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I'uOpuaHas apXuTEKTYyPa HHTEJIEKTYAJIbHOI0 areHTa
¢ HIMUTALMOHHBIM ANNAPATOM

A.B. Macno6oeB

HUucmumym ungopmamuxu u mamemamuiecko2o Mooeaupo8ans.
mexnonocuyeckux npoyeccoe KHI] PAH, nabopamopus pecuonanbhsix
ungopmayuorHvlx cucmem, Anamumaol

AHHoTanusi. Pa3paboTaHbl Hay4YHO-METOJMYECKHE OCHOBBI HMHTETPAlMM MYJIbTHAr€HTHBIX TEXHOJOTMH U
METOJIOB CUCTEMHOM ITuHaMHKH. PaccMoTpeHa 0000IIeHHas MOJIETb JSSTENbHOCTH UHTEIEKTYyaIbHBIX areHTOB
CyOBEKTOB MHHOBALlMOHHOU JEATENILHOCTH B BUPTYyalbHOH OusHec-cpene. IIpoBeneH 0030p CyIIECTBYIOLIMX
apXMTeKTyp areHToB. Paspaborana rubpunHas InteRRap-apxutekrypa HHTEUIEKTYallbHOrO areHTa c
BHYTpPEHHEH MOJICHCTEMO MMHUTAIIMOHHOTO MOJICIMPOBAHUSI, IPEACTABISIIOIEH OO0 MIMUTAIIOHHBIN armapaT
(KOMIIJIEKC CUCTEMHO-MHAMUYECKUX Mozenei). IIpeioskeHpl moaxoabl pealn3aiii IMUTAMOHHOTO amrapara
areHTOB Ha OCHOBE CUCTEMHO-IUHAMUYECKHX MOJEIEH B MyIbTHAr€HTHOH cpere.

Abstract. The scientific-methodical foundations of multi-agent technologies and system dynamics methods
integration have been developed. The generalized intelligent agent activity model in the virtual business
environment of innovation evolution has been considered. The survey of existent agent architectures has been
represented. The hybrid intelligent agent architecture with internal simulation subsystem constituting
a simulation engine (a complex of system-dynamic models) has been designed. Implementation approaches to
agent simulation engine based on system-dynamic models in the multi-agent environment have been proposed.

1. BBegenue

MpraHCKaﬂ 06J'laCTI) pacnoojiara€t 3Ha4YMTCIIbHBIM HWHHOBAIIMOHHBIM IMOTCHIHAIOM. 3[[60]) UMECTCA
MHOT'O HAYYHO-UCCJIICA0BATCIIbCKUX opraﬂmaumﬂ, BEAyHIUX q)yHZlaMeHTaﬂbele 1 MPUKIIAAHBIC UCCIICJOBAHUA B
pa3NMYHBIX OTpaciisiX 3HaHWH. Pe3ynbraThl 3THX pabOT B HACTOSIIEEe BPEMS HCIOJIB3YIOTCS HEZOCTATOYHO
noiHo. OnHUM M3 0apbepoB HA MX ITYTH SBJISETCS OTCYTCTBHE MeXaHHM3Ma (OPMHPOBAHMS MHHOBAIIMOHHBIX
CTPYKTYp, HPHU3BaHHBIX pPEAIN30BBIBATE OW3HEC-TIPOEKTHl 10 KOMMEPLHAIH3ALUN PE3YJIbTATOB HAYYHBIX
HCCIIeIOBaHUN M Pa3pabOTOK, T.€. JOBOAUTH UX A0 JIOTMYECKOTO 3aBEPIICHHUS — CO3/1aHNs] HHHOBAIUH.

PermonansHple MTHHOBAIIMOHHBIE IMPOIECCHl CIEIM(PUYHBI B CHIYy psna HpuunH: 1) Oombmoit o0beM
pasHOpPOAHOH  WH(OpMAIMKM, acCCOMHPOBAHHOW ¢ HWHHOBAallMOHHBIMH  mpolleccamu; 2)  Oosblias
TEpPUTOPUANIbHASA PACIPEICIICHHOCTh KOMIIOHEHTOB HMHHOBAI[MOHHBIX CTPYKTYpP; 3) AMHAMHUYHOCTb CTPYKTYpPBI
WHHOBAILMOHHOTO TOJs; 4) OpraHu3allMOHHAs HEOAHOPOAHOCTh 3JEMEHTOB WHHOBAMOHHOTO  IIOJI,
CYIIECTBEHHbIM o6pa30M OorpaHu4uBaromiass NPpUMCEHUMOCTL MCETOJ0B U TeXHOJ’IOFHﬁ, aHpOGI/lpOBaHHbIX )44
XOpOIIO ce0sl 3apEKOMEH/I0BABILIMX B KOPIIOPATUBHBIX MH(OOPMALMOHHBIX CUCTEMaX.

[Touck IIOTCHIHWAJIbHBIX 6M3HeC—HapTHep0B JJIg peajin3dalliii UHHOBAITUOHHOI'O ITPOCKTA, MO0 CYHICCTBY,
3aKJII0YaeTcsl B Iepedope MMEIOIIMXCSl MHHOBAIIMOHHBIX MPEJIOKEHNH 1 BBIOOpE CpeIy HUX MOJXOJSIINX 10
3aJaHHbIM KpuTepusM. COBpEMEHHBIE TEXHOJOTMH M IPHKJIAIHBIE NPOTPAMMHBIE CHUCTEMBl POCCHHCKUX M
3apyOeXHBIX pPa3pabdOTYMKOB HENOCTaTOYHO AP(PEKTUBHO peIIaloT NOomoOHBIE 337a4d HWHPOPMAIMOHHOTO
obecrieueHns] HHHOBAIIMOHHON JIESITEITbHOCTH.

Jts oBbimeHust 3(G(GEeKTUBHOCTH WH(POPMAIIMOHHOTO 00ECTICUeHHsI PETHOHAIBHOTO WHHOBAITMOHHOTO
passutist B UMMM KHI[ PAH pa3paboraHa MyJIbTHareHTHas TEXHOJOTHA WH(POPMALMOHHOW IMOIICPIKKH
MHHOBaLIMOHHOW JIeATeNbHOCTH, obecnedynBaronias (pOpMHUPOBaHHE M OLEHKY HOTEHIUATIbHO 3()(EKTUBHBIX
WHHOBAILIMOHHBIX CTPYKTYyp. B pamMKax TEXHOJOTMM OCYIIECTBIAETCS HHTETPALsi U aBTOMAaTH3MPOBAHHAS
JeLeHTpaau30BaHHas 00paboTKa pacrpeAesNeHHbIX HHGOPMALMOHHBIX pECypcoB WHHOBaIMi Ha 0ase
B3aUMO/ICHCTBUSI NIPOrPAaMMHBIX areHTOB, UMEIOIIMX THOPHIHYIO apXUTEKTypy. TexHoyorus peajau3oBaHa B
paMKax MNpoToTHIla OTKprTOﬁ MyHbTHaFeHTHOﬁ CHUCTEMbl HMHTErpalu pacrnpeaciCHHbIX l/IH(l)OpMaIJ,l/IOHHle
pecypcoB wmnHOBanuii (Macnoboes, [luwaes, 2007), mpencTaBisionield coO0OH KOMIUIEKC HpPOTPaMMHBIX
areHToB, (YHKIMOHUPYIOIIUX B ceTH MHTEepHeT.

B crarbe paccmarpuBaercsi 00OOIIEHHAsT MOJENb JESTEIbHOCTH WHTEIUIEKTYAIbHBIX arcHTOB B
BUPTYaJIBHOHN OM3HEC-Cpeie, PECTaBICHHAs B BA/IE MHOTOCIIOWHOM CeMaHTHYECKON CETH, SAPOM KOTOPOM SBIISIETCS
YeThIPEXyPOBHEBAsI CXeMa Pa3BePThIBAHUS ICATEILHOCTH: "desimenvHocmy —> cumyayusi —> Oelicmeue —> onepayus”.
B ommume ot mpuHATON B MHPOPMATHKE MOJCTH NCATEIBHOCTH THIA "EpHOTO SIIHUKA", 3Ta YeTHIPEXypOBHEBAsI
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MOJETb MOXKET paccMaTpuBaThCsi Kak 'Tpo3pauHplii sAmuKk". B Hel pacKpeIBalOTCS BHYTPEHHHE MEXaHU3MBI
JEATEeIbHOCTH ITyTeM aHAJIN3a MOACHCTEM NPEACTAaBICHNS (MOACIMPOBAHMS BHEIIHEH Cpe/bl) U ONBITA, TOBEICHUS
(BHEUIHEH peryysiliMM) ¥ MHTeHIMOHAIBHOW mojcucteMbl (camoperyisinun). [IpuBoauTess onmcaHue TUOPHIHOMN
APXUTEKTYPbl WHTEJUIEKTYaJbHOTO areHTa ¢ MMHUTALMOHHBIM alIiapaToM, HPEACTaBISIOeld co00l paclIMpeHHYO
KOMOMHALIMIO OOIIENPUHATHIX peakTnBHOM W InteRRap apxutekTyp MHTENIeKTyanbHbIX areHToB M. bapOyueany u
M. ®okca. C moMOIIbIO HHTETPUPOBAHHOM B CTPYKTYPY areHTa MOJICUCTEMbl UMUTAIIMOHHOTO MOJICIIMPOBAHUS areHT
CIIOCOOCH CTPOMTH BHYTPH cCeOsi MOJENM BHEIIHETO MHpPAa M MOJENM MOBEACHUS JAPYTrHX areHTOB JUIS
TIPOTHO3MPOBAHUS PA3BUTUSI CPEAbl M IUIAHUPOBAaHMS CBOMX aAeicTBuid. Ilpemiararorcss Moaxonpl pean3anin
HMMHUTAIMOHHOTO aNlapara areHTOB Ha OCHOBE CUCTEMHO-JMHAMWYECKUX MOJIeJIeH B MyJIbTHAr€HTHOH Cpe/ie.

2. [TocraHoBKa 3a7a4un

[Ipobnema MHOOPMAIMOHHOTO OOECeYeHs] HHHOBAIMOHHOW NESTEIbHOCTU SIBJISIETCS aKTyalbHOW U
TpedyeT pa3pabOTKH NPHUHIWIHAIHFHO HOBBIX IMOAXOIOB IS €€ pemeHHs, 0a3upYIOMMXCS Ha NPUMEHEHHH
MepeIOBbIX WHPOPMAIMOHHBIX TEXHOJIOTHI M MaTeMaTHYecKOro MojneiupoBaHus. OIHUM U3 MyTel pelieHus
3aJa4yd  MH(QOPMALMOHHON IONNEPKKHM HMHHOBAIMK SIBISIETCS CO3JaHHE IPOOIEMHO-OPUEHTHPOBAHHBIX
KOMITBIOTEPU3UPOBAHHBIX CHUCTEM HMMHUTALOHHOTO MOJIEIMPOBAaHHs OH3HEC-IIPOIIECCOB, 00pa3yloIInuX B
KOMIUIEKCE CHUCTEMY HMH(OPMAIMOHHOW MOJJICPKKH WHHOBALMOHHOW AeATEeIbHOCTH. PacnpesieneHHOCTh H
JVUHAMHYHOCTh BOBJICYCHHBIX B HMHHOBAI[MOHHBIE IIPOIECCHl PECYpCOB M CYOBEKTOB HSKOHOMHYECKOM
JeITeIbHOCTH MOTHBUPYET K MCIOJBb30BAaHUIO TIPH IIOCTPOEHHHM CHCTEM WH()OPMAIMOHHON ITOIIEPKKU
WHHOBALM JECHTPAIN30BAHHBIX apXUTEKTYP U COOTBETCTBYIOIINX TEXHOJIOTHH.

