7P

VK 004.08, 681.3

K.A. Pyukun, A.B. /lanunoe

locymapcTBeHHBIR YHUBSPCHTET HHMOPMATHKH U UCKYCCTBSHHOTO HHTSIUISKTA,
r. Jlonenk, Yxkpanna

¢_ruchkin@mail.ru

Pa3paboTka MHOTOAreHTHOM CUCTEMBI
151 IPOTrHO3UPOBAHMS ITOBEICHUSA
JMHAMHUYECKOH CUCTEMbI B PEKHUME
pPEalbHOIO0 BPEMEHMU

B p216OT6 paccMaTpHuBacTCA BOSMOMHOCTE TTPHMCHCHWA MHOTOANCHTHOO TOAXOMAA A MOACTHPOBAHMA W
HCCICTOBAaHITA CROICTB AHHAMHYCCKHMX CHCTCM. Hpﬁl[J'[al"ﬂﬁTCH MOJCIIb MHOTOAreHTHOM BKCHGpTHOﬁ CHCTC MBI
PealIEHOTO BPEMEHH, KOTOPAA TIO3BOIACT BCpCpCKI'HBHO ABTOMATH3MPOBATE TIPOTECC MCCICAOBAHMA M ITPOTHO3HPO-
BaHWA IMOBCACHWA HGKOTOpOI‘/JI I[HHaMHLIECKOﬁ CHCTEMEL B PEKHME PEAILHOTO BPpEMCEHH.

BBenenue

HccnenoBanue AUHAMHYSCKUX CHETEM IIpeICTABIART coboll obmupHoe moie 3aaad
MAaTeMATHKH W MEXAHHUKH, KOTOpbIe HAXOMAT MpUMEHEHHE B PazIHUHBIX 0OJACTIX COBpe-
MSHHOH HAayKH M TeXHUKH. B HacTosImiee Bpems B HTol oOJACTH aKTHBHO HCIIOIB3YIOTCS
KOMITLIKOTEpHBIE WHOPMAITMOHHBIE W BEIYHCIIUTENIbHBIC TEXHOJIOTHH, UTO MO3BOJISIET CO3J1a-
BaTh YHHUBepCaJbHbIE BBHICOKOA(PEKTUBHBIE Cpe/CTBA TpaduuecKoro MOJISIMPOBaHHS H
I00aTBFHOTO AaHAIH3A JTMHAMUYECKHX CUCTEM.

3ajlaua MO/IeTUPOBAHUS JIBH)KEHHMS TBEpPJOTO Tella BOKPYT HEMOJBHKHOHW TOYKH
SIBJSICTCSA 9ACTHBIM CJIYUAeM HCCIIS/IOBAHUS JIMHAMHUYCSCKHX CHCTEM. JTa KJlacCHUecKas
3a/1aua MEeXaHHWKH TIpeJIcTaBIsieT OOJBITYIO TEOPeTHUYSCKYIO W MPAKTHISCKYH 3HAYMMOCTh
JUIsl COBPEMEHHOTO TeXHHueckoro oOmectea [1]. B HacTodlee BpeMsi ¢ 3TUM HalpapJie-
HHEM TECHO CBAZAHO MHOKECTBO HAYTHO-TEXHHUSCKHX 3a/1a4: MPOSKTHPOBAHHE MAaHHITY-
TATOPOR po0OTOB, YCTAHOBIICHHE YCTOMYHBOTO MOJIeTa CHAps)la WM PaKeThl, CO3/[aHHE
TOYHBIX HABMTAITHOHHBIX PHOOPOB U T./1.

B nanno#f paboTe HcenmenyeTcss BOZMOMKHOCTh HCIOIB30BAHHA MHOTOArEHTHOTO
oJxo4a Ui pelIeHHsI 3a1a9 HCCISA0BAHMA JUHAMHYSCKUX CHCTEM, B YACTHOCTH 3a1a9H
HCCIIeJOBAHUS XapaKTepa JBHKSHHS TeJIa ¢ HeITOABMIKHON TOUKOH.

B Hactosmee BpeMst pazpaboTKa MHOTOAreHTHBIX cHcTeM (MAC) saBiaseTca OaHHM
13 HauboJiee BAXKHBIX W NEPCTICKTUBHBIX HApPaBJICHUH Pa3BHTHS KOMIIBIOTEPHBIX WH(OP-
MAIIHOHHBLIX TEXHOJIOTHH, B OCOOEHHOCTH B OOJIACTH DKCTIEPTHLIX CHCTEM W HUCKYCCTBEH-
Horo HHTeIUIeKTa. MAC HCHOJIB3YKTCA B TaKHX 00NaCcTAX, KaK pacipe/ie/ieHHOe pelieHHe
CHOKHBIX 3a7au (M oddeKkTURHOS pelicHHE pacIpeIeIeHHBIX 3a7au), PeHHKUHUPHHT
OH3Heca H MOCTPOSHUS BHPTYAIBHBIX MPSANPHATHH, HMHUTAIIHOHHOE MOJISIHPOBAHNS HH-
TeTPUPOBAHHLIX IPOUBOJCTBEHHLIX CHCTEM, MISKTPOHHAS KOMMEPLHS, JIOTUCTHKA, Opra-
HH3aIusa paboThl KOJUIGKTHEOB poboToB [2].

CoBpeMeHHBIH HHTEpeC K MHOTOATCHTHBIM TeXHOJIOTHSIM OOVCIIOBIICH HpeiK/Ie BCETO
JTOCTH3KSHHUAMH B 00MacTH WHPOPMAITMOHHBIX TeXHOJNOTHH, HCKYCCTBEHHOTO HHTSIUICKTA,
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pacmpeAeIeHHBIX UH(POPMALHOHHBIX CHCTEM, KOMIBIOTEPHBIX CeTeH H B KOMIILIOTepPHOH
texHuke [3]. MAC uMeroT pealibHYRK BO3MOIKHOCTH HHTETPHPOBATH B cebe camble Tiepe/ioBbie
JOCTHXKEHH S IIEPEUHCIICHHBIX 001acTeH, IeMOHCTPHPYS PUHIMITHAIEHO HOBBIE KauecTBa.

TakuM 00pazoM, HCONMB30BAHHE MHOTOATEHTHOTO IMOAX0JA MIPeCTABIACT OONbLIIOH
HHTEpEeC JUIs 3a)ladd  MO/JISJIMPOBAHMS IOBEJICHUS JHUHAMHMUSCKMX cHcTreM. biarogaps
ucnoibzoBaHuio MAC B laHHONH 001aCTH MOKHO JOOUTHCA Ka4eCTBEHHO HOBBIX peRyllb-
TaTOB M 3HAUHTEILHOTO NOBLIMEHHS o0meH 2 (heKTHBHOCTH HeCIeJ0BAHHH.

1 IlocTanoBka 3amadu

OCHOBOH JUIS pellieHUA 3a/1a9d MOJISTHPOBAHUS MTOBE/ICHHS JIMHAMHYECKUX CUCTEM B
JaHHOH paboTe ABISICTCS CHCTeMa MoaeaupoBanua Modeler [1], koTopas mpeIoCcTaBIAST
BO3MOJKHOCTH BH3YAJIBHOTO MOJCIIMPOBAHUS U HCCIISJOBAHUS XapaKTepa ABHIKSHUS TBEp-
JTOTO TeNa ¢ HeNOABHKHOH TOUKOH.

