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Hacmoswas npozpamma modcem 661mob UCHONL308AHA OPY2UMU NOOPA30eIeHUAMU
VHU8epcumema u opy2umu 8y3amu 6e3 paspeuieHus noopasoeseHus-paspadomuuxa npocpammsi.

1. ObnacTp npuMeHeHUs

Hacrosmass nporpamma

y4eOHOW  JTUCIUTLTAHBI

YCTaHaBJIMBacT

TpeOOBaHHUSI K

00pa3oBaTebHBIM PE3yIbTaTaM U pe3yJibTaTaM 00yUYEeHHUs CTYICHTA U ONIPENIEIsIeT COIepIKaHue U
BU/JIbI YUEOHBIX 3aHATHI U OTUETHOCTH.
[IporpaMMa mnpenHa3HaueHa MJis IpenojaBaTesiel, BEAYLUIUMX JaHHYIO JAUCLUIUIMHY
CTYyJIEHTOB W CIylIaTelsei,

[BBenmuTe Ha3BaHUE OOIEYHUBEPCUTETCKOro (aKkyabTaTHBa],
KENAIOIIMUX MPUHTH ydacTue B paboTe (hakyibTaTHBA.

2. le)1d 0CBOEHHUS JUCIHUILIHHBI

B PE3YIbTATC OCBOCHUSA y‘~I€6HOfI JAUCHUIINIMHBI CTYACHTBI M CIIYIIATCIIN JOJIKHBI OBJIaICTh
CJICAYIOIUMHA 06p830BaTCJIBHBIMI/I pe3yiibTaTaMu:
e VYMeTh CTPOUTH AJII'OPHUTMbI HaXOXKICHHA ONTUMAILHOU CTpaTerun B IIpoLecCax

IIPUHATUS PELICHUMN.

e VYMeTh BBISBIAITH M pEIIaTh NPHUKIATHBIE 33Ja4d OOYYEHHS C IMOJKPEIICHHEM B
NPUKIAIHBIX 007acTsIX (pOOOTOTEXHMKA, MAIIMHHBIA TEPEBO/I, TUAJIOTOBBIE CUCTEMBI,
WH(OPMALIMOHHBIA MTOUCK, OaHHEpHAs peKjlamMa u T. 11.)

e [loHumars TeOpEeTUUYECKYIO 0a3y OOYUECHHS C MOKPEILIICHUEM.

3. TemaTnyeckuii JIaH y4eOHOM AU CHUNIIHHBI

ITonpasnenenue AynuTOpHBIE Yachl
HIWY BIIID, 3a CamocTos-
Ne HasBanue pasnena KOTOpOH Beero Jlexu | Cemun Hpaxrute TeIbHAas
3aKpenieH Hacos u apbl clne pabora
pa3zlen1 3aHATHA
1 | IIpouecchl npuHATUS LAMBDA 16 4 4 8
perenuii, black-box
METO/bl ONTUMHU3ALINH B
00y4EeHHH C
MOAKPEIJICHUEM.
2 Value-based nonxon B LAMBDA 16 4 4 8
00y4EeHHH C
MOAKPEIJICHUEM.
3 | AnnpoKCHMMAITMOHHBIN LAMBDA 16 4 4 8
MOAX0/T K 00yUeHUIO ¢
nojkpermienueM. Deep
reinforcement learning.
4 | Policy-based metospl B LAMBDA 16 4 4 8
00yUYeHUH C
MOJIKPEIIJICHUEM
5 [Ipuknagueie 3agaun LAMBDA 16 4 4 8
o0y4eHus ¢
MOAKPEIICHUEM

Ecmn OY® peanuzyercst 0THUM I0J[pa3/ieIeHUEM, CTOI0EI] MOXKHO yOparTs.
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6 | BcnomorarenbHbIe LAMBDA 8 4 4
3ansaTus (CNN-nukoes,
RNN-11k0e3)

4. ®opMBbI KOHTPOJIS 3HAHUH CTY1eHTOB

Tun dopma 1 rox Kadenpa/mo | ITapametpsr **
KOHTPOJISI | KOHTPOJIA 1|2| 3|4 | npazuencHue
2
Bsnoreky
110507 [IpakTruecko | 6 | 6 LAMBDA 12 3amaHuii «Ha
€ 3aJ]aHne 3aKOJIUTh», U3 KOTOPBIX HA

OTJIMYHO HY>KHO
BBITIIOJIHUTH PUMEPHO & (B
3aBHCHMOCTH OT KayecTBa
BBITIOJIHCHHS ).
Jupyter;numpy/scipy;gym;
tf/theano.

3ananuii MOKeT ObIThH
Oosblle, HO TpeOOBaHUS
«Ha OTIUYHO» OoJiee
CTPOTHUMH HE CTaHYT.

