IOpuy M IO. / Komnviomune, 2008, mom 7, evinyck 1, 27-34

ISSN 1727-6209
International Journal of Computing

computing@computingonline.net
www.computingonline.net

Yol

noaxon K onTUMAIIbHOMY PACTNPEAENEHUIO 3A0AHUA B
BbIHUCIIUTEJNIbHOU CUCTEME

KOpuny M.IO.

3anopoKCKU HATMOHATIBHBIA TEXHUYECKUN YHUBEPCUTET,
yi1. XKykosckoro 60, k.604, r. 3anopoxbe, YkpanHa, mashery@zntu.edu.ua

Pe3tome: 6 dannoll cmambe paccmMompenvl pasiuynble UObL CUCHEM, 8 KOMOPBIX MOJCEN S03HUKHYMb Npodiemda
OanaHCUPOBKYU HAZPY3KU, U ee B03MONCHOe pa3peuenue, 8 3a6UCUMOCIU OM 0COOEHHOCEN PACCMAMPUBAEMO20 8UOd
cucmemvl. Taxoice paccmompen nooxo0 K MNOCMAHOBKE 3A0ayu ONMUMAILHO2O pAcCnpedeneHus 3a0aHull 6
BLIYUCTUMENLHOU CUCIeMe, COCMOSUeli U3 KOMRbIOMEPO8 PA3IUYHON MOWHOCMU U 8 KOMOPYIO NHOCMYNAom HOmOKU
3a0anull, CYMMAPHOU OJUMENIbHOCIbIO PA3IUYHOU Opye Om Opyed, ONUPAsch HA OCHOBHble MAMEeMAmuiecKue
NOAOJACEHUS. KNACCUYECKOU MPAHCNOPMHOU 3A0adU, HO YHUMbIEAs NPU 3MOM CReyupuKy 3a0adu, Ymo no3601um 6
OdanvHetlwem Haumu bonee Ighpexmusroe peutenue 01 maxkoeo pooa 3aoay. Jfokasano, umo 3adaua pacnpeoeienus
3a0aHUll 8 GbIYUCTUNENLHOU CUCTEMEe MONCEN PACCMAMPUBAMbCI KAK MOOUDUYUPOBAHHAS MPAHCNOPMHASL 3a0aUd.

KiroueBble ciloBa: pacnpeodenenue 3a0aHutl, 8bIYUCTUMENbHAS CUCMeEMA, OANIAHCUPOBKA HASPY3KU, MPAHCNOPMHAA
3a0aud, ONMUMANbHOE peuleHue.

BBEOEHUE

C YBCINYCHUCM PasMEPHOCTU 3ajga4,
Tp€6yIOH_II/IX peuieHusl ¢ IMOMOIIBIO KOMIBHOTCPHBIX

1. CUCTEMbI PACNPEAEJIEHUA
SAOAHUMN

ITocraHoBKa 3amaun pacrpesieieHus: 3aJaHuil B

CHCTEM, H TIOCTOSHHBIM POCTOM MOIIHOCTEH  BEIYMCIAMTEIBHOM CHCTEME BO MHOIOM 3aBHUCHT HE
BBIUMCIIMTETBHBIX CHCTEM BO3HHKIA MPOOJEMAa  TOJBLKO OT BXOJHBIX JAHHBIX, HO U OT 0COOEHHOCTEN
OanaHCUpOBKM MX Harpy3ku. JlaHHas mnpobieMa camoil  CHCTeMBl, B KOTOpOH  TUIaHUpYETCS
pacrpesieieHust  3aaHuil B BBIYMCIUTENIBHOW  MpOM3BOAMTH pachpenenenue. Jlus Toro, 4YToObl
CHUCTeME pemaeTrcs He TMepBOe JCCATUIICTHE. BBISCHHTh, KakuM 00Opa3oM HaJ0 NPOU3BOJIUTH

CylIeCTBYIOT pa3lWYHble METOAMKH HaXOXKICHUS
Takux pemeHui [1] — [5], HO, K COXaNEeHHIO, OYECHb
MHOTHE BOIPOCHI JI0 CHX IOpP OCTAIOTCS CIIOPHEIMHU.
OmHuM U3 HUX SIBISIETCS BOMPOC, KaKUM HMEHHO

pacrpeacicHue BaHaHI/Iﬁ B CHUCTEMC, pacCMOTpHUM
BO3MOXHBIC CJIICAYOIMUE BapUaHTBl CHCTEM U
BO3MOXHOCTH ONTHUMAJILHO pacCOpCACINTh 3aJaHusd
AT KAXKA0ro U3 pacCMOTPCHHBIX BAPHAHTOB. HpI/I

