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KoJbneBbie ajaropuTMbl JUCHeTYEPU3ANME MACCHBAMH 3a8BOK
B Grid-cucremax

B danvnetiwem pazsumuu cpedvt pecypcHbix npsmMoy20AbHUK08, KAK 0CHOGbI Meopuu NOAUHOMUAABHOU OUCHemYepu3ayui, on-
Dpe0ensiiomes onepayuu OUHAMU4eckKoe0 UHMeSPUPOBAaHUs PECYPCHbIX NPAMOY2OAbHUKO8 C NPeBbluleHUeM U MUHUMAAbHLIM OM-
KaoHeHuem. Ha ocnoee smux onepayuii pazpabamol8aromcs HA4aabHO-KOAbUEGOU C NPEeGblUeHUeM U HaAYANbHO-KOAbYEBOl ¢ MU-
HUMAAbHBIM OMKAOHEHUEM AA20PUMMbL, A0ANMUPOBAHHbIE NOO MACCUBYI 3AA60K Kpy206oeo muna. [Ipogodumcs ducnemuuposa-
HUe U BbIMUCAAIOMCA I6PUCMUYECKUe MePbl PeCYPCHbIX 000104eK NOAUHOMUAALHBIX KOAbUEbIX aneopummos. CpagHumensHboil
aHaau3 NOKAa3bleaem NPeuMyuecmeo npeoaazaemvbix NOAUHOMUAALHBIX AN0PUMMO8 U NO3B0As1em PeKOMeH008amb K UCHOAb30-
sanuto 6 Grid-cucmemax ¢ yeHmpaliu308aHHol CMpyKmypou.

Karoueevie caoea: Grid-cucmema, ueHmpaiu3o8anHas cmpykmypa cucmemvt OUCHEMHUPOBAHUS, MYAbMUCAUMHBLI PeNCUM
obcayscusanus, onepayus OUHAMUYECK020 UHMeSPUPOBAHUS PECYPCHBIX NPAMOY20AbHUKO8 N0 20PU3OHMANU C NPeBbluleHUEM, One-
pauuss OUHAMUYECK020 UHMeePUPOBAHUsL PECYPCHbIX NPIMOY2OAbHUKO8 NO 2OPU3OHMAAU C MUHUMAALHLIM OMKAOHEHUEM, aae0-
UMM ROAUHOMUANBHOU MPYOOEMKOCMU, HeIBKAUO08A IPUCMUYECKAs Mepa, HAYAAbHO-KOAbUEBOU C NPegbliueHUeM ANe0PUMM,

HallaﬂbHO—ICO/lbueeoL? C MUHUMAABHbIM OMK/AOHEHUeM ancopumm, maccue 3asi60K Kpyec06020 muna

BBenenne

Grid-cuctembl, cocTosIlMe W3 CAWTOB, ColepKa-
LIMX IapajuieabHble cucTeMbl [1—5], kmaccuduumpy-
I0TCSI TIO TMIY apXUTEKTYypbl Ha LIECHTPAJIM30BaHHbIE,
hepapxuueckue, pacnpeaeyneHHsie [1]. B uentpanuso-
BaHHOI1 CTPYKTYpe LIEHTPaJIbHbINA AUCIIETYep o0sanaeT
Bcell MHGopMaleil 0 BRIYUCIUTENbHBIX pecypcax u
MHOTOIPOIIECCOPHBIX 3asiBKAX (TIPUMEP CUCTEMBI YITPaB-
JIeHUS pecypcaMM LIeHTpPaJuM30BaHHOU CTPYKTYpbl
KOALA mpuBeneH B padore [6]).

ITo criocoby o0beaMHEHMST PECYPCOB IIST PELICHUS
3as1IBKM pa3jiMyaloT OJHOCAMTHOE AMCIIETYMPOBAHUE U
MYJIbTUCANTHOE MWCIIeTYMPOBAHUE, KOrIa MHOTOIPO-
LIeCCOpHasl 3asBKa BBIMOJHSETCS OIHOBPEMEHHO Ha
HECKOJIbKUX caiTax [1] (mpuMep CUCTeMBI yIIpaBJICHUS
pecypcaMu, TOAAepXUBaWOLIEl KO-aJUToKaluio Mpu-
BeneH B pabote KOALA [7]).

Grid-cuctemMbl ¢ LIEHTPAIM30BAaHHOW CTPYKTYpPOit
CHUCTEeMbl THUCIETYMPOBAHUS, (YHKUMOHUPYIOIIME B
pexXuMe MYJIbTUCAWTHOrO IMCIETYMPOBAHMS, MOIe-
JINPYIOTCSI PECYPCHBIM KBajapaHToM [8, 9].

