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|.  LEJIM ¥ 3AJJAYU OCBOEHUS TUCHUTLINHBI

Hean ocBOGHUS JUCHUIUIMHBI: BbIPAOOTKA Yy CTYACHTOB KOMIIETCHIIMM, CBSI3aHHBIX C
MIPUMEHEHHUEM aJITOPUTMOB OOYUCHHS C TIOJIKPEIUICHUEM ITPU PEIICHUH NMPAKTHYECKUX 3a/1a4.
3amaun:
® W3YyYCHHE OCHOBHBIX KJIACCOB 3a/a4, MPHU PEIICHHH KOTOPHIX HCIIOIB3YIOTCS aJTOPUTMBI
00y4eHHS C TIOJIKPEIICHUEM;
® OCBOCHHE HaBBIKA OICHKU d(H(PEKTUBHOCTH aJITOPUTMOB U WX pealu3aluil IpU pEIICHUN
3aj]1a4, CBS3aHHBIX C 00YYCHHUEM C TIOJKPETICHUEM;
® TIOJy4YCHHE NMPAKTHUYECKUX HABBIKOB IIPOIPAMMHUPOBAHHUSI IPU PEIICHUH 33724,
® OCBOCHHME HaBbIKa TepedOpPMYIUPOBAHUS 3a7a4M C S3bIKa IPEIMETHOW OO0JacTH Ha
MaTeMaTH4YECKHI A3BIK.

II. MECTO JMCIUIIVIMHBI B CTPYKTYPE OII BO

2.1. YyebOnas nmucumminHa «OOyueHHe ¢ TOAKPEIUICHHEM M €ro MNpWIOKeHHs» (2 Kypc
MarucTpaTypbl, 3 CEMECTp) OTHOCHUTCA K dYacTH OJIOKa JUCHHIUIMH (MOMIYyJeH), (opMUpYyeMOi
y4acTHHUKaMHU 00pa30BaTeNbHBIX OTHOIICHUH, U SIBJISETCS AUCLUILTUHON MO BHIOODY.

2.2. lng w3ydeHUs] JaHHOW Y4eOHOUM MUCIMILTUHBI HEOOXOJWMBI 3HAHUS, YMCHUS U HABBIKH,
dbopMupyeMble, u3ydyaeMbIMU B Kypce OakamaBpuara «MaTtemaruueckuid aHamu3y», «Teopus
BEPOSTHOCTE», «OCHOBBI TPOTrPAMMUPOBAHHUS.

2.3. 3HaHMs U HABBIKH, MOJyYEHHBIC B XOJ€ U3YUYCHUS JAHHOW NUCUUIUIMHBI (MOJYJIA), MOTYT
WCTIOJIB30BATECS IS PEUIeHHUs NPOPECCHOHANBHBIX 337a4 B HAYYHO-HMCCIIEIOBATEIbCKOW, HAYy4HO-
MIPOU3BOJICTBEHHOW M TPOEKTHOM MAESITENTbHOCTH, B YAaCTHOCTHU, IPHU BBIINOJHEHUU BBITYCKHOM
KBTM(DUKAIIMOHHOW pabOThI (MarucTepCKOn JUCCEPTAITUN ).



TPEBOBAHUSA K PE3YJIBTATAM OCBOEHUA AUCHUITJINHBI

[Tporiecc m3ydeHUs AMCHUIUIMHBI HANpaBieH Ha (HOPMUPOBAHHE 3JIEMEHTOB CJEIYIOIIUX
komnereHii B coorBercTBUM ¢ ®PI'OC BO m OIl BO nmo naHHOMYy HampaBlIEHHIO MOIATOTOBKH

(cnenuanbHOCTH):

IlepeyeHb MJIaHMPYeEMBbIX pe3yJIbTATOB 00y4YeHHs M0 TUCIHUILINHE,
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU 0CBOeHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

HIugp u
¢opmysmmpoBka
KOMIIeTEeHIIN I

(pe3yabTaThl
ocBoenusi OII)

NHaukaTopbl KOMIeTeHIH i

DJieMeHThI KOMIIeTeH M,
¢dopmupyembie TUCHUTIIITHHOM

Oowexkynromypnsie u npogpeccuonanvuovie komnemenyuu (OK u I1K)

IIK-5. Cnocoben
PYKOBOAHTH
MIPOEKTaMU 10
CO3/IaHUIO,
MTOIEPIKKE U
HCII0JIb30BaHUIO
CUCTCMBI
HCKYCCTBEHHOTO
HHTEIEKTA Ha
OCHOBE
HEHUPOCETEBBIX
MopeleH
METOOB.

IIK-5.1.
OLICHKE "

PykoBogut paboramu 1o

BEIOODY Mozelen
HUCKYCCTBCHHBIX HEMPOHHBIX CETEU U
MHCTPYMEHTAJIBbHBIX CPEICTB

peicHuA IIOCTaBJICHHOM 3aJa4u.

JUIA

IK-5.1. 3-1. 3raer yHKIHMOHATBHOCTH
COBPEMEHHBIX MHCTPYMEHTAIbHBIX
CPEICTB U CUCTEM IIPOrPaMMUPOBAHUS B
obnacTtu CO3/1aHHUsA Mozeen
VCKYCCTBEHHBIX HEPOHHBIX CETEH.

IIK-5.1. ¥-1. YMmeeT npoBOAUTH OLIEHKY
U BbIOOp MoJesell HCKYCCTBEHHBIX
HEHPOHHBIX CETEH U MHCTPYMEHTAIBHBIX

CpencTB TSt peuIeHus 3amaq
MAaIIuHHOTO O0YYEHHSI.

