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B paboTe BBOAWTCS NMOHSTHE PECYPCHO-LIENEBBIX CETEH, KOTOPOE IO3BOJISIET YYUTHIBATh THIOJOTHIO areéHTOB M UX
LIeJIEBBIC YCTAHOBKHU IIpu oOMeHe pecypcamu. [IpeaBapuTenbHO H3JI0KEHBI OCHOBHBIE MPUYMHBI U XapaKTEPUCTHUKU
B3aUMOJICHCTBHS areHTOB M YCIJIOBHUSI ()OPMHUPOBAHMS MHOTOAreHTHBIX CHCTEM. lIpoaHann3npoBaHbl OCHOBHBIE BHIBI
B3aUMOJICHCTBUI MEXIY areHTaMH, MPEICTABICHHBIX C MOMOIIBIO IBYCTOPOHHMX 3HAKOBBIX rpadoB. JlaHbI KiTIOUYEBbIE
OIIPEAEIICHNSI, BAPHAHTHI KJIACCU(UKAIINN 1 CBOWCTBA pecypcoB. Ha 0cHOBe BBIIENEHHBIX 11O IBYM KPUTEPHSIM KIIaCCOB
arcHTOB BBEICHO OINPENEIICHUE PECYPCHO-LIENEBBIX CETEH, PaCCMOTPEHBI CUTYAlMH OOMEHA pecypcaMi AJsl areHTOB
pa3HbIx TuUNoB. CopMyaHpoBaHBI U 1OKa3aHBI JIBE TEOPEMBI O IPENECIBHBIX COCTOSHUSX PECYPCHO-LIENEBON CETH.
[TocTpoeHbI COOTBETCTBYIOIINE WITIOCTPAaTHBHBEIE MpuMepbl. OnicaHa MporpaMMHas pean3alis pecypCcHO-1IeNIeBbIX

cereil Ha si3bike Python.

KuiioueBble €J10Ba: WHTEIUIEKT MUCKYCCTBEHHBIN, areHT, CUCTEMa MHOTOAreHTHas, B3aUMOJICHCTBUE areHTOB, PECypc,
00MEH pecypcamu, BIHSHUE areHTa, rpad) IByCTOPOHHUI B3BEIICHHBIH, CETh PECYPCHO-IICIICBAsL.

BBEJEHUE
Hacrostmass  pabora  mocsmiena:  mpoOremam
MOCTPOCHUSI  PECYpCHO-LIENIEBBIX ceTell W HX

UCIIONB30BaHUS TPH (OPMHUPOBAHUM MHOTOAr€HTHBIX
cucteM. B Teopun rpadoB. ceTplo  Ha3bIBaeTCA
B3BelICHHBIH Tpad (Mynbrurpad, runeprpad)

G =X, C, W), (1)
rie X — MHOXecTBO BepminH, C — MHOXECTBO IyT
(pebep), a W:C>R", R™-MHOMeCTBO HEOTPHUIIATETBHBIX
JNeHCTBUTENBHBIX 4Hceln.  Hanpumep, mpancnopmuas
cemv [bepx, 1962; Xapapu, 1973] — 3T0 KOHEUHBIH
rpad 6e3 meTens, KXol Iyre ¢ KOTOPOro IMOCTaBICHO
B COOTBETCTBHE HEOTPHUIATENBHOE ILIEJI0e YHCIO W,
HAa3bIBa€MO€ MPOITYCKHOI CIIOCOOHOCTBIO AyTH.

IIycte Cy — MHOXeCTBO IyT ceT G, 3aXOAslLIUX B
X, a CX+— MHOXECTBO JAyr ceTd (G, BBIXOIALIUX W3 X.
Oyukums f, ompeaencHHas Ha C M OPUHUMAIOLIAS
uenounciennsie 3Hadenus 1 C — N, HasbiBaercs
MIOTOKOM IO TPaHCIOPTHOH CeTH, eCiH:

1) fe)20;2) Zfie) - Zfe)
! . 2
Cy .

KnaccrgecknM anropuTMOM Ui pemIeHUs 3amadu
HaXOX/ICHUS MaKCHMAaJbHOTO MOTOKA B CETH SBISAETCA
anroput™m ®opna — Pankepcona [Popa u ap., 1973].

B cBoeit pabore [Kysnemos, 2009] O.I1.Ky3neunos
MPEIIOKIIT (POPMaNBHBIA ammapaTr pecypcHblXx cemell.
PecypcHoil  ceTbro  HasplBaeTcsd  JBYCTOPOHHMM
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OpHEHTHPOBAaHHBIM Tpad, BEpIIMHAM X; KOTOPOTO
MOCTaBJICHbI B COOTBETCTBHE HEOTPHUIATENbHBIC YHCIIA
qi(t), M3MEHsAOUIMECs B IUCKPETHOM BPEMEHH [ H
Ha3bIBaEMbIe pECypcaMu, a AyraM — HEOTpHUllaTeNIbHbIE
4HCTIa Wi, HMEHYeMbI€ TPOIMYCKHBIMU CIIOCOOHOCTSMH
(mpoBomuMocTsaMu). B oTimume OT TPaHCIOPTHBIX
cetell M Kaccuueckod mnotokoBod wmoxpenu Dopnaa-
dankepcoHa, B KOTOPBIX Pecypc TeUeT OT HCTOYHHKOB K
CTOKaM M pACTOJIOKEH B JOyraXx, B PECYpCHOW CeTH
pecypchl HaxomsATCS B BEpIIMHAX, a OOMEH pecypcamu
3aBHCUT OT mpoBogumocteit nyr [Kysmemos, 2009;
Ky3nernos u ap., 2010].

Coznmanue  mHoroareHTHoi  cuctembl  (MAC)
MpeArnojaracT OpraHu3aluil0 B3aUMOACHCTBUH MEXAY
areHtaMu. [log areHToM TIOHMMAaeTcsd OTKPBITHIM,
aKTHBHBIA OOBEKT, 00JaJaloUIMi LesieHanpaBIeHHBIM
noeeneareM [Tapacos, 2002]. Smpo mroboro areHTa
COCTaBJISIET  YETBEpPKa  «UENb-PECypC-BOCIPUSATHE-
nerctBuey. I[lpouecc B3aMMOAEWCTBUS areHTOB MpHU
cozganud MAC 3aBHCHUT OT CIEAYIOUIMX OCHOBHBIX
mapaMeTpoB: 1) THUNI areHTa; 2) COBMECTHMOCTh IeJIeH
WIH HAMEPEHWH arcHToB; 3) OTHOIICHHWE areHTOB K
pecypcaM M BEIIMIUHBI UMEIOIINXCS Y HUX PECYPCOB; 3)
OTBIT areHTOB, CBSI3aHHBI C HEKOTOPOH IMPOOIEMHOM
oOmacteio; 4) 00s3aTeNBCTBA ArcHTOB JPYr Iepen

JIPYTOM.
Takum obpasom, paspaborka MAC Tpebyer
COIJIACOBAHHOTO BOCIIPUATHS BHEIIHEH Cpelpl W



dbopmupoBaHus 00mIMX IeNieil areHToB, OOMEHa
pecypcamu MEXKITY arcHTaMH, peam3anuu
KOJUICKTUBHEIX JIcHicTBU. BBeneHue pecypcro-yeneswix
cemeii [HonaokoB u ap., 2011] ¢ pa3HpIMH THIAMH
BEpUIMH W JABYMs THIAMH Jyr, 0003Ha4aeMbIMU
CIUIOUIHBIMU M MYHKTUPHBIMH JIMHHUSMH, TTO3BOJIUT
YUYUTBIBaTh 1leJieBble YCTaHOBKM areHTOB IIPpU HX
oOMeHe  pecypcaMiu, a TaKKe  OTOOpPa3UThH
ACHMMETPHYHOCTh TAKOTO OOMCHA

1. AreHTBI, B3aMMOJECTBHUS H PeCypPChI

['maBHBIME  XapakTEPUCTUKAMHM  B3aUMOJECUCTBUS
areHTOB SIBISIIOTCSI: HANPABNIEHHOCMb, 63AUMHOCHIb,
3HAK, CUId, OUHAMUYHOCMb, adanmusHocmbs. bynem
BHayase HPEJCTaBIATh 0o0acTh  BO3MOXKHBIX
B3aMMOJICHICTBHI MEXIy areHTamu B Buae L; = {—,0,+}.
Torna Bce BapraHThl aHaM3a B3aUMOJICUCTBUI MEXIY
JByMsl areHTaMd CBeAyTCid K CIEAYIOIIMM BOCHMHU
cilyyasiM, HM300paKeHHBIM Ha pHUCYHKe | B BuUue
JIBYXCTOPOHHUX 3HAKOBBIX I'padoB (TpUBUAIBHBIA 9-#
ciIydaif OTCYTCTBHS B3aUMOACWUCTBHUS 3IIECh OITYIIECH).
BrigensroTcs Tpu kiacca otHoreHuit [ Tapacos, 2010]:
a) B3aNMHBIC (CHMMETPUYHBIC);

0) cmaboKOHTpacTHBIE (AHTUCHMMETPUIHEIE);
B) KOHTPACTHBIE (KOCOCHMMETPUIHEIE)

) B3aHMHOE cojleffcTRIe 0) B3aIMHOE IPOTHROIETCTEHE

B) OTHOHAIIPABIEHHOE cofeficTrIe

T) OTHOHATIPABTIEHHOE TPOTHEBOEIICTEIE

€) KOHTPACTHOE B3aIMojielicTRIe
Pucynox 1 — Buzapl B3anMoneicTBHI MEXIY areHTaMu

B o6mem ciydyae, CJICAYET TOBOPUTH O CTCIICHU
CONCUCTBHSA WM MPOTUBOJCHUCTBHUSA areHTa Jpyromy
arcHry, OTKyJa BHUIHA IleJ'IeCOO6p33HOCTL TMIPUMCHCHUA
Ipyu aHAJIN3EC B3aMMOOTHOIIIEHUH HEUYETKUX 3HAKOBBIX
I‘pa(i)OB; TIPUMEPBL TAKUX I‘pa(l)OB TMPUBECACHBI HA PUCYHKE
2 (W1> Wz).