Cuctema Modeler umeer caemyromue GpyHKITHH:

1) BU3yanuzamus JIBUKCHHS TBEP/IOTO Tela;

2) puayanmzanust ceueHuit llyankape ma chepe Ilyaccoma m oToOpakeHHEe HX Ha
IIJIOCKOCTH H B IIPOCTPAHCTBE,

3) noctpoeHHe orudaroNIuX MOBEPXHOCTEHH;

4) HacTpoliKa CTATHYSCKUX U AUHAMHUUYSCKHX [IApaMeTPOR MOJCIH.

BxoampiMu nmapaMeTpaMH CHCTEMBI SIBJLIIOTCSI CTATHUSCKHE U JHHAMHYCCKHE Mapa-
METpBl TBEpJOTO Teja, OnpellelisioNniue cucteMy H(pdepeHITUAIBHBIX YpapHeHUH. s
HCCIIeJOBAHMUS XapaKTepa JABHKSHHS Tesla MOJIL30BaTeNb 3a4aeT HAUaJbHbIC TOUKH pacueTa
TpaekTopui Ha cepe [lyaccoHa W aHATTH3UPYET MOJYUSHHBIH BU3YAJIbHBIH pe3yJIbTar.

TpaekTopu# BRIUHCISIIOTCA ¢ TOMOIIBE MeTo/1a PyHre-KyTra u B peskiMe peaibHOTO
BpPEMEHH O0TOOpaKAIOTCA HA UeThIpeX rpadHUecKUX MpeICTABICHHIX MOJSTH: BHSMIHSH H
BHYTpeHHeH ceKIUsX (JIBYMepHbIe H300pakeHus), chepe U OBEPXHOCTH (TpEeXMEPHBIE H30-
Opaxenns). [Iporece pacdeTa W oTOOpaKSHUS TPASKTOPHH SBISISTCS MOCTYHATEILHBIM H
MOJKET IIPOJOLKATHLCS HEeOMpeIeicHHOS KOJTHISCTBO BPeMeHH B 3aBHCHUMOCTH OT CTaTHUe-
CKHMX H JUHAMHUYECKHUX NApaMeTPOB MOJIEITH.

Jst ueeneoBanus TeKymed MPOCUMTLIBAGMON TPAeKTOPHH IOJIL30BATSIL MOXKET
HAOMIOATE 32 ¢ MOCTPOSHUEM Ha OJHOM HJIH HECKOJILKHX TpaHUecKUX MpeICcTABISHHIX
MoaemH. Kak TOIbKO CTAHOBHTCS BO3MOXKHBIM JOCTATOYHO TOYHO VCTAHOBHUTL XapaKTep
TPaeKTOPHUHU, €€ NIPOCUYET MOIKHO IIPEKPATHTD.

HauanpHyro TOUKY HOBOH TPaeKTOPHH HMEET CMBICI BRIOMPATH HA OCHOBE PACIIOIO-
JKEHHS POCTUTAHHBIX paHee TPASKTOPHH. DTOT MPOIECce MPOJOIKASTCS JI0 TeX Mop, MoKa
Ha MO/ He OVIyT HaliieHBI BCe OCHOBHBIC TPACKTOPHH (T.€. IoKa He Oy/IeT siceH oOmui
XapakTep JIBH:KESHHS HCCIISyeMOTO TeJla).

IMemio JaHHOI padoThI SBIseTCs pa3paboTKa MOJCIH CHCTSMBI JIJIS1 HCCISJOBAHUS
XapakTepa [BHJKCHHSI Tejla ¢ HeMOABIDKHOM TOYKOH B pelKHME peajIbHOTO BpeMEHH,
peanuzyomel cieayvionue GyHKITHu:

1) aBTOMaTHYECKOE HAXOKACHHE Xa0THUSCKUX TPASKTOPHUH Ha 3aJaHHON MOJCIIH,

2) pacriozHaBaHUE TPACKTOPHH B PEKHME pPEallbHOTO BPEMEHH M peryJIHMpOBaHHE
BpEeMEHH HX TPOCUETa,;

3) IuHaMHuYecKas ONTHMH2ALIMS IPOIEcca HCCIIeTOBAHHS,

4) MuHUMHEzAIHA OMUOOK pacieTa U pactio3HABAHHS,

5) CTOXacTHUCCKHH aHAJTN3 MOJCIIH,

6) popMupoBaHHe Oa3bl 3HAHHWH, CoAepIKaMIeH XapaKTepUCTHKY HAHTSHHBIX Tpack-
TOPHH H MOJISTIH B TISJIOM;

7) MTUHAMHUIECKOS HATEIDICKTYATLHOS KOPPSKTHPOBAHHE X0/1a HCCIISTOBAHHS.
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2 ObocHoBaHME BbIOOpa METOAA PELIEHHUS

[Iponiecc ucceoBanus JBMKEHHS TBEP/IOTO Tela ¢ HEMOJBHKHOH TOUKOW HMeeT
HSCKOJIbKO KIIFOUSBBIX OCOOCHHOCTSH, BIHSIONIMX Ha BBRIOOP MOAX0Ja K aBTOMATH3AITHH
JAHHOH 3aJauH.

Bo-miepBrIx, mpoliece HAXOKASHHAA TPACKTOPHUH SABIACTCS MOCTYIATSIBHLIM, TO €CTh B
X0/¢ paboTHI MOCTOSHHO MOABIIIOTCS HOBBIC JaHHBIC. TakuMm oOpazoM, HCCIICIOBAHHS Be-
JIeTCs1 ¢ JIMHAMMYECKHMHU JIJAHHBIMH B PEKHUME peaibHOTO BPEMEHH.

Bo-BTophix, pacniozHaBaHHe TPASKTOPUH MOMKET NPOMCXOJIUTH 110 HECKOJIBKUM Ipa-
(pHUecKUM TIpe/ICTABIICHASM MOJIeJIH: BHYTPEHHEH CeKIIMW, BHEIHEH cekiuu, cdepe u
nmoBepxHocTH. Kakmoe U3 DTUX MpeICTARBICHHH MOKET JaBaTh PA3IHUHYIO HHPOPMAITHIO O
HSKOTOPOH TPACKTOPHH H MOJICTH B IEJIOM, 9TO MOApa3yMeBaeT pazOHeHHE o0MmeH 3a1aun
HCCIIE/IOBAHMS HA HECKOJILKO 110/13a/1a4.

B-TpeThHx, mpoliece HCCICOBAHHUS HYK/IAaeTCs B MOCTOSHHOM WHTEJUISKTYalIbHOM
KoppekTupoeke. HauanpHyio TOUKY TpocueTa HOBOHM TPAeKTOPHH clie/yeT BhIOMpaTh Ha
OCHOBE paHee HaHJICHHBIX TPaeKTOPHH, NPOCUeT TPAaeKTOPHH HeoOXO0HMO BOBpPEMS OCTa-
HABJIHBATL BO H30eKaHHE pabOThI CHCTEMBI «BXOJIOCTYIO» H HAKOIUICHHS OMHUOKH. Takum
obpazomM, cCHCTeMa I TIPOBSACHHS HCCICIOBAHHS JO/DKHA 001a1aTh TOCTATOTHO BHICOKHM
YPOBHEM MHTEICKTYAJIbHOCTH.