IK-5.1. V¥Y-2. VYmeer mpHUMEHSATH
COBPEMCHHBIE WUHCTPYMEHTAJIbHBIC
cpencTaa u CHCTEMBI
IPOrpaMMHUPOBaHUS ISl pa3paboOTKH U
oOyueHuss Mojeleld  HCKYCCTBEHHBIX

HEUPOHHBIX CETEH.




IV. COILEPXAHHUE U CTPYKTYPA JUCIIUIIJINHbI

TpyaoeMKoCTh TMCHUIJIMHBI COCTABJSIET 5 3aueTHBIX equHuI, 180 yacos,
U3 HUX 34 yaca JIeKIMOHHBIX 3aHATHH, 34 yaca J1abopaTOpPHBIX 3aHATHIi, /6 YaCOB HA CAMOCTOSITE/IbHYIO Pa00OTY B Te4eHHe ceMecTpa,
36 4yacoB Ha MOJATOTOBKY K 3K3aMeHY.

(I)opMa OTYCTHOCTH: IK3aMECH

4.1 Couepmaﬂne JAUCUMILUIMHBI, CTPYKTYPHUPOBAHHOE IO TeMaM, C YKa3aHUEeM BH]I0B y‘leﬁHLIX 3aHSATHII U OTBEJIEHHOIr0 HA HUX KOJHYeCTBAa
AKAACMHUYICCKHUX YaCoB

Buzpsl yaeOHOW pabOThI, BKITFOUAs
CaMOCTOSITENIbHYIO paboTy
00yJaromxcsi ¥ Tpy10€MKOCTh o
(8 uacax) OpPMBI TEKYIIIETO
KOHTPOJISI
o, KonraktHas pabora
= & yCIIeBaeMOCTH
Ne 3 pernoaaBaTess S
Pasnen nuciuIuIinHbl/ TEMBI S e dopma
/11 = ¢ OOy4JaroIIMMUCs = "
@) S s IPOMEKYTOUHOM
Cemunap £ o
MaGobar 33 aTTeCTaIuu (no
Jlextm ckune abop 5 & cemecmpam)
u (mpakTH- | OpHBIE S
YEeCKHe 3aHATHUS 5
3aHSITHS)
Bruinmoanenne j1a0o-
1 | Pa3gen 1. MeTa 3BpUCTHKH. 3 8 8 18 paTopHbIX padoT.
OTBeT Ha DK3aMeHe
1.1 | Monean B3auMOIeliCTBHS areHTAa CO CPeIOid. 3 2 2 4
1.2 | Anroput™Mbl 00y4eHHs ¢ OAKPeNJIeHHeM. 3 2 2 4
1.3 | BaiiznaiiHbl. 3 2 2 5
1.4 | DBoOOIMOHHBIE CTPATETN . 3 2 2 5
Broimoanenne j1a00-
2 | Pa3nen 2. Kinaccuueckasi Teopusi. 3 10 10 22 PATOPHBIX padoT.
OTBeT Ha YK3aMeHe
2.1 | OueHouHble PYyHKIIUH. 3 2 2 4
2.2 | Relative Performance Identity. 3 2 2 4




Bunpr yue6HO# paboThI, BKIIFOYAs DOpPMBI TEKYILETO
CaMOCTOSITENILHYIO padoTy KOHTPOJIS
§ 00y4aroImuxcst U TPyA0EMKOCTb yCIIeBaeMOCTH
11\/@11 Pasien AMCLUMILTMHBY TEMBI % (B yacax) Dopma
O KonrakTHas pabora g) E §  MPOMEKYTOYHOH
HpETo aBaTeis z o % é arTecTaluu (1o
C 00y4JarOMMHCS 0 3 g cemecmpam)
2.3 | JlmnaMuveckoe MporpaMMHpOBaHMe. 3 2 2 4
2.4 | Tabnn4HbIe aJTOPHTMBL. 3 2 2 5
2.5 | Bias-Variance Trade-Off. 3 2 2 5
Brinosinenue s1a6o-
3 | Pa3nea 3. Value-based noaxon. 3 8 8 18 PaTOpHBIX padoT.
OTBeT Ha IK3aMeHe
3.1 | Deep Q-learning. 3 2 2 6
3.2 | Moandpuxamuu DQN. 3 3 3 6
3.3 | Distributional RL. 3 3 3 6
BobinoJsiHenue J1a6o-
4 | Paznea 4. Policy Gradient moaxon. 3 8 8 18 PaToOpPHBIX padoT.
OTBer Ha IK3aMeHe
4.1 | Policy Gradient Theorem. 3 2 2 6
4.2 | CxeMbl KAKTEP-KPUTHK. 3 3 3 6
4.3 | Policy Gradient ¢ mepencnoib30BaHHEM CIMILIOB. 3 3 3 6
Hroro yacos 34 0 34 76
[ToaroToBka K HK3aMeHy 3 36
Bcero uacos - 180 3 34 0 34 76
4.2 Il;1aH BHeayIMTOPHOM CAMOCTOATEJIBHOM Pad0ThHI 00YYAIOIIMXCS N0 JMCIHUILIMHE
CamocrosTenpHast paboTta oOyyaromuxcs Yu4ebHo-
Ceme HazBanue pasnena, Temsl o 3arpatsl Onenodroe Megozmqecme
CTp ’ BI/I]I CaMOCTOATCIIBHON CpOKI/I BpEMeHH Cp€aACTBO obecrieterne .
paboTHI BBINIOJTHEHHS (wac.) CaMOCTOATEIbHON




