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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Hucummmuaa «Artificial Neural Networks (Reinforcement Learning) / HckyccTBeHHBIC
HelipoHHbsle cetn (OOydeHHWE ¢ TIOIKPEIUICHHEM)» BXOAMT B MPOrpaMMy MarucTpaTypbl
«I[IpoekTupoBaHue KOCMHUYECKMX MUCCHI M cuctem» o HamnpasiaeHuto 01.04.02 «IIpuknagnas
MareMaThka ¥ WH}OpMaTHKa» M u3ydaeTcs B 3 cemecTpe 2 Kypca. JUCIUIUIMHY peanu3yeT
Kadenpa mexanuku u mpoueccoB yrpasieHus. JucuumamHa coctouT u3 4 pasgenos u 10 teM u
HanpasieHa Ha uzydenue methods for constructing automatic control systems based on artificial
neural networks, mastering methods for solving basic control problems using neural networks,
neural network architectures.

Llenpto ocBoeHusi mucuMIUIMHBL siBisercs teaching students methods of constructing
artificial neural networks.

2. TPEBOBAHMUS K PE3YJIIBbTATAM OCBOEHUSA JUCHUIIJIMHBI
OcBoenne muctumnael  «Artificial Neural Networks (Reinforcement Learning) /
UckyccrBennsie  HeiipoHHble cetu  (OOydeHMe C  TOJIKPEIUICHHEM))»  HalpaBlIeHO Ha

(dbopMupoBaHHEe y 00YYAIOIINXCS CICTYIOMNX KOMIIETEHIIUH (4aCTH KOMIIETEHIUH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, Gopmupyemvix y 00yHarOWuxcs npu 0C80eHuu
OUCYUNTUHDBL (Pe3YIbMaAmbl 0C80EHUS OUCYUNTUHDL)

HNHankaTopbl 10CTHKEHHS KOMIIETEHIINI

Hugp Komnerenuus o
(B pamMKax JaHHOW IHUCIUILIIHEI)

[IK-1.1 JemoHCTpHpYET BlafeHUE (YHIAMEHTAIEHBIMA 3HAHISIMH,
MOJTYYCHHBIMH B 00JIACTH MAaTEMaTHIECKUX U (MIIM) €CTECTBEHHBIX
HayK, IPOrpaMMHPOBaHUS 1 HHPOPMAITHOHHBIX TEXHOJIOTHIA;;
[IK-1.2 YMmeer Hax0quTh, OPMYIHPOBATH U PEIIaTh CTAHAAPTHHIC
3a71a4M B COOCTBEHHOM HayYHO-HCCIIEI0BATEILCKON eI TEIEHOCTH
B 00JTaCTH IIPUKJIATHON MaTeMaTUKH ¥ HHPOPMATHKH,
BBIUYUCIUTENIFHON TEXHUKH U COBPEMEHHBIX TEXHOJIOTUI
MIPOTPaMMHPOBAHHUS;;

I1K-1.3 Nmeet npakTHUECKUil ONBIT HAYYHO-HUCCIIEI0BATEIbCKON
JIESITETIHHOCTH B O0JIACTH MIPUKIIAHOW MaTeMaTHKH U
MHPOPMATHKH, BEIYNCIUTENIFHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH NPOrpaMMHUPOBAHMSL;

Crmoco0eH GpopMyIupoBaTh LEIH,
3a[1aud HayYHBIX HCCIICAOBAHUIA B
00JTacTH MIPHUKIIATHON
MaTEeMAaTHKU 1 HHPOPMATHKH,

MK-1 BBIYUCIIUTENIbHONW TEXHUKU U
COBpPEMEHHBIX TEXHOJIOTHH
[IPOrPaMMHPOBAHHSI, BEIOUPATH
METO/IbI ¥ CPECTBA PELICHHS
3a1a4