ITonaraem, 4To 3asiBKM TPEOYIOT TOJIBKO ITPOLIECCOPHI
M He BKJII0OYaeM B paCCMOTPEHME APYTue BUIbI PECYPCOB
Grid-cucremsl [10]. B HacToseit paboTe paccMaTpu-
BalOTCs BBIYMCIUTENIbHBIE 3asiBKU [11, 12] ¢ 3apaHee
MU3BECTHBIM BpeMeHeM pelleHus [13], B KOTOpbIX YKCII0

TpeOyeMBbIX IIPOIIECCOPOB OIpEIessaeT IOJIb30BATEIh
IIpu mojgade B cucremy [14].

ITpu npeacTaBiieHUU 3asiBKU MOJIb30BaTENS 1J1sI 00-
chayxxuBaHus aucnetdepoMm Grid-cucteMbl B BUle pe-
CYPCHOTO MPSIMOYTOJIbHMKA TOPU30OHTAIBHOE Y BEPTH -
KaJlbHOE M3MEpPEeHUs COOTBETCTBEHHO TPUHUMAIOTCS
pPaBHBIMU YHCITy €IWHUI] pecypca BpeMeHHU | TIpoIiec-
COpoB, TpeOyeMomy ist 00paboTkm 3asaBKu [15].

3amaua pacnpeneeHus] PeCypCHBIX MPSIMOYTOJb-
HUKOB (aHIJI. — rectangle packing problem) 3KBUBaJIeHT-
Ha 3agadye COCTABJICHUS pacIMCaHMS OOCTYXKWBaHUS
MHOTOIPOIIECCOPHBIX 3asBOK — 3amade AVCIIeTYNPOBa-
Husl (aHMI. — Scheduling problem) — Tipu yClIOBUU BbI-
JIeJIEHUS 11T 0OpabOTKU 3asIBKU ITPOIIECCOPOB C TIOCe-
JloBaTeJIbHbIMU HoMepamu [15—19] (aHr1. — consecutive
indexed processors [15], processors of consecutive addresses
[16], contiguous processors [17]). B pabote [17] mns
IUCTICTYMPOBAHUS, HAa3HAYaOIIeTo OOCIy:XKMBaHUE
3as1BKM Ha MPOLIECCOPhI C MOAPSI UAYLIMMU HOMEpa-
MU, UCITOJIb3YETCSI TEPMUH contiguous scheduling.

Hns1 ynpapieHus pacnpeaeseHueM BblYMCAUTEb-
HO-BpeMeHHBIX pecypcoB B [8, 20—23] pa3paboraHa
cpena pecypcHBIX IPSMOYTOJbHMKOB Kak armapar
TEOPUU MOJMHOMUATBHON AUCIIeTYepu3auu. B cpene
PECYPCHBIX TIPSIMOYTOJIbHUKOB BBEIEHBI OIepaluu
HaJl pECYpCHBIMU MPSIMOYTOJIbHUKAMU U TIPEIIOXEHBI
9BPUCTUYECKUE aJTOPUTMBbI pacIlpelesieHus] pecyp-
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Puc. 1. Beprukanbhas cynepno3uuus rpaseii ¢ Hegocratkom [8]
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Puc. 2. Topu3oHTabHAS CynNepno3uiMs rpaHeii ¢ HegocTtaTkom [8]
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Puc. 3. Beprukajibnas cynepno3uums rpaseii ¢ npesbimennem [24]

COB, OCHOBaHHbIe Ha BBeNeHHbIX onepanusx. [Tokaza-
Ha TOJMHOMMATbHAsI TPYIOEMKOCTb TaKUX aJITOPUT-
MoB. B paborax [8, 20—23] npeajoxeHa u pa3padora-
Ha KBaapaTWyHas Kiaccudukaluss MHOXecTBa 3as-
BoK. [losMHOMUANIbHBIE AJITOPUTMBI, HCCIEAyeMble B
[8, 20—23], amanTUpoBaHbI IIOJ COOTBETCTBYIOLIMI
KBaJpaTUYHBIN TUIT MaccrBa 3asiBOK.

B HacToseit pabore BBOOSITCS HOBBIE OIEpaliy B
cpene pecypCHBIX MPSIMOYTOJBHUKOB M Ha MX OCHOBE
pa3pabaThIBAIOTCS KOJBLEBBIE aJITOPUTMBI, alaiTUPO-
BaHHBIC TTOJ MAaCCUBHI 3asIBOK KPYTOBOTO THIIA.