00pa3oM pacnpeensTs 3a/IaHusl B BEIYACITUTEIHHON
CHUCTeMe, 4YTO0 pacmpenerncHre ObIo Hambosee
a¢dpextuBHBIM? [Ipu 3TOM OYEHBb BaXKHBIM SBJISICTCS
HE TOJBKO HAaXOXICHUE ONTUMAIBHOIO METOJa
peuieHusl MOCTAaBICHHOM 3ajauyd, a Ui Havajla —
KOPPEKTHOW IIOCTAaHOBKHM 3aJaud pPacIpeeIICHUS
3aJlaHUl B BBIYUCIUTENIBHOM cucTeMe. B naHHOM
paboTe TpeanpUHATA TMOMBITKA OTBETUTh HA 3TOT
BOIIPOC nyTeM paccMoTpeHust MpoOIeMBI
pacmpenencHuss Harpy3kd B BBIUUCIUTEIBHOU
CUCTEME KaK TpaHCIOPTHOM 3aJayd, a HUMEHHO
MIPEIOCTaBICHUS KOHKPETHOH ee¢ (TpaHCIOpTHOM

3amaun)  (GOPMYJHMPOBKM C  TOYKH  3PCHUS
pacmpenenicHusl  3alaHUil B BBIYMCIUTEIHHOU
cHcTeMe.

9TOM, /s BCeX CiIy4aeB OylleM CUuTaTrh, HYTO
CHCTEMa COCTOMT U3 7 TIOTOKOB 3amad W m
KOMITBIOTEPOB — Y3JI0B BEIUUCTUTEIILHON CUCTEMBI.

Bapuant 1. Ecnu Bce 3agauu BO BCeX MOTOKax
OJIMHAKOBBI TI0O MOIIHOCTH, a KOMIIBIOTEPH —
pasnbie. Torna BpeMs BHITIOJIHEHUS OJHOU 3a/1auul U3
(i=1Lm) (j=Ln)
KOMIIbIOTEpe OyJeT BCerja OJWHAKOBBIM, T.C. BCE
paBHO, W3 KaKOro MOTOKa OyJerT B3sATa 3anada.
Jannas 3amaga TpedyeT HaXOXKIACHHUS ONITUMAIIEHOTO
pelIeHus] IO BPEeMEHH JIMIb B TOM ClIy4ae, Korja
CYIIECTBEHHO BIIMSIONINM I1apaMeTpPOM SBIISETCS
BpeMsI nepepacipeieIeHus 3a/1aHui, T.€.
3aTpayeHHOE Ha IEPECBUIKY 3alaHuid  MEXIy
KOMITbIOTEpaMH [6].

Bapuant 2. Eciau 3amaun BO BceX MOTOKax IO

I-TO IIOTOKAa Ha j—M
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00BeMy, a KOMITBIOTEPHI IO MOIIIHOCTH OJTMHAKOBHI,
TO peIIeHHEe CBOAUTCS MPOCTO K PaBHOMEPHOMY
pacrnpeneneHIo 3alaHuil MeX1y KOMITBIOTEpaMH —
BCE KOJIMYECTBO 3a/1a4 JCIUTCS PABHOMEPHO MEXIY
BCEMH KOMITBIOTEPAMHU CHUCTEMBI.

Bapuantr 3. Eciu KoMIObrOTEpHl MO MOIHOCTH
OJIMHAKOBBIE, @ TIOTOKU 3ajad pasHbIe M0 00BEMY,
TOTJa HENb3sl MPUMEHSITh PABHOMEPHYIO 3arpy3Ky B
cUCTEeME, T.e. KOJMYECTBO 33a/ay, PacHpeaeseHHBIX
Ha KaXIbli KOMIBIOTED JOJDKHO OBITh pPa3HBIM.
HeoOxoamMo TIpUMEHSITh HEKOTOPHIH —alTOPUTM
ONTHMU3ALMU  paclpeieNieHuss  Harpy3skd B
BBIYHCIUTEIBHON CHCTEME.

Bapuant 4. Eciu u KOMIBIOTEpHl, U 3aJaHUS
pa3iuYHBIe TI0O MOIMHOCTH. Torjga JOTHYHBIM OBLIO
Obl Ha caMblii MOLIHBI KOMIBIOTEP PaclpeAeiIUTh
HaumbOonee oOBeMHYIO 3amady. Ho mockombky
KOJMYECTBO KOMITBIOTEPOB W KOJHMYECTBO 3ajad
pasHoe, TO JaHHYI0 3agady  HEO0OXOJUMO
paccMoTpeTs Oosiee TOAPOOHO C TOYKH 3pPEHHS
BO3HUKAIOIUX JBYX Pa3IMIHBIX CITydaes:

1. OO6mee dnciaO TMONA33Ja4  MEHBIIE
paBHAETCS YUCITy KOMIIBIOTEPOB B CHCTEME.
2. OO6mee 9nciIo Moa3aaad HAMHOTO OOJIbIIe YhCIia

KOMITBIOTEPOB B cucTeme. Torma Bce 3amadn

JENATCS Ha TOTOKH, B KaXAOM HU3 KOTOPBIX

rmos3aaava (fanee — 3ajada Wid 3a/laHue) IMeeT

OJIMHAKOBYIO JUIUTEIBHOCTH BHITIOTHEHUS.