5. Conepxxanue Q1M CUMILITHHBI

The syllabus is approximate: the lectures may occur in a slightly different order and some
topics may end up taking two weeks. However, everything announced here is guaranteed to occur
at least once.

Section I: Decision processes
e Welcome to Reinforcement Learning

e Lecture: RL problems around us. Decision processes. Basic genetic algorithms
e Seminar: Welcome into openai gym, basic genetic algorithms
e Homework description - see weekO/README.md
e HSE Homework deadline: 23.59 15.09.17
e RL as blackbox optimization

e Lecture: Recap on genetic algorithms; Evolutionary strategies. Stochastic optimization,
Crossentropy method. Parameter space search vs action space search.
e Seminar: Tabular CEM for Taxi-v0, deep CEM for box2d environments.
e Homework description - see weekl/README.md
e HSE Homework deadline: 23.59 22.09.17

Section I1: Value-based methods

Ecn OY® peanuzyercst 0THUM I10J(pa3/ieIeHueM, CTOI0en MOXKHO yOoparThb
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Value-based methods

e Lecture: Discounted reward MDP. Value-based approach. Value iteration. Policy
iteration. Discounted reward fails.
e Seminar: Value iteration.
e HSE Homework deadline: 23.59 29.09.17
Model-free reinforcement learning

e Lecture: Q-learning. SARSA. Off-policy Vs on-policy algorithms. N-step algorithms.
TD(Lambda).
e Seminar: Qlearning Vs SARSA Vs Expected Value SARSA
e HSE Homework deadline: 23.59 6.10.17
Section I11: Approximate reinforcement learning
deep learning recap

e Lecture: Deep learning 101

e Seminar: Simple image classification with convnets

e HSE Homework deadline: 23.59 6.10.17
Approximate reinforcement learning

e Lecture: Infinite/continuous state space. Value function approximation. Convergence
conditions. Multiple agents trick; experience replay, target networks,
double/dueling/bootstrap DQN, etc.

e Seminar: Approximate Q-learning with experience replay. (CartPole, Atari)

Section 1V: Policy-based methods
Policy gradient methods |

e Lecture: Motivation for policy-based, policy gradient, logderivative trick,
REINFORCE/crossentropy method, variance reduction(baseline), advantage actor-critic
(incl. GAE)
e Seminar: REINFORCE, advantage actor-critic
Policy gradient methods 11

e Lecture: Trust region policy optimization. NPO/PPO. Deterministic policy gradient.
DDPG. Bonus: DPG for discrete action spaces.
e Seminar: Approximate TRPO for simple robotic tasks.

[Maybe a bonus lecture here]
Section V: Practical applications
Exploration in reinforcement learning

e Lecture: Contextual bandits. Thompson Sampling, UCB, bayesian UCB. Exploration in
model-based RL, MCTS. "Deep" heuristics for exploration.
Seminar: bayesian exploration for contextual bandits. UCB for MCTS.
[Recurrent neural nets recap goes here]
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e Partially observable MDPs

e Lecture: POMDP intro. POMDP learning (agents with memory). POMDP planning
(POMCP, etc)
e Seminar: Deep kung-fu & doom with recurrent A3C and DRQN
e Applications Il

e Lecture: Reinforcement Learning as a general way to optimize non-differentiable loss.
G2P, machine translation, conversation models, image captioning, discrete GANSs. Self-
critical sequence training.

e Seminar: Simple neural machine translation with self-critical sequence training

6. Kputepuu onieHKM 3HAHNH, HABBIKOB

OreHka 3a Kypc BBICTABIISCTCS 110 CyMMe 0aylIoB, Oaiisl HAOMpParoTCs 3a MPAKTHUECKUE
3amanus. {7 y)Ke 3HaKOMBIX C AMCHUIITMHON CITyIIaTeNei eCTh BO3MOKHOCTD MOJTYYUTh
JIOTIOJTHUTEIIbHBIE OBl 32 IIPOCKTHYIO (MCCIIEI0BATENBCKYIO WIIH MPHUKIIAAHYIO) paboTy mpsiMo
UCTIOJIB3YIOLIMIO METOJIBI O0YYEHUS C TIOAKPETIIICHUEM.

7. Obpa3oBare/ibHbIE TEXHOJIOTHH

Bce 3amanus ciarotes B opentask - http://anytask.org/course/228

7.1 MeToanyeckue yKa3aHusi CTy/ieHTaM

B ocennem cemectpe 2017 Kypc KUBET B pero3uTOpUn
https://github.com/yandexdataschool/practical_rl/tree/fall17 (Bcs mapopmanus B
README.md). Ecnu BeI ciymiaere Kype B IpyroM CEMECTpe, BaM 110 TOMY ke aJpecy B
/tree/master, a emE Jyyllie — ¢ BOIMPOCOM K IPETOAaBaTENIM U KOJUIeraM-CIIyIaTesNs M.