Bee ykazanHble 0coOeHHOCTH crOcOOCTBYIOT BBIOOPY MHOTOAreHTHOTO TMOJIXOMA JIs
pellieHHs paccMaTpHBaeMoH 3a1auH. JIaHHBIH 0/1X0/] MO3BOJHT 3heKTHBHO pacTIpe/Ie)IHTh
MPOIIECC MCCTIC/IOBAHKS MEK/Y HECKOJBKUMH areHTaMH, a Takke o0ecredHTh T'HOKOCTH,
Al THBHOCTh U HAJSIKHOCTH HTOTOBOTO IIPOTPAMMHOTO PEIISHHS.

3 Apxurektypa skcneptHoi MAC peanbHOro BpeMeHu

UtoObl BBIACIUTL THIOBYIO APXUTSKTYPY HKCHSPTHOH MHOTOATSHTHOH CHCTEMBI
pealbHOTO BpPeMEHH, PACCMOTPHM HECKOJILKO MPHUMEpoR: OHoMHGOPMAIIHOHHYIO CHC-
temy CASSIOPE, cuctema pacnoznaeanusi AgentSketch u MAC s OuoMeTpuueckol
HJIeHTH(PUKAITHH.

CASSIOPE (Clever Agent System for Synteny Inheritance and Other Phenomena in
Evolution) — »to SnonHoOpMaIiHOHHAsA MYJIBTHATEHTHAs] CHCTeMa JUIs MTOMCKa KOHCepBa-
THBHBIX ICTIOUCK B TeHOMaX, pazpabotannas B. Packoiom, A. Jlepaccrepom, O. Habpomom,
C. I'pysn, E. Manuunom u II. Ilontaportn [4]. /lamnaga MAC mozBossieT aBTOMaTHYESCKH
UACHTHGHUITHPORATh KOHCCPRATUBHBIC IEMOYKH CpeJM MHOMKSCTBA JAHHBIX TSHOMOB Ha
OCHOBe (QUIIOTEHETHYSCKHX METO/IOB M CTATHCTHUYECKOTO OIEHHBAHHS 3HAYHMOCTH STHX
HEMOYeK. ITO J[aeT BO3MOKHOCTh MOJYIHUTH HOBbIE 3HAHUA O OHOJIOTHUSCKHX MEeXaHH3MaXx
ABOJIIOIIMHA T€HOMOB.

CASSIOPE cocTouT M3 deThIpex areHroB (puc. 1): skcnepTHoM cucTeMbl (Ixpert
System), arenTa mocTpoeHHs AepeBbeB (Iree Agent), arenrta Oazel maHHbIX (Database
Agent) m Web-arenta (Web Agent). DkcriepTHast cucTeMa KoopaJuHHpYeT padoty MAC B
IIEJIOM, 2 OCTAIBHBIC areHTHI MPSTHABHAUCHB] ISl HE3AaBUCHMOTO BBITIOJHEHHS crieiuduie-
CKHX 3a/1a'.

DKCTepTHASE CHCTEMA SIBJISISTCA TISHTPAITBHBIM areHTOM B CHCTEME, OHAa OIpe/IessieT,
Kakue M3 [EeNovUYeK IeHOMA SIBJSIFOTCS B JIOCTATOUHOH CTETICHW KOHCEPBATHBHBIMH. JTOT
ATeHT MONyYaeT 3alpochl OT MOJIL0BATSISI U MBITACTSS HAWTH HeoOXoquMYyIo MHGOpMa-
1uio B 6a3e JaHHBIX. Eciu Hy)kHAs HHPOpMAIIHA OKa3bIBATCS HEAOCTYIIHOM, HETIOMHOM HIH
yCTapeBIneH, 3KcrepTHAA CHCTeMa (OpMHpPYET BOTIPOC JIPYTHM areHTaM cHcTeMbl. llocie
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BBITIOMHCHIA pa60TBI ar¢HT YBCAOMICT ITOJIB30BATCIIE O ITOINYYUCHHBIX PC3yIbTaTax IIo
BHGK'I‘[.)OHHOﬁ IMoYTe, a Tak:KE CO3J4aCT OTUCT O IMOCICAOBaTCIIBHOCTH ,E[GﬁCTBI/ﬂL/'I, 1'[0Tpe60—
BaBmicica A PCIICHA 3a1a9H.
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Pucynok 1 — Crpyxrypa MAC CASSIOPE

ATEHT TIOCTPOESHHA JEPEBLEB BBIIOIHAET ITOCTPOESHHA JIPEBOBHAHBIX TOIIONOTIIL
MPOTEHHOBKIX Tierouek. |lonyueHHble (QUIOTEHETHUECKHE epeBhd HCIIONB3YIOTCH A
BBIABIIEHIIA HOBBIX T€HETHUECKUX 3aKOHOMEPHOCTEN. ATEHT IIOCTPOEHHS JIEPEBLER CBA3AH
¢ cucTemoit punoreHeTuecKoro aHamza FIGENIX.

AreHT 0a3pl JAHHBIX ABIMCTCHA TIOCPEJIHHUKOM MEKIY SKCIIEPTHOM CHCTEMOM M JIO-
KaTbHOU 0Oazoii maHHeIX PostgreSQL. Ilpu momcke wHpOpMAaIMH SKCIIEPTHAA CHCTEMa
JIeNaeT 3arpoc areHTy 043kl JAHHBIX JUTA OTIpe/Ie IEHHUS, €CTh JTIH COOTBETCTRYION A MHpOp-
marys B 0a3e ¥ He YCTaperH JIH OHa.

Web-areHt nipeHazHaueH J8 Novucka MHGOPMALIMI B YIATIEHHBIX HCTOUHHUKAX B CETH
Hureprer. Ha TaHHBII MOMEHT OH MOJISPKUBACT UCTIONL30BaHUE 0a3bl reHoMOB Ensembl.

AgentSketch — MyTbTHATEHTHAA CHCTEMA JJI4 Paclio3HABAHMA HAPHMCOBAHHBIX OT PYKH
JHarpaMM B pPeKHME oHIaliH, pazpatotanHas k. Kacemnoii, B. leydemmeii u B. Mackap-
i [3]. Orta cHcTeMa HUCMIOMBL3YET aTeHTHI U YIIPABICHIS MHOMKECTBOM pPacrio’HABaTenei
CHUMBOJIOB U TIOBBIIICHUA >PPEeKTHUBHOCTH PACIIOZHABAHMA PHCYHKOB ONarofapf HCIIONb30-
BAHHMIO KOHTEKCTHOM MHpopMarpm. OHa ObTa onpobosaHa Ha quarpamvax UML, Ho MokeT
OBITH UCTIOIB30BAHA U JUIH APYTHX [IPEJIMETHRIX 001aCTeH NOCPEICTBOM HCIIONB30BAHUS Pac-
TIO3HABATENNEH CHMBOIOB I3 9THX 00NIacTeil.

