Jexknus 12

31paBCTBYITE, yBaKaeMble CIymiaTesu!
Tema Hamieit ek — O0ydeHue ¢ MOAKPENIEHHEM

[Inan nexuuu:

Beenenue B o0ydeHHe ¢ MOAKPEIUICHHEM

OCHOBHBIC MIOHATHS 00YUYEHUS C MTOJAKPETUICHHEM

OcHOBHBIE METO/IbI 00YUYEHHUS C MOAKPETICHUEM

I'ny6okoe obyuenue ¢ noakpemienueM (Deep Reinforcement Learning)
3aKIItoueHUe

Nk W=

1. BBelleHHe B Oﬁyquue C MOAKPEIVICHUEM

OO6yuenue ¢ nojakperienueM (OIT) — 3To MmeToa MalMHHOTO 00y4YeHMsI, B KOTOPOM
areHTbl 00y4aroTCs B3aMMOJICHCTBOBATh C OKpY:KaloUIel cpenom, YTOoObl TOCTUYb
ONpPENEIICHHOW 1IeM, TOoJly4yass Harpajapl WIM HaKa3aHWs 3a CBOW JeWcTBuUs. B
OTJIMYME OT OOy4YeHHUs C YUyuTeleM, [Je alropuTtM oO0y4yaeTcsi Ha OCHOBE
pa3MEUYeHHbIX JaHHBIX, 00y4YeHHE C MOJKPEIUICHUEM OCHOBBIBACTCS HA MPHUHIIMIIE
po6 U OMKOO0K. ATEHTHI OCTENIEHHO HAKAIUTMBAIOT 3HAHUA O TOM, KaKue JeCTBUS
BEYT K YCIICIIHBIM pe3yJIbTaTaM, yJIy4lllas CBOM CTPATETMU HA OCHOBE OIIBITA.

OOyuyeHwue ¢ MOAKPEIUICHHEM HaXOIUT MPUMEHEHUE B PAa3IMYHBIX 00JIACTAX, TAKUX
KaKk pOOOTOTEXHWKA, HWIPbl, (UHAHCHI M 37PaBOOXPAHEHHME, TIJ€ arcHTam
HEOOXOIMMO aJalTHPOBAThC K AMHAMHYCCKHM YCIOBHSAM cpeabl. [Ipumepom
SIBJIICTCS] UTPA B IIAXMAThI, TJI€ ar€HT MOYKET HAyUYUThCS CTPATCTHYECKU MBICTUTH U
IUTAHUPOBATh CBOM JCHCTBHMS HAa HECKOJBKO IIAroB BIEpPE IS JTOCTHIKCHHS
1moOeabl.

2. OCHOBHBIC MOHATHS 00y4YeHHS C MOAKPeNJIeHueM

I[J'IH ITIOHUMaHMUs O6y‘I€HI/I}I C IIOAKPCIUICHUCM BaXXHO HN3YUYUTb OCHOBHBIC
KOHICIIONH, KOTOPHIC JICKAT B €I'0 OCHOBC!

e ArenTt: Cucrema, KOTOpas IPUHUMAET PEIICHUS HA OCHOBE B3aUMOJEHCTBUSA
CO Ccpenou.

o Cpena (Environment): Bce, ¢ yeM areHT B3aUMOJECHCTBYET U YTO MOKET
BIIUATBH HA PE3YJbTATHI €r0 JEUCTBUM.

o Cocrosinue (State): HaOGop mapaMeTpoB, ONKCBHIBAIOIMIUX TEKYyIIEe
MOJIO’KEHHE areHTa B CpPeJe.

o JleiictBue (Action): BbiOop, KOTOpBI areHT MOXKET clieJlaThb B TEKYIIEM
COCTOSIHUU.

