CBSI3YIOLIETO 3BEHA.

JIst KaXxa0ro MOJyJis, YbM JaHHBICE HEOOXOJAMMO BBIBOJAUTH B Tpaduueckom
pexuMe padoThl CUCTEMBI, CO3/Ia€TCs JOMOJHUTENbHBIA MOYyJb-aJlalTep, KOTOPbIN
TaKk Jke, KaKk W Bce, HaciemyeT W peanusyeT uaTepdeiic [Plugin. Ilpu stom cam
MOJyJIb-aJanTep HEe MPeIoCTaBIsAeT COOCTBEHHOTO HHTep(deiica, Tak Kak BCIO padoTy
BBINIOJIHAET Ha OdTame 3arpy3kd. Takum o0pa3oMm, cHucTeMa [JOJDKHA ObITh
CKOHpUTYpUpOBaHa  TakK, 4YTOOBl BCE  HEOOXOAMMBIE  MOJIYJHU-afdanTephl
aBTOMATHUYECKH 3arpyajluch IIPH CTapTe.

Kaxnpiii Mmonynb-aianitep MOXKET UMETh PAa3IMYHOE BHYTPEHHEE YCTPOICTBO,
OJTHAKO JOJDKEH BBIMOJHATH KaK MHUHUMYM OJHY (YHKIIMIO M3 TPEX BO3MOXKHBIX:
WHUIIMAPOBATh PETUCTPALNIO TPadUUYECKOro JIEMEHTa, HHUIMUPOBATh JT00ABJICHHE
MYHKTOB MEHIO W/WJIM MHULIMUPOBATH JOOABJICHHE MTAHEIN HHCTPYMEHTOB.

Bce peructpupyemple KOMIIOHEHTBI XPaHSATCS BHYTPH CaMOTO MOIYJIsi-
ajantepa, MOITOMY THUIIMYHAS peaM3alisl MOJYJIA, BBIMOJHSIONIETO BCE TpU
GyHKUIMH, TOApPAa3yMEBAaeT HaJIU4KMe BHYTPEHHEro kiacca Widget, a Takxke Habopa
NEUCTBUN, WHKAICYJIMPOBAaHHBIX B Kiaccax (Action, Ha OCHOBE KOTOPBIX MOTYT
CO3/1aBaThCs KaK MYHKTHI MEHIO, TaK U KHOIIKU TTaHEJIe HHCTPYMEHTOB.

[Ipn crapTe CcUCTEMBl M MOCIEAYIOIIEW HWHUIMAIU3ALUN MOMYJISA-aJanTepa
BBI3bIBACTCSI €r0  KOHCTPYKTOP, KOTOpbIM oOecnedyMBaeT CO3JaHHe  BCeX
HEOOXOUMBIX TpaUYeCKUX KOMIIOHEHTOB M WX PETUCTPALMIO B MEHEIKEPE OKOH,
mocyie 4ero 3a ux oroOpaxkeHue otrBedaeT «Windows Manager». OOHOBICHHE
JaHHBIX B YK€ 3aperuCTPUpPOBAHHOM M OTOOpakaeMOM TIpauueckoM 3JIEeMEHTE
IPOM3BOAUT Monynb-afantep. CBs3b amanTepa ¢ MOIyJEM, MPEIOCTABISIONIAM
JTaHHBIC, TPOU3BOJMUTCS HAa OCHOBE TmarrepHa (pattern) TPOEKTHPOBAHUS
«Habmogatens» (Observer). CorjacHo 3TOMYy MaTTEPHY, MOJYJb, MPEIOCTaBIIS-
IOIIUN TaHHBIC, peaiu3yeT MeTol addListener(), a MOlyb-aianITEP PEATU3YET METO/T
notify() W moANMHMCHIBaeTCS HAa COOBITHS, MPOUCXOJANIME B OCHOBHOM MOJYIJIE.

CooTBeTcTByIOIIAs AUarpaMma KJiacCoB MPUBEICHA HA PUCYHKE 4.6.
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IListener DataModule
-IListemer m_listeners[]
+notify()
+addListener(IListener *)

realize

ModuleAdapterl Huduleﬁ:dapterﬂ ModuleAdapter2

Pucynok 4.6 — JluarpamMma OTHOILIIEHU OCHOBHOTO MOAYJISI ¢ MOTYJISIMU-aIallTepaMHU

Ha OCHOBE MaTTepHA NMpoeKTupoBaHus «Habmonarensy

Onumem cxemy pabOThl: MOAYJIb-aJanTep MOJMUCHIBAETCS HAa COOBITHS, B
MPEOCTABISAIONIEM JaHHBIE MOJYJE, MOCPEICTBOM BbI30Ba MeTona addListener(),
I7Ic B Ka4eCTBE «HAOIIOJATENs», WM «CIyIIAaTeNsD YKa3bIBaeT ce0s. DTOT MOIYIb
COXpaHsieT CiylmaTesdss B COOTBETCTBYIOIIEM KOJJIEKIIMM, W KOTJa JaHHbIC
OOHOBJISIIOTCS, OH BBI3BIBACT [JII BCEX 3apPETHCTPUPOBAHHBIX B  KOJJICKIIUU
ciymiatenen (MoayJien-agantepoB) MeTo notify(). ONoBeIeHHbIH MOy Ib-adanTep
MOBTOPHO CUUTHIBAET JAaHHBIC U3 OCHOBHOTO MOJYJIS Yepe3 OTKPBITHIA HHTEPEIC.

Takoli MOAXOJ TO3BOJSET HE TOJBKO MPUCOSAWHATH HECKOJBKO MOMYJICH-
aJanTepoB K OJHOMY OCHOBHOMY MOJYJIO, MO3BOJISIA BBIBOAUTH WH(GOPMAIUIO OT
OJTHOTO M TOTO € MOJIYJS B Pa3IMYHOM BHJIC, HO M MPHUCOCTUHATH OJUH MOIYJIb-
ajganTep K HECKOJbKMM OCHOBHBIM MOJYJSIM, YTOOBI BBIBOAUTH  OOIIYIO

uH(OpMAIUIO, TOCTYIUBIIYIO OT KaXXJ0TO U3 HUX.

4.3 DkcrneprUMEHTAIbHBIE UCCIEN0BaHUS TPUMEHEHUSI METOAO0B aHalIW3a pac-

MMpCaACICHHbBIX UMHUTALIMOHHBIX Moz[eneﬁ

4.3.1 Texunyeckue XapakTEPUCTHKH UCIIOJIB30BAHHOTO O0OPYAOBAHUS U TPO-
IPAaMMHOI0 OOECIIeUeHUsI, KPUTEPUU CPABHEHUSI TCOPETUUECKUX U IKCIIEPUMEHTAb-

HBIX PC3YJIbTATOB I/ICCHCI[OBaHI/If/'I

B xauecTBe anmapatHO#M cpejbl sl MPOBEEHUS SKCIIEPUMEHTOB BBIOpaHa JIo-
KaJbHasi CE€Th IMEPCOHAIBHBIX KOMIIBIOTEPOB  CIIEIYIONIEH KOH(UTyparuu:
10 nmepcoHanbHBIX KOMITBIOTEPOB.

