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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyadbHiCTh TeMH. Ha ChOTOAHI IUPOKOTO TOMMPEHHS HAOYIH
PECYpPCOMICTKI 3aBJaHHS, K1 JIJI1 CBOTO BUPIMICHHS BUMararTh BEJIUKOI KIJIBKOCTI
oOuHncCIIOBaIBLHUX pecypciB. JlJIsi Takux 3aad BUKOPUCTOBYIOTHCS TEPUTOPIaIbHO
po3nojiieH1 o0uucaoBaibHil cucteMu. OaHuM 13 IpuKkiIaaiB Takux cucrem € GRID.
B ocnoBi GRID-cucTem nexuth 3a0e3nedeHHs cTablIbHOT poOOTH IEBHOTO HA0OPY
cinyx0, moOyIOBaHMX Ha BIAKPUTHX CTaHAApTaxX, 1 MPOMDKHOTO MPOrPAMHOTO
3a0e3neuenns. bynp-sxka GRID-cucrema € HeOqHOPITHOIO (TETEPOTEHHOIO), TOMY
0 OyAy€eThCS Ha MHOXEHI PO3MOJUIEHUX B MPOCTOPI OOUYUCIIOBAIBLHUX PECYPCIB.
3aBmaHHs, MO0 HAAXOMATh HA BHKOHAHHS B JIaHy CHCTEMY, TaKOXX MaloTh
BJIACTUBICTh HEOJAHOPIIHOCTI, 10 YCKJIAJHIOE 3aBAaHHs po3noAity. Tomy BaxinBe
miciie B GRID-cructemax mpu po3mojijax BiBOJUTHCS IUIaHYBAIbHUKY (OpOKepy).
Bin BucTynae mocepelHUKOM MiX MOCTa4aJIbHUKaMH 3aBJIaHb Ta 00YUCIIOBAIBLHUX
pecypciB 1 pealni3yeTbcs 3a JOMOMOTOI MEBHOIO METOAy po3moaury. HuHi icHye
HU3KAa CHCTEM YHpPaBIIHHA W pO3MNOJUTY pPECYpCIB, NPOTE IUIAHYBaJIbHUKH, SKI
peanizoBaHl B HHUX, HE Jal0Th €(EKTUBHOrO CHOCOOY pO3MOALTY 3aBJaHb, 3 iX
JIOTIOMOTOI0 KOPUCTYBAd MOYKE JIUIIIE CKOPUCTATUCS OJHUM IMPOCTUM METOIOM.

Psim mocmikeHs HampaBiIeHO HA CTBOPEHHS METOAY PO3IMOALTY 3aBAaHb 10
OOUYHCITIOBATIBHUX PECYpCIB, SKUH J03BOJIMB OWM MIHIMI3yBaTH 4Yac MPOCTOIO
00UYHCITIOBATIBHUX PECYPCIB, CKOPOTUTU OOCSTH 1 4Yac mepenanoi iHdopmarii Mix
pecypcamu. 3Ha4YHy pOJb B JIOCHIDKCHHSAX Ii€i 00yacTi TparTh poOOTH
BITUM3HAHMX Ta 3apyOixkHUX aBTOpiB: A.M. bepmaacskoro, [.B. buukosa,
[.A. T'ony6eBa, XK.b. Kansneesoit, H.B. Ilokycina, €.}0. CeniBepcroBa, b.A. Terne-
cuina, D. Agrawal, A. Amar, R. Bolze, E. Boix, B. Amedro, V. Bodnartchouk,
L. Baduel, H. Zhao, R. Sakellariou. Tomy po3poOka MeTOHiB Ta TEXHOJOTiI
pO3MOAINY 3aBIaHb (3 ypaxXyBaHHSM psAIy JAOJATKOBUX MapaMeTpiB) Ha
0o0UMCITIOBAIBHUX  pecypcax €  akKTyaJlbHOIO  3aJ1aueio, OCKIJIbKH  BHOIp
00UYHCITIOBATILHUX PECYpCiB BU3HAYa€ €(DEKTUBHICTh BUKOPUCTAHHS BCIET CUCTEMHU.
[TpaBunpHMI BUOIp BIJIMBAE HA Yac IMPOCTOK OOYMCIIIOBATBHUX PECYPCIB, CKOPOUYE
gac 1 00csaTH nepeianoi MiXk MPUCTPOSIMH 1HGOpPMAITT TOIIO.

3B'130k Ppo0OTH 3 HAYKOBHMM @pPOrpaMaMM, IUIAHAMH, TeMaMHM.
JHuceprartiiiina pob60Ta BHKOHYBaJIacs BIAMOBIAHO 10 IUJIaHY HAyKOBO-IOCIITHUX
poOIT XapKiBCHKOIO HAILIOHAJIBHOTO YHIBEPCHUTETY paJlOCIeKTPOHIKM B paMKax
TaKUX JEPKOIOIKETHUX TEM:

- «Po3pobka cTpykTypu XapkiBCbKOTO pecypcHo-omepariiitnoro GRID-
LEHTPY Ta #oro pecypciBy», morosip Ne9 (28.09.07-31.10.07, 01.12.07-31.12.07)
Mk XHYPE 1 «ITICA» HTYY «KIIl», mo BukoHyBasiacs Ha MiJCTaBl JOTOBOPY
«IIICA» HTVYY «KIII» 3 MinictepctBoM ocBiTH 1 Hayku Ykpainu NelT/506-2007,
HepxaBHoi nporpamu «IHdopMmarliiini Ta TeIeKOMYHIKaIIHI TEXHOJIOTIi B OCBITI 1
Hayu» Ha 2006-2010 pp. (NeIP 0107U010616);

- «Po3pobka Ta nociimkeHHs 3actocyBaHHa GRID-moprany XapkiBchbKOro
pecypcHo-omepariiinoro GRID-tieaTpy», moroBopy Ne08-22 (08.04.07-27.06.08) i
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Ne08-22/9 (01.07.08-30.09.08) mixx XHYPE i1 «IIICA» HTYY «KIIl», 1o
BukoHyBanacs Ha mijactaBi JloroBopy «IIICA» HTVYY «KIIl» 3 MinictepcTBOM
ocBiTu 1 Hayku Ykpainu NelT/506-2013, [epxaBnoi nporpamu «IHdopmariitai ta
TEJICKOMYHIKaIliiHI ~ TexHojorii B ocBiTi 1 Haymi» Ha 2006-2013 pp.
(NoJIP 0108U008261).

Y pamkax BKazaHUX TeM 3700yBaueM MIPOBEACHO aHaji3 KOHIICMIIINH,
apxiTeKTypH, KoHQirypamiii  OOYHCIIOBaJbHUX  pPECYpCiB,  IPOrPaMHOIO
3a0e3MeUeHHs] CydacHHUX HaiioHanbHUX TMpoekTiB GRID, posrmsayTti mim Ta
3apmaHHs rpynu NA4. 3aiiCHEHO MiIKIIOUYEHHS J0 CYMEPKOMIT FOTEPHOTO LIEHTPY
«KTIIl» Ta TectyBaHHS TOTYXKHOCTI Oi0moTexk iHTepdeiicy mapaneabHOro
nporpamyBanas PVM Ha npukiani psay 3agad. Pe3yiapTaTH HayKOBHX JTOCHIIKEHb
BUKOPHCTaH1 B HayKOBO-TeXHIUHMX 3BiTax mpo HIP Ne08-22, HIIP Ne9, HIIP No08-
22/9.

Meta Ta 3agaui aociaigxkeHHss. Meroro aucepTaiiiiHoi podoTH € po3podKa
METO/IB Ta 1HQOpPMAaLIHHOI TEXHOJIOTIi po3noalTy 3aBAaHb B rereporeHHux GRID-
cUcTeMax, SIKl JIO3BOJISIIOTH 3MEHIIUTH Yac MPOCTOI0 OOUYUCIIOBAIBLHUX PECYPCIB
CUCTEMHU 32 PaXyHOK CKOPOUEHHS Yacy BUKOHAHHS BX1JTHOTO ITyJy 3aBJaHb.

3rifHo 31 cHOpMyIBOBAHOI METOI0 B JHCEpTAIliiiHIM poOOTI HEO0OX1IHO
PO3B’sI3aTH TaKi 3a7a4i.

- aHaJli3  ICHYIOYMX METOJIB  PO3MOJUTY 3aBlaHb B  PO3MOJLJICHUX
00YHMCITIOBAJTLHUX CHCTEMaX;

- MoJu(IKaisl MaTeMaTUYHOI MOJENl PO3MOJLTY 3aBJaHb B TIE€TEPOTr€HHUX
GRID-cucremax;

- moaudikamis Metroxy posnoautry 3aBaaHb (Backfill) Ha oOuucnroBanibHi
pecypen,

- po3poOKa METOJy TMOIIYKY PO3MOAUTY 3aBAaHb 3 MIHIMAJIbHHUM YacOM
BUKOHAHHS MyJy 3aBJaHb Ta MIHIMAJIbHUM MPOCTOEM OOUMCITIOBAILHUX PECYPCIB;

- po3po6Oka 1HpOpMaIIHOT TEXHOJIOTi PO3IOLIYy 3aB/IaHh HAa OOYHCITIOBAILHI
pecypcu Ha OCHOBI 3alPONOHOBAHOI MATEMATUYHOT MOJIEN1 PO3MOILTY 3aBAaHb;

- MPOBEICHHSI POy CeKCIIEPUMEHTIB 3 pO3MOJUTy 3aBJaHb Ha OCHOBI
3aIpPOINOHOBAaHOT 1H(OPMAIIIMHOT TEXHOJIOT1 B CUCTEMI IMITallITHOTO MOJCTIOBaHHS;

- anpoOatlisi MOJIeJ Ta METO/IIB MPU BUPIIIEHH] IPAKTUYHHUX 3aBAaHb.

O00'exT AocCaiIzKeHHsI — TIPOIeC pO3NOUTy 3aBaaHb B rereporeHHuXx GRID-
CHUCTEMaX.

IIpeaMer aocaixKeHHsT — METOIM TIJIaHYBaHHS Ta 1H(OpMaIliiiHa TEXHOJIOTIs
po3noainy 3aBaanb B rereporeHHux GRID-cucremax.

