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MynbTuareHTHble cpepbl

e KoonepartusHble (Starcraft 2 Team Mode [1])
e CopesHoBarternbHble (Go [2])
e CwmewaHHble (Sequential Social Dilemmas [3])

N3meHeHne Harpaabl areHTa Anga NPOABMXKEHMST Koonepawmm B CMELLAHHbIX cpegax
(Cooperative Reward Shaping, CRS).

dyHKUMKM Ans oueHkn obwero 6narococtosiHuA (Social Welfare, SW):

e Ba3BelweHHana cymma Harpag areHToB [4, 5]
o O6y4eHne Habopa NONUTUK pa3HOW cTeneHn koonepauum [6]
o Wepapxnyeckoe obyyeHne c nogkpenneHmem [7]
m  Makcummnsaumsa cymmbl Harpag MeTa-areHToM
e MuHumyMm Harpap areHTOB

[1] Vinyals O. et al. — 2017., [2] Silver D. et al. — 2016., [3] Leibo J. Z. et al. — 2017., [4] Peysakhovich A., Lerer A. — 2018.,
[5] Hughes E. et al. — 2018., [6] Wang W. et al. — 2019., [7] Zheng S. et al. — 2020.
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[Tpobnemsl

e Buibop dyHKkumn Social Welfare

o CRS orpaHnyeH oyHKUMAMU, KOMMYTaTUBHBIMU C MaT. OXXUAaHWEM (TOSTbKO cymMma).
m Llenb areHTa — MakcumMmsaums oXXmaaHus KyMmynsiTUBHOM Harpagbl

o Mcnonb3oBaHune MWUHUMYMa NpuBoaANT K HENMpeaCKadyeMoMy noBegeHuto.

e ApTedakThbl, CBSA3aHHbIE C NPOAOIMKUTENbHOCTbLIO KNU3HW areHToB

¢} Ll,eJ'Ib areHToB — MakCnMunasauuna npoaosixXnTeribHOCTU XKXU3HU
o  AreHT nsberaet noJjiydeHune HeraTMBHOW Harpagbl OT OCTallbHbIX areHToB, 3aBepLlad CBOKO

XXM3Hb paHblLe OPYIuX.
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[locTaHOBKa 3ada4u

Llenb npoekTa 3aknto4aeTcs B CO34aHNUM HOBOro MeToaa AN NpoABUMXKEHNS
Koonepauumn B CMeLUaHHbIX MYNbTUareHTHbIX cpeaax, KOTopbln peluaet
npobnemsbl, CBA3aHHbIE C MPOAOIMKNTENbHOCTbLIO XXU3HW areHTOB 1 PYHKLMEN
Social Welfare

3apayu:

e PaspaboTtatb HOBbLIN METOA NPOABMXEHUST KooNepaLunm
e Pearnunsosartb cpeny, B KOTOPOM areHT BNULAEeT Ha NMPOaOSKUTENBHOCTb CBOEN

KU3HU
e OueHuTb MeTOA B cpenax u cpaBHUTb ero ¢ Cooperative Reward Shaping
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Lawmaker

OueHKa BrarocoCcTosHUSA j-ro areHTa — oueHka ero nonutukn m; = P(A; | s):

oo

Ri(s) = ZWt"“i — KYMYNATMBHAas Harpaga i-ro areHta
t=0
Vi, (8) = Ex, [R;i(s)] — DyHKUMA LEHHOCTU NOMUTUKN i-r0 areHTa

OueHka obuiero bnarococtodHus areHToB (Social Welfare, SW):

Cooperative Reward Shaping: Lawmaker:
o[ e o s (5[5
t=0 t=0

3agada meta-areHta Lawmaker:

Makcumnaumposatb Social Welfare VSW
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OYHKUMA OLIEHKN OENCTBUU areHTOB

Social Advantage - oueHka BNuaHus genctsun Ha Social Welfare:
AW (s,a) = SW(V'(s,a))—SW(V(s))

V. (8) — dyHKuns LeHHOCTH i-ro areHTa
V7;¢ (S, a) — (PYHKUMA LEHHOCTW i-ro areHTa npu ycrioBun, 4To crneayrowime genctemna byayr a
Cnepyowan 3agada - oueHnTb BKnag B Social Advantage negmemayasbHbIX areHToB:

AW (s,a) = " APV (s,a;) - nenaem npeanonoxenue, 4to Social Advantage packnaabiBaeTcst No-areHTHO
7

Eropos B. C.
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ApxutekTtypa Lawmaker

Apxutektypa Actor-Critic:

\ A~ 4 SW
f"{ ACLOI | }—> a1 = Al Y
s A == w L ‘ : ‘ i\ L “ : } AS"V (s’ a)
A
AC \ SW
> > ay 48
A

75V (s) makcumuanpyet A7 (s, a;)

, SW _
2 mi(8) - (s) T;  MaKCUMMU3UPYET NNYHYIO Harpaay i-ro areHTa
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Harvest [8]

fining beam

e [laTb areHTOB

agent observation

agent
9 window

e COop abnok

15x15 view
[ (DI/IKCI/IpOBaHHaFI NpPOoAOITKUTESTIbHOCTb XNU3HU

o CKOpOCTb BblpaCTaHUA s106roK 3aBUCUT OT Konun4vecTBa s16rok BOKpPYT

[8] Hughes E. et al. Inequity aversion resolves intertemporal social dilemmas //arXiv preprint arXiv:1803.08884. — 2018.
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Pe3ynbrathl, Harvest

OObLee Konn4yecTBo A0MOK 3a XXM3Hb areHToB

900-
— selfish — BroucTUYHbIN 63ii3naiH

800- —
D R — CRS ¢ cymmoii
700 / CRS, sum y
Kak cpyHKumnen SW
600 - :
CRS, min — CRS ¢ MuHumymom
500-
'/ Kak pyHKLmen SW
400+

LM, sum — Lawmakerc CYMMOM
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—_— — CRS, sum - KaKk pyHKumen SW
200 CRS, min :
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Cpeabl

Eldorado (ocHoBaHo Ha [9])

e [IBa areHTa Food 6 ‘< Agent
e PaspexeHHaqa Harpaga G*l—Water
e C60p pecypcoB ® O

e ArTaKka ornrnoHeHTa Stone—p

e [lonoxuTtenobHaqa Harpaga 3a war

® OTpI/ILI,aTeJ'IbHaﬂ Harpaga B KOHUE XN3HU

[9] Suarez J. et al. Neural mmo: A massively multiagent game environment for training and evaluating intelligent agents
/[arXiv preprint arXiv:1903.00784. — 2019.
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PesynbraTthl, Eldorado

CyMmapHasi NpoAOMKUTENBHOCTb KU3HU

600 -

500

400 -

300 -

200 .
— selfish a
— CRS, sum

100 Lm, sum
— Lm, min

0_ r i T T T T T T 1
0 iM 2M 3M am 5M 6M 7™ 8M
Steps
Eropos B. C.

1.0+

0.8 1

0.6

0.4 1

0.2+

0.0- .

[TpOUEHT aTaku

S N N R ——

.

— selfish

— CRS, sum
Lm, sum =

— Lm, min

1M 2M M am 5M 6M 7™ aM
Steps

Koonepauusi B MynsTMareHTHOM 00y4YeHMM ¢ NogKpenneHnem CIIolIdMuKH 12/13



Toru

e PeanunisoBaH mMetog npoaBmxeHns koonepaumn Lawmaker, OCHOBaHHbIN Ha
N3MEHEHUN NONUTUKM areHTa u peLuaroLmimn npobnemol, cBA3aHHbIE C
NPOAOIHKUTENBHOCTLIO XU3HU 1 yHKUMen Social Welfare

e PeanusosaHa cpena Eldorado, B KOTOpoU areHT BNnsieT Ha
NPOAOMKUTENBHOCTE CBOEWN XXN3HU

e OMNUpUYecKkn nokasaHa addekTneHocTb Lawmaker B cpaBHeHUn ¢ CRS B
cpenax Harvest n Eldorado

e [lo pesynbraTam nccnegoBaHust MOArOTOBNEHA Nybnvkauns

Koa pabotbl: https://github.com/vladimirrim/bachelor_thesis
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