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Posenanymo ocob6ausocmi euxopucmanns grid-
cepedosuwa 0 GUPIWENHS PIZHUX MUNié 004UCHIO-
eanvHux 3agdamnv. Busnaueni eumoeu 0o 3acoéie pos-
poobxu eucoxopisnesux grid-sacmocysans ma nagedeno
pe3yavmamu 00CAI0NHCEHHA ICHYIOUUX. 3ANPONOHOEAHO
po3uwupenns apximexmypu 6i0Kpumozo Qpeiumeopxy
SUSE/WS-PGRADE cepgicamu onmumizauii naianyeamu-
HA Ma 6UKOHANHA PI3HUX Munie 3ae0anv y grid-cepedoeu-
Wi WAAXOM AHANI3Y 0COBAUBOCIMEN CIMPYKMYPU 3A60aHH,
cmany ma QoS piens pecypcie grid-mepesci

Kniouogi cnosa: epio, ¢peiimeopx, nomix poéim, onmu-
Mizauis, pieenv axocmi 00Ccay206y6anns

[, u|

Paccmompenvt ocobennocmu ucnoavzosanus grid-
cpedvl 01 pewteHusi PA3UMHBIXY MUNOE GLIMUCIUMETb-
Hox 3adau. Onpedenenvt mpe6osanus x cpeocmeam
paspabomxu 6vLCOKOYPOEHeBbIX grid-npunoxcenuil u npu-
8edeHbl pe3yavbmamol UCCAE008AHUS CYULECMBYIOUWUX.
IIpednorceno pacwupenue apxumexmypovl OMKPvLIMO2ZO
dpeiimeopxa gUSE/WS-PGRADE cepsucamu onmumu-
3auuU NAAHUPOBAHUS U GLINOJIHEHUS PA3AUMHBIX MUNOE
3adau 6 grid-cpede nocpedcmeom ananuza ocobdennocmei
cmpyxmypol 3a0auu, cocmosnus u QoS ypoeus pecypcos
grid-cemu

Knouesvte caosa: zpud, (peiimsopx, nomox padom,
onmumuzauus, Yyposens Karecmeda 06Cayncueanus

YK 004.75: 004.4°2

®PEUMBOPK ANA
PO3POBKHU GRID-
3ACTOCYBAHbDb

3 NIATPUMKOIO
PI3BHUX TUMIB
OBYUCJIIOBAJIbHUX
3AZlAY BEJIUKOI
PO3MIPHOCTI

O. A. Npina

AcucTeHT, acnipaHT

Kadreppa iHdopmMauiinHKX Ta KOMI'IOTEPHMX
cUCTEM

YepHiriBCbKui fep>XaBHWUM TEXHONOTIUHUK
yHiBEpCUTET

Byn. LLlesuerka, 95, m. Yepniris, Ykpaina, 14027

a o E-mail: olga.prila1986@gmail.com

1. Beryn HUX 3aBJaHb BeJaukoi posmipuocti. Grid saBise coboio

reorpacdiuyno posmnoziseny mporpaMHo-anaparHy indpa-

Ocrannim yacoMm grid-rexHosiorii aKTUBHO PO3BUBa-  CTPYKTYPY, 1[0 00'€HY€E pecypcu pisHux tumis (obuuc-

IOTHCA TAa 3aCTOCOBYIOTHCA LIS BI/IpiLHeHHH 004YNCITIOBATD- JHOBaJIbHi, CXOBHUIIla JaHUX, Mepe)Ki Ta IH), Ta 3a6esneqy€




iX rHyuKuil, Ge3MeYHUll Ta CKOOPAMHOBAHUI PO3IOIIJ B
Mekax BipTyaJsbHOI opramizamii. O6'eaHaHHs iICHYIOUNX
PO3IOAiJIEHUX PECcypciB M03BOJSIE€ CTBOPUTU TOTYKHUMN
pecypc JUJist BUPITIEHHST CKJIAAHUX 00UNCTIOBAIBHIX 3a-
Ja4.

OxHak cbOTO/HI icHy€e 1pobeMa BUKOpUCTAHHs grid-
cepenoBuina GaxiBIFIMU Pi3HUX HAYKOBUX Tajy3ei, M0
00yMOBJI€HA BIJICYTHICTIO MOBHOMYHKIIOHAJIBHUX BU-
cokopiBHeBUX 3aco0iB po3pobku grid-sacrocyBanb Ta
CKJIAIHICTIO HU3bKOPIBHEBUX IHCTPYMEHTIB.

[cnye Besmka KiZmbKiCTh MPUKJIAMHUX 3aBAaHb, IO
XapaKTepU3yIOThCSA OCUTDL CKJIAMHOIO CTPYKTYPOIO Ta
notpebyoTh 3ac00iB IIPEACTABIECHHS Y BULJISAAL OTOKY
pobir (workflow) — o6uuncioBaabauii crienapii, 1o ckia-
JAETHCS 3 OKPEMUX 00UMCIIOBAJbHUX KPOKIB, TOEJHAHUX
y TIeBHY TIOCTiI0BHICTh BUKOHaHHA [1]. [lmanyBanns po-
604Y0ro MOTOKY B 3arajibHOMY BHUIIAJKY He BUPIIIYETHCS
3a JIOIIOMOTOI0 TPAAULINHUX METOAIB NJAHYBaHHS I10-
OMHOKWX 3aBHaHb y grid-Mepeski, OCKiJIbKM Ma€ Bpaxo-
BYBATU PIi3HOPIHICTH CKJIAI0OBUX 3aBIAHHS, 3BSI3KU MiXK
06UYHCTIOBATHHUMHI OJIOKAMU Ta BUTPATH Ha TIEPECUTAHHSI
JaHUX MIXK HUMU.

