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AHoTauua: B nybaukaumATa ca NpeacTaBEHM HAKOM OT CbBPemeHHUTe pesyntatm B 06s1acTra Ha
M3rpaxk4aHeTo Ha MHOrOareHTHW CUMYMaLMOHHM MOZENN U MOJIE3HOTO MM MPUNOXKEHME B peauua
M3CNeA0BaTe/ICKN M MPaKTUYECKM OeNMHOCTU. PasrnefaHn ca OTAMYMTENHUTE XapaKTEPUCTUKM Ha
MHOTOareHTHUTE CUCTEMWU, MOTMBUTE 3a pPa3paboTBaHETO MM KaTO MHCTPYMEHTaNHW CPeAacTsa,
CTPYKTypaTa MM M OCHOBHMTE M3rpaXgal M KOMMoHeHTH. OTbensasaHM ca OCHOBHMTE
MEeTOZ0NI0TMYECKM NpobBaeMuM Ha Cb34aBaHETO HA MHOFOAreHTHM CUCTEMM 3a CHMMYIALMOHHO
mogenmpaHe. MocovyeHn ca HAKOM TUNUYHU NPeAMETHU 061acTU 33 NPUIOXKEHNE Ha MHOTOareHTHUTe
CUMYNAUMOHHN MOAenn. BKNIOYEHO e onuncaHune 1 CpaBHUTENEH aHa/IU3 Ha HAKOW OT Hal-NonynspHUTe
codpTyepHU MHCTPYMEHTU 32 MHOTOAreHTHO CUMY/IMPaHE.

Knouosu gymm: cmynaymMoHHO moaennpaHe, MHOroOareHTHU cuctemm, al'eHTHO-6a3VIpaHVI cncrtemu.

1. CblIHOCT Ha CUMYALUOHHUTE MOAENMN.

KomnioTbpHata cumynauus ce onpeaena KaTto wu3non3BaHe Ha ¢opmanHM (maTemaTUyeckn u
NIOTUYECKN) MOAEeNU 3a Npecb3daBaHe Ha JdadeHa cuTyauua (peanHa WMAM MHUMA), Hal-yecTo 4ypes
MHOFOKpaTHO MOBTOPEHME TaKa, Ye Aa MoraT Aa 6bAaT HanpaBeHU Noie3HM U3BOAN OKOI0 Pa3BUTUETO U U
Apuxkewmte n cunm. OBUKHOBEHO MoaenbT e GopMasHO ONUCaHME Ha CUCTEMA CbC CbOTBETHA CTEMeH Ha
AeTannnsauma (oT Hal-06LlO0TO M PYHKUMOHMpPAHE, A0 MbIHOTO M ONUCaHUE KaTo M3rpageHa OT BCUYKU
obxBaHaTK OT Hes enemeHTH). CMmynaumMsaTa NO3BOMIABA aHaAM3 Ha AMHAMUYHOTO NoBeAeHMEe Ha MoAena,
[OKO/IKOTO B HErO KaTo BaXKeH enemeHT e BK/oYyeHo BpemeTo. OCHOBHMTE NpeaMmcTBa, KOMTO oCurypasa
eAHa CMMynauMOHHa cpeaa ca:

- Cuctemata (MM yacT OT HeA) MoxKe fa 6bae TecTBaHa, HacTpoliBaHa W BanuaupaHa 6e3 aa e

HeobxoAMMO Aa ce U3Noa3Ba peanHa (Hanp. ¢usmnyecka) cpeaa.

- MpourpaBaHeTo Ha Pa3NIUYHU CLLEHAPUM , U3BbHPEAHM 0BCTOATENCTBA UM PUCKOBU MPOBEPKN MOXKe

Aa 6bae nsnbaHeHo necHo. besonacHo 1 6e3 pa3xoa Ha CKbNOCTPYBaLLM pPecypcu;

- NonyyeHnTe AaHHKU moraT Aa 6bAAT U3N0A3BaHM MHOTOKPaTHO 3a obyyeHre UAKM 33 NOAAPBIKKA Ha

cucTemata, CMMynaumsaTa moxe Aa 6bae M3nbHeHa TO/IKOBa MbTU, KOMIKOTO e HeobXoAMMO C oriea, no-

[06po pasbupaHe Ha GpYHKLMOHMPAHETO Ha OPUTMHANHATA CUCTEMA.

- CUMYNaUMOHHMAT NPOLLEC MOKe Aa bbae KoMmnpecupaH BbB BPEMETO, NPU KOETO B KpaTbK CPOK Aa

6bAaT NoAyYeHU pesynTaTi, M3NCKBaLWM AbAro peasHo Bpeme 3a paboTta Ha OpUrMHanHaTa cucTema.

CUMYNaUMOHHOTO MoAeNInpaHe e BarKeH efleMeHT OT CbCTaBa Ha CbBpPEeMEHHUTE VIHCI)OpMaLI,VIOHHVI
TEXHONOIMU, KOUTO AHEC LUMPOKO Ce N3MN0N3BAT B HAy4YHUTE U3cneaBaHnA U B ynpaB1eHNEeTo Ha UKOHOMUYECKUTe
1 Ha coumnanHuTe npouecu.

1.1 Cxema Ha cumynayuoHHUA npoyec

CUMYNaUMOHHUAT NPOLEC Ce CbCTOM OT HAKOMKO TWUMWYHM OCHOBHM ¢asu, He3aBMCMMO OT
pa3sHOO6pPa3MeTo B TEXHONOMMYHUTE pPeLleHus 1 cneumdmrKaTa Ha MogeAnpaHuTe npouecu n cuctemun. Obuwa



CXema, NpesCcTaBALLa PONATA HA CUMY/ALMATA KaTO MHCTPYMEHT 3a OMUCaHWe W NpeaBuKAaHe e NoKasaHa Ha
¢éwur.1.

U3nvnHeHue Ha cumynauuama

Mogaen u cumynatop O — f) [aHHK, reHepupaHu ot
X N cumynaumata
MogpenupaHe un AHanu3 1 MHTepnpeTauma
KOHCTpyMpaHe Ha Ha pe3y/TaTuTe: OLEeHKa Ha
cMmynaTopa mozena, cBbp3aHa ¢
ornucaHue u npeacKassaHe

\ 4
( D)
LleneBa cuctema —> HatpynaHu gaHHm

JluHamuka Ha ueneeama cucmema

®urypa 1: Obwa cxema Ha CUMYIALMATA KaTO MHCTPYMEHT.
1.2 Tpu ocHo8HU Nodxo00a 8 cumynayUoHHOMOo MmooenupaHe

B cneumanmsamnpaHuTe M3TOYHMLM ce 0TBeNA3BaT KaTo LAMO TPU OCHOBHM NOAX0A4a W Cb34aBaHETO Ha
UMUTALMOHHN MOLENM — CUCTEMHA AUHAMMUKA, AUCKPETHO-Cb6UTUEH 1 areHTHo-6a3upaH. MbpBuTe ABa ca
TPaAWUMOHHM METOAM Ha CMMY/IAUMOHHOTO MoAenupaHe, benexelwm gecetunetHa uctopus. MocnegHuar e
OTHOCUTE/IHO HOB U € NMOJIYYN CBOETO Pa3BUTME U NPaKTUUECKO NpuaoxeHue cnea 2000 roamMHa — Torasa, Korato
TEOPETUYHMTE N TEXHOIOTUYHUTE NPeAnoCcTaBKM NO3BO/IABAT TOBA [a CTaHe.

CuctemHaTa AMHaMMKa U ANCKPETHO-CbOUTUIMHOTO MoAenMpaHe U3Noa3BaT Noaxoaa ,,0Trope-Hagony”
(top-down) npu nscneaBaHeTo M ONMCAHUETO Ha LieneBus 0b6eKT uam npouec, paboTeinkn Ha T.Hap. “CUCTEMHO
paBHUWE”. AreHTHO-6a3MpaHOTO MOAEAMPaHe MW3MOo/a3Ba MPOTMBOMOJIONKEH noaxod — ,O0TAOAY-Harope”,
CbCpesoToYaBaKkM NpoLeca Ha MoZesMpaHe BbpXy NOBELEHWETO Ha UHAMBUAYaANAHUTE OBEKTW, BAM3alM B
CbCTaBa Ha MoZe/IMpaHaTa cucTema.

CuctemHaTa AMHaMMKa NpeAnoara BUCOKO PaBHULLE Ha abCTpaKLUMsA U ce M3M0A3Ba OCHOBHO B 33Jayu
CbC CTpaTernMyeckn npuoputeTh. [UCKPETHO-CbOUTUMHOTO MoAenvpaHe (M3BECTHO WM KaTo MpPOLEcHo-
OPWMEHTMPAHO) Ce M3MO/I3Ba B ONEPaTUBHUTE U TaKTUYECKM 3agaun. OBXBaTbT Ha MPUIOXKEHWE Ha areHTHo-
6asnpaHUTe MoOZeNM BK/IOYBA MPOM3BOJHM pPaBHMLWA Ha abCTpaKuuA: areHTuTe moraT Aa npeacTassaT
CaMOCTOATE/IHN CTOMAHCKM CyBeKTU, QYHKUMOHMPALLM Ha Nasapa, KOPMnopaTUBHW CTPYKTYPW, MOAUTUYECKM
CTPYKTYPW, KOMMNOHEHTM Ha CMCTEeMaTa 3a OTOpPaHa M CUTYPHOCT, eIeMEHTM Ha TPAHCNOPTHA MHQPACTPYKTYpPa,
TPaHCNOPTHM CPeACTBa, e/1eMEHTU Ha TOBAPO- M MbTHUKOMOTOLLM, YHAaCTHULM B FPYMNOBU COLMANHU CTPYKTYPU U
T.H.

2. MHoroareHTHM CMMyNaUUOHHU MO4EeNU

MHoroareHTHUTe cumynaumoHHu mogenn (MACM) ca cbBpemeHHa TeHAEeHUMA B CMMYNALMOHHOTO
MOZe/IMpaHe Ha CNOXKHN cucTemu. Te ca pe3ynTaT OT Pa3BUTMETO Ha TEXHUYECKUTE U TEXHOIOTUYHUTE CpeacTBa
B obnactta Ha MHOGOPMALMOHHUTE TEXHONOTMM M OT HanpeAbKa Ha GoOpManHMA maTemaTMyecku anapar.
MHoroareHTHUTE CUMYNAUMOHHM MOAEAN 3HAYMTENHO PasWMPABAT Bb3MOMKHOCTUTE Ha CMMYNALMOHHOTO
MoZe/IMpaHe KaTo U3cNeL0BaTe/ICKM NOAXOA M o NPaBaT yaobeH M epeKTUBEH 3@ MHOTO Pa3/iMiHK 0baacTu oT
Hay4HaTa 1 cTonaHcKaTa geliHocT. MACM e cpeAcTBO 3a MoAenvpaHe Ha AMHAMMKATA Ha C/IOXKHM NPOLLECH U Ha
CNOXKHM aJanTUBHM cUCTEMU. TaKMBA CUCTEMM HA-4eCTO ca camoopraHusmnpawm ce. MACM BKatouBaT mogenu



Ha nosegeHMeTo (Ha Xxopa UaK A4p.) U ce N3MON3BaT 3a U3CNeABaHEe Ha KONEKTUBHUA edeKT OT NOBEAEHNETO U U
B3aMmogencTeneTo Ha areHtute (MULTI-AGENT SYSTEMS... 2011).

OT rnefHa TOYKA HA NPAKTUYECKOTO CU MPUNOXKEHWE MHOrOAreHTHOTO CMMYJIAUMOHHO MOZEeAupaHe
MOMKe Aa ce onpenenm KaTto MeTo, 3a MogeMpaHe, u3caeaBaly, NoBeLeHNETO Ha AeLeHTPaAAN3NPaHM areHTn 1
TOBA KaK Te onpeaenaT noBefeHNETo Ha BKAOYBALLATA M cMcTemMa B CbBKynHocT (bopuies 2004).

MACM ca pa3sHOBWMAHOCT Ha eAWH NO-WMPOK KAAaC MHOTOAareHTHU MOAENU, U3BECTHU KaTO areHTHOo-
b6acmpaHu mogenu (agent-based models - ABM).

2.1 Cmpykmypa Ha MACM
OCHOBHWTE e/1eMeHTH Ha efnH areHTHO-6a3npaH cMMynauMoHeH moaen ca:

- AreHTM, NpuTexKaBally Bb3MOXKHO XeTePOreHHa cneunduKaLms Ha noBeseHNeTo;

- Cpepa, B KOATO areHTUTE GYHKLUMOHMPAT U OT KOATO NOJIy4aBaT CUrHAAW U Bb3NPUATUSA;

- MexaHU3bM Ha B3aMMOAENCTBUE MEXKAY areHTUTe — MOraT Aa BK/II0YBaT KaKTO AMPEKTEH, TaKa U
MHANPEKTEH 0OMEH Ha MHPopMaLmAa.

AreHTHO-6a3MpaHUTE MOAENM YecTo ce 0603HaYaBaT C PasIMYHM UMEHa, B 3aBUCMMOCT OT 06/1acTTa, B
KOATO HaMMPaAT NPUNONKEHUE U Ce CBbP3BAT C Pa3IMYHN METOA0NOrMKN. B 0bnacTTa Ha KOMMIOTbPHUTE HayKK
(HanpuMmep W3KYCTBEHUAT WHTENEKT, pa3npefeseHuMTe aBTOHOMHM CUCTEMM W Ap.) areHTHo-6asMpaHoTo
MOJENnpaHe ce CBbP3Ba C U3UYUCAUTENHM TEXHUKM U METOAM 32 CMMY/aumaA C Len u3y4yaBaHe NoBeAeHUeTo U
B3aMMOAENCTBMETO HA MHOXECTBO OT aBTOHOMHM 06eKTU. 3a 0603Ha4YaBaHETO Ha TO3M TN MOAENMN YecTo ce
M3MN0/13Ba U1 HaUMEHOBaAHMETO ,,MHOToareHTHU cuctemn” (multiagent systems, MAS) nau ,,areHTHo-6a3npaHm
cuctemmn”. B HayyHuUTe 061aCTU, KOMTO He ca NPAKO CBbP3aHK C NPUIOKEHMETO Ha KOMMNIOTbPHK CcpeacTBa (Hanp.
eKkosiorma, buonorma u ap.), areHTHo-6asnpaHnTe moaenn ce ob6o3HayaBaT KaTo ,MHAMBUAYANHO-6a3MpaHM
moaenun” (individual based models).

AreHT 2

nosegeHnero k) ——__ ewv3fjpuamue
ewb3npuamue

®urypa 2: CTpyKTypa Ha abCTpaKTHa MHOroareHTHa cUCTema.
2.2 ipednocmasKu 3a usnonzeaHe Ha MACM

MoTpebHocTTa OT u3nonssaHe Ha MACM ce cbabprKa B HapacTBaLLaTa C/AOXHOCT Ha CBeTa, B KOWTO
KMBEEM U B eCTeCTBOTO Ha 3aJauuTe, KOMTO CnenBa [a pellaBamMe B XOZ4a Ha COLMANHMA, MKOHOMUYECKU U
TEXHONIOrMYEH nporpec:

- CucTemuTe, KOUTO Kenaem Aa 6baaT aHanM3MPaHW U MOAENMPAHK, CTaBaT BCE MO-C/AOXMHU NO
OTHOLUEHME Ha TAXHATa B3aMMOCBbBP3aHOCT U BbTpeLHa CTPYKTYpa. TpaanUMOHHUTE Noaxoam 3a



MOZe/IMpaHe He ca NPUNOKMMM KbM TE3U NPOMEHEHU ycnosua. Npumep 3a nogobHa cuTyaums ca
AeueHTPaNn3MpPaHnUTE MKOHOMUYECKM BPb3KK, MPU KOUTO BCEKM y4acTHUK MOXe Aa usbepe ceon
WMHBECTMLMOHHA W Na3apHa NoMTUKa, CbobpasHO cobCcTBEHMTE CU NPeAnoYUTaHUA.