Jaunas MAC (puc. 2) cocTOUT M3 CHENYIONMX ATEHTOR: HHTEP(EHCHBIH areHT
(Interface Agent), areHT mpemodpadoTki BXOAHBIX JaHHHIX (Input Pre-Processing Agent),
aTeHTHI pacriozHapaHud cuMBoIoB (Symbol Recognition Agents) M areHT MHTEPITPETALRA
pucyrka (Sketch Interpretation Agent). Ha HinKHeM VPOBHE CHCTEMBI TIPOHCXOUT PAcTIO3HA-
BAHHE CHUMBOJIOB f3BIKA TIPEIMETHOM OOIACTH MyTeM TIPHMEHEHHS TOJXOMAIIMX PacIio-
3HABATENlEH CHMBONOB (HECKONBKO TAKHMX PAcTo3HABaTeleld MOKET OBITh 3a/eHCTBOBAHO
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OAHOBpeMeHHO). Kaplil areHT pacno3HaBaHHA CHMBOJIOB OCYIIECTRIAET KOOPAHHALMIO Jed-
TEeJIbHOCTH OJJHOTO pacllo3HaBaTeld, a Takke KOONEpPUPYeT ¢ APYTHMH areHTaMu AJA IMONy-
YeHHs KOHTEKCTHOH HH(OpPMAITHH O pacTio3HaBaeMbIX UMH CHMBOJIAX. ATEHT HHTepNpeTallii
pHCYHKa MPOH3BOAMT pPaclo3HAaBaHHE PHUCYHKA B LENOM, pa3pelad HEOJHO3HaYHOCTH B
KnaccHOHKAIFTH CHMBOJIOB MOCPeICTBOM 00parieHHa K KOHTEKCTY NMpeIMeTHOH 00IacTH.

Iuput
new ’ Comm SRA
input | Pre-processing Agent
: (stroke — UseCase SRA
Interface —
Agent ke s ‘ Generalize SRA. R
Input Supplier Segmenter  Classifier e
—E Actor SRA
¢
HDSR
o ; Jess engine
. Sketch
Interpretation Agent :>
Symbol Recognition Agents

Jade Platform

Pucynok 2 — Crpykrypa MAC AgentSketch

HMurepdeficHbIii areHT npeAcTaBiaer coboil HHTepdeHc MeXTy MyIbTHAreHTHOH
cHeTeMOl M 0000IIEHHBIM HCTOUHHKOM BXOAHBIX faHHBIX (Input Supplier). IIpupona
3TOro HCTOUHHKA MOZKET BapbHPOBATbCA B 3aBHCHMOCTH OT THIA HHTEPIPETHPYEMOTO
pHCYHKa H Tpoliecca pucoBaHud. MIHTepdeiicHblii areHT 0TBETCTBeHEH 3a npeobpasoBaHue
BXOJHBIX JaHHBIX B (opMar, MoHHMaeMbId areHToM npefo0paboTKH BXOHBIX JJAHHBIX H
areHTOM HHTepIpeTalHH PUCYHKA, H HaoGopoT. Kaxnad HoBad MOPUMA BXOAHBIX AaHHBIX
nepechLIaeTca areHTy npefaobpaboTKH BXOMHBIX AaHHBIX, & 3alpOchl MONb30BaTeNd Ha-
NpPaBJIAIOTCA B areHT HHTepPIpeTallid pHCYyHKA, pe3ynbTaT paloThl KOTOPOTO 3aTeM
nepefaeTcs TModb3oBaTento. JINA MOJKIKYEHHA HOBOTO HCTOYHUKA BXOMHBIX JJAHHBIX K
cucreMe B HHTepdelicHOM areHTe co3JaeTcd COOTBETCTBYIOIIAA 3TOMY HCTOHUHHKY
«3armymkay (stub).

I'maBHoO# 3apadell areHTa npenodpaboTKH BXOJHBIX AAHHBIX ABJAETCA CHCTEMATH-
3alUA «IITPUXOBY» (strokes), MPOH3BOIUMBIX MOJIb30BATENEM, B HE3ABHCHMYIO OT NpeIMeT-
HOl 00JacTH MOCNeA0BATENbHOCTD MIPUMHTHBHBIX QUTYP. 3TOT areHT COCTOMT M3 JBYX
MoJyNeit: cermeHTarop (Stroke Segmenter) u knaccrudukarop (Stroke Classifier). TTepehiii
MOJYJIb pa30HBaeT INTPUXH» Ha OT/eNbHbIe MPHUMHTHBBI, 2 BTOPOH pacno3HaeT MmojiydeH-
HEBIE IPHMHTHBBI KaK HEKOTOPbIE FreoMeTpHUECKHe QUTYpHL.

Kazxabiil areHT pacro3HaBaHUA CHMBOJIOB (SRA) mpeqHasHaueH A7 pacio3HaBaHHs
OIMpPEJeNeHHOTO CHMBOMNA TIpefiMeTHOH 00nacTH H B3aHMOJIeCTBHA ¢ areHTOM HHTepIpe-
Talui pUcyHKa. Tax#ke areHThl 3TOTO TUMA MOTYT COTPYAHHMYATh JAPYT C JPYTOM, €clH
rpadudyeckuil A3BIK PHCYHKA TMO03BONACT 00pamaThcd K KOHTEKCTHOH WHGOpPMAIHH A
HHTEPIIPETALHH OTAECIBHOTO CHMBOJA. B TakoM ciydae areHThI MOTYT NPHMEHATH obIee
KOHTEKCTHOE 3HaHHe B Mpollecce paclo3HaBaHHA coOCTBeHHbIX cHMBOIOB. Kammabiii SRA
MbITAeTCA PAcno3HaTh CHMBOJ MpeIMeTHOH 00nacTH, NpUMeHAA MOXOAAINIAH pacnosHaBa-
TeNb CHMBOJIOB K KIAcCHOHUIINPOBaHHBIM «IITPHXaM», MOJYYeHHBIM OT areHTa npegobpa-
OOTKH BXO/HBIX JaHHBIX.
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Kax Tonebko 3apepimaercs pacniozHaBaHHe HOBOTO CHMBOJIA, COOTBeTCTBYIONMH SRA
HAYUHAST TIPOIECC COTPYAHHUYSCTRBA ¢ JApyTUMH SRA 151 mosryyeHust KOHTeKCTHOH HH(DOpP-
Maruu. [Iporece 3akaouaeTes B MOCBUIKE 3alIpoca ¢ OIMHCAHHUEM PAcllo3HAHHOTO CHMBOJIA
BceM SRA, zaHMMAaIOMMMCS pAcIiOZHABAHHEM CBI3aHHBLIX CUMBOJOB. SRA, momyunpmwui
TaKOH 3alpoc, MpORSpseT MHOYKECTBO PACHIO3HAHHBIX MM CHMBOJIOB JUIA (hOPMHUPOBAHUS
otBeTa. ey cpeii DTOro MHOIKECTBA €CTh CHMBOJL, MMEIOMMH HEKOTOPYIO SIBBIKOBYIO CBSI3L
¢ CHMBOJIOM B 3anpoce, SRA moceliaer Mo3HTHBHBIA OTBET, HHAYe — HeTaTHBHBIA. Takum
00pazoM, CTAHOBHTCS BO3MOKHBIM HCTIOJNIB30BaHHE 0COOSHHOCTEH SI3bIKa PUCYHKA B TIPOTIEcce
paCIO3HABAHUSL

ATeHT HMHTEpIpeTAIlHH PHCYHKA BBITIOJIHSET pacliozHABAHHWE BCEro pHCYHKa JHOO
TOU ero 4acTH, KOTopasi JIOCTYITHA Ha JIaHHBIH MOMEHT. OH aHAIH3UpYeT HH(POPMAITHIO,
MOJIYYeHHYIO OT BeeX SRA, paspeniaeT BO3MOMKHBIC HEOTHOZHATHOCTH, a 3aTeM MPeNo-
CTABJISICT UTOTOBYIO HHGOPMALIMIO TI0JIb20BATRIII0 Yepes HHTepeHCHBIH areHT.

