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Pa3zpemienne KOHPIUKTOB B KOMIILIOTEPHbIX
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MITY um. H.D. Bbaymana, Mocksa, Poccus

TynukoBble CHTyallud, BO3HUKAIOIIKE B CETH NpU Iepenade NAHHBIX NMPEMATCTBYET MOCTYIICHUIO
MAKETOB JaHHBIX B y3JIbl HazHaueHWs. [loaTomy mnpoOiema paspemieHuss TYHNHKOBBIX CHTYaIMi
SBJSIETCST OJAHOW W3 BaKHEHIIMX TPU TNPOSKTHPOBAHMU NepeJaddl JNaHHBIX (0COOEHHO C
Oydepuzarueil) B KOMIBIOTEPHBIX ceTAX. CyIIecTBYIOT Ba TPAAUIIMOHHBIX MOAX0AA K Pa3peIICHUIO
TYNHKOBBIX CHUTYyalUil: MPOEKTHUPYIOTCS CETH M CXEMBI, KOTOpbIE HCKIIOYAIOT BO3HHKHOBEHHE
TYNUKOBBIX CUTyauuii; pa3paboTka pachpeienéHHOr0 alropuTMa, KOTOpPBIH OOHAapyKHBaeT
TYNHKOBYIO CHTYyallMI0 M 3aT€M BBIBOOUT CE€Th W3 JTOH CUTyallMd MNPH IOMOIIM HEKOTOPOro
pasperaronero pacnpeaenéHHoro anropurMa. IlpeanoxeHHbsI moaxon 6a3upyercst Ha TOM, YTOObI
MIPEJOCTABIIATh HEACIMMBIE PECypChl IpoleccaM TakK, 4TOObBl MHUHHUMM3MPOBaTh IOTEpH H3-3a
KOHGUKTOB. VccienyloTcs MHOTOKpHTEpHANbHAs 3afada MPEJOCTABICHUS HEJEIHMBIX PECYpPCOB
npoueccam, NpuaéM MPUHINN ONTUMAJIbHOCTH BBIPa)KaeTcsl N3BECTHHIM OMHAPHBIM OTHOIIEHHEM Ha
MHOXKECTBE CPEIHHX BEK-TOPOB IITpadoB 3a KOH(IMKTHI 1O KaXIOMy U3 pecypcoB. [lokazaHo, 4To
COBMECTHOE HCIIOJb30BaHME amnnapaTa TEOpUM BbIOOpPa M KIACCHYECKOTO ammapara I03BOJIET
pacUIMpHUTh M3BECTHHIE ITOCTAHOBKHM 3a/ad 3a CYET MCIIONb30BAaHMS Oosiee OOMIMX NPHHIUIIOB
ONTUMAJIBHOCTH; MNPUBOJAATCS HPHUMEPHI PEHIEHUS MHOTOKPUTEPHAIBHBIX 3alad ONTHUMAIbHOIO
yIpaBJeHUsl pa3-pelieHus] KOHPIUKTOB B KOMITBIOTEPHBIX cHcTeMax. [loiydeHbl KOJIIM4eCTBEHHBIE
OLICHKM BBIMIPBIIIA TPHU BBIOPAaHHOM ONTHUMAJBHOM CTpaTerMM pa3pelieHus] KOH(IMKTOB B

MHOTOIIPOIECCOPHBIX KOMIBOTECPHBIX CUCTEMAX.

KiaoueBble cioBa: KOMIBHOTEPpHAsA CUCTEMaA, KOH(i)J'II/IKTBI B KOMIBIOTEPHBIX CHUCTEMaAX,
MHOTOKPUTEPHUAJIBHBIE 3adadd, ONTHUMaJibHasdA CTpaTerus, TYHNUKH, NTPEAOTBPALICHHA TYIHKOBBIX

CUTyal i

BBeaeHue

KondmuktHoii cutyarnueir B kommbioTepHblx cucrtemax (KC) Ha3piBaeTcst siBieHue,
BO3HHUKAIOIIEE IPH MYJIbTHJOCTYIE IPOLECCOB K OOUIMM pecypcaM, KOrjla HHM OJUH U3
MIPOLIECCOB, BOBJIEYEHHBIX B ATY CHUTYallMl0, HE MOXKET MPOJNOJDKAThCS U3-3a OXKHUAAHUA

OIPEJIEIEHHBIX PECYPCOB, 3aXBAY€HHBIX JIPYIMMHU IPOLECCAMH, KOTOpBIE, B CBOKO OYEPEb,
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HAXOJATCS B AQHAJOTUYHOM TMOJIOKeHUH. KoH(IMKTHas cUTyalMs MMeeT M MHOE Ha3BaHHUE —
TYIHK, YTO JOCTATOUHO YETKO OTpaxkaeTcst Ha coctosinuu KC.