KoJibnieBbI€ aJrOpuTMBI 00CTyKHBAHHAS
B Grid-cucremax

B [8] ompeneneHsl onepanui JUHAMUYECKOTO MH-
TETPUPOBAHUS PECYPCHBIX TIPSIMOYTOJIBHUKOB 110 Bep-
TUKQJIU U TI0 TOPU3OHTAIU, COCTOSIILIIME B HAMJIy4llleM
NpUONMKEHUU 3aJaHHOTO YPOBHSI C HEAOCTAaTKOM
(puc. 1, 2).

B [24] onpeneneHbl onepaliuu AMHAMUYECKOTO MH-
TErpUPOBAHUS PECYPCHBIX MPSIMOYTOJIBHUKOB IO BEp-
TUKaJIW C MpeBbllIeHUEM (pUC. 3) U ¢ MUHUMAJIbHBIM
OTKJIOHEHUEM.

CumBonoM [a(j), b(j)] obo3HauaeTcs j-s1 3as1BKa,
Tpebytomas a(j) eAMHUL] BpeMeHU U b(j) eAUHULI PO~
eccopoB. Onpenenum ciaenymolnue onepaunu. Onepa-
LIMST IMHAMUYECKOTO MHTETPUPOBAHUSI PECYPCHBIX TIPSI-
MOYTOJIBHUKOB TT0 TOPU3OHTAIM C MPEBBLIIIEHUEM CO-
CTOUT B HAWJIYYLIEM TTPUOINKEHUH IIPOTSKEHHOCTH L

Jo
¢ u30bITKOM Y a(j') = L + 0 mocpeacTBoM ropu3oH-
J=1
Jo
TaJIbHOIA cyneprosuuny rpanein U l[a(j), b(j)] (puc. 4).
j=

Ormepannst TMHAMWYECKOTO WHTETPUPOBAHUST pe-
CYPCHBIX MIPSIMOYTOJTEHUKOB TT0 TOPU30HTAIN C MUHU-
MaJIbHBIM OTKJIOHEHHEM COCTOMT B HAWJIYJIIIEM TIpU-

Jo
Ommxennn Y a(j') = L = 0 mporskenHocTr L ¢ mipe-
ji=1
BhIIIEHUEM (CM. puc. 4) UM HEAOCTATKOM (CM. pHUC. 2)
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Puc. 4. l'opn3oHTaibHas Cynepno3unus rpaneil ¢ npeBbIlIeHHEM
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MOCPEICTBOM TOPU3OHTAILHOM CYIEPTNIO3ULIMU TPAHEN
Jo

U la(), b()].

j=1

IIpemiaraemplie ganee HayaabHO-KOJBILIEBOW alaro-
PUTM C TIPEBBILIEHWEM M HAYAJIbHO-KOJIBIIEBOM ajro-
PUTM C MUHMMAaJIbHBIM OTKJIOHEHUEM SIBJISIIOTCS Bapu-
aHTaMM HavyaJIbHO-KOJIBLIEBOTO aJTOPUTMa C HEIOC-
TaTKoM [8], Takke aganTUPOBAHHBIMU MO KPYTOBOM
TUIT MacCHBa 3asIBOK.

HavanbHO-KOJbLIEBOM aJIrOPUTM C TPEBBILIEHUEM
OCHOBaH Ha onepaluu ITMHAMAYeCKOro MHTErpupoBa-
HUS PECYPCHBIX MPSMOYTOJIbHUKOB MO BEPTUKAIU U
10 TOPU3OHTAIM C TpeBbIeHrneM. PyHKIIMOHNPOBA-
HUE ajJropuTMa aHaJOrMYHO IpuBeAcHHOMY B [§],
C TEM OTJIMYMEM, YTO Ha KaxXIOM Ilare pecypcHbIe
MPSIMOYTOJIbHUKK BEPTUKAJIBHO CYIEPHO3UPYIOTCS A0
HAWIYYIIero MPUOIMKEHUs] YPOBHSI OOOJIOYKM C M3-
OBITKOM WM TOPU3OHTAJIBbHO CYIEPHO3UPYIOTCS A0
HauJyyllero npuoauXeHus MPOTIKEHHOCTU 000JI0U-
KM C U30BITKOM COOTBETCTBEHHO (puc. 5).
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Puc. 5. YKi1aaka HauaIbHO-KOJIbIEBbIM AJITOPHTMOM C NPEBBIICHH-
€M MacCHBa 3asBOK KPYroBOrO THIA
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Puc. 6. YKiaaKka Ha4yaJbHO-KOJIbIEBBIM AJrOPHTMOM C MHHHMAJb-
HbIM OTKJIOHEHHEM MACCHBA 3a5BOK KPYrOBOTO THIIA