- Hes3aBMCMMO OT MPOMEHALMUTE CE€ MCTOPUHYECKU M MKOHOMWYECKM YC/NOBUA, HAKOW CUCTEMM
TPAAUUMOHHO Ce OT/MYaBaT CbC 3HAYMTE/SIHA C/IOMKHOCT M MO CbLLECTBO M3WMCKBAT CbOTBETHO
paBHULLE Ha Pa3BMTME Ha aHaNIUTUYHUTE METOAM;

- CbCTOSIHMETO Ha CbLIECTBYBALUMTE COLMAMHU, TEXHONOTMYHM M MKOHOMUYECKM CUCTEMU Ce
perucTpupa c HapacTsalla AeTalHOCT B Pa3/IMYyH1 MHOOPMALMOHHN U3TOUHULM U XPaHUIMLLA Ha
AaHHM. MUKpodaHHWTE Bedye moraTt Aa NnoaabpikaT cumynaumu Ha 6asaTa Ha MHAMBUAYAHM
OaHHW.

- TexHONOrMYHOTO PasBUTME M MOLLHOCTTA Ha MU3YMCAUTENHATE PECYPCUM NO3BOAABAT AeTail/Ha U
MacoBa CMMy/auMa Ha MUKPOPaBHULLE, KOETO 61 YCbBbPLUEHCTBANO PaAMKaNHO KavyecTBOTO U
npasaonoAo0bHOCTTa Ha CUMYNAUMOHHUTE MOAENN.

2.3 MHo20a2eHMHOMO ModenupaHe U 8Pb3KAMA MY CbC CXOOHU HAYYHU U HAYYHO-NPUAOHHU
obnacmu

Pa3paboTtBaHeTo Ha cuctemm ¢ MACM KaTo Hay4yHO-NPUIOMKHO HanpasaeHMe e CBbP3aHO C MHOTO Apyru
Hay4Hu obnacTu, OT KOUTO NON3BA UAEM, KOHLEMNLMU, METOAM U pe3ynTaTu. TyK BAM3AT KOMNIOTbPHUTE HayKM,
TEeopuA Ha ynpaB/JeHNETO, CUCTEMOTEXHMKA, U3KYCTBEH UHTENEKT U MALUMHHO CaMooby4yeHne, pasHOObpa3HK
K/OHOBE Ha COLMaNHUTE HayKM, MOCTUXKEHMA Ha TPaAWMLMOHHM MaTemaTuyeckum obnactv Kato Teopua Ha
BEPOATHOCTUTE, TEOPUA Ha C/ydaliHUTE MpPOLLEeCU M MaTemaTUyecKaTa cTaTucTMka. Heobxoammo e ga 6vaat
oTbenA3aHn n CbBpeMeHHUTE CpeacTBa M TEXHWKN 3a HabupaHe, opraHn3npaH, ynpasaeHue n ocTbn 40 AaHHU.
TeopeTnyHuTe NpeanocTaBkn Ha cuctemute ¢ MACM nmat cBouTe NpeKkn NCTOPUYECKU KOPEHU B TEOPUATA Ha
CNOXNUTE aJanTUBHM cuctemu. CbluaTa TeopmA ce OCHOBABA Ha MPUHLMNAG, Ye CUCTEMUTE Ce U3rparkaaT ,, 0TAoNy-
Harope“, T.e. Ye NoBeAEHMETO Ha CUCTeMaTa B LANIOCT Ce onpeaens oT NOBeAEeHNETO Ha CbCTaBALLMTE A AKTUBHU
M CaMOCTOATE/IHU eNeMeHTU-areHTU. lNoaxoabT Ha cuctemuTte ¢ MACM e onucaTeneH (ZecKpunTMBeEH) C
HaMepeHWe fa ce Mmogenupa [AeNcTBUTENHOTO WAM NpaBgonoabHO NoBeAeHWE Ha WHOMBUMAWTE, a He
HopMaTuBeH (KaKbBTO e B 061acTTa Ha U3cnedBaHe Ha onepaumuTe), KOMTO ce CTpeMu Aa onpeseny onTMMasHo
noseeHMe Ha cuctemata B uanoct. O6nacTTa Ha CIOXKHUTE afanTUBHU CUCTEMM MbPBOHAYA/IHO € BAbXHOBEHA
OT M3CNefBaHUATa BbPXy afanTaumaTa U Bb3HUKBAHETO Ha 6MonornyHute cuctemu. CAOXKHUTE afanTUBHM
CUCTEMM MMAT cNOcOBHOCTTA Aa ce CaMoOopraHU3paT U AMHAMUYHO Aa PEOPraHM3npaT CBOUTE KOMMOHEHTU MO
HaYMH, KOWTO MM MO3BO/ABA OLLENABAHETO U JOMUHMPAHETO B TAXHATa cpefa. OCHOBHUTE XapaKTEPUCTUKM Ha
CNOXKUTE aJaNnTUBHU CUCTEMM, KOUTO MMAT OTHOLLEHME U KbM MOZENNPAHETO Ype3 MHOroareHTHMA Noaxoa, ca
(Holland 1995):

- Arperauma — no3sonssat Aa ce Gopmmpart rpynu no obeanHABaLLM NPU3HALM;

- HenuHeMHOCT — eIMMMHMPaA NPOCTaTa IMHENHa eKCTpanonauus;

- TOTOYHOCT — N03BONABa NPEHACAHETO N TpaHCHOPMMPAHETO Ha Pecypcu 1 Ha MHGopmaLmA.

- PasHoo6pasue - N03B0ONABA Ha areHTUTE Aa Ce AbPXKaT NO Pas/iMyeH HauyuMH eduH OT APYr U YecTo
BOAM A0 CBOWCTBOTO ,,CTabuUNHOCT Ha cuctemara.

Cnepga u fa 6baaT oT6eNA3aHN MEeXaHU3MUTE, KOMTO OCUTYPABAT Ha CAOXMHWUTE aBTOHOMHM CUCTEMM
NOCTUraHeTo Ha NOCOYeHMTE CBOMCTBA: MapKMpaHe, KOETO NO3BO/IABA Ha areHTuTe Aa 6bAaT naAeHTUPULMPaHU;
BbTPELWHM MOAENMN, KOMTO MO3BONABAT Ha areHTMTe Aa “pascbik4aBaT’ OTHOCHO OKpb)KaBaljaTa MM cpena;
nsrpaxgawm 6,10KoBe, KOMTO NO3BONABAT OTAENHUTE KOMNOHEHTU U LANaTa cucTeMa Aa 6baaT KoMMNo3npaHm
Ha PasNNYHM PaBHMLLA. Te3n CBOMCTBA HA CNOXKHMUTE aBTOHOMHW CUCTEMM TU MPABAT OT/IMYHA NPEANOCTaBKa 3a
M3rpaxgaHeTo Ha MHOroareHTHo 6asmMpaHn mogenu.



2.4 CowHOoCM Ha azeHmMa

AreHTbT B MACM e KOHLENuus, KOATO aKLeHTUpa npeau BCUYKO BbpXy HerosaTa 060cobeHOCT u
camocToaTenHa GyHKUMA NO OTHOLWEHME Ha OCTaHaINTE e/IeMeHTU B ModennpaHaTa cuctema. Tasm KoHuenuma
He e KaTeropuyHo onpegeneHa U ¢ Hea morat ga 6b4aT 03HaYaBaHU Pas3/IMYHU KOMMOHEHTU, B 3aBUCUMOCT OT
nogxoAa v uenuTe Ha uscneasaHeto. Kato areHTn morat ga 6baat onpegeneHu oTAe/NHM YacTu OT Nporpama
(mogynun, noacuctemm w  Ap.), He3aBUCUMM OBEKTU, MPEACTABAABAM LEAM OPraHM3aLMOHHU WK
MKOHOMMUYECKN CTPYKTYPU, CAaMOCTOATENHO GYHKUMOHMPALLM eauHULM U Ap. AreHTbT KOMYHUKMpA C Apyru
areHTV B Cb3gajeHaTa CMMy/aLMOHHA cpea 1 pearnpa cnopes, 3a/10’KeHna B Hero Mogesn Ha nosefeHne — oT
CbBCEM OMNPOCTEH, [0 TaKbB, KOWTO € CBbP3aH C B3EMAHETO Ha CNOXKHU pelleHns U onTummsauma (our. 3). He
CblLEeCTBYBa YHMBepcanHa AedMHMLMA 33 areHT, HO KaTo MPU3HATU TUMUYHU HEroBM XapaKTEPUCTUKM MoraT Aa
6baaT NOCoYEHN cneaHuTe ocobeHoCTU:

- UpeHTudMuUMpyeMm, CaMOCbADBPIKALL, Ce M AUCKPEeTEeH CbC CbBKYMHOCT OT OnpeaeneHun
XapaKTeEPUCTMKM U NpaBuAa, YNPassaBally HEroBOTO NoBeAeHWe U cnocobHOCTTa My 33 B3emaHe
Ha peleHune. M3ncKBaHUATa 32 AMCKPETHOCT NPEANOAAraT, Ye areHTbT MMa CBOM rPaHuLUM U NECHO
MOMKe [a ce onpeaenu fanv AaaeH obeKT e yacT OT areHTa UaK He (4a ce pasrpaHuym oT cpeaaTta u
OT ApYruTe areHTu).

- PasnonoxeH u GpyHKUMOHMPaLY B cpesa, C KOATO CU B3aMMOZEICTBA 3ae4HO C APYrU areHTy.
AreHTUTE pasnosaraT C MPOTOKO/ 33 B3aUMOLENCTBME MOMEXKAY CWM, KaTO Bb3MOMKHOCT 3a
KOMYHWMKaLMA U 33 pearMpaHe Ha NPOMEHU B cpeaTta. AreHTuTe npuTexasaT cnocobHocTTa Aa
pa3no3HaBaT YepPTUTE Ha APYruTe areHTu.

- UeneBo-opMeHTUPAHM — areHTUTE MMAT MOCTaBEHU Le/M, KOUTO cinefBa fa [AOCTUIHAT uypes
nosegeHueTo cu. ToBa faBa Bb3MOXKHOCT Ha areHTa Aa CpaBHABA pe3y/iTaTa OT NOBeAEHNETO CU Mo
OTHOLLUEHWE Ha NOCTUTaHEeTO Ha LenuTe..

- ABTOHOMHMU M CAMOHACOYBALLY Ce — AareHTbT MOXKe Aa QYHKUMOHMPA HE3aBUCMMO B CBOATA Cpesa
M B OTHOLWIEHMATA CM C APYIU areHTU MOHe B OrpaHMuYeHa CbBKYMHOCT OT CUTYaLMMu, KOUTO
npeacTaBasaBaT UHTEPEC 3a Hero.

- 'bBKaBu, NnpuTerKaBalum cnocobHOCTTa Aa ce yyaT v Aa aJanTvpaT noBeaeHMeTo ¢y Ha 6asaTa Ha
OMWT, KOETO M3UCKBA HAKaKBa GopmMa Ha MameT. AreHTbT MOXKe Aa NMPUTeXKaBa MpaBuaa, KOUTO
moaMduumMpaT npasunaTa 3a NoBeAeHUMETO My, C KOeTO TOM MOXKe ga Hanozobssa couuaneH
deHomeH.



Apyruv areHTn
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AreHT:

o ATpnbytn

¢ [IpaBuna 3a nosegeHue

e [Tamet

e Pecypcu

¢ [IpaBuna 3a B3emMaHe Ha
pelweHne

e [IpaBunna 3a NnpomaHa Ha
npasunaTa 3a nosegeHune
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Cpepa

®urypa 3: TUNUYHM XapPaKTEPUCTUKM Ha aBTOHOMEH areHT.

AreHTuTe B egH MACM morart ga 6'b,CI,aT Pa3/IM4YHU KaTeEropuun - pasHoOpPo4Hn, CbOTBETHO U3Mb/IHABALLU
Pa3/IMyHA CI)yHKLI,VIVI, BOAEHU OT Pa3/IMyHU Uenn, aa NnpoTnBoONnoCTaBAT NOBEAEHNETO CU UM Oa Ce Koonepupar 3a
NOCTUraHe Ha 06U.I,M Luennm — B CbOTBETCTBUE CbC CI'IeLI,VId)VIKaTa Ha moaennpaHaTta cuctema u

2.5 Cneyugukayus Ha noeedeHuemo Ha azeHmume

CI'IeLI,Md)VIKaU,MHTa Ha NoBeAeHUNETO Ha areHTUTeE MOoXKe Aa Ce pa3rieaa Kato CbCTaBeHa OT ABa €/1eMeHTa.
MbpBUAT OT TAX Tpﬂ6Ba Aa Jage npasusiHa npeacrtaBa 3a lCI,(-Zl\/"ICTBlfi)‘iTa Ha areHTa. ﬂ,eﬁCTBMﬂTa Ca oOCHoBoONMoarawm
€/1eMEHTU 3a NOBEAEHNETO Ha areHTa — 1e MoraT ga Nnpu4YnHAT MO,CI,Md)MKaU,MM B Cpeaata nan B Apyrute areHTy,
y4yacTBalm B mogena. BbamoXKHUTE pelleHnA 3a npeacTtaBAHe Ha ,D,eVICTBVIHTa Ha areHTa ca:

- TpaHcdopmaums Ha 06LWOTO CbCTOAHME HA CUCTEMATa;

- JlokanHa moamduKauma Ha cpeaara;

- PeaKuus Ha BAUAHMETO, CbOTBETCTBALLO HA Bb3MNPUATMETO HA areHTa;

- M3nbaHeHWe Ha M34YMCNEeHUA, BbTPELIHO 3a areHTa, 3a 06paboTka Ha MoJyYeHUTe AaHHW U 3a
onpeaensHe Ha HOBOTO MYy CbCTOSIHUE;

- ®dusnyecko NnpemecTBaHe Ha areHTa B NPOCTPaHCTBEHATa CTPYKTYypa Ha cpeaarTa.

LApyrmat enemeHT B CI'IELI,MCI)MKaLI,MHTa Ha noBegeHNEeTO Ha areHTa € MeXaHn3mMbT 3a ed)eKTMBEH M360p
Ha ,CI,EVICTBMETO, KOeTo Tpﬂ6Ba Aa 6'b,£|,e M3Nb/IHEHO, Cbr/1IACHO MNOCTLMUIOTO BB3INPUATUE U BBTPELIHOTO
CbCTOAHME Ha areHTa. CDyH,CI,aMEHTa}'IHa XapaKTepnCTnka Ha areHTa e cnocobHocTTa My Aa B3eémMa He3aBUCMU
peweHuna. ToBa M3UCKBA OT areHTUTe Aa Ca aKTUBHU M Aa NJAHMPAT NOBEAEHNETO CM, BMECTO Aa 6'b,CI,aT n3uAano
NacMBHM KOMMNOHEHTN B moAeNa.

BbTpeluHaTa CTPYKTypa, OTrOBOpHA 3a M360pa Ha AeWCTBME OT areHTa, ce 03HayaBa KaTo Herosa
apxXuTeKTypa. TepMUHBT ,apXMTEKTYpa Ha areHTa” e BbBeaeH oT Russel and Norvig 2010 1 ce oTHaca Ao mogena
Ha BbTpeLUHaTa My CTPYKTYPa, KOATO € OTTOBOPHa 3a M360opa Ha AeicTBME. Bb3MOXKHM ca PasIyHU apXUTEKTYPU



Ha areHTUTe, LLO Ce OTHacA A0 onpeAensHeTo Ha cneundUYHOTO NOBeAeHWe Ha areHTa W Te Hal-obwpo ce
KnacuduumpaT KaTo PeakTUBHU, KOTHUTUBHU AN XMBPUAHMN.