[Touck mpakTU4YECKH NPUMEHUMBIX aITOPUTMOB pa3pellieHUs] TYIMKOBBIX CUTYallull UMEET
0oJblIOoe TMpPUKIATHOE 3HAaYeHHe s olecnedeHus HHOpMalMOHHONW 0G€30MacHOCTH
BBIYHCIIUTENLHOTO TPOLIecCa U B ITOM CBSI3U NPEJCTABICHHAs CTAThs IOCBSIICHA PELICHHUIO
BA)KHOM M aKTyaJIbHOU 3a1aue.

CepbE3HOCTh CUTYyallMW 3aBUCUT OT TUIOB MPOLIECCOB, HAXOSAIIUXCS B TYIUKE, OT THIIOB
UCTOJB3YyEeMBIX PECYpCOB, YHWCIIAa MPOLECCOB M MHOTHX Jpyrux ¢(akropoB. KoHGIUKTEI
COIPSKEHBl C 3aJEp)KKaMU IPOLIECCOB M CHIKarT mpousBoautTenbHocTh KC. Ilpu stom,
HECMOTpSI Ha OTHOCUTENbHYIO MPOCTOTY JaHHOTO SBJICHMS, TYINHUKOBBIE CHUTYaI[MH eIé
HEIOCTaTOYHO M3YUYEHBI, 3 U3BECTHBIE METOBI «OOPBHOBI» C TymMKaMu HE Bceraa d((EeKTUBHBL,
U, CJIEZI0OBATENIbHO, TPEOYIOT ONpeAeaEHHBIX HCCaeIoBaHmi [1].

Hanpumep, HerocTaTok MeTo/1a IpeJOTBPAILEHHs] TYIUKOBBIX CUTYalUil, HCIIOJIb3yEMOI0
BO MHOI'MX COBPEMEHHBIX OIEPALMOHHBIX CHCTEMaX M OCHOBAHHOTO Ha IMPEIBApPUTEIHLHOM
IUTAHUPOBAHUM HEOOXOAMMBIX IIPOLECCY PECYPCOB, OYEBUAECH — BpEMS OXKHUJAHUS MOXKET
0Ka3aThCsl Ype3MepHO OosiblIMM. MeToJ1 peAoTBpallleHus C IIpepbIBaHEM pabOThI Mpolecca U
OCBOOOXKICHHEM €r0 pPEeCcypcoB O4YeHb crenuduueH U Mano 3(PQexTuBeH, KOTrga HMEETCs
MHOKECTBO Pa3HOTHUITHBIX PECYpCOB, 3alpallliBaeMbIX AMHaMHueckd. HemocTaTok emie oaHOoro
METOJla, MPEeNOTBPALIAIONIET0 TYNHUKH IYTEM YHOPSAOYEHHUS] PECYPCOB, 3akitodaercs B
OrpaHUYCHUH BO3MOJKHBIX MTOCIIEIOBATEIBHOCTEH 3aIIpocoB Ha pecypcbl [1-4].

WNuoit cnocob6 «OopbOB» € TyNmHKaMM — HEAONYLIEHHWE TYNHKOBBIX CUTYalUH.
[Ipenmnonaraercs NporHO3UPOBAHUE TMOSBICHUS TYMUKOBBIX CUTyaluil B OynymeM. M3BecTHbIe
metoas! [1,2,4,5], ocHOBaHHBIE Ha ONpEAETICHUHM WU HEJOIMYLIEHUH COCTOSHHM, NMPH KOTOPBIX
MOTYT BO3HMKaTh Tynuku. Ilpu 3TOM ucnonwsiyeTcsl mpeaBapuTenbHas WHGOpMaIUs O TOM,
KaKHe pecypchbl MOXKET 3allpOCUTh Ipoliecc BO BpeMs BbINojgHEHHs. [Ipexne yem BbLIETUTH
CBOOOJHBIN pecypc MpoIecCy, OCYILECTBISETCS IpOBEpKa Ha YCIOBUE «OE30MacHOCTH»
cocrosiHusl. CocTosiHue sBIsieTCs «0e30acHbIM», €CIIU BhIIETICHHE pecypca MPoLeccy HE MOXKET
NPUBECTH K TMOSBJICHUIO TYMHKOBBIX CHTyauuid B Oyaymiem. MHaue COCTOSHHE CUUTAETCs
«OIacHBIM», M BBIIEIEHUE pecypca OTKIaabiBaeTcsa. OOUH W3 BapHAHTOB JIAHHOIO METOJA
npeioxeH B [1]. OueBUIHBIN HETOCTATOK HEIOMYIIEHUS TYITUKOBBIX CUTYaIlui 3aKII0OYaeTCs B
HE00XOIMMOCTH UMETh AlpUOPHYI0 HH(OPMAIHIO 0 OyIyIIUX MOTPEOHOCTIX B pecypcax, a 3To
HE BCErJa BO3MOXKHO.