CrocoOeH MpUMEeHTh [IK-2.1 3Haet coBpeMeHHbIE TEOPETUUECKUE U
COBPEMEHHBIE TEOPETHUECKHE U | IKCIICPUMEHTAIbHBIE METOBI Pa3pabOTKH MaTeMaTH4YeCKIX
SKCHEPUMEHTANBHbBIE METOABl  |MOAENEeH, HHHOBALIMOHHBIE HHCTPYMEHTAJIBHbIE CPECTBA
pa3pabOTKM MaTEeMaTHYEeCKUX  |[IPOEKTUPOBAHUS U SJIEMEHTHI apXUTEKTYPHBIX PEIICHUH
MoJIeJIel HCCllelyeMBIX 00bEKTOB |MH(OPMALMOHHBIX CUCTEM;;
IK-2 1 mporieccoB, oTHocsmuxesa K- |I[IK-2.2 YMmeer pa3pabaTeiBaTh U peai30BhIBATh AITOPHTMEI
po¢eCcCHOHATBHOM MaTeMaTHYECKUX Mojierneil Ha 6a3e S3bIKOB U MTaKeTOB IMPHUKJIATHBIX
JIESITEIFHOCTH TI0 HAMPABJICHUIO |IPOTPaMM MOJECITUPOBAHUS;;
MOJTOTOBKM M y4acTBoBath B ux |[1K-2.3 MiMeeT npakTHUeCKUi OMBIT pa3pabOTKN BAPHAHTOB
peanu3anyy B BUIE peanu3anuy HHPOPMAITMOHHBIX CUCTEM C HCIOJIb30BaHUEM
IIPOTPAMMHBIX IPOTYKTOB WHHOBAIIMOHHBIX HHCTPYMEHTAIBHBIX CPE/ICTB.;

3. MECTO JUCHUIIVIMHBI B CTPYKTYPE OII BO

Hucuunnmuna «Artificial Neural Networks (Reinforcement Learning) / MckyccTBeHHBIE
HeilpoHHble cetn (OOydeHHEe C TOAKPEIUIEHHEM)» OTHOCUTCS K 4acTH, (opMupyemoit
y4aCTHUKaMH  0Opa3oBaTeNbHBIX  OTHOmeHWH  Omoka 1 «Jluctummusbl  (MOIyNH)»
00pa3oBaTeNbHON IPOTrPaMMBI BBICIIIETO 00pa30BaHUS.




B pamkax oOpa3oBarenbHOM HpOrpaMMbl BbICHIETO OOpa30BaHUS OOYdaIOIIMECs TaKKe

OCBauBarOT
3aIllJTaHUPOBAHHBIX

Apyrue
pe3yIbTaToB

JUCIUILIHHBI
OCBOEHUI

W/ TIPAKTHKH,

JUCHUTIIINHEI

CIOCOOCTBYIOIINE
«Atrtificial

Neural Networks

(Reinforcement Learning) / UckyccTBeHHBIE HEelipoHHBIE ceT (OOyUeHHE ¢ TTOAKPEIICHUEM ) ».

Tabauya 3.1. Ilepeuenv xomnonenmos QOI1 BO, cnocobcmsyrouux 00CMUICEHUIO
3ANIAHUPOBARHbLX pe3)1bmamoe OC60€HUA aqu}ul’lﬂqul
IlpeniecTBylommue Ilocaenywmue
g Hauvenosanne Plcpl/llilJII/IHbI;,MOm JIH HC nnnnill}ll,l/;auo JIN
p KOMIIETEHIINH FHCH *Hy ’ JRHCH *Ily ’
NPAKTHKH NPAKTHKH
TexHOIOrMYecKas MPaKTHKA,
HaydHo-uccnenoBarensckas
paboTa;
CoBpeMeHHbIE METOIBI MEXAHUKH
CrocobeH GpopMynupoBaTh
KOCMHMYECKOTO II0JIETA;
LEITH, 33/1a41 HAyIHBIX
N CoBpeMeHHbIE METO/IbI
HcCaeq0BaHui B 00J1acTH
o JIMCTAHIMOHHOTO 30HANPOBAHUS
MPUKIITHON MaTEMATHKH i )
HHopMATHKH 3emiu; TexHomorn4yeckas MpakTUKa;
TIK-1 . Artificial Neural Networks (Deep [peaaumioMHas MpaKkTHKA,
BBIYUCIIMTENILHOM TEXHUKH U Learning)**;
COBPEMEHHBIX TEXHOJIOTUIl L
HpOFPAMMHDOBaHHS Hckyccmeennvie Heliponnbie cemu
P ’ (I'nybokoe obyuenue)**;
BBIOMPATH METOJBI U
CPECTBA PEIICHIS 3a7aH Mawunnoe obyuenue u ananius
P p bonbuux OanHblx **;
Machine Learning and Big Data
Mining**;
Crnocob6eH NpUMEeHSTh
COBPEMEHHBIE Hckyccmeennvie netiponnvie cemu
TEOpPETHICCKHE U (I'nybokoe obyuenue)*™;
IKCIEPUMEHTAIIbHbIC Artificial Neural Networks (Deep
METO/IbI Pa3pabOTKH Learning)*¥*;
MaTeMaTHYECKUX MOJIENEH Mawunnoe obyuenue u ananius
soen TexHoMOrHYeCKas MPAaKTHKA,
HCCIIEAYeMbIX OOBEKTOB U bonvuux OaHHbIX *™,
IK-2 [IpenaunnomMuas mpakTHKa;