I[J'IH CpaBHCHHA TCOPCTHYCCKHUX YHCIOBBIX XapaKTCPUCTHUK, OLCHHBAIOIIMUX
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(GYyHKUIMOHUPOBAHUE pPaCHpE/ICICHHBIX HMMHUTAILIMOHHBIX MOJENeH, € 3KCIepUMEH-
TaJbHO MOJYYEHHBIMH, OyZIeM HCIOJIb30BaTh 3HAYCHUE CPETHEr0 apu(hMETUIECKOTO

OTHOCUTEJIBHOM TMOTPEIIHOCTH M 3HAYCHHE CPETHEKBAJAPATUYECKOIO OTKIIOHE-
Husd [167]. IlycTh X; — BBIYMCIIEHHOE i-€ 3HAY€HUE HEKOTOPOro mapamerpa X, x; —
3HAUEHHUE ATOr0 K€ IMapameTpa, MOJYyYEeHHOE SKCIEPUMEHTAIbHBIM IyTeM. AOco-

, 4 OTHOCHUTCIIbHAA IIO-

Xp =X

JIOTHasl TIOTPEUIHOCTh B ATOM Ciydae OyneT paBHa

X — X:
o i 1
TPEUIHOCTh ompenensercs Gpopmynond —— . 3HaUCHUE CPEAHETO apuPMETHUUECKO-

Xj

0 OTHOCHUTEJIbHOM IMOrpemHOCTH M 4. U CPCAHCKBAAPATUICCKOC OTKIIOHCHUC TCOPC-

THYCCKUX OLCHOK OT SKCIICPUMCHTAJIIbHBIX O, 6y,ueM OIIPCACIIATD II0 Q)opMynaM

(4.10)

4.11)

rae N — KOJIMYECTBO MOJIYYEHHBIX 3HAYCHUN XapaKTEPUCTUKH.

4.3.2. IIpuMeHeHUsT METO/Ia aHAJIN3a UMHUTAILIMOHHBIX MOJICJIEH 1O MPOJABHKE-

HHIO MOJCIIbHOI'O BPpEMCHU

Kax ykaswiBanoce B paznene 3.5, nis cpaBHeHUs 3G(HEKTUBHOCTH UMUTAIIUOH-
HBIX MOJICJIEM YacTO MCHOJIB3YETCSl KPUTEPU HAUOOBIIETO MPOABMKEHUS MOJEIh-
HOTO BPEMEHHU 3a OJHO M TOXKE KOJMYECTBO IIAroB MOJCIMPOBAHMS WM 3a OJHO U
TOXXE peasibHOe BpeMs (YHKIIMOHUPOBAHUS MOJEIH. BHIMOTHUM BBIOOPOYHBIN aHa-
JIM3 TIOJTYYE€HHBIX pe3yIbTaTOB.

Ha pucynke 4.7 npencraBieHbl pe3yabTaTbl MOJICTUPOBAHUS U U3MEPEHHUIT pe-
aJbHBIX BPEMEHHBIX 3aTPaT C HMCIOJIb30BAHHEM KOHCEPBATHUBHBIX U ONTUMUCTHUYE-

CKHUX aJITOpUTMOB CHMHXPOHU3AIWH.
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PucyHok 4.7 — 3aBUCUMOCTb PEaJIbHOIO BPEMEHU MOAEIUPOBAHUS OT 3HAYCHHS
MOJIEIBHOTO BPEMEHH IIPU UCIOJIb30BAHUU a) KOHCEPBATUBHBIX,

0) ONTUMUCTUYECKUX AIITOPUTMOB CUHXPOHU3AIUU

AHanu3upysi pe3yJIbTaTbl MOJEIMPOBAHUS MOJKHO CHAENATh CIEAYIOIINE
BbIBO/BL. J[JI1 IPUBEIEHHBIX TapaMeTPOB MoAeNn 0oJiee 3P(HEKTUBHO HCIOIb30BAThH
ONTHUMHCTHUYECKUE AJTOPUTMBI CUHXPOHU3ALMH, KOTOPbIE, B LIEJIOM, JAIOT JIyYIlHE
3HAYEHMsI BPEMEHH MoJienupoBaHus. HelmmHEeHHOCTH BpEMEHH HCIIOIHEHUS MOJENIEH
Opy  ONTUMHUCTUYECKOW  CHHXPOHHM3AIlMM  CBS3aHbl C  HEPaBHOMEPHOMU
BBIUMCIIUTENLHON HArpy3Koi, OOYCIIOBJIEHHOM OTKaTaMHM MOJEJIBHOTO BPEMEHH.
PocT BpemMeHM WUCHOJHEHHS MOJEIEl B KOHCEPBATHUBHBIX QJITOPUTMAX HOCHT
JMHENHBIN XapakTep, a, 3HAUUT 00Jiee TPOrHO3UPYEMBIH.

MHTepecHble pe3ysbTaThl NOKA3bIBAET aHAJIM3 BPEMEHU MOJEIMPOBAHUS NpHU
YBEIMYEHUH KOJIMYECTBA BBIJCISIEMBIX BBIYMCIUTEIBHBIX pecypcoB. Tak, mpu
U3MEHEHHH KOJMYECTBA PECYpCcOB B uHTepBale n=/5,20] nns mMoaeampyemMoi
CUCTeMbl HAOJIOAAEeTCAd 3HAYUTENbHBI POCT NPOU3BOAUTEIBHOCTH, KOTOPBIN
3aMmemJisieTca B uHTepBaie n=[5,25], a mnpu 3HaueHusax Ooznee 30 pecypcoB
HaOMrOMaeTCsl O0paTHOE CHUKEHUE TMPOU3BOJIUTEIBLHOCTH, YTO (PUKCHUpYyeTCS Kak
TEOPETUYECKUMH, TaK U IKCHEPUMEHTANbHBIMU pe3yibTaTaMu. OObICHEHHE 3TOMY
JCKUT B TOM, YTO MPHU 3HAUYUTEITHLHOM KOJMYECTBE PECYPCOB MOBBIIIAECTCA BPEMS,
KOTOPOE TPaTUThCS HAa CHHXPOHHU3ALMI0O OOJIBIIEr0o KOJIMYECTBA MOJENEH,
YBEIMYMBACTCS BpPEMsI, CBA3aHHOE C YBEIWYEHHEM TpaduKa MOJAEIU U CUCTEMBI
MOJIEJIMPOBAHUS.

B xone skcnepuMeHTOB, ObUIO 3aMEUYEHO, YTO  BPEMsl UCIOJIHEHHS] MOJENIU

TaK)Ke 3aBUCUT OT aITOPUTMa paclpeesieHHs] pecypcoB niepe MoaenrpoBanueM. Ha
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pucyHKe 4.7 MOXHO BUAETH PE3yJbTaThl aHAJIM3a BPEMEHU MPOABUKECHUS MOJEIIEH
IIPU Pa3IMYHBIX aJITOPUTMaX CHHXPOHU3ALMU U METOJIaX PaCIpPEIEIICHHS PECYPCOB.

AHaJIN3 MOKa3bIBAET 3HAYUTENBHYIO 3aBUCUMOCTD MPOABUKEHUS MOJEIBHOIO
BPEMEHH OT BBIOPAHHOTO AJITOPUTMa PACHpPENEICHUs pecypcoB. Tak, alropuTMbI
pacmpesieieHusi, OCHOBAaHHbIE Ha YydYeTe TMPOU3BOAUTEIBHOCTH U  Tpaduka
MOKa3bIBAIOT yiydllleHue 3pdexkTuBHOCTA 10 2 pa3. Takum oOpa3oM, IMPOBEICHUE
JTAHHOTO aHaJIn3a COCOOHO 3HAYUTENHHO MOBBICUTH 3()(PEKTUBHOCTH MCIIOIB30BAHUS
JIOPOTOCTOSIIIINX BBIYUCIUTEIIBHBIX PECYPCOB.