IIpoBepka paboThI
3 Pazgen 1. Mera 3BpHCTHKH. W3yuenue nexuuii u 4 nenenu 19 BBITIOJIHEHHBIX
HaTKCaHUe IPOrPaMM. 3aganuid. OTBET Ha
JK3aMeHe
IIpoBepka
3 Nzyuenue nexuuit u 4 geneinnp 19 BBIIMOJIHEHHBIX
Pa3nen 2. Kinaccuueckas teopusi. .
HaIKMCaHUEe IPOTrPaMM. 3aganuid. OTBET Ha
JK3aMeHe
IIpoBepka
3 W3yuenue mexuuii u 4 genenu 19 BBIIMOJIHEHHBIX
Paznean 3. Value-based moaxon. M A .
HaTKMCaHUE IPOTrPaMM. 3aganuid. OTBET Ha
JK3aMeHe
IIpoBepka
3 . . W3yuenune meximii u 5 Henenu 19 BBITTOJIHEHHBIX
Pa3nea 4. Policy Gradient moaxon. M A .
HaTKMCaHUE IPOrPaMM. 3aganuid. OTBET Ha
JK3aMeHe
. 76
OO0mas TPy I0eMKOCTh CAaMOCTOSATEIBHON paOOThI IO JUCIUILIMHE (Jac)
bromkeT BpeMeHn caMOCTOSTeNNbHOW paboThl, MPeTyCMOTPEHHBIH YIeOHBIM TUIAHOM IS JaHHOH 76

JUCIUITIIUHBI (4ac)




4.3 ConeprxaHue y4eOHOI0 MaTepuaja

Pa3nen 1. MeTta 3BpuCTHKH
Tema 1.1. Moaenb B3auMO/1eliCTBUSI areHTAa €O Cpeaoi
CBs3b C ONTUMAJIBHBIM YypaBHeHHUEM. MapkoBckas uenb. Cpepa. [eiictBus. TpaekTopuw.
MapxkoBckuii nporecc npuHsaTus pemenuid (MDP). ODnuzonuunocts. /luckoHTHpoBaHMeE.
Tema 1.2. Aaropurmbl 00y4eHHsi ¢ TOJAKPeINIeHUEM
VYcenosust 3amaun RL. On-policy. Konuenust model-free anropurmos. Knaccuduxanus RL-
anroputMmoB. Kpurepuu onienku RL-anropurmoB. Cnoxknoctu 3agaun RL. benumapku.

Tema 1.3. baiiznaitnbl
3anaua 6e3rpaguentHoi ontuMuzanun. Cinyvaitnbiii mouck. Hill Climbing. Mmutanus oTxura.
OposonionHble anroputMbl. Weight Agnostic Neural Networks (WANN). BugoBas cneruduxarusi.
I'eneT4ecKue aNropuTMBI.
Tema 1.4. DBoJIIOLIMOHHBIE CTPATETHH
Wnest SBONIOIMOHHBIX cTpareruii. OleHKa BEpOsSTHOCTH penkoro coOwitus. Meton Kpocc-
DHTpoOnMU Ui cToXacTHueckoi omnrtumu3anuu. Meton Kpocc-DHTporun miiss oOydeHus C
noakperieanem (CEM). Hatypanbusie sBomtoninonnbsie crpateruu (NES). OpenAl-ES. Ananranus
marpuiibl koBapuanun (CMA-ES).
Pa3nea 2. Knaccuueckas teopust
Tema 2.1. Ouenouynble GPyHKIHH
CpoiictBa Tpaektopuil. V-¢yHkius. YpaBHenue bennmana. OntumanbHas crpaterus. Q-
¢ynkuus. IlpuHmmn ontumanbHocTH bemnmana. Otka3 oT omHOponmHOCTH. Bun onTuMmambHON
cTpaTeruu (J0Ka3aTeIbCTBO Yepe3 OTKa3 OT OJHOPOIHOCTH). YpaBHEHHE onTUMaibHOCTU bemnmana.
Kpurepuit ontumansHoctu bennmana.
Tema 2.2. Relative Performance Identity
Advantage-¢yukuus. Relative Performance Identity (RPI). Policy Improvement.
Tema 2.3. /InunHaMu4ecKoe NporpaMMUpPOBaHHe
Meron mpocroit urepamuu. Policy Evaluation. Value Iteration. Policy Iteration. Generalized
Policy Iteration.
Tema 2.4. Tabau4HbIE AJITOPUTMBI
Mounre-Kapno AJITOPUTM. OKCNOHEHIMAJILHOE CriIa)kKMBaHHUE. Croxactuyeckas
anmpokcumarusi. Temporal Difference. Exploration-exploitation qunemma. Q-learning. SARSA.
Tema 2.5. Bias-Variance Trade-Off
Junemma cmemienusi-pazopoca. N-step Temporal Difference. Backward View. Eligibility
Trace. TD(lambda).
Pa3znen 3. Value-based moaxon
Tema 3.1. Deep Q-learning
Q-cerka. Ilepexon x mapamerpudeckoir Q-pynkmmu. Jlexoppensnus cOMIUIOB. Taprer-ceTb.
DON.
Tema 3.2. Moaudpuxanuu DQN
Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN. IIymusie cetu (Noisy Nets).
[Mpuopurusuposanusiii periei (Prioritized DQN). Multi-step DQN.
Tema 3.3. Distributional RL
Wnes Distributional moaxoma. Z-dyukuwms. Distributional-popma. Distributional Policy
Evaluation. Distributional Value Iteration. Kareropuansuas annpokcumanus Z-pynkuuii. Categorical
DQN. KsantunpHas ammpokcumanus Z-pynkimii. Quantile Regression DQN. Implicit Quantile
Networks. Rainbow DQN.
Paznen 4. Policy Gradient moaxox
Tema 4.1. Policy Gradient Theorem
BeiBog mepBeiM criocobom. BreiBonm BTopeiM criocobom. Pusndecknii cmbicia. REINFORCE.
State visitation frequency. PacuieruieHue BHelHeld W BHYTpeHHe# croxactuku. CBsizb ¢ policy
improvement.
Tema 4.2. CxeMbl «(AKTEP-KPUTHK



beiiznaiin. Beenenue kxpurtuka. Bias-variance trade-off. Generalized Advantage Estimation
(GAE). Ooyuenue kputrka. Advantage Actor-Critic (A2C).