+w, + Wy
O ONO==—0
El) CTETIEHE B3aIlIMHOCTH 6) CTETIEHD KOHTPACTHOCTIL

PucyHox 2 — IIpumeps! npencTaBaeHIs CHITbI B3aHMHBIX
1 KOHTPACTHBIX OTHOLLICHUH

Jiobas MAC sBnseTcss TONUCTPYKTYpHOH U
npencrapiasieT  coOOH  eOMHCTBO  OKCTEHCHBHBIX
CTPYKTYpP, B  OCHOBHOM  pPa3BEpPTBIBAIOIIUXCSA B
MPOCTPAHCTBE " MHTEHCUBHBIX CTPYKTYD,

pasBuBaromuxcsi BO BpemeHu [Bonkos, 1986;. Tapacos,
2002], IIpu MOCTPOEHUU CTPYKTYp C MOMOIIbIO
OpPUEHTUPOBAHHBIX rpacdoB pa3BepTHIBAHUIO
SKCTCHCUBHBIX CTPYKTYP COOTBETCTBYET 0OaBIICHHUE
HOBBIX BEpIIMH B WCXOAHBIA Tpad, a pa3BUTHIO
WHTEHCUBHBIX CTPYKTYP — JOOABICHHE HOBBIX JIyT.
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B nanHOll paboTe TiiaBHOE BHHMaHHE YJENSETCS
UCCIIeJOBAaHNE Y MOJICIIMPOBAHUE B3aUMOCBSI3EH MEXITY
TUIIAMH areHTOB, XapakTepoM (OPMUPYEMBIX HIIH
NPUHUMAaeMbIX HMMH Ieled M CUTyauusiMu oOMeHa
(COBMECTHOTO HCIIOTH30BAHMUS) PECypCaMHu.

I[Mom pecypcamMu 37aech TOHHUMAKOTCSA — JTHOOBIE
CpeICTBa, MOJIC3HBIC IS JOCTIDKCHHUS [IETH areHTa WA
MAC. TepmuH «pecypc» HOCIOBHO  O3HA4aeT
«BOCIIOJTHEHHE WJIA BOCCTAHOBIIEHHE HWCTOYHUKAY.
BenmunHa wmMeromerocs y areHra pecypca TECHO
CBs3aHa ¢ TakuMu Xapakrepuctukamu MAC kak poJb
areita B MAC © B3aMMOCBS3M MEXIY POJISIMH.
Cosnanue u ¢ynknuonupoBanne MAC mpeanonaraer
MOCTPOEHHE CeMeiicTBa MpOLENYp PacupeneseHus,
nepepacrpeeneHiss 1 KOJJIEKTUBHOTO HCIOJIb30BaHHUS
PECypCOB OTIENBHBIX areHTOB.

B curyanun o6MeHa pecypcaMu CIIeIyeT BIJICIUTh
JIBa 0a30BBIX THIA areHTOB — HOCHUTENW PECYpCOB H
uckarenu pecypcoB. Hocurenem pecypca B MOMEHT
BpeMEeHH t OyIeT SBIATBCS areHT, KOTOPBIH HMeEeT
OTIpEeNICIICHHBI pPecypc W MOXKET B JaHHBI MOMEHT
BpPEMEHH YIOBIETBOPHTH MOTPeOHOCTH TapTHepa B
oOMeHe, a WCKaTeJIeM areHT, WCITBITHIBAIOIINI
moTpeOHOCTH B pecypce.

BLIHCJ’IHIOTCS[ ABC OCHOBHBIC XapaKTCPUCTHUKHU
pecypca [Bonkos, 1986]: a) «o0bem pecypca» — ero
Mepa B IIPOCTPAHCTBE (Hanpumep, 00beM
nepepabarpiBaeMoii  mHMOpMAIMK, O0BEM HAMSITH
KOMIIbIOTEpA); 0) «IEHCTBHE pecypca» — ero Mepa BO
BpeMeHH. O4eBHIHO, YTO OJUH M TOT K€ O0BeM
pecypca MOMKET OKa3blBaTh PA3IMYHOE BIMSIHUE Ha
pea3anuio MponeccoB MPH Pa3IMIHOM €To AeHCTBUH.

Pecypcel mozmpasnensiorcss Ha: MaTepHaNbHBIE W
WHPOPMALMOHHBIC, OTPaHUICHHBIC M HEOTPaHUICHHBIE.
B omimmume OT OrpaHWYEHHBIX  MAaTepPHATbHBIX
pecypcoB, mns kotopeix B MAC neiictByer 3akoH
COXpaHEHHMsI CyMMAapHOTO pecypca, WHPOPMAlNOHHBIE
pECypCHI TIO CBOEH MPHUPOJE SBISAIOTCS OECKOHEUHBIMHU.
I[Ipu »sToM 11 WHPOPMALMOHHBIX  PECYpPCOB
CIpaBEUIMBO CBOMCTBO CYIEPaIIUTHBHOCTU: PECYPCHI
areHToOB B Ipoliecce 0OMEHAa TOJBKO YBEIMYHBAIOTCS.
[MosTtomy cymmaphsbiii pecypc MAC Oyner Ooublie
CYMMBI PECYPCOB OT/ICJIbHBIX areHTOB.

TakuM 00pa3oM, BO3HMKAIOT 3alaydl PacIIUpEHHUS
METOZIOB JIHHAMHYECKOTO CTPYKTYpHOTO aHajm3a Ha
OCHOBE TEOpHUH CETeHl C MEeNbI0 SIBHOTO OIUCAHUS
MPOLIECCOB OOMEHA pecypcaMy B YCIOBUSAX PUOPHUTETA
WHINBUAYAIBHBIX WM KOJUICKTHBHBIX IIEICH.

2. PecypcHo-1iesieBble C€TH U TUIOJIOTHS
areHToB.

Cnenys O.ILKy3HeuoBy, 1jsi MOIEIHPOBAHUS
obmena pecypcamu B MAC OymeM OmUpaThCsl Ha
pecypCHBIE CEeTH.

Omnpenenenne 1 [Kysneunos, 2009]. Pecypchoit
CeThIO JJI1 MHOTOAreHTHOM CHCTEMBI HAa3bIBACTCS
B3BEIICHHBIH JBYCTOPOHHUI OPUEHTUPOBAHHBIN Tpad

GRES = <Aa Cs RES» W)s (3)

Ile MHOXKECTBO BEepIIMH A €CTh MHOXXECTBO arcHTOB,
obpasyrommx MAC, MHOkecTBO OyT C €CTh MHOXKECTBO



CBs3ell MexIy areHTamu, RES — MHOXXECTBO PeCypCcOB
MAC, npuyeM KaxIeli areHT a;€4  uMeer
omperneneHHsil pecype res(a))eRES, W — MHOXECTBO
nposogumocred wy ayr c;jeC B MAC. Kaxmoil nyre
(cBasu  Mexay areHtamu) ¢j€C  NPUIKMCHIBAETCA
HEOTPHLATENILHOE  4YUCIO  WyeW,  HasplBaeMoe
MPOBOJMMOCTBIO OT areHTa ¢; K areHry d;.

Ilo cyru, mnpoBomumocts B MAC 3amaer
npesenbHblil 00beM pecypca, KOTOPBI OJIMH areHt
MOXET TMepelaBaTb JAPYroMy B OIpEeNICHHBINH
MPOMEKYTOK BPEMEHH.

PecypcHas ceTh Ha3bIBaeTCSl OJJHOPOIHOM, €CIIN BCE
MIPOBOIMMOCTH B HEil paBHBI. B obmiem cirydae, korma
MAC cocTouT M3 areHToB pa3HBIX THIIOB, PECYpCHBIC
CETH SBIAIOTCSI HEOAHOPOAHBIMH, ITOCKOJIBKY B HUX Kak
o0beM H [IeicTBHE pecypca, TaKk W MPOBOIUMOCTH
3aBUCAT OT THMA areHra. boiee TOro, THUIONOTHA
areHTOB  HEIIOCPEINCTBEHHO  OIPEACNseT  camy
BO3MOXHOCTb opmupoBanusi MAC.