Tax>xke ObUT POBEJIEH CPABHUTENbHBIN aHAJU3 Pe3yJbTaTOB, MOJTYYEHHBIX BO
BpeMs MOJICTUPOBAaHMs, W BBIIaBAEMbIX CHCTEMOM YyIpaBieHus kiactepoM. Ha
pucynkax 4.8, 4.9 nokaszanbl rpauKyd BpEMEHU HCIIOJHEHHS MOJETU JJI Pa3HbIX
QITOPUTMOB ~ CUHXPOHM3allUd TMPHU  PAaBHOM  KOJHMYECTBE  BBIYMCIUTEIBHBIX

pecypcoB (n=10).

60T . C.

50

40

30 !

20

10

1 2 3 4

O KOHCGpBaTI/IBHaSI CHUHXPOHU3ALNA B OnTuMHUCcTAYCCKas CHUHXPOHU3ALNA

Pucynox 4.8 — 3aBUCUMOCTb peaibHOTO BPEMEHH MOJEIUPOBAHUS OT BEIOPAHHOTO
METOJ1a CUHXPOHU3ALUH U METOJ]a PAaCIIPEIEIeHHs PECYPCOB: 1 — ciayyaiiHoe
pacrpeneieHue, 2 — Ha OCHOBE NPOU3BOJUTENBHOCTH, 3 — HA OCHOBE CETEBOTO

obmeHa, 4 — KOMOMHUPOBAHHOTO METO/Ia
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PucyHOk 4.9 — DKCIEpUMEHTANIBHBIE U TEOPETUYECKUE 3aBUCUMOCTH BPEMEHU

HUMHUTAOUHU ITPU KOHCCPBATUBHBIX U OIITUMUCTHYCCKHUX MCTOAAX CHMHXPOHHU3AlIUU

CraTucTUUECKUM aHaIu3 CpaBHCHHA TCOPCTHUYCCKUX H ISKCIICPHUMCHTAJIBHBIX
JaHHBIX IIOKa3all CICAYIOINUC 3HA4YCHHA IIapaMCTPOB M1 BCCX BI>I60pOK,

NPUBEICHHBIX B MIPUIOKEHUN B: UI1 KOHCEpBAaTUBHBIX alroputMos — o, = 0.8 c,
m 4= 0.5¢, Mg ONTUMUCTUYECKUX — O, = 2,3 ¢, m,, = 1.7 ¢c. AHaIu3 NpPUBEIEHHBIX

NapamMeTpoOB TMOKAa3bIBA€T, YTO MMOTPEUIHOCTh TEOPETUUYECKUX 3HAYEHUH OICHKU
BPEMEHU MOJECIUPOBAHUS COCTABIISIET JJIs KOHCEPBATUBHBIX alropuTMOB 2,3%, miid
ontumucTrueckux — 3,4%. Takum oOpa3om, OoJjiee TOUHBIE OLIEHKH MOJTYYEHBI AJIs
KOHCEPBATUBHBIX AJITOPUTMOB. ODTO BBI3BAHO TEM, YTO MpPU ONTUMHCTHYECKHX
QIrOPUTMAaxX HE YUUTHIBAETCS P aKTUBHOCTEH OMEPAlMOHHOM CHUCTEMbI, KOTOPBIC
BBITIOJIHAIOTCSl KaK CIEACTBUE pabOThl crieu(pUUECKUX ACUCTBUI ONTUMUCTUYECKHUX
QITOPUTMOB: JMHAMHYECKOE TMEpEepaclHpeiesiCeHne MaMsITH MpU  COXPAHEHUH
COCTOSIHUM YaCTHBIX MOJEJIEM W OTKaTaX, CO3/IaHhE TOTOKOB COOOIIEHUN Mpu
BO3BPATAX MOJIEILHOTO BPEMEHU WU.T.JI.

B nenom, NorpemHocTu TEOPETUYECKUX PE3YJIBTATOB YAOBIETBOPSIOT 3a4a4aM

aHaJIn3a UMUTallUOHHBIX MO)ICJ'ICﬁ 110 MPOABMIKCHUTIO MOJACIbHOTO BPpCMCHMU.
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4.3.3 TlpumeHneHue MeToja OIEHKH BO3MOXXHOCTH OCYIIECTBIICHHS pacIipesie-
JICHUST YaCTHBIX MOJIEJICH Ha OCHOBE TMHAMHYECKOTO U3MEHEHHUSI 00bEMOB BUPTYaJlh-

HOU maMsTH

B kauectBe KOHGUTYpalluu MOJENU JJII UCCIEAOBAHUS MPUMEHEHHS TaHHOTO
MeTOo/Ma OBLTM BBIOPAHBI ONTUMUCTUYECKHE QITOPUTMBl CHHXPOHM3AIUU. ITO
OOBSCHSAETCS TEM, YTO B KOHCEPBATUBHBIX aJTOpPUTMAaX, KaK MpPaBUIIO, U3MEHEHUE
00BEMOB TIAMATH BO BpEeMsS HWMHUTAIMA HE3HAYWUTEIHHO. B  ONTHMHCTHYECKHX
IrOPUTMAX K€ MPOUCXOJIUT MOCTOSIHHOE U3MEHEHUE 00BEMOB MaMSITH, CBSI3aHHOE C
MIOCTOSTHHBIM COXPAHEHHEM COCTOSIHUM MOJENH U pealin3alueid OTKaTOB MOJIEIIBHOTO
BPEMECHHU.

Ha pucynke 4.10 mpuBeneHbl MpuMeEpbl 3aBUCUMOCTEH OOBEMOB MaMSITH

YaCTHBIX MOHCHCﬁ BO BPCMCHH, ITOJYUYCHHBIX B XOAC MOACIMPOBAHNA.
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Pucynok 4.10 — 3aBUCUMOCTb 00HEMOB MTaMSITH YaCTHBIX MOJIEIeH

Kak BuAHO U3 pUCYyHKa, aHAIU3 U3MEHEHHUS] 00BEMOB MaMATH YaCTHBIX MOJIE-
JICW TI03BOJISICT ONPEAECIUTh, KaK KOJIMYECTBEHHBIE MapaMeTphl, TaK U XapakTep U3-
MeHeHul. Tak rpaduku 1 1 2 HOCAT MepuoIUUECKUi XapakTep. B pamkax BpeMeHHO-
ro OKHa MaMsTh 3THUX MOJEJIEH BO3pacTaeT, MPUYEM POCT YaCTHOM Mojaenu | HocHT
HEJIMHEWHBINW, a 2-0U — JIMHENHBIN xapakTep. VI3MeHeHus1 4acTHOW MoJeNn 3 HOCST

ACUHXPOHHBIM HENMHENHBIA XapakTep. XapakTep U3MEHEHUI NaMsATH MOJEIH 3 M03-
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BOJISIET ClIeTIaTh BBIBOJI, YTO BO BPEMsI €€ UCIOJIHEHUS YACTO MPOUCXOAUT OTKAT MO-
JIETHHOTO BpeMEHU (yMEHBIIIEHHE 00BEMOB MAaMATH MEXIY MOMEHTAMHU MPOJBHKE-
HUSI BDEMEHHOT'O OKHA).