Ha piBai npomizHOro nporpamHoro sabesnedeHHs
grid (I1T13) we HaZAETHCS MOBHOIIHHOI MiATPUMKHN grid-
3aBanb TUILY HOTiK pobiT. [IpoGiaema inTerpaiii pisHoro
[TTI3 yckmagHioE BUKOPUCTAHHS BCiX JOCTYNHUX KOPH-
CTyBauy pecypciB /IJIsI BUPIIIEHH 3aB/laHHSI.

BaxksanBoio ckiazoBoio Bukopucranus grid-cepemo-
BUINA € HAJAHHS 3aJlaHOTO KOPUCTYBayeM pPiBHS SAKOCTi
obcayrosyBants (QoS), mo ansg HekoMmepiiiinoro grid-
cepejloBHIa HallyacTille BU3HAYAETHCS TapaHTOBAHUM
4aCOM YCHINIHOTO 3aBepPlIEHHsI 00UKCIeHb, B TOIl Y4ac sIK
JUIST KOMePIiifHO1 iH(pPacTPyKTypu Ma€ BPaxXOBYBaTHUCh
1e il BAPTICTh BUKOHAHHS OOUMCIIEHD.

Po3pobka BHUCOKOpiBHEBUX 3ac06iB cTBOpeHHs grid-
3aCTOCYBaHb 3 HaJaHHIM MEXaHi3MiB HPOEKTYBaHHS,
[JIAHYBAHHSI Ta KOHTPOJII0 BUKOHAaHHs grid-3aBaaHb pis-
HUX TUIIB € aKTYaJbHOIO 32/[a4€10 CbOTO/Hi.

BaxaunBoio ckiazoBo0 TAaKOX € HAsABHICTb 1HCTPY-
MEHTIB BiJfHOBJIEHHS y BUIaAKy 3060iB y pobOTi By3JiB
MepexKi Ta IMHAMIYHOTO 11epepo3Io/iay 3aB/laHHs B pasi
HEeOOXiTHOCTI.

Mertoi0 po6oTH € GOPMyBaHHS BUMOT Ta LOCJIIIKEHH ST
icHyoumX 3ac00iB CTBOPEHHS BUCOKOPiBHEBUX grid-3acTo-
CyBaHb, a TAKO’K MPOEKTYBaHHS apxXiTeKTypu dpeiimBop-
Ky IUJIst Po3po0Ku grid-3acTocyBaHb 3 HiATPUMKOIO PI3HUX
THIIB 00YMCAIOBATBLHIX 3a/1a4 BEJTMKOI PO3MIPHOCTI.

2. Oco6mBocTi Bukopucranng grid-indpacrpykrypu aus
BUPILIEHHS PI3HUX THIIB 0OYHCIIOBAJIbHUX 3124

Onnum i3 hakTopiB, MO BIJIUBAIOTH HA MPOJAYKTHUB-
HicTh grid-mMepesxi, € eeKTUBHICTD IIAHYBAHHSA — PiB-
HOMIpHa 3aBaHTaKeHICTh BCiX BY3JiB 06YMCHIOBAJbHOIL
Mepeki Ta MiHIMaJIbHUH yac IPOCTOIO 3aB/laHb y 4ep3i Ha
BuKoHaHHsA. EdexTuBHicTh Bukopuctanus grid-indpa-
CTPYKTYPH JJI BUPIIIEHHS 3aBJaHb Pi3HOTO TUITY Mae€
neBHi ocobanBocTi. Bigomi HACTYIHI TUTIN grid—saB/:[aHb:
MOCJIIIOBHI, MapaJjebHi, 06poOKM AaHUX, MOTOKU POBIT
(workflow).

EdexTuBnicts BUKOHAHHS 3aB/aHHs, IPEICTABICHO-
ro €IUHUM 00YHMCITIOBAALHUM 6J0KOM ab0 HAbGOPOM IO-
CJIIZIOBHUX, 3aJIEKUTH Bi/l e(peKTUBHOCTI HOTO MPOTpaMHOI

peasizaiiii, a TakoK cTparerii njaaHyBaHHs GPOKepPiB MPo-
MiXKHOTO TporpaMuoro 3abesnedenns grid Ta JJOKaJIbHOTO
MJIAHYBAJbHIKA.

VY pasi aKimo 3aBaaHms Moske 6y TH MPeCTaBICHO ¥ BH-
rJsiii Habopy OJHOTHITHUX 3aBJlaHb 3 PIBHUMU BXIJAHUMHU
JMaHUMU, TIJIAaHYBAHHS 3BOAUTHCS /10 ONTUMIi3aIlii 1eKOM-
MO3uTlii 3a7a4i 3 ypaxXyBaHHSM IOTOYHUX TapaMeTpiB
nocryiHoi grid-indpactpykrypu Ta pisast QoS.

HasgHicTh napasenbHux GJOKIB 3aBIaHHS, IO TIPE/-
CTaBJIEHO Yy BUTJSL [OTOKY POOIT, O3BOJISIE OJHOYACHO
BUKOPHUCTOBYBATH JIEKiJIbKA PO3MO/IiJIEHUX PecypcCiB A
6ipII e(heKTUBHOrO BUpiNIeHHS 3aBAaHHs. [Ipu mboMy
MalOTh BPaXOBYBAaTUCh BUTPATH Ha MEPECUJAHHS JaHUX
MiX pecypcamMu y BiZITOBiZIHOCTi 3 MPOIYCKHOIO 3/1aTHi-
CTIO Mepexi.