PaccMoTrpuM moapoOHee kiaccH(UKaIMIO areHTOB,
npemnoxennyio B [Tapacos, 2002]. OHa nmocTpoeHa no
JBYM KpHUTEpHsSM: OTHOLICHHE areHra K cebe u
OTHOIIICHHE areHTa K APYTMM areHTaM, B MPOCTeHIIeM
cllyyae OIEHKH IO 3THM KPHTEpHUSIM CBOIATCS K JBYM
MOJSIPHBIM  3HAYEHMSIM + WIM —. 37eCh KpUTEpHH
KJIacCU(UKAIMM CJIETKa BHUJIOW3MEHEHBI: OTHOIICHHE
areHra K ce0e MOHUMAETCs KaK ero CrocoOHOCTh (+)
WIA HECMOCOOHOCTh (—) cpopMUpOBATE COOCTBEHHYIO
LeNb, a OTHOIICHWE K JPYyTUM Kak >KeJaHue
00OMEHHMBAThCA PeCypcaMu C TONB30H (+) WK BperoM
(-) mns cebs m apyrux areHToB. OCHOBHBIC THIIBI
areHTOB MOKa3aHbI B Tadmuie 1.

Tabnuia 1 — OCHOBHBIE THITBI ar€HTOB

OtHomrenue k | OTHOmIEHHE K
Tun arenra
cebe JPYTHM
braronamepeHHbIN + %
OrouCcTUYHBIN + -
ATNBTPYUCTUYHBII - +
3n0HaMEpEHHbII | |
(Kammukanse)
OTrcroma BHIHO, 9TO THI areHTa MOXKHO

IIPEICTaBUTh AP0l 3HAKOB:

1) braronameperusii — (+, +);

2) DroucTU4HBIN — (+, —);

3) AnBTpYyHUCTHYHEIH — (—, +);

4) Kamukanze — (—, —).

Huxe orpanmummcs aHanu3oM OnaroHaMepeHHbIX,
AIBTPYUCTUYHBIX U STOMCTHYHBIX areHTOB M JaJUM HX
KpaTKoe OIMCaHWEe C TO3UWIHUHA PEeCypCHO-IIEIeBOro
noaxona [Tapacos, 2002].

biiaronamepeHHbIN areHT a, — 3TO areHT, UMEIOLIUN
CBOU Lenu (MHTEPECHl) U criocoOHBIN (hopMHUpOBaThH WIIN
NpUHUMaTh KOJUIEKTUBHbIE nenu. OH ydacTByeT B
oOMeHe pecypcaMu, €ClM TaKasi OIiepawysl BEITO(HA EMY
W IpyTHM areHTaM U HE COICPIKUT 3JI0TO YMBICIA.

OTrONCTHYHBIA areHT d, CTPEMHUTCS K JOCTHXEHHIO
WCKJIIOYNTETBHO CBOMX LENICH, WIHOPUPYET IElH
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JPYIMX areHToB M HEecHnoco0eH K (OpPMHUPOBAHHIO
o0mux (KONJIEKTHBHBIX) Iieiaeld. OH yuyacTByeT B
oOMeHe pecypcaMH TOTZa M TOJBKO TOTJa, KOrjaa 3TOT
oOMEH eMy HEOOXOOMM | BBITOJCH; MPH 3TOM
HaOmomaeTcss Cckopee HE OOMEH, a IepeTeKaHHe
PECypCOB K 3TOMCTHYHOMY areHTy.

ANBTPYUCTUYHBI areHT a, amnpuoph CUYUTAECTCS
HECHOCOOHBIM K TIOCTPOCHHIO COOCTBEHHBIX IEJIeH U
NPUHUMAET 4YyXKyl0 Ienb Kak oOmryro. Takol areHt
BCEIJla Y4acTByeT B OOMEHE pecypcaMHM, Aaxe eciu
oOMeH Oyner HepaBHO3HaYHBIM M OH OT HEro
MPOUTPAET.

Huxe BBOJUTCS BapUaHT MoIH(pHUKATUU
¢dopManu3Ma peCcypcHBIX CeTell U OompenesnsioTcs
peCypCHO-LIEJIEBbIE  CETH, TI[€ BEPIIMHBI 33Jal0TCs
IBYMs TlapaMeTpamMH (THUIIOM -are’ra U o0beMOM
pecypca), a Iyrd — ABYMS BHJAMH IPOBOIMMOCTH (T10
mensM M 1o pecypcam). THII areHra IMOJIHOCTBIO
XapaKTepU3yeT ero LeJM, OTHOCANINECS K pecypcam, a

BXOJHBIC MPOBOJMMOCTH MOTYT OTJIMYAaThCs  OT
BBIXO/THBIX.

Onmnpenenenue 2 [[rormgokos, 2010, JoHIIOKOB 1
Ip.,2011].  PecypcHo-mienieBOii  ceThl0  Ha3BIBaeTCA
B3BELICHHBIN OPHUEHTUPOBAHHBIN MYJIETUTpad
(runeprpad)

Gro={4, C, K, RES, W, 1), “

[JIc MHOXXECTBO BEPIIUH €CTh MHOXECTBO areHTOB A, a
MHOXKeCTBO Ayr C pa3OUTO Ha JiBa HEMEPECEKAIOIUXCS
MOJAMHOKECTBA: MHOXECTBO IeleBbix cBsizeit Cg H
MHOXeCTBO pecypcHbIX cBsizell Crps: C = CoUCggs,
ConCres=, t — MHOXECTBO JHCKPETHBIX MOMEHTOB
BpEMEHH, ¢ 0, 1, 2,..., n. bynem o00603HauaTh
pecypcHbIe CBSI3M CIUIOUIHBIMHU CTpENIKAMH, a IieJIeBbIe
CBSI3H — MYHKTHPHBIMHU.

Kaxnmas Bepmmua pecypcro-neneBoit ceru (PLIC)
a;€A onpeensiercs: CIeAyIOIUMU MapaMeTpaMu — THII
arenTa k;eK m o0beM pecypca res(a;)€RES, a xaxnas
ayra cjeC B3BEHIMBAETC C TOMOLIBKO 3HAYEHUs
MPOBOIMMOCTH MIIM MPOIYCKHOM crnocobHocTH wije W.
VYV  moOblX JAByX areHToB 4, d@j BBIICIAIOTCA
IPOBOAMMOCTH IO LEAM Wo(di, @;) ¥ TIPOBOAUMOCTH MO
pecypcam wres(ai, @j). B obmem cimygae oOmeHy
HEeNSIMH U pecypcaMy COOTBETCTBYIOT HalpaBlICHHBIE
HaBCTpedy Jpyr Jpyry CTpenkd oprpada, npuiem
BecoBble Koa(pduimentel ayr oprpada (3HaueHuUs
BXOIHBIX M BBIXOIHBIX MPOBOJUMOCTEH) MOTYT OBITH

Pa3THMYHBIMU.

B kaxaplii JOUCKpPETHBIH MOMEHT BpeMeHHu t
COCTOSIHUE CETH OyJIeT ONpeAeNsIThbCS BEKTOPOM
cocrossaust RES() = (res(ay), ..., res(an) ), TAE M —

gucimo areHtoB B PIIC. Ecmm BekTop cocTosHHA
PeCypCHO-IIENEBOI CETH HE M3MEHSETCS CO BPEMCHEM,
TO TaKO€ COCTOSIHHE HA3bIBACTCS  yCTOWYHMBEIM.
CocrosiHne PIIC SIBIISICTCS aCHMNTOTHYCCKHU
JOCTHKMMBIM, €CIH IS 3apaHee 3aJaHHOro Mayoro &,
¢>0,Vi=1, ..., m, BRIIOJIHIETCS HEPABEHCTBO:

| res(a(t + 1)) U res(ai(1)) | < <. 6))

Ilpu oOMeHe OrpaHHYCHHBIMH MaTePUATHLHBIMU
pecypcamu PIIC nonaraercs 3aMKHYTOH CUCTEMOH, st
KOTOPOM CHpaBeJIMBO PaBEHCTBO:



Zres (@) = RESgy,,

i=l

RES

(6)

sum = comnst.

B 00mieM ciydae THIT areHTa MOXKET OIMHCHIBATHCS
TPOMKOM MapamMeTpoB, XapaKTEPU3YIOIIUX CTEMEHH
0JarOHaMEPEHHOCTH, SroM3Ma M albTpyu3Ma, T.e. B
pecypcHo-nieneBoM rpade K={ay, a., a,}. O0mias cxema
BO3MOKHBIX B3aUMOJICHCTBHI areHTOB JIaHA Ha PHCYHKE

Pucynok 3 — OO1mast cxema B3auMOICHCTBUN MEXKITY
areHTaMu

OTcroma BHIHO, YTO 3alpEHICHHBIMHU SIBISIOTCS
B3aMMOJICHCTBHAS MEXIy JByMS OSTOUCTHYHBIMH |
JBYMsI aJBTPYHCTUYHBIMHA arcHTaMH, TOCKOJBKY IIpH
TaKAX B3aUMOJACHCTBHSIX HE MOXET OBITH 0Opa3oBaHa
MHOTOareHTHass cucrteMa. [lOCKONBKY STOMCTUYHEIC
areHThl HECMOCOOHBI K O0OPa30BaHMIO KOJICKTHBHBIX
Heseil U paBHOIpPAaBHOMY OOMEHY pecypcamu, OHU HE
cMoryT 3¢dexTuBHO B3ammMopeiicTBoBath. Co3maHue
MAC TOnBKO U3 aNBTPYUCTHYHBIX AareHTOB TaKXkKe
HEBO3MOXXHO HM3-3a TOTO, YTO OHH HE WMEIOT
COOCTBEHHBIX 1Lieled M, Kak CJIEICTBHE, HE CMOTYT
MOCTPOUTH KOJUICKTUBHYIO IICITb.