Tema 4.3. Policy Gradient ¢ nepencno/ib30BaHHEM COMILJIOB

[Ipobnema mnepeucnons3oBanust cdMIUIOB. CypporatHas ¢yHkuus. HukHSS — OlLeHKa.
OnruMmuszaius HKHeH omenku. Trust Region Policy Optimization (TRPO). Proximal Policy Loss.
Clipped Value Loss. Proximal Policy Optimization (PRO).

4.4 Bonnpocbl, BBIHOCHMbIE HA CAMOCTOSITEIbHOE U3yYeHHe
CamocTosTenbHas peanu3alis H3y4aeMbIX aITOPUTMOB Ha si3bike Python.

V. OBPA3OBATEJIBHBIE TEXHOJIOI'MHN

[Ipu npoBeneHUM JeKUUH W JTaOOPATOPHBIX  3aHIATHIA  HUCHOJB3YIOTCS  CIEIYIOIIHE
00pa3oBaTeNbHbIC TEXHOIOTHH:

— KJIACCUYECKHE JIEKLIHUU

— MYJIbTUMEIUIHBIC JICKITHH

— CeMUHapbI-NPe3eHTalUN

— CEMUHaPbI-TUCKYCCUU

— OHJIAWH-TIO/IZIEPIKKA CAMOCTOSITENIbHOM pabOThI CTYIEHTOB

Y4eOHbBI  mporiecc  0asupyeTcss Ha  KOHIENIMM  KOMIICTCHTHOCTHOTO  OOydYeHWUs,
OpUEHTHUPOBAHHOTO Ha (OPMUPOBAHHE KOHKPETHOTO MEpeyHs MPO(ecCHOHAIBHBIX KOMIIETCHIUH,
AKTyaIM3aldI0 TOJIy4aeMbIX TEOPETHUECKHX 3HaHUU. Pa3BepThiBaHWE KOMIIETEHTHOCTHOM MOJCIIU
oOyueHusi MpeArnoiaraeT MMPOKOe MPUMEHEHHEe MHHOBALMOHHBIX CIOCOOOB OpraHu3aluud y4eOHOro
mporecca, B T.4. INPUMEHEHHE METOJa WPOEKTHOrO OOYy4YEeHUs, TEXHOJOTHH YIPaBISIEMOTO
CaMOCTOSITENTLHOTO OOy4YeHUs B TOM YHUCle OallIbHO-PEHTHHTOBOI CHCTEMBI, a TaK)Ke BHEIpPEHUE
CUCTEMBbI OHJIAWH-TIO/IJIEPKKU BHEAYTUTOPHON pabOThI CTYACHTOB.

VI. OHEHOYHBIE CPEJACTBA JUIA TEKYIIET'O KOHTPOJIS "
NPOMEXKYTOUHOM ATTECTAILIUU

[TosHBIM KOMIUIEKT KOHTPOJIbHO-OLEHOUHBIX MarepuanoB (DoHJ OLIEHOYHBIX CPEJCTB)
oopmisieTcs B BUJIe IPUIIOXKEHUS K pabodelt mporpaMMme TUCIUITIINHBI.

Vil. YYEBHO-METOAUYECKOE OBECHHEYEHHUE JUCHUIIJIMHbI

7.1. OcHOoBHas JIMTeEpaTypa.

{IleuaTubiii pecypc} Kanypun A., Huxonenko C. U., Apxanrensckas E. B. I'mybGoxoe
obyuenue. [Torpyxenue B mup HeliponHsix ceteit //CIIb.: ITutep.-2018.-480 c. — 2018.

{llewaTnsiii pecypce} I'yndemnoy f., Uomya b., Kypsuwuis A. I'mybokoe oOy4enue. — Litres,
2018.

[DaexTponnblii pecypc: https://github.com/FortsAndMills/RL-Theory-
book/blob/main/RL_Theory_Book.pdf] KoxcmekT mo o6y4enuto ¢ noaxperieanem, 2021. - 219 c.

7.2. JlonoTHUTEIbHAS JTUTEPATypa.

[DaexTponnsblii pecype: https://www.youtube.com/playlist?list=PL_iWQOSsE6TfURIIhCrlt-
wj9ByIVpbfGc] Kype Cepres JleBuna.

DaekTpoHHbIii pecypc: https://github.com/yandexdataschool/Practical _RL] Kypc Practical
RL.

DaekTpoHHbIii pecypc: https://deeppavlov.ai/rl_course_2020] [ukna moxmagos Advanced RL.

DJIeKTPOHHBII pecypc: https://www.davidsilver.uk/teaching/] Kypc [I»Buna Cuibsepa.