Butpartu Ha nepecuJaHHsS JaHUX MOXKYTb OyTH yCy-
HeHi HIJISIXOM KJacTepusallii AeKiJbKoX OJIOKIB MOTOKY
poO6iT maist BUpitenns Ha ogHOMY pecypci. [cHye monsiTTS
JiHiTHOI Ta HeNiHiliHOI KJIacTepusanii [2], konu Tpymy-
I0ThCA TOCHAI0BHI ab0 mapaseabHi OJOKM BiANOBIAHO.
3ajaya ONTUMI3allil 3BOAUTHCS 0 3HAXOJKEHHS ONTH-
MaJIbHOTO PillleHHsI MijK PO3IapaseioBAHHSIM Ta KJIacTe-
pusaitieio. [Ipu 11boMy Mae BpaxoByBaTHUCh 3€PHUCTICTh
(granularity) saBmanns. 3aBaaHHs € KPYITHO3EPHUCTUM,
AKIIO PO3MIPHICTD 0OYMCAEHD € 3HAYHO OiJBIIOI MO
BiZIHOIIEHHTO /IO PO3MIPHOCTi IaHUX, 1O HEPECUIAIOTHCS
[2]. BaacTuBicTh KPyHHO3E€PHUCTOCTI € HEOOXiTHOIO JJIst
grid-3aBans.

3aBaHHsI TUITY MOTIK POGIT 3a3BUYAl IIPEACTABIISIIOTH
y BUIJIAAI opieHTOBaHOro anukiaiynoro rpady (Directed
acyclic graph, DAG), Bysnu sikoro — 6JI0KH 0OUYUCIIEHD,
a ayru — 3agexkHocti Misk Humu (puc. 1) [2]. Husa edek-
TUBHOTO IJIAHYBaHHsI, OKPIM CTaHIaPTHUX, MAIOTh OYTH
BU3HAYEHI HACTYIIHI ITapaMeTpu OJI0KY:

{ECT, Memory, {T}},
ne ECT — nepenbauyBanuii yac BUKOHaHHS OOYKMCJIEHD;

Memory — Bumoru o nam’siti; {T} — MHOXMHA 3B’SI3KiB 3
IHIMIMMU By3J1aMu (OJJHOCTOPOHHIH 3B’130K).

{ECT, Memon [T}

™~
data capaeity [10]

“\

data capacity [100]

-
data capascity [50]

4

S
data capacity [200]

Puc. 1. NMpuknag cTpykTypH poboyoro noToky



Jlyru rpady XxapakTepusymThCs mapaMeTpoM o0csry
JAHUX, IO TepealoThCcs Mixk By3aamu. HasgBHICTh IUKITIB
Ta PO3TajysKeHb IJd MOJAEII OTOKY POOIT He po3risaa-
€ThCsI, OCKIJIbKY 3a3HaU€eHi 3B I3K1 HEe BUITPaB/IaHi 3 TOUKU
30py edeKkTUBHOCTI BUKOpUCTaHHs grid-cepepopuiia.

Crpykrypa grid-mepexi moxe OyTu mpeacraBieHa
y BHUTJISI/II CIIPSIMOBAHOTO Trpady, BEPUIMHU SIKOTO — pe-
CypcH, a IyTU XapaKTepu3yioTh MePesKy mepeiadi Janux
Mixk HuMu (puc. 2). Koxen Bysos ctpykrypu grid-mepesxi
XapaKTEPU3YETHCSI HACTYITHUMHU 00OB'SI3KOBUMU IapaMe-
Tpamu:

{CPU, Memory, QueueSize, Cost, {R}},

ne CPU — obuucioBajibHa IMOTYKHICTH; Memory — xa-
paktepuctuku mam’aTi; QueueSize — poamip yepru; Cost
— BapTicTh BUKkopuctanus;{R} — MHOXMHA 3B’SI3KiB 3 iHITUMUI
pecypcamu (JIBOHAIIPABJICHUI 3B'S30K ).

{CPU, Memory, Qusue Size, Cost {R1}

Computing
Bemert 1

A
e
banduidth /“3’ \\ banduidth
(o1 rop 0101
Yy
i /[“:']
e
Computing Computing
Bement & [5] Bement 3

bandwidth
5]

Puc. 2. MNpuknag cTpykTypu grid-mepexi

3ajaua nuaHyBaHHA MOTOKIB pobit € NP-nosHoW 3a-
Jlavyeio B 3araJibHOMY BUTAaAKY [2].

Ha piswi 1113 He HamaeThCcsa MOBHOMIHHOI MiATPUMKA
grid-sasmanb pisnoro tuny. Hampukiax, ARC Nordug-
rid (http://www.nordugrid.org/) ta gLite (http://glite.
cern.ch/), mo BKJOYEH] B AKOCTI OAHUX 3 OCHOBHMX I10-
cravanprukis 11113 y EMI (http://www.eu-emi.eu/) Ta
HafO6iTBIT MUPOKO BUKOPUCTOBYIOTHCS B YKpaiHCHKiH
HalioHaabHil grid-indpacTpyKTypi BUKOPUCTOBYIOTD Ha-
crynui dopmaru crnenudikarii grid-saspans: JSDL [3],
xRSL [4] ta JDL[5].

Cepen 3aznauenux, junie JDL-dbopmar BBOAMTE 110-
HsarTs Tuiry sasaanns (Job, DAG ta Collection), ognak mae
[eBHI 0OMEKEHHS — He HaJJAETHCSI MOKJIUBICTh BU3HAYEH-
H TepioMYHol CMHXPOHI3aIii Mixk 610KaMu Ta 06CATIB
nanux, mo nepecusaiorbes. @opmaru JSDL ta xRSL Ha-
JIAK0Th JIUIIIe 3aCO0M BUSHAUCHHS [TaPAMETPIB IOOLMHOKUX
3aBJaHb, JKUTTEBUH IUKJ TOTOKY pobiT, Tak caMo sK i
3B’A3KM Mi’K OKPEeMUMH 3aBAAHHSAMU, HE MiITPUMYIOTHCS.