PeaKTUBHUTE areHTHU Ca e/leMeHTapHN areHTu (Hali-yecto 6e3 namerT) c onpeaesieHa No3nuUMA B cpeaarta.
PeaKTUBHMTE areHTM W3MbAHABAT AENCTBMATA CU KaTo MOCNeA0BaTeNHOCT OT Bb3MpPUEMaHe Ha CTUMY/M,
MOCTbMNBALLM OT APYrMTe areHTV 1 OT cpedaTa — KaTo UANo cneundmKaumaTa Ha NOBEAEHNETO Ha Ta3u KaTeropus
areHTM BK/IHOYBA CbBKYMHOCT OT NPaBuAa ,,ycaoBume — aeictene”. Tasu cneundukauma moxe aa 6bae fonbaHeHa
CbC cTpaTerys 3a u3bop Ha AeicTBMe, B Cly4anTe, KOrato morat 4a 6b4aT akTMBMPAHK NOBEYE OT eAHO AeWCTBME.
B TO3M c/lyyait MOTMBMPOBKATA 33 U360p Ha AeCTBME HOPMAIHO NMPOM3TUYA OT CbBUTUE, HAaCTLNWAO B cpeaarTa.

KOrHUTMBHUTE areHTU ce XapaKTepmsmnpaT C NO-CNOKEH MEXaHM3bM 33 U36op Ha AENCTBUE M TAXHOTO
noBefeHMe ce OCHOBaBa Ha TaKa HapeyeHuTe ,,MeHTasIHU" CbCToAHMA. MocnegHUTe NpeacTaBAT 3HaHUATA Ha
areHTa OTHOCHO CpeZaTa M Mo Bb3MOXHOCT —,,CNIOMEHUTE” My OTHOCHO OMUT OT MMHANOTO. KOTHUTUBHUTE areHTH
3a BCAAKA Bb3MOKHA peauLa OT Bb3NPUATUA Ce ONUTBAT Aa HAMEPAT CbOTBETHA peauLLa OT AeNCTBUA, KOATO UM
No3B0O/IsIBa NOCTUrAHETO Ha CbOTBETHATA Les. KOrHMTMBHUTE moaenn, 0BMKHOBEHO AebUHMPAHU B KOHTEKCTa
Ha 3aJauuTe 3a NaHUpaHe, NPeAoCTaBAT U3PUYHO CUMBOJIHO HA BbHLLIHMA CBAT (BKAOUMTENHO U APYrUTe areHTn)
N TexXHUTe peweHnA ce OCHOBaBaT Ha JZIOTMYECKU pa3CbXAeHunAa U MaHunynampaHe Ha CUMMBOINU. TunnyeH
npeAcTaBuTeN Ha TasW rpyna areHTU ca BK/OYeHUTe B Taka HapedeHuTe BDI-mogenwm (beliefs, desires and
intentions).

XubpuaHata apxuTeKTypa e aeduHMpaHa KaTo KOMBUHAUMA OT ApyruTe ABe. ATeHTbT MOXKe Aa UMa
MHOTOC/IOMHA apXUTEKTYpa KbAETO KOTHUTUBHWUTE cnoeBe ca 6asupaHM Ha CMMBOJIHOTO MNpeacTaBsHE Ha
OKpPbJKABaLLMA CBAT, Te reHepupaT NJaHOBe WM B3eMaT PELUeHWs, AOKATO PeaKkTUBHWUTE C/I0EBE M3Mb/HABAT
[eNCcTBUA KaTo Pe3ynTaT OT Bb3NPUEMaHEeTO Ha BbHLLHM CTUMYIN. CTPYKTypaTa Ha c/loeBeTe MoXKe fa 6bAe KaKTo
BEPTMKA/IHA, TaKa M XOPU3OHTaNHa. B XopM3oHTaNHaTa CTPYKTypa C/0eBeTe He ce CBbP3BaT C NPUOPUTETU U
Pe3yNTaThT, NOJIy4YeH OT Pas/IMYHUTE C/I0eBe MOXKe A3 6bae KOMBMHMPaAH, 3a a ce onpeaenun NoBeAeHUeTo Ha
areHTa. Korato cnoeBeTe ca OpraHM3MpaHuM BEPTUKaNHO, PeaKTUBHUTE C/I0EBE MMAT MO-BUCOK NPUOPUTET OT
KOTHUTUMBHMUTE, KOUTO Ce aKTMBMPAT CAMO KOraTo HMKOM peakTUBEH C/IOM He ce aKTUBMPA OT BbHLUEH CTUMYJI.

MACM moraT ga 6bAaT CbCTaBEHW OT KOTHUTUBHM areHTH (KaTo U0 — Herosim 6poii), BCEKM OT KOUTO
obpaboTBa cobcTBEH MoAen 3a MNpeacTaBsHE HA 3HaHWA, Onpejensiy MoBeAeHVWETO Ha areHta MU
B3aMMOZEWNCTBMETO My C AOPYyruTe areHTM U cbC cpegata. CboTBETHO — moraT 4a 6bAaT Cb3JafeHu U
MHOTOAreHTHNU MOZeNM, CbAbPMKALM CaMO PEeaKTUBHM Mogenu. To3u TUM CUCTEMUM Ce OCHOBaBaT Ha
npeanoNoXKEeHNETO, Ye He e HeOBXOAMMO OTAE/IHUTE areHTU Aa NpUTeXKasaT MHAMBUAYANEH WHTENEKT, 3a 43
AEMOHCTPMPAT C/I0XKHO NoBefeHNe Ha cucTemaTa. MogaenvTe ¢ peakTMBHW areHTM 06MKHOBEHO Ca NO-YCTONYMBHM
M NO-TONEPaHTHW HA OTKasM OT APYrUTe areHTHo-6asMpaHu cuctemu. Lpyru npegumctea Ha CUCTEMUTE C
PEaKTMBHM areHTM ca bBKABOCTTA M afanTMBHOCTTA, 3@ Pas3/iMKa OT HAKOW CUCTEMM, peanvsnpaHy upes
KOFHUTMBHM areHTU. CbyeTaBaHETO Ha ABaTa TUMa areHTM MMa MAenTa Aa ce KOMOMHMPAT U YCUNAT TexHuTe
npeaymcTBa.

2.6 NpedcmassaHe Ha e3aumodelicmeuemo mexcdy azeHmume

B3anmoaencTBMETO MeXKAY areHTUTe e KN4oB acnekT B MACM U e TAXHa NPUCbLLA XapaKTepuCcTUKa,
KOATO MM MNO3BONABA Ja pewasaT npobnemy vMan ga nocturaT ueamte cu. To OTpassBa CbLLIHOCTTa Ha
MoZeNMpaHeTo KaTo ¢akTa, ye oblaTta AMHAMMKA Ha MOAe/NMpaHaTa cMcTema ce NnoJsiydyasa KaTo pesynTaTt oT
B3aMMOAENCTBMETO M NOBEAEHNETO HA BK/OYEHUTE B HeA YacTu. CTPOro KasaHo, 3a HAKOW Pa3sHOBUAHOCTM Ha
MACM obLaTta AMHaMKMKa Ha cucTemarTa ce onpeaens e 4MHCTBEHO OT CyMapHMA edeKT Ha IoKaNHWUTe NoBeAeHUs
M B3aMMOZENCTBUA TaKa, Ye He BUHArM MoKe Aa ce roBOopu 3a Bb3HMKBALLLO NOBeAEHWE, KOraTo ce roBopu 3a
MACM. MNpeanonoKeHusaTa, KOMTO Ca B OCHOBATa Ha KOHCTPYKUMATA Ha MOZENa Ha B3aumopgeincreune (Mam B
nsbopa Ha CbLLECTBYBALL, MOAEN 33 MPOEKTUMPaAHEe WM M3MbJIHEHME Ha KOHKPETHO MPUIOXKEHWE) ca TBbpae
CbLUECTBEHU M MMaAT AbJOOKO Bb3AeNCTBME BbpXy AedUHMPAHETO Ha camuTe areHTW (Hanp. npeesogay oT
cneunduueH e3mnk, NPUEeMHUK Ha CUrHaAM U T.H.). O4eBMAHO e, Yye MexaHU3MMUTe Ha B3aMMOAEeNCTBME OKa3BaT



CEPUO3HO Bb3AENCTBME BbPXY MOAENINPAHETO, NPOEKTUPAHETO U PEANN3UPAHETO Ha NPUIOMNKEHMA 33 KOHKPETEH
sng MACM, KonTo Ha CBOM pef, ce OCHOBABAT Ha crneumduumpaH MOAEN HA B3aUMOAENCTBME.
Hanuue ca ABa OCHOBHM acnekTa B MOAE/NMPAHETO Ha B3aMMOAEWNCTBMETO MeXAY aBTOHOMHUTE

areHTu:
- Koit c Koro e cBbp3aH?
- Kaksu ca mexaHM3mUTe, onpeaensawm gMHaM1MKaTa Ha B3aMMogencTemeTo?
OTt6ennasBat ce M ABe OCHOBHWM Pa3sHOBMAHOCTM HA MOAENa Ha B3aMMOLENCTBMETO MEXAY areHTuTe B
MACM:

- [OunpekTHO B3aumopencteme;
- WNHampeKTHO B3anmogeiictane.

[ANpeKTHOTO B3aMMOAENCTBUE MEXKAY areHTUTe NpeAnonara, Ye MOSebT He BK/OYBA HAKAKBa dopma
MAM abCTPaKkumMa Ha KOMYHUKAUMOHEH KaHai. KOMyHMKaumaTa B TO3WM CAyyaii ce M3BbpLIBA Ype3 0bmeH Ha
CbObLLEHNA, 8 KOMYHUKMPALLMTE NAPTHbOPU Ca U3PUYHO YNOMEHATU B HeMHWNA mogen. CBbP3aHUAT C TO3U Mogen
MEeXaHU3bM NPeABUNKAA CbLLECTBYBAHETO Ha NPOTOKO/ 32 06MeH Ha CbobLLEHMATA OT TMNA ,0T TOYKA A0 To4YKa“
(point-to-point).

MogenbT Ha MHAMPEKTHO B3aMMOAEWCTBME npeanosiara CbLECTBYBaHe Ha crneumanHa cpeaa,
Cb33[eHa 3a A3 OCbLLECTBM KOMYHUKALMATA MeXAY areHTuTe. Hakon moaenv Ha MHAMPEKTHO B3aumogelncTame
BKJ/IIOYBAT T€3M MEXaHM3MM Ype3 JOMbJIBaHE Ha cpefaTa, B KOATO GpYHKLMOHMPAT areHTuTe. CTporo norneaHaTo
B3aMMOJEWNCTBUETO MEXKAOY areHTUTe Kato UAN0 € WHAMPEKTHO [OpW M KOraTo ce npuiara AMpeKTHa
KOMYHMKauua. Ha NpakT1Ka B NOBEYETO OT Te3W C/ly4aun Ce Npuaara KOMyHMKALMOHHA CTPYKTYpa, NoALbPMKaLa
HageXOeH MeXaHM3bM 3a NpeJaBaHe Ha CbobLLEHMA OT TOYKa A0 TOYKA.

KoHuenTyasHaTa TaKCOHOMMA Ha NO3HATUTE MOZE I 3a B3aMMOZENCTBUE MEXKIY areHTUTe e NoKasaHa
Ha ¢wur. 4.
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durypa 4: TaKCOHOMMA HA MOAENNTE HA B3aUMOAENCTBME Mexay areHTuTe (Bandini 2009).
2.7 Tononozus Ha e3aumodeiicmeuemo

TononorvaATa Ha BPb3KUTE MEXKAY areHTUTe ONpeaens Kak areHTUTe ca CBbp3aHu Nomexay cv. B MHoro
C/Nly4yam areHTMTe mMoraT Aa 6b4aT CBbP3aHM eaHOBPEMEHHO B HAKOJ/IKO TOMOOTUM — HanpuMmep TOMoAOMMA Ha
NPOCTPAHCTBEHUTE BPB3KM M TOMOMOMMA HA BPb3KM OT Apyr Xapakrep (npodecroHaneH, couuane,
TeXHONOrNYeH 1 ap.). AedrHMpaHeTo Ha TONOAOrMATa NOACHABA U NOHATMETO ,CbCeACTBO” MeXKAay areHTuTe. To
BKJ/IIOYBA TE3W OT TAX, C KOUTO KOHKPETHMA aBTOHOMEH areHT MOKe [1a KOHTaKTyBa HENOCPeACTBEHO.

CxemMu Ha TMNMUYHM TONONOTNK Ha B3aMMO,CI,eVICTBME Ha areHTuTe Ca NoKa3aHW Ha d)MI'. 5.



Kpanhu aBTOMaATH Esknnposo
(no ¢poH HoimaH) NPOCTPAHCTBO

Mpexosa Tononoruna

leorpadckn MHPopMaLMoHHN
cucTemm

durypa 5: TUNMYHM TONONOMMM Ha BPBb3KUTE Mexay areHTuTe B MACM.
2.8 Cpeda Ha azeHmume

CpepgaTa e Ta3n KOHUenuMa B MHOrOareHTHMA MoAen, KOATO onpeaena ycaoBuATa 3a d)yHKLI,VIOHVIpaHe

Ha areHTuTte, 3a TAXHOTO noBegeHwune U 3a B3aVIMO,L'l,eVICTBVIeTO UM C Apyrmn areHTn. EgHO onpegeneHne Ha

NMOHATUETO ,,cpep,a” ce 0CHOBaBa Ha MOCOYBAHETO HA HeNHUTe CI'IeLl,VI(bVI‘-IHVI OTroOBOPHOCTU:

aHan3

- OTpassBaHe, peBM3MpaHe WKW ynpaBieHWe Ha CTPYKTypaTa Ha ¢u3MyecKkaTa MAM CcoLManHaTa
KOHCTPYKUMA Ha UsAnaTa cuctema;

- BrparKpaHe u noanbpiKaHe Ha peryanpaH JocTbn 40 06EKTU M YacTu OT cUCTemaTa, KOMTO He ca
npeacTaBeHu KaTo areHTy;

- Bb3npuATHe Ha areHTa M pasnooXKeHo geictene (TpabBa aa ce oTbenexu, Ye B3aNMoAENCTBUETO
MeXay areHTuTe TpAbBa [a ce pasr/ieXKaa KaTo KOHKPeTeH BUA, AeICTBUE);

- OcwurypsiBaHe Ha Bb3NpPUATUATA Ha areHTUTE M NoAAbPXKaHE Ha U3NbAHABAHWUTE OT TAX AENCTBUSA
(BKNtOYBA M B3aMMOZENCTBUATA MEXKAY areHTUTe KaTo cneumduryHa KaTeropus aencrems);

- Moaabp:kaHe Ha BbTPELHATa AMHAMMKA Ha Mogena (cuctemaTa) (NPomaHa Ha HaIMYHUTE Pecypcy,
npeHacaHe Ha CUrHaAn u ap.);

- [deduHunpaHe v HanaraHe Ha npasuna.

2.9 MHo20a2eHMHAMA cumynayua U cmamucmu4yecKus aHanu3

Cnepga aa ce 06bpHe BHUMaHME Ha $aKTa, e MHOTOareHTHUTE MOAENAN U YNCIEHUAT (CTaTUCTUYECKM )
Ha AB/eHMATa M MPOLUECUTE He Ca B3aMMHOM3KAUYBAWM ce. B peanHute mMscneggaHua Te Yecto ce



[OMbABAT B3aMMHO KaTo noaobpasaT KauyecTBOTO Ha CUMYNaUMOHHMA Mogen. MHoroareHTHUTE Modenu u
YMCNIEHMAT aHa/n3 ce U3NON3BaT Ha Pa3/IMYHM PaBHMLLA Ha MoAesimpaHe. [TbpBUTE HaMMPaT NPUNOXKEHME KaTo
aHasIorMyYHO CbOTBETCTBME Ha peasHaTa cucTema. OT TAXHATa peanusauma MOXe [a ce M3BneKkaT obumTe
napameTpu, KOMTO Aa 6bAaT U3YHEHW M BKIIOYEHM B MaTeMaTUYecKu Moges. B mHoroareHTHaTa cumynaums
YMCNEHUTE AaHHM U CTaTUCTUKM He ce npeHebpersar, a ce M3no/3BaT KaTo OLeHABaLLA NpoLeaypa 3a CpaBHABaHe
Ha pe3y/iTaTuTe, NOCTbMNBALLM OT CUMY/IMPALLLOTO CPEACTBO, C AaHHUTE OT HablAeHUATa OT PpeasiHo NPOTUYALLMUA
npouec. TakMBa maTemaTMYeCcKn MOAE/IM Ce U3MO0/3BaT Ha MaKpo-pasHuLe, gokato MACM ce M3nonssar KaTo
CBbP3BaLLO 3BEHO 33 06061 aBaHe HA nocaeauumMTe OT MHAMBUAYAAHOTO NOBEAEHME U B3aUMOAEWCTBMETO Ha
areHTuTe.