HavanbHO-KOJIbLIEBOI aJrOPUTM ¢ MUHUMAJIbHBIM
OTKJIOHEHMEM OCHOBAH Ha ollepaluy JUHAMUYECKOIo
WHTETPUPOBAHMS PECYPCHBIX MPSIMOYTOJILHUKOB T10 Bep-
TUKaJIU U MO TOPU3OHTAIM C MUHUMAJIbHBIM OTKJIOHE-
HueM. OYHKIIMOHUPOBAHUE AJITOPUTMA AHAJIOTUYHO
MpUBEAECHHOMY B [8], ¢ TeM OTJIMYMEM, UTO Ha KAXKIOM
1Iare pecypcHbie MPSIMOYTOJIbBHUKU BEPTUKAJIBHO CY-
MePHO3UPYIOTCS 1O HAUTYULIero MpUOIVXKEeHUST YPOB-
H$1 000JI0YKU ¢ MUHVMAIbHBIM OTKJIOHEHUEM WJIU TO-
PU30HTAILHO CYNEPIIO3UPYIOTCS 10 HAMIYYIIETO MPU-
OMVKEeHUsI MPOTSLKEHHOCTU OOOJIOUKM ¢ MMHUMaJlb-
HBIM OTKJIOHEHHMEM COOTBETCTBEHHO (pucC. 6).

HMccnenoBaHre HayajabHO-KOJBLIEBOIO aJlfTOPUTMa
npoBeneHo B [8, 27], majmee paccMaTpUBalOTCS Hayalb-
HO-KOJIbLIEBOI aJITOPUTM C MPEBbILLIEHEM, HaYaJIbHO-
KOJIBLIEBOI QJITOPUTM C MUHMMAJIbHBIM OTKJIOHEHUEM
U MPOBOIUTCSI CPABHUTENbHBIN aHAIN3 KOJIbLIEBBIX aJl-
TOPUTMOB.

I[ncne'mepnsaunﬂ KOJIBIIEBBIMH QAJI'OPUTMAMH
MAaCCHBOB 3a4BOK KpPYroBoro tuma

KadecTBO mucrieTdnpoBaHUs 3BPUCTUYECKUX aJITO-
PUTMOB OLIEHUBAECTCI HEIBKIIMAOBOU 3BPUCTUYECKON
MEepOii, YUUThIBAIOLLIEW Hapsiay C IJI0OIAAb0 U (hopMy
3aHSITOM pecypcHOM obnactu. Belunciaum sBpucTuye-
CKMe Mepbl PECYpPCHBIX 000JIOUEK, MOJyYaeMbIX TpU
JUCIIETYUPOBAHUU MOJEIbHBIX TPUMEPOB MHOXECTBA
PECYPCHBIX KBAaIpaToB, CO CTOPOHAMMU, PAaBHBIMU MO-
cliefoBaTeIbHBIM HATypaJllbHbIM 4HWCJIaM, HauuHas ¢
€IWHUIIbI, MOJUHOMUAJIbHBIMU aJroOpuTMaMu: Ha-
YaJIbHO-KOJIbLIEBBIM aJITOPUTMOM C TIPEBBIIIIEHUEM,
HavyaJIbHO-KOJIbLEBBIM aJITOPUTMOM C MUHUMAJIbHBIM
OTKJIOHEHUEM.

st MaccuBa pecypcHBIX KBaapatoB (kK — j) X (k— ),
j=0,1,.., k— 1, upu k= 32[25, 26] cOOTBETCTBYIO-
1€ MMOCTPOCHUSI HAYaIbHO-KOJIBIIEBBIM aJITOPUTMOM
MpuBeJeHbI Ha puc. 7 [27]. B ueHTpe KBaapaTa ykazaH
pa3Mep ero CTOPOHBI. DBPUCTUYECKHME MEPBI PECYPCHBIX
000J104eK HaYaJIbHO-KOJIBLICBOTO aJITOPUTMa JIJIsT Mac-
CHBa peCypCHBIX KBaIpaTOB BHIYMCIEHHI B pabote [8].

st MaccuBa pecypcHbIX KBaapaToB (kK — j) X (k — ),
j=0,1, .., k— 1, ipu kK = 32 cOOTBETCTBYIOIIUE TTO-
CTPOEHUsI HAaYaIbHO-KOJbLEBbIM JITOPUTMOM C TIpe-
BbILLIEHUEM TPUBEIEHBI Ha pucC. 8.