BupTtyanpnas Ou3Hec-cpea pa3BUTHA HHHOBALN, B KOTOPOH (PYHKIIMOHUPYIOT IPO-aKTUBHBIC areHTHI
CyOBEKTOB PETHOHAIEHBIX OM3HEC-COOOIIECTB, SBISETCS HE TOJBKO IMPOCTPAHCTBEHHO PACHpENeNCHHOH, HO U
obOmamaer BHyTpeHHeH AuHaMHUKOW. [lpwdeM STa NWHAMHKA SIBISETCS PA3IMYHON IS Pa3HBIX KOMIIOHEHTOB
cpensl. VHTemnekTyanpHBIE areHThl, o00Jamas pa3BUTBIM BHYTPEHHUM IPEICTABICHHEM CIEHBI U
BO3MOKHOCTSIMH PacCy>KACHUH, NODKHBI OBITh CLIOCOOHBI 3aTIOMHHATH M aHAIN3WPOBATh PA3IUYHBIE CHUTYAIHH
Ha PBIHKE 7151 HH(POPMAIIMOHHON MOJAEP)KKH MIPUHATHS PEIIeHNH Ipu BEIOOpE areHToM OM3HEC-TIapTHEPOB HIIH
(dbopMHUpOBaHUN OHM3HEC-CTPYKTYp, NPOTHO3MPOBATH PHCKH M JKOHOMHUYCCKUH 3PQPEKT OT BIOKECHUH B
WHHOBAIMH, NPEJBUIETh BO3MOXKHbBIE PEaKIMHd Ha CBOM JEHCTBUS, JENaTh U3 ATOTO BBIBOJbI, MOJIE3HBIC JUIS
JajbHEHIINX NeWCTBUH, M B pe3yJibTaTe NPOTrHO3UPOBAThH CBOE Oyjyllee U M3MEHEHUs cleHbl. [t Toro 4To0bl
YYeCTh BCE 3TH OCOOCHHOCTH, arcHTHl CyOBEKTOB PErHOHAIBHBIX OM3HEC-COOOIIECTB JOJKHBI OBITH CHA0KEHBI
MMHTAMOHHBIM arnmaparoM. IMuTanmoHHbIH anmapat npencTasisieT coO0oi MONMHYIO WIH YIPOIEHHYI0 MOJEh
Cpelpl, B KOTOPOH (YHKIIMOHUPYET areHT, peKyPPEHTHO BEI3BIBAEMYIO B TIPOIIECCe MOACTHPOBaHUs. B kadecTBe
CpeICTBa pean3aliyl STOTO alIapara B padoTe MmpeuiaraeTcs HCIOoIb30BaTh CHCTEMHO-TMHAMUYIECKIE MOIEITH.

3. MeTomo/10rn4ecKre 0CHOBBI HCCIe0OBAHUS

JUis  pemeHuss TOCTaBIeHHONM B paboTe 3agayll HCHOJB30BAHBI METOABI KOHIENTYaJbHOTO
MOJICTUPOBAHUS, METOJBl MMHTAIIIOHHOTO MOJECIUPOBAHHSA, METOABI HCKYCCTBEHHOTO WHTEIUIEKTa, METOJIBI
pacripeaeeHHbIX BBIYUCICHUH, TeOpUH (POPMATBHBIX IPAMMATHK U SI3BIKOB.

HccnenoBanus, MpeCTaBICHHBIC B CTaThe, OA3UPYIOTCS Ha pabOTaX OTCUSCTBEHHBIX U 3apyOCIKHBIX
yuenbix: ['.C. Tlocnienosa, JI.A. Ilocnienosa, B.®. Benasi, B.M. Kypeituuka, B.B. Kypeituuka u B.b. Tapacoa — B
00JIaCTH YeTIOBEKO-MAIIMHHBIX CHCTEM M MCKyccTBeHHOro mHTewekra; B.U. Toponenkoro, B.®. Xopomesckoro,
P. Mannee, K. Konbcku, 1. lemazo, C.A. [lenoya — B obmacti MHOroareHTHbIX cuctem; JI.A. HoBukoBa,
I0.A. Baropymeko, I''A. VYutypa, B.A. O®wmwmnmoBa, A.A. MBamienko — B o0iacTd WHPOPMAIUOHHOTO
obecrieueHnst HHHOBAIMOHHOH aesrenbHocTH; [1.0. Crkobenera, B.A. Burruxa, FO.I'. Kapmosa, .T". [TocienoBa
u [I.A. MwnmHTa — B 00JIACTH MMHTAIIMOHHOTO MOJEIHMPOBAHMS 3KOHOMHUYecKux cTpykTyp; A.Il. Epemeena,
B.H. Baruna, E.IO. 'onosunoii, 3.B. [TonoBa — B 0011aCTH HHTEIUIEKTYaIbHBIX CHCTEM.

Jnsa peanuzanuu pa3padbaTbiBaeMO CUCTEMbI HHPOPMALMOHHOW TIOIEP’KKA PETHOHATBHBIX WHHOBAITHIA
BbIOpaHa TEXHOJIOTHUs MyJIbTHAreHTHbIX cucteM (Tapacos, 2002), B paMKax KOTOPOW CyOBEKTbl HHHOBAIIMOHHOMN
JESITeTPHOCTH TPEACTABIAIOTCS B BUAE MPOTPAMMHBIX areHTOB, (PYHKIIMOHHPYIONUX H B3aUMOJCHCTBYIOIINX
JpYT C IpyroM B €AMHOM MH(OPMALIOHHOM IIPOCTPAaHCTBE (BUPTYaJbHOW OM3HEC-CpEle) B MHTEPECaX CBOHMX
BJIAJICIIBIIEB, 00pa3ys OTKPBITYIO MYJIbTHATCHTHYIO CUCTEMY C JCLECHTPAIN30BAHHON apXUTEKTYPOl.

4. KonuenrtyanbHas Mo/ieJb HHTEJUIEKTYaJbHOTO areHTa

B nacrosimeit pabore mox areHToM OyAeT MOHUMAaThCs CaMOCTOSTENIbHAs MHTEIUIEKTyalbHasl CHCTEMa,
MMEIoIIas BO3MOKHOCTh NMPUHUMATh BO3/IEHCTBHE OT BHEITHETO MUpPA M OT ceOe MOI0O0HbIX, ONPEIEISATh CBOIO
PEaKIMIO HA 3TO BO3JECHCTBUE M OCYILECTBIIIT 3Ty PEAKIHIO, a TAKXKE JIEHCTBYIOIIYIO JIMOO OT JINIA TTOJIb30BATENL,
700 OT JINIA CHCTEMBI, EJIETHPOBABIIIEH areHTy IMOJTHOMOYMS Ha BHITOJHEHUE TEX WM HHBIX JEHCTBHH.

114



Becmuux MI'TY, mom 12, Nel, 2009 e. cmp.113-124

OCHOBHBIM OTJIMYMEM areHTOB OT CHCTEM B IEJIOM SBISETCS AKTUBHOCTb, TO €CTb BO3MOXKHOCTb
CaMOCTOSATENILHO BBINONHATE Kakue-1n0o neicTsus. Kpome Toro, areHT OOBIYHO pacCMaTpUBAETCS HE Kak
COBOKYIHOCTh 4acTei, a KaK €IWHas CYIIHOCTb, TOTAA KaK, HalpHMEp, NMPH HCCIEAOBAHUN CBOWUCTB CHCTEM
NEPBBIA MOAXOA SIBISETCS. OCHOBHBIM. Ellle OHON OTIMYUTENIBHOM XapaKTEPUCTUKOW SIBISIETCS TO, YTO areHT
MOXeET OBbITh BOIUIOLIECH HE B BUJIE HEKOTOPOTO MaTEPHAIBLHOTO O0BEKTa, a CYIECTBOBATh KaK CaMOCTOSITENIbHAs
nporpamma. [Ipu 3TOoM naHHas mporpamma, He BO3AEHCTBYS Ha MaTepHalbHbI MUp (OCTaBasCh B paMKax
KOMITBIOTEPA MJI KOMITBIOTEPHBIX CUCTEM), MOKET OCYILIECTBIISTH HOJIE3HBIC IEHCTBHSI.

K areHTaMm mpeabsIBISIOTCS CIIEAYFOIINE OCHOBHBIC XapaKTepucTuIeckue TpeboBanust (I opodeykuit, 1998):
e  Agmonomnocmb. ATreHT crocoOeH (PyHKIMOHMpPOBaTh ©O€3 MPSAMOro BMEIIATENCTBA  YEJIOBEKa,

CaMOCTOSTENLHO OTCIIEKNBAS COCTOSHIE OKPY>KAIOIIEH Cpeabl 1 COOCTBEHHBIX IMapaMeTPOB.
e PeaxmugrHocms. ATEHT CTIOCOOEH BOCIIPHHMMATh OKPYXKAIOLIYIO CPEY M a/IeKBaTHO Ha HEE pearupoBaTh.
e  [Ipo-akmuenocms. ATEHT 00Ja/laeT II€I€HANPABICHHBIM [TOBEAECHHEM H MOXKET NPOSIBIISATh HHULIUATHUBY.

Kpome TOro, mis MCHONHEHMS TeX WM HMHBIX 33/1a4 arcHTbl JOJDKHBI OTBEYaTh JOMOJIHHUTEIBHBIM
kiaccudunupyromum tpedoBanusim (Tapacos, 2002):

e Cnocobrnocmsv obwjeHust. ATEHT OJDKEH UMETh BO3MOXKHOCTH OOLIATHCSI M B3aUMOZEHCTBOBATh C JAPYTUMHU
areHTaMM WIN JIFOJbMHU.

e Mooenuposanue cumyayuu. CrIocCOOHOCTb areHTa MPOMO/IEINPOBATh Pa3BUTHE CUTYaIMH, NPEICKA3aTh X0
€€ pa3BUTHUSL.
MobunvHocms. ATEHT TOIKEH UMETh BO3MOKHOCTb MEHSITh CBOE ITOJIOXKEHHE B OKPYIKaIOILEH cpesie.

o [umeniexmyanbHocms. ATEHT TODKEH UMETh BO3MOXKHOCTh MPOBOANTD JIOTHYECKUI BBIBOJ AJISI IPUHATHS
pELIEHMsI O CBOMX JAJIbHENIINX IEHCTBUSX.

e [lpusaszka k cpede. ATEHT IIOIDKEH CYIIECTBOBATH B ONPEACIICHHOW OKpYKarollel cpene (pealbHOW Win
BUPTYaJIBHON).

