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This study is aimed at showcasing the performance of Deep Q-Networks (DQN) for the
Iterated Prisoner’s Dilemma (IPD) with a compact episodic state embedding. The agent
compresses the interaction context into a fixed-size vector and is trained against deterministic
Axelrod strategies. Evaluation of normalized payoff, pairwise cooperation rate of strategies,
and the learned behavior of the agent suggests the possibility of efficiently clustering existing
strategies by latent learnable features. This may lead to advancements in both game theory
and reinforcement learning. The limitations are outlined for future research, including
recurrent-based and transformer-based policy-learning networks, stochastic opponents, and
comparative analysis to the baseline performance.

Itepaniiina munema B’s3us (IPD) e xmacuunoro mopemwmno criBnpauil. ¥V npamiit po6ori
MPEICTABICHO pe3yJbTaTH areHra, HaBYCHOTO Ha OCHOBI alTrOpUTMy HaBYaHHS 3
migkpimienusm  rmuOuaaux  Q-mepex  (“deep  Q-network”}  3matHOro  opmysarn
KOHTEKCTHO-3aJIEXKHI DPIIIEHHS 32 paXyHOK CTHCJIOIO MOAaHHS cTaHy. Monenb TpeHyBajacs
npotu 72 nmerepMmiHicTHUHHX cTpaTeriii y 200-xoqoBuX emi3ofax, peanizoBaHuX 3TiJHO 3
TypHipamu Akcenbpona [1] B omHOMIMeHHIH 6i0mioTeli.

DQN-arenT npuiimae ctucinii cTaH,- 16-BUMipHHN BEKTOP IMOTOYHOT iCTOPII IPpH, 0 KOAYE KIFOYOBI
nmaTepHu B3aeMoii. HaB4aHHS 3MIHCHIOEThCS IPOTH ACTEPMIHICTHYHOI HOMYJIAII] Y “CiimoMy” pexkuMi
- MOJIeTIb HeMae iH(opMallii mpo cTparerito, MpoTH sIKOi HaBYaeThesl. DyHKIis BTpar L(0) 6asyeTses Ha

TD-momuni GpyHKIT oninoBanus }~ y ( Ky ) Q-dyHkuio®? MU OLIHIOEMO 3a JOMOMOTOK
0araTonapoBoro MeprenTPOHyY, KU NMpUMae Ha BXiJ[ iIHGOPMAILiFO PO CTaH ,§ IO MiCTUTh KOHTEKCT
cTparerii Ta ocTanHIo 1if0 ¢ . [lapamerpamu @ Ta ¢ iHTEpHpeTyeMO SK BiIOBIIHI MapaMeTpH
HEHPOHHUX MEPEK sIKi HAIAIOTh OL[IHKY IIOTOYHOTO CTaHy, Ta OIL[IHKY CTPAaTeril, IKy areHT Ma€
BUOpaTH 111 MiHiIMi3amii moxubku gacoBoi pisHUII(TD).

min(/'+;/ V¢(y')—V¢(S))2 (1)

v
P¥=r+ymax @, s, @ 2
Z (ﬁ):Ety,a,r,;‘w (J/DON_ 05(6’,0))2} @)
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BHacniok TpeHyBaHHS MOXHA BHOKpPEMHTH 4 Kiactepu crpareriii (puc.l)ski 3rpyroBaHi 3a
OYIKYBaHOIO BHHAropoJOI0 Ta areHTa Ta IiXHIM piBHEM Koomepamii. BHIHO OJHM3bKO YOTHPHOX
KJjacrepiB crpareriii. Ha puc.2 BuBeeHi pe3ysibTaTH pi3HULI MK O4iKyBaHUM BHIPAILIOM CTpaTerii Ta

pe3ybTaTaMU HABYCHOT'O arcHTa.
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Puc.1Po3nozin crpareriif y mpocTopi iXHbOI 34aTHOCTI 10 KOOIIEpaIlii 3 areHTOM Ta 3Ba)KEHOTO
pe3ynbTaTy areHTa.
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Puc.2 Pi3Huns cepeqHpOTO 04iKyBaHOTO BUTPAITY CTPATETiil BITHOCHO HAaBYEHOTO areHTa.

Crucie noAaHHst CTaHy J03BOJISIE PO3PI3HATH THITU OTIOHEHTIB 1 aIallTUBHO pearyBaTH Ha iXHi naTepHH
NOBEIHIKK i €(QEeKTHBHO BiATBOPIOBATH ix min yac dasu TectyBands. OCHOBHHUMH OOMEKCHHSIMU
LBOTO JOCIHIIKEHHS € JACTepPMiHOBAHICTh MOMYJIsLii, BiACYTHICTh JTOBTOTPUBAIO] MaM’sTi Ta
HECTAIIOHAPHICTh JWHAMIKH HaBYaHHSA. Y TOJAIBIINX JOCTIDKEHHSIX OyJie MPOBEICHO
MOPIBHSHHS 3 PEKypPEHTHUMH Ta TPaHC(HOPMEP-MOJICNISIMU, BBEACHO CTOXAaCTHYHHX
ononentr” Ta TOMyNAIiHEAN TpeHiHT. Y MACYMKY, MOKHA cTBepKyBatH 1110 DQN i3 KoMIakTHAM
IMOJIaHHAM TIOKa3y€ KOHTEKCTHO-3AJIC)KHY MHOBCAIHKY Ta BUABJIAEC KIACTCPHY CTPYKTYPY OIIOHCHTIB,
(hopMyI0UH OCHOBY JUISI IOJANBIINX JOCITIHKEHb KOOIepaIlii.
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