[Ipu B3aumoneiictBuu arentoB B MAC. BO3MOXKHBI
YeThIpe  BapuaHTa  B3aWMOJICHCTBHS,  KOTOPHIC
mpuBEICHBI Ha pucyHke 4. Jlosd 1OBYX arcHTOB
Pa3IMYHBIX TUIIOB CHPABEIMBO BHIPAKEHHE: Wrgs (dej,
@ai) = WRES (aej, aw)=3, wo (aaja api) = wo (@ai, aej) =.

Kpatko omummieM Temeps BO3MOXHBIC BapHUaHTHI
B3aUMOJACHCTBUS areHToB. B ciydae B3aumopencTBus
JIBYX  OllaroHaMEpeHHBIX  areHTOB  IPOUCXOIUT
paBHOMpPABHBIA ~ OOMEH  HMH]OpMalueld  IeIeBOro
xXapakTepa, B pe3yJbTare KOTOporo (OpMHUPYETCS
obmas 1enb, ‘a TaKkXKe OCYIIECTBISETCS OOMeH
pecypcamu. MHOTrOareHTHasi CUCTEMa, COCTOAIIAs U3 71
MOJOOHBIX ~ areHTOB,  IPEJCTABISACTCS  Hamboiee
3¢ dexTHBHOM JUTS peam3auu cTpareruit
NEUEHTPATN30BAaHHOIO HMCKYCCTBEHHOTO HWHTEIJIEKTA,
Korga (popMupyeTcs CTPyKTypa THITA IIOTHBIN Tpad.

[pu B3aNMOJICHCTBHU ATOMCTUYHOTO "
ANBTPYNCTUYHOTO ~ arceHTOB  TICPBBIA  HAaBSA3BIBACT
BTOPOMY CBOIO II€JIb M HCHOJB3YET IJIS €€ JTOCTIKCHUS
gyxue pecypcbl. DakTHUECKHd MPOUCXOIUT ITepeKavdKa
PECYpPCOB OT a, K d. , KOTOpask MOXKET 3aBEPIIUTHCS
THOENBI0 a, , eciii 00beM pecypca res(a,(f)) < resmin.

B ciyyae B3amMonelcTBHsI OnaroHaMEpeHHOIO M
STOMCTUYHOTO AarcHTOB BO3HHMKACT WILIIO3Us OOMEHa
pecypcaMu MEXIy areHTamu. ODTOMCTHYHOMY areHTy
HYXHBI PECYpChl, HO B OTBET OH CTapaeTcs HUYCTO HE
oTnaBath. braroHamMepeHHBIH areHT OymeT wu30erarb
TaKOTO B3aMMOJICHCTBHUS U YIaCTBOBATh B HEM TOJIEKO B
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KPUTHYECKUX JUId  cebs  ciaydasx. Ilpuy  3ToM
B3aMMOJICHCTBUE TIPEKpaIacTcs, eciu res(ay(t)) 0nm3ok
K reSyn (Haanyre «AHCTHHKTA CAMOCOXPAHEHHS Y ).

IMpu  B3aUMOJEUCTBMM  OJIATOHAMEPEHHOTO U
QIIBTPYUCTHYHOTO areHTOB MPOUCXOAUT 3(PHEKTHBHBIN
o0OMeH pecypcamu, MpUYEM @, pasfessieT eld d,. B
CWIy cBOell OJaroHaMepeHHOCTH dp, HE IOIyCKaeT
CHUTYaIllH UCTOLICHHS PECYPCOB Y .

Wesla,, 0,/ Wesl0,, G,/
M @

Waslll, 0.) wib, 2.)

a) 0)

wll., 0,/

Wi, 0./ L &

“wila., a/
omoC B2
W/H'U_/,/ Weslll, 0./

B) I)

PucyHok 4 - [Ipumepsl pecypcHO-1IeNeBbIX ceTeil
a) 00MEH MeXy OJlarOHaAMEPECHHBIMU arCHTaAMU;

6) 0OMEH MEX1y STOUCTUYHBIM M AIBTPYUCTHYHBIM
areHToM; B) OOMEH MEXXIy STOUCTUYHBIM U
OnaroHaMepeHHBIM areHTaMu; I') 0OMEH MEeXITy
01aroHaMepeHHBIM M aJIbTPYUCTHYHBIM areHTaMH.
31ech CINIOIIHBIMH JTHHHAME H300pasKeHBI peCypCHBIC
CBSI3H, a ITyHKTHPHBIMHA — LIEJICBBIE CBSA3H MEXIY
areHTaMu

Kak W3BECTHO, CTETICHBIO BEPIIUHBI
HEOPHEHTHUPOBAHHOTO Tpada Ha3BIBAETCSA YUCIO pedep,
WHIMJICHTHBIX JaHHOW BepmwuHe. /[l pecypcHo-
ueneBoro oprpada cienyer y4MTHIBATH KaK YHCIO
BBIXOOAIINX W3 BEPUIMHBI AYT, TaK U HUX CYMMAapHYIO
MPOIYCKHYIO CIIOCOOHOCTh. Takum 00pa3oM, BIUSHHE
areita a B MAC omnpenensercsi COOCTBEHHBIM
pecypcoM, YHCIOM CBsi3eH C IpyruMu areHtamu (T.e.
YUCIIOM BBIXO[IIMX W3 BEPIIMHBI @ IYT), a TaKXke
CYMMapHBIMH 3Ha9E€HUSIMU BBIXOIHBIX ITPOBOAUMOCTEH
o TENsIM Wo U pecypcaM Wrgs. POPMAaIbHO BIUSHHE
areHTa a B MOMEHT BpPEMEHH ! OmIpeaessieTcs
UMeIoIUMCsT Yy Hero obwsemMoMm pecypca res(a(?)),
MOIIHOCTBHO MHOXKECTBA BBIXOJIHBIX ICJIEBbIX CBSI3er
‘Co‘m(t)| W/UIM  BBIXOJHBIX PECYPCHBIX CBsI3ei

Cresout(?) | , @ TaKXKe COOTBETCTBYIOIIUMHY BETHYUHAMHU
CYMMapHOH TPOBOIUMOCTH Wooul(f) 1 WrEsoul(?)-

OHpeZ[eJBHOLHI/IM KPUTCPpUEM BJIMAHHUA arcHra B
MAC sBnsieTcsi €ro OTHOIIEHHE K pecypey. Yem
OOJIBIINM OTHOCHTEJIBHBIM PECYpcoM OOJIaJlacT areHr,
TeM Oomblliee BIMSHUME OH OKa3bIBA€T Ha JAPYTUX
areHToB. Bnusnue arenta B MAC 3akimouaercs B
CIOCOOHOCTH MPEAOCTABIATH HEOOXOIMMEIE PECYPCHL, a
Tak)Ke HaXOIUTh PECYPCHI, TpeOyeMbIe IS JOCTIDKCHHUS
00IIMX IIETIEH.

B mpomecce oOmena o0beM pecypca areHTa
u3MeHsercs. Tak TpH yMEHBIIEHHH pecypca areHra
creneHs ero BiusHUSA Ha MAC yMeHbIIaeTCs.

B npeznesnbHOM cilyyae areHT MOXeT IOMEHSTh CBOU
THII, HAIIpUMeED, NIPEBPATUTHCS U3 OJaroHaMEepeHHOTO B
aNbTpyUCTUUHOrO. HampoTuB, npu  3HAYUTEIHHOM



YBEJIMYCHUN CBOCTO BJIMSAHUA 6ﬂaFOHaMepeHHbIﬁ arcHT
MOXET CTaTh STOMCTUYHBIM.

MOXXHO  BBIICIHTH  HCOOXOMUMBIC  YCIIOBHS
cymiectBoBanus areHToB B MAC: 1) res(ai(f)) = resmin —
YCIIOBHE WHIUBHIYaJbHOTO BBDKUBAHHS arcHra; 2)
res(ai(f)) < reSmax — YCIOBHE COIMAIBHOTO ITOBEICHHUS
areHTa.

Ecmu o6wem pecypca arenra res(ai(f)) > reSmax, TO
BO3HHKAET CHUTYaIlsl OCCKOHTPOIBHOTO BO3PACTAHUS
€ro BIMSHUS, YTO MOXXET MPHUBECTH K aCOIHAIHLHOMY
noBeneHnto B MAC. 3mech mpeaenbHbIM COCTOSTHUEM
MAC 6ynet SBIATBCS ee pachall, TaKk KaKk STOMCTUYHBIA
areHT He CMOXKET y4acTBOBAaTh B OOMEHE PEeCypCOB H3-
3a OTCYTCTBHUS YYaCTHHKOB OOMEHA.