ATeHTBl B KOHLENTYaJlIbHOW MOJEIM BUPTYaJbHOW OM3HEC-CpeAbl pPa3sBUTHS WHHOBAIMH, IOIPOOHO
omMcaHHONH B pabore (Macrnoboes u dp., 2007), TpeACTaBIAIOT HHTEpeChl CyOBEKTOB HMHHOBalMid S U
XapaKTEpU3yKTCS. MHOKECTBOM MHHOBALIMOHHBIX IIPEIJIOKEHUN — B, KOTOPBIE OHU IIPEJCTABIAIOT B BUPTYaIbHOM
cpesie, MHOKECTBOM Ga30BBIX OPraHU3ALMOHHBIX CTPYKTYp — ORG”, COOTBETCTBYIOMIINX KOHKPETHBIM (hyHKIHSAM
(POIISIM) areHTOB, H BHYTPEHHEI! CTPYKTypoii — C, onuchIBaromei GyHKIMOHATBHOE YCTPOHCTBO areHTa:

A={S, BI, ORG", C*"}.
OpraHn3annoHHAs CTPYKTypa areHTa (OpMaIbHO OMUCHIBACTCS B BUJIE:
ORG"=<G",RL*, CP*, ACT", STR", L, ST, SL, T>,

rine G* — nepeBo neneit areHTa, KOTOpPbIE OH JOKEH JOCTUYb ISl PEIICHNS TTOCTABICHHON Mepel HUM 3a1auH;
RL* — MHOXeCTBO poJIeif arenTa, B KOTOPBIX OH IOJDKEH BBICTYTIATh JUIS JOCTIKEHHS COOTBETCTBYIOIIMX LieNeH;
CP' — MHOXECTBO HABBIKOB H CIOCOOHOCTEH areHTa, KOTOPHIMH OH JOJDKEH 00/1agaTh Ui HCIIONHEHHS
cootBetcTBytomeil pomn; ACT! — MHOXecTBO aeiicTBuit; STR? — MHOKECTBO CTpaTeruii MOBEJICHNS areHTa B
HATPaBICHUN JOCTIKCHHS COOTBETCTBYIOIIMX IIETIEH, MpHYeM G*=G5, RL=RL5, CP'=CP5, ACT'=ACT’ u
STRY=STRS; L — MHOXKeCTBO 13b1K0B; ST — MHOYKECTBO COCTOAHHY areHTa; SL — MHOMKECTBO 3aKOHOB (mpaBun)
OrpaHUYeHUH (YHKIIMOHUPOBAHUS areHTa, HMpUYEeM OrpaHWYEHHE 3aJaercs Hapoil <act, ¢>, 3aKoH s/ ecTb
MHOXECTBO OTpaHudeHuit <act, ¢;>, act;e ACT, ¢;€ L, st|=¢@; T — 0000meHHas (QYHKIUS TMEPEXOI0B
T:STxACT*SL—2%", ynoBnerBopsiomas CIeAylOIKUM YCIoBHAM: a) st mobbix ste ST, acte ACT, sle SL,
€CIIM COCTOSIHWE ! yJIOBJIETBOPSIET OTPaHUUYCHUIO ¢, st |= ¢, U mapa <act, p>€ sl, ro T<st, act, sI>= @; 6) s
mo0bIx ste ST, acte ACT, sly, sl, € SL, ecnu sty > sl,, o T< st, act, sl,> < T<st, act, sl,>.

Bce areHTH CHCTEMBI WCHONB3YIOT IUIS B3aUMOJCHCTBHS IPYT C OPYrOM W TIOCTPOSHHS OOMHX U
JIOKAJIbHBIX TUTAHOB JEWCTBUI MEPapPXUUECKYIO CUCTEMY S3BIKOB.

L= <L03L13L2>3

rze L, — sI3bIKM COCTaBJIEHHS OOLIMX IUIAaHOB M B3aUMOJIEHCTBUSI C APYTMMH areHTaMu; L — S3bIKH JIOKAJIEHOTO
TUIAHUPOBAHUS, MpeJHa3HauYCHHBIC JUIS [TOCTPOSHHS IUIaHa NEWCTBHH areHTta; Ly — S3bIKH WCIIOJHHUTEIHHOTO
YPOBHS (ONIPEAEISIOTCS HCIIOJIB3yEMBIMH CETEBBIMH CEPBUCAMH);

Ly =< L% L">,
rae L,® — s3bIK B3aMMOICHCTBHS YYaCTHUKOB OHM3HEC-IIPOLIECCOB, a Ly" — s3pIk B3aMMOEHCTBHS YYaCTHUKOB

OM3HEC-TIPOIIECCOB U X areHTOB;
A
Ly" = <cmd, rep, lang>,

rne cmd — S3BIK 3ampocoB (YIPaBICHHUS areHTOM), rep — (GOPMaTHPOBAHHBIE PE3YNIBTATHI paboTHI, /ang — S3BIK
B3aumozeiicTBus areHToB (ACL — agent communication language);
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KnroueBbim BHEIIIHUM ;13},1}01\4 Cpen
pa3pabaTbiBaeMOW CHUCTEMBI sBIseTCS L," — (ZampoE)
SI3bIK  B3aMMOJICHCTBHMS  ©CTECTBEHHBIX U
I/ICKyCCTBeHHbIX aréHTOB. Ba3OBblM JUJIA

peanu3any OTAEIBHOIO MPOrpaMMHOTO areHTa
SIBIISIETCS SI3BIK L.

BayTpennsist CTPYKTYpa areHTa,
OIKCHIBAIOMIIAS ero (YHKIIMOHATBHOE
YCTPOMCTBO, ONMUCHIBAECTCS B BHJIE: c'=(, M, ~
P, R, I, C), tne K — MeHTaIbHas mojacuctemMa; M Snand
— TIO/ICHCTEMa MOZEIHUPOBaHus; P — moacucreMa i
aHamM3a W IUIAHUPOBaHWSA; R — peakTHBHAs :
mojacucreMa; / — TOACHUCTEMa KOOPAMHALUHN U -4
B3aMMO/ICHCTBHS, C - MoJCcHCcTEMA / g
KOMMYHHUKAIUH. IMoapoGHoe OTIHCaHHe
BHYTPECHHEH CTPYKTYpBHI arcHTa MpEICTaBICHO B
pabotax (Macnoboes u op., 2007) u (Llluwaes u
op., 2007). Foeahanes O ToAr ey TR
5. O0001eHHas MofeJIb AeSITeJILHOCTH
HHTEJIEKTYAJbHBIX AT€HTOB B BHPTYAJIbLHOI
O0u3Hec-cpene

LenTtpanbroit 3agaden SIBJISIETCS
HCCIIeOBaHNE (DYHKIIMOHATBLHONH CTPYKTYpPHI H
OUHAMUKA JESTETbHOCTH areHTOB CyOBEKTOB
WHHOBAIMI B BUPTYyaJIbHON OM3HEC-cpene. 3mech
oObIYHasl, MpHHATas B WHPOpPMATHKE MOJIEIb
NeATeJIbHOCTH THIIA "yepHOro sKa" CTIL S ML
OKa3bIBaeTCs HemocTtaTouHod. B  uHTepecax
MMOCTPOCHUSI W OOOCHOBaHHSI  apXUTEKTYp
areHTOB KaK BUPTYaJIbHBIX JiesTenei
HEOOXOIMMBI WCCIIEIOBAaHMS OOIMIMX IMPHUHIIUIIOB
¥ BHYTPEHHHX MEXaHHU3MOB NESATEIBHOCTH, YTO
TpeamnoiaraeT pa3paboTky 0OOOMIEHHOW CXEMBI
IEeITeNbHOCTH KakK CJIOKHOH, aBTOHOMHOM,
CaMOOPTaHU3YIOMIEHCS CHCTEMBI.

Bapuant o0meit Mogenu JesITelIbHOCTH
areHra TMpejAcTaBieH Ha puc. | B BuUIe
MHOT'OCJIONHOM CEMaHTUYECKOW ceTH. Slapom
JTOM MOJAENU SBISIETCA  YETBIPEXYpPOBHEBAs l l 1 1
cxema pa3BepTHIBAHUS JIeSITENbHOCTH : BEDUIED ATeHT S —
"OesmenvHocmy > cumyayusi > Oelicmeue > Cpema T KTEL, YEITTH
onepayus” (B OTIIMYHE OT TPEXYPOBHEBOI MOJIEH (EENTOTOLDE : ATPOLOE)
A.H. .HeOHTLeBa). —e TOOTRCHE TENTA TR TAE TOEHHCA

B nanHOW Mozenu Ha KaXkIOM YpOBHE mmmmmmmee HHTEHLHOHATEHAL TOIOHCTEITA
OTpaKalOTCsI KaK paAhanbHble CBS3U  (OT
nepudepur K LEHTPY) MEXKIY PETYISTHBHBIMU

Fecvpii
PecvypE

— TOOECHE TEVTA TIOE SEEHHT

mmrmem = TOOCHE TEVTA (TEITA
(B YaCTHOCTH, HMHTEHIMOHAIbHBIMHI u
TTOBEIEHICCKUMH ) u MOP(OTOTHUECKIMU
Puc. 1. O0o0mmenHas MOAENb NeITEIFHOCTH areHTa
KOMITOHEHTAMH JIEATEILHOCTH, TaK M KOJILLIEBLIE
CBSI3U MEXIY 6a30BbIMU GbyHKIMSIMU

OpraHu3alunu ACATCIbHOCTHU. B O6HI€M CJIy4a€ MOKHO YKa3aTb, YTO:

Heamenvnocms = F (cpeda, nompebrnocmu, Mmomusayuu, nianuposanue, 3HaHus),
Cumyayusn = S (OesmenbHoCmb, 0OCMOAMENbCMEA, HCENAHUS, MOOETUPOBAHUe, YOelHCOeHUs);
Meiicmeue = G (cumyayus, o0vekmbl, yeau, cmpamezuu, YMeHus),

Onepauus = H (Oeiicmaue, yciosus, 3a0auu, maKkmuKu, HA8bIKU),

rae F, S, G u H — otHoteHus monmuMopgusma ("' oauH-KO-MHOTHM").
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B oTnuume oT mpencTaBieHus ASSTEIBHOCTH THIIA "HEpHOTO SMIMKA", 3Ta YeTHIPEXypOBHEBAS MOJEIb
MOXET PacCMaTPUBATHCS Kak "Mpo3padHblil UK. B Hell pacKphIBalOTCS BHYTPEHHUE MEXaHU3MBI JICSITEIbHOCTH
MyTeM aHaIn3a MOJCHCTEM IMPEACTAaBICHNS (MOACIMPOBAHUS BHEUTHEW CPEAbl) M OMBITa, MOBEJACHUS (BHEUTHEN
PEryJIsIiK) U HHTCHIIMOHATBHON MOJCUCTEMBI (CAaMOPEryJIuu). AHAIN3 JCSITEIBHOCTA MOKHO MIPOBOIUTH HA
OCHOBE KaK BEPTUKAJIbHBIX OTHOIIEHU "MOTHBBI — XKeJIaHUs — LIeTH — 3aa4n”, "TIaHbl — MOJENIN — CTPATeruu —
peakiuu", TaK ¥ TOPU3OHTAIBHBIX OTHOIICHHUN "TOTPEOHOCTH — MOTHBBI — IUIaHBI — 3HaHUA", "OOBEKTHI
YIIOBJIETBOPEHUS MTOTPEOHOCTEW — LIENU — CTpaTeruu — yMmeHws", "yCIoBHS — 3a/laudl — TAaKTUKU — HaBBIKH',
OTPENIEISIONNX aBTOHOMHBIC KOHTYpHI camoopranm3anuu (mo b.I'. AHanbeBy). COOTBETCTBEHHO, MOHSITHE
areHTa Kak JeATellsi MOXKHO ONPEICIUTh B 3aBHCUMOCTH OT BEIOPAHHOTO (MJIM TEXHHYECKH JOCTHIKAMOTO) YPOBHS
aHTporioMopdu3Ma HEKMM MOIMHOKECTBOM W3 YKa3aHHOTO Habopa XapaKTepHUCTHK IesTeIhbHOCTH. Tak, Ha
BEpXHEM YPOBHE MHTEPIIPETHPYEMbIE HHTEIUICKTYaJIbHBIMH areHTaMy OTpeOHOCTH (POPMHUPYIOT chepy MOTHBAIIHH,
a MMOCTPOEHHE TUIAHOB peau3alliii MOTHBOB TpeOyeT MONOTHEHUS 3HaHUI WK mepecMoTpa yOekIeHUI areHTa
MOJICIMPOBAHIEM XapaKTEPHCTUK HIDKHETO YPOBHS U UX CBSI3el ¢ (QyHKIHUAMHU CPETHETO YPOBHS.