OpuH U3 cnocoboB «OOpPHOBI» C TYMUKOBBIMU CUTYAIUSIMU MPU OTCYTCTBUU alpUOPHOM
nH(popManuu 0 MOTPEOHOCTAX TMpoIlecca B pecypcax — oOHapykeHue TynukoB. OOHapyKeHue
TYINHMKOBBIX CHTyaluil (ele He NpUBOIAINEe K WX Pa3pelieHHI0) — 93TO IMEePHOIUYECKOe

WCITIOJIb30BaHUE AJTOPUTMA, KOTOPBIA MPOBEPSET TEKYIEEe PaCIpEleIeHUE PECYPCOB C IIEIBIO
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yKa3aHUs TOTO, CYIIECTBYET JIU TYIIMKOBAsi CUTYallUsl, U €CIIU CYLIECTBYET, TO KaKue MPOLECChl B
Hee BoBjieueHsI [3,5,6].

Lenp paboTHI COCTOUT B TOM, YTOOBI pa3paboTaTh METOJbI U aJITOPUTMBI, MO3BOJISIFOIINE
MUHUMU3HUPOBATh MOTEpU u3-3a TynukoBbiX cutyanuit B KC 3a cuér wucnonp3oBaHus
ONTUMAJBHOW cTpaTeruu paspemeHuss KoHpmukroB. [IpemnmaraeMbiii moaxon OCOOCHHO
apdexkTrBeH s ycTpaHeHUs TynmukoB B ympasisoomux KC, Habop mporpamm KOTOPBIX

(UKCUpOBaH.

MaTteMmaTH4yecKoe onucaHue MHOFOKpI/ITepPlaﬂbHOﬁ 3aJa4Y1 HAX0XKAECHUA

OIITUMAJIBHBIX CTpaTeI‘l/lﬁ

[Tpu pemenun 3amay Ha KC HECKOJIBKO MPOILECCOB MOTYT OJHOBPEMEHHO MOTPeOOBaTh
OJIHOTO M TOTO K€ pecypca (mporeccopa, KaHaja, TaOIuIlbl), KOTOPBIA MPEI0CTaBISAETCS TOIBKO
omHoMy U3 HuX. WMmm, wHanpumep, B Tmponecce (QYHKIHMOHUPOBAHUS COBPEMEHHBIX
MHoronponeccopasix KC MOryT BO3HHMKATh OYepequ 3alpocoB Ha BBIJACICHHUE CBOOOIHOMN
namsata. OHM 00pa3yroTcs u3-3a KOH(UIMKTOB IMPHU OOpameHUH K OOIIMM JaHHBIM (CIHUCKY
CcBOOOMHON MaMATH U T.A.), @ TaKKe IMPH pealu3aldyd MEXaHH3MOB MepepaclpeesieHus U
peopranuzanuy mHamsaTH. Takue CHUTyallud Ha3bIBAIOTCS KOH(IUKTaMu, a pecypchl —
HEJCITUMBIM.

ITycts umeercst K TumoB pecypcoB. B o0miem ciydae Kakablii THIT | XapaKTepH3yeTCst
00sémoM pecypcoB k; . ITox KC Oynem moHuMaTs MHOXECTBO IporeccoB P = { SV ¢ PR pm} ,
KOTOpblE MOTYT OAHOBpeMeHHO ¢yHkiuuoHupoBatb B KC U MHOXECTBO pecypcoB

R= {rl, N, .. rn} , KOTOpBIE MPOIECCHI MOT'YT 3alpalliuBaTh U HCTIOIb30BAaTh.
BoigenuM ocHOBHBIE THUNBI HenenuMbix pecypcoB KC: uHbopManmoHHbIe (IRl) ,

MIpOrpaMMHBbIE (RZ), anmnapaTHbIe (Rs) [Ipumepom pecypca Tuna R, sBisercs Talnuma

pacnpeaciicCHud IMaMsIThu B OHCpaHHOHHOﬁ CHUCTEMC, Ta6n1/1ua pacnpeaciiCHUA BHCIIHUX

YCTpOWCTB; NpuMepoM pecypca R, — HepeeHTepalOenbHble NPOrpaMMBbl: CHUMILIEKC-METOL,
BbIUMCIIEHHE JorapudMa; amnmaparHele TMma R, — OHMCK, KaHal BBOJA-BbIBOJA, YCTPONCTBO

[IE€YaTH.