TPOIIECCOB, OTHOCSIITUXCS K
poeCCHOHATBHOMI
ACATCIBbHOCTH I10
HapaBJICHUIO TOATOTOBKU 1
y4acTBOBATH B UX
pean3aliy B BUIE
MPOTPAMMHBIX TIPOJTYKTOB

Machine Learning and Big Data
Mining**;
TexHosorn4yeckas nMpakTUKa;
Hayuno-uccnenoBarenbckas
paborta;

* - 3aMONHSACTCS B COOTBETCTBUH ¢ MaTpuiei kommnerernuii u CYII OI1 BO

** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH

JOCTUXKCHHUIO




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

O6mas Tpynoemkocts nucuuruinibl «Artificial Neural Networks (Reinforcement Learning) / UckyccTBenHble HelipoHHbIe ceTn (OOydueHue ¢
MOJIKPETIJICHHEM )» COCTABIISIET «5)» 3a4ETHBIX SAMHHII.

Tabauya 4.1. Buowvl yuebHoli pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOSPAMMbL 8bICUIE20 00PA306aHUS ONs1 OYHOU GopMbl
00yuenus.

Bun yueOHoii padoThI BCETIO, ak.u. CEMec; p(B)
Konumaxmmnas paboma, ax.u. 36 36
Jlexuuu (JIK) 18 18
Jla6opartopHsie pabotsl (JIP) 18 18
IMpaktuueckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma oby4arowuxcs, ax.u. 117 117
Koumponw (sx3amen/3auem c oyenkou), ax.u. 27 27
OO01mIasi TPYT0EMKOCTh THCIHILTAHBI aK.v. 180 180
3a4.e/l. 5 5




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
padoThI*

Homep HaumenoBanmue pazaesna
pasiena AUCHHUTLIUHBI

Reinforcement learning as a machine learning paradigm where an
agent learns through interaction with an environment. Structure of
the algorithm: the agent performs actions, the environment
transitions to a new state and returns a reward. The interaction JIK, JIP
cycle: action, state change, reward reception, policy update.
Difference between reinforcement learning and supervised learning:
absence of correct answers, learning through trial and error.

Structure of the reinforcement learning

11 algorithm.

The agent as a learnable entity that makes decisions and interacts
with the environment. Policy function as a rule or strategy for
selecting actions in each state. Value function as an estimate of the
total expected reward the agent can obtain from a given state or after
Introduction to Reinforcement performing a given action. Difference between state value function
Learning. and action value function.

1.2 |Agent. Policy function. Value function. JIK, JIP

Paznen 1

Environment model as a description of its dynamics, including
transition probabilities between states and reward distributions.
Environment types: deterministic with strictly defined action
Model. Types of reinforcement learning outcomes versus stochastic with random transitions. Full
environments: deterministic, stochastic with information environments where the agent observes the complete
1.3 |complete and incomplete information, discrete |state versus partial information environments with limited JIK, JIP
and continuous, episodic and non-episodic, observability. Discrete environments with a finite set of states
single-agent and multi-agent. versus continuous environments with infinite possibilities. Episodic
environments with natural termination versus continuing
environments without a clear end. Single-agent environments versus
multi-agent environments with interacting agents.

Markov chain as a sequence of random states where the probability
of the next state depends only on the current state. Markov process
as a generalization of Markov chains with continuous time or state
Theoretical foundations and 2.1 space. Markov decision process as a formalism for describing JIK, JIP
Pasnen 2 |methods of reinforcement reinforcement learning problems, including states, actions, transition
learning probabilities, reward function, and discount factor. Markov
property: the future does not depend on the past given the present.