« Harpana (Reward): O6paTHas CBsI3b OT Cpe/ibl, yKa3bIBaroOIas Ha YCIeX Un
HEy1a4y JCHCTBHUM arcHTa.



o I[Monutuka (Policy): Crparerusi, KOTOpod cleAyeT areHT Mpu BbIOOpE
JICUCTBUU B KaXKJIOM COCTOSIHHH.

o @ynknua neHnoctu (Value Function): OneHka TOro, HaCKOJIbKO XOpOIIee
JAHHOE COCTOSIHUE JIJISl ar€HTa ¢ YY4€TOM BO3MOKHBIX Oy IyIIUX HArpas.

o« @Oynkuusa mnojgesHocru (Utility Function): Oxupaemas COBOKynHas
Harpaja OT TeKyIIEro COCTOSIHUSL.

OTH MOHATHUS OMUCHIBAIOT OCHOBHBIC aCIICKTHI BSaHMOHGﬁCTBHH arcara co CpCI[OfI,
YTO IIO3BOJIACT (I)OpMaJ'II/IBOBaTL 3aJa4n 06yLI€HI/I}I C IOOKPCILNICHUCM.

3. Maremaruyeckas popmanusanus: Illpouece npunsatus pemwenuit B Markov
Decision Process (MDP)

[Tpouteccer mpunsTus pemeHuit B OIl dopManu3yroTcs ¢ MOMOIIBIO MOJIEIH
MapkoBckoro mpoiiecca npunsatus pemenuii (Markov Decision Process, MDP).
MDP npencraBnser coboit nsarepky (S,A,P,R,y)(S, A, P, R, \gamma)(S,A,P,R,y),
rje:

e SSS — MHOXECTBO BO3MOKHBIX COCTOSTHUN CPEJIBI.

o AAA — MHOXECTBO ACHCTBHI, KOTOPBIE MOXKET COBEpPLIATH areHT.

o P(s'Is,a)P(s'|s, a)P(s’ls,a) — QyHKUMSI TIepexonaa,  ONpeaessomas
BEPOSITHOCTD MEPEX0/1a B COCTOSAHUE S'S's’ TPU BBIMOJHEHUHU JICUCTBUS aaa U3
COCTOSIHHS SSS.

o R(s,2)R(s, a)R(s,a) — ¢yHkmus Harpaasl, KOTOpas BO3BpANIacT 3HAYCHUE
Harpajipl Py BHIIIOJIHEHUH JIEMCTBHS aaa B COCTOSIHUU SSS.

o y\gammay — K03 PUUUEHT AUCKOHTUPOBAHHUS, ONIPEAEISAIOIINMA, HACKOJIBKO
areHT LIEHUT OyaylIue Harpajsl 0 CPABHEHUIO C TEKYIIUMHU.

Ilenp areara B MDP — MakCHMH3UpPOBaTh COBOKYITHYIO OKHJIAEMYIO Harpamay Ha
NPOTSHKEHUHU BCEro B3aMMOJIEHCTBUSI CO CPEeNod. DTO JIOCTUTAETCS IyTeM
pa3pabOTKu ONTUMATBHOW MOJUTUKH T\Pif, KOTOPasl yKa3bIBAET, KAaKOe JEHCTBUE
clenyeT BIOpaTh B KXKJIOM COCTOSHUU.

4. OcHOBHBIE MeTOAbI 00yYECHHUSA C MOAKPENICHUEM

CyIecTByeT JBa OCHOBHBIX ITOAXOAa K OOYYCHHIO C IOAKPCIUICHHEM: METOJI
nennoctu (Value-based methods) u meron mommruku (Policy-based methods). Otu
MOJIXOJBI PA3IUYAIOTCS IO CIOCO0Y, KOTOPBIM areHT HW3ydYaeT ONTHMAJILHYIO
CTpPAaTETHIO.