Metoan aociaimkeHHss 0a3ylOTbCd HA BUKOPUCTaHHI: TEOpii MHOXKHUH (IS
pO3poOKK Mozeni po3noauly 3aBaaHb B rereporeHHux GRID-cuctemax, monenei
3aBJIaHb Ta OOYHCIIOBAJILHUX PECYpCIB), 3arajbHOI TEOpii cucTeM (IS TOCITIIKCHHS
Ta PO3pOOKH METOMIB PO3MOALIY 3aBlaHb B PO3MOIIJICHUX OOYHUCIIOBATILHUX
cucreMax), Teopii IMITamiiHOTO MOJENIOBaHHS (i MOJCIIOBAHHS IPOIECY
posmoainy 3aBaaHb B rereporeHHnx GRID-cucremax).
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HaykoBa HOBH3HA OTpUMAaHHMX pe3yJbTaTiB. OCHOBHI pe3yJbTaTH, SKi
BU3HAYAIOTh HAYKOBY HOBU3HY AMCEPTALIIAHOT pOOOTH:

a) enepute

- 3aMpoIrOHOBAHO METOJ MOIIYKY PO3MOAUTY 3aBAaHb 3 MIHIMAJIbHUM YacoM
BUKOHAHHSI ITyJTy 3aBJJaHb Ta MIHIMAJILHUM IIPOCTOEM OOYHCITIOBAJIbHUX PECYPCIB, SIKUH,
Ha BIJIMIHY BiJ] ICHYIOUMX, BUKOPUCTOBYE y3araJlbHEHUI KPUTEPId OIIHKM 3aBJaHHS Ta
imiTamiiine cepenosuie  MoxaenmoBaHHI GRASS, 1m0 mo3Boise  TABHIUTH
e(eKTUBHICTb BUKOPUCTaHHs oOuncmoBambHUX pecypciB GRID-cucremu 3a paxyHOK
CKOpPOUYEHHS Yacy BUKOHAHHS ITyJly 3aBJaHb Ta MPOCTOI0 0OUUCIIOBAILHUX PECYPCIB;

6) yoockoHaneHo

- METOJ PO3IOLTY 3aB/IaHb Ha oO0uncioBalibH1 pecypcu Backfill 3 ypaxyBanusm
Tpadiky BcepenuHl 3aBIaHHA, KWW, Ha BIAMIHY B ICHYIOUMX METOJIB, BpPaxOBY€
IHTEHCUBHICTh Ta OOCST MOTOKIB JAaHMX MDK 3ajJjayaMH y 3aBJIaHHI, 110 JO03BOJISIE
MABUIUTH e€eKTUBHICTh BUKOoprcTaHHs GRID-cuctemu 3a paxyHOK CKOPOUYEHHS 4acy
BUKOHAHHSI ITyJTy 3aB/IaHb HA PO3MOALJICHUX T€TEPOTeHHUX O0UHCITIOBATIbHUAX PECYpCax;

8) HAbYIU NOOANLULO2O PO3BUMKY

- MOl mojaaHHs 3aBaaHb 1 pecypciB y GRID-cucremi, siki, Ha BiIMIHY Bij
ICHYIOUMX, BPaxOBYIOTb OOCST MEPEKHOro Tpadiky Ta 3aTpUMKy Mepeaayl JaHuX B
MIPOIIECT PO3MOALTY 1 BUKOHAHHS 3aBJaHb, IO JI03BOJIIE CKOPOTHUTH 4Yac BUKOHAHHS
3aBJJaHHs] B CHUCTEMI 3a PaXyHOK YCYHEHHs BTpaT 3a 4acoM, SIKI BUKIIMKaHI OOMIHOM
TAHUX MK OKPEMHUMH 33]]a4aMH Y 3aBJIaHHI.

I[IpakTHyHe 3HAYeHHS OTPUMAHUX pe3yJbTaTiB. [IpakTHyHa 3HAYMMICTH
OTPUMAHHUX TEOPETUYHUX PE3YJbTATIB JAMCEPTALINHOI POOOTH MiATBEPIKEHO
nominmeHHaM npoaykTuBHOCTI GRID-cuctemu, 3a paxyHOK CKOPOUYEHHSI MPOCTOIO
OOYHUCITIOBAILHUX  pecypciB. 30Kpema, TMpPaKTUYHE BUPIMICHHS TEOPETUUHUX
JOCHII)KEHb TOJISITa€ Y TAKOMY.

3anpornoHoBaHo  iHGOpPMAIlIMHY TEXHOJOTII0 PO3MOAUTY 3aBldaHb Ha
oOuucmoBanbHl pecypcu B GRID-cuctemi, sika Ha MiACTaBl BUKOPHCTaHHS
MHOXXHHU METOJIB PO3MOALIY J103BOJISIE 3/1MCHIOBATH BUOIp PO3MOJLIY 3aBAaHb 3
MIHIMAJbHUM YacoOM BHUKOHAHHS MyJy 3aBJaHb Ta MIHIMAJIbHUM MPOCTOEM
00UYHUCITIOBAIBHUX PECYPCIB.

3anponoHOBaHO OJIOK, SAKWM BiAMOBiZae 3a (OpPMyBaHHS JI0JATKOBUX
napameTpiB Juisl €EeKTUBHOTO PO3MOJLTY 3aBAaHb. BiH BKilouae 2 MOAYJs: MOIYJIb
3TOPTKH KOPTEXKY Ta MOAYJIb aHali3y 3B'A3HOCTI. MOAYJb 3rOPTKH KOPTEXKY
3MIMCHIOE OOYMCIICHHSI y3arajJlbHEHOTO KPUTEPII0 OIIHKH I KOKHOTO 3aBIaHHS,
[0 JTO3BOJISIE OUIBIN MPOAYKTUBHO YMPABIATH TPOLECOM PO3MOALTY 3aBAaHb Ha
oOuncIOBaIbHI pecypcu. Moayiap aHamizy 3B'SI3HOCTI JIO3BOJISAE€ 31MCHIOBATH
mia0ip OOYMCIIOBAIBHUX PECYpCiB 3 ypaxXyBaHHSIM CKOPOUYEHHS 4Yacy, IO
BUTPAYa€ThCSI HA OOMIH MIXK 3aJjlayaMH y 3aBJaHHI.

Honana 6a3za nanux (BbJl), sika dikcye iHOpMaIlii0 Mpo KOXKHE 3amyIieHe
3aBJAaHHS: YaCc BUKOHAHHSA 3aBJaHHS Ha KOXXHOMY 3 OOUYHMCIIOBAIbHUX PECYpCiB,
JaHl Tpo BIAMOBH, JaHI TMPO CTaH pecypciB. 3aBASKA BUKOPUCTAHHIO
3anpornoHoBaHoi b/l miuaHyBanbHUK Ma€ MOXJIMBICTb OTPUMYBAaTH pPE3yJbTaTH
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MOTepeIHIX PO3MOALTIB 3aBAaHb 3a PI3HUMU METOJaMH PO3MOIITY, IO J03BOJISE
oOpaTH Takuil TUIaH PO3MOJINYy, SKHH MaTHME BHUTpAIl 3a PSIAOM KpPUTEPIiiB,
3a37aJIeTilb BCTAHOBIEHWX KOPHCTyBaueM. Y TIpolleci MOJIETIOBaHHS B
imiTaniitHomy cepegoBuili GRASS Bci nmani 3 log-daitnis nogatotbes 1o b/, sxy
MO)XHa BHKOPHUCTOBYBAaTH IS aHali3y CTaTUCTHUYHOI 1HQopmamii B Mipy
HEOOX1THOCTI.

Pesynpratu mucepraiiiiHoi poOoTu BmpoBajkeHi y PanioactpoHOMiYHOMY
inctutyti HAH VYkpainn (Bigain xocmiuHoi pamiodisuku), M. XapkiB (akT BiAg
30.11.2015 p.) Ta XapKiBCbKOMY HaIllOHAJLHOMY YHIBEPCHUTETI PaiOCICKTPOHIKH,
Kadeapa eNeKTPOHHUX OOYMCITIOBATFHIX MAIlNH, M. XapKiB B MPOIIECi MPOBEACHHS
JEKIIIHHUX 3aHATh 1 JJabopaTopHUX POOIT 3 KypciB «IlapanmensHe MojentOBaHHS Ha

HPC cucremax» ta «lHTepdeiicu mnapanenbHOro mnporpaMmyBaHHS» (KT BIJ
10.01.2017 p.).

OcoOuctuii BHecok 3100yBauya. Bci HaykoBi pe3ynbTaTH AHCEpPTaLIAHOL
po0OOTH, 110 BHUHOCATHCA Ha 3aXHUCT, OTPUMAaHI aBTOPOM CaMoOCTiiiHO. Y poOoTax,
OMyOJIIKOBaHUX Yy CIIIBaBTOPCTBI 3700yBaueBl HaleXaTb Takl pe3yJbTaTU: y
poGoTi [1] kiacudikariist 3 TOYKK 30py 0OJaCTE 3aCTOCYBAaHHSA METOJIB JJIsl PI3HUX
KJIaciB 3aBJaHb Ta KOH]Irypamiii oOYHCIIOBAJIbHUX PECYpCiB; Yy poboTi [2]
apXxiTeKTypa CUCTEMHU MOHITOPUHTY TpadiKy B KOMI'IOTEPHINA Mepexi, aKa 3a0e3neuye
e(heKTUBHUHN pO3MOALT 3aBIaHb 3a oOuucioBaabHUMU pecypcamu GRID-cucremu; y
po6orti [3] Moxeni mogaHHs 3aBaaHb Ta 004KCIIOBaIbHUX pecypciB y GRID-cuctemi,
MOJyJIb PO3MOJUTY 3aBAaHb Ha OOYHUCIIOBAIBHI PECYpCH, SIKMM MIATPUMYE
MO>KJIUBICTh IPOBEJICHHS Cepii eKCIEPUMEHTIB; Y poOoTi [4] kiacudikaliisi Cy4acHOTO
MPUKJIAAHOTO MPOrPaMHOro 3a0e3neyeHHs, ske BUKopuctoByerbest y GRID-cucremax
JUTSL pO3MOALTY 3aBaHb, Yy poOoTi [5] dhopMasibHMII ONKUC TPOLIECIB y PO3MOAUICHUX
CUCTEMax IMITAIIHHOTO  MOJENIOBAHHS, PO3MVIIHYTO TMPOIECH  YIPABIIHHS
JOKaJbHUMHU Ta TJ00ATBPHUMHU JaHUMU MoOJene; y poborti [6] iHdopmaliiina
TEXHOJIOT1s po3noaity 3aBaanb g GRID-cuctem, sika I(pyHTYEThCSI HA BUKOPUCTAHHI
iMiTariiHoro cepenosuina wmojaemoBaHHss GRASS, a Takox wMeTon TMOIIyKY
pO3MOAUTY 3aBAaHb 3 MIHIMAJIBHUM YacCOM BMKOHAHHS MyJy 3aBJaHb Ta MIHIMAJIbHUM
MIPOCTOEM OOUYHUCITIOBATIBHUX PECYPCIB; Y poOOTI [7] yAOCKOHATIEHUN METO]T PO3IOILTY
3apnanb Backfill (mod) 3 ypaxyBanHsM Tpadiky BcepeauHi 3aBIaHHs; y poOoTi [8]
JOCIIKEHO CY4YacHUM CTaH IITyYHUX IMYyHHHUX CHCTEM 1 MOMIJIMBOCTEH ix
BUKOPUCTAHHS B PO3MOITICHUX o0uncmoBabHUX cuctemax tuiry GRID; y po6oTi [9]
kinacudikamiss MeTomiB po3moaury pecypciB y romoreHHux GRID-ctpykrypax; B
po6oTi [10] mociimkeHo HAHOUIBII MOMIMPEHI METOU TUTAHYBAHHSI, SIKI JIO3BOJISIIOTH
ONTUMI3yBaTH YaCc BHUKOHAHHS TMOCIIJIOBHOCTI 3aBlaaHb; y poOoti [11] mexaHizm
MIJIKJTFOYEHHS MOJYJIB PO3MOJUTY 3asBOK JI0 IMITaIiifHOT CHCTEM1 MOJCIIFOBaHHS
GRID na ocHOBI muariHiB; y po0oTi [12] cTpykTypa IMITAI[IHHOTO CEpeI0OBUIIA
GRASS, npoaHanizoBaHO CKJIaJ Ta (DYHKI[IOHAJIbHE MPU3HAYEHHS MOJYJIIB CUCTEMH,