DJIEKTPOHHBII pecypc:
https://www.youtube.com/watch?v=I1Sk80iLhdfU&Ilist=PLqYmG7hTrazBKeNJ-JE_eyJHZ7XgBoAyb&index=1]
Kypc DeepMind.


https://github.com/FortsAndMills/RL-Theory-book/blob/main/RL_Theory_Book.pdf
https://github.com/FortsAndMills/RL-Theory-book/blob/main/RL_Theory_Book.pdf
https://www.youtube.com/playlist?list=PL_iWQOsE6TfURIIhCrlt-wj9ByIVpbfGc
https://www.youtube.com/playlist?list=PL_iWQOsE6TfURIIhCrlt-wj9ByIVpbfGc
https://github.com/yandexdataschool/Practical_RL
https://deeppavlov.ai/rl_course_2020
https://www.davidsilver.uk/teaching/
https://www.youtube.com/watch?v=ISk80iLhdfU&list=PLqYmG7hTraZBKeNJ-JE_eyJHZ7XgBoAyb&index=1

DJIEKTPOHHBII pecypc: https://www.udacity.com/course/reinforcement-learning--ud600] Kypc
GeorgiaTech.

7.3. ClIUCOK aBTOPCKUX METOAMYECKHX Pa3padoToK.
7.4. Ilepuoguyeckue U3AaAHUS (npu He0OXOOUMOCML)
7.5. llepeuennb pecypcoB cetu UHTepHET, HEOOXOAUMBIX JIA OCBOEHMS JUCHMILIIHHbI

7.6. IlporpammHoe o6ecnieyenre HHGOPMANMOHHO-KOMMYHHKANMOHHBIX TEXHOJIOTHH

VIIl. MATEPUAJBHO-TEXHUYECKOE OBECNEYEHUE
JUCHUILIAHBI

8.1. YueOHo-1a00paTopHOE 000pyI0BaHHE

[Tpu npoBeneHNH TUCIUIUIMHBI YYaIuecs TOJKHbBI ObITh 00ECTICYCHBI:

1. JIlekuMOHHOM ayIUTOpHEN.

2. Aynutopueil s 1abopaTOpHbIX 3aHATUHN C alllapaTHBIMU U MPOTPaMMHBIMU CPEACTBAMU B
COOTBETCTBHH C Peaiu3yeMoil yueOHOW TEeMaTHKOM.

8.2. IlporpaMmMHBIe cpeacTBa

Onepanmonnas cuctema Microsoft Windows (sro6ast Bepcws).

JIrobast cpena amst paspabotku nporpamm Ha Python (Hampumep, Anaconda)
JIro6oii 6paysep, Hanpumep, Google Chrome v47 wnm BbIIIE.

8.3. Texunueckue u 31eKTPOHHbIE CPE/ICTBA
[Ipn mpoBeneHNH AMCHMIUIMHBI UCIIOIB3YIOTCS MPE3EHTALUH JICKIIMOHHBIX MaTEpPHAaJIOB, JUIS
KOTOPBIX TpeOyeTcs: IPOEKTOp, IKPaH, KOMIIBIOTEP JUIsl YIIPABIICHUS.

IX. METOAOJOI'MYECKHUE YKA3ZAHWUSA JJISA OBYYAIOIIIUXCA
IO OCBOEHHIO JTUCHUIIJIMHBI

MeTtonnyeckue yka3aHus IPUBECHBI B yUEOHBIX TOCOOUSX, IEPEUUCIIEHHbIX B pazzaene VII.

X. YUYEBHAS KAPTA JUCHUILTAHBI (MOIYJIST)

VYyeOHass kapTa IUCHUIUIMHBI OQOpMJI€Ha B BHJE NPUIIOKEHUS K paboueil mporpamme
JUCLUIUINHEL.


https://www.udacity.com/course/reinforcement-learning--ud600

YUYEBHAS KAPTA IUCHUITJIMHBI

OOyuyeHue ¢ NoAKpenIeHUeM U ero NPUI0KeHHUs
TpynoeMkocTs: 5 3au.ef.
@®opMa MPOMEKYTOYHOU aTTeCTAlUU: FK3aMEH
Kypc 2, cemectp 3

Kon u naummenoBanue HampaBiieHHss noArotoBku (cmeuuansHocTH): 01.04.02 «[lpuknagHas mateMaTHKa M
nHpOpMaTHKa» (aKaJeMU4ecKas MarucTpaTypa)

Mar HUCTCPCKasd nporpamMmma: ((HCKYCCTBGHHLIﬁ HUHTCJIJICKT: MAaTEMAaTUYCCKUC MOJICJIN U TPUKJIAJHbIC PCIICHUS

Ne Buabl KOHTPO/IbHBIX MepPOoNPUATUIA Texytuuit PYGexGbIi KoHTRORS
KOHTPO/IL (npu Hanuvuu)
Mogpaynb 1. 15
MeTa 3BpUCTUKMN.

1. AyauTOpHaa aKTUBHOCTb 2
2. BbinosiHeHWe n1abopaTopHOro 3agaHus 13
Moaynb 2 15

Knaccuyeckas Teopus.

2. AyaANTOpPHaAA akTUBHOCTb 2
BbinosiHeHWe 1abopaTopHOro 3agaHus 13
Mogpaynb 3. 15

Value-based noaxoa.