KoH(paukTel MOryT BO3HHMKaThb MHOTOKpaTHO. BHyTpM Kakaoro mpouecca MOKHO
BBIJICIUTh KPUTUUECKUE YUACTKH, I7I€ eMy HEOOXOJUM HeAeIUMbIi pecypc. B kaxabplif MOMEHT
BpEMEHHU He Oosiee 4eM OJMH IPOLECC MOYKET MCIIOJIb30BaTh HEJCIUMBIA pecypc; IpU 3TOM
ocTaJbHbIE TMPOIIECCHI, MPETEHAYIOUIME HA 3TOT PECypC, BPEMEHHO OJOKUPYIOTCS U JIOJKHBI

’K/1aTh, IIOKa OH He ocBoboauTes [7,8,9].
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Takum oOpa3om, 3amaya COCTOMT B TOM, YTOOBI MPENOCTABIATH HEJECIHUMBIE PECYpCHI
mporeccam Tak, YT00bl MUHUMU3HPOBATh MOTEPH U3-3a KOHPIUKTOB. [lopsaok nmpenocTraBieHus
HEJICIMMBIX PECYPCOB IpolieccaM Ha30BEM cTpaTerreil S paspeineHus KoHdaukros [1,2].

OaHuM U3 BO3MOXHBIX METOJIOB MAaTEeMaTHYeCKOr'O OIMCAaHUS 3a/laddl pa3perieHus

KOH(UIMKTOB B MHOTOIpOIeccopHoii KC MOXXeT SBIATbCA MPUMEHEHNE MAPKOBCKUX CIyYalHBIX

npoueccos. Ilycts i-it mpouecc B KC (i :L_n) umeer M+1 cocTostHU A} (j =0, m) (3mech

Jj=1 m — HOMep HemenMMoro pecypca). B oTcyTcTBHE Ipyrux HpoLEcCOB IOBEACHHE I-TO

nporecca (i =1, n) ONnMIIEM  Lenpl0  MapkoBa € BEpPOSTHOCTSIMHM  IIEPEXOJ0B

p;t (q:O, m, t=0, m). CoctosiHne A, HE COOTBETCTBYET HH OJHOMY M3 KPUTHYECKHUX

Y4acTKOB i-ro mpomecca; cocrosHue A, (j =0, m) COOTBETCTBYET J-My KpPUTHUYECKOMY

y4acTKy. MHOXECTBO TMPOIECCOB, HAXOASAIIMXCS B  COCTOSHHHM, COOTBETCTBYIOIIEM
KPUTHYECKOMY YYacTKy OTHOCHTEIBHO OJHOTO M TOTO >K€ HEIeIMMOro pecypca, Ha3zoBEM
rpynnoi KOH(QIUKTYIOIUX POILIECCOB.

HYCTB Mi — MHOXECTBO COCTOSIHHUH |-TO Iponecca. CocrositHue Bcel COBOKYITHOCTH

IIPOLIECCOB B JIF0OOOH MOMEHT BpeMEHHU MpejacTaBiseT co0oil Touky MHoxectBa M =M, -...-M .

Pacemorpum moamuoxkectBO K; < M :
K, ={seM|(@i=)[s=A, s =A ]

rae |j e{l, . m}. ITogMHOXECTBO Kj 3a7a€T T€ COCTOAHMUA U3 M , B KOTOPBIX 10 KpaWHeEN

Mepe JiBa Ipoliecca NpeTeHAYIOT Ha | -i pecypc.