poOori [13] mporpamui peanizaiii AEKIIBKOX METOMIB PO3MOALTY 3aBlaHb Ha
OOYHCITIOBAJIbHI PECYpCH, HaBeACHI pe3yibTaTH aHalizy e(QEeKTHUBHOCTI JaHUX
MeTOaIB; y poOoTi [14] oOTpyHTOBAaHO HEOOXIMHICTH PO3POOKH Ta BIOCKOHAJICHHS
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METO/IIB 1 3aC001B BipTyasizailii Ipyu MOHITOPUHTY TpadiKy KOMITIOTEPHUX MEPEXK; Y
po6oTi [15] HaBeneHI pe3yabTaTH aHaII3y Cy4YacHOTO CTaHy 1 MEPCHEKTUBU PO3BUTKY
GRID-cucTteM,  3ampornoOHOBaHO  PO3MEXYBaHHS  ICHYIOUOTO  MPUKJIATHOTO
IporpaMHOro 3abe3neueHHs 3a KpuTepismu, ski kinacudikyorb GRID-cuctemy
3aJI)KHO BiJ TOCTaBJICHOI Tepes KOpUcTyBaueM MeTH; y poboti [16] HaBemeHo
OOTpYHTYBAaHHSI JOLUJIBHOCTI BBEJIEHHS Y3araJlbHEHOTO KpPUTEPII0 I OLIHKH
3aBllaHb, SKUH JO3BOJISIE€ MIAIOpaTH pecypcu OOYHCIIIOBAIBHOI CHUCTEMH 3
ypaxyBaHHSM BHMOT MOCTaYaJbHUKIB 3aBJaHb Ta BIACHUKIB pecypciB; y poboTi [17]
3alPOMOHOBAHO TIAXiA, SKUH TIPYHTYEThCA Ha BHUKOPUCTaHHI 1HGOPMAIIHHOT
TEXHOJIOT1i PO3MOAUICHHS 3aBlaHb, IO JO03BOJISIE BHKOPUCTOBYBATH CYKYHHICTh
3QIaHUX METOMAIB PO3MOIIIY JJIS OTpUMaHHS 1H(OpMaIli Mpo PO3MOALT MOTOKY
3aBAaHb; y poOoti [18] 3ampomoHoBaHO 1H(OpPMAIIAHY TEXHOJIOTII0 PO3MOJILTY
3aBAaHb Ha oOuucmoBaibHl pecypcu GRID-cucremu, oOTpyHTOBaHO BUKOPUCTaHHS
MOJIYJIS, KW (opMye JTOAATKOBI IMapaMeTpu IS PO3MOAUTY 3aBAaHb; y poooti [19]
OOIPYHTOBAHO JOLIIBHICTh BUKOPUCTAHHS ICHYIOUMX TEXHOJIOTIA 3 TOYKH 30py
MIJBUIIEHHS MPOJYKTUBHOCTI CHUCTEMH, ONHCAHO (DYHKIIOHYBAHHS TEXHOJOTII
pO3MOAUTY 3aBJaHb Ha OOYHMCIIOBANIbHI pecypcu; y poboti [20] 3amponoHOBaHO
iH(hOopMaIliiHy TEXHOJOTII0 PO3MOAUTY 3aBJaHb Ha OOYMCIIOBANIbHI PECYpCH, sKa
JI03BOJISIE OTPUMATH TUJIaH PO3MOLTY 3 MIHIMAJILHUM YacOM BUKOHAHHS MYJTy 3aBJaHb
Ta MiHIMaJIBHUM TIPOCTOEM o0uucIioBanbHUX pecypciB GRID-cuctemu; y po6oti [21]
yAOCKOHaJeHa 1H(opMalliiiHa TEXHOJIOTiS PO3MOAUTY 3aBJaHb Ha OOYMCIIIOBAJIbHI
pecypcu B GRID-cuctemi, sika q03BOJsiE€ 3A1MCHIOBATH BHUOIp IJIaHy PO3MOAUTY 3
MIHIMQJIbHMUM 4YacOM BHKOHAHHS MyJdy 3aBAaHb Ta MIHIMAJIBHUM MPOCTOEM
OOYHCITIOBAILHUX PECYPCIB, a TaKOXK peanizye MOXKIWBICTh PO3IIMPEHHS MHOXHHU
METOMIB PO3MOAULYy 3a PAaXyHOK JIOJaBaHHS HOBHX TMPOTPAMHHUX MOJYIIB; ¥y
po0oTi [22] 3amponoHOBaHO airoputT™M (YHKIIOHYBAHHS IMITALIMHOI CEepeaOoBHIINA
mozemoBanHs GRASS, sxe BIATBOPIOE BCI MPOIECH, IO BIAOYBAIOTHCS Y peatbHIN
GRID-cucremi; y po6oTi [23] 3anmpomnoHoBaHa iHpOpMalliifHa TEXHOJIOTIS PO3MOILITY
3aBJlaHb Ha OOYHUCITIOBAIBHI PECYPCH 3 BEJIMKUM OOCATOM BXIJIHMX Ta BUXIAHUX JTaHUX
st GRID-cucreM, sika 3acHOBaHa Ha psAJl ICHYIOUMX TEXHOJIOT1H, IO MPaLIOITh Y
KOMILJIEKC1 Ta JO3BOJISIIOTh 3HU3UTU TPYAOMICTKICTh MPOLIECIB BUKOPUCTAHHS
OOUHCIIOBAILHUX pecypciB; y pobOoTi [24] 3ampomnmoHOBaHO BHUKOPHUCTaHHS
iH(MOpMAIIHHOT TEXHOJOTIT PO3MONUTy 3aBAaHb IS OOpOOKM BEIMKHX MAaCHBIB
BXIJTHUX JAHUX Y BIPTyaJIbHHX MPUBATHUX XMapax; y poOoti [25] 3ampomoHoBaHa
peamizartisi Metony Backfill (mod), skuii, Ha Bigminy Big icHyrouoro (Backfill),
BpPaxoOBY€ IHTCHCHBHICTH 1 OOCAT TMOTOKIB JaHMX MDXK 3ajja4aMHu y 3aBJaHHI, IO
J03BOJISIE MIABUIIMTA e(eKTUBHICTh BUKopucTaHHs GRID-cuctemu 3a paxyHoOk
3MEHIIIEHHS 4Yacy BHUKOHAaHHS IIyJly 3aBJaHb Ha PO3MOIIJICHUX T'eTePOTeHHUX
00UYHCITIOBATILHUX PECypCax.

AnpoOauia pe3dyabratiB aucepranii. OCHOBHI MOJOXEHHS JIUCEPTALIMHOL
po0OTH JOMOBIJANNCA HA TAKUX MIKHAPOJHUX KOH(pEpeHIisx 1 popymax:

-8-i1, 9-ii MuixHapoaHiii HayKoBO-TexHIuHIM KoHpepeHuii «I[Ipobdremu
iHpopMaTuku 1 MozentoBanHs» (Xapkis: 2008, 2009 pp.);
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- 10-1, 11-i1, 12-i1 MixHapoHil HayKOBO-TeXHIUHIN KoHPepeHIli «Cucrem-
HUM aHai3 Ta iHopmariitai TexHosori» (Kuis: 2008, 2009, 2010 pp.);

-1-i  MubkHapoaHii  HayKOBO-TexHIUHIM  koHbepeHuii «lHdopmariitHi
TEXHOJIOTHi B HaBiramii 1 YNpaBIiHHI: CTaH Ta NEPCHEKTHBU PO3BUTKY» (KwuiB:
2010 p.);

- 1-i1, 3-ii, 5-i MixHapoaHii HaykoBoO-TeXHIUHIA KoH(pepeHuii «CydacHi
HAmpsIMKM  PO3BUTKY 1H(GOpPMAIIHHO-KOMYHIKALIMHAX TEXHOJOTiH 1 cmocoOiB
ynpasninus» (KuiB — XapkiB 2010 p., IlontaBa — benropony — Xapkis — KuiB —
Kipororpan 2013 p., [lonraBa — baky — KipoBorpan — Xapkis 2016 p.);

-3-1, 4-K, 5-i  MOiDKHaApOIHIM  HAYKOBO-TIPAKTUYHIM  KOHepeHIil
«MHdpopmarnka, MaTeMaTHUYeCKOe MOJAEIUPOBaHUE, SKOHOMUKa» (CMoneHchk: 2013,
2014, 2015 pp.);

-1-in, 2-i, 3-U, 4-i1 MiKHapogHIA HAYKOBO-TEXHIYHIM KOH(pepeHuli
«IIpobnemu i1Hpopmaruzaii» (Yepkacu — KuiB — Tomesarti — IlonraBa 2013 p.,
KwuiB — I[TontaBa — Kartosine — Ilapmx — bearopoa — Uepkacu — Xapkis 2014 p.,
Uepkacu — baky — benbcpko-bsina — [lonrasa 2015 p., Uepkacu — baky — benabcbko-
bsuna — IMonraBa 2016 p.);

- 20-i1  MexayHapoaHblii  MOJOAEKHBIN  Qopym «PamuosnekTpoHuka u
mosonexb B XXI Beke» (Xapkis: 2016 p.);

- 5-i1 MixkHapoAHIM HayKOBO-TeXHIUHIN KoH(pepeHiil «[ndopmarriiini cuctemu
ta TexHosjorii» (Kobdneso: 2016 p.).

IMyoaikanii. 3a pe3yapbraTaMu AMCEPTALIMHUX OOYHCIEHb OMYOIIKOBAaHO
25 HAyKOBUX TIpallb, Y TOMY YHCHi: 7 cTaTeH, SKi 3a3HA4CHI B MEPENiKy (paxoBHX
BHUJIaHb YKpaiHM 3 TEXHIYHHUX HayK (BCl HAyKOBI Mpall BXOAATh J0 MIKHAPOJIHUX
HAayKOBO-MeTpuuHUX 0a3 — 1 HaykoBa mpans y Scopus) ta 18 Te3 momosizaeit
KoH(pepeHiriit

Crpykrypa amcepramii. [luceprariisi ckjamgaeTbcsi 31 BCTYIY, YOTHPHOX
pPO3/UTIB, BUCHOBKIB, CIUCKY BHUKOpUCTaHMX Jpkepen 31 150 nHaiimeHyBaHb Ha
17 cropinkax Ta 2 noAaTkiB Ha 8 CTOpiHKAaX, a TaKOX MiIcTUTh 21 pHUCYHOK 1
4 tabmui (PUCYHKM Ta TaOJMIN, 10 3aiiMar0Th OKpPEMYy IUIONIy Ha 2 CTOpIHKAaXx).
3aranpHuid o0car pobotu ckmanae 180 cropinok, Bkmodaroun 131 cropiHKy
OCHOBHOTO TEKCTY.