DBPUCTUYECKHE Mepbl PECYPCHBIX 000J0YEK Ha-
YaJIbHO-KOJIbLIEBOTO aJITOPUTMA C MPEBBILIEHUEM IS
MacCuBa PeCypCHBIX KBaApaTOB MpUBEAEHEI B Ta0I. 1.

Bunym, yTo aBpUCTUYECKUE MEPBI PECYPCHBIX 000-
JIOUEeK HayaJabHO-KOJbLIEBOrO aJropuTMa C MpeBbliie-

HUEM He TPEBOCXOIAT 3HAUCHUS % + 0,29.

st MaccuBa pecypcHBIX KBaaparoB (kK — j) X (k— ),
j=0,1, .., k— 1, ipu kK = 32 cOOTBETCTBYIOIIUE TTO-
CTPOCHUSI HAYaJIbHO-KOJBLEBBIM AJITOPUTMOM C MMU-
HMMaJIbHBIM OTKJIOHCHHEM IIpHMBEIEHBI Ha puc. 9.
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Puc. 7. YKiaagka HaYaIbHO-KOJIbIEBbIM AJITOPUTMOM MACCHBA pe-
CYPCHBIX KBaapatos [27]
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Puc. 8. YKnanaka HayajbHO-KOJIbIEBBIM AJITOPUTMOM C NpeBbIIIEHA-
€M MacCHBa PecypCHbIX KBaJPaToB
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Puc. 9. YKiagka HayaJbHO-KOJIbIIEBbIM AJITOPUTMOM C MUHUMAJIb-

HbIM OTKJIOHCHHEM MACCHBA PECYPCHBIX KBAJAPATOB

Tabauua 1

DBPHUCTHYECKHE MEPBI PECYPCHBIX 000J104€eK
HAYJIbHO-KOJIBIIEBOTO AJrOPUTMA C NMpPEBbILIEHAEM

k DBpUCTU- k DBpPUCTU- k DBpPUCTU-
yeckasi Mmepa yeckasi Mepa yeckasi Mepa
12 0,69 19 0,74 26 0,73
13 0,69 20 0,75 27 0,75
14 0,68 21 0,76 28 0,77
15 0,71 22 0,76 29 0,69
16 0,76 23 0,79 30 0,70
17 0,71 24 0,74 31 0,72
18 0,73 25 0,71 32 0,73
Tabnuua 2

DBPUCTHYECKHE MEPbI PECYPCHBIX 000J104€eK
HAYAJIbHO-KOJIbLEBOr0 AJITOPUTMA ¢ MUHUMAJIBHBIM OTKJIOHEHHEM

& DBpUCTU- k DBpPUCTU- & DBpPUCTU-
gyeckast Mepa yeckasi Mepa yeckasi Mepa
12 0,66 19 0,65 26 0,59
13 0,63 20 0,63 27 0,60
14 0,62 21 0,64 28 0,61
15 0,61 22 0,63 29 0,61
16 0,63 23 0,63 30 0,63
17 0,65 24 0,61 31 0,64
18 0,67 25 0,60 32 0,63

OBPUCTUYECKNE MEpPhl PECYPCHBIX 0O00JIOYEK Ha-
YaJIbHO-KOJIBLIEBOTO JITOPUTMAa C MUHUMAJIBHBIM OT-
KJIOHEHUEM JIJISI MacCuBa PECYpPCHBIX KBaJpaToOB MpPH-
BeIEHBI B Ta0J. 2.

Buaum, 4yTo 3BpUCTUUYECKIE MEPHBI PECYPCHBIX 000-
JIOUEK HayaJbHO-KOJIbIIEBOTO aJITOPUTMAa C MUHUMAJIb-

1
4+ .
3 0,17

I'pacpyku 3BpUCTUUECKON MEPHI PECYPCHBIX 000J10-
YeK HayaJbHO-KOJIbLIEBOTO, HAYaJbHO-KOJbIEBOIO C
MpeBbIILIEHUEM U Ha4YaJIbHO-KOJIbLIEBOI'O C MUHUMAJIb-

HBIM OTKJIOHCHHMEM HE TIPEBOCXOIAT 3HAYCHUA

HBIM OTKJIOHEHUEM aJITOPUTMOB JUCIIETYCPU3ALIUU
MacCuBa peCypCHBIX KBaJpaTOB IToKa3aHbI Ha puc. 10.