Heoqno3naanocTh MOJKET BOZHUKHYTh, CCIIM OJHH «IOTPHX» HMEET HEOAHO3HAUHVIO
Kaccu(pUKalnio Kak Gpurypa (M3-3a HeaKKypaTHOCTH pHUCYHKA), MO0 B Clyuae HCTIONBR0-
BaHHA OJJHOTO U TOTO Ke «IITPUXa» HECKONBKUMH SRA JUId pacniozHaBaHHS pasHbIX CUMBO-
noe. HUcnoneszyst unadopmaruio SRA o pacnio3HaHHBIX CHMBOJIAX, areHT WHTepNpeTalHd
PHCYHKA paspelaeT TakHe KOH(IHKTH HAYMHAS CO CITYUAeB ¢ HAUMEHBIIESH BepOSTHOCTHIO
omubkH. [Tocie paspemenusi KoH(DIUKTa HHPOPMAITHS O COOTBETCTBYIOIIEM CHMBOJIE HC-
MOJIL3YETCH Jlajlee I paspelieHus ocTalbHbiX KoHpumkToB. [Iporece npojgoKaeTes /10
TeX MOop, MOKa Bee KOH(IUKTHI He OYIVT pazpemieHEL

Taxoke areHT HHTSPIPETALMH PUCYHKA BBHITONHSICT «OTCCUSHHE» CHMBOIIOB, KOTOpLIS
He OBUTH MPAaBHJIBHO PAclos3HaHbl. J{JIg 5TOTo OH CBSRLIBASTCS ¢ COOTBETCTBYIOMUMHE SRA
U JacT YKazaHHe HCKIIOUHTH DTH CHMBOJLI M3 JAIbHEHIISTo IMpoIecca pPaclo3HaBaHHSL.
DTa nponeAypa HO3BOJISICT YCKOPHTEL BeCh MPOIECe HHTEPIPETALIHH PHCYHKA.

MAC nis pacripeie/ieHHOT 0 paciiozHaBaHu#A JiHil Oba paspabotana I'. Canamoid,
A. ®axmu u M. Dasbapom [6]. DTa MoIeib O3BOJISIET KaK YBEJIMIUTh TOTHOCTH PACTIO3HA-
BaHMA JIHI] 32 CUeT NMPHMEHEHUS] HECKOJLKUX areHTOB-KIACCU(UKATOPOB, TAK H COKPATHTh
BpeMst 00paboTKH AaHHLIX Oarogapsi paclpeaecHHOH apXuTekType. s pacro3HaBaHusi B
MAC ucnionszyrotest Metoapl Onmuskakiero coceqia (NN), k Gmmskaiimux coceeit (K-NN)
H Kiaccudukamonabix gepeebeB (CART). Takke cuctema moxkeT paboTaTh B JIBYX pe-
JKAMAaX: MHOTOIIOTOUHOM H PacIpe/IeIeHHOM.

Hamnasgs MAC (puc. 3) COCTOUT H3 CHSIVIONTHX areHTOB: HH(OpMaHOHHBIH areHT (In-
formation Agent), areHt mpemoOpaboTku (Preprocessing Agent), romoBHo# arent (He-
adquarter Agent), arent cesizu (Communication Agent) u arentsi-kiaccubpukaropsl (Clas-
sifier Agents).

HudopManHoHHBIH areHT TPOU3BOUT YTEHHE H MPOBEPKY HHPOPMAITHH O JJHYHOCTH
13 HHGOPMAITHOHHON $a3kl JIAHHBIX U COMOCTABJICHHS €€ C pe3yJIbTaTaMH paboThl areHTOB-
KJIACCU(PUKATOPOB, CHCTEMATH3UPOBAHHBIMH TOJIOBHBIM Are¢HTOM.

AreHT npe1oOpaboTKH OTBETCTBSHESH 34 H3MEHEHHE pasMepa H300paskeHHs U H3BJIC-
geaue BekTopoB DCT- m DWT-npu3HakoB (IHCKpeTHOS KOCHHYCHOS IpeoOpazoBaHHS H
TUCKpeTHOS BeHBIeT-TpeoOpa3oBaHiue), KOTOphle HEOOXOIUMBI 1711 paboThl areHTOB-KJIAC-
CH(UKATOPOB.

ATeHTBI-KI1acCH(HUKATOPBI OCYNISCTBISIFOT CONOCTaBIeHHe M300paKeH s paciio3HaBae-
MOTO JIMIa ¢ W300paKeHHeM, XpaHAIUMcs B HHpopMalmoHHOH Oase naHHBIX. B cucTeme
HMMEIOTCS TPH arc¢HTa dTOTO THIIA, PEATH3YIOMNE MeToIbI pacriosHaBanusd NN, K-NN u CART.
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Pueynok 3 — Crpykrypa MAC g pacriozHaBaHH JIHL]

TonoBHOH areHT gBISeTCd LHIPANbHBIM areHTOM B CHCTEME, YIIPARIAHO LM
areHTaMH-KIaccHpHEaTopaMH. OH 0TBeTCTB2HeH 33 ¢0op pe3yibTaroB padoTel areHTOB-
KIAcCHPHKATOPOR H IPHHATHE HA HX OCHOBE pelleHHSA O BBIOIOJNHEHHH CHCTEMOH HeKo-
TOPOro JeHCTBHA.

ATeHT CBA3H OTBeTCTBeHeH 24 ofecrieyeHHe KOMMYHHKAIMH TI0 CeTH MexIy
AreHTAMH-KJ1A¢ CHPHK AT PanH (KIIHEHTaMH) H TONOBHBIM areHTOM (CepRepOM) TI0CPe/ICTROM
coobmenrii ACL. Tarcke 3TOT areHT MMOBOILET IMOIMYUHTH YAAIEHHBI JOCTYI K CHCTEME
ITyTeM ITOKIHYeHHE HEKOTOPOro YCTPOHCTRA BROIA/BBIROIA K CePBEPHOH YaCTH CHCTEMBL

Tepen wcnonb3oBaHHeM jgaHHas WMAC momwxHa OpoHTH npouece obydeHed. JInd
KDKAOTO OT/ASIBHOIO JHI@ 00yueHHe IIPOBOJHTCA B TpH J3Tana: IpelodpadoTka,
BblJieNIeHHe TIPH3IHAKOR H300pKeHHS H 3a110/HeHHe 02351 JAHHBIX.

TpoLece pacriozHABAHHA JHIIA TAKCKe BKIOYAST B cedd TpH JTarma: pejodpadoTKy,
BbIJeNIeHHe TIPH3HAKOB H KJIaccHpHKA 0. IlepBeie ABa 3Tala BROIOIHAKTCS TAKHM JKe
00pazoM, KaK H B IIpoLiecce 00yUeHHA.

Ha riepBoM 3Tarie pacrio3HABAHHA IPOHCK OJHT YTeHHe HH(OPMALHH 0 JHYHOCTH H
IPOBepKa ee ¢ TOH HH(opMalHeH, KoTopad ObLIa HAKOTUIEHA B ITpoLigcce 00yUeHH .

