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BbINO/IHEHWE NPOEKTa

BarkHO:

* COCTaBUTb NJ1aH paboT No NpoeKTy (coaeprkatenbHan NOCTaHOBKa 3a4a4K)
* GOPMY/IMPOBKA LLeSIN MOAE/TMPOBAHMSA
* YyCTaHOB/1EHUE TPAHUL, CUCTEMDI, ONnpeageneHne cpelpbl, OI'paHl/l‘-IeHl/lI7I

¢ onncaHune AaHHbLIX Ana moaeinpoBaHUA. Mcnonb3oBaTb, MO BO3MOMKHOCTH,
p€aJibHbl€ AaHHbIE

¢ onncaHume nosegeHnAa CMCtemol
* MeToadbl U METPUKU ONA aHAJINU3A PE3Y/IbTATOB MOAEe/TUPOBAHUA

* cAenaTb Npe3eHTauuto naaHa paboTt Ha cemuHape

* cbopmMynnpoBaTb MMUTALIMOHHYIO MOJENb M OCYLLECTBUTb KOMMNbIOTEPHYIO
peanusaumm ummtaumoHHo moaenun B AnyLogic/Mesa/RePast/ap.

* NpeAcTaBUTb Peanunsaumnio MMMTALMOHHOM MOAEIN Ha 3aHATUM



Tembl nccnenoBaTe/IbCKUX T POEKTOB

OCHOBHblE TEMbI:
e Jlornctmnka. cnonb3oBaHue NMC-KapT B KayecTse cpeabl areHTHOM MOAENN

* IMnTaumoHHoe moaennpoBaHue NoTOKOB (NoBeaeHue ToAMbI, NewexogHoe
NBUXEHNE, TPAHCNOPTHbIN TPadUK, NN1AHUPOBKA a3PONOPTOB, BOK3a/10B

* IMUTaUMOHHOE MOAEeNNPOBaHUE PACPOCTPAHEHNA INUAEMUMN
* IMUTAUMOHHbIE UTPbI

JonosnHuTenbHble TeMbI: mogennmpoBaHue npoueccons O6V‘-I€HI/IFI U agantaunn, areHTHoeE
mogennpoeaHune and sagayd ontuMmmnsaumnin, MHTerpauma MCKyCCTBEHHOINO UHTENNIEKTA C
MMNTAUNOHHBIM MOAEe/TUPOBaAaHUNEM

ANbTepHaTUBHbIE TEMbI: MOXHO CKOHUEHTPWMpPpOBaTbCA HAa OAHOM U3 3TANOB
MMNTAUNOHHOIO MoaennpoBaHUMA. HaanN\ep, crnocobbl onMcaHmA areHTHOM Mmogenu

(ODD-npotokon, UML-anarpamma, ap.); ctTaTuctmyeckme metoabl AnA aHaAMU3a BbIXOAHbIX
ANAHHbIX




Tema 1. JlornctmkKa

e CyTb Npouecca MoAeNnpoBaHUA 3aKNt04YaeTcs B OTObpaXKeHnn ABUXKEHUSA
BO BPEMEHM M NPOCTPAHCTBE NOTOKOB AUCKPETHbIX 06bEKTOB, KOTOPbLIE
aHaNorM4Hbl obbekTam, Habntogaembim B peasibHON AENCTBUTE/IbHOCTY
(TpaHCnopTHblE cpeacTBa, rpysbl. TOBapbI)

* Ha abcTpakTHOM YPOBHE TaKMe MOoAe/ I MOXKHO U300parKkaTb B BUAE
CMCTeM MAccoBOro obcnyxuBaHuA

e KomnbloTepHasa peanmsauma oCHOBaHa Ha Napagurmax «AUCKpeTHble
cobbiTUA» N «areHTHOe MoaeNMpPoBaHUE»

* K NOrMCTUYECKMM Moae/IAM OTHOCATCA: Moaenu AOPOHKHOIO ABUKEHUA,
moaesin Nnpon3soacTtBeHHbIX N NOTUCTUYHECKUX NMPOoLECCOB Ha NpeanpmnaTmnn



Tema 1. Jlornctnka (matepuansl)

* Mogaenb ueno4ykn NocTaBokK, Npe3eHTaumna « MHoronogxogHoe MMUTaLUMOHHOE moaennpoBaHue B AnylLogic», cnamabl 323—383,
AnyLogic

* B.H. Muxainos. UmMntaumoHHoe moaenmpoBaHue: YuebHo-meTogmyeckoe nocobue. 2016. JTabopaTtopHas pabora 3.
KombunHmnpoBaHHOEe moaenmpoBaHue, cTp. 129—161.