OCHOBHHM 3MICT POBOTH
Y Berymi  OOIpyHTOBAaHO  aKTyajbHICTh OOpaHOi TEeMH JAMcepTalli,
chopMyITHLOBAHO METY Ta 3aJ1a4l JOCIHIKEHHS, BU3HAYEHO 00’ €KT, IPEAMET 1 METOIU
JOCIIKEHHS, BU3HAYEHI HAyKOBAa HOBHM3HA Ta MPAKTUYHE 3HAYCHHS OTPUMAHUX
pe3yNbTaTiB, a TaKOX OCOOMCTHI BHECOK 3100yBaya B pOOOTH, BUKOHAHI Yy
CIIIBaBTOPCTBI, HABEJEHO BIJIOMOCTI MPO ampoOaIilo pe3yiabTaTiB JaucepTaiii Ta
KUIBKICTh MyOJIiKaIlli 3a TEMOIO IMCEPTaLiitHOT pOOOTH.

Y nepmomy po3nuii Ha 0a3l BUBYEHHS JIITEPATYPHUX JKEpPET IMPOBEICHO
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aHai3 IpeaIMeTHOI 00jacTi. Po3risHyTO MUTaHHS PO3BUTKY PO3MOJIJICHUX CHCTEM
SK CEpeOBHUINA JJI1 PO3B'A3aHHSA 3aJa4 BEIMKOI OOYHMCIIIOBAIBHOI CKIIQIHOCTI.
HaBeneno ormsin TexHousorid posmoaiieHux oOuucienb Ta Cloud-texHosorii,
ICHYIOYMX IUIaHYBaJIbHUKIB 3aBAaHb, MOB omKCy 3aBAaaHb B GRID-cuctemax, a Takox
chopmyIrOBaHA METa Ta 3a7a4i TOCTIPKCHHS.

Y apyromy po3zini ZOCTiKEeHa iICHYI09a MOJIeb po3noainy 3aBaanb y GRID-
cuctemi G= {R, Z}, sgKa OyayeTbcsl Ha OCHOBI JBOX MHOXHH: MHOHHI
0OYHMCITIOBAIEHUX peCypciB R, MHOXWHI 3aBIaHb Z, a TAKOX METOII PO3MOALTY (.

3aBmannsa, aki  Haaxomatb |y  GRID-cuctemy, yTBOpIOIOTH  MOTIK
{Zi, =1, 2,.., M}, 7e 1 — MOpSIKOBUN HOMEp 3aBAaHHSA, a M — KUIBKICTh 3aBJaHb.
Ko’xHe 3aBIaHHsS MICTHTh psJ MapaMmeTpiB, HEOOXITHUX JJIA iX 3alyCKy B JTaHOMY
cepenoui (1):

—_ z z zZ zZ z z z H

Z; —{ari ,0S;, pc;, psi, ms;, dc;, pr; } Vi=1l.M, (1)
7€ ar; — apxiTeKTypa Ipouecopa, 0S; — oIepaliiiHa CHCTeMa; PC; — KUIBKICTb
IIPOLECOPIB; PS; — MIBUAKOIISA IPOLECOPIB; MS; — oOCAr ONEpaTUBHOI MaM'sTi;

dc; — moctynmHMiA 0OCsT BiHUECTepa; PI; — MPIOPUTET 3aBAAHHS.
Pecypcu B GRID-cucremi TakoX yTBOPIOIOTH MHOXXHHY {R i» 1=12,.., N}, ne

] — HOMep 00UHCITIOBAILHOTO pecypey, a N — uucio pecypeiB y GRID-cucremi.
O6uucmoBanbHU pecypc, skuii Hamgxonuth y GRID-cucremy, mae psin
XapaKTEPUCTHK, SIKI IPEACTABIICHI KOpTexeM (2):

Rj={ar,-r, 0sj, Pc;j, ps;j, msj, dc};', Vj=1.N. )

VY xoxi anamizy mojeni po3noAiny 3aBiaaHb B rereporeHHux GRID-cucremax
OyJI0 BUSBJICHO 1110, B TPOIIECI PO3MOJIITY HE BPAXOBYETHCS PsJl MapaMeTpiB, sKi
MOKYTb TIJBUIIUTH €PEKTUBHICTh BUKOPUCTAHHS 11 pecypciB (MPOMyCKHa 34aTHICTh
KaHally, 3aTpMMKa 4acy Tepeaadl MakeTy Mo KaHaiy). Takox MiJ 4ac po3MoalTy
3aBAaHb HAa OOYMCIIOBAIBHI PECypCH IUIAHYBAIBHHKM HE BPAXOBYIOTh XapakTep
MakeTa 3aBJaHHs (3B'S3HICTh 3aBJaHb y 3aBJlaHHI1), 110 JO3BOJMUTH 3MEHIIHWTH Yac
nepeOyBaHHs 3aBaaHHs B cuctemi. [IpoBeneHuit anami3 nokasas, mo metoa Backfill,
TaKkoXX HE BpPaxOBy€ 4Yac, BUTpPAYCHUN Ha TMepenady BXIJIHMX 1 BUXITHUX JaHUX
3aBJIaHHS, 1 M1 Yac MOro BUKOPHUCTAHHS HEMAa€ BaXKEJiB BIUIMBY Ha X1JI PO3MOMALTY
KOHKPETHOTO 3aBJaHHS, TOMY II0 PO3IOAUT 3MIMCHIOETHCS 32 MPUHIIMIIOM «IIEPIIAN
BIJITTOBITHUAY.

OOrpyHTOBaHa HEOOXITHICTH PO3POOKH HOBHUX METOIB PO3MOJILIY 3aBIaHb Y
GRID-cucremax. Jlns 1mporo y poOOTI BHUPINIYEThCS HAyKOBO-TEXHIYHA 3ajaya
PO3pOOKH HOBUX METOIB JI0 PO3MOJILUTY 3aB/aHb, 110 OPIEHTOBAHI Ha BUKOPUCTAHHS
HOBO1 1H(GOPMAIIHHOT TEXHOJIOT11 PO3IOALTY 3aB/IaHb, SKUH J03BOJISIE BpaXOBYBaTH 1
yCyBaTH HEJOJIKA B ICHYIOUHMX PIIIEHHSX 3a7adl pO3MOJIIy 3aBlaHb, Kl OyJd
BUSIBJIEH] B XO/[1 TOPIBHSJIBHOTO aHATI3Y.
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Y Tperbomy po3aiii 3amponoHoBaHa mMoaudikoBana Mojaeiabr GRID-cuctemu
3a paXyHOK BBEJICHHS B HET MHOXKWHH METO11B po3noaity (3):

Qk :{mnk,lpk}, szlk, (3)

7€ mn — aJIropuT™M PO3MOJUTY 3aBJaHb 3a OOYHCITIOBAIBHHMH pecypcamu; Ip —
Neperik BXiAHUX apaMeTpiB, 10 BPaXOBYIOTHCS B MPOIIECI PO3MOALITY.

MopaudikoBana wmonenb MojaHHsS 3aBAaHb 1 pecypciB 'y GRID-cucremi
OyayeThCs Ha TiACTaBi TPhOX MHOXXHH: MHOXHHI OOYHMCIIOBAILHUX pecypciB R,
MHOHUHI 3aB/IaHb Z Ta MHOXXHHI MeTOIiB po3moautry Q: G = {R, Z, Q}.

Takox TPOMOHYEThCS PO3MMPUTH KopTexki (1) 1 (2) 3a paxyHOK mapamMeTpis,
AK1 JIO3BOJIATh YCYHYTH 3a3HAu€Hl y JPYromMy pO3AUI HEJONIKH Ta IiJBUIIUTH
e(eKTUBHICTh BUKOPUCTAaHHS oO0uncitoBaibHUX pecypciB GRID-cucremu (4, 5):

Z; :{ariZ, os?, pc?, pst, ms?, dc?, pr, ca?, rtiz}, Vi=1.M, (4)
Rj= {arjr,osﬁ, pc;, ps;, msj, dc, bw;,dg},vjzl,,N, 5)

ne Caj — KpuTepid 3B'SI3HOCTI 3a1a4 y 3aBJaHHI; It; — 4ac BUKOHAHHS 3aBIAaHHS,
bw; — mporyckHa 3xaTHICTE KaHaiy; d — 3aTpUMKa 4acy nepejadi naxery.

Ha neit yac icHye psin 3aBAaHb, sIKi HEOOX1JHO aHali3yBaTH HE 3a OJHUM
napaMeTpoM, 10 B CBOIO YEPry BHUKJIMKAIOTh TPYIHOILl Y Mpoleci po3noairy. Y
TaKMX  BUMAAKaX  pallOHAIbHO  BUKOPUCTOBYBATH  METOAM  PO3B'SI3aHHS
OaratokpuTepialibHUX 3a7ad ONTHUMI3alli. 3aCTOCYBaHHS LIUX METOAIB mependayae
o0'eqHaHHS pSAAY MapaMeTpiB y €AMHUI KpUTepid. ¥ poOOTI MPOMOHYETHCS 3ropTKa
napameTpiB y €IMHUN KpUTEPid OLIIHKY 3aBAaHHS, 32 PaXyHOK PO3MOJLTY MapaMeTpiB
Ha JIBa KJacu: SKICHI Ta KUIbKICHI. Y3arajJbHGHHM KPUTEpPIEM I SKICHHX
napameTpiB 3alpoNOHOBAHO MPUNWHATH MYJIbTUILTIKATUBHUN KpuTepit Buay (6), ae
okpemi kputepii Pj Bu3HauaroThcst Bupazom (7):

quallty H P (6)

1, gxmo pZ = pR
Pi - IZ IR ' (7)
0, axmo P~ =P,

VY3aranpHeHUM KPUTEPIEM JUTsl KUTHKICHUX MapaMeTpiB MPUHHATO aTuTUBHUN
Kputepiit Bumy (8):

ZCP, skao Py <1, C; >0
I:quantity: i=1 I (8)

0, sxmo P; >1



z
ne Pi — HopmoBaHe 3HaUeHHS i-ro mapameTpa, P; = PLR :
P;

[TincyMKOBHM y3araabHEHHUM KpUTEpIEM OIIHKK 3aBIaHHS, IO BpPaXOBYE
AKICHI Ta KUIbKICHI mapaMmeTpH, € Bupa3 (9), skuil J03BOJsIE BiAIOpaTH MHOXHUHY
pecypciB, Ha AKUX MOKe OyTH 3aIlyIIeHO 3aBJaHHS, a TAKOX MOKa3ye, SIKy YaCTUHY

pecypcy 3aiiMae 3aBIaHHs B IIPOIECI BAKOHAHHSL.
F = Fquality - Fquantity. 9)

Ha chorojHi y po3moaiicHUX CHCTeMax IIHpoKo morupenuii meton Backfill,
SKUW Mae Oe3lu mepeBar 1 JI03BoJIsIE€ 3amo0irtu aedparmMeHTalii 004rCIrOBaAIbHIX
pecypciB. Ilpore Ounbll paiioHadTbHO HOTO BUKOPUCTOBYBATH ab0 y 3B's3Il 3
JOJIAaTKOBUMH €BPUCTHUKAMHU PO3MOJALTYy, abo Horo moaudikaiito, 110 BpPaXOBYE
Tpadik 0OMIHY JaHUMHU MIX 33Ja4aMu y 3aBJIaHHI1, TOOTO MiJ Yac po3NOALLY 3aBAaHb
CJIiJI BPaxOBYBAaTH OLIHKY CyMapHOi 3aTPMMKH 4acy mepejadl MmakeTy Mo KaHamy 1
MPOITYCKHY 3AaTHICTh KaHamy. Lli nBa mapameTpu M03BOJSIOTH CKOPOTUTH Yac Ha
MIEPECUJIaHHS PE3YJIbTaTIB MK OKPEMO B3SATHMU PECYpCaMHU 1 3MEHILUTU Tpadik y
MepexKi 32 paXyHOK pO3BaHTAKEHHS KaHAJIB 3B'S3KY.