3agaun, KOTOphie OBUIO OBl Lenecoo0pa3HbIM
pemars Ha MOILIHOM BBIUHCIUTEIBHON
pacnpezeneHHON MO0 ke MapaiebHON cHCTEMeE,
OOBIYHO HE TMOCTYMAIOT E€XKECeKYHIHO WU IKe
©KEeMHUHYTHO.  Takue  3agaud  UMEIT  Tak
Ha3bIBAEMbIN “OJHOPA30OBBIN” XapaKTep, MOCKOIbKY
BO3HMKAIOT HE Tak Yy uyacro. lloaTomy mmeer
CMBICJI pacCMaTpHUBaTh CUCTEMY B MOMEHT BPEMEHHU
t{ W He CBI3BIBATH IMpENbIIyINee pacIpeaeieHue
3amaHnii  (MOMEHT BpeMeHH ¢—I) C 3arpy3koit
KOMITBIOTEPOB BBIYUCIUTEIHHON CHCTEMBI B MOMEHT
BPCMCHHU f.

Cnemyer  OTMETUTh  TaKKe  CICAYIOUIHI
HEMaJIOBRXHBIE MOMEHT, KOTOPBIH KacaeTcs 000X
cinydaeB. Kaxxngas 3aauya uMeeT cBOM OrpaHUUYEHUS
mo mamstd. Bo m30exaHue pa3nuyHbIX OMIHMOOK U
OTKa30B B CHCTEME HEOOXOIMMO eIe M0 TOTro, Kak
OyIoyT pacmpeneneHbl 3alaHus, MPOBEPUTh HUX Ha
BBINIOJIHEHUE YCIIOBUW orpaHudeHuil. 1 Bce 3agaum,
KOTOpele ~ OyAyT  BBIXOAWTH 32  TIPEAEIHI
CyliecTBylolield  Haubonee  €MKOH  ITaMsTH,
aBTOMAaTH4ecKu OyAyT OTOpaceiBaTbcs Ha 3TOM
JTare, He JOXOs A0 3Tara pachpeaeeHus.

PaccmoTrpum Oomee KOHKPETHO
0003HaYCHHBIH MEPBbII CTyqai.

[lycth ecTh n 3amad IMTENBHOCTHIO PEIICHUS

60

BBIIIIC

C. ¥ m KOMIBIOTEPOB, Ha KOTOPBIX TODKHBI OBITh

peuenbl 3amaun. Kaxasiii U3 KOMIBIOTEPOB MMEET

cBoto morHocts C ;-

[Mockonbky #n < m, TO JOTHYHBIM OBLIO OBI
BEIOpaTh KOMIIBIOTEp JUIS PEIICHUS 3aJa4ydl MPSIMO
npornopruoHanpHo. T.e. HeoOxXoauMo, 4ToO camoi
JUTNTENbHON 3amade OblIa TpemocTaBiieHa camast
MoIHas MamuHa. TakuM 00pa3om, 3a/1aua CBOJAUTCS
K COPTUPOBKE JaHHBIX MacCHBa 3HaUY€HUI 00HEMOB
3a7ad M MacCMBa  3HAYEHUH  MOILHOCTEH
KOMITBIOTEPOB BBIYHCIUTEIRLHON cucTeMbl. Jlamee,
paboTas ¢ yXe OTCOPTUPOBAHHBIMH MAaCCHBAMH,
OTCBUIAEM  MEpBYK  3aJady U3  MaccuBa
JUIMTEbHOCTEH 3aJa4 Ha TMEpPBBIM KOMIIBIOTED,
CTOSIIMA B MAacCHBE MOIIHOCTEH KOMIIBIOTEPOB
BBIYHCIIUTEIBLHON CUCTEMBI.

JlaHHBIH ~ TOAXOJM K  pEeNIeHUI0  3ajayu
ONTUMAJIBHOTO PaCIpeeICHIs 3aJaHuil B CHCTEME

3acTaBisieT oOpaTuTh 0co0O€ BHUMaHHE Ha
aNTOPUTM COPTHPOBKH JAaHHBIX. Beap WMEHHO
ONTUMH3AIMS COPTUPOBKH TIO3BOJUT HAMHOTO

COKpaTuUTh o0Ilee BpeMs pEIIeHUs BceX 3ajaad,
MOCTYNHBILUX B CUCTEMY.

Takum oOpa3oM, AN pelleHds MOCTaBICHHOMN
3a7ayl B BBILIE YIIOMSIHYTOM pakypce HeoOXO0AnMo

HallTH  ONTHUMAJBHBIA  aNTOPUTM  COPTHUPOBKHU
JTAaHHBIX.

IIpuMeHuB Takod ONTUMAIBHBIA  ANTOPUTM
COPTUPOBKHM,  IIOCTaBICHHAas  3aJada  MOXET

CUUTATBHCS PEIICHHOMN.

Paccmorpum BTOpo# cmywail. Ho nns Hagana
MIPOU3BEJEM HEKOE OILICHMBaHUE AN KOPPEKTHOH
NOCTaHOBKM  3amayd. (OOO3HAYMM  MOIIHOCTH
KOMIIBIOTEpA, II0 OTHOLIGHHWI0 K  KOTOPOMY
MIPOMCXOANT OLIEHKA BPEMEHH BBINOIHEHUS OJHOU

3aJa4n, HAa30BEeM OCHOBHOH MomHocThi0 (M ).
Torma MOIIHOCTh KOMITBIOTEPA, HA KOTOPOM MOMXKET
OpITp  pemeHa  3amada, Ha3oBeM  paboueit
MowHocTbi0 (M ).

