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MnaTtdopmbl ana obyvyeHmnsa ¢ nogkpenaeHmnem

OpenAl Gym! Unity ML Agents?

@ HeT nHtepdenca gnsa
CO34aHNSA HOBbIX
OKPY>XEHUN.

@ He conepuT rotoBble
peanusauunv anropnTMoBs
oby4eHuns.

@ PeannsosaH oauvH
anropnT™ obyyeHus.

@ CnoXXHbI NHTEepdenc.

1G. Brockman et al., “OpenAl Gym,” In: arXiv preprint
ArXiv160601540 Cs, Jun. 2016

2A. Juliani et al., “Unity: A General Platform for Intelligent
Agents,” In: arXiv preprint ArXiv180902627 Cs Stat, Sep. 2018
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CoSpaces

Mnatdopma ong cosfaHna HTepakTueHoro 3D
KOHTEHTA.

53 200 t73k tex:126.9Mb geom:4.0Mb, 60fps.

e

BIFEIREEEER o cuid m Common

us +
inport { movePathCasera, updatecan } fron *./Utils";
Scene.getTten("tower") as Ganeten

Scene.getlten(dragon’) as Animatediten;
h) as PathTten

const LookatTarget = Scene. getTten 'LookAtTarget") as ElLipsoid;
const LookatPath = Scene.getIten(LookktPath') a5

GULLHUD. VAUt tonVisibLe = true;
GUI_HUD gyroscopeButtonVisible
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Llenb n 3apa4u

NHTerpmnpoBaTb B NpUIoXeHne
CoSpaces Mmoaoysib On8 CO30aHNA U
peweHnsa 3aga4y obyyeHuns c
noaoKpenneHnemM,

@ Pa3paboTaTb apXnUTEKTypy HOBOro Moayns B
paMKax NpPUIoKeHUS.

@ Pa3zpaboTaTb NporpaMMHbIN MHTEpdenc ang
co3faHns oby4yaeMmbix areHTOoB.

@ Co3paTb Moaynb obyyeHunsa n bubnmnoteky 6a3oBbix
aJIrOPUTMOB.

@ PeannsoBaTb 3anyck oby4yeHHON Mogenun ms
Beb-BepCUM NPUIOIKEHNS.

@ lMpoTecTupoBaTb BO3MOXXHOCTU 0ByYeHUs.
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ApPXNUTEKTYpa NPUNOXKEHUS

BO3MOXXHOCTU NPUIOXKEHUS

CkpunT c onucaHuem CoSpaces:
B3aumogencTBUIA
06LEKTOR 1 OKPYKEHMS @ Co3paHwue cueH ns 3D
JavaScript / CoBlocks 00BbEeKTOB C UCMOJIb30BaHNEM

msmnyeckoro cumynsTopa.

@ OnucaHmne noBegeHNd n
B3aMMoaencTteus o6 bLeKToB B
cKkpunTe.

@ NcrnonHeHne CKpunTa B

CoSpaces peXxmnmMme NpourpbiBaHns C
Java rpauyeckon Bmlyanmsaumnen
Ka)>kK4oro TakTa.
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ApxnTeKTypa nnatgopmsbl

CKpPMNT C OKpYyXeHWeMm
JavaScript / CoBlocks

Buayanunsauws

CoSpaces

Java

Anroputm obydyeHus

Python

@ Pa3paboTaTb CKPMNTOBLIN

NporpamMMHbIA MHTepgenc ans
noeHTUMKayunm areHTa.

PeannsoBaTb HOBbIN peXXnM
NCNoNIHEHNS CKpunTa 6e3
OTPUCOBKMW.

Ha a3bike Python co3paTb
Moaynb oby4eHus c
nogkKpenieHneMm.

PaspaboTaTb
KOMMYHMWKaLMOHHbIA NPOTOKON
MeXAY MPUIoXKeHneM n
Moaynem oby4yeHus.




CkpunTtoBbin API

let cart = Scene.getItem("cart") as Capsule;

let pole = Scene.getItem("pole") as Capsule; .

function reset(): number[] { ﬂﬂﬂ 3a|'|yCKa 06yl'|eHV|ﬂ-
cart.transform.set(new Transform());
pole.transform.set(new Transform()); o B CKpI/II'ITe Bbl3BaAThb
return getState();

} dyHKUMIO 0ByYeHnsn

function step(action: number[]): void {
cart.physics.velocity = new Vector3(action[0], 0, 0); corsnacHo
}

function isFinal(): boolean { npe.ﬂ.ﬂomeHHOMy
return (abs(cart.transform.position.x) > pThreshold) “I‘IporpaMMHOMy

(angle(pole.transform.axisZ) > aThreshold);

1}‘unctinn response(): number[] { MHTepq)eMCy'
et reward = done w17 110 ¢ 1; @ BbibpaTb 1 HacTpouUTh

) return getState().concat([reward * 10, done]); aﬂrOpMTM 06yL|eHV|ﬂ.

atespacesiaer 4 @ 3anycTuTb CKPWAT B
:Egzzfpggiiifme;:;tep(actlon), O,D,HOM n3 npe.ﬂ.ﬂomeHHle
et O = resert PEX1MOB.
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Pe>XXnMbl NCNOJIHEHUA CKpUMNTa

Ons onTMM3aunm BpemMmeHn obyyeHns peanm3oBaH
PEXMM UCMONHEHUS CKpUNTa 6e3 OTPMCOBKM.

MNoppep>xxuBaeTtcs cBO6OAHOE MepektoYeHne
MeXxAay ABYMS pexmMamm ncnosHeHus 6es3 notepu
nporpecca oby4yeHuns.