Crparerii mnanysanus 6pokepis I1I13 € mxyxe crmpo-
MIEHUMHU Ta He J03BOJISIOTH BUKOHYBATU TJIAHYBAHHS
HOTOKIB Po0OiT 3 ypaxyBaHHIM 0COOJIMBOCTEH 3aBJlaHH Ta
napameTpiB QoS. Hanpuxiazn, 6pokep ARC Nordugrid pe-
aJli3y€ HACTYIIHI MOJITUKU BUGOPY JOCTYITHUX 00UMCIIIO-
BasbHux pecypcis: RandomBroker — Bunaakosuii Bubip;
BenchmarkBroker — srigno mapamerpa mpoayKTHBHOCTI
pecypcy; FastestQueueBroker — 3rizao napamerpa poswmi-

py uepru 3aBiaaHb Ha obuuciaenns; DataBroker — srigno
HasIBHOCTI B Kelli 0OYMCITIOBAIBHOTO PECypey JAaHuX,
HeoOXiHUX /1Jis1 BUKOHaHHs obuucienb [4]. OTke, Mexa-
HI3MU MJIAHYBaHHS CKJIaiHUX grid-3aBaaHb MaoTh OyTH
peanizoBani Ta po3ramoBani mosepx pisus [113.

3. dopmyBaHHs BUMOT 10 3aCO0IB PO3POOKH
BUCOKOpiBHeBux grid-zacrocysanb. Orisy icHyOUHX

OcTaHHIM 4aCOM aKTUBHOTO PO3BUTKY HaOy/u BUCO-
KOpiBHEBi 3acob6M MpoeKTyBaHHSA Ta po3pobkm grid-za-
CTOCYBaHb, L0 HalluacTilie IBJASIOTH c06010 GpeiiMBOp-
K1 s po3pobku grid-nmopradis ta desktop-zacTocyBanb
a6o cucremu kepyBaHHs pobounmu mnorokamu (CKPII,
Workflow Management System, WMS). Ilix CKPII po-
3yMI€TbCS IpOrpaMHa cHCTEMa, SKa BiJNOBijfae 3a aB-
TOMaTHU30BaHe IPOEKTYBAaHHS Ta BUKOHAHHS IOTOKIB
pOOGiIT, OIMCAHKX TIEBHOIO BXiTHOO MOBOIO (TEKCTOBOIO 260
rpaciunomo) [1].

Ockinpku iHGpacTPYKTYPH BipTyaJbHUX OpPTaHi3aIii
JUUISL PIBHUX TaJly3eil HayK¥ € CXOKUMU, MOKJIMBO OKpec-
autu 6a30Bi BUMOrM 10 (GPelMBOPKY [Jisi CTBOPEHHS
BHCOKOPiBHEBUX grid-3acTocyBanb pisHux TumiB. OyHK-
I[i0OHAJIbHI BUMOTY HaBeJIEeHO HUKUe.

1. Hagannsa API aug Bukonanus 6azoBux grid-onepa-
1ifl: cTBOpeHHd NpoKci-cepTudikary, neperasjg A0CTyII-
HUX 00YMCIIOBAJbHUX PECYPCIB Ta CXOBUII JAHUX, 3AIyCK
3a/1a4i, MOHITOPMHT BUKOHAHHA B JIUHAMIYHOMY PEXKUMI,
OTPUMAHHS Pe3yJbTaTiB Ta iH.

2. ABromaTmsoBaHa TeHepallig daiiny crenmdikaiii
3aj1a4i noTpibHOro hopMaTy 3rijiHO BUSHAYEHUX KOPUCTY-
BaveM MmapaMeTpiB 3a/1adi Ta BUMOT IO PECYPCiB.

3. lligTpuMKa pi3HUX THUIIB 3aBAaHb 3 HAIAHHSM TI'pa-
(biYHUX KOMIIOHEHTIB J1JIs1 BU3HAYEHHS 00UKCII0BAJbHUX
6JIOKIB Ta cXeMHU CHHXPOHI3allii MiK HUMM.

4. llinTpuMKa mepiofMYHOI CHHXPOHI3aIlil MiX Mapa-
JebHUME GJIOKaMU 004YHC/IeHb, KOJU OIUH GJIOK MOXKe
PO3IOYUHATU OGUUCIEHHS SIK TIJIbKU 111 ATOTOBJIEHO YacT-
KOBUH Habip gaHuX iHIIOro GJIOKY.

5. MoxJuBicTh BU3HAYEHHSI BUMOT 0 PiBHSI 06CJIy-
ropyBaHHs. [lis 3abesnedentss norpiGHoro piBHs QoS
HeoOXiTHO OTPUMaHHS YTOAM PO PiBEHbD SIKOCTI BiJ IPO-
BaiijepiB mocyayr. Y BUNAIAKY 3 HekoMmepiilinumu grid-
iHpacTpyKTypaMu Taka iHdopmalis 3a3Buyail He Ha-
naetbed. Tomy HeOOXiAHMUIT MOAYIb, AKUIT OU JO3BOJIUB
OTPUMYBATU CTATUCTHKY B)KE€ BUKOHAHWMX 3aBJlaHb i aHa-
migyBaTu piBenb QoS.

6. [Ipu nyianyBaHHi 3aB/laHb Ma€ BPaXOBYBATUCH BCTa-
HoBJieHUI piBerb Q0S-BUMOT Ta 1oTOUYHMI cTan grid-me-
peXi, a TAKOXK MOXKJUBICTH TUHAMIYHOTO TIEPEPO3NOAIILY
6JI0KIB 3aBJAHHS ITi/1 YaC BUKOHAHHS B 3B’I3KY 31 3MiHAMMU
napameTpiB grid-mepesxi.

7. HasaBHicTb MeXaHi3My KOHTPOJILHUX TOUYOK.

8. Hajlanns MOXJIMBOCTI 1OIEPeHbOTO 3aMOBJICHH S
(advanced reservation) grid-pecypcis.

9. Moxnusictb 36epexenns o6pasy grid-sagaui s
[OBTOPHOT'O 3aIyCKY 0€3 IIPOEKTYBAHHSI.

10. Busnauenns moTpibHoro cepeaoBuina BUKOHAHHS
(Runtime Environment, RE) ckmagoBux 3azaui. MaoTtb
GyTu peasizoBaHi iHcTpyMeHTH BOOPY 06pasy BipTyasb-
HOT MaIlluHU s BU3HAYeHHst HeoOXianoro RE.