Bpems, 3a KoTOpOoe TUIAaHHPYETCSI BBHIOJHEHHUE
3aJjaud Ha KOMIIBIOTEPE C OCHOBHOW MOIIHOCTHIO,
Ha30BEM OLICHOYHBIM BpeMeHeM BbIoNHeHHs (15,).

Bpewms, 3a koTopoe Oy/JeT BBIMOTHEHA 3a/1a4a Ha
KOMIIBIOTEpEe ¢ pabodell MOIIHOCTBIO, HA30BEM
BpeMeHeM BbInosiHeHus 3a1a4n (7). IMeHHO 3TO
3HAYCHHE W OYJET 3alMCaHO B MATPHUIy CTOMMOCTHU
C; TpPH DPAcCCMOTPEHMHM 3a/a4M PacIpe/IeNCHAs
3aJaHuii B BBIYMCIUTEILHOW cucTeme (OHa Oynmer

Oomee MOAPOOHO paccMOTpeHa B  CIEIYIOIIEM
pasnene).
MO
T, = v T (1)
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2. NMOCTAHOBKA 3AOAYU
PACMNPEOENEHNA 3A0AHUN B
BbIYUCJIUTEJNIbHOU CUCTEME

[Tockonmpky 1I€NBI0 JAaHHOH pPAa0OTHI SIBIICTCS
JIOKa3aTeIbCTBO TOrO, YTO 3aJaya pacHpeleieHUs
3alaHAd B BBIYMCIUTEIBHOW CHCTEME SIBISIETCS
MOIU(UIIUPOBAHHONW TPAHCIIOPTHON 3ajgaueit, To
JUIA Hadana HeoOXOAMMO PacCMOTPETh MOCTAHOBKY
KJIACCUYECKOW TPAHCIIOPTHOM 3a/1ayuHu.

IIpuBenem IIOCTaHOBKY KJIACCUYECKOMN
TPaHCIIOPTHOM  3aJaud,  pacCMOTPEHHYIO, K
npumepy, B [7].

OO0mass TOCTaHOBKa TPAHCIOPTHOM  3amayu

COCTOUT B ONPCACIICHUU ONTHUMAJIBHOI'O0 TIIJIaHa
NEPEBO30K HCKOTOPOIO OAHOPOAHOIO Ipy3a HU3 m

MyHKTOB ortnpasienus A, A,,...,A, B n IyHKTOB

m
HasHauenus B,,B,,...,B, . Ilpu 3ToM B KadecTBe
KPUTEPHUS ONTHMAILHOCTH OOBIYHO Oepercs mOo
MUHUMAJIbHAs CTOMMOCTh IIEPEBO30K BCEr0 Ipy3a,
7160 MHHUMAbHOE BpeMs €ro IocTaBKu. Ecmu
paccMOTpeTh TPaHCIOPTHYIO 3alady, B KadecTBe
KPUTEpUSI  ONTUMAJIBHOCTH  KOTOPOM  B3dTa
MUHUMAJIbHAs CTOMMOCTh TEPEBO30K BCEro rpy3a.

Torma wepes ¢; 0003HA4YAIOT TapH(bI MEPEBO3KHA

€JIMHUILBI TPY3a U3 i —TO MyHKTA OTHPABICHHUS B j —i
IYHKT Ha3HAYeHWs, Yepe3 d, — 3arachl rpysa B [ —M
IyHKTE OTIPABJIECHUs, YEPE3 — MOTPEOHOCTH B TPy3€
a wuepes b, -
KOJIMYECTBO €IMHMII TPY3a, TIEPEBO3UMOTO M3 i —TO
IYHKTa OTHpAaBJICHUS B j—i IyHKT Ha3HAYCHWUS.

Torz[a MATEMATHYCCKHU IMOCTAHOBKA 3aJa4M COCTOMUT
B OIIPCACIICHUN MUHHUMAJIBHOI'O 3HAYCHUA q)YHKI_II/II/I

B j—M TyHKTe Ha3Ha4YeHUS,

m n

F=%2cx @)

i=l j=1

TIPH yCIOBHSIX

S btn o
i=1
xij :ai,izlama (4)
=l
X; 2 0(i =1,_m;j :1,_”) (5)

[ockoneky nepemennsie x, (i =1,m;j =1,n)

YJOBJIETBOPSIIOT CHUCTEMaM JIMHEHHBIX YpaBHEHUH
(3) uw (4) m ycnoBuw HeoTpunareapbHocTU (5),
o0ecrevnBaroTCs JIOCTaBKa HE00XO0AMMOTO

KOJIMY4eCTBa TIpy3a B KaXKIObIH U3 IIyHKTOB
HA3HAYEHHUs, BHIBO3 HMEIOIIErocs Ipy3a H3 BCeX
MIyHKTOB OTIIPABJIEHUS, a TaKKe HCKIIOYAIOTCA
00paTHBIE IEPEBO3KH.