3. MeTtogonornyecku npobnemn Ha copTyepHaTta peanusaumna Ha MACM

MeTogonornyeckute npobaemm Ha peannsaumAaTa Ha MHOFOAreHTHUTE CUMMYNAUMOHHW CUCTEMM ca
CBbp3aHM C 0cObeHOCTUTE Ha M3rpaxgaHeTo MM nog dopmaTa Ha codpTyepHM NPOAYKTU M pelleHns. Te ce
OTHacAT A0 cneunMdUUMpPaHETO Ha OCHOBHWUTE M3MCKBAHMA KbM CMCTEMATa 3a MHOrFOAreHTHO MoAenvpaxe,
M3UCKBAHMATA KbM CTPYKTypaTa U apXuTeKTypaTta M, onpesensHe Ha OCHOBHUTE M KOMMOHEHTU W TexHUTe
dyYHKUMOHanHocT1, dopmaTa Ha NpPeaCcTaBsAHE Ha pesyaTaTuTe U 4p.

3.1 M3ucKeaHuUs KbM copmyepHama cucmema 30 MHO20a2eHMHO modenupaHe

OCHOBHMTE U3UCKBAHUA KbM CUCTEMA 32 MHOTOAreHTHO MmogenupaHe oT rnegHa To4Ka Ha CTaHOapTuTe
N TEXHONOTUNTE Ha OTBOPEHUTE CUCTEMMN:

- Paswwupsaemoct — cuctemata TpsAbBa fa NpuTerKaBa MoAy/IHa CTPYKTypa ¢ onpeaesieHa CTeneH Ha
CNOXHOCT. HeobxoamMmo e ga 6bae HaMYHa Bb3MOXKHOCTTA 3a AONbJ/IBAHE WM paslLMpsBaHe Ha
aTpmbyTUTe M Ha MOBEAEHWETO Ha areHTUTe yYpes AobassaHe Ha AOMbAHUTENHU QYHKUMOHANHM
KOMMOHEHTH.

- MpeHocumocT — cuctemata TpsbBa ga 6bae rbBKABa, YCTOMUMBA M NPeaM BCUUKO HE3aBUCKMMA OT
TEXHONIOTUATA U KOHKPETHATa apXMTeKTypa. ToBa cnomara He caMo 3a yA06cTBOTO M fleKoTaTa Ha
npeHacsiHe Ha CUCTeMaTa, HO CbLUO M 33 CbMPOBOXKAAHETO M B PA3/IMUYHM CPeaU U BbPXY PasiNyHU
nnaTpopmu.

- WMHTerpanHa onepaTtMBHOCT — cvcTemMaTa TPA6Ba Aa ocUrypsaBa NoaapbiKKa Ha MHTerpauma ¢ apyrm
codpTyepHu KoMmNoHeHTU. ToBa NPoM3THUYa NPeay BCUUYKO OT HeeAHOPOoAHATa NpUpoaa Ha npoueca
Ha moaenvpaHe — U cpeaaTa 3a MoZe/IMpaHe, U areHTUTe, U aaropuTMUTE 3a NOBEAEHMETO U 33
KOMYHWKaUMATa MM, U MeXaHM3MUTe Ha NJaHuWpaHe Ha CcbbuUTUATA He ca onpegeneHu
npeggapuTenHo. Hewo noseye — Te MoraT MOCTOAHHO Aa Ce PasWMpPABaT, M3MeHAT, Ja ce
YCbBbPLWEHCTBAT WM MPOCTO Aa Ce NOAMEHAT OT U3CNe[0BaTeNs.

- MMpoctoTa Ha M3NON3BaHeTO — YMNpPaB/JEHWETO Ha CMCTEMaTa 3a MoAenupaHe Tpsabea da bbae
cnofenieHa No CbBCEM ECTECTBEH HauMH MeXKAYy Pas/MYHUTE KaTeropuu noTpebutenu: KpanHu
noTpebuTenn, ekcnepTu, UHKEHEPU Ha 3HAHMS.

- Bb3MOMKHOCT 32 NapanesiHoO U3NbJ/IHEHUE U 3a YNPaBJ/IeHUe C OTAA/IedeH AO0CTbN — ePeKTUBHOTO
MOZeNMpaHe M3KUCKBA NOAABPYKAHETO Ha M3YMCIEHUA B XeTeporeHHa cpefa. 3a Tasu uen e
HeobX04MMO Aa e HauLe OTBOPEHa CNeundrKauma Ha BCUYKM NMPOTOKOAM U BbHLUHW UHTEpdECH
3a OpraHusMpaHe Ha B3aMMOAENCTBUETO MEXKAY KOMMNOHEHTUTE U.

- Bb3MOXKHOCT 32 AMHAMUUYHO CBbP3BaHE HAa NPOrPaMHM MOAYAMN — [ia Ca HaWLe NPeanocTaBKy 3a
[ob6aBAHe M NPOMAHA Ha NPOrPamMHM KOMNOHEHTU B NPOLLECa Ha U3MbAHEHWE Ha UMUTaUMATa, 6e3
NpeKpaTABaHeTo U Bb30OHOBABAHETO MY.



3.2 Cmpykmypa Ha cucmemama 3a modeaupaHe

OCHOBHUTE KOMMOHEHTW, CbCTaBALWM CUCTEMATA 3a MOoAeNInPaHe, Ca NOKa3aHU Ha d)MF. 6.

OHTONOrNA

Moaynu Ha

ﬁ areHTuTe
Cucrtema 3a %

ynpaBs/ieHue Ha <:> %

Cpepa
3a

Mogaenupane MoZeNIMpPaHeTo

O6ekTn Ha cpepaTa Mopaynm 3a HabupaHe
3a mogenupaHe Ha CTaTUCTUKM

durypa 6: CTpyKTypa Ha cucTemara 33 MogeInpaHe.

Cuctemata 3a ynpas/ieHMe KOHTPOAMPA NPOTUYAHETO HAa CMMYNALMOHHWUA Mpouec U ce CbCToM OT
HAKOJIKO paBHULA:

- HyneBo paBHMLLE — 4aCT OT apxMTEKTypaTa 3aBMCMMA OT Xapayepa U OT onepauMoHHaTa cpeja —
MO CbLLECTBO OCUTYPABA U3MbJHEHMETO Ha QYHKLMUTE Ha AAPOTO Ha cMCTEMATA.

- AAPO — CbAbpP)KAa OCHOBHWUTE (YHKLUMM 33 ynpaBieHWEe W KOOPAMHMPAHE Ha KOMMOHEHTUTE,
CbCTaBALLM cUcTemaTa. DyHKUMKTE CieBa 4a ONepupar c abCTPaKTHU KaTeropmm Ha PaBHULLETO Ha
WHTEpOENCUTE, T.e He CeABa Aa 3aBUCAT OT KOHKpPETHaTa peannsaums.

- CACTEMHM KOMMOHEHTU — CbabpKaT MeToaM, anropuTMM, CXEMW U CTPYKTYPU Ha [aHHKU 3a
ynpaBAeHUE Ha X043 Ha UMUTALLMOHHMA NPOLEC C MOMOLLTA Ha GYHKLMUTE Ha S4POTO.

- NpunoxeH nporpameH uHTepdeiic (API) — npocnoiika 3a AOCTbN A0 BbHLWHM KOMMOHEHTH,
CUCTEMHM KOMMNOHEHTU U 40 GYHKLUMUTE HA A4Pp0TO. PaKTUUECKM CbAbPMKa MMEHa Ha npoueaypu,
MO KOMTO BLHLUHUTE MOAYIN MOraT 4@ B3eMaT y4acTue B yNpaB/ieHMeTo Ha UMUTALMOHHMA NpoLec.

- KomnoHeHTH Ha rpaduuHua notpebutencku uHtepdeiic (GUI) — moraTt aa ce M3nonseaT KaKTo
anapaTHO 3aBUCMMM UHTepdEencH, Taka 1 cneumnanmsnpaH otBopeHn bubamnotekn (OpenGL).

- PaBHuMWe 33 OTAaNeUYeH A0CTbN — JOMbAHUTENHO COMaraTeIHO (MPOKCK) paBHULLE, OTFOBaPALLO
3a oTganeyeHo u3BMKBaHe Ha npoueaypu (RPC) B cucTemuTe ¢ pasnpegeneHo mogennpaxe. Toea
paBHULLE NO3BONABA Ha OCTaHa/IUTE KOMMOHEHTM Ha cMCTeMaTa 4a MMaT eAHOTMNEH A4OCTbN A0
NOKaNHUTe U oTAaNedeHnTe 06eKTW. PaBHULETO NpeaocTasa 0bLmM MHTepdelicH 3a Mapluanmnsaumsa
(npeacTaBaHeTo Ha 06EKTUTE B NPEHOCMM M Bb3CTaHOBMM BUA) U 33 NPeHaco4YBaHe Ha U3BUKBAHETO
Ha 06eKTu.



Ob6waTa CTPYKTypa Ha cucTemaTa 3a ynpaB/ieHWe e NoKasaHa Ha ¢ur. 7.
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durypa 7: CTpyKTypa Ha cucTemMaTa 3a ynpas/ieHue.

3.3 A2eHmu u hyHKYUOHaAAHUMe um mooynu

Hail-edeKTUBHMAT noaxon 3a peanusMpaHe Ha areHTUTe e OBEeKTHO-OPUEHTUPAHUA. AreHTuTe ce
npeacTaBAT KaTo OGEKTM, KOMTO nonssaT WHTepdeicute, NpesocTaBAHM OT AAPOTO M OT CUCTEMHUTE
KOMMOHEeHTU. Hapeps, ¢ TOBa areHTMTe NpeaocTaBAT cObCTBEHN MHTepdelicKH 3a ynpasieHve 1 3a HabupaHe Ha
CTAaTUCTMKU. MoZyNHaTa apxXMTEKTypa Ha areHTa e npeacTaBeHa Ha ¢ur. 8 .

PeuenTtopu EdekTopu
—
KoHTponep Ha —
Ancnevep [~ areHTa
MameTt
|
BsemaHe MeTa-
Ha npaBsuna
pelweHune
i >
KoHTelnHep 3a BbHLHW KOMNOHEHTU
rA
EC

durypa 8: PyHKUMOHANHA CTPYKTYpa Ha areHT.



ApxuUTeKTypaTa Ha areHTa BK/IIOYBA LEHTPAseH KOMMOHEHT-KOHTPO/EP, OTrOBOPEH 3a MpoLeca Ha
¢bYHKLMOHMpaHe Ha areHTa. CblumaT nosyyaBa MHGOPMaLLMA 3a cpelaTa Ha MoAevpaHe oT peuentopuTe. Bb3
OCHOBa Ha MNOJyYeHWTE JAHHW W Ha Ha/MYHUTE AaHHM B MAaMeTTa Ha areHTa, KOHTpo/iepbT npesasa
yNnpaBAeHMETO Ha QYHKLUMOHANHUTE MOAY/N.

DYHKUMOHAIHUTE MOAY/M Ca BbHIWHATE MPUCbEANHAEMM KOMMOHEHTH, KOWUTO OTroBapaT 3a
CTPYKTypaTa, 3a NoBeAEeHMETO M 33 CEMaHTUKaTa Ha areHTa. Te moraT 4a ce peanvsunpar nog popmara Ha 6asa ot
3HaHWA, MeXaHM3MK 3a B3eMaHe Ha pelleHue, MeXaHW3MW 3a JIOTMYeCKM M3BOA, MOAY/IM 3a CbbupaHe Ha
MHPOpPMaLMA, HEBPOHHM MOZENN, MOAY/IN 33 B3EMaHe Ha PelleHne B YCI0BUA Ha HeonpeaeneHocT n ap. Te ce
npeacTasaAT BbB BMA Ha OYHKUMOHANHM G10KOBE, CbAbPMKAT BXOA, M3X0A, MOACMCTEMA 3a ynpas/ieHue K
CpeAcTBa 3a peannsaums.

AKTUBHUTE OEWCTBMA OT areHTa ce npegnpuemat oT epektopu cnen obpaboTkata Ha nocTbnuaUTe
JaHHU OT QYHKUMOHaNHUTe moayau. MHdopmaLumaTa 33 AeCTBMATA Ha areHTa ce npeAasBa Ha cUcTemaTa 33
ynpaBaeHWe Ha MOAENNPAHETO OT MOAYNa ,Aucredep”, KOMTO NpeacTaBAsABa CBbP3BaLLOTO 3BEHO HA areHTa ¢
Tasu cuctema.

3.4 Modynu 3a HabupaHe Ha cmamucmuKu

MogynuTe 3a HabvpaHe Ha CTAaTUCTMKM Ca MO CbLLECTBO CUCTEMHM areHTU, 3a KOMTO e AOCTbIMHaA UAiaTa
MHPOpPMaLMA 33 BCMYKM areHTM B cpepaTa Ha mogenupaHe. OCBEH KbM areHTUTe, Te MmaT AOCTbM U [0
PErucTPUPAHNTE TEXHWU BBHLUHW MOZYN.

3.5 OHmosnozuu

BKnOYBaHETO Ha OHTONIOTMM B MHOFOAreHTHMA CUMYJIAUMOHEeH MOoZeN Ce Hasiara nopagu
WHBAPMAHTHOCTTA Ha MOZE/IMPAHEeTO CAPAMO npeameTHaTa o06nact. OHTONOMMYHUMAT NOAXOL € YTBbPAEHO
cpeactBo 3a cneumduKaumsa Ha npeameTHaTa obnact. Toit gaBa Bb3MOXKHOCT MOTPEOUTENAT, areHTUTe U
KOMMNOHEHTUTE Ha Mogena ga onepupat ¢ obwm noHATMA. OHToNorMMTE MoraT Aa 6baaT npeacTtaBeHU B
yTBbpAEHM OT KoHcopunyma W3C e3num 3a onmcanue kKato OWL, RDF n ap.

3.6 Cpeda 3a modenupaHe

Cpepata 3a moaenvpaHe B copTyepHaTa CMMYALMOHHA CUCTEMA € peasM3auma Ha No-abCTPaKTHO
oTbenssaHaTta nNo-rope ,cpesa Ha areHTuTe”. AKTUBHUTE areHTM GYyHKLMOHUPAT CAMOCTOATENTHO B Tasu cpeaa, B
Hes ce HamMMpaT M NacuMBHUTE OBEKTU, KOMTO Ce KOHTPO/IMpaT OT cucTemaTa 3a ynpaBneHue. Cpegata, KaTo
codTyepeH KOMMNOHEHT, TpAbBa Aa npegocTaBa 6oraT Habop OT GYHKLMM 32 M3MEHEHUE HA CBOETO CbCTOSHUE.
ToBa LWe Aaje HA areHTUTe Bb3MOXKHOCTTa IMHAMUYHO 33 U3MEHHAT, MOPaXKAAT U YHULLOXKaBaAT 06eKTV B cpesarta.

dopmuTte Ha pa3paboTBaHe Ha cpegata ca cnegHuTe (our. 9):

- Mogaen Ha rpad, onpeaensi, TONoaorMATa Ha B3aMMOZencTBue Ha areHTuTe;
- MpocTpaHCcTBEH MmoAen — NpeAcTaBeH KaTo NPOCTPaHCTBEHA MpesKa.



areHT™m

B3anmmogencreme

........... 30Ha Ha BUAMMOCT
Cpepa W BAMAHME

®urypa 9: Cpenata 3a MOAENMpPAHE B KOHTEKCTA HA B3aMMOAENCTBMETO MENKAY areHTUTe.

