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BbINO/IHEHWE NPOEKTa

Heobxoammo:

Bbl6paTb TEMY NCCNeN0BaTE/IbCKOIO NPoOeKTa. Hap, NMPOEKTOM MOXKET pa6OTaTb
AB8d 4e/10BEKA

COCTaBMUTb MNJ1aH PaboT No NPOEKTy (coaep»KaTesibHaA NOCTaHOBKA 3a/13a4M)

bopMyNMpoBKa LLean MoaennpoBaHmA
YCTaHOB/IEHWNE rPaHUL, CUCTEMbBI, OnpeaeneHne cpeabl, orpaHNYeHnN

onncaHue JaHHbIX A1 MOAENNPOBaHUA. MMcnonb30BaTb, MO BO3MOXHOCTU, peasibHble
NaHHble

onmncaHme noseageHmnAa CMCTeMbl
MEeTOoAdbl U METPUKU ONA aHA/IU3a Pe3y/1bTaTOB MmoAe/TMPOBaHUA

cAenaTb Npes3eHTauuto naaHa paboT no NpPoeKkTy Ha ceMmuHape B OKTAbpe

cbopmynnpoBaTb UMUTALMOHHYIO MOAE/b U OCYLLECTBUTb KOMMbIOTEPHYIO
peanusaumio ummnTtaumoHHo moaenu B AnyLogic/Mesa/RePast/ap.

npeacrasmTb peain3auunio MMMTaLLMOHHOVI Mmogennm Ha cemmnHape B p,eKa6pe



Tembl nccnenoBaTe/IbCKUX T POEKTOB

* IMUTaumMoHHOEe moaennpoBaHne NOTOKOB:
* JIOFUCTUKA,
* TPAHCMOPTHbIM TPadUK, NewexogHoe ABUKEHUE
* NJIAaHMPOBKA a3PONOPTOB, BOK3a/10B

* IMUTaumnoHHoe mopgennposaHume npoueccos CamoopraHmnM3aumn B
CoUuUNa/IbHbIX CUCTEMAX

* IMUTAaUMOHHOE MOAENNPOBAHME PACNPOCTPAHEHMA 3NNAEMNM
[lononHuTenbHble TeMbl:
* UMUTAUMOHHbIE UTPbI
* MOJeNMpPOoBaHWe NpoLeccos obyvyeHua 1 aganTauum
* MHTErpaumnsa UMMTaLMOHHOIO MOAENNPOBAHUA C TEXHONOTMAMM MALLNMHHOTO 0byyeHus
* areHTHOe MoAennMpoBaHue AndA 3a4a4 oNTUMMU3aLNM
* CTAaTUCTMYECKME METOAbl AN1A aHaNM3a AAaHHbIX UMUTALMOHHbIX SKCNEPUMEHTOB



JIOrMCTUKA

e CyTb Npouecca Moae/IMPOBAHMNA 3aKNt04aeTcAa B OTObpaXKeHuu
ABUXXEHUA BO BPEMEHU U NPOCTPAHCTBE NOTOKOB ANCKPETHbIX
06beKTOB, KOTOPbIE aHANOMMYHbl 06BbEKTam, Habatogaembim B
peasibHOMN AENCTBUTENbHOCTU (TPAHCNOPTHbIE CPeACcTBa, rPy3bil,
TOBapbl)

* Ha abCcTpaKTHOM YpPOBHE TakMe MOAe I MOXKHO n30bparkaTb B BUAE
CUCTEM MaccoBOro ob6cayxuBaHusa

* KON\I'IbPOTepHaFI pea/in3aumna OCHOBaAHaA HA NMapaagnrMax « AauCKpeTHble
cobbiTna» 1 «areHTHoe moaennposaHue»



JIOTUCTUKA: maTepuanb

Mogenb Lenoykun nocTaBok, npeseHTauna «MHoronogxogHoe UMUTaUMOHHOE MogennpoBaHme B AnyLogicy,
cnangbl 323—383, Anylogic

B.H. MuxannoB. UmutaunoHHoe moaenmpoBaHme: YyebHo-meToanyeckoe nocobue. 2016. JlabopaTtopHas
paboTa 3. KombnHmMpoBaHHOE moaenmpoBaHue, cTp. 129—161.