11. Hapauust API pust migrpuMku poboTu BipTyasib-
HUX OpraHi3aiiii: ympaBJiHHS KOPHUCTYyBadaMHU BIipTy-



aJIbHOI OpraHisailii; BU3HAUYEeHHS BJACHUKOM Tapudikarii
OIlJIaTH 32 KOPUCTYBAHHS PECypCcOM; MOHITOPUHT CTaHy
pecypciB; 00J1ik BUkopuctanus grid-pecypcis.

Oxpemo ciif BUAIMNTH He(YHKIIOHAABHI BUMOTH JI0
dbpeiimBopKy.

1. Migrpumka crangapris EMI. 3 meToro inTerpamii
pecypcis, mo mparooTh mix pisaum 1113, moTpiben exn-
Huil intepdeiic 1 Bukonanns sanutis. EMI € crannap-
ToM zie-(akTo st nmocradanbHukis grid. Ha panuii yac
NorduGrid ARC, gLite, UNICORE ta dCache opienrosani
Ha mMiaATpuMKy ctanmapTtis EMI.

2. Kpocmnardopmericts. MoKJIUBICTh po3poOKKM Ha
6asi ¢peiimBopky grid-3acTocyBaHb [Js PI3HUX ILJIAT-
$hopM, MOGIIBHUX PUCTPOIB B TOMY YUCJII.

3. PosmupioBanicTe. ['Hyyka apXiTekTypa [Js [010-
BHEHHS (ppeliMBOPKY HOBUMH MOJAYJISIMU, B T.4. MiATPHUM-
ku Hosoro middleware, abo BHeceHHst 3miH 10 inTepdeiicy
icnytovoro.

4. MamraboBaHicTb. MOXKIUBICTD PO3MIIIEHHS KOM-
HOHEHTIB grid-3acTocyBaHb HAa PO3MOAIJIEHUX PeCypcax 3
METOIO ITi/IBUIIEHHS TPOLYKTUBHOCTI.

5. 3abesmneuerns OesneKu IpiA-MOPTATY Ta pecypcin
BO.

Bynu posraganyTi cucteMu AJd NMPOEKTYBAaHHS IIO-
TokiB pobit (Taverna [6], Montage [7], Triana [8], Kepler
[9], WS-VLAM [10], MathCloud [11], MaWo [12], Ask-
alon [13]) Ta imcTpymenTH po3pobku grid-3acTocyBaHb
(GridNNN [14], gUSE/WS-PGRADE [15], Lunarc app
[16], Ganga [17], GridSphere Portal Framework [18], Sim-
pleGrid [19], VGrADS [20], Pegasus [21], gEclipse [22]).
Jlesiki 3 pO3rITHYTUX 32CO6IB ABASIOTH COOOI0 CUCTEMU
ylipasJiHHs GizHec-1pollecaMyl Ta peasidyiTb PO3BU-
HYTUH (GYHKIIOHAT AJsS TTPOEKTYBAHHS TMOTOKIB pOOIT,
O[IHAK He HAJalTh QYHKIIOHANY 3 BUKOHAHHS 6a30BUX
grid-onepariii, i xoua nepea6ayaOTh MEXaHI3MU iHTETpa-
I[i1 3 PO3TO/iJIECHUM Cepe/lOBUIIEM, BOHU JJOCUTD CKJIA/H1
B peaJizaiii. Jledki 3 cuctem crieniasizoBaHi a5 BUPi-
IIeHH 3aB/laHb MMEBHOI HAYKOBOI ray3i, nampukiaa Ma-
thCloud, WS-VLAM rta in. [TopiBHANBHUIT aHAMI3 CUCTEM
HaBejeHo B ipaisix [1] ra [23]. OcHoBHUME poOIeMaMu
BUKOPHUCTAHHS iCHYI0UKMX 3ac06iB pO3pOOKH BUCOKOPiB-

HeBux grid-sacrocyBaub
Extended
gUSE Services

THYYKUX MeXaHi3MiB

CTOPOHU Ta BIANOBIAHO GiJIbIIOI IEPEHOCUMOCTI 3aCTOCY-
Banns (portability).

Cepesl PO3TJSIHYTUX IHCTPYMEHTIB sIK HaiibGiabin
(ynkiionanpui i miATpUMyBaHi Ha CbOTOAHI MOXKHA 3a-
snauntu ppeiimBopk gUSE/WS-PGRADE ta CKPII Ta-
verna. WS-PGRADE 1npornonye rHydYkuii MexaHiam po3-
IMUPEHHST CUCTEeMHU TIjarinamMu B3aemo/ii 3 pisuum [1113.
Bask11B0o10 0COOJMMBICTIO € MOKJIMBICTD JIETKOI azanTaiii
Ta HAJAMITYBaHHS y BIAMOBIAHOCTI 3 mOTpebaMu Pi3HUX
grid-cniBTOBapHCTB B IiJAgX BHUPIlIEHHS HAyKOBUX 3a-
Branb. OpeiimBopk magae API paa peamizanii 6inbnrocTi
6asoBux grid-omepariif, ogHak He peasisye 3acoOu ONMTH-
Mizallii BUKOHaHHS MOTOKIB POOIT 3 ypaXyBaHHSAM BCTa-
HoBsieHoro pisug QoS. Posmip 3azaui ta 06csiru gaHKX,
IO [IePECUIAITHCS, He BPAXOBYIOTHCA NP IIJIaHYBaHHI
Ta He MOKYTHh OyTH BH3HAUYEHi SIK TapaMeTpu 3amadi. [H-
CTPYMEHTH IIPOEKTYBAHHS MOTOKIB POGIT HE HiATPUMY-
I0Th 3BSI3KU TI€PIOAMYHOI CMHXPOHI3aIlii 00unCIeHb MixK
napaJeJbHUMK 6JI0KAMU 00UNCIEHD.