6. KpaTkuii 0030p CylIecTBYIOIIUX APXUTEKTYP ATEHTOB
Cy1iecTByIOIINE apXUTEKTYPhl ar€HTOB MOYKHO KITaCCU(HUIIMPOBATH CJICIYIOIIM 00pa3oM:
e  Apxutektypsl, Oazupyromuecs Ha npuniunax u meroaax MU (deliberative agent architectures).
e  PeakTuBHbBIE apXUTEKTYpbl, OCHOBaHHbIE Ha ITOBEJCHUH U HA PEaKLUK Ha COOBITHS BHEIIHETo Mupa (reactive
agent architectures).
e ['mOpuaHble MHOTOYPOBHEBBIE apXHUTEKTYphl, OCHOBaHHBIE Ha moBexeHnn n Mmeronax WU (hybrid agent
architectures).

I'naBHBIM TpeOOBaHHEM K apXHUTEKType areHra CyObeKTa HHHOBAIMil B KOHTEKCTE pelaeMoil B pabore
3a7a4d SIBISIETCS HAIWYUE MOACHCTEMbl MOJCIHMPOBaHMsS, HEOOXOIMMON areHTy Ul MOCTPOCHUs CLCHApHEB
COOCTBEHHOTO Pa3BHUTHS, Pa3BHTHS areHTOB-KOHKYPEHTOB M Pa3BUTHsI BHELIHEH cpe/ibl, HA OCHOBAHMU KOTOPBIX
areHT OmpeNeNsieT CBOe IOBEJCHHE B HACTOSAIIEM M OyIylleM, a TakkKe INPOTHO3HPYET SKOHOMUYECKYIO
3 (EeKTUBHOCT, HMHHOBAIlMOHHBIX IPOEKTOB. PaccMOTpHUM CyIIECTBYIOIIME AapXUTEKTypbl areHToB Oojee
MoAPOOHO ¢ TOYKH 3pEHUS OTMMCAHHOTO BHIIIE TPEOOBAHUSI.

Apxumekmypul, 0CHOGAHHbIE HA 3HAHUAX

OpraHu3anusi apxXUTEKTyphl areHTOB Ha NPUHIMNAX MCKycCTBeHHoro wuHtemwiekra (MU) umeer
NpEerMYIIECcTBa C TOYKH 3pPEHUs] yJ00CTBa HCIIOIL30BAaHHUS METOJOB M CPEICTB CHMBOJBHOI'O IPEICTABICHUS
3HaHWH, pa3pa0OTaHHBIX B paMKax HCKYCCTBEHHOrO WHTeiekra. Ho, B TO ke BpeMs, CO3JjaHHEe TOYHOH M
MOJHOM MOAENM MpPeJCTaBIEHUS MHpA, MPOLECCOB U MEXAHU3MOB PACCYXKIEHHUS B HEM MpPEICTABIAIOT 34ECh
CYIIIECTBEHHbIE TPYJHOCTH.

K apxuTekTypaM IaHHOTO THIa OTHOCSTCS: apXUTEKTypa Ha OCHOBE IPOAYKIMOHHOH CHCTEMBI,
apXUTEKTypa Ha OCHOBE KJIAacCHU(UKATOPOB, apXUTEKTypa C HEepapxXU4ecKod 0a3oi 3HaHMH, apXUTEKTypa
bap6yueany-®Pokca u ap. OCHOBHBIM JOCTOMHCTBOM IIE€PEUMCIICHHBIX BBIIIE APXUTEKTYP ArcHTOB SBISIETCS
HallMYhe pa3BUTOM MEHTAJIbHOW IOJCHCTEMBI, OOpa3yroLIed WHTEICKTYyaldbHYI0 COCTaBIIAIOUIYIO areHTa.
OCHOBHBIM HEJIOCTATKOM SIBJISIETCS OTCYTCTBUE ITOJICHCTEMBI MOJISTUPOBaHHS, KaK HEOOXOIMMOTO CPEJCTBA IS
MPOTHO3UPOBAHKSI CBOETO MOBEACHHS, ce0e NOA0OHBIX ¥ BHEITHETO MUPA.

Peaxmuenvle apxumexmypul

IIpyHIUOBI PEAKTUBHOM apXUTEKTYphl BO3HHMKIM KaK aJbTEpHATUBHBIM MOAXOA K apXUTEKType
WMHTEIIEKTYaJIbHBIX areHTOB. V/iest peakTHBHBIX areHTOB BIIEPBBIC BO3HMKIIA B paboTax bpykca, BBIABHHYBIIIErO
TE3HC, YTO MHTEIUICKTYaIbHOE MTOBEJCHUE MOKET OBITh pean30BaHO 0€3 CHMBOJIBLHOTO MPEACTABICHHS 3HAHWH,
MpUHATOro B KiaccudueckoM M. PeakTHBHBIME HA3bIBAIOTCS areHThl M ApXHUTEKTYPBI, € HET AETalIbHO
IPECTaBICHHOH MOAENN MHUpa, a (GYHKIMOHUPOBAHUE OTAENBHBIX areHTOB U BCEH CHUCTEMBI OCYIIECTBIISETCS
1O TpaBWiaM THIIA CUTyauus — gAeicTtBue. IIpu 5TOM mox cuTyanuell MOHHMMAETCs MOTEHUHMAIBHO CIOXKHAS
KOMOMHAIMS BHYTPECHHUX M BHELTHUX COCTOSIHUI.

K apxurekTypaM [aHHOTO THIIA OTHOCSTCA: KOHHEKIIMOHMCTCKAas apXWUTEKTypa, apXHUTEKTypa
"comomunHeHus" U Ap. OCHOBHBIM JOCTOMHCTBOM II€PEYHCICHHBIX BBIIIE apPXUTEKTyp AareHTOB SBISETCS
HaJIM4ue DPA3BUTOM IIOACUCTEMbl aHalW3a W IJIAHUPOBAHUS IIOBEIEHUS M JCHCTBUM areHTa, pEeakTHUBHOU
MOJICHCTEMBI, ONPENEIISIONIEH peaky arcHTa Ha BHEIIHUE COOBITHS, a TaKXKe MOACHUCTEMBl OpraHW3alNU
KOONEPATUBHOTO TOBEAEHUs areHToB. (OCHOBHBIM HEJOCTAaTKOM SIBIIIETCS  OTCYTCTBHE IOACHUCTEM
MOJIETMPOBAHUS U MIPOTHO3UPOBAHUS, a TAK)KE MEHTAIIBHOM MOJCHCTEMBI.

Tubpuonsvie apxumexmyput

I'ubpunHbie apxutextypbl (Macroboes u op., 2006) oObeanHSIIOT B cebe BCe JOCTOMHCTBA PEAKTHBHBIX
ApXHUTEKTyp AareHTOB W apXHUTEKTyp, OCHOBAHHBbIX Ha 3HaHHMsAX. OCHOBHBIM JK€ HEIOCTAaTKOM  SIBJISETCS
OTCYTCTBUE TOJCUCTEMBI MojaenupoBanus. Hanbonee Gim3kumu k TpeOyeMoOM ISl pelieHHs MMOCTaBICHHOU B
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paboTte 3amaun apxXUTEKType areHTa cyObekTa MHHOBanWi sABIIOTCA InteRRap-apxurexTypa m apXuTekTypa
Touring Machine. Ho onm TpeOyroT cymiecTBeHHOH MoIuGHUKaIM{, Kacalomencs pa3padOTKH MeXaHH3Ma
BKJIIOYEHHSI B MX (DyHKIMOHAIBbHYIO CTPYKTYpY MMHTAIMOHHOTO anmapaTa W MEXaHHW3Ma CBS3BIBAaHHS €ro ¢
JPYTUMH apXUTEKTYpHBIMA KOMIIOHEHTaMH JUisi 00eCIieueHHsi COBMECTUMOCTH W HaJEeKHOI paboThl areHTa.
'OpumHbIE apXUTEKTYpPhI MO3BOJISIIOT TMOKO KOMOMHHMPOBATH BO3MOXKHOCTH BCEX IMOJXOJ0B. BoT mouemy B
HIOCJIE/IHEE BpEMs SIBHO IPOCIEKHBACTCS TEHACHIMS DPa3padOTKH W KCIOJIb30BaHUS MMEHHO TI'HOPUIHBIX
AreHTHBIX apXUTEKTYp U CUCTEM arcHTOB.

K apxurextypam ganHoro tumna otHocstcs: WILL-apxutekrypa, InteRRap-apxurexrypa, apxutekrypa
Touring Machine, IDS-apxurtexrypa, KOMIIO3UIIMOHHAS! ADXUTEKTYpa U 1p.

Pe3ynbTaThl CpaBHHTENBHOTO aHAM3a apXWUTEKTYp areHTOB NpHBEICHBI B Tabmuue. Ha ocHoBaHuM
MIPOBEJICHHOTO 0030pa OBUIO BBISBICHO, YTO HM OJlHA M3 PACCMOTPEHHBIX Ar€HTHBIX apXWUTEKTyp HE oOiamaer
TpeOyeMoi (YyHKIIMOHAIBHOCTBIO ISl PEILICHNUS TTOCTaBICHHON B pabore 3amaun. Hu ogHa M3 mepednciieHHbIX
apXUTEKTyp THOPHIHOTO THIA HE TIO3BOJISIET YIOBJIETBOPUTH PACCMOTPEHHBIE BBIIMIE CHELU(PHUIECKUE
TpeOOBaHUS, NpeIbABISEMBble KaKk K cHUcTeMaM HWHGOPMALMOHHON MOJJEP)KKHM WHHOBALMH, Tak H K
pervoHaNIbHBIM OM3HEC-CTPYKTYypaM, HE UMEIOIUM B CBOEH OCHOBE BHYTPEHHEH MOJEIUPYIOLIeH MOICHCTEMBI.
Hwxe Oynmer paccmorpeHa paspaborannas rubpuanas InteRRap-apxurekTypa HHTEIUIEKTYalbHOTO areHra,
BKJTIOYAOIIas B ce0sl MUMUTAIMOHHBIN anmapar — Simulation-based Agent Architecture (SAA).

Tabmuua. CpaBHATENBHBIA aHAIN3 apXUTEKTYP areHTOB

TToncucremsr
KomMnoHneHTBI <
APXUTEKTYPbI = = E
areHTa g = 2 5
(=¥ = T 2
] > < @
= =2 3 15
st = =y =
= = © S )
=
s|E1z:5]2 | : :
T | 5 Ee | 5 5 =
) 2 5,2 < = = = M =
o s |2 |88 |ss|=|£ |§£)¢
APXUTEKTYPbI g S S g i s & 28 %
areHTa g | S &z | £g | B g Z2 | E
S| S| 85|88 |2 |5 |58 ¢%
s | = ZER | 28 | = & | o2 | =
1. ApxutekTypbl, 6a3upywmuecss Ha npuHuunax u meronax UM (deliberative agent architectures)
ApXUTEKTypa Ha OCHOBE ITPOAYKIIMOHHOM CHCTEMBI + - — + - - - +
ApXUTEKTypa Ha OCHOBE KJIACCH(PHKATOPOB - - - + — - - +
ApxutexTypa ¢ uepapxuieckoii b3 + - + + — - - +
Apxwurekrypa bapOyueany-Poxkca + - + + + + + +
2. PeakTHBHBIE aPXHUTEKTYPHI, OCHOBAHHbIE HA TIOBE€HUH U HA PeaKIHU HA COOBITHSI BHELIHET0 MUPa
(reactive agent architectures)
KoHHEKIIMOHHUCTCKAST apXUTEKTypa - - - + — + + -
ApxurekTypa "conogunHeHus" — — - + - + + —
3. I'mOpuaHbIe MHOTOYPOBHEBbIE APXUTEKTYPhI, 0OCHOBaAHHbIe Ha NoBeAeHNnU U Mmetonax UMY (hybrid agent
architectures)
WILL-apxurektypa - - + + + T _ +
InteRRap-apxurekrypa + - + + + + + +
Apxurekrypa Touring Machine — — + + + + - +
IDS-apxutextypa - - - + + + _ +
Komno3uimonHas apXuTekTypa - - + + + + - +