”n «u

*  [emoHcTpaunoHHble npumepbl AnyLogic: “AB Market and SD Supply Chain”, “Adaptive Supply Chain”, “Supply Chain”, “Two Stocks
Problem”, “Stock Management”

* Tonyes, H0.N. MogenvpoBaHue U CUMYNALNA TOTUCTUYECKMX CUCTEM / 10.U. Tonyes, C.WN. MnaHkoBcKuit / Kypc nekumin ana BbiCLLNX
TEXHUYECKMX Y4ebHbIX 3aBeaeHni. — Kues: «Munnenmnym», 2009.

* PoxkKoB, M./. Pa3apaboTKka MMUTaALMOHHbIX MOAe/el ynpaBaeHMa 3anacamm B Lensax noctaBok / M.U. PoxkkoB— Mocksa, 2011.
* boes, B.[l. PaboTa c 'MC KapTtamu B AnylLogic 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

* [IunnomHas pabota Kneseu, TatbaHbl (KMUCA, 5 Kypc, 2015), Konsga Mapum (KMuCA, 5 kypc, 2017, peanmsauma Ha peanbHbIX
NaHHbIX Toprosbix ceteit ASDA (BennkobputaHusa) u EBspoonT (Benapych), peanunsaumna B AnylLogic, cbop reogaHHbIX Ha MMnToHeE)



Tema 2. [loBeaeHme ToAMbl

Fig. Z Fire escape agent-based simulation (live sSmulation available at
wwew helbing.org). People are represented by cirdes, green crcles being
injured people. Simulations assume 200 pecple in a2 room. (a) No calumn. (b)
With column, after 10 5. (c) With column, after 20 s. 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).

9/17/2020 CrucTeMHas AMHaMUKa M areHTHoe Moe/IMpPoBaHue

* 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.



Tema 2. UMutaumoHHoOe noseaeHe NOTOKOB
(MaTepuansbl)

* [ewexogHoe moaenMpoBaHue, npeseHTauma «MHoronoaxoaHoe MMUTALUMOHHOE
moaenunposaHue B AnyLogic», cnanabl 413—442, AnylLogic

* Mopenb asponopTa, npe3eHTauna «MHoronoaxogHoOe MMUTAUUOHHOE
moaenuposaHue B AnylLogic», chanabl 443—503, AnylLogic

e CnpaBka AnyLogic/YuyebHble nocobus/Moaenb nepekpectka (bubnamnoreka
NOPOXKHOIo ABUXKEHUA)

* CnpaBsKa AnyLogic/YuebHble nocobua/Mogenb naBMaboOHa MeTpo (newexoaHas
bubnnoteka)



Tema 2. UMntaumoHHoe noBegeHMe NOTOKOB
(MaTepuansbl)

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

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

e 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 ldentified. 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



Tema 3. PacnpocTpaHeHune annaemmia
(MaTepuansbl)

* [Npe3eHTauma «MHoronogxoaHoe MMUTALMOHHOE MOAENNPOBAHUE B
AnyLogic», cnangbl 271—308, AnyLogic

e K.K. Asunos, O.HO. ConoBen. AreHTHble mogenun: aHaamns3 nogxoaos um
BO3MOHOCTM NPUNOKEHUA K annaemmnonornn, Mamemamu4veckas
buonoausa u buouHgpopmamuka. 2012. C. 425—443,

* P. AHaepcoH, P. Mai. UHbeKUMOHHbIe 6one3Hn YyenosekKa. [IMHaMUKa 1
KOHTponb. 2004.