4.1 Metoabl neHnoctu (Value-based methods)

MGTOI[I)I OCHHOCTH — OJTO KJIIOUYEBOM KOMIIOHEHT MCTOJ0B 06yLIeHI/1H C
IMOAKPCINICHUCM, TI'AC OCHOBHOM Banaqeﬁ arcHra ABJISICTCA BBIYHMCIICHHC (bYHK]_II/II/I
OCHHOCTHU MJIA KaXJ0I0 COCTOAHHA HIIN KOM6I/IH3HI/II/I COCTOAHHUA H I[eﬁCTBI/ISI.
q)yHKI_II/IH OCHHOCTHU OIpCACIIsICT, HACKOJIBKO BbI'OAHBIM SBJIICTCS TCKYLICC



COCTOsIHME (WJIM JIEHCTBUE B 3TOM COCTOSIHUM) AJIsL TOCTHKEHUS MaKCHUMAaJbHOTO
BO3HAarpaXJIeHUsi B  JOJIOCPOYHOM  mepcnektuBe. lLlenp  areHta —
MAaKCUMM3UPOBAaTh COBOKYIIHYIO ILIEHHOCTb, T.€. OXXHJIAaeMOE€ CyMMAapHOE
BO3HAIPAXKJCHUE, NPU MEPEXOAE OT TEKYIIErO COCTOSIHUSA K KOHEYHOMY, CIIEIys
HEKOTOPOM IOJINTHKE.

BaxxupiM 351eMeHTOM OOyYeHHs areHTa SBISIETCS HaxXOXJACHUE ONTUMAaJIbHOU
MOJUTUKA —  CTPATEruu, ONpEIeNdIolle, Kakoe JEeHCTBUE  ClenyeT
NpEeANPUHUMATh B KaXJIOM COCTOSIHHH, YTOOBI JOCTHYh HAMBBICIIEH BO3MOXKHOMU
nieHHocTH. OnTUMAalbHAs TOJIMTHKA HAPABJIsSET areHTa TAKUM 00pa3oM, 4TOOBI OH
MIPUHUMAJT pelIeHus, CIIOCOOCTBYIOIIHE HanOOIbIIEMY HaKOIIJICHUIO
BO3HATrpaXJICHUW HA NPOTSHKEHUM BCEH 3a1aun. MeTo/bl, TAKME KaK JUHAMHUYECKOE
nporpaMmmupoBanne, Metoasl Monte-Kapno n Q-o0ydeHne, MO3BOMSIOT areHTy
00yyaTbCsi ONTUMAJIBHOW TOJMTUKE MyTEM OLEHKUA I[IEHHOCTH COCTOSHUM U
JEUCTBHUI HA OCHOBE MOJYUYEHHBIX BO3ZHATPAXKICHHUI.

o Q-o0yuenmne (Q-Learning): OauH U3 cambIX MOIMYJISPHBIX AJITOPUTMOB
oOydeHusi € TOJAKPEIUICHHEM, B KOTOpOM Bbruucisiercs Q-pyHKuus
Q(s,2)Q(s, a)Q(s,a), onpenenstoniasi IEHHOCTh BHIOJIHEHUS ACHCTBUS aaa B
COCTOSHMM $SS. ANroputM Q-00yyeHuss paboTaer MO CIEIyIOLEMY

OOHOBJICHHIO:
Q(s,2)=Q(s,a)Ta[R(s,a)tymaxa’Q(s",a")~Q(s,a)]Q(s, a) = Q(s, a) + \alpha \left[ R(s,
a) + \gamma \max_{a'} Q(s', a') - Q(s, a)
\right]Q(s,a)=Q(s,a)ta[R(s,a)+ya'maxQ(s’,a")~Q(s,a)]
rae  o\alphao — koadduimment oOydenus, y\gammay — KodhPUIIUEHT
JTMCKOHTUPOBAHUS, 8's's’ — cleayroniee COCTOSHUE MOCIIE BBINIOJIHEHUS AEHCTBUA
aaa.

Q-00yueHue sABISETCS METOJIOM 0€3MOJIEIBHOIO 00YUYEHHsI, UTO TO3BOJISIET areHTy
JEHCTBOBAaTh B HEM3BECTHOM Cpesie. ATE€HT HaKaIllJIMBaeT ONBIT U OOHOBIISIET CBOU
OLICHKM Ha OCHOBE HAOJIOIEHUI, TOCTENEHHO YJIy4llasi IOJUTHUKY.