BunyMm, 4T0 HayaIbHO-KOJIBLIEBOM aJrOPUTM C TIpe-
BBILLIEHMEM MMEET OOJIBbIIYI0O 3BPUCTUYECKYIO MEPY 110
CPaBHEHMIO C IPYTMMH aHAIM3UPYEMBIMU aJITOPUTMAMU.
CpaBHeHMe pe3yJIbTaTOB 3BPUCTUYECKIX MEP pecypc-
HBIX 000/I04eK HadaJbHO-KOJIBLIEBOIO0 C MHHUMaJlb-
HBIM OTKJIOHEHHEM 1 HayaJIbHO-KOJIbLIEBOTO (C HEA0C-
TaTKOM) aJTOPUTMOB HE TMO3BOJISIET OTAATh MPEATIOY-
TeHHEe KaKOMY-JIM0O U3 HUX, TaK KakK JJIs OOHMX 3Ha-
yeHUi mapamerpa k (Hampumep, k = 26, 27, 28, 29)
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Puc. 10. DBpucTHYECKHE MeEPbI PECYPCHBIX 000JI0YEK MOJIMHOMM-
aJIbHBIX KOJIBIIEBBIX AJTOPUTMOB JMCHETYEPH3AUUH MACCHBAMH pe-
CYPCHBIX KBaJpPaToOB

SBpUCTUYECKAS Mepa JIydllle Yy MPeaIoXXeHHOTO B Ha-
CTOSIIEN CTaThe arTOPUTMa, JIJIs APYTUX — Y Mpemio-
>KeHHOTo aBTOpoM paHee. IIpoBedeHHBIN aHAIU3 IT0-
3BOJISIET PEKOMEHIIOBATh MPEMTOKEHHBIN HaYaIbHO-
KOJIBLIEBOM ¢ MUHUMAJILHBIM OTKJIOHEHWEM aJTOPUTM
K ucroib3oBannio B Grid-cucTemMax ¢ LEHTPaIA30-
BaHHOM CTPYKTYPOil CUCTEMBI AUCIETYMPOBAHUSI U
MYJIBTUCANTHBIM PEXXMMOM OOCTY>KUBaHWSI.

3akiouenue

B cpene pecypcHBIX MPSIMOYTOJBHUKOB OTIPEIeIs-
I0TCS OTIepaliiil IMHAMUYIECKOTO MHTETPUPOBAHUS Pe-
CYPCHBIX MPSIMOYTOJILHUKOB C MPEBBIILIEHUEM U MUHM-
MaJIbHBIM OTKJIOHeHWeM. Ha ocHoBe 3TuX omeparuii
pa3pabaThIBalOTCS HAYAJTbHO-KOJBIEBOM C TIpEBHIIIe-
HHEM W HaYaJTbHO-KOJIBIIEBOM ¢ MUHUMATBHBIM OTKITO-
HEHWEM aJTOPUTMEI, aJallTHPOBaHHBIEC IO MACCHUBBI
3asIBOK KPYrOBOTO THTA. Pe3yiabTaThl SKCIIEpUMEHTOB
MOKAa3bIBAIOT ONpeAeeHHbIE MPerMMYIIeCcTBa Mpeaio-
SKEHHOTO HAYaJIbHO-KOJIBIIEBOTO ¢ MUHUMAJILHBIM OT-
KJIOHEHHEM TTOJTMHOMMAILHOTO aJTOpPUTMa U TI03BO-
JISTIOT PEeKOMEHIOBATh KOJbBIEBBIE aJlTOPUTMBI K WC-
nmoJib3oBaHuI0 B Grid-cuctemMax ¢ LeHTPaIM30BaHHOM
CTPYKTYpOU TIpM OOCITYXXMBAaHUM MAaCCHBOB 3asIBOK
KpYroBOro THUMA.

Cnmcok JiMTepartypbl

1. Hamscher V., Schwiegelshohn U., Streit A., Yahyapour R.
Evaluation of job-scheduling strategies for grid computing. In Pro-
ceedings of the 7th International Conference on High Performance
Computing, HiPC-2000 // LNCS. 2000. Vol. 1971. P. 191—202.

2. Li M., Baker M. The grid: core technologies. Chichester:
John Wiley & Sons Ltd. 2005. 452 p.

3. Magoulds F., Nguyen T., Yu L. Grid resource management:
toward virtual and services compliant grid computing. Boca Raton—
London—New York: Taylor&Francis Group, LLC, 2009. 300 p.