Beeném Bennuuny

1 seK,,
s K)=10 ®
] Jl

U PacCMOTPUM BEKTOP

x=<x(s, Kl), ey X(S, Km)>, x=<x(s, Kl), .y X(S, Km)>,
onpeAeNsomui mrpapsl B cocTOTHUA S€M 3a KOHQUIMKTBHI MO KaXJIOMY U3 HEACITUMBIX
pecypcoB. llITpad paBeH BpeMeHH 0KHIaHUS KaXKAO0T0 U3 PECYPCOB.
3amaguM OWHApHOE OTHOIIEHWE R Ha MHOXXECTBE CPEIHHUX BEKTOpPOB MITpadoB 3a
KOH(MIMKTHI MO KakIOMy M3 pecypcoB 3a BpeMms ¢yHkiuonupoBanus KC (w1 BeKTOpoB
cpeaHux mTpadoB 3a €IUHMILY BpeMeHHM, ecinu BpeMs ¢yHkunoHupoBanusi KC OeckoHEUHO).

3amaua paszpenieHust KOH(QIMKTOB COCTOUT B HAXOXKJIECHUH R -ONTUMAIbHOM CTpaTeruu.
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YCTaHOBMM COOTBETCTBHUE MEXIY paccMaTpHBaeMOW 3ajadyed W 3amadei moumcka R -

ONTUMAaJIbHBIX CTPATETUH ynpasieHUs Lenbo Mapkosa. [loctpoum nens Mapkosa. [Ipumem M

3a MHOXECTBO cocTostHui 1iernu. CoctostHus S € M SBISIOTCS BEKTOpamu: S = <sl, . Sm>, rae

S, € {1, ey m} — COCTOSIHUE I-T0 MpoIlecca B JAHHBII MOMEHT BPEMEHH t; S, = ] O3HAyaer, 4To

i -My nporeccy B MOMeHT t Tpeyercs j -if pecype. Ilyers N=2,5,(t)=j u s,(t)=j. Torxa
j - pecypc MosKeT GbITh MPEOCTABIICH TONBKO OJJHOMY M3 IIpoleccoB. IIporeccy, KOTopoMmy |

-ii pecypc B MOMEHT t He OBbLI MMperoCTaBlIeH, TOT ke pecypc Tpedyercs u B (t+1) -1 MOMEHT.

[To>TOMy 1epexos] U3 COCTOSHUS <i, j> B COCTOSIHHE <j', j >, rne j #j, j # j,HCBO3MOXKEH.

Takum 06pa30M, MNEPEXOAHBIC BEPOATHOCTU 3aBUCAT OT TOI'0, KAKOMY IPOLECCY MPEAOCTABJICH

J -t pecypc. Ecmu mpenoctaButh pecypc 1-mMy mporeccy, TO COCTOSHHE <j, j> nepenaér B
-t - 1 - -
COCTOSIHUE <j, j> C BCPOSITHOCTBIO ;. WIM B COCTOSHHC < J, j> C BEpOSTHOCTBIO

1->" p}. = pj. Ecin npenocraButs pecype 2-My mporeccy, To <j, j> nepeiiaéT B <j, j'> c

J'#]
2
BEPOATHOCTBIO P .. AHAJOTHYHO OIPENENMIOTCS IEPEXOAHBIE BEPOSTHOCTH B 00LIeM ciydae N
TIpOIIEeCcCOB (n > 2).

B manHOM cJIydace y,uo6Hee TOBOpUTH O MUHHMHU3AIITUUN I_I_ITpa(l)OB, 4eM O MaKCHUMMH3allun
JA0XOJ0B. OKBUBaJCHTHOCTH 3aaa4 IIpyu 3TOM OYCBHUIHA. BCKTOp I_HTpa(l)a HC 3aBHCUT OT

MPUHATOTO PCHICHUA, a 3aBUCUT TOJIBKO OT COCTOAHUA s:rsk =1I,; KOMIIOHCHTBI M -MepHOTO

BekTOopa I, ompexnenstores no ¢opmyne (1). 3agaya cocTouT B TOM, 4yTOOBI Haiith R -

ONTUMAIBHYIO CTpATEruio Jyisi Takoll memnu. Takum o0pa3oMm, TpedyemMoe COOTBETCTBHUE

YCTaHOBJICHO. DTO MO3BOJISET CBOJIUTH UCXOIHYIO 33124y K OJHOKpUTepHaibHoii [3,9-11].

l'[pnMep pemieHud 3aJa4Y1 MUHUMHA3aAll U MMOTEPb NPONECCOPHOIro BpeMeHHU

HU3-3a KOHPJIMKTOB

PaccmoTpuM crienyronie HeleIMMble pecypehl: p, — KaHall BBOJA-BbIBOJA; p, — OOMIas
TabauIa; p, — YCTPOHCTBO MEYaTH.