IIpu obmeHe pecypcamMu OlaroHaMEpeHHBIH areHT
oTHaeT Jis oOMEHa BeCh Pecypc, KOTOPBIHA TPEBhIIIACT
NPOXUTOYHBIH MUHUMYM, res(a;(f)) — resy,. BepmmHsl
PECYPCHO-IICIIEBOA  CETH, KOTOPBIM COOTBETCTBYIOT
OnmaroHaMepeHHBIE areHTHl, MOTYT pPacCMaTpPUBATHCS
Kak BepIIMHBI ¢ TensMu. Jnsg  ympouieHus
JIaJIbHEUILIEr0 pacCMOTPEHUSI B3aUMOJIEHCTBUSI ar€HTOB
IPUMEM:

res”(ai(f)) = res(ai(t)) — Resmin, RESeyy =
RESsyp — X% RES pin )

Teopema 1. Eciiu pecypcHo-LeneBasi C€Tb COCTOUT
13 OJlarOHaMEepPEeHHBIX areHTOB U IS KaXKJOU U3 AyT Wo
U Wggs PaBHBI Mexay co0oit u RESsyy < Wres , The
WrEs — MaKCHMAaJIbHO OT/JAaBaeMBI areHTaMH CETH
pecypc 3a OJIHY-EIMHCTBEHHYIO UTEpaLuIo,
Wepe = Zf2: IR, waesl e, 8 ) = waeemlm = 11, 1o ¢
TEUYCHHEM BPEMEHH DPECypC CHUCTEMBI PaCHpeACIHTCS
MEXTY areHTamu PaBHOMEPHO u
RES'&:[ _i'llﬂ-' "'-'_i'l.ﬂ :[

B npotuBHOM city4ae, eciii XOTs Obl y JIByX areHTOB
pecypchl He OyAyT paBHbl B Ha4YajbHbIA MOMEHT
BpEMEHH, TO BBIPAaBHHBaHHE pecypca B CETH He
MIPOU30MACT.

JoxazarenbctBo. 1) Eciu RESsun™ vgpgiiing — L,
TO BBIPDABHUBAHHS HE MPOM30HICT, TaK KaK arcHThI
Oy/lyT MOJy4aTh U Mepe/iaBaTh OJMHAKOBOE KOJINYECTBO
pecypca.

2) VYmopsmodyuM areHTOB CETH TaKuM 00pasoM,
urobsl res (k{01 > wape(nr — 1] g
remiog. (00} B wgpelar— L}, TOrma B pe3ylbTare
MOy IHM:

resin, (0N 2 w2 ves{5,(00) =
2 restay, o (0) & - 2 resfoy(0) ).
'F'EE';_EL!.&.I'} = W'E.ES';'HT' -1+ m’l"';_ﬁl.':.m :ll.l i

wootew (00 ) = waeelm = 1) + corl(a (00}, ®
el Biges 01) = woeelm = 1) = selfme. (00, ..

vars WS{mmﬁﬂ:[ } = W‘BEB'::'?I‘E- -1} - smf{m-m'iﬂ:lj,
e earla 0l ... carla (00) » 0 - wmmxm

pecypca, KOTOpbIE OCTAOTCS y 1-r0 areHra mocie
oOMeHa pecypcamu, a setlme s O3 ) s
st (010 ™ 0 — pecypc, KoTOporo He XxBaraer i-My
areHTy JJIsl YIOBJICTBOPCHUS MOTPEOHOCTH B OOMEHE B
MIOJIHOW Mepe.

HazoBeM MHOXXECTBO areHTOB,
ONpe/IeTICHHBI  pecypc U MOTYT

KOTOPbIE HMCIOT
YAOBJIIETBOPUTH

NoTpeOHOCTh B 00MeHe, MHOKecTBOM Hocuteneil CAR.
JlaHHOE MHOXECTBO ompenessieTcsi HabopoM MEepBBIX k
areHTOB YIOPSI0OYEHHOTO MHOXECTBA, AJISI KOTOPBIX
rezla (0F ) » wgpelne = 11 Torna MHOKECTBO
uckarened SEL ecTh MHOXECTBO TaKHX arcHTOB,
UCIIBITHIBAIOIINX OTPEOHOCTh B pecypce, KOTOphle B
JAHHBI MOMEHT BPEMEHH HE MOTYT YIOBJICTBOPHUTH
MOTPEOHOCTH JPYIMX areHTOB B OOMEHE pecypcamd,
resl@ 00 ) = weep (o = 13,

Ecnu cioxuTh cyMMapHBIA U3JIMILEK Y areHTOB W3
MHOXKECTBA HOCHUTENEH, TO HOJIYYUM CyMMapHbIi
npodurut Hocuteneit CAR(?).

CAREl = ol m (),

BennunHy 001mero pecypca areHTOB C€TH B MOMEHT
BPEMEHHU #, KOTOPOTO HE XBAaTacT JUIf yHOBICTBOPCHHUS

norpedHoctd B oOMeHe, Ha3oBeM  Jeduiurom
uckareneut SEL(f).
Ilpumep 1. m = 5, Wges = 2,

wgpg b — 1) = O wpzgmelne — 1) = 40, REF(0] =
(17, 14,7.5,23,

RESsym = 45. Tak kak RESsyy > wgpemtim — 11, 10
CYMMapHBIi ~ pecypc CeTH He  paclpemeinuTcs
PaBHOMEPHO cpenu areHTOB. =2,
carfa, (0= 9, mr'ﬁ_r.z-- (o)) = 6 setfag(0l) =

1 o6t (@) ) =

sella, (1)) =4

[IpocymMMUpOBaB BBIpaXXEHHUSI PECYpCOB areHTOB,
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OTpEACIICHHbIE  Yepe3  BEIUYMHbl  M3JMUIIKA U
HCOGXO}II/IMOFO pecypca, nonquM
Ffi‘.' o] = Pwpgglm—13 +F sar(a ()=
= a-u.ml,m—ﬁ AR
-z'El.ﬂ;.',Ef,f' == w,  fa—1F—
el - ;[ s (9)
- ¥ seifael) = (m— Ehwgaslm =1
tmlaen
-FELIH
Tabmuia 2 — MI3MeHeHne pecypcoB y arcHTOB
Homep Howmep arenra
uTepanu 1 2 3 4 5
1 17 14 7 5 2
2 14,5 11,5 | 5751625 | 7
3 13,25 | 10,25 | 7,31 | 7,19 | 7
4 12,63 | 9,62 | 7,55 | 7,58 | 7,62
5 12,3 9,3 78 | 7,8 | 7,8
6 12,16 | 9,16 | 7,89 | 7,89 | 7,9
7 12,08 | 9,07 | 7,95 | 7,95 | 7,95
8 12,04 | 9,05 | 7,97 | 7,97 | 7,97
9 12,015 | 9,015 | 7,99 | 7,99 | 7,99
10 12 9 8 8 8
[IpocymMMupoBaB 5TH BEIpaKEHUS, TOITYINM:
} ren(s o3+ } reals (03] = } real(E (03] = (10)

= REfan = mvwpsshm— 10+ CAREE—IELI0A
Ecnu £ He u3MeHsETCS ¢ TeUeHHEM BpPEMEHH f, TO



SELIEl = CARTE) = const = & Tpuuem f= 0. ecmm
WE!,EQ'-'IT-':'FH- - 1.1 = R'ESgr_mt.

Paccmotpum 0o0MeH pecypcamu MEXTY
MHOXKECTBOM HOCHTEJIEH M MHOXKECTBOM HcKarelei. B
MoMeHT BpemeHu =1 CAR otnaer SEL BenuuuHy

pecypca  wgpskimi — Kl.a  momyuaer or_ SEL
_EE:I'L V= VIR = Filimakn e = \T-EEgﬁ"::m F"':[ F‘" ....
HaﬁneM JaBHCHMOCTH npoduIMTa HOCUTEICH |
He(i)I/IIlI/ITa I/ICKaTeJ'IeI/I B l'[pOI/I3BOJ'II)HI)II/I MOMCHT
BPEMCHHA { OT X HAYAJIbHOI'O 3HAYCHUA.
EAR 1) = CARE = mpgpll o =k T wpgpk o =50 — é%j:- (
c.ww:r} PR o caR - i S|
1
o T =1 k&
= AR Qe —r )
(
. J— . i T 1
CARID mEAR(IN(EEy m 2 Frms (2|
)
(
. 1
BEL(1) = SR =l T = (T, 3
)
(
1
FEL(ID = SEL (= SRl . 4
)
(
1
FELI = wEE T p
)

Paccmotpum 3 Bo3MoXkHBIX cirydast: k=0, k=1, k >1.

Cayuyaii 1. Ilyctp k= . B paHHOM ciyvae
MHOXECTBO HOCHTEIEeH TmycTo u Vi 1, .., m,
raslm (00 ) & wppolmm — 11, Bee arents! cetu otaaoT
cBOW pecypc it oOmena. [lodToMy B KaIbIid
MOCIICAYIONINHA MOMEHT BPEMEHH PECypc arcHra Oyner
COCTOSITh M3 TOTO, YTO OH MOJYYHUT OT JAPYTUX arcHTOB:

. e = R (1
AN g L L A ) 6)

Tak kak Fesba @) ) = = = reslogi0d ) 10
rasla, (1)) = weas g, (11, MaxkcumManbHas
pasHocth Mexay pecypcamu PLIC B MOMeHT BpemeHuU
t=1 Oyner paBHa:

. . o e o (17
IR ) e ) e )
L res(e (10 ] —reas(e, (13] ==lim ot~ PP 518
Mpumep 2. m = 5,
':'

Wees = _ .
WEEg'f.'?ﬁ— 1. = EuW'EEgm'f.*ﬁ - 13 = ‘1‘0,-?{5.5"':,:'3 =
(7.5.4.52),

-

RESSUM =21.