Markov chains and Markov processes. Markov
decision process.

State value functions, Q-function. Bellman State value function as the expected sum of discounted rewards

2.2 equation and optimality. Derivation of the when following a given policy from a given state. Q-function as the

JIK, JIP




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

Bellman equation.

value of taking a specific action in a specific state and then
following the policy. Bellman equation as a recursive relationship
linking the value of the current state to the values of subsequent
states. Optimality in reinforcement learning: achieving the
maximum expected total reward. Derivation of the Bellman
equation by decomposing value into immediate reward and
discounted future value.

2.3

Dynamic programming. Monte Carlo methods
and game theory.

Dynamic programming as an approach to solving Markov decision
processes with a known environment model. Policy iteration with
sequential policy improvement. Value iteration for directly
computing the optimal value function. Monte Carlo methods as a
way to estimate value functions by averaging rewards from multiple
interaction episodes. Application of Monte Carlo methods when no
environment model is available. Game theory in the context of
multi-agent reinforcement learning: Nash equilibrium, cooperative
and non-cooperative games.

JIK, JIP

24

Learning based on temporal differences. TD
forecasting. TD learning.

Temporal difference learning as a combination of Monte Carlo
methods and dynamic programming. Value update after each step
based on the difference between current and next estimates. TD
prediction as the task of estimating future total reward from each
state. TD error as the difference between new and old value
estimates. Advantages of TD methods over Monte Carlo methods:
ability to learn in continuing episodes and lower estimate variance.

JIK, JIP

25

Q learning. SARSA algorithm. (State-Action-
Reward-State-Action)

Q-learning as a model-free method that updates Q-function based on
the optimal value regardless of the current policy. Off-policy nature
of Q-learning: the agent learns the optimal policy while following
an exploratory policy. SARSA algorithm as a method that updates
Q-function based on the actual actions taken by the agent. On-policy
nature of SARSA: the agent learns the policy it follows.

Comparison of Q-learning and SARSA: Q-learning is more
optimistic, SARSA is safer in risk-sensitive tasks.

JIK, JIP

Pasnen 3

Reinforcement learning
software

3.1

Software packages for implementing neural
networks. Tensor Flow

Software packages for implementing neural networks in
reinforcement learning tasks. TensorFlow as an open-source library
for numerical computation and machine learning. Components of
TensorFlow: tensors as multi-dimensional arrays, computation
graphs for describing operations, automatic differentiation. Using

JIK, JIP




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

TensorFlow to approximate value functions and policies with deep
neural networks. Alternative libraries: PyTorch, Keras, JAX.

Pasnen 4

Development of artificial
neural networks. Symbolic
regression methods

41

Genetic programming, Cartesian genetic
programming, network operator method,
variational methods of symbolic regression

Genetic programming as an evolutionary method for automatic
creation of computer programs represented as syntax trees. Genetic
programming operations; crossover for swapping subtrees, mutation
for randomly changing nodes. Cartesian genetic programming with
program representation as a directed graph of nodes arranged on a
two-dimensional grid. Compactness and efficiency of Cartesian
representation. Network operator method as a way to encode
structures of complex systems as matrices followed by evolutionary
optimization. Variational methods of symbolic regression for
finding analytical expressions describing experimental data.
Comparison of symbolic regression methods with neural network
training: interpretability of results versus flexibility and scalability.

JIK, JIP

* - 3anonaseTcs Toabko mo OUHOW dopme odyuenus: JIK — nexyuu; JIP — nabopamopnsie pabomul; C3 — npakmuueckue/ceMunHapcKue 3aHamus.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

KoMnbroTepHslii K1acc Uisl IPOBENEHUS
3aHSTUN, TPYNIIOBBIX U MHIAWBUIYaJIbHBIX
KOHCYJIbTaIMi, TEKYILEr0 KOHTPOJIS U
KoMIbroTepHBIN | MPOMEKYTOYHON aTTECTALNH, OCHAILICHHAS

KJ1acc NEePCOHATIBHBIMU KOMIIbIOTEPAMH (B
KOJIMYECTBE  IIT.), JOCKOW (3KpaHOM) U
TEXHUYECKUMHU CPEICTBAMHU MYJIbTUMEINA
IIPE3CHTALMM.