Bropoii 3Tan HauMHAaeTcd ¢ 3aXBaTa H300pLKeHHd, ero npefodpadoTrH (Am obec-
T[I24eHHA COOTRETCTBHA TPedOoBAHHIM CHCTEMbI) H BbLJeIeHHd JBYX BeKTopoB 1M DCT- 1
DTW -niprzHakoB. [anee areHT npefo0padoTEkH HH(OPMHPYET areHTbI-KIac CHHKATOPBI 00
HHHLHALHH PAacTio3HABAHHA, H T¢ HAYHHAKT IPOLIZCe COTIOCTARNIEHHS H300PaKeHHH, Iepe-
Kroyasck MekIy DCT- 1 DTW-npeHaakaMe B 3aBHCHMOCTH 0T CTEIEHH YBePeHHOCTH B
HATHYHH €OBITAISHHA.
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Ha »srane wiaccuukauu Kaaplid areHT-KjIaccupuraTop HHOPOPMHPYET TOJOBHOTO
areHTa O MOJYUSHHOM pe3yJibTaTe, H MPOUCXOHT NPOIece NMPHHATHS peleHHs] OTHOCH-
TeJIBHO PAcIo3HaBaeMoro H2o0paxkeHus. Eciau pesyasTat paboThl MEpBLIX JBYX ar¢HTOB-
KJIACCU(PUKATOPOB COBNA/IAET C pe3yJibTaTaMH W3 uHpopMarimoHHo# Gaskl TJaHHBIX, paboTa
TPETLETO areHTa OCTAHABIIUBACTCS, W PEIICHUE MPUHUMASTCH HA OCHOBE MMEIONIHXCS JIBYX
pe3yabTaToB. ECIH pesyiabTaThl HepBLIX JBYX areHTOB OTJIHYAIOTCS OT HH(OPMAIHH B
0aze MaHHBIX, TO peHIeHHS MPUHUMACTCS [0 Pe3yIbTATY TPEThero areHTa.

[To wToraMm Ma;KOpPUTAPHOTO TOJOCOBAHUS areHTOB-KJIACCHPUKATOPOR H300paKeHHe
TUIA KTacCHPUIHPYETSS KaK «3HAKOMOS» HIHM «He2HaKoMoe». B mocienHeM ciaydae oHO
MO3KeT ObITh ToOaBieHo B 6a3y JaHHBIX IS JadbHEHINero HCIOIL30BAHHS.

TumoBasi apxUTEeKTYpa 3KCIIEPTHOH MHOTOATE€HTHOI CHCTEMBI MOKeT ObITh cdop-
MHpPOBAHA HA OCHOBE PACCMOTPEHHBIX Bbimie npumepoB. Tak, Bce 1pu MAC noctpoenst Ha
OCHOBE MOJEJIM PACHPEISJICHHOIO HCKYCCTBEHHOTO HHTeJUIRKTa: olIlas 3ajada CHCTEMbI
pa3OHBaeTCsl ATeHTOM-CYOOPIMHATOPOM HA MOJ3a[aud, Jajiee Kaias MojI3ajada BLITIOIHS-
€TCs COOTBETCTBYIONTHM areHTOM-HCIIOJIHHTEIIEM, a 3aTeM Ha OCHOBE TOJYUSHHBIX YaCTHBIX
Pe3yJILTATOB areHT-UHTeTpaTop GopMHUpYET OOITHH pe3yabTaT paboThl.

Bo Bcex paccMOTpeHHBIX MpHUMEpax poJib CyOOpAUHATOpA U HHTETPATOPa COBMRIAST
B cebe eUHBIH VIIPABIAIONIAN areHT, TakuM o0pazoM, yIpaBjieHHe oOIHM X010M paboThl
cHcTeMbl ocyinecTeigercd neHTpaiuzopanHo. B CASSIOPE »stum arentoMm gensiercs
SKCTICpTHasT cucTeMa, B AgentSketch — areHT uETepnpeTanmHH pHCYHKa, B MAC mma
pAcTIOZHABAHMS JIHI] — TOJIOBHOW areHT. HecMOTps Ha HaaWuMe TAKOTO areHTa B CHCTEME,
OCTANIbHBIE areHThl (PYHKIIMOHHPYIOT B JOCTATOYHOH CTENIEHH CAMOCTOATEIBHO, TaK Kak
VIPAR/BIOMUN areHT BO3ACHCTBYET Ha HUX IPESHMYINCCTBEHHO KOCBCHHBIM IyTeM — Uepe3
Cco0DmEeHHSL.

ATeHTBI-UCTIONTHUTEIIH TIPeTHA3HAYESHBI JIJIs1 PeNISHHs YaCTHBIX 33/1a4, KOTOphIe BO3-
HHKAIOT B TIpoTlecce peleHus obInel 3a/1aun cucteMbl. Kak nipapuiio, Kasbli U3 TAKHX areH-
TOB pacIoJiaracT YHHKAIBHBIMHA JAaHHBIMH H/HIH MeTodaMHu uX oOpabotku. B CASSIOPE
K areHTaM-UCTIOJIHATENIAM OTHOCATCS: areHT MOCTPOSHHUS JIePEeBbeB, areHT 0a3bl JaHHBIX U
Web-arenT; B AgentSketch — arenTsl pacnozHapanusa ciMposior; B MAC nns pacmozHa-
BaHHS JIMIl — areHThI-KJaccUpuKaTophl. B HEKOTOpBIX Ciydasx areHThI-UCTIONHHUTEIH
MOTYT B3aHMOJICHCTBOBATH HETIOCPE/CTBEHHO JIPYT € JIDYTOM JiIsd OOMEHa 3HAHUAMH M
KOJUIRKTHBHOTO pellieHHsd coOCTBeHHBIX 3ajjau (Kak 5To peanmmsoBaHo B AgentSketch).
OO0 Uil pe3yasTaT paboThl OMpeIeiseTes Ha OCHOBE HHTCIUICKTYAILHOM OIICHKH pe3yJIbTa-
TOB JCSATSILHOCTH BCEX areHTOB-UCIIONHUTENCH, 316 HICTBOBAHHBIX AJISI PeUICHHSI TeKy el
3aJ1avH.

B tunosoii apxutekrype skcnieprHod MAC MOKHO TakKe BbIJICIUTH HHTEpdeHCHBIH
areHT, TpeAHAZHAUSHHBIN JJIsI TIpe/l- U MocToOpaboTKH MaHHBIX. TakoH areHT MOYKeT CJTy-
JKHTL B KaUeCTBE MOoCpeaHuKa Bo B3anmMoeicTeud MAC ¢ BHemHeH cpeqoi (B 9aCTHOCTH
¢ nonszoBatenieMm). B AgentSketch sty ponp BeInosIHSeT coOcTBeHHO HHTepdheHCHBIN
areur, B MAC qis pacmo3HaBaHHsL JTHI[ — HHGOPMAIMOHHBIH areHT W areHT mpea-
obpaboTku. B To xe Bpems poib HHTep(eHCHOTO areHTa MOXKeT ObITh BO3JIOJKEHA Ha
yrpapJisttonero arenra (B ciydae CASSIOPE).