[Tomy4yeHHBIE B XO/€ aHAIM3a JTAHHBIE MO3BOJISIOT TAKXKE OIICHUTHh PEaTbHBIN
MaKCUMyM O00BEM MaMSATH YaCTHOW MOJIEIH, KOTOPHIN MPOSBISETCS B JTWHAMUKE, B
OTJIMYME OT 3asBJICHHBIX B 33JaHUM 00bEMOB, HOCSIIIUX AlPUOPHBIN XapakTep, U Ya-
CTO YKa3bIBAIOTCS MPHOIU3UTENHHO. Tak, Hampumep, IS MepBOM Moaenu (pucy-
HOK 4.7) HauallbHBIN (3asiBJICHHBIN) 00BbeM mamsTu coctaBiser 500 kOaiT, a BO Bpe-
MsI MOJICJTMPOBAHUS TMHAMUYECKH yBenuuuBaercs 10 2000 kOaiT.

OreHKa MaKCUMaJIbHBIX OOBEMOB TAMSATH YAaCTHBIX MOJCICH SBIISICTCS OTpa-
HUYMBAIOIIMM IMapaMeTPOM TPHU MOUCKE MOAXOASAIIMX JUIsI MOJEIUPOBAHUS PECyp-
coB. Kpome 3TOT0, OHa MOXET OBITH HCIOJIL30BaHA B CIIOYKHBIX CTATHUCCKUX W JIMHA-

MUYECKUX aJTOPUTMax IJIaHUPOBAHUS U PACIIPEICTICHUS PECYPCOB.

4.3.4 IlpuMeHeHue MeToAa OLEHOK MPOCTOS PECYPCOB sl  aJIrOPUTMOB

CHMHXPOHU3AINH PACIIPCACICHHBIX UMUTAIITMOHHBIX MOI[GJIGfI

[Ipu pacnpeneneHHOM MOJIEIMPOBAHUM CYIIECTBYET MpoOJieMa MPOCTOSI pe-
CYpCOB, BBI3BaHHAsl HEOJHOPOJHOCTBHK) YACTHBIX MOJEJEH WM HEOAHOPOIAHOCTHIO
pecypcoB. [lapamienbHOoe UCMOMHEHUE YACTHBIX MOJENEH HEU30€kKHO MPUBOIUT K
CUTyallMu, KOTJla YaCTh MOJI€JICl BBIHYKJICHA OKUJIaTh B TOYKE CHHXPOHH3ALUH JIPY-
r'Me 4acTHbIE MoJEeNu. MIHOT1a mpoCcTON pecypcoB 3HAUNTENBHBL. PeleHusMu JaHHOM
npoOJIeMbl SBISIOTCS METObl CTATUYECKOI0 U JTUHAMUYECKOTO pachpeaesieHus (Te-
pepacnpeeieHus ) PECypCoB.

OnHako AaHHBIE METOJBI TPeOYIOT 3HAHUS JIOMOJHUTEIBHBIX MapaMeTpoB O
MOJIEJIN, KOTOPhIE OTCYTCTBYIOT B SI3bIKaX OMMUCAHUS 33JaHUN, & TAKXKE CIIOKHBI JJIs
OIICHUBaHMS pa3padoTumkamu Mojeiei. [IpennoxxeHHslid B pasaene 3.7 MEeToJ 1M03-
BOJISIET OILIEHUTH ITPOCTOU YACTHBIX MOJICIICH.

[Ipoctoii pecypcoB HamboJiee MPOSBISETCS MPU MPUMEHEHUH CUHXPOHHBIX U
KOHCEPBATUBHBIX AJITOPUTMAX CUHXPOHM3AIIMU, KOTOPHIE OTPAHUYMBAIOT BO3MOKHO-
CTH YaCTHBIX MOJEJEH MO MPOJBHUKECHUIO MOJICIBHOTO BpeMmeHu. Cucrema aHanusa

pacupeacsICHHbIX UMUTAITHOHHBIX MOI[eHeﬁ IMO3BOJIACT IOJYYUTb 3aBUCHUMOCTH BPC-
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MEHH MIPOCTOSI PECYPCOB B MPOCTPAHCTBE (PU3UUECKOTO BPEMEHU MOIETIMPOBAHUSI.
Ha pucynke 4.11 npencraBiieHbl HECKOJIBKO TpauKOB Tako# 3aBUCUMOCTH. B
KauecTBe (YHKIUU MPEJICTABICEHO CYMMapHOE BPEMs MPOCTOS PECYPCOB JJIsSI Pa3HBIX

AJITOPUTMOB CUHXPOHH3AIINH.
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Pucynok 4.11 — 3aBHCMMOCTH CyMMapHOI'O BpPEMEHU ITPOCTOSI PECYPCOB ISl PA3HBIX

AJIrOPUTMOB CUHXPOHHN3alINHU

Bpems mpoctosi pecypcoB B JIMHAMHKE SBJISIETCS BO3pacTraromiei (yHKIuen
uist Bcex mogenei. IlepBelid rpaduk oTpakaeT MOBENEHWE CUHXPOHHBIX MOJENEH.
Bpems nipoctost 111 HUX siBisieTcsl PyHKITMEH, OM3KON K TMHEHHOM, BeTMYMHA TTPO-
CTOsI HauOOJbILIast CPEAN BCEH MPUMEHEHHBIX AJITOPUTMOB CUHXpoHU3auu. [Ipume-
HeHue 00Jiee CIOXKHBIX AITOPUTMOB CHHXPOHHU3ALMU MPUBOJUT K YMEHBUIEHUIO Bpe-
MEHH MPOCTOSI PECYPCOB, HO MOXKET YBEIMUUTH 00Illee BpeMsl SKCIIEPUMEHTA 33 CUET
BpEMEHU padOThl aIrOPUTMOB CHUHXPOHU3ALMH. Tak, KOHCEPBATHBHbBIE AJITOPUTMBI
(rpaduk 2) Takke MUMEIOT BO3PACTAIONIMI XapakTep BPEMEHM MPOCTOs, OJHAKO, 3a
CUET JIOTIOJHUTEIBHBIX 3aTpaT MPOLIECCOPHOIO BPEMEHH M CETEBOro Tpaduka Ha
CUHXPOHU3UPYIOIINE COOOLIEHUS, MOKA3bIBAIOT, B O0OIIEM, MEHbIIIEE 3HAYEHUE BpE-
MEHH MPOCTOS B CPABHEHUU C CUHXPOHHBIMU aliroputMaMu. ONTUMUCTUYECKUE ajl-
TOPUTMBI, B CUJTy HAIMYUS 3HAYUTEIbHBIX BBIYMCIUTEIBHBIX 3aTPAT HA CHHXPOHU3A-
LU0 U OTKATBI, 4 TAKXKE BO3MOKHOCTH MOJECIIUPOBAHUS YACTHBIX MOJICIIEN «BHEPEM,

IIPUBOJAT K CaMbIM MajblM 3HAYEHMSIM BPEMEHH IPOCTOS, HOCAILIUM HEPETYISIPHBINA
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XapakTep.