Ilycts pecypcsl p; U p, BaxkHEE, YEM pecypec p,. 3alaguM Kputepuu t, t, u t,, oleHKH
II0 KOTOPBIM SABJIAIOTCA CPCAHUMHU BPEMCHAMH OXHIAHHA KaXI0ro pecypca. 3aHaJII/IM Ha
MHOKECTBE BCEX BO3MOXKHBIX BEKTOPOB BPEMEH OXKUIAHUS f=<xl, X2 x3> HEpapXUYECKOE
OTHOIIECHHE T , yUUTBIBAIOIIEE YKAa3aHHYIO HEpaBHOLEHHOCTh. Kputepuu t; u t; Baxknee, uem t,

; KpuTepuu U, u t; cuuTaroTcs paBHOLEHHBIMHU. Jlorndeckas ¢popma OTHOIIEHUS T MMEET BUJ

Hayka u oopaszosanne. MI'TVY um. H.D. baymana 188



http://technomag.bmstu.ru/

fios (B Bar Bs)=BiBs. fio(By B,) =B,
(B Bo)=BiBs. £(Ba Bs)=Bs. fi(B)=P:(i=1 3).

2] i Gy

MaskopHpyroIas MmocjieJ0BaTeIbHOCTD <i°>(T) AMEET BUI <il , 152, i§3>=<10, 2°, 3°>.

Crparerus, MUHUMU3HPYIOLIAs CpellHEEe BpeMs OKUAAHUA pecypca p,, SBIAeTcs T-ONTHMaib-

Ho# [5,6,10].
HaliiéM KOIMYEeCTBEHHYIO OLICHKY BBIMIPBIIIA B YAaCTHOM ClIy4ac 3aJadyd HaxOKICHUs
ONTUMAIILHOU cTpaTeruu pasperienus: KonpmukTos. ITycts nponeccsl B KC cnabo csizansl. [pu

9TOM

Po; =€) (izl, n,j=1 m), Py =0 (J'ik, j=0, k¢0), p‘jje(O, 1) (izl, n,j=1 m).

I/ITaK, IyCcThb R — moboe pauoOHaJIbHOC OTHOLICHHC. CYIJ_IGCTByeT >0 TaKoO€C, 4TO IIpH

moOkIX €] <& (i =1 n, j=1 m) JUTSE KOHEYHOTO U JUIsi 0ECKOHEYHOTO BPEMEHHU:

@) R -onTUMalibHas CTpaTerus ¢IUHCTBCHHA;

0) pecypc MpeaOCTaBISETCS MPOLECCY, HMEIOLIEMY MEHBIITYIO0 BEPOSTHOCTh pi'j OCTaThCs B

i .
COCTOSIHUM A, CPel BCEX NPOLECCOB JAAHHOM IPYIIIIBL.
PaccMoTpuM OJHOKpUTEpHATIBHBIN BapUaHT 3a7jaui cO cIa00CBsI3aHHBIMU ITPOLIECCAMHU.
CpaBHUM cpefHEe YHUCIIO KOHQUIMKTOB MpPH JaHHOM CTpaTeruud cO CPEeJHUM YHCIOM

KOH(MIMKTOB TMpPH PAaBHOBEPOATHOM BHIOOpE Mpolecca, KOTOPOMY MPEAOCTaBISIETCS pecype.
3HaYeHUS TapaMETPOB:

n=2 m=2, p;=0,9, p;=0,75 p?=0,7, p>=0,95;
IPU 9TOM 3HaueHus ¢, Menstotest ot 0,035 ¢ marom 0,04, 3HaueHust 812 — ot 0,04 ¢ marom 0,06,
sHauenus ¢ — or 0,035 ¢ warom 0,03 u 3navenus . — or 0,025 ¢ marom 0,04. B Tabnwuie.
NPHUBEIEHBI Pe3yabTaThl pacyéToB. CTpPOKa COOTBETCTBYET (DUKCUPOBAHHOMY HAYalIbHOMY
COCTOSIHHMIO (3armiCh 12 03HAYAET, YTO MEPBBIN MPOIECC HAXOAUTCS B COCTOSHUU A, a BTOPOH —
B COCTOSIHUM AZ; aHAJIIOTHYHBIM CMbICI UMEOT 0603Hauenus 00, 01 u 1.1.).