4. Magoulds F. (ed.). Fundamentals of grid computing: theory,
algorithms and technologies. Boca Raton—London—New York:
Taylor&Francis Group, LLC, 2010. 298 p.

5. Antonopoulos N., Exarchakos G., Li M., Liotta A. (eds.).
Handbook of research on p2p and grid systems for service-oriented
computing: models, methodologies and applications. Hershey: 1GI
Global, 2 Volumes, 2010. 1342 p.

6. AssunGdo M., Buyya R. Architectural elements of resource sha-
ring networks // In Li K., Hsu C., Yang L., Dongarra J., Zima H. (eds.),
Handbook of research on scalable computing technologies. Hershey:
IGI Global, 2 Volumes, 2010. Vol. 2. P. 517—550.

7. Netto M., Buyya R. Resource Coallocation in Grid Computing
Environments // In Antonopoulos, N., Exarchakos, G., Li, M.,
Liotta, A. (eds.), Handbook of research on p2p and grid systems for
service-oriented computing: models, methodologies and applica-
tions. Hershey: IGI Global, 2 Volumes, 2010. Vol. 1. P. 476—494.

8. Caak A. D. [lonMHOMUANbHbBIE AJITOPUTMBI pacripeesieHust
pecypcoB B Grid-cuctemMax Ha OCHOBE KBaapaTUYHON TUMU3ALUU
MaccuBoB 3as1BoK // MHbopMauroHHble TexHomoruu. 2013. Ne 7.
IIpunoxenue. 32 c.

9. Caak A. D. YmpaBiieHue pecypcaMu M 3asiBKaMH T0JIb30Ba-
teneit B Grid-cucreMax ¢ IeHTpaiM30BaHHOM apxuTekTypoit // Tpy-
nbl XII Beepoccuiickoro coseliaHus mo mpoGjeMaM yIpaBieHMsI
BCITY-2014. Mocksa, 16—19 utonst 2014 r. M.: UHcTUTYT poGieM
ynpasieHus uM. B. A. Tpanesnukoa PAH, 2014. C. 7489—7498.

10. Bucur A., Epema D. Scheduling policies for processor coallo-
cation in multicluster systems // IEEE Transactions on Parallel and
Distributed Systems. 2007. Vol. 18, N. 7. P. 958—972.

11. Christodoulopoulos K., Sourlas V., Mpakolas I., Varvarigos E.
A comparison of centralized and distributed meta-scheduling archi-
tectures for computation and communication tasks in Grid networks //
Computer Communications. 2009. N 32. P. 1172—1184.

12. Rahman M., Ranjan R., Buyya R., Benatallah B. A taxonomy
and survey on autonomic management of applications in grid com-
puting environments // Concurrency Computat.: Pract. Exper. 2011.
N. 23. P. 1990—2019.

13. Ye D., Zhang G. On-Line Scheduling of Parallel Jobs. In R.
Kralovic and O. Sykora, ed., SIROCCO 2004, LNCS. 2004. Vol. 3104.
P. 279—290.

14. Feitelson D., Rudolph L. Toward convergence in job schedu-
lers for parallel supercomputers. In Job Scheduling Strategies for Parallel
Processing, Feitelson D., Rudolph L. (eds.), LNCS. 1996. Vol. 1162.
P. 1-26.

15. Caramia M., Giordani S., Iovanella A. Grid scheduling by on-
line rectangle packing // Networks. 2004. Vol. 44, N 2. P. 106—119.

16. Bougeret M., Dutot P.-F., Jansen K., Robenek C., Trystram D.
Approximation algorithms for multiple strip packing and scheduling
parallel jobs in platforms // Discr. Math., Algorithms and Applica-
tions. 2011. Vol. 3, N 4. P. 553—586.

17. Glinther E., K8nig F., Megow N. Scheduling and packing
malleable and parallel tasks with precedence constraints of bounded
width // J. Comb. Optim. 2014. Vol. 27, Iss. 1. P. 164—18]1.

18. Ilocnenos A. M. AHanu3 OHOTO AJIrOPUTMa YIAaKOBKU TIPsi-
MOYTOJIbHUKOB, CBSI3AHHOTO C TIOCTPOCHUEM PACIMCaHUI ISl KJla-
crepos // Tpymst UCIT PAH. 2004. T. 6. C. 7—12.

19. Kysiopun H. H., Ipymmn 1. A., @®omun C. A. [1poGrembl
JIBYMEPHOM YMAKOBKM M 33/layd ONTUMU3ALMK B pacrpeneeHHbIX
BbIuMCaUTENbHBIX cuctemax // Tpymst UCIT PAH. 2014. T. 26,
Boin. 1. C. 483—502.