Tabnuua 3 — Mi3MeHeHHe pecypcoB y areHTOB
‘ Howmep |

Howmep arenra

-262-

HUTCpaln 2 3 4 5

1 7 5 4 3 2

2 3.5 4 [425] 45 | 4,75

3 438 | 4,25 | 4,19 | 4,12 | 4,06

4 4,16 | 4,19 | 42 | 422 | 4,23

5 421 | 42 | 42 | 4,195 | 4,195

6 42 | 42 | 42 | 472 4,2
Cayuaii 2. E=1 B 9TOM  Clly4ae

res ey (00) = waeslm — 1) + carla 00 ) a i Beex
OCTalIbHBIX AareHTOB CETH CIPABENIMBO  YCIOBUE
resl o (00) & wegglm - 10, Ipudem
carie, () = CARIE).

B namnoM cnyuae HeOOXOAMMO PacCMOTPETH IBa
BO3MOXKHBIX BapuanTta: RESy;y = wagembme — 1} n
RESgyy = wapgmim — 1)

Cayuaii 2.1. RESgyy = wgpgmine — 17, #=0.
[Mpodunur HOCHUTENEH N NEPUIUT UCKATEIeH paBeH:

CARE = Carin) | =———] . (19)
SEE( =SELOY | ————] . (20)
rezhiy (00 ) = wygglor — 1) + carla, (CF) @
rasla () = wgpplm — 11 = st (g (001, (22)
Vi=2, ..., m. W, CAR (£} = HmSELEl = 0,
FmRESEN = (wegelne—=10....weeplne =17 ],

MpuyeM reslay (0} ) cpemutes x 0 ceepxy, a
resl mil) ) — cunsy.
ITpumep

a

-

3. m 5,

Waez =
wpppiny — 1) = O, wppgmlne — 1) = 40, OGF0] =
(15,8, 7. 3},

RESSUM =41].
Tabnuua 4 — Vi3sMeHeHHe pecypcoB y areHTOB
Homep Howmep arenra
ATepanuu 1 3 4 5
1 15 8 7 9 5
2 13,5 6,5 6,75 7 7,25
3 12,38 | 7,25 | 7,19 | 7,12 | 7,06
4 11,53 | 7,34 | 7,36 | 7,38 | 7,39
5 10,9 | 7,53 | 7,53 | 7,52 | 7,52
6 10,42 | 7,64 | 7,64 | 7,65 | 7,65
22 9,012 | 7,997 | 7,997 | 7,997 | 7,997
23 9 8 8 8 8
Caywaii 2.2. RESpuy = wigetwim — 1), Yucio

HocuTenel k He MeHsIeTcs, ecin I:.'.-’:R'Z_t:[ = JEE (5} — &,
B BhIpakeHun CAR(E =L AR E] mtia Tims ( 2ilf
MEPBBIM WIEH ¢ TeYeHHEeM BpeMeHHu crtpemutcs k 0, a
BTOpO Bo3pacraeT. HacTynuT Takoii MOMEHT BpeMeHH
t, mia xoroporo LAR{Z) =0 u umcmo areHToB B
MHOXKeCTBe Hocutenei Oyner paBuo 0. CiienoBarenbHoO,
Oy/IeT BBIITOJHEHO YCJIOBHE Citydas 1.
IIpumep 4. m

WgEg = 2,

5,



wigzimr— 1) = & wygemipe — 1) = 40, RESQ) =
l::1 ":l- Hr %Er 9:‘;

RESSUM =26.

Tabmuna 5 — VI3MeHeHne pecypcoB y areHTOB

Howmep Howmep arenra
HTepalnn 1 2 3 4 5
1 12 5 3 2
2 7,5 4,25 4.5 4,75 5
3 4,62 | 538 | 538 | 531 | 531
4 534 | 5,14 | 5,16 | 5,17 | 5,19
5 516 | 521 | 521 | 521 | 521
6 5,208 | 5,198 | 5,198 | 5,198 | 5,198
7 52 | 52 | 52 | 52 | 52
Cayuaii 3. k= 1. Bo3MOXHBI JBa BapHuaHTa:
carlay () = carla:(0)) = = = carla ()]  w
carlo, (000 = corla.(0)) = w = corfm (0} )
Cayuaii 3.1. k= 1.
carfa. (0} )= corfa, ()} = = corfa(0)h

(MGest DOSHELL Y ATEHTAME U3 MHOMKECTBA HOCUTENEH
OyZeT paBHOBECHBIM, Ar€HTHI OTHAKT APYr APYry H
MOJY4alOT pPecype  wppplms — 11, OOMeH Mexmy
MHOXKECTBAMHU HCKaTelled u HOCHTeHeﬁ OIIMCBIBACTCA
¢dopmymnamu:

CaR(c) =Rl Bty ¥ g (o] (23)
FEL(E)= FEL (22 @4

Ecnu H&.}lgum: = W‘EEB‘FE';?E —_1ju_ﬂ-= 0. Torma:
€A808) =cam g ——0"]. (25)
FEL( ()= SEL O et (26)
Loy et = imsss o =u (27)
lim R@,ﬂ= ':H-M'.i-':m_ :I-::'.-IIl.l'|-'|-'U.I'j.':'m-_:I-::l }‘ (28)

Ecnu BESgnr = waeeinbar — 1), T0 B BeIpaxenuu
€AR(El m caR N - FUERETVTT
HACTYIIUT TaKOH MOMEHT BPEMEHH f, ISl KOTOpPOTO
CARGTY 2 @ . Yucao areHToB B MHOXKECTBE HOCHUTEJEH
oyner paBHo 0. CiegoBarenbHO, OyleT BEIIOJIHEHO
ycnoBue ciydas 1.

Cayuaii 3.2. k= 1, mr{mff.l'.]:[ } =
carias (1) = » carla:(0l), Tak xak B mponecce
oOMeHa pecypcaMH MEXIy areHTaMHd pPa3HOCTb
corloy (00 ] = carle (@) me  u3mensercs, a
IimiARTEY =, TO 3TO IpUBEAET K TOMY, YTO YHCIIO
HOCUTENeH Kk yMEHbIIUTCS M ciydaid 3.2 cBemercs K
ciydato 3.1.

Teopema 2. Ecnu FESgup = wezpmilne — 1), 10
MpeEIbHOMY COCTOSIHUIO PECYPCHO-LIENEBOM  CETH
OyIeT COOTBETCTBOBATh BEKTOP COCTOSIHUS

(

Foyca r-}—lf\: an (00 ] s (O T e i 2

:I.},...,\'r'nﬁ':m— 1} 9

’ )

e p ==, [ = f, ecnn car{ oy (0) ) @ =, uHaue
- | ] B PPJ.‘-E-.'-r-l.l-l..l.. IS ku m?{-m 'EI:I:]} o _.‘_:__l_..

JlokazarenbctBo. MHOXecTBO Hocutened (AR He
MOXET YBEJIMYMBATHCI CO BPEMEHEM, HO MOXET

-263-

YMEHbIIATBCA, C€CJIM YaCTb arcHTOB nepeﬁueT u3
MHOkecTBa {TAfF B FEL. B Kaxuplii MOMEHT BpeMEHU
areHThl U3 MHOXXECTBAa HOCHTEJICH IepelaloT areHTaM
MHOKECTBA MCKaTeJell OMMHAKOBBIN pecypc
Wgpemt — 1) ¥ momyvaroT  OAMHAKOBBI  pecypc.
IIosTOMy M3 pecypcoB areHTOB MHOXECTBA HOCUTENEH
B K&XIBIi MOMEHT BPEMEHH BBIUMTACTCS OJMHAKOBBINA
pecypc. ns mokazarenpcTBa TEOpeMBI HEOOXOANMO
JI0Ka3ath, 4To mpenebHoMy coctosHuio PLIC Oymer
COOTBETCTBOBATh BEKTOP COCTOsHMA BES(E), Bun
KOTOPOTO omnpeneseH Boime. PaccmoTpum 2 cimyyast.
Cayuaii 1. Uncio areHToB B MHOKECTBE HOCUTENEH
He MeHsercss co BpemeHeM, [=k. Paccmorpum
BBIDOKEHUE sl Aeduimra ucKarenei, BBIPAKSHHOTO
JJIs1 IMMPOU3BOJILHOTO MOMCHTAa BPEMCHHA t.
FEL(Z) = FELIDI(E="=5* Tak kak k HE u3MeHsETCH,
10 W FEL(E) = 0O
Ipumep 5. m=5,
Wagz T 2
W‘EEg'f,'i’H-— ']J = &-WEEg'm{'i'ﬁ‘- ~ ]:[ = ‘I'U,-RES':UJ =
(20,25, 59,40,

RESsum =51, SELL0) = 8.

MHOXecTBO ucKarenen CTpEMUTCS K
BEIPABHUBAHUIO. pecypca H TNPEAETbHOE COCTOSHHE
cymiecTByeT. B mpenenbHOM COCTOSHHH — JTe(UIAT
uckarene  ypenuuurca Ha Benmuuny SELIOL, a
npoUIUT HOCUTENEH YMEHBIUUTCS Ha BEIWYHHY
FELEY). TlocKoNbKY HOCHTENM B Mpollecce OOMeHa
OTIAI0T OJMHAKOBBIN pecypc, TO M3 pecypca KaxIoro
arenta OyleT BbIYTEHA BeMYMHA w = ““=* Tleppas
YacTh TEOPEMBI JIOKA3aHa.

