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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 O6y‘-IEHI/IFI U agantaunn, areHTHoeE

mogennpoeaHune and sagayd ontuMmmnsaumnin, MHTerpauma MCKyCCTBEHHOINO UHTENNIEKTA C
MMNTAUNOHHBIM MOAEe/TUPOBaAaHUNEM

ANbTepHaTUBHbIE TeMbl: MOXHO CKOHLUEHTPUPOBATLCA Ha OAHOM M3 3TAaNOB
MMUTALMOHHOIO MoaennpoBaHmA. Hanpumep, onncaHme areHTHon moaenu (ODD-

npotokon, UML-gmnarpamma, ap.); CTaTUCTUYECKME METOAbl AN aHA/IN3a BbIXOAHbIX
OAHHbIX




BbINO/IHEHWE NPOEKTa

BaXHO:

* OCYLLEeCTBUTb 3Tan peanansaumm nMmmTaumoHHon mogenm s AnylLogic;
MCNO/1b30BaTb, MO BO3MOXHOCTU, pea/ibHble AaHHble ANA
MmoaennpoBaHuA

e caenaTb Npe3eHTaLuio nccnegoBaHmMa Ha ceMmHape



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, rpy3bl. TOBapbl)

* 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)

B.H. MunxannoB. UmutaunoHHoe moaenmpoBaHme: YuebHo-meToanyeckoe nocobue. 2016. JlabopaTtopHas
paboTta 3. KombnHnpoBaHHOEe mogennpoBaHue, cTp. 129—161.

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

Tonyes, H0./. MogenvposaHue n cMmynaLma N0rMcTUYECKUX CUCTEM / H0.U. Tonyes, C.WU. NMnaHKoBcKuit /
Kypc nekuumn ana BbICLUMX TEXHUYECKUX Y4eOHbIX 3aBeaeHnin. — Knes: «Munnenmymy», 2009.

PoskkoB, M./. Pa3paboTKka MMUTALMOHHbIX MOAENEN yrpaB/ieHUA 3anacamm B Liensax noctasok / M.U.
Po)xKoB — MockBa, 2011.

boes, B.[l. Pabota c T'C kaptamu 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

AnnnomHana pabota Kneseu, TatbaHbl (KMUCA, 5 kypc, 2015), Konsaa Mapun (KMuCA, 5 kypc, 2017,
peanunsaums Ha peasibHbiX AaHHbIX TOproBbix ceTer ASDA (Bennkobputanua) n Espoont (benapycs),
peanusaums B AnylLogic, cbop reogaHHbIx Ha MMTnToHe)



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).

9/10/2019 CrucTeMHas AMHaMUKa M areHTHoe Moe/IMpPoBaHue

* PucyHokK un3 ctatbu E. Bonabeau,

Agent-based modeling: Methods and
techniques for simulatin 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. [loBeaeHue Tonnsl (MaTepmans)

,ﬂ,EMOHCTpaLI,MOHHbIe npumepbl COunaJZibHbIX MPOLUECCOB.
» Schelling Segregation Model or Shelling Tipping Game (1978) — moaenb cerperaunmn Lennmura
* Prisoner’s Dilemma, Axelrod (1987) — dopmunpoBaHue rpynn, NCNoab30BaHUE reHETUYECKUX aNTOPUTMOB

* M. W. Macy, R. Willer, From Factors to Actors: Computational Sociology and Agent-Based Modeling, 2001 -
Emergent structure: model of convergence and differentiation, emergent order: models of collective action,
trust and cooperation

* 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.

e Understanding Crowds Behaviors: Guidance and Lessons Identified. The Cabinet Office Emergency
Planning Colledge, 20009.

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

* Mahmood I., 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)

e K.K. ABnnos, O.HO. ConoBent. AreHTHble MOAENN: aHA/IN3 NOAXO0A0B U
BO3MOHOCTU NPUNOKEHNA K annaemumonorun, MamemamuyecKkasa
buonozua u buouHgpopmamuka. 2012. C. 425—443,

* P. AHoepcoH, P. Man. UHpeKUuMOHHbIe bone3Hun yenoseka. IMHaMmmKa
M KOHTpO/b. 2004,

 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. 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 |

* /I3BecTHble pa3paboTaHHbleE UMUTALMOHHbIE UTPbI

* Fish Bank, [1. Menoy3, nnntoctpaumsa CUCTEMHOIO apxeTuna Tpareamu
obwHocTtn; Pbibonosctso, /1.H. KaBTapasase

 Stratagem/CrpaTtarema, mofenb pa3BUTMA rocyaapcTsa Ha npoTaxeHnu 50
net; lNepcnektmnea, M.M. KptoKoB

* Beer Game, N10rMCcTUKA
* LoFare Simulator, K. YoppeH, cumynatop no ynpaBaeHUIO aBUaKOMMNAHMEN
» Beefeater, K. YoppeH, cumynaTop No ynpaBAeHUIO CETbIO PECTOPAHOB

* Professional Services Microworld, K. YoppeH, cumynsatop no ynpasneHuio
KOHCAaNTUHIOBOW KOMMaHUeM

* Econet ABC
CoMPAS, skonornyeckaa MMMTaLMOHHAA Urpa



JlononHuTeNnbHaA Tema: AreHTHoe
MoJeNnMpoBaHMe ANA 3a4a4 ONTUMKM3aLUNN

e 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



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

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

e 3amATUHa, E.b., ApXUTeKTypa areHTHO-OPUEHTUPOBAHHOW CUCTEMDbI
MMUTALMM C areHTaMK, OCHOBaHHbIMW Ha HEMPOHHbIX ceTaAx / E.B.
3amatuHa, .. Kapumos, A.A. Mutpakos. // NHbopmaumsa n cesasb —
Nepmb: TNITHAY, 2014.