Haxkonen, xapaktepHod ueprol skcnepTtHod MAC sBisgercs HajJM4yHe KOHTEKCTa
3HAHHH, HAKAIUTMBAeMOTo H OOHOBJSIEMOTo B Ipolecce paboThl cucTeMbl. MM MokeT
CIIYKUThH Kak HekoTopas obocobiienHast Oaza snHanui (kak B CASSIOPE u MAC s
pPACIIOZHABAHUS JIUI), TAK M HECTPYKTYPUPOBAHHOE KOJUICKTUBHOE 3HAHHE MHOXKECTBA
areHTOB CHCTEMBI B JITAHHBIH MOMEHT BpeMeHH (B ciaydae AgentSketch).
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4 PazpaboTaHHass MOIEJTb MHOTOAr€HTHOH CHCTEMBI

Ha ocHOBaHMH BBIJCIICHHOM THIIOBOM apXUTEKTYPBI SKCIEPTHOH MHOTOAreHTHOH
cuctembl Oblia paszpaborana Moxesib MAC juist Heelie TOBaHUS XapakTepa JIBHKSHUS TeJla ¢
HETIOABMYKHOM TOYKOH B peikuMe peatbHoro BpeMeHH. Crpoektupopannas MAC (puc. 4)
COCTOMT M3 ISITH are¢HTOB, B3aMMOJISHCTBYIONHX € HMCCIIEYeMOH MOJISNBIO U JIPYT C
IpYTOM: areHTa-HCCIeHoBaTeI L, areHToB Outer, Inner, Sphere u Surface.

ATreHT-HCCe/IoBaTellb 3aHHMAaeT B CHCTEME IEHTPAIBHOE MECTO, KOOPIHHHPYS TPO-
1ece HCCeIoBaHms B 1ejioM. B TepmuHax Mojenu pacupejienennoro MU on npeacrae-
nseT cobol Kak areHT-cyOOpIMHATOp, TaK M areHT-HHTSTPaTop. ATSHT-HCCISIOBATEND
MPOBOJIUT MHHUITHAIM3AIMIO W 3aBepllieHHe TIPOIecca HMCClie/JOBaHus, BHIOUpaeT Havdalb-
HYIO TOUKY JUIA pacueTa HOBOH TPacKTOPHH, MPOBOJHT CTOXACTHICCKHH aHATH3 MOJIETH H
BeJeT obmyio Oazy 3HaHui. B obmieM 5TOT areHT BBLINOJHSIST POJb MOCPSIHHKA MEKTY
cucteMoit Moaenuposanuga Modeler u npyrumu areatamu MAC.

Arentsl Outer, Inner, Sphere u Surface spisirorcs areHramu-ucnoaauTe sIMA. Outer
u Inner nipe/iHazHAYEHBI ISl PACIIO3HABAHUS TPACKTOPHH HA COOTBETCTBEHHO BHEIHEM H
BHYTpSHHEM CeTMeHTAX (JIBYMEPHBIX TIIpelcTaBiIeHMSIX Mogeau), Sphere u  Surface
BBLITIOJTHSIOT aHAJIOTHYHYHO 33/1a4y Ha cdepe W MOBEPXHOCTH (TPeXMEpHBIX NpeJICTaBIe-
HUAX MojenH). Kaxkapii 3 5THX UeThIpeX areHTOB HMMEST JIOKATIbHYIO 6a3y MAaHHBIX IS
OTCIISKMBAHUS M PACTIOZHABAHUA TPACKTOPHH — «CHUMOK» (100 Halop «CHHMKOBY) Ipa-
(pUYSCKOTO TPeCTABISHHS MO/ISIH, CBSI3AHHOTO ¢ JAHHBIM arcHTOM.

Takum obpasom, arentsl Outer, Inner, Sphere u Surface spisroTCS CHIeTHAIMZHPOBAH-
HBIMH «pPacIio3HARATSISIMUY, HA OCHOBE KOJUIGKTUBHOH paboThl KOTOPLIX JIeTaeTCs BRIBOJ O
XapakTepe HeKOTOpoH TpaeKTOPHH.

[Ipomnece uceyieMOBAHKS MOMKHO TIPE/ICTABUTD CIISAYIOIHM 00pa3oMm:

1) monap30BaTeNDb 3a4a8T MOSTIL H MapaMeTphl UCCIISIOBAHMS, IPOUCXOIHT HHHIIHA-
JU3AIUS AaTeHTOR U UX 0a3 JTaHHBIX;

2) areHT-HCCieIoBaTe/Ib BEIOHpAST HAYATBHYIO TOUKY HOBOH TPAacKTOPHH C VUSTOM
MOJIOKEHHS paHee Hal/IeHHBIX TPACKTOPHI,

3) areHT-HcceOBaTeNb MPOBOJIMT pacdeT 7 TOYSK TeKYIeH TPaeKTOpHH H JlaeT
curHai are’ty Outer 006 0OHOBICHHH H300paKeHHUS,

4) arent Outer NpOBOUT MOMBITKY PACTIOZHABAHUS TPASKTOPHH W BBIIACT pesyiIbTaT;

5) MeIKTY BCeMH AKTUBHBLIMHM areHTAMH IPOXOAT MEPeroBOpLl, pesyabTaTaMu KOTO-
pBIX MOKeT ObITh 33/ICHCTBOBAHHE HOBOTO areHTA-paclo3HaBaTels (eCiu pe3yibTaT pac-
MIO2HABAHUS HEOJHOZHAUCH), IPOJODKSHHE pacueTa TPACKTOPHH (€¢I B JAHHBIH MOMESHT
BLIBOJI O €€ XapakTepe HEBO3MOMKEH WM HEKeNaTelleH) WIHM 3aBepllieHHe pacdeTa
TPASKTOPHH (SCITH MOJKHO CJeJaTh BBIBOJ O ¢ XapakTepe WHIHM JaTbHSHIIHE mpocdeT
HeleliecoolpaseH),

6) ecu ObLT 331¢HCTBORAH HOBBIM areHT, TO OH MPOBOJAUT MOMBITKY PacmozHABAHHUA,
H [IeperoBOphI OBTOPAOTCH (ITYHKT 3);

7) eciii OBUIO MPHUHSTO pENIeHHe O MPOJIOILKEHHH POCUeTa, TO areHThI-paclio3HaBa-
TeJIH BXOJIST B COCTOSHHE OKMJIAHMS, a areHT-HCCIIe/0BATellh MPOIOJIKAST pacieT TOUYeK
TpacKTOPHH (IYHKT 3);