Tabnuua 6 — Mi3MeHeHre pecypcoB y areHToB

Homep Howmep arenra
urepanuu 1 2 3 4 5
1 20 15 7 5 4
2 18 13 1625]6,75| 7
3 17 12 | 744|731 | 725
4 16,5 | 11,5 | 7,64 | 7,67 | 7,69
5 16,25 | 11,25 | 7,84 | 7,83 | 7,83
6 16,13 | 11,13 | 7,91 | 7,91 | 7,92
22 16 11 8 8 8
Cayuwaii 2. Ecmm  carfep(0)) «*™ 10 B

HEKOTOPBII MOMEHT BPEMEHH AareHT g NEepeuieT H3
MHOXKECTBA HOCHUTEIEH B MHOXECTBO HCKaTEJIEH.
MHOXECTBO HOCHUTENEH YMEHBIIUTCA Ha OIHOIO
areHTa, JIaHHBIH Ipolecc OyJeT MpoIoDKaThCs N0 TeX
MOp, MOKa YHCIIO areHTOB U3 MHOXKECTBA HOCHUTENEH He
craner paBHbIM |. HoBoe cocrosiune PLIC wmoxHO
paccMmaTpuBaTh Kak CETb C MHOXECTBOM HCKaTeneH,
cocrosuM w3 | arenrta. [ns gaHHOM cetw OymyT
BBITIOJIHEHBI YCIOBUS citydast 1.
Ipumep 6.
z

s

m 5,

Wppe =
wipgim — Ll = S uwgpgnim — 11 =40, RES(] =
{2010 F 5.4



RESSUM = 46, .FEE.':JIE - a

Tabmuma 7 — VI3MeHeHne pecypcoB y areHTOB

Homep Howmep arenra
UTCpALH 1 2 3 4 5
1 20 10 7 5 4
2 18 6,25 | 6,75 7
3 17 744 | 731 | 7,25
4 16,25 7,5 739 | 7,42 | 7,44
5 15,69 | 7,56 | 7,59 | 7,58 | 7,58
6 15,27 | 7,69 | 7,68 | 7,68 | 7,68
22 14,012 | 7,997 | 7,997 | 7,997 | 7,997
23 14 8 8 8 8

3. IIporpaMMHas peaju3anus.

IIporpamMmma mHOANEPIKKHM TOCTPOEHHS PECYPCHO-
IIEJIeBBIX ceTel OblIa peann3oBaHa Ha si3bike Python. Ee
untepdeiic npeacTaBieH Ha pucyHke 5. B kauectBe
BBOJIMMBIX IapaMeTpOB OepyTCs KOJIMYECTBO areHTOB,
YYacTBYIOIIMX B Mpouecce oOMeHa, BEIHMYHHBI
MUHUMAQJIBHOIO U MAaKCHUMAaJbHOTO peCypca y arcHTOB,
YTO COOTBETCTBYET YCJIOBHSM  HHIMBHIYaJIbHOTO
BBDKMBAaHMS W acONMAIBHOTO IoBeaeHHs. Takxke
MOJTH30BATEII0 TIPE/UIAracTcsi BBECTH THIIBI AreHTOB,
HayallbHOE paclpeniesieHHe pecypcoB y HHX H
BEJIMYMHBI TPOBOIMMOCTEH 110 pecypcaM H HEIsIM.

Konuectso arentos & )
Nposoa#MocTs ho uensw

MpoBoAAMOCTs N pecyRCam

MiHAMARLHBIA DECYDC 2
Mascmansm pecype 50

oK

Ten arewta Hauanw pecypc
Braronauepernsd = |27
Amipyactmud = | 17

Sroncresll — | 28

Braronauepennsd = |20

AmTpyacrmend = | 35
Joucmsnil —

3anyex

Pucynok 5 — MHTepdeiic mporpaMmbl MOAIEPKKA
MOCTPOCHUS PECYpPCHO-TIENIEBBIX ceTeil Ha si3bike Python

Ha pucynke 6 npuBeeH aaropuT™M peaan30BaHHON
mporpammbl. [Ipomecc oOMeHa pecypcaMu B HTaHHOU
MPOTrpaMMe 3aBHCUT OT THIA areHTa, WMEIOLIETOCs Y
HEr0 pecypca W 3HAUYCHUH pECypcHOH M LENeBOU
npoBoauMocTed. biraroHaMepeHHbI areHT OTAAeT IS
obmena pecypc Res(ai(f)) — ReSmin. ANBTPYHCTHUHBINA
areHT Juisi 0OMeHa KEPTBYET BECh UMEIOLIUICS pecypc,
JaXe eclIM Ha CIeAyIoLled WTepaluu ero pecype
OKa)XEeTCS MEHbIIE MPOXKUTOYHOTO MHHMMYMa, YTO
NPUBEET K ero ruben. rOMCTHYHBINA areHT He OTAaeT
pecypc i oOMeHa. BennunHa oTIaBaeMoro areHTOM
ai areHTy a; pecypca Res(aj,a;) pacnpenensercs
MIPOTIOPIIOHATIBHO MPOBOJMMOCTSIM IO HEIISIM:
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w,(a,,a;
Res (a,,a;) = no(ij)l?es (a,(1))

Z(Wo (ai7aj))

B cnyuyae paBeHcTBa HPOBOAMMOCTEM MO LENSAM
MEXIY areHTamH, pecypc pactpenensercs
MPOTIOPIIMOHAIBEHO TIPOBOAMMOCTH 110 PECypcam.

JlaHHast mporpamMma MO3BOJSIET paccMarpHBaTh
pa3NUyYHBIC THUIIOBBIC CTPYKTYPBI PECYPCHO-LIENIEBBIX
rpa¢oB (pPUCYHOK 7), TaKhe KaK «KOJBIIO», «LEHTPY,
«KOJIECO», «IONHBIA rpad», a Takxke MPOU3BOJILHBIC
cTpykTypbl. [IpM cTpykType THma «KOJbLIO» OOMEH
pecypcaMu MEXIAy areHTaMy IIPOUCXOAUT 110 LICIOYKE.
Kaxnprif areHT uMeeT BO3MOXKHOCTH  OOMEHHBATHCS
TOJIBKO C JABYMs COEAMHEHHBIMM C HUM areHTaMu.
[MepepacnpeneneHue pecypcoB npu JaHHOM
OpPraHU3alMOHHON CTpYyKType 3amemsercs. Cucrema
pacnagaercs Ha OTJENIbHbIE COCTABIISAIONINE, €CIIN B HEH
HOSABISIIOTCS STOUCTUYHBIE ar€HTHI.

IIpu opraHM3allMOHHOM CTPYKTypE THIIA «UEHTP»
TOJIOBHBIM are€HTOM ~AJs  ONAarompusATHOTO Pa3BUTHA

CCTH JOJIKEH CTaTb 6JIaFOHaMepeHHLII71 arcHT,
panroOHAJIBHO HepepaCHpeHeHH}OH.II/Iﬁ PECYPCHI.
Baox, Z JUis k@100 13 /

KOHUCCTBA ArCHTOB BBOJ THIIA

arenron 1 oBema pecypea

3anyék nporpamsb

Baoa MiuHHMATLHOTO
(OpOreBOro) FHAUCHHA
PECYpea Y arcHTa

Beo/ MaTpiis!
HeACBBIX
poBOMOCTE YT

B0 MaTpuiL
pecypeHbIx
npoBoIMOCTEdi YT

1

ol

’_/

Toctpoesne rpada

Tln ncex areiron
A
pecypca?

Her

Jla
[ P
Orofipuente pecypea arciTa
Ha rpagbe 1 TanceeHe B
raGanuy

Ta smanwoii urepaisti
yenosite
Res; “Resmin + Zwi™.

AreHt

Brinonnseres yeaosie:
Res; = Resgin

eHT nornbaet u Arent oTaeT /uis odMeHa

pacnpexenser caoii pecype pecype secn Caoi pecype

TiposomvocTn mo e
paBHbi?

Pacnpeaeicie pecypeon
PONOPLACHATEHO
NPOBOAHMOCTAM 110 UE/IAM

|

JasepuicHie padoTsi ¢
nporpasoii

Pacnpesencane pecypeos
e ——

PucyHox 6 — AnropuT™ nporpamMmsl MOJAEPIKKH
MIOCTPOCHNUS PECYPCHO-LICJIEBBIX CeTEH

B cnywae opraHu3alqMOHHON CTPYKTypbl TuUIA
«KOJIECO» BBIOOP B KaueCTBE LIEHTPA STOUCTUYHOTO
areHTa NpUBENET K €€ OBICTPOMY IIPEBpAICHUIO B
CTPYKTYPY «3B€3a» M 3axXBaTy PECypcoB BCEX Y3JI0B
LEHTPAJIBHBIM Y3JIOM.