« SARSA (State-Action-Reward-State-Action): MeTton, noxoxuii Ha Q-
obyueHue, HO ¢ paszHuield B cmocobe BweIOOpa paeictBusi. B SARSA
oOHOBIeHNE (Q-3HAYCHHUU TPOUCXOIUT HAa OCHOBE TEKYIIEro JCHCTBHS U
Oyayiiero NeWCTBHs, ONPEACICHHOTO MOJMUTHKON. DTOT METOJ MO3BOJISIET
YYHUTHIBATh TEKYIIYIO TIOJUTUKY areHra u obecrneunBaet 0osiee cTabMIbHOE
obyueHue.

4.2 Metoabl moaiutuxku (Policy-based methods)



Metonpl MOJMTUKU TMO3BOJSIOT AareHTy HEMOCPEACTBEHHO ONTUMHU3UPOBATH
MOJINTUKY, MUHYSI BBIYHCIICHHE (QYHKIIUU IIEHHOCTH. DT METO/IbI TIOJIE3HBI, KOTa
IIPOCTPAHCTBO JCHCTBUYN CIHIIKOM BEJMKO WIJIA TPeOyeT JeTalbHOW HACTPOUKH,
KaK, HAIpUMeEp, B 33/1a4aX C HEMPEPBIBHBIMU JCHUCTBUSMU.

« REINFORCE: OauH U3 OCHOBHBIX aJTOPUTMOB METOJIOB TOJIUTUKU. B
ocHoBe REINFORCE nexutr MeToj TpaJueHTHOIO CIIyCKa, KOTOPBIN
ONTUMHU3UPYET BEPOATHOCTH BBIOPAHHOTO JEUCTBUS, HANpaBisisi €ro B
CTOPOHY VyBEJIMYEHMs OxumaemMoil Harpajbl. OOHOBJIEHHE IapaMeTpoB
MOJINTUKH OTIPEEINISIETCS CIeTYIONUM 00pa3oM:

0=0+aV0Ologn(als;0)-R\theta = \theta + \alpha \nabla \theta \log \pi(a|s; \theta) \cdot
RO=0+aV0Ologn(als;0)-R

rae m(als;0)\pi(als; \theta)m(als;0) — mnonuTuka areHTa, napameTpU3OBaHHAas
O\thetad, a RRR — coBokymnas Harpaza.

4.3 AkTopHO-KpuTHYecKHe MeToabl (Actor-Critic Methods)

AKTOPHO-KPUTHYECKHAE METOABl COYECTAIOT METOJbI IICHHOCTH W TIOJUTHKH, YTO
MO3BOJISIET areHTY OJTHOBPEMEHHO OOHOBIISTH M MOJIUTUKY, U (DYHKIIMIO IIEHHOCTH.
AKTOp OTBEYaeT 3a BBIOOP JACHCTBUM, a KPUTUK OIEHUBAET IIEHHOCTb COCTOSTHUS,
oOecrieunBasi akTepa 0OpPaTHON CBSI3BIO.

5. I'my0okoe o0yuenue ¢ noakpemienuem (Deep Reinforcement Learning)

I'my6okoe obyuenue ¢ noakperuienneMm (Deep Reinforcement Learning, DRL) —
3to pacmmpenue OII, B KOTOpOM UCHONB3YIOTCS HEUPOHHBIE CETH IS
npencTaBieHuss (QYHKIUU ITeHHOCTH win nonutuku. OcHoBHas wuaes DRL
3aKJTIOYACTCS B TOM, 4YTOOBI HWCIIOJI30BAaTh HEUPOHHBIC CETH MJisi 00padOTKH
CJIO’KHBIX U BBICOKOPA3MEPHBIX JAHHBIX, TAKUX KaK U300pPaXKEHUS.