7. OYHKIHOHAJILHAS MOJeJb MHTE/JIEKTYAJIbHOI0 areHTa ¢ MMHUTANMOHHBIM anmaparoM (Simulation-
based Agent Architecture)

[Ipennaraemasi ruOpuaHas apXUTEKTypa arcHTOB IPEJCTaBIsIeT COOOW paclUIMpEeHUE CYNIeCTBYIOIIEH
ruopugHoi InteRRap-apxurtekTypbl areHta 3a cueT J00aBJICHHS B €€ COCTaB IOACHCTEMbI WMHTAIMOHHOIO
MOJICJIMPOBAHUS, MNpEACTAaBISOMEed Cco00W HMMUTAMOHHBIA annapar (KOMIUIEKC CHCTEMHO-IMHaMHYECKUX
MOJIeNIeit), ¢ TOMOIIBIO KOTOPOT'O areHThl CTAHOBSATCS CHOCOOHBIMU MMUTHPOBATh CLIEHAPUH Pa3BUTHSI OTJEIBHO
B3SITHIX HHHOBAIL[MOHHBIX NIPOEKTOB, MOBEJCHHE KOMIIAHBOHOB U KOHKYPEHTOB Ha PHIHKE MHHOBALIMOHHBIX YCIyT
U Ha OCHOBE pE3yJbTaTOB MOJEIHPOBAHMS TPOTHO3HPOBATh PHCKM M 3KOHOMHYECKHH 3¢deKT oT
KaIllUTaJIOBJIOKEHUH B UHHOBALHH.
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Puc. 2. T'ubpuaHas apxXUTEKTypa MHTEUIEKTYaJIbHOTO areHTa ¢ IMUTALMOHHBIM alapaToM

B kadecTBe cpeacTBa peann3aluy MMUTALHOHHOTO alliapaTra MPeAaracTcsi HCIoJIb30BaTh CHCTEMHO-
JUHaMu4eckue Monenu. JlaHHas mojcucTeMa MOJEIUPYET MOBEAECHHE OOBEKTOB BHEIIHEH Cpelsl U caMoro
areHTa, YTo UCIOJb3YeTCsl AUl OOBSICHEHHsI TEKYIIEro IMOBENECHUS M MpEeJCKa3aHKss BO3MOXKHOTO MOBEACHHS B
OynymeM. IMUTaMOHHBIN anmapar npeicTaBisieT co00i MOIHYIO WM YIPOLIEHHYIO MOJIENb CPEJibl, B KOTOPO
(DYHKIIMOHHMPYET areHT, peKyppeHTHO BBI3BIBAEMYIO B IIPOIIECCE MOIEITHPOBAHMS.

OOmmii Bua THOPUIHOW apXWUTEKTYPhl WHTEIJIEKTYyaJIbHOIO areHTa C HMHUTALMOHHBIM armapaToM
IpezAcTaBieH Ha puc. 2. K ee OCHOBHBIM apXHTEKTYpHBIM KOMIIOHEHTaM OTHOCSTCS: MEHTAJbHAs IOJCHCTEMA,
MOJICUCTEMa MOJICTIMPOBAHMS, MOJCHCTEMA aHAM3a W IUIAHUPOBAHMS, PEaKTHUBHAS IOACHUCTEMA, ITOJCHCTEMBI
KOMMYHHUKaIUU U B3aUMOJICHCTBHS.

BHyTpeHHSII CTpyKTypa areHTa, ONUCHIBAIOLIAs €ro (PyHKIMOHAIBHOE YCTPONCTBO, ONHCBHIBACTCS B
BHUJIC: CA=(K, M,P,R,I,(C), tne K — MeHTaJbHasg ToJcucTeMa, M — ToOJICUCTEeMa MOJCIUpOBaHUsS; P —
MOJICUCTEMA aHANM3a M IUIAHUPOBAaHUS, R — peakTuBHas MoAcUcTeMa; [/ — TOACHCTEMA KOOPAUHALMH U
B3auMojieiicTus; C — nmoacucTeMa KOMMYHHUKAIHH.

Menmanvnas noocucmema (K) ("Hnmennexm") peamusyercs ¢ momomnsio sizbika KIF (Knowledge
Interchange Format) u uaTeprnpeTupyeTcs Kak UHTEIUIEKTyallbHasl, OCHOBaHHAsl Ha 3HAHUSIX, YaCTh aBTOHOMHOT'O
areHta, ero "Mosr" wim "UnTemiekt". BocnpuanMaemasi areHToM wHpopManus 0000IIaeTcss U peayupyeTcs
MOJZICUCTEMOM BOCIIPHATHS W TepefaeTcs Ha oOpaboTKy MeHTanbHOW moxcucreme. basza 3nanmit (b3) arenra
OCHOBaHa Ha MPOAYKLUMOHHOW MOJENU MpeacTaBleHHs 3HaHuil. Jlnsg peanusanuu NpoAyKIHOHHOW B3
ucrons3ytorest Tpu moxyist: 1) B/, comeprkamas ¢hakThl, JaHHBIEC  T.IL; 2) CUCTeMa IPOIYKIIUH, 3alFicaHHas Ha
YCIIOBHOM sI3bIKe; 3) HMHTEpIpeTaTop, OOpabaThBAaOMMi NpoXyKOwH. ba3a 3HaHWIA areHTa, HWMeEIoIas
TPEXYPOBHEBYIO CTPYKTYpPY, CTPOHUTCS 10 NPUHLHUITY AOCKH OOBSBICHHH. YPOBHM 0a3bl 3HAHWH (HaKTHIECKH
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OTBEYAIOT YPOBHSAM aOCTpaKkiMU 3HAHUH B COOTBETCTBUU CO CTPYKTYpOW YNPABISIOUIMX KOMIOHEHTOB. SIapo
areHTa, a MMEHHO: MOJCHUCTEMbI YIIPaBJIeHHs MaMsThio, 0a3a 3HaHMI W T.1. pa3pabaTbiBalOTCs Ha si3bike Java,
MTOCKOJIBKY HEOOXOIUMO 00ECTIEYHTh CIIOCOOHOCTh areHTa K MUTPHUPOBAHHMIO TI0 CETH.

THoocucmema umumayuonnozo mooenuposanust (M) ("umumayuonnoviii annapam”), 00eCTICUMBAIOIIAS IS
areHTa JIOKAJIbHBIA NPOTHO3 pe3yJibTaTa €ro MOTEHUHAIbHOH aKTUBHOCTH, MPEICTaBiIseT COOOM MOJIHYIO WIIH
YIIPOLIEHHYIO MOZENb Cpelbl, B KOTOpOH (YHKIMOHMUPYET areHT, PEKyppPEeHTHO BBI3BIBAEMYIO B IIpOLIECCE
MoJIennpoBaHus. B kadecTBe cpeacTBa peann3anny MMUTALMOHHOTO arapara B paboTe UCIONb3yI0TCsl CHCTEMHO-
JMHaMU4YecKue Moien. JlaHHas mojicucTemMa MOJIeTIMPYET MOBe/ICHNE 00BbEKTOB BHEIIIHEH CPelIbl U caMOro areHTa,
YTO MCHOJIB3YETCs ISl OOBSICHEHUSI TEKYIIETO MOBEJICHUSI U IPEJICKa3aHNsl BO3MOKHOTO TTOBEICHHUS B Oy/IyILEeM.

Hloocucmema awnanuza u naanuposanus Oeticmeuti (P), a Taxke Peaxmuenas noocucmema (R)
peanu3yIoTCs C TIOMOIIBIO CTAHIAPTHBIX SI3BIKOB OTMKCAHUS TIOBE/ICHUSI areHTOB — alreOphl ACHCTBUI U areOpsl
noBefeHuid. [loocucmema ananusa u niaHUPOBAHUs. TEHEPUPYET, UCIIOIHAET M PEKOHCTPYHPYET YaCTHUHbIE
IUIaHbI JICHCTBUI areHTa, a TaKke COACPKHUT MEXAHW3M IUIAHUPOBAHUSI, MO3BOJISIONINI CTPOUTH JIOKAIbHBIE
IUIaHbI areHTa, T.€. IUIaHbI, He CBsI3aHHbIE C KOOIIepaTUBHBIM MoBeaeHreM. [lnan npeacrasisercs B Buje rpada,
y3JlaMH KOTOPOTO MOTYT OBITh JIMOO KOHKpETHbIE HAa0Ophl JNEWCTBMH BIUIOTH JO O3JIEMEHTApHBIX IIaroB
MOBEJCHUS, JMOO HOBBIC CyOIUTaHbl, MOJJICKAIIME JaJbHEHIICH KOHKpETH3aluu. TakuMm o0pa3oMm,
IUIAHUPYIOILAsi KOMIIOHEHTAa aKTHBHUPYET MOBeACHHE (Uepe3 HIDKENeKallyl0 KOMIIOHEHTY), HalpaBlsieMOe
nensiMi. OHa JkKe y4JacTBYeT M B IUIAHHMPOBAHMH, CBSI3aHHOM C KOOIEPAaTUBHBIM IIOBEJICHHEM areHToB. JTa
KOMITOHEHTa MOJKET HCIIONIb30BaTh 3HAHUS JBYX HIDKHHMX ypOBHeW aOcTpakuuu. Peaxmuenas noocucmema
OIIpeZIeTIsIeT CIIOCOOHOCTh areHTa OINepaTHBHO pearupoBaTh Ha COOBITHS BHEIIHETO MHpPA, a TaKXKe COOBITHS,
BBIJIEIISIeMbIE MOJCUCTEMON aHaM3a M [UIAHUPOBAHMS, JIAXKE €CIIM OHHM paHee He IUIAHUPOBAIKCH. PeakTHBHAs
MOJICHCTEMa HKCIOJIb3yeT 0a30Bble BO3MOXKHOCTH ar¢HTa MO PEaKTHMBHOMY MOBEACHHIO, a TAKXKe YaCTHIHO
WCTOJB3YeT 3HAHMS areHTa MpoleaypHoro xapakrepa. OHa 0a3upyeTcs Ha MOHATHH "(pparMeHTa MoBeACHUS"
KaKk HEKOTOPOW 3arOTOBKH PEaKIMM areHTa Ha HEKOTOPbIE CTAaHIAPTHBIC CUTyallMH. DTO MO3BOJISET areHTy B
CTaH/IapPTHBIX CHTYalUsIX He 00paIaThCsi K IUIAHUPOBAHUIO HA OCHOBE 3HAHWH M PEalM30BbIBATh 3HAYUTEIbHYIO
YacTh CBOETO TOBEACHHUS PYTHHHBIM O0Opa3oM C BBICOKOW 3((eKTHBHOCTHIO. M3 0a3pl 3HAHWU €l TOCTYIHBI
TOJILKO 3HAHUSI HU)KHETO YPOBHsI a0CTpaKIMy, Ilie coliepkuTcs uHdopmarust o pparMeHTax NoBeIeHHS.

Toocucmema xkommynuxayuii (C) 1 noocucmema mesxicazeHmno2o e3aumooeiicmsusi (I) peanusyrorcs
nocpeactBoM s3bika ACL (Agent Communication Language), onuparomerocst Ha TEOPHIO PEUYEBBIX aKTOB,
KOTOPBIH MOIAEPKUBACT JIEKJIapaTUBHBIN MOAX0/ K Ilepeade 3HaHUH.

Peyenmopuvr — 3TO ceHCOpHI areHTa, OTBEYAOLIHNE 32 BOCHPUSITHE areHTOM MH(OpManuy, IoydyaeMon
13 BHEUIHET0 MUpa (Cpejibl, B KOTOPOU (PYHKIIMOHUPYIOT areHThl CUCTEMBI) U OT APYTHX areHTOB.