AyIuTOpHS JUIS CAMOCTOSITEIILHOU PaOOTHI
oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS

TSt .
A . | IpOBeIeHUs] CEeMHUHAPCKUX 3aHATHI U
CaMOCTOSITEIIbHON 9
KOHCYJIBTAITNH ), OCHAIIIEHHAS KOMIUIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

Ocnoenas numepamypa:

1. Carron Puuapn C., bapto Ouapro I'. OOyuenue ¢ noakpenienuem = Reinforcement
Learning. — 2-e uzganue. — M.: JIMK npecc, 2020. — 552 ¢. — ISBN 978-5-97060-097-9.

2. Pozen6nart, ®@. [Ipunuuns! HeliponuHamuku: [lepuenTpoHsl 1 Teoprs MEXaHU3MOB
mo3ra = Principles of Neurodynamic: Perceptrons and the Theory of Brain Mechanisms. — M.:
Mup, 1965. — 480 c.3.

3. A.H.Bacuibes, JI.A.TapxoB. HelipocteBoe moaenupoBanue. [IpuHIMnbl. AIropuTMsl.
[Mpunoxenns. CI16.: U3a-Bo [TommrtexH. YH-Ta, 2009. ISBN 978-5-7422-2272-9

4. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing

5. A.A.TapxoB. Heliponnsie cetu. Moaenu u anropurmsl. M., Pagnorexnuka, 2005.
(Hayunas cepus "Helipokomnbrorepsl 1 ux npumenenue", pea. A.M.INanymkun. Ku.18.)
Jononnumenvhasn tumepamypa:

1. D.E.Rumelhardt, G.E.Hinton, R.J.Williams. Learning representations by back-
propagating errors. Nature, 1986, V.323, pp.533-536.

2. Caudill, M. The Kohonen Model. Neural Network Primer. Al Expert, 1990, 25-31.

3. J.J.Hopfield. Neural networks and physical systems with emergent collective
computational abilities. Proceedings of National Academy of Sciences of USA, 1982, V.79,




No.8, pp.2554-2558.
Pecypcuvl ungpopmayuonno-menekommynuxkayuonro cemu « dnmepremy:

1. ObC PYIH u croponnue ObC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT JOCTYII
HAa OCHOBaHUM 3aKJIIOYEHHBIX JOTOBOPOB

- DnekTpoHHO-O6ubMoTeunas cuctema PY/IH — ObC PYIH
https://mega.rudn.ru/MegaPro/Web

- OBC «YHuBepcuterckas Oubianoreka onnaitu» http://www.biblioclub.ru

- OBC IOpaiit http://www.biblio-online.ru

- OBC «KoncynbraHT cryfenta» www.studentlibrary.ru

- OBbC «3nannym» https://znanium.ru/

2. ba3bl TaHHBIX U TIOUCKOBBIE CUCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpudeckas 6a3a nanubix Lens.org https://www.lens.org
Yyebno-memoouueckue mamepuansvl 0151 camocmosmenbHol pabomol 00y4aArOWUXC NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:

1. Kypc nexnwmii o aucuuruinae «Artificial Neural Networks (Reinforcement Learning) /
HckyccTBeHHbIe HelpoHHBIE ceTH (O0y4YeHUe ¢ OIKPETUICHHEM ).

* - Bce y4eOHO-METOIUYCCKUE MATePUANTBI JJII CAMOCTOSITEIIBHONH PabOThl 00ydJarOIUXCsI
pa3MeIIarTcs B COOTBETCTBUHU C ACHCTBYIOUINM MOpsiAKoM Ha cTpanulle aucuuruinasl B TYUC!



PABPABOTYMUK:

CanteikoBa Onbra

HoueHt AnekcanapoBHa
Jonocnocms, BYIT Tloonuce Damunus 1. 0.
PYKOBOJUTEJIb BYII:
Paszymusrii FOpuit
3aBenyromuii kadeapoit Hukonaeuu
Jonoscnocmo BYIT Tloonuce Damunus U.0.
PYKOBO/JUTEJIb OII BO:
Pazymusiii FOpuit
ITpodeccop Hukonaesnu
Honxcnocmo, BYITT Ioonuce Damunus U.0.
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