Bximaumu qanuMu 1j1s 3anpornoHoBaHoi moaudikarii metoay Backfill e:

- MHOKMHA 3aBJIaHb Yy 4Yep3l 13 3a3HAYEHHSM BHUMOI JI0 OOYHMCIIIOBAJILHUX
pecypciB {Zi, 1=12,.., M};

- KUIBKICTh 3aBJiaHb, SIKI BUKOHYIOTHCS y TOTOYHOMY Haci, 13 3a3HAUYCHHSIM
3a/IisTHUX OOYUCITIOBAILHUX PECYpPCIB Ta OUIKyBAaHUM YacOM 3aBEPIIEHHS BUKOHAHHS
2" ef{z,,i=1,2,..,M};

- PEKOMEHIOBaHUM CITUCOK PECYPCIB, K1 OyiH BiAiOpaHi JJIs 3aIyCKY KOXKHOTO
3aBJlaHHS {RE, 1=1,2,.., K| 3a y3aralpHeHUM KPUTEPIEM OLIIHKHU 3aBJaHHS.

PesynpraTom pobGotu mMomudikoBaHoro meroay Backfill € orpumanus nis
KO>KHOTO 3aB/IaHHs Z; BIKHA JJIS 3aIyCKY.

Ha mnepmiomy Kkpori pe3epByBaHHSI BIJOYBA€TbCSI COPTYBAHHS —CIHCKY
3aMyIlIeHMX 3aBAaHb Z{' BIANOBIAHO 10 iX OYiKyBaHMM 4YacoM 3aKiHYeHHs It
{Z|sort(rt;,Vi=1..M)}. Yac BUKOHAaHHS 3aBJaHb 3i CIHCKYy t PO30MBAacThCA Ha

Mepioay, BIAMOBIAHI Yacy 3aKiHYeHHsS 3aBHaHb T. Jlosg KoxHOTO mepioay
3anucyerbesa  Kuibkicth CPU, ski  BUKOpPHCTOBYIOTBCS Yy ILIbOMY MEpioi,
tct,Voi=pr|R;,Vj=1..N. Sl pesynsrar — npodins Bukopucranss Prof {r}

Ha npyromy kpotii Bii0yBa€ThCsl TAKUIA PO3MOILT 3aBIaHHS:
- 3aBJJaHHS 3 YEPTU YIOPSIKOBAHO BIJIMOBITHO JI0 KPUTEPIIO 3B'SI3HOCTI;
- Ha MIJCTaBl MHOXWHU {RE, 1=1,2,.., K} (bOpMyeThCS CIHUCOK BIKOH, SKi

MOYXyTb OYTH BUKOPHCTaHi ISl 3aIycKy 3aBaanss — W, ;
iel.M

- JUIsl KOXXHOTO OTPUMAHOTO BikHa (OpMyeTbcsl TMepetik AOCTYIMHUX
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obuncnoBansHux pecypceiB (CPU):
a) ana koxHoi mapu (CPU-Opokep) BuU3HAuUaeThCsA 3aTpUMKa 4dacy Iepejadi
makery mo kasainy (3, );

0) nna xoxuoi mapu (CPU-OGpokep) BH3HAYa€THhCS MPOIYCKHA 3AaTHICTH
KaHaly (Cn );

- ans 3amycKy 3amad i3 3aBmaHHs (a,z, €Z;) HaOupaeTbcs HeoOXigHa
kutbKicTh CPU, MiHIMI3yIOUH OJMH 3 TTapaMeTPiB:

a) SKIINO 3aBJAaHHS Ma€ BEIIMKUK OOCSAT BXIJHHMX JIAHHX 1 BiIIOBIJHO BEIHMKHN
oOcCsAT BUXIAHMX JAHUX, TO BIAOUPAIOTHCS KaHATU 3B'SI3KYy 3 HaWOUIBIIUMU
3HA4YEHHSIMU NPOIYCKHOI 30aTHOCTI — C,;;

0) SKIIO AJIs 3alyCcKy 3aBJaHHs HE MOTpiOHA mepenada BEIUKOro 00CATy
1H(popMalii, To BIAOUPAIOTHCSA KaHAIN 3B'A3KY 3 HAHMEHIIUM 3HAYCHHSM O, ;

- 32 KOXXHHUM OTPUMAHUM BIKHOM MIJCYMOBYIOTHCSI 3HAU€HHS MOMAPHUX

BiJICTaHEel 1 BU3HAUaeThes HaiimeHmie 3 HUX — D, = min DWrun — 1€ HAWKpaIIun
icl.M i

pe3yabTaT PO3MOILTY.
[Ticns Toro jyis 3aBmaaHHs OyJ0 MigiOpaHO BIKHO HAa BUKOHAHHS, B1JIOYBA€ThCS
OHOBJICHHSA MPOQUIIO 3 YpaxXyBaHHSAM TOTO, IO LI MPOLIECOPU OYAYTh 3alHSATI.

AxtyanpHOI0 3amadero y GRID-cuctemi € 3amaga po3monauTy 3aBIaHb 3a
HassBHUMHU OOYMCIIIOBAIBHUMU pecypcamMu. Y poOOTi Blepuie 3aIpOIIOHOBAHO METOJ
MOIITYKY PO3MOALTY 3 MIHIMAJIbHUM YacOM BUKOHAHHS MyJ1y 3aBJaHb Ta MiHIMAJIbHUM
MPOCTOEM OOYMCIIOBAIBHUX pecypciB. Imitariiine cepenosuiiie GRASS no3Bossie
MIPOMO/ICITIOBATH pOOOTY METOJIB PO3MOMiIY, sKi peamizoBaHi B momym Algorithm
Loader, Ta 00patu 3 HUX TOM, IO MIHIMI3YE PSJ TAKMX KPUTEPIiB K YaC BUKOHAHHS
MyJly 3aBllaHb, 4ac MPOCTOI OOYHCIIOBAIBHUX PECYpPCIB Ta yac mepeOyBaHHAM
3asBOK y 4ep3l. EexTuBHICT BUOOPY PO3MOJALTY 3 MiHIMaJIbHUM YacOM BUKOHAHHS
MyJly 3aBJaHb Ta MIHIMAJIBHUM MPOCTOEM OOYMCIIOBAJIBHUX PECYPCIB JJISl BX1JHOTO
yJly 3aB/IaHb BU3HAYAETHCSI CUCTEMOIO KPUTEPIiB 1 MpaBUIaMU iX MOPIBHIHHSA. Bubip
pPO3MOALTY 3aCHOBaHUM HA aHaNI31 JAHUX IMITAIMHUX €KCIEPUMEHTIB Y CepeIOBUII
GRASS T1a nopiBHSIHHI 3HAYEHb 3aIIPOIIOHOBAHUX KPUTEPIiB MO KOKHOMY 3 METO/IIB.
Merton, kUil ga€ Kpamuid pe3yibTar 3a CyKyMHICTIO BCIX KpUTEpiiB, Oyne oOpaHuii
PE3yIBTYIOUUM ISl PO3TJITHYTOTO MYJTy 3aB/IaHb.

MeToz nouryky po3nojauTy 3 MiHIMaJIbHUM 4acOM BUKOHAHHS IyJly 3aBJlaHb Ta
MiHIMaJILHUM MPOCTOEM OOUMCITIOBAIBHUX PECYPCIB BKIIIOYAE B ceOe Taki eTaru.

Etan 1: 3aBaHTaXuUTH MyJu 3aBIaHb 1 pecypciB 3 peasibhux GRID-cucrem:

- Z, ={arf,0s?, pct, psi, ms?, dc?, pr?, cal, rtf}, Vi=1.M;
- R; ={ar{, osj, pcj, psj, msj, dcj, dcj, bwj, dj}, Vj=1.N.
Eran 2: o6patu metoau po3noiny 3 muoxkenn Q, ={mn,Ip, }, vk=1.K.

Eran 3: 3amyctutu npouec mojaentoBaHHs B cepenoBuilli GRASS 3a koxxHuM
MeTo oM po3noaity (mn €Q):
a) Ha TIEPIIOMY KpOIll K Pe3yjbTaT OTPUMATH MHOXXHHY IUIaHIB PO3MOJILITY
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(Plany) f:Q, — Plan,, Vk=1..K;

0) Ha APyroMy KpoIl SK pe3yabTaT OTPUMATH MHOKHHY YaciB BHUKOHAHHS
madiB (T, ) 32 KoxxHEM MeTooM posmoxiry (mn €Q) f:Plan, — T, Vk=1..K;

B) Ha TPEThOMY KpOIl BU3HAYUTH BIJACOTOK MPOCTOIO OOYMCIIOBAIHLHUX
pecypciB 1 cepedHiii dac OUIKyBaHHS 3aBJaHHS B Yep3l 3a KOXHHM 13
3aMpPONOHOBAHUX METO/IB PO3TOILTY.

Etan 4: mias Bcix metoniB posmoxiny (mn €Q) mpoananmizyBatu l0g-daiinu
f:Q — T, Vk=1K.

Etan 5: o6patu po3mozin 3 MiHIMaaIbHUM YacOM BHKOHAHHS MyJy 3aBJaHb Ta
MiHIMaJIbHUM MPOCTOEM OOUMCITIOBAJIFHUX PECYPCIB HA MiJCTaBl IPUUHATUX MPABUI 1
obmexens: plan =min t,, Vk=1. K.

3anpornoHoBaHo  iHGOpMallIfHY TEXHOJOTiK0  PO3MOJIIY 3aBJaHb Ha
obuuncnoBanbHi pecypeu a1 GRID-cuctem (puc. 1), sika BpoBakeHa B iMiTalliiiHe
cepenosunie MmoaemoBanHsa GRASS.

Jlane pilieHHs J03BOJIAE€ MPOBOJUTH EKCIIEPUMEHTH, SIKI PEai3yloTh pi3HI
METOAM PO3MOJLTY, 3 MOJAIBIIMM BHOOPOM HaWOLIBII €PEKTUBHOrO PIIIEHHS Ha
OCHOBI 300py, aHaNI3y Ta IHTEpIIpeTallii pe3yibTaTiB MOJeoBaHHA. [HpopMmaliitHa
TEXHOJIOT1sl MICTUTh TaKi €TaIlu.

