O6yueHMe c nogKpenieHnem no 60/bLoMy
KONMUYECTBY YenoBeYeCKnx 4eMoHCTpaLun

CaszaHoBny Huknta Banepbesuny, BIIM151

HayuHbI pyKOBOAUTEND:
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MpeameTHas obnactb

MpONCXOOUT HA MapKOBCKOM MPOLIECCe MPUHATUSA PeLIeHN
<SART v >

Llenb — HaxoxaeHne NoAnTUkK 7 : S — A € MaKCUManbHow
KYMyNATVBHOW AVCKOHTVPOBAHHOW Harpagou:

E[> 7 R(Sk, 7(Sk): Sks1)]
k=0

[emoHcTpaymn:
{507 Ay, 1,51, ,St—1,0t, rt,st}, {507 a1,S1,° 5 St—1, atvst}~

VX HecTpykTypuposaHHas dopma: {(s;, a;) ;.
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O6nactb nccnegoBaHus

Mpo6nema 3¢pheKTBHOTO UCMOMb30BAHMS OMbITA:

- OpenAl Five nonyunn 6onee yem 11000 neT cymmapHoOro
nrposoro onbiTa Dota 2’

- AlphaStar vicnonbzosan 200 neT CyMMapHOToO UIPOBOro OMbiTa
StarCraft 112,

Tema copeBHOBaHMA MineRL?® gns NeurlPS 2019.

TOpenAl. OpenAl Five. 2018. https://blog.openai.com/openai-five/.
’AlphaStar: Mastering the Real-Time Strategy Game StarCraft 1. / O. Vinyals [et al.].
2019. https://deepmind.com/blog/alphastar-mastering-real-time-
strategy-game-starcraft-ii/.

3The MineRL Competition on Sample Efficient Reinforcement Learning using Human
Priors. / W. H. Guss [et al] // arXiv e-prints. 2019. Apr. arXiv:190410079.
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PeweHuns n3 nutepatypbl

- /i3meHeHne Harpag UCXoan 13 NoTeHUManos gencrsnn’:

R'(s,a,s',ad") =R(s,a,s") + (y®(s',a") — ®(s,qa))

- leMoHCTpauuy Ons reHepaLnmn noteHLnanos>.
- leMoHCTpaLmny Kak cpeacTBo UCCnenoBaHna cpemb®.

- /icnonb3oBaHue AeMOHCTPaL Ui B anroputme ry6oKoro
Q-06y4yeHud and npegobyueHus’.

“Wiewiora E., Cottrell G. W, Elkan C. Principled Methods for Advising Reinforcement
Learning Agents. // ICML. 2003.

°Reinforcement Learning from Demonstration through Shaping. / T. Brys [et al.] //
[JCAI 2015.

SWang Z., Taylor M. E. Improving Reinforcement Learning with Confidence-Based
Demonstrations. // IJCAI. 2017.

’Deep Q-learning From Demonstrations. / T. Hester [et al.]. 2018.

414



Pa6oTa

MoTneauusa

B nuTeparype He nccnenosaH BONMPOC O BAUSAHUN obbema
,D,eMOHCTpaLI,I/IPI Ha NMpon3BoanTe/IbHOCTb a/ITOPUTMOB.

Lenb
iccnefoBatb BbIro4y MCMNOMb30BAHNA HECTPYKTYPUPOBAHHbIX
JIeMOHCTpaLuin 601blWOro o6bema 0T MHOTUX NtoAen Ans
anropuTtma rmy6okoro Q-obyyeruns (DQN) 1 cpeabl Dota 2.
3adauu:

1. Pa3pabotatb cpeny aAns obyyenunda B urpe Dota 2

2. MonyunTb AaTaceT AEMOHCTPALM

3. Peanu3zoBaTb DQN c ncnonb3oBaHWeM JeMOHCTpaLunii

4. ccnenoBaTh BbIFOAY MCMOMb30BAHMS PA3NMYHOM0 Yncaa
JeMOHCTpauunm.
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Cpepa Dota 2

MapameTpusayms:

- S=R', |A| =11, R = 1 npu aTake IOHNTA ONMOHEHTa U 0 UHAYE. ¢y,



-

Cpega

Bbot Dota 2
(lua)

~

7 s )

BupTtyanbHasa
cpepa

Cepeep boTa

[

> Dota 2
(python+flask)

Kop obydeHuns ¢
noAkpenneHuem
(python+tensorflow)

Ynpasnexue

GUI
(pyautogui)

e

Nerenpa:

NOAKOHTPONbHbIA KOA

. 3aKpbLITBIA KOA,

714



N3BneueHune ,D,GMOHCTpE\LI,I/II?I

dotabuff.com, Steam

vaeHTUdMKaTopPLI
3anucen urp

replay_getter
scrapper.py
get_links.py
downloader.py

l dem dpaiinel 3anvcel urp

replay_parser

l napbl GDCTDﬂHMe-,E[SﬁGTBMe

8 cthopmare json

- PeanusosaHo B paboTed.