WS-PGrade nagae MmosxkanBicTb iHTerpaiii 3 cucrema-
Mmu kepyBamis pobounmu motokamu ASKALON ta MOT-
EUR [24]. Onnak 3a3naueni CKPII opienToBani Ha BUKO-
pucranns nesnoro 1113, a came ASKALON opientoBana
na sukopucranus 1113 Clobus, cucrema MOTEUR — Ha
BUKopucTaHHs glite. BinnosinHe pilieHHs He € THYYKUM
Ta yHiBepCcaJbHUM, OCKIJIbKI HE [03BOJISE 3ayYaTn JIJIs
BUKOHAHHS 0OYMCIEHb POOOYOTO MOTOKY PECcypCH, IO
BUKOPUCTOBYI0TH pisne [I113.

B po6oTi mpornoHyeThCs PO3IMIMPEHHS] apXiTeKTypHU
dpeitmBopky WS-PGRADE wmexanismamu ontumizanii
IJaHyBaHHS PISHUX TUIIB 3aBAaHb y grid-cepegoBuii.

4. IIpoexryBanus ppeiiMmBopky s crBopents GRID-
3actocyBamb Ha 6a3i gUSE/WS-PGRADE

Apxitextypa dppeiimBopky gUSE/WS-PGRADE 6yua
posuiupena cepsicamu Extended gUSE Services. 3araibaa
apxitektypa ¢GpeiiMBOPKY IIpe/icTaBIeHA Ha PUC. 3.

DpeiimBopk gUSE/WS-PGRADE Hanae intepdeiicu
(Application Specific Module API ta Remote API) misa
po3poOKKM BHCOKOpPiBHEBUX grid-zacTocyBaHb, creriai-
30BaHUX JIJIsI BUPIUIEHHS HAYKOBUX 3aBJaHb pisHux grid-
CITiBTOBApUCTB.
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nge coboio Habip BHUCO-
KOPiBHEBUX cepBiciB Ta
peasizoBaHuil sik Habip
web-cayx6. Kommnonen-
tu gUSE peecrtpyioTbesi B lenTpasizoBaniii indopma-
miiiuiit cucremi (Information System) ta MOXyTh OyTH
po3mojijieni Ha JeKiJbKa cepBepiB 3 METOIO MiABUIIEHH T
IPOAYKTHBHOCTI POOGOTH 3aCTOCYBAaHHSI, IO JOBOIUTD
MaciTaboBaHICTh apXiTeKTy pu (GpeliMBOPKY.

Monynb ayrenTtudikaiiii peasizye ceppicu B3aemo-
nii Ta BuKopucTaHHS ¢yHKIioHAaTy MyProxy-cepsepy.
[HCcTpyMeHTH TONIYKY BiJZIaJIeHUX CXOBUIL JaHUX, BiJ-
NpaBJeHHS Ta OTPUMaHHS JaHUX 3/Ha pPecypc peasiso-
BaHo B Meskax kommonenTy File Storage. gUSE namae API
1Jist poboTu 3 pernosutopieM o6pasiB pobOYUX MOTOKIB
— BU3HAYCHUX ITapaMETPiB Ta HAJAITYBAaHb IIPUKJIA/HOI
3a/1a4i, 1110 JI03BOJISE CIIIBIIPAIIOBATH KOPUCTYBadyaM Bip-
TyaJbHUX OpraHizaiiil HaJ Po3poOKOW Ta aJalTali€io
HAYKOBUX 3aBIaHb JJIsl BUPilIeHHs y grid-cepepoBui.

KlieHTChKY YacTUHY PeLaKkToOpPy MOTOKIB pobiT peaJi-
3oBano y Bursi desktop-s3acrocyBanus Ha 6asi TeXHOJIO-
riit JAVA AWT ta Swing. PeasnizoBano MexaHi3mMu aBTO-
MmatnuHoro dopmyBanHa JDL-cmenudikarmii. Anxroputm
00YUCIIOBATIBHOTO OJIOKY 3aBlaHHSI MOKe Oy TH IIPeCTaB-
JeHuil y Burasai: a) GiHAPHOrO BUKOHYBaHOro aiiny;
6) Bukauky web-cepsicy (3 Bukopucranuam REST-nigxo-
J1Y); B) BUKJUKY BKJIaJIEHOTO IIOTOKY POOIT.

B mexkax pospobuioBaHoro B po6oTi (GhpeiiMBOpKY
3 po3mupeHuM HaGOPOM CEPBICIB peasizoBaHO MOAYJb
IPOEKTYBaHHs Ta aHamizy motokis podit (Workflow Ed-
itor and Analyzer). KimieHTCbKY YacTHHY pefakTOpy IMO-
TOKIB POGIT peasii3oBaHO 3 BUKOpHCTaHHAM JavaScript
6i6aiorex D3.js [25] Ta helios.js [26] 3 MeTOI0 3MeHIIEHHS
BUMOT JI0 IIPOrPaMHOTO 3a0e3NedyeHHss KAIEHTChKOI Ma-
munu (puc. 4).

Puc. 4. PegakTtop notokis pobit

OKpiM CTaHIAPTHUX, HAJAETHCI MOKJIUBICTH BU3HA-
YEHHS TAKUX T1apaMeTPiB 3aBJaHHs K NPUOAU3HA OIliH-
Ka PO3MIipHOCTI 0OuYMCcIeHb, 06CATH BXiAHUX/BUXIAHUX
nanux ta QoS mapamerpu. BeemeHo nmoHsTTS 1mabJOHY
pobOYOro MOTOKY Ta peasi3oBaHi HACTYIHI MabIOHU:
napaJjejbHa 06po6Ka TaHNX; OAHOPIAHUH/HEOLHOPI AHU I
pobounii moTik; 3banmancosani/mesbamancoBani pobodi
noroku. PeanizoBani mexaniamu Bepudikaiiii Ta aBroma-
TU30BaHOI TUMI3allii CIPOEKTOBAHOTO IOTOKY POOIT.