1. AyANTOpPHAA aKTUBHOCTb 2
2. BbinonHeHne nabopaTopHOro 3agaHuns 13
Mogpaynb 4. 15

Policy Gradient noaxoga,

1. AyANTOpPHAA aKTUBHOCTb 2
2. BbinonHeHne nabopaTopHOro 3agaHus 13
Bcero 60

I'Ipome»(y'roql-lan aTTecraums 40 JK3ameH nposoaUTCA NUCbMEHHO No
6unetam. Kputepuii oueHnsaHms
6 hopme 3Kk3ameHa 6annos | chopmynuposan 8 GOC
uToro 100
6annos




[Ipunoxxenne
K paboyeil mporpamme

(MomyIO)

MuHHCTEPCTBO HAYKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKIECHUE BBICIIETO

ob6pazoBanus «PocTOBCKMI rocy1apCTBEHHBIN SKOHOMHUUeCcKU yHuBepcuTeT (PUHX)»
(DaKy.]'IBTCT KOMITBIOTCPHBIX TEXHOJIOTHH U 3allIHNThI I/IH(bOpMaHI/II/I
Kadenpa pyngameHTanbHOM U MPUKIIATHOW MATEMATHKU

®OH/I OHEHOYHbLIX CPEJACTB

o IMCHUIIVIMHE (MOAYJIIO) / HPAKTHUKE

OBYYEHUE C ITIOAKPEIUVIEHWUEM U ETO ITPMJIOXEHMA

HanpaBneHne moaroToBKy / CrieuabHOCTh

01.04.02 «IIpuknagras MaTeMaTuKa U HHPOPMATHKA

PoctoB-Ha-/lony, 2023



NEPEYEHb KOMNETEHLMIXA, ®OPMUPYEMbIX AUCLUNTUHOW

«0O6yyeHue c NnogKpenseHUEM U ero NPUIONKEeHUA»

Kopa
KOMMETEHLMN ®dopmynmpoBKa KomneTeHLMn
1 2
nK NMPOPECCUOHAJIbHbIE KOMMNETEHLUN
MK-5 Crioco6eH pyKOBOAHUTD MPOESKTaMH 10 CO3JAHHIO, TTOIEPKKE M HCIOITE30BAHUIO
CHUCTEMBI HCKYCCTBEHHOI'O MHTEJUIEKTa HA OCHOBE HEMPOCETEBBIX MOJIEIEN U
METOJIOB.

MNACNOPT ®OHJA OLIEHOYHbIX CPEACTB NO ANCUUNTIIMHE

«ObyuyeHue c NoAKpeneHUEeM U ero NPUIOXKEHUA»

Ne KoHmponupyemesie pazodesnol Koo HaumeHosaHue
n/n ducyunauHel* KOHmMponupyemoli | oyeHO4YHO20
KomnemeHyuu cpedcmea**

1. MeTa 3BpUCTUKMK MK-5.1 NabopaTopHbie 3agaHuA.
DK3aMeHauMOHHble
6unetobl.

2. Knaccuyeckasa Teopus MnK-5.1 NabopaTopHbie 33agaHuA.
3K3ameHaLMOoHHble
ounetol.

3. Value-based noaxop, MK-5.1 NabopaTopHbie 3agaHuA.
JK3aMeHauMOHHble
6unetobl.

4. Policy Gradient noaxoz, MK-5.1 JNlabopaTopHble 3afaHuA.

JK3aMeHauMOHHble
6unetobl.

* HaumeHosaHue pazdesa ykasvieaemcsa 8 coomeemcmaeuu ¢ paboyeli npoepammoti OucyunauHel.

**HaumeHosaHuUe oyeHOYHOo20 cpedcmea yKaseleaemcs 8 coomeemcmauu ¢ y4ebHoli Kapmoli ducyunauHsl.




MuHuCcTepcTBO HayKu U BhIciiero oopasosanus Poccuiickoit denepannu
denepalibHOE TOCYAAPCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEIKICHUE BHICIIETO
obpazoBaHus «PoCcTOBCKMI rocy1apCcTBEHHBIN SKOHOMHUUeCcKu yHUBepcuTeT (PUHX)»

@DakynbTeT KOMIBIOTEPHBIX TEXHOJIOTHH U 3alUTHl HHOpMaIUU
Kadenpa pyngameHTansHOM U MPUKITATHON MaTEMaTHKN

Bonpocbl K 3K3ameHy

10 AN CHUIIJINHC «Oﬁyqune C MOAKPECIUVICHUEM H €10 IPUJIO0KCHU D)

1.

ok~ w

11.
12.
13.

14.

15.
16.
17.

18.
19.

20.

21.
22.
23.
24,
25.
26.
217.
28.
29.
30.
31.

32.

Ces3p C onTHManbHBIM ypaBHeHHeM. MapkoBckas memb. Cpenma. [ledictBus. Tpaekropun.
MapkoBckuii nmpornecc npunsaTus pemennii (MDP). Onuzoanunocts. JJuckoHTHpOBaHHE.
VYcnous 3amaun RL. On-policy. Konnermmusa model-free amropurmon. Knaccudukamms RL-
AITOPUTMOB.

Kputepuu onenku RL-anroputmos. CnoxkHoctu 3agaun RL. benumapku.

3anaga 6e3rpaauentHoi ontumuzanuu. Cirydaitasiii mouck. Hill Climbing. Umwuranus otxura.
Opomronnonnbie  anroputmbl.  Weight  Agnostic  Neural Networks (WANN). Bumosas
cnenuuKkanys. [ eHeTHIecKue aaropuTMBI.

Wnest »BonronMoHHBIX cTpaternii. OneHKa BeposSTHOCTH peakoro codbrtus. Mertox Kpocc-
OHTPONUH ISl CTOXaCTUYECKON ONTHUMH3ALHN.

Meton Kpocc-Outporuu anst  obyuenus ¢ mnoakpemienuem (CEM). Harypanbhble
spomononnsie crpateruu (NES). OpenAl-ES. Ananranums matpunst koBapuaimu (CMA-ES).
CsoiicTBa TpaekTopuil. V-pyHkuusa. YpaBHeHue bemmana.

OnrtumansHas crparerus. Q-¢ynkmus. [Ipuanmn ontumansHOoCcTH bemMana.