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

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



Tema 4. UMnTauMoOHHbIE Urpsbl |

* MMUTALMOHHbIE UTPbl — 3TO MMUTALMOHHbIE MOAE/IN CUCTEM, KOTOPbIE
NO3BOJIAIOT YYACTHUKAM MMUTALMOHHOIO 3KCNEPUMEHTa NONYYNTb
onpeaesnieHHoe NoHMMaHMe B3aMMOCBA3E 3/1IeMEeHTOB CUCTEMbI, TECTUPOBATb
Pa3/IMyHblE peLLIeHUs, OLEHUTb AO0NTOCPOYHbIE NOCNEACTBUA NPUHATUA PELLEHUN,
OLLeHUTb BEPOATHbIe NOBOYHbIe 3dPeKTbl. UMUTALLMOHHDbIE UTrpbl 06yyatoT
OCHOBaM NMPUHATUA pPeLleHUN B onpeaeneHHbIX ynpaBaeHYeCKnX CuTyaumuax.

* IMUTAUMOHHbIE UTPbl NO3BOAAIOT YYMTCA HA cobcTBEHHOM onbiTe (“0byyeHue
aencreunem”). IMMTaUMOHHbIE UTPbl NO3BONAOT HA NPAKTUKE NPUMEHUTb
NoNy4YeHHble 3HaHUA B BUPTYaSIbHOM CUTYaLUU UMUTALMOHHOW UTpPblI.

* B ocHOBE Ka*KA0M MMUTALMOHHOM UTPbl OObIYHO NEKUT CUCTEMHO-ANHAMUYECKARA
MOJENb.

Kamanesckuu, 2015



Tema 4. UmnTauMoHHbIe 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.



JlononHuTeNnbHaA Tema: AreHTHoe

Mmoae/inpoBaHWe ANA 3a4d4 ONTUMAN3aU NI

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



JlononHuTenbHaa Tema: Agantauma

* AganTaumio MOXKHO onpeaennTb Kak mognduKaumio CTPYKTYpbl MoAenn C uenbio bonee
3¢ PEeKTUBHOIoO AENCTBMA B OKPY KatoLen cpeae

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

* AreHTbl afanTUPYIOTCA 3a CHET NepeBUNKeHNa, MMUTaLMK, BOCNPOM3BOACTBA, 0by4eHus,
6e3 BbluncneHnsa Hanbonee apPeKTMBHOro AENCTBUA.

* AKaJemn4ecKknuin NpumMep areHTHOW MoAenu C aneMeHTammn aganTMBHOCTK SugarScape (J.
M. Epstein, R. Axtell. Growing artificial societies, 1996), B KOTOPOW 3BONIIOLMA areHToB
peannsoBaHa 3a cyeT obmeHa «reHamm».

* B cucteMHO-gMHaMMYECKOM MOAENIMPOBAHMNM CTPYKTYPa MOAeNn onpeaeneHa
M3HAYaNbHO N HE MOXKET ObITb U3MEHEHA B XO4€ MMUTALLMOHHOTO 3KCMEPUMEHTA, TaK KakK
CTPYKTYpa mogenun pukcupoBaHa. CUCTEMHO-AMHAMUYECKME MOAENIN TEM HE MeHee
MOTYT a4anTUPOBaTbCA, eCAn NoA aganTaunuem NOHMMaTb HE USMEHEHME CTPYKTYpPbI
MOAEeNN, a U3SMEeHEeHUe A0OMUHNPOBAHUA NeTesb 06paTHOMN CBA3M.

Kamanesckul, 2015



[lononHutenbHasa Tema: ObyyeHue |

e ObyyeHMe ocyLlecTBASIeTCS Ha YPOBHE areHToOB M Ha YpOoBHE Nnonyasauunun.

* 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

* iImnTaumMoHHaa moaeib nepeKkpecTka co ceeTopopamm Kak BUPTyasibHadA
cpena anAa obydyeHua c noakpenneHnem. Peanmsauma moaenm B AnylLogic c
npumeHeHnem 6ubnmortekn DLA)

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



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

[lononHutenbHasa Tema: ObyyeHue ||

* 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

e lemoHcTpaumoHHbIM Nnpumep: March’s Organizational Code (Exploration
and exploitation in organizational learning, 1991)

* 3amATuHa, E.b., Apxntektypa areHTHO-OpUEHTUPOBAHHOW CUCTEMDI
MMUTaLUMKU C areHTaMKu, OCHOBAHHbIMM Ha HelpoHHbIX ceTsx / E.B.
3amaTuHa, .. Kapumos, A.A. Mutpakos. // NHbopmaumsa n cessb —
[Nepmb: MITHAY, 2014.