IenyioTh nBa miagXoaM M0 KOMIIO3WIi KOMIIOHEHTIB
pobouoro noToky — opkecTpoBka i xopeorpadis [1]. Ke-
PYBaHHS BUKOHAHHSIM CKJIAJOBUX ITOTOKY POOIT 31 HCHIO-
€TBCH 3Ti/IHO MEePUIOTO MiJAX0Y — OPKECTPOBKA, OCKIJIbKHU
NPYTHUI MiAXiJ YyCKIAAHIOE BUKOPUCTAHHS PeCypciB, M0
npamioiots mix pizuuMm I1113. 3amyck mooxmuoKUX 3a-
BlaHb (CKJIQJ0BUX MOTOKY POOIT), 3allUT Ha IEPECUIIKY
JAHUX 3 OJHOTO By3Jia Ha iHIIHH BUKOHYETHCS MeTabpoO-
KEepoM MOTOKY PoOiT, AKUIl Mpallioe Ha CepBEPHiil cTOpOHi
(bpeitMBOPKY Ta KOHTPOJIOE CTAH BUKOHAHHS CKJIAJ0BUX
3amavi. [lna peanizaiii 3B’SI3Ky MepiofuyHOI CUHXPO-
Hizanii Merabpokep i3 3amaHuM mHepiogoM mepesipse
HasBHICTH HOBOI MOPIii BUXIAHUX AaHUX OAHOTO GJOKY,
nepecusac ix Ha pecypce, e BUKOHYETHCS APYTUii 6JI0K,
Ta CTAPTYE BUKOHAHHS J[PYTOTr0 OJIOKY 3 HOBOIO MOPIEI0
BXi/THUX JaHUX.

Moaynb TmIaHyBaHHSA BUKOHAHHS TOTOKIB poOIT
(Scheduling Engine) peasizye Mexamism omTumisarii
BUOOpY pecypciB 3 ypaxyBaHHSM Ia0JIOHY Ta mapame-
TpiB grid-saBmaHHs, a TaKOXK JaHUX HPO PiBeHb SKOCTI
nocayr pecypciB QoS. Ha manuii MoMeHT peasi3oBaHO
€BPUCTUYHUI aJTOPUTM MJAHYBAHHS Ha OCHOBI CITUCKIB



3 ypaxyBaHHsAM 3aJexHocreit Heterogeneous-Earliest-
Finish-Time (HEFT) [2] Ta sanponoHoBanuii aBTopamMu
aJITOPUTM IJaHyBaHHA Ha 6a3i MeTony AMHAMIYHOIO
MPOTPaMyBaHHs, [0 BPAXOBYIOTH YaC BUKOHAHHS 00UHC-
JIIOBAJIBHOTO OJIOKY HA IEBHOMY PECYPCI, 4ac O4iKyBaHHsI
B 4epsi 70 pecypcy, yac Ha IepecuaHHd JaHUX MiX
00YHCITOBATTPHUMU OJOKAMU Ta BAPTICTh BUKOPUCTAHHS
grid-pecypcy. Burisia uinbosoi QyHKIIT 3aMeKuTh Bij
sanuryBaHoro piBast QoS — mpiopurer yacy a6o BapTo-
cti. B sarasmpHomMy BUnmaaky miabosa GyHKIlisA € 6arato-
KpHUTepPiaJIbHOIO:

o=f (time, cost) —min. )

O6uBa aJropuT™MU XapaKTEePU3YIOTHCS JiHIUHOI
CKJIAZIHICTIO. 3 METOIO OIiHKH e(eKTUBHOCTI aJITOPUTMIB
[JIAHYBAHHS, a TAKOXK OTPUMAHHS MPUOIM3HOI OIIHKY
yacy BUKOHAHHS 3aBJlaHHS B PEXUMI peajbHOrO yacy
Oysno peasizoBaHO iMiTalliiHy MOJeJb BUKOHAHHS 3a-
BlaHb pisHoro tuiy y grid-cepeposuii Ha 6a3si iHcTpy-
merTy GridSim [27] (Modeling System), apxitekTypy
SIKOTO GYJI0 PO3IIUPEHO MOYJISIMU [ PECTABIEHHS MOJIE-
Jii 3aBJlaHHS Yy BUTJISA/I TIOTOKY POGIT Ta MpeACTaBIeHHs
MojeJii TeTeporeHHoi grid-mepesxi.

BukopucroByeTbcsa AuHaMIiuHAN MiAXiA 10 MJIaHY-
BaHHsI HOTOKIB POBIT, 1110 BPAXOBYE AMHAMIKY BUKOHAHHSI
3aB/laHHS (CTAaH BUKOHAHHS CKJIA/IOBUX 3aBIAHHS, Bpaxy-
BaHHS CUTYyallill, KOJU 3aBIaHHs MOKe OyTU BUTICHEHO
THIIUM, 10 Ma€ OiJIbII BUCOKMIT MPIOPUTET) Ta AMHAMIY-
HicTh grid-mMepeski (cTaH Ta 3aBaHTaKEHICTh pecypcis,
3MiHEHHS JIOKAJbHUX MOJITUK PO3TMO/IiJIeHHS PECYpCiB).
Moyib nlaHyBaHHS HAJA€ MOXKJIMBICTH MOTEPEHBOTO
3aMOBJIEHHS pecypciB s Tux grid-caiiTis, o nigrpumy-
I0Tb 3a3HaYEHY TOJITUKY BU/IIJIEHHS PECyPCiB.