Pexxum ncnonHeHns | OgHa ntepauus
Pe)X1UM C 0TPMCOBKOWM 5-1072 c.
Pexxum 6€3 0TpMCOBKU 3.5-107% c.
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ANropuTMbl 06y4eHNa C nogkpenaeHnem

PeannsoBaHbl 6a30Bble aNropnuTMbl Ha A3blke Python Ha
ocHoBe bubnuoTeku Tensorflow:

e DQNS3,
@ DDPG*,
@ PPO>.
Mepen 3anyckoM CKpUMNTa eCTb BO3MOXHOCTb
HaCTPOUTb OOMNOJIHNTEJIbHbIE MapaMeTpbl, TaKNe Kak:
Bbibop obyyatoliero anropmtMa, UMa Mo4enn,

BOCCTAaHOBUTL/COXPaHUTbL MOAes1b, KOJINYECTBO
3MNOoX, MaKCnMMalJibHada AJZIMHa 3Nn3o0da U Op.

4V. Mnih et al., “Playing Atari with Deep Reinforcement Learning”

5T. P. Lillicrap et al., “Continuous control with deep reinforcement
learning”

6), Schulman et al., “Proximal Policy Optimization Algorithms”
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ANropuTMbl 06y4eHNa C nogkpenaeHnem

interface
Algorithm

Main
3JanycK 13
KOMaHOHOR CTROKW

__init__(env : Environment,

train : boolean, O6y‘1eHV|e
restore : boolean, NPOUCXOANT SIOKAJSIbHO.

save : boolean,
model_name : string,

=2 . )
Ei t n_epochs : int,
e ot n_steps - int) [Lns 3anycka HOBOTO
= update(memory : Memory)
action_dim : int choose_action(state : [float]) an ropl/lTMa HeOGXO'D'M MO
reply() A HanucaTb aJiropnTM B
v ! " Knacce-HacnegHuKe
- Memory NHTepoerica Algorithm v
v add_step(state : [float],
= Communicator fgﬂ:?d:,[?;:i‘]) YKa3aTb K HEMY MYyTb.
port : int dlear() '

sample(n : int)
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KOMMYHUKALUMNOHHbIN MPOTOKOJ

KoMmMyHuKauus Java n Python: knneHT-cepsepHoe
B3aMMOOeNCTBME HYepes COoKeT.

Mopnenb nepenaBaeMbIX AaHHbIX:

3anpockl K cepBepy:
finish, reset,

action, reply
& s
(s) )
L ¥
VI $ R
cocTosiHME
Harpaga

KOHel 3nu3oaa
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3anyck oby4yeHHON Moaenu

Oby4yeHHasa Mmoaenb MoXXeT BbiTb KOHBEPTUPOBAHA B
dopmaT JSON n 3arpy>xeHa Ha yaasieHHbI cepBep.

Ins 3anycka mogenn B Beb-npuioxxeHnm
ncnonbsyetca bubnmorteka Tensorflowjsé ans
JavaScript.

Mpwn 3anycke ckpunTa NMPOUCXOANT NMOAKOYEeHNe
bubnnoTtekn, 3anyck mogenu n nocnepyouiee
MoAeNnMpoBaHWe NoBedeHnNs areHTa.

6”TensorFlow.js: Machine Learning for the Web and Beyond”,
ArXiv Preprint ArXiv:1901.05350, Feb. 2019.
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TecTunpoBaHue

PushBlock BalanceBall
Half-Cheetah CartPole
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Busyanmsauunsa cTaTUCTUKN

episode length

930

a7o

950

930

910

890

0.000 6000k 1200k  18.00k step

N3MeHeHne OJinHbI
3NmM3o04a OT KoJIMYecTBa
3NM30408B

0.00
-50.0 f

reward
200
150
100

50.0

0.000 6.000k 12.00k 18.00k step

M3MeHeHne CyMMapHOW
Harpagbl OT KOMYeCcTBa
3M1M30408B
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Pe3ynbTaThl

Oxpyxenre |KommuectBo| Bpems JlmuHEa Harpana OpenAl
300X o0yueHHd | >30H301a Gym
CartPole 10 3 MHH. 1000 1000 3 MHH.
(DON) 1000 mraror
BalanceBall 50-70 20 MHH. 1000 4973
(DDPG) 1000 mraros
Half-Cheetah 10k-15k 204, 1000 253.7 12 4.
(PPO) 631 mar
PushBlock > 25k 354 2000 2994
(PPQ) 825 marop
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Pe3ynbTaThl

B pe3ynbTaTe npoaenaHHon paboThbi:

@ B npunoxxeHunn CoSpaces cos3gaH Moayb
oby4eHunsa C noakpenneHnem,

@ Pa3paboTaH nporpaMMHbIN MHTepgenc gnsa
co3naHng obyyaeMbix areHToB,

@ PeanusoBaHbl 3 6a30BbIX aNropmTMa,

@ Ob6yyeHHass Mmoagenb MOXXeT ObiTb 3anyLleHa 13
Beb6-BepCUn NPUIIOKEHNS.

Cpena oT/im4aeTcsa NpPoCTbiM NMHTEpdencom u
rpaduyeckon Bmlyanmilaumnen npouecca obyyeHuns.
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[Mpuno>xxeHwne

HacTpanBaeMbie napameTpbl 0byyeHus:

@ KoJsin4yecTtBO 3M0OX

oby4veHus, @ lMopT ona cokeTa,
@ MakcuManbHaga osanHa @ MyTb K CKPUNTY C
2Nnn3oaa, ANropmTMOM,
@ PeXxum obyyeHuns nnm @ msa mozenw,
BOCMpPOM3BeAEHNS,

@ BoccTtaHOBUTbL MOoAaeNb,

@ KonmyecTBO CKPbITbIX
@ CoxpaHuUTb MoLeb.

C/10€B B HEMPOHHbIX
ceTsx,
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