. OTkaz or omHOpomHOCTH. BHJ onTHManbHOM cTparernu (I0Ka3aTenbCTBO yepe3 OTKa3 OT

OJTHOPOJHOCTH).

VYpaBHeHue ontumanbHocTH bennmana. Kpurepuit ontumansHoctu bennmana.
Advantage-dynxkuus. Relative Performance Identity (RPI). Policy Improvement.

Meron npoctoit utepamuu. Policy Evaluation. Value Iteration. Policy Iteration. Generalized
Policy Iteration.

MomnTte-Kapio anroputM. OKCHOHEHIIHATIBHOE criakuBaHue. CTOXacTUUECKasi alllpOKCUMAIUSL.
Temporal Difference. Exploration-exploitation qunemma. Q-learning. SARSA.

Nunemma cmerenus-pasopoca. N-step Temporal Difference.

Backward View. Eligibility Trace. TD(lambda).

Q-cerka. Ilepexon k mapamerpuueckoit Q-¢dyHkiuu. Jlekoppensius cIMIUIOB. Taprer-cers.
DQON.

Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN.

HIymusie cetu (Noisy Nets). Ilpuopurusuposannsiii peruieit (Prioritized DQN). Multi-step
DQON.

Unest Distributional moaxoma. Z-bymkmms. Distributional-popma. Distributional  Policy
Evaluation. Distributional Value Iteration.

Kareropuanbshas annpokcumarius Z-¢yukiuii. Categorical DQN.

KBantunbHas annpokcumaitus Z-pyukimii. Quantile Regression DQN.

Implicit Quantile Networks. Rainbow DQN.

BriBog nepBbIM crioco6oM. BeiBoj1 BTopeIM crioco6oM. du3ndeckuii CMbICT.

REINFORCE. State visitation frequency.

Pacnennenue BHeIIHEH 1 BHyTpeHHeH croxacTukh. CBs3b ¢ policy improvement.

beit3naiin. Beenenue kputuka. Bias-variance trade-off.

Generalized Advantage Estimation (GAE).

Oo6yuenue kputuka. Advantage Actor-Critic (A2C).

[Ipobnema nepencmonb3zoBanust coMILIOB. CypporatHas QpyHKIHA.

Hwxkasas ounenka. OnrtuMusanus HwkHeR omenku. Trust Region Policy Optimization (TRPO).
Proximal Policy Loss.

Clipped Value Loss. Proximal Policy Optimization (PRO).



dopma s3K3ameHaLNOHHOro 6unera

MunucTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit deaeparuu
denepanbHOE roCcy1apCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEIKICHUE BHICILIETO

oOpa3zoBanus «PocToBCkHiI rocygapcTBeHHBIN SkoHOMUYeckuid yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMIIBIOTEPHBIX TEXHOJIOTHNA U 3aIIUTH HH(pOpMAITUH
Kadenpa pynmamenTanpHO#M ¥ MPUKIIATHON MaTEMaTUKH

3K3AMEHAIIMOHHBIN BUJIET Ne

ITo mucnuruinae “O0yyeHne ¢ NOAKPEIUICHUEM U €r0 IIPWIOKEHUs

Hamnpasnenue/cnienmanbaocts 01.04.02 «[IpukinanHas MaTreMaTuka 1 ”HHOPMATHKAY

1 Bompoc: Ycnous 3agauu RL. On-policy. Konnenust model-free anropurmon. Kimaccudukarmst
RL-anroputmoB.

2 Bomnpoc: HIymusie cetu (Noisy Nets). [TpuoputusupoBanusiii perieit (Prioritized DQN). Multi-step
DON.

CocraBuTenb

(nmoanuce)

3aBenyrouuii kadeapoit

(moamuce)



Kputepumn oueHkun

Bannbl HauMCNAKOTCA NO pe3ybTaTam OTBETOB Ha BOMPOCHI B COOTBETCTBME C NPUBEAEHHOM
Tabanuen.

O]_leHO‘IHLIe Taﬁ.]'ll/lllbl IK3aMeEHa 10 JUCIHUIIJINHE
«O0y4yeHue ¢ MoAKpenJIeHueM U ero NpUJI0KeHUs

K oTBeTaM Ha 06a Bonpoca npuMeHsieTcs criegytowlas wkana 6annos:

No TouHo “AA” Ckopee “OA” WHorpa “OA”, | Ckopee “HET” TouyHo “HET”
nHorpa “HET”

Bonpoc1 |20 15 10 5 0

Bonpoc2 |20 15 10 5 0

Taknm 06pasom, MaKCUMasibHOE KOJIMYECTBO 6aNN0B, KOTOPOE MOXKET MOJIYYUTb CTYZEHT 33 OTBET Ha
3K3ameHe — 40.



MuHHCTEPCTBO HAyKU U BhIciIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKIEHUE BBICIIETO

ob6pazoBaHus «PocTOBCKMI rocyapCTBEHHBIN SKOHOMHUUYeCcKu yHuBepcuTeT (PUHX)»
®DakynbTET KOMIBIOTEPHBIX TEXHOJIOTHI U 3aITUTHI HH)OpMaIuu
Kadenpa pyngameHTanbHOM U TPUKIIATHOW MATEMATHKU

MepeueHb nabopaTopHbIX 3agaHUN

IO AUMCHUIIIINHE «Oﬁyqune C MOAKPEIMVICHUEM U €T0 MPUJIO0KCHU D)

PaGora Ne 1. [ns urpbl «3menKa», HaNnMCcaHHOM Ha fA3blke Python HanucaTb UCKYCCTBEHHbIN
WMHTENNEKT, yNpaBAsAoWmMii areHTOM «3MenKa».