B)

Pucynok 7 — IIpumepsl CTpYKTyp peCYpPCHO-LIENEBBIX
CeTel: a) «KOJbILIO»; 0) «LIEHTPY»; B) KKOJIECO»; T')
«IIOJTHAS CEThY

HanGonee OnaronpusiTHBIME — OpTaHM3ALMOHHBIMU
CTPYKTYpaMU SIBIIIIOTCSL CTPYKTypa «IIOJIHasi CETb» U
OnM3KMe K HEW CTPYKTYpBI, KOTAA areHT, CTPEMsCh
MaKCHMH3HPOBAaTh CBOM CBS3M, MMEET INPaBO BBIOOpa
TOTO, ¢ KEM OOMEHMBATHCSI PECYpCcaMH B 3aBHCHMOCTH
OT cBoux Lenel. JlaHHas CTPYKTypa «TOPU30HTaJIbHOU
OpraHM3alMW»  Jydme  Bcero  paboraeT  Hpu
KOMOMHaIMK OJIaTOHAMEPEHHBIX W aAJIBTPYHCTHYHBIX
arcHTOB.

3AKJIOYEHUE

B crarbe mnpemioKeHbl BapUAHTHl HATIISAHOTO
MPECTABICHUSI TPOIECCOB B3aHMMOJICHCTBHS arcHTOB,
(hopMUpOBaHUS U Pa3BUTHS MHOTOAreHTHBIX CHUCTEM C
MOMOIIBI0  amfapara  pecypCHO-IIENEBBIX . CETEH.
[oka3aHo, 4TO 3TOT ammapaT MOXET CTaTh YIO0OHBIM
CPEICTBOM CEMaHTHKO-MParMaTHYeCKOro aHamn3a M
OHTOJIOTHYECKOTO MOJICTUPOBAHUS PA3IHUHBIX CHCTEM
rpyHmnoBoro (KOJUICKTUBHOTO, JCHEHTPATH30BAHHOTO,
LEHTPATM30BAHHOTO0) UCKYCCTBEHHOTO MHTEILICKTA.

Paboma evinonnena npu gunancosou noodepiicke
PODH, npoextsr Nel0-01-00844 m Nell1-07-13165-
opu-mM-2011-PXK/I
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GENERATION OF MULTI-AGENT SYSTEMS
BY USING RESOURCE-GOAL NETWORKS
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The concept of resource-goal network is introduced for
taking into. account various agents types and theirs
goals while exchanging resources. Primarily main
reasons and - characteristics of agents interaction
together with some conditions for generating multi-
agent systems are stated. Basic cases of interactions
between agents are analyzed by using bilateral signed
graphs. Some resource definitions, classifications and
properties are discussed. The definition of resource-goal
network (RGN) is introduced on the basis of earlier
specified agent classes; some key situations of
exchanging resource by agents of various classes are
considered. Two theorems concerning RGN boundary
states are formulated and proved. Some appropriate
illustrative examples are constructed. Finally the
software tools to support the development of RGN with
using Python language are presented.

Keywords: Artificial Intelligence, Agent, Multi-Agent
System, Agents Interaction, Resource, Resource
Exchange, Agent Influence, Bilateral Weighted Graph,
Resource-Goal Network

INTRODUCTION

This paper faces the problems of building resource-
goal networks and their using in Artificial Intelligence
to construct multi-agent systems. Usually in graph
theory network is defined as a weighted graph
(multigraph, hypergraph) G = (X, C, W), where X is a
vertex set, C is an arc set, and W:C—R", R" is the set of
all non-negative real numbers. For instance,
transportation set is given as a finite graph without
loops, where each arc is equipped with a non-negative
integer w, called arc conductivity. A classical algorithm
to solve the problems of calculating flows in the
networks is Ford-Fulkerson’s algorithm.

Recently O.PKuznetsov has suggested the
formalism of resource networks defined as bilateral
oriented graphs, in which vertices are equipped with
non-negative numbers g¢;(f) called resources (t is
discrete time) and arcs are characterized by non-



negative numbers seen as conductivities. To differ from
transportation networks and classical Ford-Fulkerson’s
flow model, where the flows are located in the arcs, the
resources are placed in the vertices, and the resource
exchange depends on arc conductivity.

The development of multi-agent systems (MAS)
supposes organizing the interactions between agents.
Here agent is viewed as an open active goal-directed
object possessing its own behavior. The kernel of any
agent is given by a quadruple «goal-resource-
perception-action». The interaction between agents to
create multi-agent system depends on the following
basic parameters: 1) agent type; 2) compatibility of
agent goals or intentions; 3) statute of agents and
amount of available resources; 4) agents experience
related to some problem area; 5) agents commitments.

Thus, the development of MAS requires distributed
perception of external environment, joint goals
generation, resource exchange and concerted actions.
So the introduction of resource-goal networks with
various types of vertices and two types of arcs denoted
by continuous lines and dotted lines respectively allows
us to take into account agents’ goals while exchanging
resources and reflect asymmetries in these exchanges.

MAIN PART

The paper considers interactions between agents
from the viewpoint of purposeful resource sharing and
exchanging. First of all agents interaction area is
represented by a simple bi-polar scale L; = {—, 0, +}.
Generally, three classes of relations between agents are
revealed: a) mutual (symmetrical) relations; b) weakly
contrasting (anti-symmetrical) relations; ¢) contrasting
(oblique symmetrical) relations.

A crucial idea of RGN is based on the agents
classification by two criteria: agent relation to himself
and agent relation to other agents. Here these criteria
are re-interpreted: first one is seen as agent’s possibility
(+) or impossibility (—) of generating his individual goal
and second one as agent’s will to exchanging resources
or agent’s possibility (+) — impossibility (-) to form
collective goal. So four types of agents appear: 1)
benevolent agent given by (+,1); 2) self-interested
(egoist) agent ‘denoted by ( +, —); 3) altruistic agent
(-, +); 4) destroyer (kamikaze) agent (—, —). In other
words, benevolent agent has his own goal and is
capable to participate in forming collective goal and
mutual resource exchanges necessary for multi-agent
system effective work. Self-interested agent is focused
in his proper goal and neglects goals and interests of
other agents; hence, in interaction processes he tends to
impose his goal and appropriate all resources. It is
obvious that multi-agent system cannot exist in case of
many self-interested agents. Altruistic agent is ready to
give his resources even in dangerous situations; on the
contrary, he is not able to generate his own goal and
easily accepts the goal of other agent. Like the selfish
team including only self-interested agents, the society
of altruistic agents cannot develop any collective goal.
The properties of kamikaze agent are omitted in this

paper.
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This classification of agents underlies the definition
of RGN below. By resource-goal network we mean a
weighted directed multigraph (hypergraph)

Gro={4, C, K, RES, W, 1),

where the set of vertices 4 is interpreted as the set of
agents, the set of arcs C consists of goal connections Co
and resource connections Cggs, i.€. it is a partition C =
CoUCRgs, CoﬁCRESZQ, t is the discrete time, =0, 1,
2,..., n. Each agent a;eA4 being RGN-vertex is given by
the following parameters — agent type k€K and the
amount of available resources res(a;)eRES, whereas
each arc ¢;;eC is weighted by the value of conductivity
wijeW. Here two types of conductivity are specified:
conductivity by goal wo (a;, aj) and conductivity by
resources Wrgs(ai, a;). The resource exchange and goal
exchange are modeled by directed graph arrows, where
arc weights (input or output conductivity values) may
be different.

The state of the resource-goal network for each
discrete time ¢ is given by a state vector RES(?) =
(res(ay), ..., res(ay)), where m is the number of agents in
RGN. If this state vector does not change, then the
network state is called stable.

In course of resource exchange process RGN is
supposed to be a closed system, where the conservation
law for material resources holds. Contrarily, in case of
information resources synergetic (superadditivity)
phenomena arise.

Generally agent type may be viewed as a triple
K={ay, a., a,}, where ay, a., a, stand for degrees of
benevolence, self-interest and altruism respectively.

Let us present basic cases of interactions between
agents. The interaction between benevolent agents
supposes individual goal information exchange to
generate collective goal. Here mutually profitable
resource exchange is performed. Multi-agent system
constructed on the basis of such interacting agents
seems to be very effective from the viewpoint of
decentralized artificial intelligence strategies; the
corresponding structure is a complete network.

In course of interaction between self-interested and
altruistic agents the first one imposes his goal and tends
to capture all resources. In fact, we observe resource
transfer from a, to a.; it can bring about the death of a,,
if res(a,(?)) < resmin.

The interaction scenario for benevolent and self-
interested agents is similar. Self-interested agent tends
to appropriate all resources, but in response he mainly
disseminates his beliefs and goal. So benevolent agent
is not interested in such interactions and accepts them
only in critical situation. In any case, he is provided
with the mechanism of self-preservation: the interaction
is interrupted is case of res(ay(f)) —>resmin

Finally, the interaction between benevolent and
altruistic agents, when a, shares the goal of ay, supposes
an efficient resource exchange. Here a;, does not accept
the resource extinction for a,.due to his benevolence.

Another important agent characteristic in RGN is
his influence degree. Here we need taking into account
both vertex degree and total conductivity. Hence, agent
influence in MAS is given by agent’s own resource, the
number of connections with other agents and sum



values of resource conductivities and goal
conductivities.

As a result, two theorems about resource
distribution in MAS have been proved.

The software program to support the construction of
resource-goal network has been developed with using
Python language.

CONCLUSION

Some ways of visual representation to model
interaction processes between agents, as well as multi-
agent systems generation and development have been
proposed in the paper with using resource-goal
networks. It has been shown that this formalism may
become a quite suitable tool for semantic-pragmatic
analysis and ontological modeling while considering
various systems of collective (decentralized or
centralized) artificial intelligence.
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