- [lo6aBneHo BOCCTAHOBMEHMNE
HeoocCTaKLWen nHpopmaumm
yepes Dota Bot Scripting API.

+ B3aTbl 254 nrpobl.

- Cogepxart 404129 nap
COCTOAHMEe-OencTBme.

8Mapadosckul 10., KydeHko []. Crowd-sourced Al Ha npumepe urpsl Dota 2. 2018,

CMN6AY PAH.
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Peanusauuna DQN

+ OyHKunsa notepb DQN:

L;(@,‘) = IE(s,a,r,s’)~D

2
(HWQ(SCargmaxO(S’,a’;e,-);ef)—Q(s,a;e,-)) 1
a/

- ABTOMATMUECKUM CreHepupoBaHa yHKLUNs NoTeHumanos?:

®°(s,a) = ma 5,59 %
(s,a) (sd,ad)|§:adg( )

g(s, s¢, ) = p(—3(s—s)B 7 (s—s))

- ObbeanHeHne AeMOHCTpaLum Ha ocHoBe (YHKLMIK Nofo6bus
COCTOAHUIM g 1 KO3thULMeHTa MakcumanbHon 6amn3octu K.

9Reinforcement Learning from Demonstration through Shaping. / T. Brys [etal.] //
[JCAI. 2015.
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Ycnosua nposefeHus

ObyueHne B TedeHme 300000 waros. OOQMH 3anycK ANUTCS 12 4acos..
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—— 3anyck 3

0 50000

100000 150000 200000 250000 300000
LLlaroB TPEeHUpOBKK
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Ncnonb3oBaHve HECTPYKTYPUPOBAHHbIX JEMOHCTPALLUN

60
—— be3 pemoHcTpauuit
—— C o4HOW fieMOHCTpaLuen

50

40

Harpagaa
w
o

20

10

0 50000 100000 150000 200000 250000 300000
LLlaroB TPEHUPOBKN
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O6bemM 1eMOHCTPALUNA 1 NPON3BOAUTENBHOCTb
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w
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—— C 1 peMHocTpaumnen
C 50 gemMHocTpaLmMaMn
—— C 254 peMHocTpauusmu
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MpoTUBOPEUMBOCTb AEMOHCTPALMI

06 06
~ -
08 . 08 P
-1.0 T T T T T T T -1 T T T T T T T
-1.0 -0.8 -06 04 -0.2 0.0 02 04 -1.0 -08 -0.6 -0.4 -0.2 0.0 0.z 0.4

(a) Tpaektopus nepsoro axkcnepta  (b) TpaekTopus BTOporo skcnepTa
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3aKnwyeHne

BbiBOAbI:

- HecTpyKTyprpoBaHHble EMOHCTPALUX MO3BONAIOT YBENUYNTD
cpenHtoto Harpady DQN B Dota 2 ¢ 119 go 31.30

- ONTUMasnbHbIM B MOUX YCNOBUAX KONMUYECTBOM 0Ka3anocChb He
OAHa ¥ He Bce aemoHcTpauun (cpegHue Harpagbl 31.30, 58.07,
3311 ana 1, 50, 254 ﬂeMOHCTpauMM).

[MpOAOMKEHNS:

- PaccmoTperme 60Mbliero Habopa 3HauYeH KonnuyecTsa
[AeMOHCTPaLmii (UeTbipe 3anycka ogHON KOHMUIypaLmm TpebyoT
48 yacoB)

- ViccnegoBaHvie MeTogoB 06beAnHeHN JeMOHCTPALNN

- MpoBepKa rrnoTesbl ONTUMANbHOCTW Ha APYIUX Cpeaax u/unwm c
APYTUMUK QNTOPUTMAMU.
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Anroputm 06beHEeHNA AeMOHCTPaL I

def generate_merged_demo () :
merged_demo = []
for demo in demos:
for demo_state, demo_action in demo:
similar = False
for state, action in merged_demo:
sim = get_states_similarity(
demo_state, state)
if sim > K:
similar = True
break
if not similar:
merged_demo . append(
DemoStateActionPair (
demo_state, demo_action))






MapameTpbl 06yuyeHun

MeToA ONTMMM3aLNK Adam
KO3 MUMEHT CKOPOCTY le—3
0by4eHns

pasmep bydepa onbiTa 100000
KO3 PULMNEHT e-KaaHOTro

nccnenoBaHms 0-1
yacToTa 0byyeHusa cetn 4

4acCToTa CMHXPOHU3aunn

LeneBon CeTn obydeHns 1000
KoadphuumeHT
(bepyu 0.999
JIVICKOHTUPOBaHWSA
Pa3Mep TPEHNPOBOYHOTO 2
6n0oKa
« MPUOPUTU3NPOBAHHOIO
6ychepa 0.6
Bo NTPNOPUTU3NPOBAHHOTO
0.4
oydepa
€ NpVYIOPVTU3POBAHHOTO o6
e

oydepa
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