Etan 1: 3aBmanHs mapaMeTpiB ekcrniepuMeHTy. s 3amycKy eKCHEepUMEHTY
HaJAIITOBYEThCS KOHGIrypauiitauii daitn plugins.xml, sikuili onucye B3a€eMO3B'sI3KU
MDXK IMEHaMHU MOAYJIB Y cUCTeMi, Ha3Bamu (haidsiB 1 610moTek. PesynbratoM pobotu
MEepIIOro €Talmy € 34YATYBaHHA Ta JEKOAYBAHHS KOHQIrypauiiHoro ¢aimy
plugins.xml, 3aBaHTa)XEHHsSI OCHOBHUX IUJIAriHIB CHUCTEMHU ISl 3aIyCKY IMPOIIECY
MOJIETTIOBAHHS.

Etan 2: 3aBaHTaxeHHS B CEpEJOBHINE MOJEIIOBaHHS 1H(GOpMAIli Mpo
oOYHMCITIOBANIbHI PEeCypcH Ta 3aBlaHHs. bynb-ske 3aBHaHHs, SKE€ HAIXOIUTh Y
CEpEIOBUILE MOJEIIOBaHHS, MOKHAa PO30MTH Ha JIBl CKJIAJOBI: XapaKTEPUCTHUKU
3aBAaHHS Ta TNO 3aBnaHHs (y BUMISAL .exe (ailny, daitnu BxigHux naHux, b/ ta
iH.). Ha mouyaTkoBOMy etari AJii CUCTEMHU TOJIOBHE 3HAUEHHSA Mae 1HQopMalis Mmpo
3aBjaHHs (4), sKa omepye JaHUMM, HEOOXITHUMHU Ui MiAOOpPY OOYHMCITIOBAIBHUX
pecypciB, MPUIATHUX JIJI1 BUKOHAHHS 3aBJaHHs. BogHOYAC 13 3aBIaHHAMH B CUCTEMY
HAJXOUTh 1H(OPMAITiS TTPO JOCTYITHI 00YUCITIOBAIBHI pecypcH (3B's130K 2, puc. 1).

Etan 3: ¢opMyBaHHS HOJATKOBHUX MapaMeTpiB MJisi HAWOUIbIT €PEeKTUBHOTO
po3noauTy. Yci 3aBAaHHS JNOJAIOThCS 1O Yeprd 3aBaaHb (3B'SI30k S5, puc. 1), 1
napajeiabHO BiIOyBaeThbCs mepeaada iHpopMmallii Jisi KOXKHOTO 3aBaaHHs (y BUTIISII
KOpPTEXKY 4) y MOJYJIb 3TOPTKH KOPTEXY Ta MOAYJIb aHai3y 3B'S3HOCTI (3B'S30K O,
puc. 1). Moaynib 3ropTKu KOPTEXKY 3A1HCHIOE OOUYMCIICHHSI Y3araJlbHEHOTO KPUTEPir0
OILIHKY JJI1 KOXKHOTO 3aBIaHHS, SIKUW JO3BOJUTH OUIBII MPOIYKTHBHO YIPABIATH
MPOLIECOM PO3MOAUTY 3aBJIaHb Ha OOUYMCIIOBAIbHI PECYPCH 1 MOKaXe, Ky YaCTHUHY
pecypcy 3aiiMae 3aBIaHHs B MPOIIECi HOro BUKOHAHHS. BogaHOYac Ha JaHWUN MOIYIb
BiI0OyBaeThCsl mepenaya iHdopmaiii mpo OOUYMCITIOBANIbHI PECYpCH, AKI HasBHI Y
cuctemi (3B's130k 7, puc. 1).
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Pucynox 1 — [ndopmariiitna TexHomoris po3noLTy 3aBaanb y rereporentiii GRID-cuctemi, sika BUKOpHUCTOBYE iMITaIliliHE
cepenonuiie MojentoBanHss GRASS
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Pe3ynbraTomM poOOTH MOJyJsl 3TOPTKH KOPTEXKY € MEPEIIK PEeCypCiB, HA SAKUX
3aBJIaHHSI MOKE OyTH PO3IOIiICHO.

Jani indopMallis HaAXOIUTh Y MOIYJIb aHaJi3y 3B'I3HOCTI (3B's130K 8, puc. 1),
7ie B1IOyBa€eThCS aHaI3 3aj7ad 13 3aBJaHHs. SIKIIO 3a7a4l y 3aBJaHHI MalOTh BUCOKY
3B'SI3HICTh 200 N7 JAHOTO 3aBIaHHS HEOOXITHE TMEepecUsaHHS BEJIHKOTO OOCATY
BXITHUX / BUXITHUX JaHUX MiA0ip 0OUMCIIOBAILHUX PECypciB Oy/ie CpsSMOBAaHHA Ha
3MCHIIICHHSI 4acy, SKW TMOB'S3aHUN 3 TEPEeCHWIaHHAM JaHUX MDK 3aJadyamMu B
3aBJIaHHA.

Etanu 4-6: poGora momyns po3smoauly 3aBaaHb. Ha erami 4 y Moayib
Algorithm Loader Hanxoauths iHGOpMaIllis, IO JO03BOJISAE MPUNUHATH PIIICHHS IS
pPO3MOMUTY 3aBJaHHA Ha OOYHMCIIOBAJIbHI PECYpCH, BUKOHAHHS Ha SKUX Oyjae Juis
HBOTO ONTUMAJIBHUM, SIK 32 alapaTHUMM MOKA3HUKAMH, TaK 1 32 XapaKTePUCTHUKAMU
MPOYKTUBHOCTI.

Jlns po3noiny 6pokepy HEOOX1THO OTPUMATH TaKy 1HPOpMAIIito:

- iIHpopMaLilo mpo oOYMCHIoOBalIbHI pecypcu (6), [KI Ha JaHUA MOMEHT
NPHUCYTHI y cucTeMmi (3B's130K 9, puc. 1);

- iHpopMallil0 MPO OOYHMCIIOBAJIbHI pECypcH, SKI Ha JIaHUA MOMEHT
3ape3epBoBaHi (3B's130k 10, puc. 1) 1 gac iX 3BUIBHEHHS,

- indopmartiro 3 BJ] npo monepeaHi 3amycku 3aBnanus (3B's130k 11, puc. 1);

- MeTOJ po3noainy (38's130k 12, puc. 1);

- iHopMarliro mpo 3B'I3HICTH 3a7a4 y 3aBaaHHi (3B's130K 13, puc. 1).

Ha ocHOBI oTpuMaHMX HaHUX 3JIMCHIOETHCS MOOYyIOBa IUIAHY PO3MOJLITY
3aBJaHb Ha oOuucmoBadbHUX pecypcax GRID-cuctemu. Pesynbratom poOotu
eTany 4 € MHOXKHMHA TUIaHIB PO3MOiTY 32 0OpaHUMU METOJaM PO3MOALTY.

Ham (eram 5) oTpuMaHi TUIaHU PO3MOILTY 3aMyCKAIOThCS Y CEPEIOBUIIN
mozaemoBanHss GRASS na BukonanHs. PesynbratoM po0OTHM JaHOTO eTamy €
MHOXMHA 4YaciB BUKOHAHHS MYy 3aBAaHb 3 KOKHOTO METOAY PO3MOJLIY, a TaKOX
P 3HAYEHBb KPUTEPIiB, K1 OOUUCIIOIOTHCS 32 KOXKHUM METOJIOM.

Bubip posnoainy 3 MIHIMAJIBHMM 4YacoM BHUKOHAHHS MyJdy 3aBAaHb Ta
MIHIMaJIbHUM TMPOCTOEM OOYHUCIIOBAILHUX PECYPCIB 3IIACHIOEThCS Ha erami 6 Ha
MIJCTaBl NPUUHATHX 3a3/1aJieriib KpuTepiiB BiaOopy (3B'si30k 14, puc. 1). bBynp-sike
3aBJaHHs, sike Haminnuio B cepenoBuie GRASS, Oyne posnopaineHo, BUHITKOM
MOke OyTH TIIBKM BHMAJOK, KOJM B CHCTEMI HE BHUSBHUTHCS HEOOXITHUX
OOYHCITIOBAJIBHUX PEcypciB. Y TaHOMY BHUIAAKY 3aBJaHHSAM OyAe BIAMOBIEHO Yy
BUKOHAHHI, 1 BOHO OyA€ TMOBEPHYTO NOCTAYAJIbHUKY [UIsI 3MIHM BHUMOT [0
00YHCITIOBAILHUX PECYPCIB.

Etan 7: mporec mepecwiaHHs 3aBlIaHHS Ha OOUYMCIIIOBAILHUM pecypc abo
pecypcH, 3a3HaueHi B IUIaHI po3moAily. 3 OJIOKY TPaHCIOPTYBaHHS 31MCHIOETHCS
3aMUT y 4epry 3aBAaHb (3B's130K 15, puc. 1), sskuii BIAMOBIAHO 10 TUIaHY PO3MOJILTY
o0Mpae KOHKpETHE 3aBJaHHS 1 MpHUBJIACHIOE Womy cTtaH Running. [lami 3aBpaHHS
(Ipyra ckiazoBa) BIANpPaBISIETbCA Ha OOpaHMM pecypc s MOAAIBIIOrO MOro
3amycky (3B'si3ok 16, puc. 1). Skmo B cucreMi cramucs MoIii 3 pecypcamu, TO
CHUCTeMa OMOBIIAETHCS PO 1€ (3B's130K 17, puc. 1). biaok pe3epByBaHHS BiJcuiIae



14

iHpopmMmariito cucremi, Mpo Te, IO OOYUCTIOBAIBHUN pECypc HE MOXKe OyTH
BUKOPUCTAHUN JIJISl MOJANBIIOrO 3aMycKy 0 MOMEHTY 3aKiHUEHHS BHUKOHAHHS Ha
HbOMY 3aBlaHHs (3B'si30K 18, puc. 1). Konu 3HOBY BiIOyayThes Jii 3 pecypcamu
(HampuKIIaj, 3BUILHCHHS pecypcy), OJOK pe3epByBaHHS OTpUMae iH(OPMALIIO MPO
moJito, mo BigOymacs (3B's130k 17, puc. 1) 1 CHOBICTUTH CHUCTEMY IIPO MOXKIIUBICTH
BUKOPUCTAHHA peCcypcy Uil HOTO TMOAAIBIIOT0 BHKOPHCTAHHS B PO3MOALII
(3B's130K 18, puc. 1), a TakoX BIANPAaBUTH IMOBIIOMJICHHS B YEpry 3aBIaHb IS
BUJIAJICHHS 3aBJIaHHS 3 YEPTH B 3B'SI3KY 3 3aKIHYCHHSIM HOTO BUKOHAHHS (3B'S30K 19,
puc. 1).