[JemoHcTpaunoHHble npumepbl AnyLogic: “AB Market and SD Supply Chain”, “Adaptive Supply Chain”,

“Supply Chain”, “Two Stocks Problem”, “Stock Management”

Tonyes, t0.1. MogennpoBaHue U cCUMynALMA OTUCTUYECKUX CUCTEM / H0.U1. Tonyes, C.WN. NnaHKoBCKU /
Kypc nekumin ana BbiCLLIMX TEXHUYECKNX Yy4ebHbIX 3aBegeHnin. — Knes: «MunnenHmnym», 2009.

PoskkoB, M./. Pa3paboTKka MMUTALMOHHbIX MOAENEN yrpaB/ieHUA 3anacamm B Liensax noctasok / M.J.
PoxkoB — MockKsa, 2011.

boes, B.[]. Pabota c TC kapTtamu B AnyLogic 7.1
Multimethod simulation modeling for business applications, white paper, AnyLogic

Venables M. Bilge U. Complex adaptive modelling at J Sainsbury: the SimStore supermarket supply chain
experiment

AnnnomHan pabota Kneseu, TatbaHbl (KMUCA, 5 kypc, 2015), Konsaa Mapun (KMuCA, 5 kypc, 2017,
peanunsaums Ha peasibHbiX AaHHbIX TOprosbix cetert ASDA (Bennkobputanusa) n Espoont (benapycsb),
peanusaums B AnylLogic, cbop reogaHHbIx Ha MMnToHe)



MMUTaUMOHHOE MOode/IMPOBaHMeE NMOTOKOB:
MaTepunansl

* [lewexogHoe moaenmpoBaHue, npeseHTauma «MHoronogxogHoe
MMUTALUMOHHOE moaennpoBaHue B AnyLogic», cnangbl 413—442,
AnylLogic

* Mopenb asponopTa, npeseHTauma «MHoronogxoaHoe
MMUTAUMNOHHOE moaennpoBaHue B AnyLogic», cnanabl 443—503,
AnylLogic

* CnpasKa AnyLogic/YuebHble nocobua/Moaenb nepeKkpecTka
(bnbnmnoteKka AOPOKHOIO ABUKEHUA)

* CnpasKa AnyLogic/YuebHble nocobua/Moaenb naBuaboHa MeTpo
(newexoaHaa 6ubnnoTeka)



Cal\/\OOpI'aHI/IEBaLI,l/IFI CounaJibHbIX CUCTEM:. MaTePUNaibl

Emergent structure: model of convergence and differentiation
Emergent order: models of collective action, trust and cooperation

M. W. Macy, R. Willer, From Factors to Actors:
Computational Sociology and Agent-Based Modeling, 2001

Knacrepusauma coymanbHbIX rpynn

[MpocTpaHCTBEHHAA:

* T. Schelling, Micromotives and Macrobehavior, 1978 — moaenb LennnHra, mmrpaumsa Ha OCHOBaHUWN KpnTepmna KOMGOPTHOCTH
 Mogenb cToa4YMx annoaMCMeHTOB — BbIOOP M3 ABYX BapMAHTOB Ha OCHOBaHMM BblIbOpa Apyrux noaen

* KypcoBasa u gunnomHana pabotbl, AHaHny AHactacma (KMuCA, 3 Kypc, 2019, 4 Kypc, 2020)

Ha ocHOBaHUM MHEHUM Y4aCTHUKOB:

. Prisoner’s Dilemma, Axelrod (1987) — popmmnpoBaHue rpynmn, NCNONb30BaHNE FTEHETUYECKUX aITOPUTMOB

. 2/(?859 M., Flache A., Helbing D. (2010) Individualization as Driving Force of Clustering Phenomena in Humans. PLoS Comput Biol

Ha ocHoOBaHMK cTeneHn yaayuInBOCTHU:
. Mogenb The Wealth Gap — BansiHMe cny4yaltHOCTU Ha HepaBHOMEPHOE pacnpeaeneHne A0X0408
https://www.wealthgapsimulation.com/sales-page1608229852018