Dghpexmopbl — CeHCOpbI areHTta, MOCPEACTBOM KOTOPBIX AareHT BO3JCHCTBYET HAa BHEHIHUA MHD
(Hanpumep, U3MEHSISI TapaMeTpPbl CPEJIbl) U Ha APYTUX areHTOB, MOCHUIASI UM COOOIICHHS PA3HOTO COMICPKAHHUSL.

Cpeoda — 3T0 BUPTyabHBI MUp, B KOTOPOM (DYHKIIMOHHPYET areHT, B3aUMOJIEHCTBYIOMINI ¢ IpyrUuMU
areHTaMH CHCTEMbI, CBSI3aHHbII C peajbHbIM (BHEITHIM) MHPOM.

Pa3BepHyTOE Tpe/CTaBICHIE aPXUTEKTYPbI areHTa ¢ IMUTAIIMOHHBIM alllapaToM MPHUBEACHO Ha pHC. 3.
OmnuiieM HUXKE OCHOBHBIE apXUTEKTYPHBIE DJIEMEHTBI, U3 KOTOPBIX COCTOSIT BHILIEONNCAHHBIE ITOJICHCTEMBI.

Toocucmema pacnpedenenus ungopmayuu JOIHKHA PACIIPEACIIATH PEIEBAaHTHYIO HH()OPMALIHMIO MEXITY
areHtamM (M0 MX 3ampocy wid 0e3 Hero); B 3TOH IMOJCHUCTEME JOJDKHBI OBITh peanu30BaHbl (YHKIUU
KOPPEKTUPOBKH yOEeXKJICHHH areHTOB, a TaKKe BO3MOXKHOCTH JACAYKTHBHONW 00pabOTKH 3HAHHH.

Tloocucmema ynpasnenusi 3HanusMu, ONHMpAIOLIasics Ha JECKPUITHBHYIO JIOTHKY, oOecrieunBaeT
TEMITOpaJIbHBIE (BPEMEHHBIE) PACCYKAECHH M HEKOTOpBIE JpyrHe MeXaHU3Mbl 00paboTku. Tpu ypoBHS 3HAHUH,
UTPAOLIHX KIFOUEBYIO POJIb B ApXUTEKTYpE arcHra:
®  3nanus npeomemnou obnracmu (domain knowledge), Hampumep, 00 OpraHW3aIMM WIA YIPaBICHUU

MPEAIPUATHEM.

o 3uanus o e3aumooeiicmeuu (interface knowledge), xotopble BbICTYNaoT B (opMe OOLIMX eKIApaTUBHBIX
MIPaBUJI MIOBE/ICHHS, a TAKXKE MPABWII MOMOJIHEHHS U MOAU(DUKAIIMY 3HAHUI peaMeTHoit obnactu. [TpaBuna
B3aUMOJICHCTBUS MPECTABISIOT CO00 OCHOBY apXWMTEKTYphl areHTa W MOJpa3ZessiFoTCs Ha: a) MpaBuiia
MIPUHSTHUS PELLICHUI B YCIOBHSX HEOIPEIEICHHOCTH; 0) IpaBuJa yIpaBIeH s KOOIepaluell areHToB.

o Vnpasnsiowue snanus (control knowledge) — 3HaHuUs, IPUMEHSIOIINE 3HAHNUS B3aUMOJEHCTBHS K 3HAHUSIM
MIPEAMETHON 00J1aCTH JUIsl TIOTIOJIHEHUS X I3MEHEHUs pabodel mamsTy.

Pabouas namame npenHasHaueHa Uil XpaHEHHWsT BPEMEHHBIX IAHHBIX, MOJYYEHHBIX OT MOACHUCTEMBI
YIIpaBIICHUs], TIOJIb30BATENSI WM MOACUCTEMBI YIPABJICHHUS KOMMYHHUKAIMsIMH. B pabouell mamsaTa copepXurcs
uHpopmarms o 1ensx, HHOPMALHS O TeKYIIUX U 3aBEPIIHUBIINXCS 3aa4aX, BXOASAIINE U UCXOSIIIE COOOIICHUS
U TeKyIue 00s3aTenbcTBa. Paboyas maMsaTh QyHKIMOHUPYET MO IPHHIUITY TI00aTHHON JOCKH OOBSBICHHH.

Toocucmema ynpaegienuss KOH@AUKMAMY TO3BOJIIET arcHTy NMPUHUMATH PEIICHUS MPHU MOIYyYSHHUU
MIPOTHBOPEYMBON UH(OPMALIMK OT IPYTUX areHTOB.
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Puc. 3. Pa3BepHyTOE IIpECTaBICHUE aPXUTEKTYPhI areHTa ¢ UMUTAIIMOHHBIM aIlllapaToM

Cucmema noodepocku npunamus pewrenuti (CITIIP) peannzyetcst Ha ocHoBe TexHonorun OLAP.

Opeanusayuonnas Mmodenb HeoOXomuMa s aBTOHOMHOTO (YHKIMOHMPOBAaHMS areHra B
MYJIFTHareHTHOW Cpelie; P 3TOM areHTy AOCTaBiAeTcs MH(POPMALMA O HAIWYUM APYTUX areHTOB, UX POJIAX,
XapakTepe KOMMYHHKALMH U T.J1. (OpraHn3alMOHHAs MOJIEIb I0JDKHA TaKXKe BKIIFOUATh MOJIENIb CAMOTO areHTa).

Ioocucmema opeanuzayuu KOONEPAMUBHOZO0 NOBEOEHUsl A2eHMO8 Y4YacTBYeT B KOHCTPYMPOBaHUHU
TUIAHOB COBMECTHOT'O ITOBEJICHUSI ar€HTOB VISl JIOCTHI)KEHUS! HEKOTOPBIX OOIIMX LieJICH WIIM BBIMOJHEHUs] CBOUX
00513aTeNbCTB Mepe/l APYTUMH areHTaMH, a TaKkKe BBIITOJHEHUs! COTJIAIeHUH.

Mooenu koopounayuu copepxar oOLIMe NPHHIMIIBI M yCJIOBUs OOMEHa COOOLIEHUSMH B XOJe
COBMECTHBIX JICHCTBHH; TP 3TOM OHHU OOBIYHO OIPEAEISIOTCS B BHJE IPABMII KOOIEpaluy M OOLIeH OLEHKH
CHUTyalUH. SI3BbIKH KOOTIEpaLlH CIIy>KaT JUIs SIBHOH, NEKIAPaTUBHON CrielU(pUKAIA MO KOOPIHHALUH.

Mooyne  ynpasnenus KOMMYHUKAyuamMy OCYIIECTBISIET COCTaBJICHHE W OTIPaBKY COOOIICHUI,
NOCBUIAEMBIX JPYTMM areHTaM, a TaKkKe 3aHUMaeTcs IIOJyYeHHEM IOATBEP)KACHHH O JOCTaBICHHBIX
coobuieHusax. CooOlIeHNsI COCTAaBIAIOTCA M3 KOMMYHHMKAIMOHHBIX I[IPUMUTHBOB, MOJIYYaeMbIX C ITOMOILIBIO
NpaBWII YIpPaBIICHUs 3aJadaMH W HpaBwl Koonepauuu. Kakaplii IPUMHUTHB XapaKTepH3yeTcs CBOUM THIIOM H
COZIepIKAaHUEM.

Yenogeko-mawunnoltl unmepgelc ONpenenser CcrnocoObl B3aUMOJCHCTBUS MEXAY CUCTEMOH U
nosip3oBareneM. B oOmem ciydae, areHT coOOIIaeT I10JIb30BATENI0 PE3yJIbTaThl CBOEH pPadOTHI, KOTOPHIE
MIOJIB30BATElNb JI0JDKEH MOATBEPIHTS, IIPEXK/E YeM OHH BCTYIAT B CHITy U OYAyT NepelaHbl JPYTrHM areHTaM.

8. Tloaxoasl K pealqu3anMM areHTOB ¢ HMHTANMOHHBIM anmapatoM Ha ocHoBe CJI-mopeneii B
MYJbTHATEHTHOI cpeae

PernonanpHble MHHOBAIIMOHHBIE CTPYKTYPBI OTHOCSTCS K KJIAcCy CHCTEM, OOJaJarolIuX BBICOKOH
KOMOWHATOPHOW M JWHAMHYECKOW CJIOXXHOCTBIO. B MHHOBAIMOHHOHN CTPYKTYype B3aMMOACHCTBYIOT OOBEKTHI
pa3nuYHON MpHUpOoAsl U (QYHKIMOHAIHHOTO HasHaueHWs. Kaxaplii o0BEKT mMmeeT cOOCTBEHHBIE "HHTEpechl" U
(yHKIIMM B paMKax KOHKPETHBIX MOACTPYKTYpP M HMHHOBAIlMOHHOM CTPYKTypsl B 1enoM. OcoOeHHOCTH
PETHOHAIBHBIX MHHOBAIIMOHHBIX CTPYKTYpP, PACCMOTPEHHBIE BBIIIE, B TIEPBYIO O4Yepeb — O0YCIOBIMBAIOIINE X
JUHAMUYECKYI0 CIIOKHOCTh, CYIIECTBEHHO 3aTPyAHSIOT CO3JaHHE IIEJIOCTHBIX MOJENeH Ul IMOIIEePIKKU
MPUHATHS pelIeHUH B 0OJIaCTH YIpaBIEHUS TaKUMHU CHCTeMaMU. Pa3nu4HbIN ypoBeHb 3HaHUII O KOMIIOHEHTax
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PETHOHANBHBIX MHHOBAIIMOHHBIX CTPYKTYP U B3aUMOAEHCTBUSIX MEXIY HUMHU U UX CyObeKTaMu 00yCIIOBIMBACT
HEOOXOMMOCTh UCIIOIB30BaTh PA3IMYHbIE METO/IbI AHAJIN3A JAHHBIX U PA3JIMYHBIC METOIbI MOAEINPOBAHUSL.

ATeHTBI, TIPECTaBIAIOIINE PO-aKTUBHBIE CYIIHOCTH PEATbHOIO MHUpa (MHBECTOPHI, IPOU3BOIUTEINH,
UCCIIeZIOBaTeNy M T.I.), B OOLIEM, JOJDKHBI 00J1alaTh MHTEJUIEKTYaJIbHOCTBIO. JTO 3HAYHT, YTO OHU JIOJKHBI
"o0sanaTh" 3HAHUAMH O ce0e M OKPYIKAIOIIEM MHUPE U OBITh CIIOCOOHBIMHU OTPENEINSTh U KOPPEKTHPOBATh CBOE
NOBE/JICHHE B  COOTBETCTBUM C OTUMHU  3HaHUSAMH. OCHOBHBIM  HWHCTPYMEHTOM, HCIIOJb3YEMBIM
MHTEJJICKTYyaJbHBIMI areHTaMu IIPH IPHUHSITHU PEIIeHUs], SBISIFOTCS METOABl MCKYCCTBEHHOTO HHTEIUICKTA.
ANTOPUTM TIPUHATHS pEIICHHs OOBIYHO HE CYIIECTBYET B SIBHOM BHIE, a (GOpPMHUpYETCS W3 NpPaBUI U
3aKOHOMEPHOCTEH B Ipoliecce pemeHus 3a1adn. HemHreilekTyanbHble areHThl padOoTaloT MO IMpPOLEAypHOMH
cXeMe, KOTJja aJirOpUTM IMOBEJCHUS U BBIOOpa albTepPHATHB 3a(MKCHPOBAH B MPOTPAaMMHOM KOJE HJIH 3aIlHCaH
Ha HEKOTOPOM HHTEPIIPETHPYEMOM S3bIKE CLICHApHEB (CKPHIIT-SI3BIKE).