Crnenyer OTMETHUTH, UTO CaMO MO cebe BpeMs MPOCTOSI HE SBISETCS KOHESYHBIM
KpUTepreM OIeHKH 3G (HEKTUBHOCTH MPUMEHEHHUS TOTO WJIM MHOTO METOJa CHHXPO-
HU3anuu. J[efcTBUTEIbHO, BOZMOXKHA CUTYAIHsI, KOT/Ia BpeMs MPOCTOSI MUHUMAJIBHO,
HO (U3MYECKOE BpEMs, 3aTpPayeHHOE Ha MOJAETUpPOBaHUE (DUKCHPOBAHHOTO KOJIUYE-
CTBa IIarOB pacmpeeieHHOW MOJAENTH MEHbIe. Takum o0pa3oM, MOTydeHHBIC 3aBH-
CUMOCTH JIJII BPEMEHHU TIPOCTOS TOJDKHBI YUUTHIBATHCS B 0OOOIIEHHBIX KPUTEPHIX
3 PEeKTUBHOCTH.

[lepcIeKTUBHBIM TaKXKe SBJISETCS MCIIOIH30BAHKE IMOTYICHHONH HHPOPMAIIUHU O
BpEMEHaX MPOCTOEB B aJITOPUTMaX NEPBOHAYAIHLHOTO U TMHAMHYECKOTO (B Mporiecce
WCIIOJIHEHUSI TIPOTPAMMHBIX MOJIENIE) pactipeesieHus pecypcoB. [Ipu 3ToM OTKpsbI-
BaeTCS BO3MOXXHOCTH pa3MeliaTh Ha HEKOTOPHIX BBIUMCIUTEIBHBIX pecypcax He-
CKOJIPKO YaCTHBIX MOJIEJICH, MMEIONTUX BHICOKHE 3HAYCHUSI BPEMEHHU MPOCTOS Ha Of-

HHX " TCX K€ HHTCPBAJIaX MOACIBHOI'O BPCMCHH.

4.3.5 UccnenoBanue 3p(HEeKTUBHOCTH MPUMEHEHUS TEXHOJOTHH pacipeiesieH-
HOTO MMHUTALIMOHHOTO MOJICJIMPOBAHUS C HCIIOJIb30BAHUEM METOJOB OLIEHKH CXEM

pacrpeaeneHus: pecypcoB

AHanu3 BpeMEeHH, 3aTPavy€HHOTO MPHU NMPOBEACHUN ONMUCAHHBIX BBILIE (MOIpa3-
nen 4.3) 4yeThlpeX UMUTAIMOHHBIX YKCIIEPUMEHTOB MPUBENIEH Ha pucyHke 4.12, a pe-
3yJbTaThl UCCIEIOBAaHUI OCHOBHBIX MapaMeTpOB, YYaCTBYIOIIUX B OLEHKE 3(PQek-
TUBHOCTU BBIOPAHHOTO BapuaHTa pacnpeneneHus — B tadnuie 4.1. 13 nuarpammel
BUJIHO, YTO MPU MPOCTHIX SKCIIEPUMEHTAX (Majblii BBIYUCIUTENbHBIN 00bEM HIIN HE-
00JBIIOE 3HAYEHUE BPEMEHH MOJEIIMPOBAHUS) IPUMEHEHUE TEXHOJIOTUU aHAIM3a He
SBIISIETCS panMOHaNbHbIM. OcTajabHbIe SKCIEPUMEHTHI ToKa3anu 3()PeKTUBHOCTD
INPUMEHEHUSI TEXHOJIOTHMHU, YTO MPOSBWIOCH B YMEHBIICHHM BPEMEHU NPOBEICHUS
HKCIIEPUMEHTOB B Cllydyae MPUMEHEHHs pa3pabOTaHHBIX METOAOB JJI OLEHKH BapH-
aHTOB paclipesesieHusi pecypcoB. B mporiecce paboThl HE pa3paboTaH yHUBEpCAIIb-
HBIM KpUTEpul, MO3BOJSAIOMNNA 0000IIUTh OLIEHOYHYI0 MH(POPMALIUIO O Pa3IMYHBIX
BapUaHTaxX paclpeiejieHus pecypcoB, UTO Jajgo Obl BO3MOXKHOCTh CO3/1aTh YHUBEP-

CaAJIBHBIN METOJI PACIIPEAEICHUS PECYPCOB.
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Pucynox 4.12 — Pe3ynbTaTsl npuMeHeHHs pa3paO0TaHHOW TEXHOJOTHH aHAM3a MPU MOJICITUPOBAHUY PA3JIMYHBIX TOTOKOB 3aaHUI

pacnpeaeIeHHoro UMHTaMOHHOro MoienupoBanus B GRID-cucremax
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Tabnuua 4.1 — CpaBHUTENbHASA TaOIUIA TPUMEHEHUS METOJIOB pacipeieNieHUs: MPOTPaMMHBIX MOJIeNIeH MO0 JOCTYITHBIM pecyp-

PasmepHOCTB 3KCnIEpUMEHTA

Merton ciy4aitHOTro
pacnpezeneHus

Meto1 paBHOMEPHOTO pac-
IpeeseHus
(Ha OCHOBE BBIYHCIUTEIBHOMN
CJI0’KHOCTH IIPOrPAMMHBIX

MeTtoa 06paTHOTO 3amoJI-
nenus (backfill)

(Ha OCHOBE OLIEHKH Bpe-

MEHH BBITIOJIHEHUS TIPO-

C npumenenuneM paszpabdo-
TaHHBIX METOIOB

MOJIEJIEH ) TPaMMHBIX MOJIEJIEH)
N M Twm, mua | Cunxp | TR, c | TP, ¢ %Vk TR, ¢ TP, ¢ %Vk TR, ¢ TP, ¢ %Vk TR, ¢ TP, ¢ %Vk
10 40 100 K 28 14 0 42 12 0 44 8 0 48 14 0
40 40 100 K 96 52 3 86 48 0 72 36 12 70 34 0
40 40 100 O 120 35 12 87 38 6 78 15 18 74 10 3
200 40 100 K 562 241 3 480 260 7 470 215 10 420 209 3
200 40 100 O 460 202 14 470 253 10 462 207 13 402 198 7
200 | 488 500 K 390 160 4 320 140 0 301 138 0 280 125 0
200 | 488 500 O 390 160 4 320 140 0 301 138 0 280 125 0
600 | 488 500 K 1538 456 14 1340 401 12 1280 390 10 989 123 0
600 | 488 500 O 1567 315 45 1215 201 38 1275 170 41 779 43 8




138
4.4 BpIBOIBI 110 pa3aeity

[IpennoxeHa opuUrMHAlIbHAs apXUTEKTypa pacHpeeTICeHHON WMHUTAIIMOHHOM
cucteMbl MojienupoBanust GRID-cucteM, ocHOBaHHasi Ha MOAKIIOYAEMBIX MOIYJISX.
ApxuTekTypa oOJafaeT psSAOM MPEUMYIIECTB: THOKOCTh HACTPOUKHU, MPOCTOTA MO-
nuduKalny, yIpolieHue pa3paboTKu, TECTUPOBAHUS, TOAIEPKKU M OOHOBJICHUS CH-
CTEMBI.