RCTPEMAJIbHbBIX YCZTOBUAX

b

Fig. Z Fre escape agent-based simulation (live sSmulation available at
www.helbing.orgl. People are represented by cirdes, green arcles being
injured people. Simulations assume 200 pecple in a room. (a) No column. (b)
With column, after 10 5. (c) With column, after 20 5. in the absence of the
column, &4 people escape and § are injured after 45 5 with the column, 72
people escape and no one is ingured after 45 5. After Helbing et al. (4).
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OVMMEP CaMOOpPraHM3aLmnn: NnoBeJeHMNe ToMNbl B

* PucyHokK un3 ctatbu E. Bonabeau,

Agent-based modeling: Methods and
techniques for simulating human
systems, 2002 06 uccnegoBaHnm B
5888Te D. Helbing, I. Farkas, T. Vicsek,

* [laxke ecnin B nomeLeHnu

NpPeaycMOTPEHO HECKObKO
aBapUMHbIX BbIXOA0B, TO Nt0AN byayT
HepaBHOMEPHO 3BAKYMPOBATLCS.
CornacHo pesynbraTam areHTHOro
MOAENNPOBAHMNA B Cay4ae NoA00OHbIX
CUTYaLUWNIN BbIrOAHO KOONEPUPOBATHLCH
B MaJ/ible rpynnbl, MOCKO/IbKY 3TO
NOBbILLAET LWaHCbl Ha CNAaceHue.



HOBE,EI,EHI/IG TOJIMbl: MaTepKralsibl

Helbing D., Molnar P. (1995) Social force model for pedestrian dynamics. Phys. Rev. E 51

Crowd simulation in airports using games technologies (Szymanezyk, Dickinson, Duckett
2011)

Die Simulation menschlichen Panikverhaltens, ein Agentbasierter Ansatz (Schneider 2011)

Pan X, Han CS, Dauber K and Law KH (2007). A multi-agent based framework for the

simulation of human and social behaviors during emergency evacuations. Al Soc 22(2): 113—-
132.

Understanding Crowds Behaviors: Guidance and Lessons Identified. The Cabinet Office
Emergency Planning Colledge, 2009.

Helbing D., Viscek T., Farkas |. Simulating dynamical features of escape panic // Nature, 2000.

Mahmood |., Haris M., Sarjoughian H. Analyzing Emergency Evacuation Strategies for Mass
Gathering using Crowd Simulation and Analysis framework: Hajj Scenario, 2017



PacnpocTpaHeHue annaemmin: matepuansi

* [lpe3eHTauma «MHoronogxoaHoe MMUTALUMOHHOE MmoaeninpoBaHne B AnylLogicy,
cnanapl 271—308, Anylogic

* K.K. ABunos, O.HO. Conosen. AreHTHble MOAENN: aHaNU3 NOAXO0A0B U
BO3MOHOCTU NPUNOKEHUA K anuaemmnonornmn, Mamemamuyeckas buonoaus u
buouHpopmamuka. 2012. C. 425—443,

* J.B. Dunham. An Agent-Based Spatially Explicit Epidemiological Model in MASON
// Journal of Artificial Societies and Social Simulation, 2005.

e J.D. Sterman. System dynamics at sixty: the path forward // Syst. Dyn. Rev., 2018.
CCbINKKU Ha cTp. 19

* KypcoBas paboTta «AreHTHOe MoAennpoBaHMUE PAaCcCNPOCTPAHEHMNA 3INNAEMNN C
yyeTom nepeasukeHus areHtos», Komok EkatepuHa (KMuCA, 3 kypc, 2020)



MMUTaUMOHHbIE Urpsbil |

NMUTaUMOHHbIE UTPbl — 3TO UMUTALMOHHbIE MOAENN CUCTEM, KOTOPbIE
NO3BOJIAIOT YYaCTHUKAM MMUTALMOHHOIO 3KCNEPUMEHTa NONYYNTb
onpeaeneHHoe NOHMMaHMe B3aUMOCBA3EMN 3N1eMEHTOB CUCTEMbI, TECTUPOBATb
pPa3/IMyHble peLleHns, OUEHUTb A0ATOCPOUHbIE MOC/eACTBUA MPUHATUA PELLEHUH,
OLLEHUTb BePOoATHble NoboYHble 3ddeKTbl. AMUTALMOHHDbIE Urpbl obyyaloT
OCHOBaM NPUHATUA peLLleHnin B onpeaeneHHbIX yrnpaBieHYeCKUX cuTyaumuax
6e3 nocneacrTesuit gna peanbHoro 6MsHeca.