Cronbeny coorBercTBYeT BpeMeHU (QyHkuuoHupoBanuss KC T (umciny maroB); Ha
MepeceyeHny CTPOKHU M CTONIONA 3allMCaHO B BEPXHEH 4acTH KIETKU CpeHEe YNCIO KOHMINKTOB
NpU ONTUMAJIBHON CTpaTeruv, a B HI)KHEH — NPU CTpaTeruu, MPENOCTaBISIONIEH pecypc

PaBHOBEPOSTHO TOMY HJIM MHOMY Tporieccy. Tabnuma pa3oura Ha 4acTu, KaxJas U3 KOTOPBIX

COOTBETCTBYET (PMKCHPOBAHHBIM 3HAYEHUSM €| (i, 1= 2).

PacdeTbl KOJMYECTBEHHOM OLICHKU BBIMI'PBIIIA B 3ada4€ HAXOXKACHUA OIITUMAaJIbHOMI
CTPAaTCTruu PpaspCUICHUA KOH(I)J'II/IKTOB (B MNPpUBCACHHOM HpHMCpC) CBUACTCIILCTBYIOT 00
AICKBATHOCTH MAaTEMaTU4YCCKOI0 MOACITIHMPOBAHUA 3adadyu PpaspCUICHUSA KOH(bJ'II/IKTOB B

MHoromporeccopHoit KC nensio Mapkosa.
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Tadauma. Pe3ynbraTsl pacuéToOB KOJIMIECTBEHHOHN OIEHKH BBIUTPHIIIA B 3a7]a9€ HAX0XKACHUS ONITUMAaIbHON

CTpaTeTuH pa3peuieHus] KOH(INKTOB

HauanbHoe Yucjio maron
COCTOSTHHE 5 | 10 | 20 | 25 | 30
si =0,035; 812 =0,04; 812 =0,035; 8§ =0,25
00 0,04 | 0,193 0,662 0,929 1,207
0,043 | 0,229 0,871 1,256 1,663
01 0,134 | 0,327 0,783 1,043 1,315
0,150 | 0,404 1,041 1,414 1,809
11 2,832 | 3,559 4,226 4,507 4,788
3,405 | 4,736 5911 6,334 6,743
12 0,038 | 0,247 0,897 1,239 1,574
0,040 | 0,290 1,188 1,693 2,197
22 3,119 | 4,170 5,215 6,610 5,974
3,750 | 5,657 7,660 8,338 8,933

e =0,075 & =01 & =0,065 &2=0,065

00 0,170 | 0,700 | 2,060 | 2,781 | 3,514
0,183 | 0,832 | 2,675 | 3,690 | 4,730
01 0,296 | 0,820 | 2,115 | 2,819 | 3,540
0,329 | 0,994 | 2,753 | 3,737 | 4,754
11 2,888 | 3,823 | 5,140 | 5815 | 6,516
3,444 | 4982 | 6,959 | 7,902 | 8,877
12 0,085 | 0,524 | 1,881 | 2,624 | 3,375
0,090 | 0,612 | 2,424 | 3,467 | 4,535
22 3,213 | 4,644 | 6,571 | 7,399 | 8,194

3,809 | 6,031 | 9,054 |[10,307 | 11,440
e =0,115; & =0,160; & =0,095; & =0,105

00 0,345 | 1,237 | 3,274 | 4,310 | 5,350
0,374 | 1,467 | 4,200 | 5,633 | 7,081
01 0,457 | 1,293 | 3,250 | 4,269 | 5,298
0,506 | 1,555 | 4,175 | 5,575 | 7,000
11 2,937 | 4,060 | 5894 | 6,858 | 7,855
3,481 | 5,208 | 7,827 | 9,145 | 10,507
12 0,129 | 0,747 | 2,606 | 3,625 | 4,660
0,136 | 0,867 | 3,299 | 4,694 | 6,129
22 3,298 | 5,005 | 7,515 | 8,624 | 9,705

3,862 | 6,324 | 10,025 |11,646| 13,255
g =0,155; & =0,220; & =0,25 & =0,145
0535 | 1,713 | 4214 | 5457 | 6,698

00 0,582 | 2,027 | 5,357 | 7,061 | 8,771
01 0,608 | 1,702 | 4,129 | 5,357 | 6,589
0,673 | 2,035 | 5256 | 6,929 | 8,617
11 2,984 | 4263 | 6,473 | 7,634 | 8,828
3,517 | 5,404 | 8,493 |10,065| 11,683
12 0,168 | 0,927 | 3,141 | 4,349 | 5,576
0,178 | 1,070 | 4,929 | 5559 | 7,137
22 3,373 | 5,284 | 8,184 | 9,486 | 10,760

3,911 | 6,554 | 10,720 | 12,586 | 14,372
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3akjuyeHue

Pazpaborana u mpennoxena 3ddexkTuBHas cTpaTerus ymnpaBieHUs HHOOPMAIMOHHBIMHU
npoueccaMu B MHorompoueccopabix KC, oOHapyxuBaromass ¥ 3alpelaromas TYINHKOBBIC
CUTYyallud B KOMITBIOTEPHBIX CHCTEMAX.