WHTennexkryanpHble areHThl, 001azas pa3BUTBIM BHYTPEHHHUM IPEICTaBICHHEM CLEHbl H
BO3MOXKHOCTSIMU PacCyXJICHNUH, CIIOCOOHBI 3allOMUHATh U AHAIU3UPOBATH PA3IMYHbIC CUTYaIWH, MPEABUICTH
BO3MOJKHBIE PEAKI[MM HAa CBOM ACHCTBUS, AENaTh U3 3TOTO BBIBOJBI, MOJIE3HBIE Ul JAIbHEHIINX AEHCTBUM, U B
pe3yJsbTare MporHO3UpOBaTh CBOE Oyyliee U U3MEHEHUs CUEHBL. [l 9TOro areHThbl J0JIKHBI ObITh CHA0XKEHBI
MMHTALMOHHBIM ammaparoM. B kauecTBe cpeicTBa peaiu3aldyi 3TOr0 armapara MOTYT OBbITh HCIIOJIb30BaHBI
CHCTEMHO-AHHAMHUECKHE MOJIEIH.

Cxema paboTel Mojenu Oe3 ydera WMHTAIMOHHBIX BO3MOXKHOCTEH areHTa INpHHIMIIHAIBHO HE
oTIM4aeTcss OT (YHKIMOHHUPOBAHUS KIIACCHYECKMX AareHTHBIX MOJENEH: Ha KaKJOM IIare MOJSIUPOBaHHS
KaXJIbIi areHT BHIOMpAET OJMH M3 MHOKECTBA aJIbTEPHATHBHBIX BAPHAHTOB COOCTBEHHBIX JICHCTBUMA, NCXOS U3
chopmynupoBaHHOTO Uit Hero kpurepus 3¢dexruBHOCTH (bopuses, 2004). Ilocie peannzamum areHTaMu
BBIOPAHHBIX aJbTEPHATUB MPOUCXOJUT MEPEXo] K CIeXyomeMy MoAeabHOMY mary. OTindne mpemiaraeMoro
croco0a MOCTPOEHHS AareHTHOM MOJENM OT KIIACCHYECKOH CXEMbl 3aKITI0YaeTcs B MEXaHHU3ME OIpPEACICHHS
3HAUeHHUsA KPUTEPHs OLEHKH AJIbTEPHATHBBI. B KiacCHYeCKOM cilydae 3HAYEHHE KPHUTEPHUs ONpenersieTcst
napamMeTpaMH aHaJIM3UPYEMON albTEPHATUBBI M TEKYHIMMH W/WIM TPEIIIECTBYIOUINMH 3HAYCHUAMHU
[apaMeTpoB cpelbl QYHKIHMOHUPOBAHUS areHTa. [Ipy HCroap30BaHUN JKe areHTOB C HMHUTALIMOHHBIM alIlapaToM
npu BbIOOpE BapuaHTa COOCTBEHHBIX JEHCTBUI Ha HEKOTOPOM LIare areHT KOCBEHHO YYHTHIBAET HE TOJIBKO
TEKyIlIee U MPEALIECTBYIONINE COCTOSHUS CPebl, HO M MpeJroiaraeMple Oyayliye 3HaueHHus ee 1apaMeTpoB, a
TaK)Ke BIMSHHE HA OTH 3HAUEHMs JEATENIbHOCTH JPYIMX areHToB. JTO OOecIeYMBaeTcsi MmyTeM '"HpOroHKH"
aHAIM3MPYEMOrO BapHaHTa AEHCTBUI areHTa Ha CTPYKTYPHO WAECHTHYHOW BCIIOMOTaTelIbHOW MMUTALMOHHOM
Monenu. B paborax (Il opoxos, Oneunuk, 2006; Hosurxos, Yxapmuweuru, 2003; Iocnenos, 2003; Crobenes,
1998) paccMOTpeHBI HECKOJIBKO BApHAHTOB OpPraHU3alUM IOJOOHOTO PEKYPPEHTHOTO HCIIOIb30BaHHA
MMHTAIMOHHBIX MOZETIEH.

[IprHMMas BO BHUMaHHWE OTPAaHWYCHHOCTH NOCTYIHBIX BBIYMCIUTENBHBIX PECYpPCOB, B HACTOSILICH
paboTe ucronap3yercs cnenu(UIHbIA CII0CO00 OpTaHU3aIMH PEKyPPEHTHOTO MOJEIHPOBAHUS, 00ECIIeINBAOITHIA
anpyoOpHOE OTrPaHWYEHHE TIyOMHBI pPEKypCHH, M IIPEAJIaraeTcsi HECKONbKO IIOAXOA0B  pealn3alun
MMHTAIMOHHOTO allllapaTa areHTOB Ha OCHOBE CHCTEMHO-IMHAMHUYECKHX MOZEJeH B MYJIbTHArcHTHOH cpere.
OnHuM M3 myTeil GOpPMUPOBaHHS MYJIbTHAr€HTHOM CpPENbl C MCIOJIb30BaHHEM cucTeMHO-aAnHamuueckux (CJI)
MoJieliell SIBJISETCS OpraHu3alys paclipeaeieHHoi pabotel komiuiekca CJl-mozeneil B paMKax apXUTEKTYpbl
HLA (High Level Architecture) (Onetinux, 2004). ITpu sTom kaxxaas otaenbHas C/I-Mozenb, MpeacTaBIsiomas
KOHKPETHBIH OOBEKT WM IOACUCTEMY, SIBISIETCSI CaMOCTOSITEIBHBIM — MOJICIIUPYIOIIMM — areHToM. B
tepmuHonorun  HLA  Takoit areHt HaseiBactcs Degeparom. CocraB denepanuu  (COBOKYIHOCTH
B3aNMOJEHCTBYIOIIMX (DeaepaToB) Ul PELICHUsS CIOXKHOM 3aJadll OINpeessieTCsl ONMCHIBAIONIMM 3Ty 3a/ady
(parMeHTOM KOHIENTYaJIbHOH MOJIENH IPEAMETHON 00IacTH.

[lepBBIii TOAXOA TmpearnonaraeT, 4YTO JUIS IPOTHO3UPOBAHUS PAa3BUTHS CLEHBI OCYIIECTBISIETCS
KOTIMPOBaHNE MOJIENIN CLEHbl B MMWTALMOHHBIA ammapaT areHTa. lIpo-akTMBHBIA areHT B JaHHOM CIydae
(dopmupyeT COOCTBEHHBII BHYTPEHHHI BUPTYaJIbHBIN MUD, IPUHSB 32 OCHOBY TEKYyILEe COCTOSHHE U CTPYKTYPY
BHEIITHETO BUPTYaJIbHOIO MHUpPa (KOMIUIEKCHONH MOJIENH, BKIFOUAIOIIEH MOAENb CPEelbl M MOJEIH ACHCTBYIOLINX B
HEH Mpo-aKTUBHBIX CYLTHOCTEH). BripaboTka cTparerny moBeAeHHs paccCMaTpUBAaEMOTO areHTa OCYIIECTBISIETCS
myTeM "BHYTpeHHEH" CHMYyJSAIUM Ppa3IMYHBIX CLIEHApPUEB COOCTBEHHOIO pPAa3sBUTHA M Pa3BUTHUS CLEHBl B
pe3ysbrare BEIOOpa areHTOM Ha KaXKIOM IlIare TeX WM MHBIX JEHCTBUH JUIS JTOCTHIKEHUS! COOCTBEHHBIX LEJIEH.
B nanHoM ciydae areHt Oeper Ha ceOst (PyHKIMH MOJEIMPOBAHMS BCErO OKpYXaroliero Mupa. Takoe pemenne
CYIIECTBEHHO MOBBIIIAET AaBTOHOMHOCTb areHra, HO IOPOXKAaeT psia ImpobieM. Bo-nepBbiX, MoiHOE
QyOJIMpOBaHKHE MOJIEIHM OKPY’KAarOIIEr0 MHUpA, WM JaKe ero YHpOILIEHHOH KOIWH, MOTpeOyeT BBIAENICHUS IS
areHTa JOMOJHHUTEIBHBIX pPecypcoB. Bo-BTOpBIX, HET OAHO3HAYHOTO PEIICHHS AJIS ydeTa paboThl JPyTHX Ipo-
aKTHBHBIX areHTOB, ()YHKIIMOHUPYIOIIUX MapajedbHO B TOH XKe cpere.

Bropoit moaxon, OCHOBaHHBI Ha TOPOXKICHUH ''MapaieNbHBIX" BHPTYAIBHBIX MHPOB arcHTaMH,
MIPEATNoJaraeT Co3aHue YIPOILICHHBIX MOAENEH NPYTHX areHTOB. Takoe pelieHue MpUeMIIeMO, €CIH B paMKax
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pemraeMoi 3afayd JAOMYCKAaeTCs PpAacCMOTPEHHME [PYTMX areHTOB Kak HCIOJHMTENeH 3aJaHuil areHra —
BJIafIeIblla BUPTYyabHOrO Mupa. CucTeMa MOoTydaeTcsi OTHOCHTENBHO NMPOCTON ¢ IMHAMHUUYECKON TOUKH 3pEHHS,
TaK Kak B Ka4eCTBE OOLIMX NMPHOPUTETOB BBICTYNAIOT LIENH areHTa-piaajensia. [Ipu stom cucrema obmagaer
JIOCTaTOYHO BBICOKOH "HPOTHOCTHUECKON" IIEHHOCTBIO JIIsl areHTa-BiIaelblia BUPTYyaJIbHOIO MUpPA — ITO3BOJISET
MPOTHO3UPOBATh ero 3G (HeKTUBHOE pPa3BUTHE Ha MHOTO IIaroB Breped. K coxkaneHuro, mogoOHbIe AOMYIICHUS
CYIIECTBEHHO CHWXAIOT aJC€KBATHOCTL ITOJTy4YaCMbIX peIJ_IeHI/Iﬂ U1 IPOrHO3UPOBAHUA PCAJIbHOTO PA3BUTUSA
VMHHOBALMOHHOM WJIeH, TaK KaK CUTyalusi, IpA KOTOPOH CyOBEKTHl MHHOBALMOHHOW CTPYKTYpBI JKEPTBYIOT
CBOMMM HHTEpPECAaMH B HMHTEpecax IpPYrMX CYOBEKTOB, sBISeTCSl KpaiiHe penakod. Ilpum MopenmpoBaHuM
peanbHBIX CIEHApUEeB pPAa3BUTHS NPO-aKTHBHBIE areHThl NOJDKHBI pPabOTaTh KaK KOJUIEKTHB (MM Kak
KOHKYPEHTBHI), B3aUMOJCHCTBYS Ha CIICHE.