Etan 8: 30ip cratucTtuyHOi iH(oOpMaIli mNpo eKCIepUMEHT. Y CepeIOoBHIII
GRASS 3a 30ip cratuctuku Bimnoimae Monaynab BeneHHs log-gaiimiB (Logger).
Jlanuit Momyib HaJa€ MOKJIMBICTh THYYKOTO Ta IIEHTPAJI30BAHOTO BEJACHHS JIOTIB
JUIs BCIX TUIariHiB cepenoBuina mojentoBanHs GRASS. V cucremi € Kiibka TUIIIB
log-daiinis, ki GIKCYIOTH P JTiM, IO TO3BOJISIE 32 HEOOX1THOCTI IIBHJIKO OTPUMATH
noTpiOHy 1H(popmaito 3 B/I.

3 HaIXO/DKEHHSM 3aBlaHb JO CHCTEMH BiIOYBA€ThCS AaBTOMATUYHHM 3aIvc
JaHuX T1po 3aBnaHHd Yy (aitn queuelog (3B's3ox 3, puc. 1), gomaBaHHS
OOYHUCITIOBAILHUX PECYpCiB Yy CHCTEMY MPU3BOAUTH 10 (opmyBaHHs aimy
resources.log (3B's130k 4, puc. 1), y MOMEHT 3aIlyCKy 3aBJIaHHSI Ha OOUYHCITIOBATBHOMY
pecypci abo 3aKiHYEHHS BUKOHAHHS 3aBAaHHS BinOyBaeThecs (ikcarist iHdopmarlii 3
nanoi mii y ¢aimi raspred.log (3B's30x 20, puc. 1), ToOTO BinOyBaeTbcs a03amucC
nanoro ¢aitny. Bei 3anucu 3 log-daiinis nepecunatotsest B b/ cuctemu (3B's130k 21,
puc. 1), maHi 3 sKOi MOXYTb OyTHM BHKOPHMCTAaHI B MOAAJIBLIOMY JJI 3/1MCHEHHS
BUOIPKH 3a 3aJaHMMHM MapameTpamu ado s rpadiyHOro BiAOOpakeHHs 1HpopMalii
3a TIEBHUM NPOMDKOK 4acy (3B'si30k 22, puc. 1). IIporec MozentoBaHHS 3 KOXHOTO
METO/IY PO3MOJILITY TPUBAE J0 TUX TP, TOKU B Yep31 MPUCYTHI 3aBJaHH.

Y d4erBepTOMY pO3/iJi HaBeICHA MPAaKTHUYHA peajizailis 3ampornoHOBAHOI
iH(popMariitHOT TEXHOJIOTIi Ta MOKa3aHo, IO MicisA ii BIPOBAIKEHHS B iMiTallliiHE
cepenouiie moaentoBanHsi GRASS cTano moxnuBum:

- TapajielbHe MOJENIOBAHHS peajJbHOro MPOIECy pPO3MOAUTY 3aBAaHb Ha
oOuuctoBanbHI pecypcu B GRID-cucTemi 3a pi3HUMH METOaMU PO3MOILTY;

- BUOIp MJaHy po3MOALTY 3 MiHIMaJIbHUM YacOM BUKOHAHHS MyJy 3aBllaHb Ta
MiHIMQJIBHAM MPOCTOEM OOYUCITIOBATBHUX PECYPCIB;

- BpaxyBaHHsI 3B'S3HOCTI 3aJa4y y 3aBJaHHI Ta Kjacy 3aBJaHb B Ipolieci
PO3MOMLTY X Ha 0OUYMCITIOBANIbHI PECYPCH.

B xoxi nocnimkennst po3pobieHoi iHdopmariiitHoi TeXHOJI0r1i 0yJI0 TPOBEICHO
PSIl €KCIIEPUMEHTIB 3 PO3MOJLUTY 3aBAaHb HAa OOYMCIIOBAJIbHI PECYpCH ISl Pi3HUX
METOJ[IB PO3MOJILIy Ta 3 PI3HUMHU TyJIaMH 3aBAaHb 1 OOUMCIIOBAILHUX PECYPCiB.
Bonu poBenm Te 1m0, 3acTOCyBaHHS OJHOTO METOAY pO3MOIUTY 3aBlIaHb B
MUIAHYBaJbHUKY € MEHII e(eKTHUBHHM, TOMY 0[O0 Oyla OTpHMMaHa 3aJIekKHICTh
pe3ynbTaTiB PO3NOLTy (Yac BUKOHAHHS ITyJTy 3aBAaHb) Bij Kiacy 3amad. Ha ceoromHi
HE ICHYE METOAY pO3MOAUTy, SKUU 1 OyIob-KOro IyJldy 3aBAaHb MaB O
ONTHUMAJBHUA BapiaHT PO3MOAUTY 3a 4YacoM BHKOHaHHS. OJIHAK, SIKIIO BiJIOMI
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XapaKTepUCTHKN o0YHcItoBaIbHUX pecypciB GRID-cuctemMu, BHMOTH BXiTHOTO
MOTOKY 3aBllaHb, TO MOJYKHA IMPOBECTH MOJCIIOBAHHS, OOpaTH METOJ PO3MOALTY 3
MiHIMaJIbHAM YacOM BHUKOHAHHsS IyJTy 3aBAaHb Ta 3allpOIOHYBATH HOTO peabHii
GRID-cucteMi B koCTI HalOUIbII €PEKTUBHOTO pillleHHS. Pe3ynbpTaTu, oTprMaHi B
X0/l €KCIIEPUMEHTIB, CBIYATh MPO CKOPOUYCHHS Yacy BHUKOHAHHS ITyJTy 3aBlIaHb IO
24% 1 miaBumeHHs €()eKTUBHOCTI BUKOPUCTAHHS 00YHCITIOBAIBHIX pecypciB 10 32%
TUTSI pSITY METOIIB PO3MOJILTY, peali3oBaHuX B iMiTamiitHOMY cepenoBuili GRASS.

Y nopaTrkax HaBeIEHO aKTHU MPO BIPOBAIKEHHS PE3yNbTaTiB AMCEPTAIiHOI
poOOTH Y BUPOOHMIITBO Ta HaBYAJILHUMN MTPOLIEC.

BUCHOBKHA

VY nuceprauiiiHiii poOOTI PO3B’si3aHAa HOBAa aKTyajlbHa HAyKOBO-TIPAKTHYHA
3aj1a4a po3pOOKM METOJIIB Ta CTBOPEHHS Ha iX OCHOBI 1HGOPMAIIMHOI TEXHOJIOTIl
posnojainy 3aBaanb B rereporeHHux GRID-cucremax. BHacnigok BUKOHaHHS poOOTH
OTpUMMaHI1 HOBI HayKOBI Ta MPAaKTUYHI PE3yJIbTATH.

1. MoaudikoBaHO MaTeMaTU4HY MOJeNb po3noaity 3apaanb y GRID-cucremi
3a paxyHOK BBEJICHHS MHOXHHHM METOIB PO3MOIUTY 1 TOAATKOBUX IMapaMEeTpiB y
MOJ/IaHHI OOYMCITIOBAIBHUX PecypciB 1 3aBAaHb. BpaxyBaHHs 3B'SI3HOCTI 3ajay y
3aBJaHHI JI03BOJIIE CKOPOTUTHU Yac BUKOHAHHSI MYJIy 3aBJlaHb Y CUCTEMI 3a pPaxyHOK
YCYHEHHSI BTPAT 3a 4acoM, Kl BUKJIMKAaHI OOMIHOM JJaHUX MK OKPEMUMHM 3aJadyaMu
B 3aBJaHHI. MHOXMHA METOJIB PO3MOJALTY JO3BOJISIE TMPOBEACHHS  cepli
€KCIIEPUMEHTIB JJIsl MOAAJIBIIOr0 BUOOPY IJIaHy PO3MOAULY 3 MIHIMAIbHUM YacoM
BUKOHAHHS MYJy 3aBJaHb T4 MIHIMAJIbHUM MIPOCTOEM OOUYUCITIOBAILHUX PECYPCIB.

2. MonudikoBaHO METOJ| PO3MOAULTY 3aBllaHb Ha OOYHCIIOBAIBHI pecypcH
Backfill 3 ypaxyBanHsiM Tpadiky BcepeauHl 3aBIaHHsS, SKAW Ha BIAMIHY BiJ
ICHYIOUMX METOJIB BpPaxOBY€E IHTEHCHUBHICTB 1 00CAT TOTOKIB JaHUX MIXK 3aJa4aMu B
3aBJIaHHI, IO J03BOJISIE MIABUIINTH ePpekTuBHICTh BUKOoprucTaHHs GRID-cucremu 3a
paxyHOK 3MEHIICHHS 4Yacy BUKOHAHHS ITyJly 3aBJaHb Ha PO3MOIITICHUX FeTePOTeHHIX
00UYHCITIOBATILHUX PECYpCaXx.

3. 3anpornoHOBaHO METO] MOIIYKY PO3MOJAUTY 3aBJaHb 3 MIHIMAJbHUM 4acOM
BUKOHAHHS MyJy 3aBJaHb Ta MIHIMQJIbHUM IPOCTOEM OOUMCIIOBAIILHUX PECYpCIB,
KWW, HA BIIMIHY BiJ ICHYIOUMX, BHUKOPUCTOBYE Yy3aralbHCHHM KPHUTEPId OIIHKU
3aBJaHHS Ta imiTamiiHe cepenoBuine wmoxaemoBanHs GRASS, mo mgo3Boise
MIIBUIIUTH €()EKTUBHICTh BUKOPUCTAHHS 00UHCIIOBaIbHUX pecypciB GRID-cucremu
3a PaXyHOK CKOPOYECHHS YaCy BUKOHAHHS MYJy 3aBIaHb Ta MPOCTOI0 OOUYHMCITIOBATBHUAX
pecypciB. BrnpoBajkeHHs1 y3arajibHEHOTO KPHUTEPIKO OI[IHKA 3aBJaHHA B poOOTY
MJaHyBaJIbHUKA JI03BOJISIE 30UIBIIUTH €(EKTUBHICTh HMOro poOOTH 3a paxyHOK
3MEHIIEHHS MPOCTOI0 o0uucIoBanbHuX pecypciB GRID-cucremu.

4. Ha miacTaBi 3ampoONOHOBAHOI MaTE€MaTUYHOI MOJENI PO3MOIiIy 3aBlaHb B
GRID-cucremMi, po3mMpeHHI KOPTEXIB 3aBlaHbh 1 OOYHCIIOBAILHUX PECYPCIB,
MozepHi3alii Metony pos3noaury 3aBaaHb Backfill, po3poOku meromy mnouryky
PO3MO/IiTY 3aB/IaHb 3 MiHIMAJIbHUM YaCOM BHKOHAHHS IyJly 3aBJIaHb Ta MiHIMAJIbHUM
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IPOCTOEM OOUYHCITIOBAJIBHUX PECypCiB po3po0ieHo 1H(OpMAIliiHy TEXHOJOT1I0
pO3MOILTY 3aBJllaHb, sika Oyia BIpoBakeHa B cepeay mozemoBaHHs GRASS. Bona
o0'enHye TIpollecH TIepenadi, 30epira”Hs, 300py JaHUX, CIIOCTEPEXKEHb 3a
MIBUAKOIUIMHHUMH  TMpOIIECAaMU Ta Tpolec iX OOpoOKH 3 BUKOPUCTAHHSIM
3aMpoNOHOBAHUX Yy AUCEPTAIiiHIN poOOTI METOAIB.