8. Ouenounbie CpeacTBa IJd TEKYLIECro KOHTPOJIA M aTTeCTAlMA CTYACHTA

Bce 3aganus pa3MenieHsl B perno3uTopuu (cM. myHKT 7.1).

OrieHKa Kypca CTPOUTCS Ha OCHOBAHWHU TIPAKTUYECKUX 3aaHui (Tipumep -
http://bit.ly/2fFFZqgq ). Kaxmoe 3agaHue COCTOUT U3 OCHOBHOM YacTH, 32 KOTOPYIO MOXHO
noyduTh 10 6aJisIoB, M HECKOJIBKUX JIOTIOJIHUTENIBHBIX 3aa4 OMIIMOHATBLHOTO XapaKTepa 3a
JIOTIOJTHUTEIIHHBIC OaJLIIbI.

CJ'IYHIaTeJ'IB MOXET CaMOCTOATCIBHO BI)I6paTI) KakKue 3aJaHus OH XO4YCT BBIIIOJIHUTB, OILICHKA
BBICTABJISICTCA IO CYMMC 0aJIoB.

9. Ilopsinoxk GopMUPOBAHMS OLIEHOK MO IMCIHUIINHE

Kputepun mornu ycrapets. AkTyanbHast HHQOpMAaIHs Ha TEKYIIHA ceMecTp -
http://bit.ly/2khP3NF

Cymma OamnnoB Onenka
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10. YueOHO-MeTOAMYecKOe U MH(OPMAIIMOHHOE 00ecnieYeHrue TUCHUIINHBI

10.1 OcHoBHas IUTEpPaTYypa
O06s13aTeNBbHOM IUTEPATYPHI HET.

10.2 JonoJiHUTE/ILHASA JIUTEPATYypa

JlononHHUTENbHAS TUTEpATypa 1o Kaxaoi uenene ectb B README.md kaxmoit Henene
(mox 3aronoBkoM «Materialsy). [Ipumep takoro crmcka - http://bit.ly/2hIkolA . Pekomenayembie
MaTepHuaybl TOMEYEHBI Kak [main] win [recommended].

10.3 CnipaBo4YHHMKH, CJI0BAPH, JHIHKJIONEINH

http://yandex.ru/
http://google.com/

10.4 IIporpaMMHBI€e CpeaCTBa

Kypc npoBoautces Ha cranaapTHoM data science cTake: python + jupyter + numpy + scipy
+ matplotlib + sklearn. Cnymarento He 3HaKOMOMY XOTsI Obl C 3 W3 HHUX HACTOSTEIIBHO
peKoMeHyeTcs IpoiTu 1ukOe3 o HUM (B cocTaBe Kypca o Mammuaaomy O0y4yeHHIo).

3anaHus coBMecTUMBI Kak ¢ python 2.7.*%, tak u python 3.5+. B Mepy coGcTtBeHHOMI
U3BPAIIEHHOCTH U CTPEMJICHHS K MPUKIIOUEHUSM CIIyIIaTellb MOXET BbIOpaTh JAPYIYIO0 Cpeay
BBITIOJTHEHUS 33/IaHUM C COTJIacUsl CEMUHApUCTA.

Oxon0 TONOBUHBI 33aJaHM Kypca HCHOJB3YIOT MOJENTH TIyOMHHOro oOy4eHus(deep
learning). CTpouTh TakoBble MOJENM CIylIaTeNto Mpennaraercs B theano wim tensorflow
(monnepxuBaroTcsa Ha oceHHUH cemecTp 2017, ecnu BbI )KUBETE B IPYTOM rOJly — YTOUHSNTE Y
npernoiaBaTeneii).

10.5 IncTaHMOHHAS MOJAEPKKA M CIHHIIIMHbI

Kypc MOkHO ciaBaTh JUCTAHIIMOHHO, IS Y€T0 CITYLIATEN0 HY)KHO OCBAUBATh MaTePHAITBI
¥l ClIaBaTh 33JJaHUs B TOM K€ ITOPSJIKE, YTO U OUHOMY CIIyIIaTento. Buieo 1 TeKCTOBbIe MaTepHalbl
10 KaXKJI0¥ Hejiese BRIMISIAT npruMepHo Tak - http://bit.ly/2hikolA .
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11. MaTepl/IaJILHO-TeXHI/I‘leCKOC o0ecrneuyeHue AUCHHUIIIIMHBI

MuHrMaIbHbIE CHCTEMHBIE TpeOoBaHus — 2+ Gb ram, X86-coBMeCTHMBIii poIeccop,
64-6utnas OC.
Komdopthsbiit ypoBenb — 4gb ram, Buneokapra ¢ CUDA wnu mo6osbmie siaep CPU.

Ecnu oueHb XoueTcs, Kype MOKHO MPOWTH Ha 4éM yroHO, €CIIM Ha HEM paboTaet
Opaysep ¢ javascript (1 1axe ecinu He paboTaer).
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