Tpetnii moaxop mpenmosiaraeT, Yyro B XOAE MOJEIHPOBAHMS HCIONB3YIOTCS [Ba BHA areHTHBIX
MOJ€eNe, UIEHTUYHBIX 110 CTPYKTYpe, HO pa3IM4aroIMXCsl BHYTPEHHEN opranuszauuei areHToB. IlepBelil BUL,
Ha30BEM €r0 0a30601l A2eHMHOU MOOenbio, XapaKTEPU3yeTCsl TEM, UTO NPH MPHUHSITUU PEIIEHHs O ACHCTBUIIX,
peanu3yeMbIX Ha OYEpPEJHOM IIare MOJESIUPOBAHMS, ar€HT ONEPUPYET JIHIIb TEKYIIUMH U TPEIIIECTBYOIIIMHU
napamMeTpaMu COCTOSAHHUA CPCIbI (l)yHKLIl/IOHI/lpOBaHI/I)I 1 HUKAK HC YYUTBLIBACT BJIMAHWUEC Ha 3HAYCHUEC KPUTCPUL
BHIOOpA MOCJEyIOlIeil aKTHBHOCTH areHTOB-KOHKYPEHTOB MJIM areHTOB-COIO3HUKOB. BTopoil Bua mopenei —
Moodenu ¢ HympenHel umumayuetl, IpU TOH )Ke CTPYKType cpelbl QYHKIIMOHUPOBAHUSI UCIIONIB3YET areHTOB C
ApXMUTEKTYpOH, TpeacTaBiIeHHOH Ha puc. 2. [Ipn onpexneneHny 3HaUCHMSI KPUTEPHs BBHIOOpa albTEpPHATUBHOTO
JEeWCTBHS Ha HEKOTOPOM Iare areHT 3amyckaeT 0a30ByI0 areHTHYI0 MOJeNb, IPEIBAPUTEIHLHO
NPOMHHUINAIU3NUPOBAB €€ TEKYIIMMH ITapaMeTpaMi COCTOSIHUSI CPEJIbl, © MOJEIMPYET, C 33aHHBIM TOPU30HTOM,
MIOCJIEAACTBHSA COOCTBEHHBIX NMOTEHIMAIBHBIX NeHCTBHH. Bo3MoOkHA Takke M opraHm3ainms OomblIel TiryOHHEI
PEKYPCHUBHOTO MCTIONIB30BAHMS Mozieell. B 3ToM ciryuae areHT OCHOBHOW MOJIENIN HCHONB3YET AJISI OTPEAEIICHUS
KpPHUTEpHsI BHIOOPa BCIIOMOTATENBHYIO MOJENb C BHYTPEHHEH MMHTAalWeH, areHThl KOTOPOH, B CBOIO OdYepesb,
TaK)K€ MOTYT MCIOJIb30BAaTh BCIIOMOTATEJIbHBIC MOJEIH C BHYTPEHHEH MMUTALMEH, U TaK Aanee — JI0 HIKHEro
YPOBHSI, HA KOTOPOM AJIsI TIPOTHO3MPOBAHUS PE3YJIbTATOB COOCTBEHHON AaKTHMBHOCTH arcHTaMH HCIOJIB3YFOTCS
0a30BBIE MOJIENH.

B pa6ore ({luwaes u op., 2007) npuBecH IpUMep peau3alliy arcHTa ¢ UMHTAIMOHHBIM aIapaToM
Ha OCHOBC BBINICOIMMCAHHOI'O IIOJAXOJA. B NnpuMepe MnpeaAcTaBjcHa UMHUTAUOHHasA MOJC/IbL Pa3sBUTUA HOBOH
00pa30BaTeNIbHONW YCIYyTrH B peruoHe. Mojesnb IMOCTPOCHA C HCIOJIb30BAHHEM AareHTHOrO MOAXOja. ATCHT
COOTBETCTBYET HOBOW 00pa3oBaTENbHOM IporpaMme, peaan3yeMoil y4eOHBIM 3aBEICHHEM, M OCYIIECTBISET B
XOZIe MOJICIMPOBAHMSI YIPaBICHUE €€ BHEAPEHHUEM M pa3BUTHEM. Llenbio /esATenbHOCTH areHTa SIBISETCS
MaKCHMH3alusi BOCTpeOOBaHHOCTM oOpa3oBaTenbHOW ycimyru. lloBeneHne areHTa Ha KaXAOM IIare
MOJICTIMPOBAHMUS ONPENEIIETCS] TEKYIUM COCTOSIHUEM CLICHBI (PETHOHAIBHOTO PHIHKA 00pPa30BaTEIbHBIX YCIIYT)
W pe3yabTaTaMy "POTOHKH" €ro BHYTPEHHEH MMHUTAIIMOHHON MOJEIH IIPH PA3IMYHBIX BapHaHTaX BO3IEHCTBUS
Ha cpeny. Mmeercss BO3MOXKHOCTb KOPPEKTUPOBKM JEHCTBUI areHTa Ha KaXkIOM IIare B py4yHOM pexume. B
pe3yibTaTe MOJEINPOBaHUS BHIPAOATHIBAIOTCS Pa3IMYHbIe 10 3 (EKTUBHOCTH JIMHHUH YIIPABICHUS peanu3anueit
00pa3oBaTeNFHON YCIyTH.

[TpoBeneHHbIE C MOJTYYEHHOH MOJEIBIO SKCIEPUMEHTHI MOKa3aliu HEPCIEKTHBHOCTh PEKYPPEHTHOTO
HUCIIOJIb30BAHUA ar€HTHbIX HMMHUTAIIMOHHBIX Moaeneﬁ Ipu MOACIUPOBAHUN CJIOKHBIX AWUHAMHUYCCKUX CUCTEM.
HpI/I napaJujieJIbHOM HMCIOJIb30BAHUM B MOJICIIA OOBIYHBIX areHTOB M areHTOB C HUMUTALMOHHBIM amnrapaTrom
nocyieiHue, B OOJBLIMHCTBE CIIydaeB, MOOEKNAIOT B KOHKYpEHTHOH OopnOe 3a cuer Oosiee 0OOCHOBaHHOTO
BbIOOpa cTpareruii ympasieHus oOpazoBarenbHOI yciyroil. Takke Obul oOHapy»keH JIOOOIBITHBIA 3(deKT,
3aKJIIOYAIOIIUICS B TOM, YTO HanOoJbInast 3(QEeKTHUBHOCTh peaIn3alliil 00pa30BaTeIbHON YCIYTH JOCTUTAeTCs
NP YacTOM HM3MEHEHWHM CTPaTeTHH YIPaBJICHUS €€ pa3BUTHEM, BBIPAKAIOUIEMCS B II€pepaclpeeiIcHUN
JOCTYIHBIX CPEICTB II0 OCHOBHBIM CTaThsIM pacxonoB. HecMoTpss Ha 3TO, ciedyeT Takke OTMETHTh, UYTO
BR)XHBIM BOIPOCOM, TPEOYIOIIUM IONOJHUTEIGHON IETATbHOW IPOPAOOTKH, SBJISETCS BIMSHHE HA KAadyecCTBO
MOJICTIMPOBAaHMUS TITyOHHBI PEKYPCHBHOT'O BBI30Ba MOIETICH.

9. 3aka0ueHue

Pa3pa60TaHb1 HaleHO-MeTOJII/IlleCKI/Ie OCHOBBI I/IHTeraLIl/II/I MyJ'l])Tl/IaFeHTH])IX TCXHOJ’IOFI/Iﬁ U MCETOOO0B
CHCTCMHOﬂ JUHAMWKU, KOTOpble pa3Bl/IBaIOT nu ,ueTaanpy}OT COBpeMeHHbIe KOHUCIINU KOMIIJICKCHOI'O
MOJEITUPOBAHUS CIOXKHBIX PETMOHAIBHBIX COLIMAIEHO-3KOHOMUYECKUX CHUCTEM.

Paccmorpena 00oOmieHHasT MoOJAETbh JCSITEIBHOCTH HMHTCIUICKTYAIBHBIX  arceHTOB  CyOBEKTOB
WHHOBAI[MOHHOW [EATEITPHOCTH B BHPTyallbHOW cpene. Paspaborana ruOpumHas InteRRap-apxutekrypa
WHTEJUIEKTYaJbHOTO arcHTa ¢ BHYTPEHHEHW MOACHCTEMON WMHUTAIMOHHOTO MOICIHPOBAHUS, MPEICTABISIONICH
co0Ol WMHTAIOHHBIN ammapaT (KOMIUIEKC CHCTEeMHO-TUHAMUYeCKHX Mogneneit). [IpemmoskeHpl MMOaxosl
peamu3ani MMHTAIMOHHOTO ammapaTa areHTOB Ha OCHOBE CHCTEMHO-IMHAMHYECKHX MoJeneil B
MYJIbTUAr€HTHOH Ccpefe.
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Peanuzanmsi mpeiyiaraeMbix OJXOJOB HHTETPallMd MYJIbTHATCHTHBIX TEXHOJIOTHH, CHCTEMHO-
JUHAMUYECKAX MOJEIeH B paMKkax HH()OPMAIIMOHHO-aHAIUTHYECKOH Cpeasl MOJICPKKA PETHOHAIBHOTO
WHHOBAI[MOHHOTO  Pa3BUTHSA  O0CCIICYMBAET BO3MOXKHOCTH  CO3[JaHHMS  IOJMMOMACIBHBIX  KOMILICKCOB
HpOCTpaHCTBeHHO-paCl’[pe[leJ'leHH])IX CJIIOXKHBIX CHCTEM. HOJ’Iy‘leHHble KOMIIJICKCBI SABJISIKOTCA OCHOBOﬁ JJIs
(l)Ole/lpOBaHI/IH U HUCCIICOOBAHUS C]_IeHapI/leB pa331/1T1/151 peFI/IOHa C HMI/IT&LII/ICﬁ CJIIOKHBIX JUHAMHUYCCKUX
HpOLIeCCOB u B3aHMOI[el7[CTBPII>i Me)KZ[y Cy61)eKTaMI/l HHHOBaHHOHHOﬁ JACATCIbHOCTH, HpeﬂCTaBJ’lHeM])lX HpO-
AKTUBHBIMU areHTaMHu.
C TOYKH 3pEHHUs TCOPETUYECKOH 3HAYMMOCTH, MOJYYCHHBIE B XOJE HCCICIOBAHUN pPE3yIbTaThI
COBEPIICHCTBYIOT KaK HAayYHO-METOJAWYCCKHI amiapar WHTETPAllii METOIOB CHCTEMHOH JWHAMHKH U
MYJIbTHATCHTHBIX TEXHOJIOTHH, TAK M PACIIUPSIOT 00JIACTH €r0 MPAKTUYECKOrO MPUMEHEHHSI.
C TOYKM 3peHHs TPAKTHICCKOW 3HAYMMOCTH, TPEICTABICHHBIC B CTAThe Pa3pabOTKH MOTYT ObITh
HCITOJIE30BaHBI:
® [pH MOICTHUPOBAHWH HWHHOBAIIMOHHBIX IIPOIECCOB B PETHOHAIBHBIX CHCTEMax pPa3IUYHOW CTEICHU
CIIOKHOCTH M MacITada;

L] B COCTaB€ CUCTEM HO[UIep)KKI/I HpI/lH)ITI/lﬂ pemeHMi& IJIl UCCIICAOBAHUA AUHAMHUKHU ITOBCIACHUS Cy6’beKTOB
HHHOBaLlPlOHHOﬂ JCATCIIBHOCTHU B pa3.]'ll/l'-IHI)IX Cl/ITya]_Il/IHX;

e st uHGOPMAIMOHHOTO O00ECICUeHHUs] WHHOBAIMOHHOTO PAa3BUTHUS M KOMMEPIMAIM3AIMd HAyYHBIX
pa3paboToK.

[IpencraBneHHble B cTaThe pe3yJbTaThl ITOJNYYEHBI NMPU BBIIOJIHEHWH paboT mo rpanTy Poccuiickoro ¢onnma
¢ynnamenTanbHbIX uccnenoBanuii (POOU) Ne 08-07-00301-a "Pa3zpaborka MHGOPMALIMOHHON TEXHOJIOTHUH H
pacripeneneHHol MH()OPMALMOHHO-aHATUTHIECKONH Cpeibl TOMAEPKKH HHHOBAIMOHHOW JesiTesibHOCTH", a
Take paboT mo mporpamMme  (QyHIAMEHTAIBHBIX HccienoBaHud  OTaeneHWs HAHOTEXHOJNOTMH U
nHpopMannoHHEIX TexHomoruii PAH. IlomyueHHBIE Hayd4HBIE pe3yNbTaThl HCIIONB30BAaHBI MIPH pa3paboTke
"Crparernu couanabHO-3KOHOMAYECKOTO pa3BuTHs MypmaHnckoi obmactu go 2025 roma.
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