NMUTALMOHHbIE UTPbI MO3BONAIOT YY4UTCA Ha cobcTBEHHOM onbiTe (“0byueHue
aeuvcreuem”): npoboBaTb pasHble CUEHAPUN, aHANN3NPOBATL PE3YAbTaThI,
OTTA4YMBaATb HaBbIKK ynpaBaeHna. IMUTAUMOHHbIE UTPbl MO3BOAIOT HA MPAKTUKE
NPUMEHUTb NOJIYYEHHbIE 3HAHMA B BUPTYA/IbHOU CUTYALUN UMUTALLMOHHOMN UTPBI.

B ocHOBe KaxKaoM MMUTALMOHHOM UTPbl OObIYHO IEXKNT CUCTEMHO-AMHAMMNYECKASA
MOJENb.

Kamanesckuu, 2015



MMUTaUMOHHbIE urpsbl |

* I3BeCcTHble pa3paboTaHHble MMUTALMOHHbIE UTPbI

* Fish Bank, [1. Mepnoys, nnntoctpauna CUCTEMHOIO apxeTuna Tpareamm oobLHoOCTY;
Pbibonoscteo, [1.H. KasTapaase

 Stratagem/CrtpaTarema, moaenb pa3BUTUA roCyAapcTBa Ha NPOTaKeHun 50 ner;
[lepcnekTnea, M.M. KptokoB

* Beer Game, 1OrMCTUKA
* LoFare Simulator, K. YoppeH, cumynatop no ynpaBaeHUIO aBUaKOMMNaHMEN
* Beefeater, K. YoppeH, cumynatop No ynpaBAeHUIO CETbIO PECTOPaHOB

* Professional Services Microworld, K. YoppeH, cumynaTtop no ynpasneHuto
KOHCANTUHIOBOW KOMMaHMeMN

* Econet ABC
* CoMPAS, saKonormyeckaa MMmMTaLUMOHHaA Urpa

. cmglzig?rium game: a virtual field trip through a complex system. Syst. Dyn. Rev.



MMUTAUMOHHbIE UTPbl: BUOEO

OHNanH-CEMUHAP NO pa3paboTKe N NPUMEHEHMNIO BU3HEC-CMMYNALNIN B
Bbicluen wKone 6msHeca BLUS B mae 2021 roaa

https://www.anylogic.ru/blog/video-seminara-modelirovanie-dlya-logistiki-
obucheniva-studentov-i-menedzherov/

e 1. Katanesckmun (PAHXuIC), «OcHOBbI MMMUTAaLMOHHOTO MOAENNPOBAHUA U
CMCTEMHOIO aHanM3a B ynpaBAeHUNY», AeN0BaA UTPa YNpaB/ieHUS
CTapTanom

* A. JlazapeB (Mania Business Simulations), «OnbIT pa3paboTku 1
NPUMEHEHNA KOMMNbIOTEPHbIX BU3HEC-CUMYNALMIKAY, CAMYNATOPLI B chepe
PO3HUYHOWN TOProBAU

e Mawkesuny A. (SimulationX), «MMmnTaumoHHaa mogenb, Kak TPEHaXKep ANA
NOBbILLIEHUSA YNPaBAEHYECKOro onbITa NpeanpuHNMaTenem», CUMyIaTopbl
YNPaB/ieHNA UHTEPHET-MAra3anHom, rMnepmMapKeTOM, KONJI-LEHTPOM
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https://www.anylogic.ru/blog/video-seminara-modelirovanie-dlya-logistiki-obucheniya-studentov-i-menedzherov/

ANanTaumA

* Adantaumio MOXXHO onpeaeNnTb Kak MogudUKaumio CTPYKTYPbl MOAENN C
uenbto 6onee ahpdbeKTMBHOIo AENCTBMA B OKPYHKalOLLEN cpeae

J. Holland. Adaptation in natural and artificial systems, 1975

* AreHTbl a4anTUPYIOTCA 33 CYET NepeaBUXKEeHNA, UMUTaUUN,
BOCNPOW3BOACTBA, 0byYeHus, b6e3 BbluncieHnsa Hanbonee apPeKTUBHOro
NencTeus.