Bcesikoe  HeoTpHLIATENbHOE PELIEHUE CHUCTEM
nuHeHHbIX ypaBHeHuid (3) u (4), ompeznemnsiemMoe

marpuneit X = (x, )(i = 1,m; j= I,_n) , Ha3bIBAIOT
IIJJAHOM TPaHCIIOPTHOM 3a7a4u.
X' =(x;)i=1m;j=1n),

KotopoM  ¢yHKIMA  (2) TpUHAMAaEeT  CBOE
MHUHUMAJIBHOC 3HAYCHHEC, HA3bIBACTCA OIITHUMAaJIbHBIM
TUTAHOM TPAHCIIOPTHOM 3a1auH.
OOBIYHO HCXOJOHBIE JaHHBIE
3a1aud 3aIIHMCHIBAIOT B Bre Ta0iI. 1.

[Inan npu

TPaHCTIOPTHOM

Tabéuuna 1. McxoaHble AaHHBbIEe TPAHCIIOPTHOM 321241

IyHKTHI IIyHKTBI HA3HAYCHHSA 3ama
oTipas— B, . Bj ee B, cbl
JIEHHsI
4 Cn G Cin
. X o . a,
1 X Xin
C C.. C
il ij in
Al al
xll xij xm
A le cmj Cmn
m . e a,
xml xm,' an
HoTped— b b. b
HocTH \ . ! o B
OueBupHo, oOmee  Hamuyue  TIpy3a Y

m
MOCTAaBIIUKOB paBHO Zai ,a 0611_[3.5[ HOTpC6HOCTL B
i=1

n
rpy3e B IIyHKTax Ha3HA4YCHUs pPaBHA Zb j CHMHHILL
Jj=1
Ecimu obmas moTpeOHOCTH B TIpy3e B IyHKTax
Ha3HAa4YeHHs paBHA 3amacy TIpy3a B IIyHKTax
OTIIpaBJICHUS, T.C.

24 =2b;. (6)

TO MOJIENIb TAKOW TPAHCIIOPTHOM 3a/1aun Ha3bIBACTCS
3akpbiTol. Ecnm ke yKa3aHHOE YCIIOBHE HE
BBITIOJIHACTCSA, TO MOJIEAb TPAHCIOPTHOM 3amadyu
Ha3bIBAE€TCS OTKPBITOM.

Jns  pa3pemiuMocTH  TPaHCIOPTHOM  3ajayu
HEOOXOJMMO U JOCTaTOYHO, YTOOKI 3amachl Tpy3a B
MyHKTaX OTHpaBIeHHs OBLIM pPaBHBI MOTPEOHOCTM
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B Tpy3¢ B TMyHKTaXx Ha3HAYCHUs, T.€. YTOOBI
BEITIONTHSIJIOCH paBEHCTBO (6).

Tenepb HCpCﬁ,I[CM HCIMOCPEACTBCHHO K 3aayde o

pacmpeneneHUHd  3aJaHUd B BBIYUCIUTEIBHOM
cucremMe. C yueToM BCEro BBIIIE OINUCAHHOIO
chopMmynupyeM 3agady CIeOyIOLIMM  00pa3oM.

[lycTh cymiecTBYrOT 3aa4d, KOTOpbIE HEOOXOIUMO
pEIINTh C TIOMOINBIO BBEIYHCIUTEIHHOW CHCTEMEL.
BLI'—II/ICJII/ITCJIBHEUI CUCTECMa COCTOUT u3
KOMITBIOTEPOB, UMEIOIINX KaKIBIH CBOIO pabovyro
MOIIIHOCTb.

Pasneanm Bce 3agaum  HA  MHHHMMAJbBHO
BO3MOXKHBIE MMapajlIeIbHO pellacMble MMOA33Jauu.
[Momzamaum (majmee — 3amaHusd WA 3aJa4H)
OLIEHUBAIOTCS. 3amaun, KOTOpBIE
NPEANOJIOKUTEIBHO —PEIIAlOTCsl 32  OJUHAKOBOE
BpeMs, TIOMEMIAITCS B OAWH TMOTOK. TakuMm
o0pazoM, ToJrydaeM m MOTOKOB TO/3a/1ad, KasKIIbIi
U3 KOTOPBIX COJEPKUT HEKOTOpOE KOJIMIECTBO

HoJ3aj1a4, paBHOE 3HaYeHuto a,, (1 =1,m).
s onTHMaIbHOTO paclpeneiCHUs 3alaHuil B
cucTeMe HeoOXOMMO 3HATh, YeMY PABHBI JIEMEHTHI

B MAaTPUIE X, , KOTOPYIO HA30BEM MATPHLICH IUIaHa.

3HaYCHUSIMH  DJICMEHTOB MaTpuLbI X

y
KOJIMYECTBO 3a/a4d, KOTOpPOC pacCnopCACsi€HO OJid

Oynmer

pemienust w3 i-ro mnoroka Ha j-M (j=Ln)
KOMITBIOTEDE.