MN36opbT Ha PopmaTta Ha paspaboTBaHe Ha cpenata 3aBMCM OT TWMA Ha MOCTaBeHaTa 3aJaya 3a
MmoZenmpaHe. B no-npoctute ciyyanm, ako e HeobxooMMO eSMHCTBEHO A3 Ce cnefu B3auMOALEWCTBMETO Ha
areHTUTe, KOMYHMKaLMATa MeXAY TAX U 0OMEeHBbT Ha HAKAKbB pecypc, no-yaobHa e ¢opmaTa Ha rpad. Toa e
NnosesHo Npu MOLENNPAHETO Ha CUCTEMW 33 YyNpaB/eHWe, JIOTUCTUYHU BepuUru, M3ciefBaHe Ha MasapHaTa
KOHKYPEHLMSA U T.H. AKO B 334a4MnTe e BK/IOYEHO M NPOCTPAHCTBEHOTO NPeMecTBaHe Ha areHTuUTe, To Toraea ce
Hafnara M3Mo/a3BaHeTO Ha MPOCTPAHCTBEH MOAZEN — TOBa € MOJIe3HO MPU MOLENMPAHETO Ha TPAHCMOPTHM
KOMYHWMKaLMU M NPOLLeCH, Ha MbTHUMKO M TOBAPOMOTOLM, HA MOTOUM OT KAMEHTU B TbPrOBCKM LLEHTPOBE U
NoAO6HW CTPYKTYPU. COLMAHU CPeaMLLA UM Ha NOBELEHMETO HA XOPa B KPUTUUYHU CUTYyaLUN.

3.7 MpedcmassaHe Ha OaHHUMeE 8 CUyMAAYUOHHUMe cucmemu

Bb3MOKHMUTE HAYMHKM 3a MpeacTaBAHE HA LaHHWUTE B MHOTOAreHTHUTE CUMY/IAUMOHHM CUCTEMM Ca
pa3HoobpasHW. 3a XeTepOoreHHW U pasnpeseneHun cucTemn ce okasBa yaobeH nogxoabT, M3nonssaw, JSON-
nogobHu cTpykTypun. OT CbobpaKeHUsa 3a MHOrOe3NYHOCT Ce MpernopbyBa U3MNON3BAHETO HAa KOAMPOBKA Ha
CMMBOJIHUTE AaHHM BbB popmat UTF-8.

MpeacTaBAHETO Ha aHHUTE BbB BbHLUEH HOCUTE NPeAno/iara U3noa3BaHeTo Ha LAIoTO MHOroobpasue
OT TEKCTOBM U ABOMYHM GOPMaATH, U306paKeHNs, BKAOUYMUTENHO M HA CbBPEMEHHUTE CUCTEMM 3@ YNPaB/ieHME Ha
6asu oT AaHHU.

4. OcHOBHM TMNOBM 061acTK HA NpunoXxKeHne Ha MACM

MHoroareHTHUTE CUMYNALMOHHM MOAENN ca A0bpe NpucnocobeHn 3a n3caen8aHeTo Ha pasHoobpasHU
CNOXKHM CUCTEMM OT PA3/IMYHM 061aCTM Ha CTOMAHCKUA U 0BLLECTBEHNA XKMBOT, @ CbLLO M CMCTEMM B 06/1aCTTa Ha
buonornata, ¢pusmMKaTa APYrM 4YacTHM Hayku. C Te3sn mogenn moraT ga 6baat obACHEHU NPUUUMHUTE U
OMHaMMKaTa Ha CNIOXKHM ABJEHWA KaTo Pa3NpOoCTpaHeHWe Ha TEePOPUCTMUYHA arpecus, BOEHHU KOHOAMKTH,
OBUWXKeHWe Ha paboTHaTa cuna, cpusose Ha poHaoBaTa 6opca u ap. C ornea MACTPaLMA Ha OCHOBHATa TeMa TyK
Wwe 6baaT oT6eNA3aHM HAKOM OT NPUA0BMAUTE NONYAAPHOCT NPUNOKEHNA Ha TO3U NOAXOA.

4.1 TpaHcnopmHu npobaemu u n02UucMUKa

TpaHCNOPTHUTE MPOLECU Ca U3KAUUTENHO BnarofaTeH OOEeKT 3a u3cnefBaHe 4Ype3 MHOroareHTHU
cuMynaumMoHHM mogenm (MwunakmHa 2013), (A primer.. 2013). TpaHCNOPTHUTE CUCTEMWU NpUTEXKABAT



cneunduyHa CBbP3aHOCT, TEXHMYECKA M TEXHO/IOTMYHA CTPYKTYpa M BpemeBa AMHaMMKa. Te ca npeaHasHadeHu
[a OCUTypAT NPemMecTBaHeTo B MPOCTPAHCTBOTO Ha 3HaUYUTENHM 0bemMn MaTepuasHK NPOAYKTU U MbTHULM NpU
M3MbJIHEHWETO Ha onpeAeneHn U3UCKBAHUA U cneundudHN orpaHndyeHns. TpaHCNopTHMTE NOTOUM (MbTHMKO- U
TOBapOMOTOLUM) CE XapaKTepPU3npaT C HePaBHOMEPHOCT U C BAMAHMETO Ha caydaiiHu dakTopu. Han-tunuyHute
C/ly4am, Npu KOUTO ce NpuaaraT MHOrOareHTH! CUMyIaLMOHHN MOAEe/N B Ta3u CTONaHCKa obnacT ca:

- NPOeKTnpaHe Ha HOBU U ANArHOCTUKA Ha CbLULeCTBYBaLUM TPAHCNOPTHU CUCTEMU U NOACUCTEMMU,;

- M3cneABaHe Ha B3aMMOAENCTBMETO MEXAY Pas/iMyHUTE BUAOBE TPAHCMOPT MO OTHOWEHWe Ha
obliata CTPyKTypa Ha MpeBO3UTE, pPasnpefeneHMeTo UM U KOMYHUKaUMATA MeXay BuaoseTe
TpaHcnopT npu obcayXKBaHe Ha O6WM TPAHCMOPTHU MNOTOLM, KOMOWMHMPAHU U KOHTEWHEPHM
npesosu;

- u3cneaBaHe Ha edeKTMBHOCTTa Ha ob6paboTka Ha TOBapoOMOTOUUTE B KPYMHW U COMKHM
TPaHCMNOPTHU Bb3/K;

- M3cneABaHe Ha JIOTUCTUYHU BEepUrM OT AOCTaBYMKa A0 NoTpebutens, BKAOYBAWM CUCTEMM 33
CKNagupaHe 1 CpesCcTBa 3a ynpas/ieHue Ha 3anacuTe;

- TOBApHO-pa3TOBapHU GPOHTOBE — CeLManmM3npaHn 1 ¢ obLo npeaHasHayYeHue;

- roJieMu MbTHUYECKN TPAHCNOPTHU LLEHTPOBE — rapu, aBTorapu u ap.;

- M3CcnefBaHe Ha yC/l0BUATA 3a M3MbJIHEHWE Ha rpadviKa 3a NpeBO3MTE BbB BPEMETO U Ap.

KaTo areHT B MOZeNnpaHeTo Ha Te3W TPAHCMOPTHU NPOLLECU MOraT Aa 6baaT NpesCcTaBeHN OTAENHUTE

CTOMAHCKU eAVHULM, ElEMEHTUTE Ha TEXHOIOTUYHUTE BEPUTM, TOBAPHWUTE U TPAHCMOPTHU €AUHULM U Ap.

MHOroareHTHUAT CUMy/NaUMOHEH noaxos e fobpe uv3BecTeH B 06nacTTa Ha TPAHCMOPTHUTE
U3CcnefBaHuA, KbAETO KaTeropmMyHO e NoTBbPAW/ CBOSATa ePEKTUBHOCT.

4.2 Coyuonozus u obwjecmeeHu HayKu

CYMYNaUMOHHUAT NOAX04 MMa CBOATA AbAra U CPaBHUTE/IHO YCMewHa UCTOpUA B COLMOJOTMATA,
3ano4YBalkun OT uscneasaHuATa Ha Forester npes 1973 r. MHOroareHTHUTE CUMYIAUMOHHN MOLENM NO3BOAABAT
Ha CoLMOI03UTE Aa NPOYYaT peasHUTe B3aUMOAENCTBUA B COLMONOTMYECKUTE U3CNeABaHUA U 3a OPUEHTMPAHE
Ha COLMONOIMYECKUTE aHAIN3M OT CbBKYMHM U CTPYKTYPHM GAKTOPM KbM TaKuBa, NpeacTaBeHu nog dopmata Ha
areHtn (Drogoul 1992), (Makapos 2009). Te nopobpasBaT peanuMsma Ha MUKponoBedeH4Yeckusa 6asvc Ha
COLMO/IOTMYECKMUTE MOAE/N, KaTO A0Mb/BAT aHA/IMTUYHOTO MOAE/IMPaAHEe U aHa/IM31Te, MOBANAHM OT TeopuATa
Ha urpute. Ha BTOpO MACTO — Te Nomarar [a Ce OLEeHN PoaATa Ha COLMANHUTE CTPYKTYPU B OrpaHNYaBaHeTO Ha
WHOMBWMAYANHOTO NOBEAEHME NO-TOYHO, OTKONKOTO B variable-based sociology. B kpaiiHa cmeTKa pe3yntatute ot
cMMyfnauMATa AasaT MHOFO MNO-AMHAMMUYEH norfes BbpxXy B3aMMOLEMCTBMETO MEXAY WHAMBUAYANAHOTO
noBeAeHME U COUMANHUTE CTPYKTYPMU, KaTo MO TO3M HAUYMH TO3M HaAuMH Ce HacbpyaBa eauH No-o60CHOBaAH,
€BOJIIOLLMOHEH M OCHOBAH Ha peanHUTe NPOLLECU NOAX0A KbM coLuanHuTe GpakTu. BHUMaHMETO TyK e HacoYeHo
npegy BCMYKO KbM COUMANHUTE HOPMM, COLMANHOTO BAMAHME U AMHAMMKATa Ha KyATypata B Pas/nyHU
ANCUMNAMHU KaTo NoBeAEHYECKMTE HAYKM, COLLMONOMMATA U MKOHOMMKaTA. Moxe 060CHOBAHO Aa ce TBbpAM, Ye
NPUNOXEHNETO HA MHOFOAreHTHU CUMYNALMOHHU MOZENIN MOKe A MOMOrHe Ha COLMO/IorMATa Aa NOCTUTHE MNo-
CTPOrM Hay4HOM3CeA0BATE/ICKM CTAaHA4APTU, KaTo HaCbpyaBa MOAE/IMPAHETO Ha cpefaTta U OCcurypsasa Nno-cTpora
WMHTEPAUCUMNANHAPHA MHTErpaumMa. B nocnegHo Bpeme ca NOCTUIHATM HAKOM MEeTOA00MMYHM NogobpeHuns no
OTHOLWEHNEe Ha CTaHZAPTU3aUMATA, pernMKaumaTa U BaMAMpaHeTO Ha M3MON3BaHUTE B COLMOOrMATA
CUMYAUMOHHM MOZE/IN, C KOETO Ce OYepTaBa Pa3LWMpsABaHe Ha MONE3HOTO MM Ha NpPUIoXKeHWe B bbaeLe.

NHTepecHO e ga ce oTbenexu NpUAOKEHUMETO Ha areHTHo-6asMpaHuTe MOAENU B HAKOW CPOAHMU
061aCcTN Ha couManHUTE HaYKK, KaTo HANPUMEpP apxeosiornaTa u aHTponosaoruaTta (Macal 2008). MpunoxkeHneTo
Ha areHTHo-b6asnpaHMTe MOLENM B TE3U CNy4an BOAM A0 Cb3LaBAaHETO HA PA3WMPEHN CUMYNALUMKN Ha APEBHU
LMBUAN3ALMU, KOUTO NOMAraT Aa ce npocaeam TAXHOTO Pa3BUTME — MEPUOAMUTE Ha NPOrpec, pasyBeT U ynagbK.
TakuBa mozenn ca U3Mnos3BaHKU 3a Aa Cce onuile npocrnepuTeTa Ha ApPeBHUTE rpasose B Meconotamua u aa ce
OCMUCAAT coumanHuTe GakTopu M daKTopuTe Ha cpenata, B KOMUTO ca MPOTEKAU CbOTBETHUTE COUMAIHO-
MCTOPUYECKM NpPOLLECH.



4.3 PaanpedeneHu cucmemu, mesneKoMyHUKayuu U KOMNiomwvpHU mMpexcu

MHoroareHTHUTE CUMYAUMOHHM MOZENN HaMMPaT W3KAKYUTENHO MOME3HO MpPW/IoXKeHWe B
pa3paboTBaHETO Ha Pa3/IMYHU KOMYHUKALMOHHU UHGPACTPYKTYPU, B T.4. MU HA KOMMIOTbPHU Mpexu. Te aasat
Bb3MOXHOCT [la Ce OLEeHWN npefBapuTesHO edpeKTa OT UHBECTMPaAHe Ha CPeACTBa B TAXHOTO M3rpaxaaHe uau
pa3lmpeHmre, 4a ce onpeaen LesecbobpasHoCTTa Ha pasnpeaesieHne Ha U3YUCUTENHUTE PeCYPCU B MpeaTa,
fJa ce onpegesnu LenecbobpasHOCTTa Ha KOMYHWKAUMOHHWTE BPB3KM U TAXHOTO KayecTBo, Aa Ce OLEeHU
KauyecTBOTO Ha GYHKLMOHMPaAHE HA KOMYHMKALMOHHATA CTPYKTYPa B Pa3/IMYHM YCIOBMA HA HAaTOBApPEHOCT U Npu
Bb3HWKBAHETO Ha HETUMWUYHU CUTyaumn. NonyyeHUTe OT MOAENNPAHETO Pe3yNTaTh ce M3MOA3BaT 33 HAMUPaHe
Ha pelleHne, OTTOBapPALLO Ha LienTe 1 NoTpebHoCTUTe Ha paspaboTunuuTe M NoTpebuTennTe Ha cucTemuTe 3a
npeHacAHe n obmeH Ha MHbopmaums.

EOMH BaXKEH acneKT Ha MPUJIOXKEHWE HA MHOrOareHTHUTE CUMYMAUMOHHM MOoAeNu B Tasu obnact e
CBbP3aH C aHa/M3 Ha CUrypHOCTTa M 6e30NacHOCTTa Ha KOMYHMKALUMOHHWUTE MPEXW M Ha pasnpeneneHuTe
KOMMIOTbPHM CUCTEMM U HA ePeKTMBHOCTTA Ha CpeacTBaTa, M3M0A3BaHM 3a YA0B/ETBOPABAHE Ha NapameTpuTe
Ha Knbep-curypHocTTa.

AreHTuTe, MoAenmpalLm GYHKLMOHUPAHETO HA KOMMIOTbPHU U KOMYHUKALMOHHU CUCTEMM MOraT Aa
6baaT onpeneneHn SecHoO nopaan crneumduKaTa Ha MHOPACTPYKTYpaTa Ha TO3M TUM TEXHUYECKU CUCTEMM.
OBMKHOBEHO TOBA Ca TEXHUYECKUTE KOMMOHEHTU, U3UCKBALLM WM NPELOCTaBAWM AOCTbN A0 AaHHU U MOA3BALLM
KOMYHWKaLMOHHATa MPEXKa.