* B cMCTEMHO-ANHAMWYECKOM MOAENNPOBAHUN CTPYKTYPA MOAENU
onpeaeneHa U3HavyaabHO M HE MOXKET ObITb MU3MEHEHA B X04€
MMWUTALLMOHHOIO 3KCNEPUMEHTA, TaK KaK CTPYKTYpa moaenn GUKCUpPOBaHa.
CUCTEMHO-AMHAMUYECKME MOAENN TEM HE MEHEE MOTYT aZanNTUPOBATbLCA,
ec/I1 nNoA, aganTaunuert NOHMMATb HE USMEHEHME CTPYKTYPblI MOAENN, A
n3mMeHeHne A4OMUHUPOBAHUA NeTesb 0b6paTHOM cBA3M.

Kamanesckuu, 2015



ObyyeHune

* ObyyeHne ocyLecTBAAETCA Ha YPOBHE areHTOB M Ha YPOBHE NonNynALUnm

* Individual learning alters the probability distribution of rules competing for
attention, through processes like reinforcement, Bayesian updating, or the back-
propagation of error in artificial neural networks. Population learning alters the
frequency distribution of agents competing for reproduction through processes of
selection, imitation, and social influence.

M.W. Macy, R. Willer, 2001

* Brenner T., Agent learning representation: advice on modelling economic learning,
2006.

* Models for non-conscious learning, for routine-based learning, for belief learning

e Duffy J., Agent-based models and human subject experiments, 2006.
* Reinforcement learning, belief-based learning, evolutionary algorithms



Oby4yeHune: matepmansi |

* AKageMUYeCKUN NPUMepP areHTHOU MoAeNn C SNeMeHTaMKn afanTUBHOCTU Ha
ocHoBe oby4yeHus SugarScape (J.M. Epstein, R. Axtell. Growing artificial
societies, 1996)

* D. Brearcliffe, A. Crooks, Creating Intelligent Agents: Combining Agent-Based Modeling
with Machine Learning, 2020

e KypcoBasa paboTta, Kntounuk Kapnna (KMuCA, 3 kypc, 2021). ByxBnagoBoe
ConepHMNYECTBO 3a pecypc. NpnumeHeHue anroputma Q-learning npu npmHATUK
pelweHna areHTamm o4HOro BnMAaa

* 3amATUHA, E.B., ApXnTeKTypa areHTHO-OPUEHTUPOBAHHOU CUCTEMbI MMUTALLNN
C areHTaMmm, oOCHOBaHHbIMM Ha HEMPOHHbIX ceTax / E.b. 3amAaTtnHa, [.P.
Kapumos, A.A. Mutpakos. // UHpopmaumsa n ceasb — Mepmb: NMIHAY, 2014.



Oby4yeHue: matepmansl |l

Andmmues A.H., MynbTnareHTHoe obyyeHue ¢ nogkpenneHmem, 2021
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Anpuvues, A. H.
MyiabTHareHTHOE OOyYeHME C TIOAKpErUieHHeM : yuebHoe nocodue /

A. H. Anpumuen. — Mocksa : Msnareasctso MITY um. H. 3. Baymana,
2021. — 222, [2] c. : na.

ISBN 978-5-7038-5616-1

PaccMOTpeHbl COBpEMEHHBIE M KIACCHYECKHE ATTOPHUTMBbI OAHOBPEMEHHOIO
MALMHHOIO 00YYEHHUS MHOXKECTBA ArCHTOB, OCHOBAHHBIE HA TEOPUH MIp, Tabany-
HbIX, HCHPOCCTEBBIX, 3BOTIOIIMOHHBIX H POEBLIX TexHoaorusax. [Npeacranieno no-
CACAOBATENBHOE PAIBUTHE TEOPETHUYECKON MOIEIH ANTOPHTMOB, Da3MpVIOLLIeeCs Ha
MAPKOBCKHX Mpoueccax NPUHATHA pelueHuit. Peanu3ains anropuTMOB BLITIOIHEHA
Ha A3bIKe nporpamvuposanus Python ¢ ucnosslosarunesm 6udanorekn raybokoro
obvuenust PyTorch. Cpenoit MaltmHHOro 08yueHHs SBASETCH KOMMBIOTEPHAA Mrpa
StarCraft 11 ¢ naTepdeiicom KooneparusHoro MyastHareHTHoro odyuenust SMAC.