20. Caak A. D. JlokaqbHO-ONTUMAIbHBIE PECYPCHBIC pacIipeme-
nenus // Undopmaumonnsie Texnonoruu. 2011. Ne2. C. 28—34.

21. Caak A. D. Anroputmbl aucneryepusauuun B Grid-cuctemax
Ha OCHOBE KBaJIpaTUYHOW TUIM3AIIMU MacCUBOB 3asiBoK // MHdop-
MauuoHHble TexHogoruu. 2011. Nell. C. 9—13.

22. Caak A. 9. [lucneryepusanus B Grid-cucreMax Ha OCHOBE
OIHOPOIHOM KBaIPaTUYHOW THUITM3AILIMM MACCUBOB 3asBOK ITOJIb30-
Barenieil // UHdbopmanmonHbie TexHomoruu. 2012. Ne4. C. 32—36.

23. Caak A. O. CpaBHUTEIBHBIN aHAIN3 TTOJTMHOMUAIBHBIX aJl-
roput™MoB nucnerdepusauuu B Grid-cucremax // MHbopMauyoH-
Hbele TexHosoruu. 2012. Ne9. C. 28—32.

24. Caak A. D. YpoBHEBbIE AJITOPUTMBI TUCIIETYEPU3AIIUN Mac-
cMBaMH 3asBOK KpyroBoro tuma B Grid-cucremax // M3Bectus
IO®Y. Texunueckue Hayku. 2015. (B meuaTtn).

25. Korf R., Moffitt M., Pollack M. Optimal rectangle packing //
Annals of Operations Research. 2010. Vol. 179, N 1. P. 261—295.

26. Huang E., Korf R. Optimal rectangle packing: an absolute
placement approach // Journal of Artificial Intelligence Research.
2012. Vol. 46. P. 47—87.

27. Saak A., Kureichik V., Kuliev E. Ring algorithms for schedu-
ling in grid systems. In Proceedings of the 4th Computer Science On-
line Conference, CSOC2015, Advances in intelligent systems and
computing. 2015. Vol. 349. P. 201—209.

NMH®OPMALIMOHHBIE TEXHONIOTNA, Tom 22, Ne 3, 2016

167



A. E. Saak, Associate Professor, e-mail: saak@tgn.sfedu.ru,
Southern Federal University

Ring Algorithms for Scheduling in Grid Systems by Sets of Tasks

Grid systems which have centralized structure of scheduling system are modeled by the resource quadrant. Multiprocessor tasks
are modeled by resource rectangles. The task of the resource rectangle distribution is equivalent to the one of multiprocessor task
service scheduling provided that processors with consecutive numbers are allotted for task handling. In our previous papers the re-
source rectangle environment were presented as an instrument of the polynomial scheduling theory for control of computational and
time resource distribution. In this paper we define operations of resource rectangle dynamic integration with exceeding and minimal
deviation, for the resource rectangle environment. On the base of introduced operations we develop an initial ring algorithm with
exceeding and initial ring algorithm with minimal deviation which have polynomial completeness. The algorithms suggested here are
adapted for use with the circular quadratic type of a multiprocessor task set. The quality estimation of the algorithms of scheduling
is carried out with the use of the Non-Euclidean heuristic measure, which takes into consideration both the area and the shape of
occupied resource enclosure. The values of the heuristic measure of the resource enclosures derived in the process of implementation
of the initial ring algorithm with exceeding and initial ring algorithm with minimal deviation for scheduling the simulation examples
of the set of resource squares with the sides equal to successive natural numbers which begin with one. The investigation shows that
the initial ring algorithm with exceeding has the biggest value of the heuristic measure in comparison with the other ones. The result
of the comparison of the heuristic measure values of the resource enclosures produced by the initial ring algorithm with minimal de-
viation and the initial ring algorithm, which was presented in the previous papers, doesn’t make it possible to give preference for one
of them in particular. On the base of the analysis’ results we can recommend the initial ring algorithm with minimal deviation, pre-
sented here, for use in Grid systems with centralized architecture of scheduling system and the multisite mode of service.

Keywords: Grid system, centralized architecture of scheduling system, multisite mode of service, operation of resource rectangle
dynamic integration horizontally with exceeding, operation of resource rectangle dynamic integration horizontally with minimal de-
viation, algorithm of polynomial completeness, Non-Euclidean heuristic measure, initial ring algorithm with exceeding, initial ring

algorithm with minimal deviation, circular-type set of tasks
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