B pabote npeiokeHa apxuTekTypa BU3yaldbHOTo uHTepderica s pacupee-
JIEHHOM MMUTAMOHHOW cucteMbl MozenupoBanusi GRID-undpacTpyKTypsl —
GRASS. OmnucanHoe pellleHHe MO3BOJIMIIO BBIICIUTh BU3YyaIU3alUIO0 JAaHHBIX B OT-
JICNBHYIO TOJCUCTEMY, YMEHBIIIUTh CBSI3aHHOCTh MOJYJIC B CHCTEME M yBEIUYHUTH
UX BHYTPEHHIOIO CBA3HOCTh. OTHUM U3 OCHOBHBIX JIOCTOUHCTB apXUTEKTYPHI SIBISIET-
Csl BO3MOXXHOCTb TOJKITIOYCHHSI HOBBIX MOAYJIEH CO CBOMMH OpPUTHHAIBHBIMHU (DYHK-
IUSIMU BU3yaIU3aluu 0€3 MEPeKOMITWIIAIIMKN BCETO MpoekTa. ' MOKoCcTh pa3padoTaH-
HOM apXUTEKTYpPhI O3BOJISET PACHIUPATh WIM MOAUPUIIUPOBATH MOIYJIN BU3yalln3a-
IIUU C LIETIBIO IPOBECHMSI 00JIee CIOKHBIX SKCTIEPUMEHTOB.

[IpoBeneHO psifi IKCIEPUMEHTOB, MO3BOJISIIOIIMX MPOBEPUTH PabOTOCIIOCO0-
HOCTh cuctembl MojnenupoBanuss GRASS mon ymnpaBieHueM pas3HbIX alrOpPUTMOB
cuHxpoHm3anuu. CrucreMa aHaian3a WMHUTAIIMOHHOW MOJEeNH MOATBEepAMiIa paboTo-
CHOCOOHOCTH METOJI0B aHanu3a. CpaBHEHUE KOJIMUYECTBEHHBIX XapaKTEPUCTHUK, MOTY-
YEHHBIX IKCIIEPUMEHTAIBHBIM U MOJCIBHBIM ITYTEM MOKa3aja, YTO SKCIIEPUMEHTAIb-
Has MOTPEMIHOCTh METOA0B HE NpeBbIacT 4% .

[IpoBeneHO psifi €KCIIEPUMEHTIB, SK1 JO3BOJIMIIM TEPEBIPUTH TpaIle3qaTHICTh
Ta €(pEeKTUBHICTh 3aMpPOIOHOBAHOI TEXHOJIOT1i aHaJi3y MPOrpaMHUX MOJENIEH y cuc-
teMi mojaemoBaHHs GRASS mix ynpaBmiHHSAM pI3HUX aITOPUTMIB CHHXPOHI3AIII].
AHani3 pe3ynbTaTiB eKCIIEPUMEHTIB MTOKa3aB, 10 BIPOBAHKEHHS 1H(GOpMAIIHHOT Te-
XHOJIOTi1 aHami3y pO3MOJiUICHUX MPOTPAMHUX MOJENEH T03BOJIMB 3MEHIIUTH Yac
MOJICJIIOBaHHSI Ta KUIBKICTh OOUYMCIIOBAJIBHUX PECYPCIB Y cepeAHboMy Ha 36% Ta
28% BignoBigHO. OAHOYACHO 3 ITUM 3MEHIIMJIMCS 4Yac MPOCTOI PECypcCiB y cepe-

HbOMY Ha 19% Ta KiIbKICTh KOH(IIIKTIB maM’siTi Ha 54%.
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[lepcnekTUBBI pa3BUTHUS CUCTEMBI COCTOSIT B CO3JAHMM MOJYJIEH, peau3yro-

mux Mojienu asemenToB GRID-cucteMm, onucaHHbIX B [9].
[lony4yeHHsie pe3ynbTaTbl MOTYT OBITh IOJE3HBIMU pPa3zpabOTYMKaAM IPO-
rpammHoro obecneuernss GRID-cucreMm, cnermanucram B o0yiactu pa3pabOTKH pac-

MIPEAEIICHHOTO TPOTrPAMMHOTO O0ECTIEUSHUS ¥ CO3TaHMS MMUTAITMOHHBIX MOJICTICH.
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BbIBO/IbI

Hannuue HOBBIX MH(OPMALMOHHO-BHIYUCIUTEIBHBIX UHPPACTPYKTYP YPOBHS
GRID npuBoauT K mepecMoTpy TEOPHUH UMUTALMOHHOTO MOJECIMPOBAHUS C TOYKHU
3peHus 3()PEKTUBHOTO UCIOJIB30BAaHUS PACIPEIECICHHBIX T€TEPOTEHHBIX apXUTEKTYP
npu npoBefaeHun umutauuu. Muadopmanmonnsie GRID-TeXHOIOrMM U TEXHOJIOTHH
00JIauyHBIX BBIYMCICHUI CTAHOBUTHCSA MHCTPYMEHTOM IPOBEACHUM UMUTALIMOHHBIX
DKCHEPUMEHTOB. [IpuMeHeHne pacnpenesieHHOr0 UMUTAlMOHHOTO MOJEIMPOBAHUS
ITO3BOJIAET 3HAYMTEIBHO PACIIMPUTH KJIACC PEATM3yEeMbIX UMUTALMOHHBIX MOJEIEH
3a CYET HCIOJIb30BAHUS OOJIBIIOrO KOJMYECTBA MOIHBIX y/IAJCHHBIX BBIYMCIUTEINb-
HBIX PECYPCOB.

AHanu3 auTepaTypsl B 00J1aCTU UMUTAIMOHHOTO MOJEJIMPOBAHUS TIOKa3al OT-
CTaBaHUE B PAa3BUTUM TCOPUH UMUTALMOHHOIO MOJCIMPOBAHUA OT CTPEMHUTEIBHOIO
Pa3BUTHS PACTIPEIEICHHBIX BBIYUCIUTEIBHBIX CHCTEM, 00YCIOBIEHHOE MOSBICHHEM
MOIIHBIX BBIUHUCIUTEIBHBIX PECYPCOB U OBICTPOAECUCTBYIONIMX KOMMYHHKAIIMOHHBIX
ceTen.

B pesynbrare auccepTalMOHHON pPaOOThl MOJYYMJIM PA3BUTHE TEXHOJIOTUU
MMUTALMOHHOTO MOJEIIMPOBAHMS B PACIPEIACICHHBIX BBIYMCIUTEIBHBIX CHUCTEMAX,
pa3paboTaHbl MOJENIH, METOJAbl U MH()OPMAIMOHH TEXHOJOTHUS aHalud3a pacrnpene-
JICHHBIX IPOTPaMMHBIX MOJEJIEH, YTO ITO3BOJIMIIO YMEHBIIUTD BPEMS MOJEIUPOBAHUS
1 He00X0IUMOE I MOJEIUPOBAHUS KOJMYECTBO BBIUUCIUTEIBHBIX PECYPCOB.

B mnpouecce BeIMOAHEHUsT pabOTHI JJIsl PEIICHUS] €IUHON HAy4YHOU MpPOOJIEMbI
ObUIH MOJIyYEHBI CIEAYIOLINE HAYYHbIE PE3YJIbTaThI:

1. Pa3zpaGoTtanbl Mozmenu HmpeIMETHOW 00JIacTH Ha OCHOBAHHMU INPOLIECCHOTO
IIPEACTABIICHNs] YAaCTHBIX MOJEJEH KaK MPOIPAMMHBIX 3JIEMEHTOB BBIYMCIUTEIBLHON
Cpenbl, KOTOPBIE B OTINYUHU OT CYLIECTBYIOIIUX, YYUTHIBAKOT JNHAMUYECKOE U3MEHE-
HUE 00BEMOB MaMSTH, BPEMsI IPOCTOSI, YTO MO3BOJSET YIOBIETBOPUTH YCTAHOBJICH-
HbI€ OIpaHUYEHHUs Ha 00BEM ONEepPaTUBHOW MaMATH U MUHHUMHU3UPOBATH BPEMs IPO-
CTOSI BBIYMCIIMTEIBHBIX PECYPCOB JJISI Pa3HbIX YCIOBUM CHHXPOHU3AIMU MPOTPAMM-
HBIX MOJICJIEH.