4.4 UIkoHomMmu4YecKu npoyecu U nasapHU mexaHusmu

Cuctemute ¢ MACM ce 13N0/13BaT KaKTO B TEOPETUYHU U aKaeMUYHM U3Ce[BaHNA, MALLM 33Ja4a Aa
NpPoBepAT Ba/JIMAHOCTTA Ha HAKOM TEOPETUYHW MNPEeAnoJIOXKEHUS W TBbPAEHWUA, Taka M B MPAKTUYECKUTE
pa3paboTKK, B KOUTO aKLLEHTA € BbPXY NPOUTPaBaHETO HA Bb3MOXKHM PeLLeHUs, NIaHMPaAHETO U NPOrHO3NpPaHeTo
Ha A,eAHOCTU U pes3y/TaTu C or/ies, NOCTUraHe Ha »Ke/laHaTa MKOHOMUYEeCKa edEeKTUBHOCT OT CTOMAHCKUTE CyBeKTy.
M3non3BaHeTo Ha cuctemn ¢ MACM moxke Aa 6bae NPUIONKEHO BbPXY Pas/IMYHU PaBHMILA Ha OBLIHOCT U
AeTainnsauma Ha npouecuTe — MEXAYHapOAHM MKOHOMMYECKM BPb3KM, MNOBeAeHMEe Ha Masapa Ha
€HEepProHOCUTENIM U KPUTUUYHWU PEecypcu, BAUSHMETO Ha MOHOMOAWUTE, MPOrHo3MpaHe Ha noTpebuTenckoTo
nosegeHue, onpeaensHe Ha AbAroCPOYHa TbProBCKa NOJIMTUKA U CTpaTerns, NPorHo3upaHe Ha AbAroCpPOYHUS
MKOHOMMYECKM PEe3yNTaT U T.H.

MACM ycnewHo ce u3N0A3BaT M Ha MNO-HUCKUTE M KOHKPETHU MKOHOMMYECKM paBHULWA — MpuU
MOJEeNTNMPAHETO Ha ﬂ,eVIHOCTTa Ha OTAE/THN UKOHOMUYECKU 3BEHA U Cy6EKTVI M Npu NpoBepKa U BannampaHe Ha
naaHoBeTe U peweHnATa 3a TAXHOTO MKOHOMMNYECKO U TEXHONOTUYHO pa3BuUTue.

AreHTUTE, B CUMYNALUUOHHUTE MOAENN, ONUCBALLM MKOHOMMYECKN NPOLLECU U MEXAHMU3MMN, Hali-yecTo
npeacTtaBAT CTONAHCKK Cy6EKTM UAN eNeMeHTU OT OPraHM3aLMoHHaTa UM UM TEXHONIOTMYHA CTPYKTYpa. B HAKOM
C/ly4aun areHTuTe morat ga npeacrtaBaTt U I'IO-O6LLI,VI KOoHUenuunun, oTHacAwmM ce 40 MKOHOMUYECKMN OTHOLWEHNA Ha
rno6anHo paBHULE, BKIHOYUTENTHO N HAKOU NONNTUYECKM OTHOLWEHUA, onpegenAawm CbCTOAHNETO U Pa3BUTUETO
Ha MeXxayHapogHuUTe nasapw.

4.5 Om6paHa

[JeliHocTTa no ocurypsasaHe Ha oTbpaHaTa Ha efiHa CTpaHa € MHOroacrneKkTHa M 06XBalla WMPOK KPbr
o06nacTn. CbBpeMEHHNUTE MHPOPMALMOHHN TEXHONOTUM NPUANYAT BHUMAHMETO Ha BOEHHUTE MHCTUTYLMK (Hanp.
Cioppa 2004) KoUTO ce ABABAT KaTO e4HWN OT Hali-KPYNHUTE MHBECTUTOPU Ha NPOEKTU B 061aCTTa Ha U3KYCTBEHMA
WHTENEKT, poBOTMKaTa U MHOroareHTHUTe cuctemn. TUNMYHO npunoxeHne MACM HamMupaT B MHCTPYMEHTM 3a
MoZe/IMpaHe Ha BOEHHW onepaLmm 3a NPourpaBaHe U OLEHKa Ha PasNINYHK BapMaHTV Ha NpoTMYaHe Ha 6olHuTe



aevicteua (Middleton 2010). CUMynaumoHHUTE cUCTEMM OT To3u Tun m3nonssat MACM 3a paspaboTtka Ha
CLEHapUM KaKTO Ha KPYNHOMAaLLAbHW BOEHHW COABCHLM, Taka W Ha JIOKA/SIHU KOHPAMKTKU, a cneumanHo
pa3paboTeHnn TpumepeH rpaduyeH nHTepdenc No3BoABa NPMBAMYAHETO Ha EKCNEPTH OT Pa3/IMYHM 061acTU B
npoueca Ha 0bcbKaaHe Ha pesynTaTuTe oT cumynaumsaTa. CUCTeMUTE 32 MOAENMPaAHE AaBaT Bb3MOXKHOCT Aa ce
onepupa c pasanyHM napameTtpu (naHawaodt, pened, 6poi, BUA M PaA3NONOKEHME Ha BOMHUTE eanHUUM,
YKpenBaHe v 3aliMTa, MHTEH3UBHOCT Ha BOAEHe Ha BOMHUTE AeicTBUSA, pecypcu u ap.).

Opyrv npunoxeHna Ha MHOrOareHTHUTE CUMMYJAUMOHHM MOLEeNM B OTOpaHaTa Ca OUEHKA Ha
YA3BMMOCTTa M MOCAEAMLUTE OT MOPANKEHUE Ha U3HEHOBAXKHU OBLECTBEHU MHOPACTPYKTYPU U CUCTEMM —
KOMYHMKauuK, eHeprocHabasasaHe, TPAHCMOPT, pellaBaHe Ha 3a4a4M Ha IOTMCTUYHATA NoAAPbKKA HAa BOEHHUTE
OeNcTBUA 1 ap.

4.6 MeduyuHa u 30paseona3saHe

Bb3moxKHOCTMTE 3a npuaoeHne Ha MACM B meaMUMHCKaTa MPaKTUKA Ca MU3KAKUYUTENIHO BaXKHU
nopagu obuiecTBeHaTa 3HAYMMOCT Ha TO3U BUA, AEMHOCT M MOPaAM 3HAUMTEIHUTE CPeACTBa U Pecypcu, KOMTO ca
MHBECTUPAHN B HEMHOTO ocbliecTBABaHe. TyK BAM3a pellaBaHETO Ha aAMWHWUCTPATMBHO-OPraHM3aLMOHHM
3aJa4u, NPOrHo3MpaHe Ha NPOMEHM B 34PaBHUA CTATyC Ha O6LLECTBOTO M Pa3BUTMETO HA MaToreHHU dakTopw,
pa3BuUTME HA MpexaTa OT 34PaBHU LEHTPOoBe, NPOPUAAKTMKA M NPEBEHLMA, CNeHa MeAUUMHCKA MOMOLL,
npocneasaBaHe Ha PasnpPoOCTPaHEHMETO Ha enuaemun u edbeKTMBHOCTTa Ha cpeacTBaTta 3a 6opba c Tax u ap.
(Chakraborty 2014).

4.7 KomntomvpHu uzspu

Camu no cebe cv KOMMIOTbPHUTE UFPU YEeCTO NPeACTaBAABAT CMMyNALMA Ha HAKAKBA AMHAMMYHA
MHOroareHTHa cpefia — peanHa unmn sbobpaxaema (Namee 2009). MHOroareHTHOTO CUMy/MPAHE € ecTecTBeH
WMHCTPYMEHT 3a pa3paboTBaHETO MM, KOETO BOAM HAYaNoTO CU OT Cb34aBaHETO Ha M3BecTHaTa ,Mrpa Ha *kusoT”
oT [koH KoHyeit (Game of Life, John Conway). TunnyeH npumep 3a cbBpemeHHa urpa, 6asvpaHa Ha
MHOroareHTHOTO moAaenupaHe e SIMS (pa3paboTteHa oT EA Maxis 1 nybukysaHa oT Electronic Arts). Heobxoammo
e fa ce otbenexun, Yye pa3paboTBaHETO Ha MHOroareHTHo-6asupaHn Urpu ganey HaaxBbpaA pas3sBieKaTeNHOTO
MM npeaHasHaveHue. Taka HapeyeHuTe ,ANOAKTUYECKM UTPU“ ca LEeHEeH NOMOLHWMK B MAKOCTPUPAHETO U
YCBOSIBAHETO Ha HOBW 3HAHUA, CTPATENMYECKNTE UTPU MbK Ca MHCTPYMEHT 32 MPOMrpaBaHe Ha C0XKHMU CUTyaumun
C HA/IMYMETO Ha TEKKM OFPAaHNYEHUA U Bb3MOXKHWN KOHOAUKTH.

5. TpUHUMNK Ha NOCTPOABAHETO Ha MHOFOAreHTHUA CUMYNaLUOHHEH Mogen
Mpu paspaborsaHeTo Ha MACM cneaga Aa ce B3emaT nog, BHMMaHue cnegHuTe obctoAaTencrsa:

1. Kakea e cneumodunyHaTta 3aga4a, KoaTo TPA6Ba Aa 6bae pelleHa Ype3s mogena? Kakeu npeammcrea
MMa MOLENDBT NPes APYIY MOAENMN, CbCTAaBEHU C APYrK CpeacTBa?

2. Kou ca areHTuTe B Mmoaen? Koli B3ema pelleHnaTa B cuctemata? Kou ca enemeHTuTe, KouTo nmat
nosegeHue? Kou ca onucaTesiHUTe U AMHAMUYHM aTPUBYTU Ha areHTuTe?

3. Kosa e cpepaTta, B KOATO OYHKUMOHMPAT areHTUTe? Kak areHTUTe B3aMMOAENCTBAT CbC cpepata?
MpuTerkasa M areHTbT MOBUHOCT CAPAMO CpeaaTa’?

4. Kon xapaKTepucTMkmM Ha NoBeAeHMETO Ha areHTa NpeacTaBaABaT UHTepec? KakBu pelleHns B3ema
areHTbT? Kakeu feinctema moxe aa npegnpuema? KakBo noBefeHuWe cnensa oT pelleHMeTo Ha areHTa?
5. Kak areHTMTe B3aMMOAENCTBAT e4MH C APYr M CbC cpesaTa?

6. OT Kbae nocTtbnBaT AaHHUTe B mogena? Kak ce nonyyaBat gaHHMTE, ONUCBALLW MOLEANPAHOTO
nosefeHMe Ha areHTuTe?

7. Kak moxKe aa ce BaaiManpa MogensT?



OTroBOpuUTE Ha TE3M CHLLECTBEHWN BLMPOCU Ca CUCTEMATU3MPAHM B apXUTEKTYPHO-6a3nMpaHusa noaxos,
npezacTaseH B (Parka 2005), onpegensw, TpUTe 0CHOBHM $a3u 3a MOCTPOABAHETO Ha CMCTEMA, OCHOBABALLLA Ce Ha
MACM (¢ur. 10):

- AHanus Ha npobnema (NbpBea ¢pasza) ;
- MopgenupaHe Ha areHTa;
- ApXWUTEKTYpHO pelleHne Ha cucTemara.

YTOYHABaHE Ha LenTa Ha cuctemaTa
AHanus Ha npobnema I:>
AHanu3 Ha uenta

[varpama Ha iiepapxuaTa Ha ueauTe

MopgenupaHe Ha CbOTBETCTBME MEXAY areHTU U Lenm

areHTa |:> Ouarpamu ,areHT-Knac”
[vnarpama Ha epapxvaTa Ha ueauTe

ApxuUTeKTypa Ha OpraHv3aums v KOopAMHaLUMA Ha areHTUTe
cucremata ¢ MACM |:> BbTpellHa apXxMTeKTypa Ha areHTuTe 1
aBTOHOMUA

®urypa 10: ApxMTEKTYpeH NpoLec Ha paspaboTBaHe Ha MHOrOareHTHa cucTemMa.

OcHoBHaTa uen Ha nbpeaTa ¢as3a e [a ce Cb3dade abCTPaKTHA KapTMHa 3a QYHKUMOHMPAHETO Ha
CcUCTeMarta, KOeTo Aa NOC/Y}KM KaTo OTNpaBHa TOYKa 3a pa3paboTBaHeTo Ha Mogena 1. [leliHocTuTe, NpeanpueTu
B Tasu ¢asa, ce OTHACAT 40 pa3buMpaHeTo Ha MpPUIOXKHaTa 061acT, onpesensHeTo Ha LeauTe U rpaHuuuMTe Ha
cMcTeMata M CBbP3BaHETO MM C AM3aiiHa Ha areHTUTe. AHanM3bT Ha NPob/iema e CbLEeCTBEH 3a YCTaHOBABAHETO
Ha rpaHMLMTe Ha cMCTEMaTa W 3a aHa/iM3MpaHe Ha MOTPEebUTENCKUTE M3UCKBAHUA. KpaHMAT noTpebuten Ha
cuctemata 0BMKHOBEHO Cpella M3BECTHM 3aTPyAHEeHWA MpW ONMCAHMETO Ha abCTPaKTHUTE M3UCKBAHMA KbM
cuctemarta. LleneBo-OpMEeHTUPAHUAT MOoAX0A4 KbM aHa/iM3a Ha M3MCKBAHMATA e epeKTMBHO CpeacTBO 3a
ocblecTBABaHe Ha aHanun3a. KoHuenuuaTa 3a LenTa e LeHTpaaHa 3a pa3bupaHeTo o 3a AM3aiHa Ha cucTemuTe,
B YaCTHOCT — Ha areHTHo-6asupaHnTe cucTemmn

Cnep, yTouHABaHe Ha pa3bupaHeTo 3a NPUAOXKHaTa 061acT U LenuTe Ha cucTemaTa ce NPeMMHaBa KbM
cnepgauwata pasa - MoaennpaHeTo Ha areHTuTe. B Tasu ¢asa ce M3BbPLIBA UAEHTUOULMPAHETO Ha areHTUTe
TaKa, Ye Zia NOCTUrHAT CBOUTE LEAN U [a Ce ONPeaenaT XapaKTePUCTUKUTE Ha B3aMMOAENCTBMETO MM. 33 BCEKM
NMAEHTUOUUMPAH areHT ce MoAeIMpaT BbTPEWHOTO My NoBeaeHUe U Len. Bb3 0CHOBa Ha aHa/M3MpaHUTE LLeu
areHTUTe TpsAbBa Aa 6bAaT MAEHTUOULMPAHN (PasrpaHUYEHN) U TEXHUTE B3aUMOAENCTBUA — MOZENNPAHU.

ApPXUTEKTYPHOTO pelleHMe Ha MopAenupallaTta cuctema e KpalHata dasa Ha npoueca, KoAaTo ce
doKycMpa BbpXy BbTpeLIHATa apXMTEKTypa Ha areHTa M BbpXy YCTaHOBABAHETO Ha CbBKYNHOCT (,06WHOCT”) OT
areHTU, KOUTO CM CbTPYAHMYAT B3aMMHO, A0KATO MOAAbPMKAT aBTOHOMMATA Ha NO-06L, M NO-TONAM KOMMNOHEHT
OT cucTemata. KoopamHaumMATa U KOMYHUKALMATA MEXKAY areHTUTE € KPUTUYHA 33 YCNeLWHOTO QYHKUMOHMPaHe
Ha 0B6LLHOCTTa OT areHTU.

Hai-o6wa cxema Ha GYHKLMOHUPAHETO Ha eauH codTyepeH CMMyNaLMOHeH MOAEN e NoKasaHa Ha our.
11.
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FeHepupaHe Ha HaYanHO
CbCTOAHUE U BpEME:
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AKTyanusauma Ha
CbCTOAHMETO Ha cpegaTa
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durypa 11: Obwwa nornyecka cxema Ha U3NbHEHME Ha COPTYEPEH CUMyNALMOHEH MOAeN.



6. CodTyepHM cpepcTBa 3a CUMYNALMOHHO MOAEAUPaHE

Mo NpUMHUMN HAMA OrpaHUYeHMs BbPXY M3MON3BAHUTE TEXHUKM U MHCTPYMEHTaNHW CPeacTBa 3a
M3rpaxgaHe Ha NPoOrpamHy MOLEAN U CUCTEMM 33 CUMynauma. AreHTHo-6asnpaHMTe moaenun morat ga 6baat
pa3paboTeHun Ypes yHUBepCasHU e31LM 33 NPOorpammnpaHe ¢ 06LL0 NPUNOKEHME, HO MOraT Aa 6bAaT Cb3gageHu
M CbC cneumanusmpaHn copTyepHn UHCTPYMEHTU, KOUTO Ca aapecupaHy KbM crneunduiyHuTe M3MCKBAHUA Ha
MOAEIMPAHETO Ha areHTuTe. AreHTHO-6a31pPaHOTO MoAeAMpaHe MOXe Aa 6bAe M3MbAHEHO KAKTO Ha Masfku
HaCTO/IHM CUCTEMM, TaKa U C U3MNO3BAHETO Ha roJIeMMU Pas3npeaeneHn KabeTepu.