5. Po3pobmneni mporpamai 3acobm, IO peati3yioTh 3alpONOHOBAaHI METOIH,
MOXXYTh OyTH BUKOPHCTaHI B HAYKOBUX OpraHizailisix YKpaiHu Ta CBITY, /¢ BUHHKAE
HEOOX1/IHICTh ONEPAaTUBHOI Tepenavl Ta MapajenbHOi OOpOOKM BETMKUX MAaCHUBIB
JaHUX.

Bukopucranss po3po0sieHUX y aucepTaiiiHiii poOoTi METOMIB 1 3ac001B Aae
MOXKJIMBICTh MIABUIIUTH €(PEKTHUBHICTh BUKOPHUCTAHHS OOYHCIIOBAIBHUX PECYpPCIB
GRID-cucremMu 3a paxyHOK 3MEHIIEHHS iX MPOCTO0. J[OCTOBIPHICTH OTpPUMAHHMX
MPaKTUYHUX PE3yIbTaTIiB MIATBEPKCHA EKCICPUMEHTATBHUMH JOCIIHKEHHIMHU
CTBOPEHOTO TPOTPAMHOTO 3a0€3MEUYCHHS, Pe3ysbTaTaMu PO3MOJITY IYTiB 3aBIaHb
mia peanbHnx GRID-cuctem. HampsiMku TeopeTMYHHX 1 MPAKTUYHUX JIOCIHTITKCHb
JTUCcepTaliiHOl poOOTH OUUIBHO PO3BUBATH B 00JACTi CTBOPEHHSI Ta BUKOPHUCTAHHS
MeTO/I1B po3nojiiry B reteporeHHnx GRID-cucremax.
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AHOTALIIA

®inimonuyk T.B. Meroau Ta indopMmaliiiiHa TEXHOJIOTIS PO3MOILTY 3aBIaHb B
rereporeHHnX GRID-cucremax. — Ha nmpaBax pykomnucy.

Hucepraiiisi Ha 3700yTTs HAYKOBOTO CTYIEHS KaHIWJaTa TEXHIYHUX HAyK 3a
cretianpHicTIO 05.13.06 — 1HQOpMaIIiiiHi TexHOIOT1i. — XapKiBCbKUW HalllOHAIbHUI
YHIBEPCUTET PaJllOCICKTPOHIKKM, MIiHICTEpCTBO OCBITH 1 HaykKu YKpaiHu, Xapkis,
2017.

VY nucepramiiiHii poOOTI 3ampONOHOBAHO HOBE BUPIIIEHHS aKTyaJbHOI
HAYKOBO-TIPAKTUYHOI 3a/Jayl po3poOKHM METOAiB Ta 1H(OpPMAIIHOI TEeXHOJOTI]
po3nofiny 3aBaans B rereporeHHnx GRID-cucremax.

3anponoHOBaHO MOJU(}IKOBaHY MaTeMaTUYHY MOJENb PO3MOJILUTY 3aBlaHb Ha
obOuucoBaibHUX pecypcax B GRID-cuctemi, po3mmpeHi KOpTexi Mo/IaHHs 3aBAaHb
Ta OOYMCIIOBAIBLHUX pecypciB, moaudikoBano meton Backfill 3 koHcepBaTuBHUM
pe3epByBaHHSIM, PO3pOOJICHO Ta BHPOBaKeHO B iMirtamiiiHe cepemoBuine GRASS
METO/I TOITYKY PO3MOJAUTY 3aBJAaHb 3 MiHIMAJIbBHIM YacOM BUKOHAHHS ITyJTy 3aBIaHb
Ta MIHIMaJIBHUM IPOCTOEM OOUYMCIIIOBAIBHUX pecypciB. Ha miacTaBi HuX pe3ynbTariB
po3po0IieHO 1H(OpPMaIIifHY TEXHOJIOTIIO PO3MOJIIY 3aBlaHb, SIKa J1a€ MOXKIIUBICTb
MIJIBUIIUTH €(DEKTUBHICTh BUKOPUCTAHHS oOuncioBanbHuX pecypciB GRID-cuctemu
3a paxyHOK 3MEHIIEHHS 1X MPOCTOIO.

Kirouosi cnoBa: posnosineri cuctemu, GRID-cucrema, mianyBajabHUK 3aBAaHb,
iHdopmaIiiHa  TEXHOJIOTiS, METOAM  PO3MOJUTY, IMITAIlliiHEe  CepeOBUIIEC
mozemoBanHs GRASS, obuncnioBaibHi pecypcH, 3aBJaHHS.

AHHOTAIIUA

Ounumonuyk T.B. Metoasl u MHPOpMalMOHHAS TEXHOJIOTHS paCTpEeAeICHUS
3apanuil B rereporeHHbix GRID-cucremax. — Ha mpaBax pykonucy.

Jluccepranyst HA COMCKaHUE YYEHOW CTENEHU KaHAMATa TEXHUYECKUX HAyK IO
cnenuasnibHocTH  05.13.06 — uHpOpMAIIMOHHBIE TEXHOJOTMU. — XapbKOBCKUI
HAIlMOHAJIbHBIA YHUBEPCUTET PaJAMOAIEKTPOHUKH, MUHHCTEPCTBO 0Opa30BaHUS U
HayKHl YKpauHbl, XapbkoB, 2017,

B nmuccepranmonHoil paboTe mpeaaraeTcs HOBOE pEIIEHUE aKTyallbHOMN
HAyYHO-TIPAKTUYECKOW  3a7aud  pa3pabOTKHM  METOJOB M HMH(OPMALMOHHOU
TEXHOJIOTUH paclpeneneHus 3agannid B rereporeHHbix GRID-cucremax.

[Ipennioxkena Moau(PUIUPOBAHHAS MOJAENb pACIpENeeHUs] 3aJaHuid  Ha
BbIuMciuTenbHble pecypchl B GRID-cucteme: nobaBieHHe MHOXKECTBA METOOB
pacrpeneneHus MO3BOJSET OCYIIECTBIATh CEPUM DKCIEPUMEHTOB Ul PA3TUYHBIX
MyJIOB 3a/laHUi C MOCIEAYIOIUM BBIOOPOM IJIaHa pacrpeiesieHus; UCIOIb30BaHUe
Kod(uImeHTa CBA3HOCTH — OCYIIECTBIISTh MOJ0OpP BBIYUCIHTEIBHBIX PECYPCOB C
y4e€TOM MHUHHMHU3AIMA BPEMEHH Ha OOMEH JaHHBIMU MEXIYy 3aJayaMH B 33JaHUH;
BBEJICHUE MPOMYCKHOW CIHOCOOHOCTH M 3aJC€pXKKHW BpPEMEHHM Mepefaud Makera Io
KaHaJIy — COKPAaTUTh BPEMS BBITIOJTHEHUS ITyJia 3aIaHUM.

[Ipennoxxena wmoaudukamus wmeroaa Backfill, xoropas, B orauuue oT
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CYIIECTBYIOIIET0, MO3BOJISCT MPOM3BOANTEL PACTIPEICIICHUS 3aIaHUi B 3aBUCHMOCTH
OT CBS3HOCTH 3aJa4 B 3aJaHWd. METOa ONepUpyer IBYMS IapaMeTpaMHu:
IPOITYCKHOM crocoOHOCThIO (8,) W 3aaepKKOH BpEMEHM Iepellaud IaKeTa IIo

ka"any (C, ). B 3aBucuMocCTH OT Kiacca 3aaHus OCYIIECTBISIETCS TOJ00P PECypCoB

0 OJHOMY W3 TIApaMeTpoB, OJlarogaps 4YeMy YMEHBIIACTCS BpEeMsl TMPOCTOS
BBIUHCJIMTEIBHBIX PECYPCOB 3a CUET Pa3rpPy3KH KAHAJIOB CBS3U.

Pa3pabotan Merom momcKa pacupeneieHus 3aJaHuii C MHUHAMAIbHBIM
BPEMEHEM BBITIOJHEHUS 1TyJia 3aJaHUd 1 MUHUMAaJIbHBIM MPOCTOEM BBIYMCIUTEIbHBIX
pPeCypcoB, KOTOPBIM, B OTJIMYHE OT CYIIECTBYIOIIUX, HCIOJB3yeT OOOOIIECHHBIN
KPUTEPUN OICHKHW 3aJlaHusl U UMUTALIMOHHYIO cpeay MojenupoBaHuss GRASS, dro
MO3BOJISIET MOBBICUTH 3()(PEKTUBHOCTh HMCMOIB30BAHMS BBIYHCIHTEIBHBIX PECYPCOB
GRID-cucreMsl.

[Ipennoxkena wuHPOpMAIMOHHAS TEXHOJIOTUS pacHpeiesiCHUsT 3aJaHuil Ha
BbIUMCIUTENBHBIE pecypehl 11 GRID-cucrem, koTopas BHEIpEHA B UMHTALIMOHHYIO
cpeny MojaenupoBaHus GRASS, mno3BoJsIONIyl0 BOCHPOU3BOIAUTHL  IPOIIECC
(YHKITMOHUPOBAHUS BO BPEMEHH JJICMEHTApPHBIX COOBITHM, NPOTEKAIOMMUX B
peanbHOt GRID-cucTeMe ¢ coxpaHEHUEM JIOTUKHA UX B3aUMOJICUCTBHUS.

KiroueBrbie cnoBa: pacnpeneneHnbie cuctembl, GRID-cuctema, miaHupoBIIMK
3ajaHui, MHQOPMALIMOHHASI TEXHOJOTHS, METOJIbl PACHpPEICIICHHs, UMUTAIMOHHAS
cpena monennpoBanuss GRASS, BerancinTeNbHBIE PECYPCHI, 3aJaHNUS.

ABSTRACT

Filimonchuk T.V. Methods and information technology for task distribution in
heterogeneous GRID-systems. — Manuscript.

A thesis for the candidate degree in technical sciences in the specialty
05.13.06 — information technology. — Kharkov National University of Radio
Electronics, Ministry of Education and Science of Ukraine, Kharkov, 2017.

A new solution to the actual scientific and practical task of developing methods
and information technology for the tasks distribution in heterogeneous GRID systems
was proposed in this thesis.

Job distribution mathematical model for GRID system was proposed. Model
used extended set of tasks and computing resources parameters and characteristics.
On based model the modified Backfill method for job distribution was developed.
The job distribution method with the minimum time for task pool executing and the
minimal downtime of computing resources was developed. New information
technology for job distribution on computer resources has been developed. This
information technology is implemented in the GRASS simulation environment, that
allows to reproduce the operation process in time for elementary logical events,
occurring in a real GRID system with preserving interaction logic.

Keywords: distributed systems, GRID-system, scheduler, information
technology, distribution methods, simulation modeling environment GRASS,
computing resources, tasks.