Taxum 006pazomM, HEOOXOAUMO, 9TOO

m n

ZZCU. *X; —> min (7)

i=l j=1

Teneps mpeacraBum 3Ty ke 3agady B Ooiee
KOHKPETHBIX PpACIIMPEHHBIX paMKax CJIOBECHOM
¢dbopMynupoBKH M MaTemaTuueckux Qopmyi. Kak
YKa3bplBaJOCh YK€ B HaudaJle CTaTbH, AOCTHKEHHUE
HaxokaeHus: HambOonee 53¢dexkTuBHOrO pemeHus
3aBUCUT HE TOJBKO OT BBIOOpa METOJA PpeIICHUS
3aJau, HO BO MHOI'OM 3aBHCHT U OT IPEACTaBJICHUS
3TOW 3ajaud, a 3HAYUT OT caMmoi (OPMYIUPOBKU
MOCTAaHOBKH 3a/1a4H.

B nmocraBnenHoit 3amade TpeOyeTcss HaWTH
ONTUMAJIBHBIA TUIAaH paclpeieieHus] HEKOTOPOTro
MHOXECTBa  3aJad M3  I[OTOKOB,  TaKxKe
3aHyMEPOBAHHBIX YHCIIAMH 1,2,...m, Ha
MHOXECTBO KOMIIBIOTEPOB, TAKXK€ 3aHYMEPOBAHHBIX
yucnamu 1,2,....7.

OOmiee KOMMYECTBO 3a1ad MOCTYMAIOIIETO I —TO
NOTOKA 3aJJaHO0 4YuCIoM — ;. Obuiee KOIMYECTBO
3a7a4y, KOTOpoe OyAeT PEIIeHO Ha j — M KOMIIBIOTEpe
Opyd ONTHMAILHOM pa3OMEeHUM 7 TIOTOKOB 3ajad
MEKTy 71 KOMIIBIOTEPaMH, 3a/1aeTcsl yucioM b .

O0603HaYMM TUTAHHPYEMOE KOJIMYECTBO 3a7ad W3
[ —TO MOTOKA JUIsl PELICHUA Ha j —M KOMIIBIOTEPE Kak

xij. B aTtux YCIOBUAX TOJIXKHBI OBITh BBITIOJTHEHBI

0aJaHCOBELIE COOTHOIICHMS:

(8)

m
le/ =b/"] 1,2,...,”
i=1
HHH CyHICCTBOBaHUA A0IyCTUMOT'O IIJ1aHa
pacnpeacicHus JOJI’KCH BBITIOJIHATHCA 06IlII/II>’I

OajaHc MCXKAY KOJMYCCTBOM IOCTYyHNArOMIUX 3aJayd
IMMOTOKOB U paCOpeCACIICHHBIX 3aaa4:

n

m
Sa=3
i=l1 j

b,=D 9)

[Tpu sTOM 3a7auy Ha3bBIBAIOT cOATAHCHPOBAHHOM

[8].

Moxuno  yOeauTbes,  Hampumep, YTO B
cOaTaHCUPOBAHHOM 3a/1aue
a,-b ;
xX; = —D (10)

SIBJISIEOTCSL JOITYCTUMBIM BapHaHTOM pacIpeiesieHusl,
TO €CTh YJOBJICTBOPSIONINM OTPaHIYCHUM (8).
Henpro perienus moCTaBIECHHOM 3aauu SABISCTCA
MUHUME3AIYs OOIIero BpEeMEHH pelleHHs 3a/1ad B
BBIYMCIUTENBHON ceTH. Eciau mpeanosiokurh, 4To
BpeMsl pellIEHUs] OJHOM 3aJa4M JIMHEWHO 3aBUCHUT OT
MOIIIHOCTH  KOMIIBIOTEpAa M XapaKTepHU3yeTcs

qyucJaMu Cij’ rae Cij_ BpEMs PpPCHICHUA OJHOU

3a1a41 U3 [ —TO TOTOKA Ha j —M KOMIIBIOTEpPE, a X;; —

KOJIMYECTBO 3aaad, TO ILCICBasd (bYHK]_II/ISI B 3aJa4c
MNPUHUMACT BUA!

(11)

I'(x)= izn:% "X

i=l j=1

W 3ajada 3akiarovaercs B muHHME3armu (11)
MIPU BBITMIOJTHEHUW OTrpaHUYeHUH (8) W yCIOBHS
HEOTPULATEILHOCTH TIEPEMEHHBIX X, |

(12)

Kak Bunno u3 popmyn (8) — (12), mocraBieHHas
3ajaya, €CIM YYUTHIBaTh TOJBKO  (HOPMYJIBI,
ABISIETCS. TPSAMBIM OTOOPAKEHHEM KIIACCUYECKOM
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TPAHCIIOPTHOM 3aJlayd ¢ MUHUMM3alME 3aTpar mo
croumocty. Ho MOCKONBbKY HEMAJIOBAXXHOU ABIIIETCA
Takke u (puznueckoe 3HaueHHe (Gopmyn, a TOUHEe
CMBICIIOBasl Harpy3Ka, KOTOPYI0 OHU HECYT B pPaMKax
paccMaTpuBacMOM poOIeMBI 0alaHCHUPOBKHU
Harpy3kyd BBIYHCIUTEIBHOW CHCTEMBI, TO CIEIYET
o0paTuTh BHUMaHHE Ha CIIeIyIolee.