CnepBa pa ce otbenexu, ye 06eKTHO-OpMeHTMpPaAHOTO nporpamupaHe (OOM) e WKUPOKO NPUETO KaTo
HaM-pasnpocTpaHeHaTa Napagurma 3a copTyepHM pamkm Ha cuctemm ¢ MACM. OOl npepnara ectectBeHa 1
npocTa TeXHWKa 3a MOAeNMpaHe, KOATO ce pa3bupa M Bb3npuMema /JieCHO OT codTyepHUTE CMeuManncTy,
NPaKTUKYBaWM 0BEKTHO-OpUEeHTUPaHUTE WabNoHN 3a NpoeKTUpaHe. AreHTUTe moraT Aa 6baaT pasrnexgaHu
KaTo CaMOCTOATENHO onpeaeneHn ob6eKTn, cnocobHn aa usbupat cBouTe AENCTBMA CAMOCTOATENIHO, KaTo ce
OCHOBaBaT Ha Bb3NPMATMATA OT OKpPbXKaBawaTta M cpepa. M3nonssaHeTo Ha KnacoBe M MeToaM 3a
npeacTaBAHETO Ha areHTUTe M Ha NOBEAEHMETO UM e CbBCeM ecTecTBeHo. [opaay ToBa H6OAWMHCTBOTO OT
codTyepHn pamkm 3a cuctemm ¢ MACM ce ocHOBaBaT Ha OOEKTHO-OPUEHTUMPAHUTE MPUHLMMAWU, @ HAKOU
M3Non3BaT U KoHuenuuute Ha UML 3a cneumdpmKaums Ha CUCTEMM U areHTU Ha BUCOKUTE abCTPaKTHM paBHMLIA.
HanuyHu ca 1 API, npeaocTaBaALLM MHCTPYMEHTU 33 ONUCAHME U pa3paboTBaHe Ha MOAe NN.

TyK BHMMaHWeTo we 6bAe HACOYEHO KbM HAKOJIKO WM3BECTHU W PasnpocTpaHeHW codTyepHU
WMHCTPYMEHTA 338 MHOFOareHTHO MoZe/IMpaHe KOMTO OTOEeNA3BaT Hal-XapaKTepHUTE YepTU Ha CbBPEMEHHUTE
KOHLeNLMM 3a Cb3gaBaHe Ha aBTOMaTU3MpaHU CPeACcTBa 3a To3u TMN cumynaums (Alan Rob 2017). Moabpanu ca
LefieHaco4eHO efuH KNaCMYeCcKM WHCTPYMEHT, onpeaennn B ronama cterneH obnnMKa Ha CbBpemMeHHUTe
cneunanmsMpaHn B MHOTFOAreHTHOTO MoZenvpaHe npoayKTM — Swarm, eguMH M3BEeCcTeH CbC CTerneHTa Ha
TEXHONOFMYHATa CY peanm3auma n NpeaumMcTBaTa Cu TbProBCKM NpoayKT — AnylLogic u aBa cB0O60AHO AOCTbMHM
6e3nnaTHM codpTyepHU NakeTa, NOAYYMUIM CHLLO LUIMPOKO PasnpocTpaHeHue B npodecMoHanHuTe cpeam — Repast
Simphony n NetlLogo.

EaHo 0606LeHKe 3a NoA3aTa OT CpeAiCcTBaTa 38 MHOrOareHTHO CMMYNaLMOHHO MoAennpaHe Habnara Ha
cnefHUTe TEXHU CTPaHM:

- Te npepocTaBAT onpeaeneHo HUBO Ha abCcTpaKuus, B KOETO NPOrpaMUCTLT MOXKe Aa pa3paboTsa
cBouTe 06eKTu;

- Te BKAOYAT pas3NiHN GYHKLMOHANHOCTM Ha BU3YyaIHOTO NpOrpammpaHe, KOMTO CNecTaBaT Bpeme
M NpaBaT pa3paboTBaHETO NO-/1eCHO M HOCeLLo NoBeYe YA0BNEeTBOPEHNE;

- MNpenocTaBAT Bb3MOMKHOCT 33 TECTBaHe M HAaCcTPOMBaHe No BPpeme Ha U3NbJHEHUE;

- MNo3BoNABaT M3N0OA3BaHETO Ha NpeABapuUTeNHO Cb3AafeHU Knacose M 6UBNMOTEKU OT Kiacose,
Cb34aJeHU NpU APYrK CayYau.

6.1 Swarm

ToBa e NMbpBOTO LMPOKO WM3NO0A3BaHO CODTYEPHO CPeacTBO, NpefHa3sHa4YeHO 3a MHOroareHTHO
mogenupaHe. Tolt e paspaboTeH B UHCTMTYTa CaHTa Pe npes3 1994 r. n e cneumnanHo opueHTUPaAH KbM 3a4a4M Ha
artificial life n usyyaBaHe Ha cnoxHuM npobnemu. MbpBoOHa4YanHO Swarm e pa3paboTeH 3a MHOroareHTHa
CUMYIALMA HA CNIOXKHU aJanTUBHM cucTemMU. [Jo HeOTAABHA NPOEKTLT be 6a3npaH KaTo pa3paboTKa Ha MHCTUTYTA
CaHTa ®e, HO B nocnegHo Bpeme (cnep 1999 r.) pasBMTMETO W YNPABAEHMETO My Ca MoA KOHTPOAA Ha
HeKkomepcuanHaTta Development Group, KOATO MMa HaN-CbLLECTBEHO y4acTMe B NOAABbPMKAHETO HA NPOAYKTa.

Swarm e NpoeKTUpaH KaTo o6l e3MK M KaTo MHCTPYMEHTAZIHO CPEeACTBO, NpeLHa3HaYeHo 3a WMpPoKa
ynotpeba B pasHOO6pa3HM Hay4yHM 06.1acTU. B Hero e 3an10xKeH 061y, KoHLEenTyaneH Nnoaxos, 3a paspaboTsaHe Ha
areHTHo-6a3MpaH cumynaumoHeH codTyep. KnwoyoBa KoHuenuus 3a Swarm e, ye codTyepbT Tpabsa Aa
MMMNIEMEHTUPA KaKTO CaMus CMMy/NauMOHEH MOAeN, Taka M Aa NpeaocTaBu BMpPTyanHa ,nabopaTopua” 3a



nposexgaHe M 3a HabalAeHWE Ha YMC/EHWUTE EKCNEPUMEHTM C Modena. [pyra KAlo4oBa KOHUenuua Ha
NPOAYKTa € KOHCTPYMPAHETO Ha MOAENA KAaTo Mepapxus oT ,,poaun” (swarms). Bceku posik e rpyna ot 06eKTu u
BK/IOYBA rpaduK 3a M3Mb/IHEHME HA AENCTBUATA, KOUTO Te3n 06eKTU U3nbaHABaT. TO3M NoAxoa Brnoc/ieacTeme
Ce pa3sBMBa B KOHLEMUMUTE ,KOHTEKCT” M ,MPoeKuMa”, BKAOYEeHM B npoayKkra Repast Simphony. Bcekn posk
MOXe [a BKNOUYBA POALM OT MO-HUCKO PaBHULLE, YUMTO rpadurLm ca MHTErpUpPaHu B rpaduumnte Ha posuuTe OT
Mo-BMCOKO pasHuule. [lpocTUTe MOAENM NPUTENKaBaT MOAEN Ha POALM OT HUCKO PaBHULLE B PamMKUTE Ha
,PoALUM-HabnoaaTenn”, KoutTo NpUcbeaMHABaT HeobxogummTe 3a HabIOAEHNETO MHCTPYMEHTU KbM MOAENa.

OCHOBHMAT aKLEHT BbPXy NPeACTaBAHETO Ha Swarm TyK e CBbpP3aH ¢ 06CTOATE/ICTBOTO, Ye TOW MapKMpa
6a3snCHUTE XapaKTEPUCTMKM M OCOBEHOCTM Ha CbBPEMEHHWTe COGTYepHM MPOAYKTM 33 MHOrOareHTHO
cUMmyMpaHxe.

6.2 Anylogic

Mpoussoauten Ha npoaykta e AnylLogic Company (mM3BecTHa npeau Kato XJ Technologies).
PaspabotBaHeTo My 3amoysa OT rpynata MO pasnpegeneHu KOMMTbPHU mpexn B CaHKT-MNeTepbyprckus
TexHu4Yeckn yHmsepcuTteT. MNbpBaTta Bepcua Ha npoaykTta AnylLogic 4.0 ce noasasa npe3 2000 r. NocnegHaTa my
Bepcua e AnyLogic 8.0.1 (2017 r.) ¢ HAKONKO NpobaeMHO-0pUEHTUPAHN NOABEPCUMN Ha NpeauvLLHaTa Bepcua 7.0.2:
Bepcua 7.1 (2014 r.) - c umnaemeHTauma Ha GIS, Bepcus 7.2 — ¢ BrpageHa 6a3a oT gaHHM U 6ubanoTeKa 3a
cMmynauma Ha ¢aynaHu npouecu, sepcma 7.3 — ¢ gobaBeHa 6MbanMoTeKa 3a moaennpaHe Ha NMbTeH TpaduK U
TpaHcnopTHM notoum (Road Traffic Library).

MpoayKTbT ce onpeaensa KaTo eauH OT BoAeluuTe B KaTeropuaATa (Grigoryev 2015). MputerkaBa MHOro
ronAma rbBKaBOCT M pa3HoOObpasMe OT Bb3MOMKHOCTM 3a MogenupaHe. basvpaH e Ha TpuTe OCHOBHM
MeTOONOMUN:  CUCTEMHA AMHAMMUKa, MOAenupaHe Ha OUCKPETHU cbbutuA, areHTHo-6a3mpaHM cuctemu
(MHOroareHTHM cmMcTeMM), KOeTO ce CMATa 3a HEroBo CEepMO3HO MPeaMMCTBO npes, APYyrM MpoayKTU 3a
cumynauma. MeTtoaumTe moraT Aa ce CbYeTaBaT, C KOETO Aa ce Moennpa busHec, TEXHONOrMYHA UK BCAKA Apyra
CUCTEMA C NPOM3BOJIHA CIOXKHOCT. XapaKTePHM YepTU Ha NPOAYKTa Ca NPUIOKEHNE Ha 0BEKTHO-OPUEHTUPAHMUA
noaxof B CbCTaBAHETO Ha MOAENINTE, aBTOMATUYHOTO FreHepMpPaHe Ha KOZ Ha U3KIOYUTENHO NONYAAPHUA e3KK
OT BMCOKO HMBO Java, Bb3MOXHOCT 33 MoauduumMpaHe Ha reHepupaHUA NporpaMeH Kog M 3a fobaBaHe Ha
cobcTBeH TakbB, 6e3npobnemHa MHTerpauua Ha HenpekbCHaTa M AMCKPETHa CMMYyAauma, CbCTaBAHE Ha
KOMMNEKCHU CUMYALMOHHM MOAENM C iepapXxmMyHa CTPYKTypa u ap. ColuectBeHn npegumcTea Ha Anylogic ca
M3KAUMTENHO 6oratmsa, ypobeH U WMHTYMTUMBEH rpaduyeH UHTepdeic, Bb3MOMKHOCTTA 3a MOAFOTOBKA M
M3M0/13BaHe Ha TUMOBM PeLIEHNUs, Bb3MOXKHOCT 3@ HACTPOMBaHE Ha NapamMeTpuTe Ha MoAena.

Anylogic paboTu nog ynpasneHneTo Ha onepaumoHHu cuctemun Windows, Mac, Linux. MpoayKTbT ce
npeanara BbB BepcuA, NpeaHa3Ha4yeHa 3a 3aN03HaBaHe M MbpBOHAYaHO 0byyeHMe, a CbLLO M 33 HETbProOBCKO
n3nonssaHe. OcurypeHa e MbJHOLLEHHA NOAAPBIKKA M 0OydYeHMe OT NpoM3BoANTENS.

OcHoBHUTE 0651acTM Ha npunoxeHme Ha NPoAyKTa Ca: TPaHCNOPTHU CUCTEMU, TPAHCNOPTHU U
MaTepuaaHn notoun, NOrnuMcCTtuka U CKnagupaHe, ynpasieHMe Ha 3anacute, d)apMaLl,Mﬂ n 34paBeona3BaHe,
moJeniMpaHe Ha na3apHa AMHAaMWUKaA, MapPKETUHI, KOHKYPEeHUUA;, MmaTepnasiHoO Npon3sBoacTtso U LI,VICTpVI6YLI,MH;
dHa/In3 Ha KOHCI)}'IMKTM, BOEHHO Aeno.
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durypa 12: MNpeactasAHe Ha NPOEKT B cpeaa Anylogic.

6.3 Repast Simphony

MpoayKkTsT npeacTasnaBa 6e3nnaTHa pa3BoMHA cpefa 3a Cb3f4aBaHe Ha CUMYIAUMOHHM MOLENW,
pa3paboTteHa oT Argonne National Laboratory. PeanusupaH e Kato anda-sepcus npes 2006 roamHa. Mputerkasa
cpeactBa 3a BM3yasHO pa3paboTBaHe Ha Moaenute, BM3yasHa WAOCTPAUMA Ha M3MNbBJAHEHWETO UM,
aBTOMaTM3UPaHO CBbP3BaHe ¢ 6asn OT JaHHW U BU3ya/M3aumMaA Ha pesyaTatuTe.Repast Simphony (Repast-S) e
Hacne4HUK U 3aMeCcTUTeN Ha ApYyrn NOMNYAAPHU cpefu 3a CMMYNIALMOHHO MOAEe/NMpaHe, KOUTO Beye He ce
noaabpkat (Repast-J, Repast.Net, Repast-Py), KaTo 3ameHA Hanb/HO GYHKLMOHANHOCTUTE, NpeanaraHu oT TAX.
Halt-cbluecTBeHUTE OT riegHa TOYKa Ha NoTpebuTena ycbBbpLUEHCTBAHMA, BKAOYEHN B Repast-S ca:

- O6HOBEH M yCbBbPLIEHCTBAH rpaduyeH noTpebuTtenckm uHTepdelic 3a paspaboTsaHe Ha Moaenu;

- YCbBbpLEHCTBAHMA B U3MNBAHUMUTE MOAYN;

- [JobaBsaHe Ha KOHLEeNUUUTE , KOHTEKCT” 1 ,MpoeKumn”.

KOHTEKCTBLT Ha Cb34aBaHUA MOEN CbAbpKa NoNyaauma oT areHTu, 6e3 ga UM NpeaocTaBs KOHLEenuum
3a NPOCTPAHCTBOTO UM BPb3KUTE MEXKAY TAX. KOHTEKCTbT MOXe Aa CbAbpiKa ,,MOAKOHTEKCTM , KOUTO Aa 6bAaT
NepapxnyHO opraHM3anpaHu. AreHTUTe, KOUTO CbLUEeCTBYBaT B ,MOAKOHTEKCTa”, ca AOCTbMHU U B OCHOBHMUA
KOHTEKCT Ha MoAena, Ho 06paTHOTO He e 3a4b/IKUTEHO.

MNMpoekununte ca cbopma, KOATO NpeaocCtaBA Ha areHTuTe npocCTpPpaHCTBO M NO3BOJIABa Aa 6'b,CI,aT
,CI,erMHVIpaHVI BPb3KM M OTHOWeEHUA mexay Tax. [lpoekuumTe ce cb3gaBaT 3a CI'IeLl,VICbVI‘-IeH KOHTEKCT U
ABTOMATUYHO CbAbPXHKAT BCEKN areHT, BKOYEH B KOHTEKCTA. Bb3MOXKHO e cb34aBaHeTO Ha Pa3/IMYHN NPOeKuUn
C pPasnnyHu ocobeHocTU n XapaKTepUCTUKN.