Pa6ora Ne 2. Ona nrpbl «apKaHoua», HAaNMCaHHOM Ha fA3blke Python HanmMcaTb UCKYCCTBEHHbIM
WMHTENNEKT, YNPaBAAoLWMIA areHToOM «naathopmar».

Padora Ne 3. [Ns Urpbl KMUHM-NOHI», HANUCAHHOM Ha A3blKe Python HanMcaTb MCKYCCTBEHHbIM
WHTENNEKT YNPaBAAIOWMIA areHTOM «pPaKeTKay.

Padora Ne 4. [Nns Urpbl «NATHALIKM», HaNMCaHHOM Ha fA3bike Python HanucaTb UCKYCCTBEHHBIN
VMHTENNEKT, CObnpaloLWuii roIoBOJIOMKY.

Pa6ora Ne 5. [Ona nrpbl «canep», HaANUCaHHOM Ha A3blke Python HanMcaTb NCKYCCTBEHHbIM
WHTENNEKT, NPOXOAALLNIN FO/I0BOSIOMKY.

Pabota Ne 6. ONs Urpbl KKPECTUKU HOMIMKMY», HANMUCAHHOM Ha A3bike Python Hanucatb
WCKYCCTBEHHbIW MHTE/IEKT, UTPAIOLLMM NPOTUB Ye/I0BEKa.

PaGora Ne 7. [ns cpenpl, HANMCAHHOM Ha A3blke Python HanucaTb UCKYCCTBEHHBIN MHTENNEKT
yNpaBAAOLLNI areHTOM, KOTopomy TpebyeTca NPoNTM U3 04HOM YacTK Noaa B 4pyryto, obxoas
npenaTcTems.

Pabota Ne 8. [na cpeppbl, HANMCaHHOM Ha A3blke Python HanMcaTb UCKYCCTBEHHbIA MHTENIEKT

YyNpaBAAIOLWLMIA areHTOM, KOTOPOMY TpebyeTcs NPoiMTM U3 OAHOI YacTK NoAA B Apyryto, o6xoas
NPenATCTBMA U YKNOHAACH OT ABUralOWNXCA 06 BHEKTOB.

Kputepuu oueHku

0-7 6annoB oUEeHMBAETCA NPOrpamMmma € TOYKM 3peHMA BbINOJHEHWUA NOCTAaB/IEHHOW 3a43a4M
(nporpamma genaet To yYTO TpEbyeTca).

0-3 6annoB oLeHUBAETCA NPOrpamMmma C TOYKU 3peHua cobnogeHma PEP-8.

0-3 6ann0B oUEeHMBAETCA NPOrPaMMa C TOYKWN 3peHUs IPPEKTUBHOCTH.



HToro, 3a npaBUIIbHYIO, XOPOILIO HATMCAHHYIO, 3PPEKTUBHYIO IPOrPaMMy CTYJCHT HOTydaeT
MakcuMyM 13 Gaios.

OO011Iee KOJIMUECTBO OaIOB:
Paznen 1: 13 Gamios;
Paznen 2: 13 6amos;
Paznen 3: 13 Gamios;

Pasnen 4: 13 0amwios.

Takum 06pa3om, MaKCUMaJIbHOE KOJIMYECTBO OAIIOB, KOTOPOE MOKET HOIYYUTh CTYACHT 32

naboparopHbie paboThl — 52.



MuHHCTEPCTBO HAyKU U BhIciIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKIEHUE BBICIIETO

obpazoBanus «PoCcTOBCKHI rocyaapCcTBEHHbIN SKoHOMUYecKuit yHuBepcuteT (PUHX)»
®DakynbTET KOMIBIOTEPHBIX TEXHOJIOTHI U 3aITUTHI HH)OpMaIuu
Kadenpa pyngameHTanbHOM U TPUKIIATHOW MATEMATHKU

NMepeyeHb KOHTPO/IbHbIX BOMPOCOB
Bonpoc 1. Yto Takoe MapkoBckuii nporiecc npunstus perienuii (MDP).
Bonpoc 2. Onucatb ycinoBus 3agaun RL.
Bonpoc 3. YTo Takoe 3BOIIOIIUOHHBIE ANTOPUTMBI.
Bonpoc 4. B yem 3akntoyvaeTca niest 3BOJIIOLIMOHHBIX CTPATETHA.
Bonpoc 5. Onucatb anroputm Monte-Kapio.
Bonpoc 6. HanucaTb ypaBHeHue bemmana.
Bonpoc 7. Yto Takoe Implicit Quantile Networks.

Bonpoc 8. Yto Takoe Advantage Actor-Critic (A2C).

Kpurepun onenkn
2 GaJju1a CTaBUTCA B TOM ClIy4ae, €CJIU CTYAEHT OTBETUII Ha BOIIPOC IOJIHOCTBIO BEPHO.
1 Gasut cTaBUTCA TOT /1A, KOT/Ia CTY/AEHT OTBETHJI HAa BOIIPOC CKOpPEE BEPHO, UEM HE BEPHO.

(0 6ayUTOB CTaBUTCS B TOM CTydae, KOTJia CTYICHT HEe CMOT MTPaBHIIBHO OTBETUTH HA MIOCTABIICHHBIH
BOIIPOC.

Oo11ee KoJIMYEeCTBO OAIOB:
Paznen 1: 2 Oamna;
Pazgen 2: 2 6anna;
Paznen 3: 2 Oamna;
Paznen 4: 2 6anna.

Takum 06pa30M, MAaKCUMAJIBbHOC KOJIHUYCCTBO 68.J'I.HOB, KOTOPOC MOKET IOJIYUUTh CTYACHT 34

ayTUTOPHYIO aKTHBHOCTH — 8.