2. Pa3paboranbl Moaudukanuu Mojaenei Uis Ciiy4aeB CHUHXPOHHBIX, KOHCEp-
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BATUBHBIX, ONTUMUCTUYECKUX METOAOB CUHXPOHU3ALUH PACIIPEACICHHbIX UMHUTALU-
OHHBIX MOJEJIEH, KOTOPBIE YUNUTHIBAKOT METOABI CHHXPOHU3ALMN MOJEIIBHOTO BpeMe-
HU M apXUTEKTYpPy JIOKAJIBHBIX Mojenen crangapra HLA, 4To mo3BOJisSeT OLEHHUTH
BpEMsI BBINOJHEHHS NPOIPAMMHBIX MOJENEN I Pa3HBIX CXEM paCIpeleeHus pe-
CYpCOB C YYETOM OTpaHUMYECHHI Ha 0OBEM MaMSTH U CyMapHOE BPEMS MPOCTOS BbI-
YUCIUTEIBHBIX PECYPCOB.

3. Pa3paboran MeTOj OLIEHKH BO3MOXKHOCTH pacIpesesies YaCTHBIX MOJeNei
Ha OCHOBE JUHAMHMYECKOTO U3MEHEHUSI 00BEMOB BUPTYAJIbHOM MAMSITH, YTO MTO3BOJIS-
€T YYUTHIBaTh U3MEHEHHE 00BEMOB MAMSTH, OCOOCHHO B CIy4yae ONTUMHUCTUYECKUX
ANTOPUTMOB CUHXPOHHU3ALUHA NPOTPAMMHBIX MOJEJIEN, YMEHBIINTh KOJINYECTBO BBI-
YHUCIUTENIbHBIX PECYPCOB, YUYECThb OIpaHMYEHMs] Ha OOBEM MNaMITH U YMEHbBIIUTH
BpEMsI MOJICIIMPOBAHMSL.

4. Pa3paboTaH MeTOJ IOJy4EHHUs OLICHOK IIPOCTOSI PECypCOB JJIsi KOHCEpBa-
TUBHBIX AJTOPUTMOB CUHXPOHM3ALMM PACIPEIEICHHBIX UMUTALIMOHHBIX MOJEIEH,
YTO ITO3BOJIIET OLICHUTHh BPEMs BBIITOJHEHUS MPOrPAMMHBIX MOJENEH U1l Pa3HBIX
CXEM DPaCIpENeNICHUsI PECYpCOB C YYETOM BPEMEHM IPOCTOSl BBIYHCIUTEIBHBIX pe-
CYpCOB.

5. ¥Yayumien Metoa cpaBHEeHUS 3PPEKTUBHOCTU paCIpPEAeICHHBIX UMUTALMOH-
HBIX MOZEJIEN 110 MaKCHUMaJIbHOMY IIPOJABHUKEHUIO MOJEIBHOIO BPEMEHHM, YTO B OT-
JUYUHM OT CYIIECTBYIOIIETO, YYUTHIBAET BO3MOKHOCTh M3MEHEHHUs 00beMa MaMsTH
IPOrpaMMHBIX Mojiele U 00bEMOB JaHHBIX, KOTOpBIE IMEPEAAIOTCS MEXIY Ipo-
I'PAMMHBIMUA MOJEISIMH, a TAK)KE BPEMS IIPOCTOS PECYPCOB, UTO IIO3BOJIAET OLIEHUTH
BpEMsI BBINOJHEHHS MPOTPAMMHBIX MOJENEN I Pa3HbIX CXEM paclpeleseHus pe-
CYPCOB C y4€TOM OrpaHUYeHHI Ha 00BEM MACITH U BPEMS MPOCTOS BHIYUCITUTEIbHBIX
pecypcoB.

6. Ilonyunnu nanpHelIIee pa3BUTHE METOIbI PACHPENECIECHUS MPOrPAMHBIX
MOJEJIEN TI0 BBIYUCIUTENIBHBIM PECYPCaM B PaCIPEEeICHHOM UMHUTALMOHHOM MOJE-
mupoBannn GRID-cuctem, KOTOphIE B OTIMYMU OT CYLIECTBYIOIIMX, ITO3BOJIAIOT
OCYILECTBIISITh PACHpPENECICHUE PECYpPCOB 0 MAKCHUMaJIbHOMY IPOABHXEHUIO MO-
JETBHOTO BPEMEHU MPHU OIPaHUYEHUSX Ha 00bEM ONEepaTHBHOW MaMSTH, BpeMs Mpo-

CTOA U BBI6paTB croco0 CUHXPOHU3AIIHUH ITPOTrPAMMHBIX MO,ZICJ'IGfI, YTO 00€CIICYnBaET
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MOBBIIICHHE 3(PPEKTUBHOCTH MpoIieca PACIPEACTICHHOT0O HMHUTAIMOHHOTO MO/IEIIH-
pOBaHUSI TyTeM YMEHBIIICHUS BPEMEHH MOJICIHPOBAHUS U KOJUYECTBO BBIYUCIIH-
TEJIBHBIX PECYPCOB.

B kagecTBe mpakTHUeCKOW 3HAYMMOCTH TMOJTYYEHHBIX TEOPETHUCCKUX PE3yiIhb-
TAaTOB JTUCCEPTAIIMOHHON PabOThl MOXHO OTMETHThH YIIYUIICHHE KauyecTBa aHan3a
pacrpeielIeHHbIX HMUTAIIMOHHBIX Mojieliel, paboTaromuX 0,1 YIIpaBiICHUEM pa3HbIX
METO/IOB CHHXPOHM3AIlMA. B YacTHOCTH, MPaKTUYECKUE PEIICHUS TEOPETHUUECKHUX
WCCJICIOBAHMI 3aKJIFOYAIOTCS B CIICIYIONIEM: YBEIIMYEHO KOJIMYECTBO MapaMETPOB,
MOJIY9acMbIX B TIPOIIECCE aHAIM3a PACIPEIACICHHBIX UMHUTAIIMOHHBIX MOJIEICH, YTO
AT BO3MOXKHOCTH YJIYUIIEHHUS METOJOB PACHpESICHUS PEeCypcoB, alrOPUTMOB
YIOPABJICHUS 3aJIaHUSIMU HAa MOJICTTUPOBAHUS B paclpe/ieIeHHBIX MH(GOPMAIIMOHHBIX
CHUCTEMaX; pa3pabOTaHbl M PEATM30BaHbI AJITOPUTMBI U TIPOIICAYPhI aHATIN3a pacipe-
JEJCHHBIX MMUTAIMOHHBIX MOJIENeil; pa3zpaboTaHa mpoueaypa cpaBHeHUs 3¢ddek-
TUBHOCTU PACIPECICHHBIX UMUTAIIMOHHBIX MOJENEH M0 MaKCUMAaJbHOMY IPOJIBH-
YKEHUI0 MOJICTTLHOTO BPEMEHH, pa3paboTaHa Mporieaypa ONeHKA BO3MOXKHOCTH pac-
Mpe/ieNIeHUs] YaCTHBIX MOJIEJIEH Ha OCHOBE JTUHAMUYECKOTO U3MEHEHUsI 00bEMOB BUP-
TyaJIbHOW TIaMATH; pa3paboTaHa Mpoleaypa MOJYYSHHUS OIEHOK MPOCTOS PECYpPCOB
JUTSL QAITOPUTMOB CHHXPOHHU3AIMH PACTIPEACIICHHBIX HIMUTAIIMOHHBIX MOJIEIICH.