3 Merow ouiHku sikocTi nocayr grid-pecypcis a6o
KOpUTyBaHHA PiBHIB Q0S, oTpuMaHMUX Ha MijCTaBi jaes-
koro SLA (Service-level agreement), pospobisieTbest Mo-
ayJb 360py Ta anasisy pisHs QoS pecypcis grid-mepesxi
(QoS Data Miner). Posrasigaiorbest Taki THIIN JaHUX PO
piBeHb TOCJAYT — y3arajbHeHi AaHi (IPOIMyCKHA CIIPO-
MOJKHICTb Mepexi, 06YnCcIoBaIbHa MOTYKHICTh BY3JIiB,
00’eM ZMCKOBOTO MPOCTOPY, TOIIO) Ta HESIBHI AaHi PO
piBeHDb AKOCTi MocayT (3aBaHTa’KeHICTh Ta YacTOTa Bif-
MOBHU BY3JIiB, Uac IPOCTOIO 3aB/laHb B uep3i, 3MaraHHs 3a
MEeBHUI pecypc Ha By3Jax MixK He3aJeKHUMU 3a/Ja4aMn).
BisbmricTs y3arajgbHeHUX JaHUX MOKJIUBO OTPUMATHU 3
BUKOpucTanHAM indopmaniitnux cepsicis [1113 (GLUE2
XML Tta LDAP). [/Ina BusHaueHHS HESIBHUX Iapame-
TPiB BUKOPUCTOBYETHCSI MeXaHi3M IepioJMYHOro 3ally-
CKY <ITOPOKHIX» MPOrpaM-o6ropToK, Mo He BUKOHYIOTH

obuuc/eHb, OHAK [I03BOJSIOTH OTpUMATH iHGOPMAIlito
npo cran grid-mepesxi. [luasa ananizy piBasg QoS Takox
BUKOPHUCTOBYETHCS CTATUCTUKA BUKOHAHHS PeaTbHUX 3a-
Braub B grid. /l1s ximacrepusaliii Ta mogaIblioro aHamisy
CTaTUCTUYHOI iHopMallii, mpecTaBIeHol y BUTJIS/ JIOT-
(daiinis, Bukopucroyerbes 6ibmioreka AfterGlow [28].
Monymb aBTOMAaTHYHOTO BU3HAYEHH TpiopuTeTiB Rating
Module na ocHoBi cTaTUCTUKM BUKOHAHHS 3aBAaHb Ha
MeBHOMY pecypcCi BCTAHOBJIOE KoedilieHTH 3HAYNMOCTI
nokasuHukiB QoS.

MoxuBiCTh BU3HAYEHHS B SKOCTI CepefioBUINA BHU-
KOHAHHSI 3aBJaHHsI 00pa3y BipTyabHOI MALIMHU, 1[0 MA€
OyTu PO3ropHYTa Ha Pecypci AJist BAKOHAHHS 00UUCIIeHb,
peaJtizyeTbest cepBicaMu MoayJist 30epirannst o6pasis VM
Images Storage na 6asi cucremu oVirt [29]. Cepsicu 06-
JIIKY BUKOPUCTaHHSA 00YMCIIOBAIBHUX PECYPCIiB Ta 3/1ilic-
HeHHsI HapaxyBaHb 3TiIHO BCTAHOBJIEHUX BJIACHUKOM
tapudiB peasizoBani B Mexxkax moayist Resource Usage
Accounting wa 6a3i intepdeiicis I1113 APEL ta DGAS
client.

5. BucHoBku

B po6ori posrisiHyTi 0cO6JMBOCTI BUKOPUCTAHHS
grid-indpacTpyKTypu [ BUPIMIEHHS Pi3HUX TUTIB 06-
YUCAIOBaJbHUX 3aBAalb, Ha Oasi yoro cpopmMoBaHi BU-
MOr# 710 3aco6iB po3pobku BUCOKOpiBHeBUX grid-3acTo-
cyBanb. HaBemeni pesysbraTu HOCJiKEHHS iCHYIOUMX
IHCTPYMEHTIB po3poOku grid-3acTocyBaHb Ta 3alPOIIOHO-
BaHO PO3IMUpeHHd apXiTekTypu dhpeitmBopky gUSE/ WS-
PGRADE moaynsgamu njaHyBaHHS BUKOHAHHS 3aBJaHb
pisHOTO THNY 3 ypaxyBaHHAM QOS Ta MOTOYHOTO CTaHY
grid-mepesxi.

Cepsicu npoekTyBaHHsi po6OUMUX MOTOKIB PO3IIUpPE-
Hi MOXKJMBICTIO BU3HAYEHHSI PO3MIPHOCTI 06YMCIEHb Ta
JIAHWX, [0 TEePECUIAIOTHCS, a TAKOK BU3HAYEHHS 00pasy
BipTyaJIbHOI MAIllMHM B SIKOCTi CepelOBUINA BUKOHAHHS
obuncioBaabHOTO 0JI0KY 3aBmaHus. Ilepepbavaorbes
MexaHizmMu Bepudikaiii Ta Tuiisanii crpykTypu poboumnx
ITOTOKIB.

DpeliMBOPK pO3POOISETHCS B MEKAX BiIKPUTOIO TIPO-
exTy. Pesyznbrar Oyge npexacraBieHuii y BUIJIAIL java-
6i6s1i0TeK Ta NPUKJIAAy 3aCTOCYBaHHs (GPEUMBOPKY 1Jist
cTBopeHHst grid-moprany BipTyasbHOI opraisauii exo-
HOMIYHOTO NMPOTHO3YBaHHs. 3acTocyBaHus GpeiiMBOPKY
JIO3BOJIUTH 3MEHIIUTU BUTPATU NPU PO3poOIi KpocIiar-
dbopmennunx grid-sacTocyBanb Ta MiABUIIUTH e(DEKTHB-
HiCTh BUKOpHUCTaHHs grid-cepepoBuina /Jisi BUPIIIEHHS
MPUKJIATHNX 327124 PI3HUX HAYKOBUX TaTy3eil.
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