Repast Simphony no3sonssa paspaboTBaHETO HAa MOAENN B Pa3iMyHM GOpMMU, BKAKOUMTENHO ¢ RedLogo
(amanekT Ha Logo), Groovy uau Java, BcAKa OT KOMTO MOXKe Aa 6bae Hanb/HO MHTErpupaHa.

Repast-S e cpen npoayKTUTe, KOUTO NPenoCTaBAT Hai-6orat GyHKUMOHANHOCTM 338 MHOrOareHTHO
moaenupaHe. Tol noAAbpKa WMPOKO pasHoobpasme OT BLHIIHM MHCTPYMEHTM 3@ CTAaTUCTMYECKUM aHaAU3 U
aHaNM3 Ha MPEXKM, 33 BM3ya/M3aumsA, 3@ MHTEIUFeHTEH aHaAuM3 Ha AaHHu (data mining), Tabavum n ap.
MoaabprKa ce Bb3MOXKHOCTTa 33 BM3yasIHO KOMNO3MpaHe Ha moaena (point and click) B ABymepHa TpumepHa
cpefa 3a mogenunpaHe. MogenuTe moraT Aa 6b4aT CbXpaHeHW B pasnnydHu GopmaTtu, BKAOUUTENHO M B XML.
Bb3MOKHO € MHOrOHMLIKOBO KOHKYPEHTHO JMCneynpaHe Ha MOAeNnpaHuTe MpoLecu, HaauyHuM ca
pa3sHoObpasHM 4YuCAeHUM OBUOAMOTEKM, BKAOUYUTENHO TaKMBA 3a FeHepuMpaHe Ha CAyYalHW AUCKPETHU WM
HenpeKkbCcHaTW pasnpegeneHuns. MNopabpKaT ce cpencTsa 3a pasnpeseneHun msuncneHusa, 6asvpaHyn Ha
Terracotta Enterprise Suite for Java.



MocnegHata nybankyBaHa Bepcua Ha npoaykTa e Repast Simphony 2.4.0 ot centemspu 2016 1. TA e
U3LANO MHTErpUpaHa, NoAYepTaHO MHTEPaAKTMBHA, Kpoc-niaathopmeHa peanusaums Ha Java, pabotu nog MS
Windows, Apple Mac OS u Linux. MpoayKTbT noaabpiKa pa3paboTBaHETO Ha U3K/IIOYMTE/HO MbBKaBM MOAeNN Ha
B3aMMOAENCTBALLM CU areHTU, KOMTO MoraT Aa 6baaT U3Mb/IHABAHW KAKTO Ha paboTHWM CTaHUMMK, Taka M Ha
KNbCTEPU OT KOMMIOTPMU.

Repast Simphomy e 13n0/i138aH MHOTOKPATHO M YCMELIHO B MHOTO NPU/OXKHW 061aCTU: COLMANHUN HayKu,
MKOHOMMYECKO MOJENNPAHe, JIOTUCTUKA W YNpaB/ieHWe Ha 3anacute, MoAenvMpaHe W u3c/ieaBaHe Ha
TpaHCNOPTHUA TpaduK, MHPPACTPYKTYpa, EKONOTUYHU NPOBAEMU U T.H.

A& Geography - Repast Simphony - X

File Run Tools Window
HeooooR|uekETNOoOARMER Tk Count: 17540

Scenario Tree - ogd - odx

Run Options  Parameters Scenario Tree  User Panel Geography: A Display  Geagraphy: GIS 30 Display.

durypa 13: MNpeactaBsHe Ha NPOEKT B cpeaa Repast Simphony.
6.4 NetLogo

NetLogo (M3BecTeH MbpBOHAYa/NHO KaTo StarLogo) npeacTaBnsBa naatopma OT BUCOKO PABHULLE,
KOATO NpesocTaBA NPOCT, HO AOCTaTbY4HO MOLLEH e3UK 3a NpPorpammMpaHe, BrpageH rpaduyeH notpebuTencku
WHTepdENC M M3yepnaTenHa LoKyMeHTaums. MNpoayKTbT e ¢ OTBOpeH Kog v e paspaboteH oT Uri Wilensky,
onpektop Ha Northwestern University's Center for Connected Learning and Computer-Based Modeling.
MbpBOHAYaNHUAT BapUAHT Ha NPOAYKTA € cb3aaseH npe3 1999 r. Tol e NoAXoAALL 33 MOAEMPAHETO Ha C/IOKHM
cUCTeMM, pPasBMBALLM Ce BbB BpemeTo. lpegHasHayeH e Ja peanusnpa pasnpeseneHn Mogenn B UHTEPHET.
CneyumanucTiTe No MogeaMpaHe MoraT 4a NOCoYBaT MHCTPYKLMU, onpeaensiy noBegeHNeTo Ha CTOTULM, a U
Ha XMNA4M HE33aBUCUMMM areHTU, KoUTo GYHKLUMOHMPAT B KOHKYPEHTHM ycnoBus. ToBa No3BOAABa A4a Ce NPOyym
BpPb3KaTa mMexay NoBeAeHVMETO Ha MUKPOPABHWULLE Ha MHOMBUAMTE U MOLE/NIMTE HAa MAKPOPaBHWULLE, KOUTO
Bb3HWMKBAT OT B3aMMOLENCTBMETO HAa MHOTO CyBeKTU.

NetLogo e HacneaHMK Ha StarLogo KaTo obpa3oBaTesieH MHCTPYMEHT, Tbil KaTO OCHOBHaTa My Len e
NeCcHOTO u3nos3BaHe n obyyeHue. MPOrpPamHUAT My €3UK BK/IOYBA MHOTO CTPYKTYPU M NPUMUTUBU HA BUCOKO
HWBO, KOMTO 3HAYNTEIHO HamaNABaT yCUMAMATA 3a NporpamupaHe. E3MKbT ce ocHoBaBa Ha Logo (KOWTO e AnanekTt
Ha Lisp) U cbabprKa MHOrO, HO MaKap W He BCUYKM Bb3MOMKHOCTM 33 KOHTPOA U CTPYKTYpUpPaHe Ha CTaHZapTHUTE
e3MK 3a nporpammpaHe. Hewo noseye, NetLogo e o4eBUAHO NPOEKTUPAH C Orfed Ha cneunduueH TMn moaen -
MOBWAHM areHTH, A[eWcTBalWy eaHOBPEMEHHO B Mpexka, C NoBedeHWe, AOMUHMPAHO OT JIOKaNHM
B3aMMOAENCTBMA B KPaTKM MHTepBanu oT Bpeme. MaKap Ye mogenn oT TO3W TUM ca Hail-NecHO NPUAoKUMM B
NetLogo, nnatdpopmaTta He ce orpaHuyasa go Tax. NetLogo ce npuema 3a eAHa OT Hal-npodecMoHanHuTe
nnaTGopPMM NO OTHOLIEHWNE Ha BbHLIHOTO CU NPeACTaBAHE Npes KAMeHTa U OCUTYPEHOCTTa CU C AOKYMEHTaLMA U
Bb3MOXHOCTU 33 0bydyeHue. MpoAyKTbT NpeaocTaBa OTIMYHKU CpeacTBa 3a BM3ya/nM3auma Ha MoAeAnpaHuTe



npoLecun 1 pesyntaTv. 3aeiHO C NPOAYKTa Ce pa3npocTpaHsaBa 1 BubanoTeka OT UNKOCTPUPALLM NPUMEPU B Halt-
pa3Hoobpa3HM 0baacTu Ha HayKaTa U Ha npakTukaTta. NetLogo ce npuapykasa ot paswmpeH AP| ¢ Bb3MOXKHOCT
3a f06aBAHETO Ha BbHLWHM mMmoaynu. MocnegHaTa Bepcusa Ha NpoayKTa Kbm momeHTa e NetlLogo 6.0.1 oT mapT
2017 r. Peann3unpaH e KaTo NpunoxeHue, pabotello nog ynpasneHneTto Ha Windows, Mac OS v Linux.

MPOAYKTHLT € No/y4n1 OCHOBHO Pa3npOCTPaHEHUE KaTo OT/IMYHA cpesa 3a 0byyYeHue No MHOroareHTHO
CUMYNAUMOHHO MOZEeNnpaHe, HO MMa U peauua yCnewHn NPUIoXKeHWa B ApyrM 061acTh KaTto COLMOIOorus,
MKOHOMMKa, NOrUCTUKA, BMONOMMA U T.H.

P BeeSmart Hive Finding - NetLogo
File Edit Tools Zoom Tabs Help
Interface Info Code
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- e ||
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& [ view updates I

ontds

Settings...

ticks: 860

ShowjHide Dance Path

Show/Hide Scouts
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durypa 14: NpeactaBAHe Ha NpoekT B cpeaa NetlLogo.

HAKOW CpaBHUTENHW AaHHM Ha NpeACTaBeHUTe cneumanmsnpaHn copTyepHr NPOAYKTU ca NoKasaHu B
Tabnmum 1 um 2.

Ta6nmu,a 1: CpaBHUTENHM AAHHM HA LUTUPAHUTE NPOAYKTM 38 MHOTOareHTHO CUMY/INpaHe.

HaumeHoBaHue Paspa6oTtun O6nacr Ha NocnepHa Nuuyens OTBOpEH
nNpunoXxeHune peanusauus Kop,
Swarm Swarm AreHTHO-6a3upaH | Swarm 2.4.1 — | GNU General | [a
Development Group | 3a obuwa | anpun 2009r. | Public License

ynoTtpeba

Anylogic The Anylogic | AreHTHo-6a3mpaH | AnylLogic 8.1.0 | TbproscKM, He
Company 3a obuwa — toHn 2017 r. | HaAn4eH

ynoTpeba. aKagemuyeH

MNoanbpika u NLLEH3.

ApyruTte aBa

noaxoza: Mma cBoboaHa

OUNCKPETHO- pefakuma 3a

CbbUTUEH U nepcoHasnHa

cMcTeMHa ynotpeb6a.

ANHaMKKa.
Repast University of OcHoBHO — B | Repast New BSD [a
Simphony Chicago coumanHuTe Simphony

HayKun 2.4.0 -

cenTemspu
2016.




NetLogo

The Center for
Connected Learning
(ccL)

and Computer-
Based Modeling,
Northwestern
University

CoumanHu n
ecTecTBeHM
Hayku. 3a
NMbpBOHAYaNHO
obyuyeHue B
obnactTa Ha
MHOroareHTHOTO
mogenmpaHe

NetLogo 6.0.1 | GNU
—mapt 2017r.

General | He
Public License

Tabnvua 2: CpaBHeHWe Ha MOTPEBUTENCKUTE XapPAKTEPUCTUKM

Ha MpoAyKTuTe

3@ MHOroareHTHoO

CMMyNUpaHe.
HaumeHoBaHue MpocroTa ObyuyaemocT | Paswmpsaemoct | CbBmecTumocT | KomyHuKauua
CbC CTAaHAAPTU
Swarm YCNOXHeH CpegHa CpegHa HeunssecTHa ObmeH Ha
nHTepdelic, cbobueHuns
orpaHuyeHn GUI (nnatdopmeHo
Bb3MOXHOCTU 3aBMCMM
CUHTaKCUC)
Anylogic CpeaHa (HuTO | NecHa Bucoka GIS, 3D onuuu ObmeH Ha
TBbpPAE ONPOCTEH, cbobueHuA
HUTO TBbpAe (nnatpopmeHo
YCNOXHeH). borat 3aBMCMM
GUL. CUHTaKcuUC)
Repast MpocT, ¢ JNlecHa Jobpa HeunssecTHa peer-to-peer
Simphony orpaHuyenn GUI
Bb3MOXHOCTU
NetLogo Mpoct, yaobHu | flecHa [obpa HeunssecTHa (HO | PaswmnpeHua 3a
Bb3MOXHOCTM 33 CblyecTByBaT obmeH Ha
CMMyAnpaHe paswupeHns 3a | CbobLLeHns
GISun 3a3D) (cuHTaKcuc,
neduHupaH ot
paswmnpeHuaTa)
3aknioyeHue

MNoaxoabT HA MHOFOAreHTHOTO CMMYIALLMOHHO MOAEeIMpaHe CTaBa BCe NO-40CTbMNEH U pa36V|paeN| Aaopu

n3a HenpOCbECMOHa}'IHO noaroTBeHn I'IOTpE6MTe}'IM n y6e,CI,MTe}'IHO AO0Ka3Ba CBOATA MPUNOKMMOCT U erEKTMBHOCT.

OyaKBaHOTO pa3BMTME HAa METOAA Ce OTHACA KaKTO A0 YCbBbPLUEHCTBAHETO HA cochyepHMTe UHCTPYMEHTHU, Ypes3

KOMTO TOW ce peannsnpa, Taka n 4o O6XBaLLI,aHETO Ha paswunpasaly, ce Kpbr OT NPUNOXKHU 3a4a4n, a CbLlWOo U

paswmnpeHne 4ypes UHTerpupaHe KbmM CUCTEMU 3a CbXpaHeHUEe U noaavpKaHe Ha AaHHMU, VIHCbOpMaLI,VIOHHVI

cncrtemm € ontmmsnpallm m pellasaum d)yHKLI,VIVI, cncremm, ocHoBsaBaliy ce Ha MalWlMHHOTO caM006yquV|e n

M3KyCTBEH UHTeneKT, Big Data u ap.

PasHOpoAHOCTTa Ha nogxoauTte, CTUNOBETE HA MOAENIMPAHE U MPUNOKEHMATA, KOUTO OCHOBATE/IHO

npeteHaMpar, Ye ca "6asMpaHy Ha areHTU", KakTo M akKTa, Ye Pas/IMYHU HayYyHM AUCUMMNAMHKM y4YacTBaT B

CBbp3aHUTE C TAX Hay4YHW n3cnegBaHuA, ca CbaKTOpVI, KOUTO BB3NPENATCTBAT onpeaenAHeTo Ha o6u.|,oan3HaTa

rnegHa Toyka 3a obnacTta. MNogobHa pamka Ha To3W BUA, AeMHOCT 6M 6una KenaTenHa, 3a Aa Ce CBbpKaT

Pa3INYHNTE YCUIUA Ype3 o6u.|,a cxema. OcBeH TOBa TA MOXe Aa NpeacTaBaABa MbpBaTa CTbMKa B ed)F_‘KTMBHOTO



NnpeoaonsaBaHe Ha HAKOM OT MO3HABaTe/IHW BBMPOCK, CBbP3aHN C TO3W MOAXOZ KbM MOLE/NMPAHETO U KbM
aHaNM3a Ha CNoXKHU cuctemu. CnegoBaTeniHO ObaelmMTe HACOKM B Tasu LUMPOKA U3cnedoBaTesicka obnacr ca
€CTeCTBEHO HAaCOYEHM KbM NOCTUIAHE Ha BEPTUKANHO CBbP3aHM aHaIMTUYHM PE3YNTaTU 33 KOHKPETHUTE 0bnacTm
Ha MPUNOXKEHWE, HO Te TPABBA A3 BKAKOYBAT M YCUIMATA, HACOYEHN KbM "M3rpaykaaHe Ha MocToBe" mexay
eOUHUYHUTE OUCUMMIMHAPHKU pe3yiTaTi B ONUTA 3@ MOCTUraHe Ha no-obLwo 1 No-ao06po pasbupaHe Ha ToBa Kak
Tesn noaxoam 3a MogenupaHe OTAONY-Harope MmoraT epeKTMBHO Aa 6baaT M3nos3BaHWM 3a MPOy4YBaHe,
0b6sicCHeHMeE 1 (eBEeHTyaNHO) 3a NpeasuKaaHe Ha LANOCTHOTO NoBeAEeHME Ha CI0XKHUTE CUCTEMM.
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