OTnuuuTenbHOW OCOOCHHOCTBIO HpeayaracMbelx 3((GEKTHBHBIX METOAOB W alTOPUTMOB
JUKBUJAIMU TYIMUKOB SIBISETCS BO3MOXKHOCTH HCIIONB30BAaHUS HUX TMPH pa3paboTKe U
SKCIUTyaTaluu MHoromnpoueccopusix KC, paboTaiommx B peanbHOM Macmrabe BpeMEHH.
[IpuBenenHslii  mpuMep  HOATBEpXkAaeT  pabOTOCIOCOOHOCTh,  A(PPEKTUBHOCTH U
NEPCHEKTUBHOCTh MPEAJIaraeMbIX METOJa M aJTOPUTMA Pa3pelIeHUs] TYMUKOBBIX CHUTYyalluil B
MHoronpoueccopasix KC.

[IpennoxxeHHBIE METOA U aJITOPUTM OOECIICYMBACT YMCHBIIEHUE CPEIHEro Yucia
koH¢umkToB B KC Ha 30-40%.
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A conflict situation in computer systems CS) is the phenomenon arising when the process-
es have multi-access to the shared resources and none of the involved processes can proceed be-
cause of their waiting for the certain resources locked by the other processes which, in turn, are
in a similar position. The conflict situation is also called a deadlock that has quite clear impact
on the CS state.

To find the reduced to practice algorithms to resolve the impasses is of significant applied
importance for ensuring information security of computing process and thereupon the presented
article is aimed at solving a relevant problem.

The gravity of situation depends on the types of processes in a deadlock, types of used re-
sources, number of processes, and a lot of other factors.

A disadvantage of the method for preventing the impasses used in many modern operating
systems and based on the preliminary planning resources required for the process is obvious -
waiting time can be overlong. The preventing method with the process interruption and de-
allocation of its resources is very specific and a little effective, when there is a set of the polytyp-
ic resources requested dynamically. The drawback of another method, to prevent a deadlock by
ordering resources, consists in restriction of possible sequences of resource requests.

A different way of "struggle” against deadlocks is a prevention of impasses. In the future a
prediction of appearing impasses is supposed. There are known methods [1,4,5] to define and
prevent conditions under which deadlocks may occur. Thus the preliminary information on what
resources a running process can request is used. Before allocating a free resource to the process,
a test for a state “safety” condition is provided. The state is "safe" if in the future impasses can-
not occur as a result of resource allocation to the process. Otherwise the state is considered to be
" hazardous ", and resource allocation is postponed. The obvious shortcoming in preventing im-
passes is a need to have a priori information on the future demand for resources, and it is not al-
ways possible.

One of ways to "struggle” against impasses when there is no a priori information on the
process demand for resources is to detect deadlocks. Detection of impasses (without leading to
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their resolution yet) is a periodical use of the algorithm which checks current distribution of re-
sources to reveal whether there is an impasse and if it exists what processes are involved in it.

The work objective is to develop methods and algorithms allowing us to minimize losses
because of impasses in CS using the optimum strategy of conflict resolution. The offered ap-
proach is especially effective to eliminate deadlocks in management (control) computer systems
having a fixed set of programmes.

The article offers a developed efficient strategy of the information processes management
in multiprocessing CS, which detects and prevents impasses. The strategy is based on allocation
of indivisible resources to computing processes so that losses caused by conflicts are minimized.
The article studies a multi-criterion problem of indivisible resources allocation to the processes,
with the optimality principle expressed by the known binary relation over set of average vectors
of penalties for conflicts in each of resources. It is shown that sharing a decision theory tool and
a classical one allows more efficient problem solution to eliminate deadlock. The feature of sug-
gesting effective methods and algorithms to eliminate deadlocks is that they can be used in CS
development and operation in real time. The article-given example shows that the proposed
method and algorithm for the impasse resolution in multiprocessing CS are capable and promis-
ing.

The offered method and algorithm provide reducing the average number of CS conflicts by
30-40 %.
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