JlanHas mMoOCTaHOBKa 3a/ladll MMEET HEKOTOpHIe

OCOOCHHOCTH, BBICTYMAIONIME B 3a7aue B POJHU
OTpaHUYCHUH.

OOBsiICHMM, YTO  O3HA4YaeT  ONTHMAaJbHOE
pa3OueHre m  TOTOKOB  3a1ad  MEXay n
KoMmploTepaMu. IlycTh i—# TOTOK COACPKHUT

KOJMYeCTBO 3amad d, (I =1,m), NIUTEILHOCTHIO

pelIeHNs KaX 10 U3 HUX PaBHOM 7, .

KomuuectBo 3ajgad, peuaeMbIX Ha J—M

KOMITBIOTEPE  PAaBHO bj( J :l,_n), mpH  3TOM

CyMMapHasa MJINTCIbHOCTh PCIIACMBIX 3a1a4 Haj —M
KOMIIBIOTEPE paBHA

m
Zti "4
i=1

, = (13)
n

nJIn
(14)

YTO O3HaudaeT cueayiomee. Ecnu B pesynprare
CYMMBl [pOM3BEIEHHsS KOJIMYECTBA 3ajad U3
KaXKIO0TO MOTOKa Ha JIIUTENIEHOCTD OJHOHM 3a7auul B
9TOM  TIOTOKE, JEJeHHOM Ha  KOJHYECTBO
KOMITBIOTEPOB BBIYMCITUTEIBHON CHUCTEMBI,
MoJy4aeM Iejoe 3Ha4eHue, TO IpUMeHsIeM QopMyITy
(13). B mpotuBHOM ciIydae, HUCHOIB3yeM (hopmyry
(14) nnst yucna KOMIBIOTEPOB, PABHOTO OCTaTKy OT
JENICHUsT CyMMBI KOJIMYECTBa 3a/ad U3 KaKAOTO
[OTOKa, YMHOXEHHOTO Ha [UIUTENBHOCTh OJHOU
3aJayd B OTOM TIOTOKE, Ha  KOJHYECTBO
KOMITBIOTEPOB BBIYHCIIMTEIILHOW CHUCTEMBI, a JUIs
OCTaBIIETOCS YHCIa KOMIIBIOTEPOB HCIIONB3YeEM

dbopmymy (13). Takum oOpa3oMm, 3HAYCHHS
CYMMapHOﬁ OJIATCIIBHOCTHU peUIaCMbIX 3aJad Ha
KOKIOM M3  KOMIBIOTEPOB  BBIYMCIUTEIHLHOU

CUCTeMBI He OyIyT OTIM4YaThcs Ooiee, 4eM Ha
€JIMHULLY.

Orcroia uMeeM cieayrolee TOTMOIHUTEIBHOE
IrpaHUYHOE YCJIOBHE, BBITEKAOIIEEe U3 0COOCHHOCTEH

3aaud = M 0O€eCIIeurBaroIee
pacrpeiencHus 3a1a4:

Zfi =
i=1

ONITUMAJIBHOCTH

n

t, (15)
1

Jj=

HUcxoma w3 MaTeMaTHUECKOW MOIEIM 3aadu
ONTUMAIBLHOI'O pacmpenencHus 3aIaHAl B
BBEIYHCIIUTECIIFHOM CHCTEME M C YYETOM BCEX ¢€e

OTpaHHYEHHUH, TIOCTPOUM TpadhUIECKyI0 MOJENTb
HpeﬂﬂO)I(eHHOﬁ IIOCTAaHOBKH 3aJa4u,
U300pakeHHYI0 Ha pucC. 1.
1, t, l,
X (4}
al az m
xln X, 1
X Xil " xmn
11 \ X. X. -
X, - if in
1 xm]
Ca \
c \
11 v
y cml Cy cmj / Cin Comn
r [+ 4 i
t o . c A 4
K v IA « vty In 4 v 94"
b, b, b,

Puc.1 — I'paduyeckoe oToOpakeHue 3a1a4u
pacnpenesieHns 3aIaHU B BHIYUCIUTEILHOM
cucreme.

Takum 00pa3oM, MOCTpOSHAa MaTeMaTHYecKas
MOJEeNb  3aJaydl  ONTHMAIBHOTO  paclpe/elieHHs
3aJaHuil B BBIYMCIHUTENBHOW CHUCTEME, ONMMCaHHas
dopmynamu (8) — (15) m rpadudeckas MOHEIb,
n300pakeHHas Ha puc. 1.