st MarMcTpanToB M acnMpaHToB HanpasieHus noarorosku «Uudopmaruka
M BBIYMCIMTEIBHAS TEXHHKA»,

CucTeMHan AMHAMMKa U areHTHoe MoaennpoBaHue
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MHTEerpauma MMMTaLMOHHOIO MOAEIMPOBAHUA C
TEXHO/IOTMAMU MaLMHHOIo oby4yeHus |

MMMTaLI,MOHHOe MmoaennpoBaHUeE Kak TEXHONOINMA ANAa UCKYCCTBEHHOTO
UHTENNEKTA MOXKeET UCMO/1b30BATbCA MO PA3HOMY

* [eHepauua AaHHbIX HAQ OCHOBE MMUTALUMOHHOMN MOoAenn AN AanbHENLLEro
MALIMHHOro obyyeHun

* UMUTaLMOHHAA mogenb KaK cpeaa anAa obyyeHus

* UMMUTaALMOHHAA Moaenb Kak cpesia ANA TECTUPOBAHMA a/ITOPUTMOB
MaLLMHHOro 0byyeHusn



MHTerpauma MMUTAaUMOHHOIO MOAENNPOBAHMNA C
TEXHONOMMAMKM MALLMHHOIMO 0by4vyeHua ||

MmuTaunMoHHaa mogenb nepeKkpecTka co cBeTopopaMm Kak BUpTyaabHasa cpena and
obyyeHuna c nogkpenneHmem. Peanunsauna mogenn B AnylLogic c npumeHeHnem bunbnnortexku
DL4J n bubnnotekn gopoxxHoro asmxeHna Road Traffic Library

* basoBasa moaens - https://www.anylogic.ru/blog/mashinnoe-obuchenie-i-imitatsionnaya-
model-primer/

e AnyLogic RL - https://www.youtube.com/watch?v=gfzcLIDANkA&feature=youtu.be
e Pabota cuctemsl - https://www.youtube.com/watch?v=lggwXM8CepQ&feature=emb logo
e DL4J — FAQ - https://gitter.im/eclipse/deeplearning4j

. Irlnpleén?njcation Download - https://www.anylogic.ru/upload/models/traffic-light-example-
rl-model.zip

* Kypcosas pabota, Tabopos JSleB (KMuCA, 2 Kypc, 2021). HempoHHas ceTb, 0by4yeHHaA Ha
AAHHbIX O COCTOSIHUAX CUCTEMbI B Pa3/IMYHbIE MOMEHTbI BPEMEHU, UCNONb3YETCA B
AanbHenwem Ana ynpasaeHus anmtesnbHoctamm da3 ceetodpopos B moaenn. ObyyeHume ¢
nomoulbto obnavyHoro cepsuca Pathmind
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https://www.anylogic.ru/blog/mashinnoe-obuchenie-i-imitatsionnaya-model-primer/
https://www.youtube.com/watch?v=gfzcLID4NkA&feature=youtu.be
https://www.youtube.com/watch?v=lgqwXM8CepQ&feature=emb_logo
https://gitter.im/eclipse/deeplearning4j
https://www.anylogic.ru/upload/models/traffic-light-example-rl-model.zip
https://www.anylogic.ru/upload/models/traffic-light-example-rl-model.zip

AreHTHOEe MOAEIMPOBaHMEe ANA 3a4a4 ONTUMU3ALLUN

Barbati, M., G. Bruno, and A. Genovese. 2011. “Applications of agent-based
models for optimization problems: a literature review.” Expert Systems with
Applications 39(5):6020-6028.

In a world dominated by analysis and first order conditions, we care about
the optimum... Nature may be more concerned with performance
improvements than optima

Axtell
CuctemHbIY npuHUun yaosnetsopeHusa (principle of satisfying)

This is the decision-making process whereby one chooses an option that is,
while perhaps not the best, good enough. In essence, satisfying is attaining a
certain minimum quality level for the decision, enough to solve the problem
but not necessarily more.

Simon, 1956