8) ecnn ObUTO MPUHATO pelicHHE O 3aBeplISHHH pacueTa TPacKTOPHH, TO are¢HTHI-
pacmo3HaBaTe/ii OOHOBIIIOT CBOM 0ashl JAHHBIX, a AareHT-HCCIEIORATeIh IPOBOIUT
CTOXACTHUSCKHH aHaJM3 MOJeNIH, OOHOBJIsAeT Oazy 3HAHMM WCCIIETOBAHHS MU TIPOJIOIKAST
IOMCK HOBBIX TPASKTOPHUH (IIVHKT 2).
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KmrouersiM MomMeHTOM paboTel MAC ABISIeTCS paciiozHaBaHUe TeKYIISH pacCUHMTHIBA-
EMOM TPACKTOPHH B PeKHUME PeasIbHOTO BPEMEHH. AHAIHM3 TPASKTOPHH MOMKET TPOBO/IMTELCS B
TeUeHHWe HECKOJILKUX HTepallii ee IpocueTra, YTO 3aBHCHT OT XapakTepa TPaeKTOpHH H
CKOPOCTH e¢ TMpocyeTa. [ pelieHns qaHHOK 3a0auu MOYKeT ObITh 3aJIcHCTBOBAHO OT OJIHOTO
JI0 BCeX UETHIPEX areHTOB-PACcIOZHABATENIEH, KOTOPhIE COIMOCTABISIFOT W3MeHeHHs B rpadu-
YeCKOM IIPECTABICHHH MOJCITH M ILITAIOTCS BBLACIHUTH Ha HEH 3aMKHYTYIO TPaeKTOPHIO.
Brauaie mpoBoJHTCs MOMBLITKA PACTIOZHABAHHMS ¢ IMOMOMILIO TOJBKO TeX areHTOB, KOTOPBIS
AHATH3MPYHOT JIBYMEPHOE Mpe/IcTap/ieHue Mojesd (Outer v Inner). AreHThl, aHAH3HPYIOIIHE
TpexXMepHoe mpeAcTaBieHue Momendu (Sphere m Surface), 3ameHCTRYIOTCS TONMBKO B CITydac
HeoOX0UMOCTH (TIPH HATMYHHA HEOHOZHAYHOCTH), TaK Kak WX paboTa ciiokHee W Tpebyer
OOINBIIHX 3aTPAT BPEMEHH.

ITo pesynbpTaraM paboThl BeeX 2aJcHCTBOBAHHBIX B JAHHBIM MOMEHT ar¢HTOB BBHI-
HOCHTCS PelIeHUe O JANbHSHITNX AeHCTBUSAX CHCTEMBI: MPOJODKSHUH IIpocueTa (Mepexom
K CICAVIOMESH HTepalHy MPOLEcca), 3aBepUICHHH MOCTPOSHHSI TPASKTOPHH WIH I1OJKJIIO-
YeHHWH JIOTIOJHUTENIBHBIX areHTOB K MpoIleccy pacrnosHapaHus. Ha npuHsaTHEe JaHHOTO pe-
MICHHS MOTYT BIIHATH Takue (PaKTOpPhI, KaK CTeIeHb COTJIACHS areHTOR IO MOBOIY TPaeKTo-
PHH, KOJIMYECTBO 3a[CHCTBOBAMIBIX ar¢HTOB, KOJIMYSCTBO MPOHISHHOTO BPeMEeHH (¢ MOMEHTA
Hauaja TpocdeTa TeKyHied TPAaeKTOPHH) M CTATHCTHYSCKHE IMIOKAa3aTellH [0 HWTOram
PACIIOZHABAHUS IPSALIAYIIUX TPaeKTOPHIHA

B ofmem mporece npocuera W pacrio3HaBaHUsT TPASKTOPHH TIPOAOIIKASTCS JIO TeX
1op, TIOKa HEBO3MOKHO CJ1eJ1aTh OTHO3HAYHBIH | JIOCTOBEPHBIH BBIBO/T O ee xapakTepe. 1o 3a-
BEPIISHHIO HTOTO TpoIiecca MPOHCXOIHUT 0OHOBICHHE 0a3 JaHHBIX/3HAHUN areHTOB H IIepe-
X0J1 K TIOUCKY CIIeTYIOIIEH TPAeKTOPHH.

Hcenenopanne MoAeNH 3aBepIIACTCSL, €C/IH Ha HeH HaHAeHO JOCTATOYHO TPASKTOPHUH
(T.e. TpadmUecKoe MpeJICTABJICHHE MOJISNIH B JIOCTATOUHOH CTEIeHH 3alOJHEHO TPaeKTo-
puaMu). Pesynbratom paloThl cHcTeMbl sBJsieTCsl (DOpMHpYeMasi areHTOM-HCCHeoBaTe-
neM Oasa 3HAHMH — «KapTa MOJACIH», B KOTOpoH coepkuTcs HHGOPMAITHA O HAHICHHBIX
TPaeKTOPHSIX U 00II1as OIICHKA MO/ISIIH.

BriBonml

[IpuMeneHa MOIeb «paCTIPe/ISICHHLIH HCKYCCTBEHHBIN HHTEILICKTY.

PaspaGoTanHag Mo/1e1h MHOTOATrEHTHON DKCIIEPTHOH CHCTEMBI MTO3BOJISIeT aBTOMATH-
3HUPOBATH TPOIECC HMCCIISOBAHUS XapaKTepa JBHIKCHHS TBEpJIOTO Tella ¢ HEeloJIBHKHOH
TOUYKOH ¢ HMCMOJIB30BAHUEM CHCTEMBI BU3YallbHOTO Mojesupoanus Modeler. Takke Bos-
MOJKHA aJanTaiiid JaHHOW MOJSIM [T PeIISHHs MHBIX 23a7a4, CBI3aHHBIX ¢ MOJSIHPO-
BaHHEM IIOBeJeHHI JHHAMHISCKHX CHCTEM.

[Hoayuennas MAC obragaeT CICAYIONMHMH TOCTOMHCTBAMH: MPOBSACHUS HCCIICIO-

BaHUSI B peKHMe peallbHOro BpeMeHH, »ddexTuBHOE pacupe/ielieHHe W JIMHHAMHYeCKas
OTITHMH3AITHS TIPOIlecca paclo3HABAHWS TPAaSKTOPUH, MUHUMH3AIIHA ONIMOOK pacuera H
pacnozHaBanus. HemocTaTkoM perieHHs ABISSTSA JOCTATOUHO BBICOKAS CIOMKHOCTD CTPYKTYPBI
CHCTEMbI M CXeMbl B3aHUMO/ICHCTBUS €¢ KOMIIOHEHTOR, UTO B OCHOBHOM O0YCIIOBJICHO TIPH-
MEHCHHSM MHOTOATSHTHOTO Moaxona. B mampHeimem crpoekrupopanHas MAC MoKeT OBITh
peajii3oBaHa B BHAS MPOTPAMMHOTO MPOAYKTa H MPHUMESHEHA I MPOBSASHHS HCCISHO-
BaHHH HOBEIcHHA JHHAMHYSCKHX CHCTEM.
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KA. Pyukun, A.B. lanuios

Po3potia dararoareHTHOT CHCTEMH /151 MOJe/HOBAHHS MOBe (IHKH AMHAMIYHOI CHCTeMH

B pPe:KHMI pea/ILHOTO Yacy

Y cTarTi posrIIIacThCd MOMIFBICTE BHKOPHCTAHHS GATaTOAreHTHOTO TIIXOAY IS MOIEMOBAHHS T4 JOCTIIKeHHS
AHHAMITHHX cHCTeM. [TpOTIOHYEThET MOJTENE GATATOATEHTHOI @KCTIEPTHOI CHCTEMI PEATBHOTO TACY, IO J03BOTSE
edheKTHRHO ARTOMATHIYRBATH MPOIIEC JIOCIIKEHHSI XAPAKTEPY PYXY TUIA 3 HEPYXOMOIO TOUKOIO.

C.A .Ruchkin, A.V. Danilov

Development of a Multi-Agent System for Real-Time Modeling of Dynamic System Behavior

The paper examines the possibility of applying multi-agent approach to dynamic systems modeling and
research. A model of real-time multi-agent expert system is proposed. It provides the ways for automatic
performance of research process and forecasting of a dynamic system in the mode of real time.

Cmamba nocmynuia ¢ peoaxyuio 22.06.2011.
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