3. BblIBOAbI

B  pesymbrare  mccnmenoBaHWS — MPOOTIEMBI
OaJlaHCUPOBKU HArpy3KU BBIYMCIUTEILHONW CUCTEMBI
cAenmaH BBIBOJl, YTO JAaHHYIO 3aJady MOXHO
paccMarpuBaTh, Kak MOTUGHUKAIUIO KIAaCCHIECKON

TPAaHCHOPTHOM  3aJayd ¢ MHMHMMM3ALUEd 110
CTOMMOCTH, a HMEHHO, KaK KIACCHYECKYIO
TPaHCIIOPTHYIO 3aJady C MUHUMH3AIUEd 10

CTOUMOCTH, HO C YUECTOM OFpaHI/I‘IeHﬂﬁ, BO3HUKIINX
us3 CHCL[I/I(I)I/IKI/I 3agadu. OOOCHOBaHHE TaKOI'O
YTBCPXKACHUA [OAaC€T BO3MOXHOCTL HCKAaThb HOBBIC
MCTOIbI PEUICHUA HpO6HCMBI OIITUMAJIBHOI'O
pacmpeaciicHus 3a,£[aHI/II>'I B BBIYHCIIUTEIIBHOM
CHUCTEME, onupasiCb Ha YyXC CYHCCTBYIOLICE
MHO>XKCCTBO MCTOAOB  PCIICHUA KJIaCCHYECKOM
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TPAHCIIOPTHOM 3a/1auHu.
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Abstract: in given article the approach to statement of a problem of optimal distribution of tasks in the computing
system consisting of computers of various capacity and streams of tasks with different total duration various, leaning on
the basic mathematical positions of a classical transport problem is considered, but considering thus specificity of a
problem that will allow to find further more effective decision for such problems. It is proved, that the problem of
distribution of tasks in the computing system can be considered as the modified transport problem.

Keywords: distribution of tasks, the computing system, loading balancing, a transport problem, the optimal decision.

INTRODUCTION

With increase in dimension of the problems
demanding the decision by means of computer
systems, and constant growth of capacities of
computing systems there was a problem of balancing
of their loading. The given problem of distribution
of tasks in the computing system dares not the first
decade. There are various techniques of a finding of
such decisions [1] - [5], but, unfortunately, very
many questions remain till now disputable.

One of them is the question, how to distribute
tasks in the computing system that distribution was
the most effective? Thus very important is not only a
finding of an optimal method of the decision of the
task, and to begin with - correct statement of a
problem of distribution of tasks in the computing
system. In the given job attempt to answer this
question by consideration of a problem of
distribution of loading in the computing system as
transport problem.

1. STATEMENT OF THE PROBLEM OF
DISTRIBUTION OF TASKS IN THE
COMPUTING SYSTEM

Let's consider the system, if both computers, and
tasks various on capacity. Then logical would be to
distribute on the most powerful computer the most
volume problem. But to begin with we will make
certain ounenumBanue for correct statement of a
problem. We will designate capacity of the computer
in relation to which there is an estimation of
execution time of one problem, we will name the

basic capacity (M ). Then capacity of the computer
on which the problem can be solved, we will name
working capacity (M ).

Time for which task performance on the
computer with the basic capacity is planned, we will
name estimated execution time (7).

Time for which the task on the computer with
working capacity will be executed, we will name

task execution time (T 8). This value also will be

written down in a matrix of cost ¥ by consideration
of a problem of distribution of tasks in the
computing system (it will be in more details
considered in following section).

'TBO (D

Now we will pass directly to a problem about
distribution of tasks in the computing system. We
will formulate a problem as follows. Let there are
tasks which are necessary for solving by the
computing system. The computing system consists
of the computers having each working capacity.

Let's divide all tasks into is minimum possible in
parallel solved subtasks. Subtasks (further - tasks)
are estimated. Tasks which presumably dare for
identical time, are located in one stream. Thus, we
receive m streams of subtasks, each of which

contains the quantity of subtasks equal to value a,,

33



Mary Yurich / Computing, 2008, Vol. 7, Issue 1, 33-34

(i=1m).

It is required to find the optimal plan of
distribution of some set of problems in a task in
view from the streams also numbered by
numbers1,2,...,m, on set of the computers also
numbered by numbers1,2,...,7n.

The total of tasks arriving stream i is set by
number -a,. The Total of problems which will be
solved on the computer j at optimal splitting m
streams of tasks between n computers, is set by
numberb; .

Let's designate planned number of tasks from
stream i for the decision on computer j asx;. In

these conditions balance parities should be executed:

n

)

The purpose of the decision of the task is
minimisation of general time of the decision of tasks
in the computer network. If to assume, that time of
the decision of one problem linearly depends on
capacity of the computer and is characterised by

numbers ¢; , where ¢; is time of the decision of one
problem from stream i on computer j, and X, is

number of problems criterion function in a problem
becomes:

T(x)zZZcij-xij 3)

i=l j=1

And the problem consists in minimisation (3) at
performance of restrictions (2) and conditions if x;

is not negative:
x,; 200 =1,m;j=1n). 4)

Apparently from formulas (2) - (4), the task if to
consider only formulas, is direct display of a
classical transport problem with minimisation of
expenses at cost. But the given statement of a
problem has some features acting in a problem in a
role of restrictions.

2. CONCLUSIONS

As a result of research of a problem of balancing
of loading of the computing system the conclusion is

drawn, that the given problem can be considered,
how updating of a classical transport problem with
minimisation at cost, namely, as a classical transport
problem with minimisation at cost, but taking into
account the restrictions which have arisen from
specificity of a problem. The substantiation of such
statement gives the chance to search for new
methods of the decision of a problem of optimal
distribution of tasks in the computing system,
leaning on already existing set of methods of the
decision of a classical transport problem.
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