[Tomy4yeHHBIE TEOPETUUECKUE PE3YyIbTAaThl PEeaTu30BaHbl MpU pa3pabOoTKe Mpo-
IrpaMMHOTO 00eCIeueHrsT UMUTAIMOHHOTO MOJCIUPOBAaHUS MH(POPMAIMOHHBIX CH-
CTEM.

JIOCTOBEPHOCTH TMOMYYEHHBIX MPAKTUYECKUX PE3YJIBTATOB JIUCCEPTAIIMOHHOMN
paboOThl TOATBEPKACHA SKCIEPUMEHTAIBHBIMUA HCCIAEAOBAHMEM CO3JIaHHOTO IIPO-
TPaMMHOTO OOECTICUEeHHMsI, PE3yIbTaTaMi MOJICTUPOBAHMS PeaTbHBIX WH(POPMAINOH-
HBIX CHCTeM (aKThl BHEJAPCHHSI TIPUJIATAIOTCS B MPUIIOKEHUHN K TUCCEPTAITUH ).

HarmpaBnenust TECOpETUICCKUX M MTPAKTUYECKUX MCCIICIOBAHUN JTUCCEPTAIIOH-
HOI paboTHI 11eJIeco00pa3HO Pa3BUBATh B 00JIACTH CO3JaHUS M MCIIOJIH30BAHHS pac-

NpCACICHHBIX UMHUTAIIMOHHBIX CUCTEM MOJACINPOBAHMA.
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OxoHHbIE (OPMBI IPOTPAMM aHAIIN3a PACIIPEACIICHHBIX UMUTAIIMOHHBIX MOJICIICH U

CUCTEMBI pacIpeesIEeHHOI0 UMUTAINOHHOr0 MoienupoBanust GRASS

Pucynox b.1 — Unrepdeiic mogymns Input v0.1

Pucynok b.2 — 3anyck monyns Input, ¢ OkHa rimaBHOM TPOTrpaMMBbl
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tmplgrass_build_check\bin\Debug\loaderc.exe

Parameters:
— cpu_speed :
0% Linux
— phyzical_memory :

2000
200m

[gimple_resources_distributorl: STARTED:

[gimple_resources_distributor]l: STARTED:

[gimple_reszsources_distributorl: STARTED:

"LinTes

"LinTest2" {

Pucynoxk b.4 — KonconpHslil uatepgdeiic cucremsl GRASS

GRASS (GRid Advanced Simulation System) Demo

Eile  Help
Resources Info & X || Tasks Info g X
Resource cpu_speed os physical_memory resource_delay state Task state | os physical_memory o
TestComp-1 3200 Linux32 1560 1000 Task 7 Running FreeBsD 1432
= TestComp-10 1600 Linux32 2000 10000 Task 10 Waiting Windows XP Pro 2254
Task 16 Waiting FreeBsD 1543
= TestComp-2 1400 Linuxb4 2600 2000 Task 17 Waiking FreeBSD 1174
Task 52 Linuxed 1408 Running Task 18 Walking FreeBsD 1865
TestComp-3 1200 Windows %P Pro 2250 3000 Task 19 Waiting FreeBSD 1568
= TestComp-4 2100 Linux64 1500 4000 Task 20 Waiting FreeBSD 1646
Task 23 Waiting FreeBsD 2161
= TestComp-5 3200 Windows XP Pro 1550 5000 Task 24 Waikting FreeBSD 1561
Task 51 Windows P Pro 1145 Running Task 25 Waking FreeBsD 1031
TestComp-6 2500 FreeBsD 1000 6000 Task 27 Waiting FreeBSD 1247
TestComp-7 300 052 3800 7000 Task 33 Waiting FreeBSD 1368
= TestComp-8 1800 FreeBSD 3500 8000 Task 38 Waking FreeBSD 2205
Task 7 FreeBsD 1432 Running Task 39 Waiking FreeBSD 1300
= TestComp-9 1600 Windows XP Pro 1300 9000
Task 45 Windows 2P Pro 1239 Running Task 45 Running Windows XP Pro 1233
Task 47 Waiting FreeBSD 1706
Task 50 Waking FreeBSD 1579
Task 51 Running ‘Windows XP Pro 1148
Task 52 Running Linuxed 1405
Statistics Monitor & X || Statistics Yisualizer F X
Mame Value p
Average AverageProcessing Current | PushFlow Pushed RemoveFlow Remaved | MultiPlot
Average 0.428571 2 -
ave.. s
2o MultiPlot
AverageProcessing | 0.84375
4 Average
Current 24 ]
4 — AverageProcessing
40
PushFlow 2.07407 1 GOk
Pushed S6 ] — PushFlow
0¥
RemoveFlow 1.18519 = i Pushed
&l ]
Removed 3z >0 — RemaveFlow
Time 27 ] Removed
10+
T~ N
g
T L B e B e s e e e e e e B LI
10 20 30
Time

Pucynok b.5 — I'paduuaeckuit uatepdeiic cucrembr GRASS
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Jluctunr B.1 Bun ocHOBHOTO KOHPUTypallnOHHOTO (haiia CUCTEMBI

<?xml version="1.0" encoding="utf-8"?>
<framework>
<config>
<parameter pluginsDirectory = "./plugins/"/>
</config>
<plugins>
<plugin name="AlgorithmLoader" filename="algorithm loader"
loadatstartup="yes" >
<parameter TasksCount="10"/>
<parameter Algorithm="RandomDistributionAlgorithm"/>
</plugin>
<plugin name = "DataManager" filename = "data manager" />
<plugin name="Example" filename="example" loadatstartup="no"

<parameter StringToPrint="Hello, world!"/>
<parameter Times="3"/>

</plugin>
<plugin name = "Logger" filename = "logger">
<parameter LogDirectory = "./log/"/>
<parameter MessageFormat
="[$(DateTime) ] [$ (MessageLevel) ]: S (Mes-
sageText)"/>
<parameter GlobalMessageLevel = "debug"/>
<parameter SectionsMessagelevel = ""/>
<parameter StdOutEcho = "all"/>
</plugin>
<plugin name = "Queue" filename = "queue" />
<plugin name = "RandomDistributionAlgorithm" filename =
"rda"/>
<plugin name = "ResourcesController" filename = "rc" />
<plugin name = "SimpleResourcesManager" filename = "srm"
loadatstartup =
"yes" >
<parameter InputFile="./config/resources data.xml"/>
<parameter ModelConfig-
File="./config/resources data model.xml"/>
</plugin>
<plugin name = "SimpleTasksGenerator" filename = "stm"
loadatstartup =
"yeS">
<parameter ModelFile="./config/model.xml"/>
</plugin>
</plugins>

</framework>
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