5.1 I'nyookoe Q-o0yuenne (Deep Q-Learning, DQN)

DQN — 3T0 meTon, B KOTOPOM HCIIOJIB3yeTCsl TIyOOKas HEHpOHHAs CeTh s
annpokcuMmanuu ¢pyHkuuu Q. Apxutektypa DQN Bkimrodaer B ce0sl ABE CETH —
OCHOBHYIO U 11esieByt0. OCHOBHAs ce€Th 00ydaeTcsl Ha TEKYIIUX JaHHBIX, a LeJeBast
UCIIOJIb3YETCs ISl CTAa0MIIM3aUu O0yUEeHHUS.

DQN no3Bosiniio J0OUTHCA 3HAYUTENbHBIX YCIEXOB B PEIICHUM CIIOXKHBIX 3a/1ad,
TaKHX Kak urpa B Atari, rjie areHT o0y4JaeTcs urpe, HaOJIro/1as 3a UTPOBBIM IKPAHOM.

5.2 AkTropHo-kpuTHUYeckue MmeTtoasl B DRL

AKTOpHO-KpUTHYEeCKHe MeToAbl, Takue kak A3C (Asynchronous Advantage Actor-
Critic), UCTIOJB3YIOT HEMPOHHBIE CETH KaK JJi aKkTepa, Tak u jisl kputuka. A3C



o0OydJaeTcs mapajieIbHO Ha HECKOJIbKHX IIOTOKAX, YTO YCKOPSAET 00YUYCHUE U JIeIacT
ero 0oJsiee CTaOUJILHBIM.

6. IIlpumenenne 00yueHusi ¢ MOJAKPeENJICHHEM

OOyueHre ¢ MOIKPEIUICHUEM HAXOJUT HIUPOKOE NMPHUMEHEHHE B CaMbIX Pa3HBIX
obnacrax:

o PoOororexnuka: Vcrnonp30oBaHue areHTOB I aBTOMATU3ALMHU JIBUKECHUN
pOOOTOB, alanTalliy K OKPYXKAIOIICH Cpe/ie U BHITIOJHEHUS CI0KHBIX 3a/1a4.

o« MHrpoBas wunaycrpusi: AreHT, oOyueHHbli c mnomombio OII, moxer
JIOCTUTATh BEICOKOTO YPOBHS MAaCTEPCTBA B UTPaX, TAKUX KaK IIaXMaThl, TO U
BUJICOUTPBI.

o AsBTOHOMHBIe cucTteMbl: OIl ucnonws3yercs uisi CO3[aHUSl aBTOHOMHBIX
aBTOMOOMJIEH W JPOHOB, CIMOCOOHBIX AJANTUPOBATHCS K HM3MEHSIOMIMMCS
YCJIOBUSIM.

o ®uuancbl: OIl npumensercs a8 aBTOMAaTUYECKOW TOProBiIW U
ONTHUMU3ALMHA HHBECTULIMOHHBIX CTPATETUH.

7. IIpo0JieMbl U BBI30BbI B 00y4€HHH € MOAKPENJICHUEM
Hecmotps Ha noctmxenusi, OIl crankuBaercs ¢ psgoM npooiem:

o CradunabHocTh 00yueHus: Ilponecc oOydeHHs € MOJIKPEIJIEHUEM YaCTO
HECTAaOWJIEH U MOXKET MPUBECTH K HEXKEJIATEIbHBIM PE3yJIbTaTaM.

o Pa3smepHocTh cocrosinus u geiictBus: CllokHBIE 3a7aud € OOJIBIIUM
KOJIMYECTBOM BO3MOXHBIX COCTOSTHUN TPEOYIOT OTPOMHBIX BBIYUCIUTEIbHBIX
pECYpCOB.

o JKCIUIOpATALMA U IKCIUIyaTanus: bajgaHc Mexy uccieoBaHUEM HOBBIX
JEHCTBUM U NCIIOJIb30BAHUEM YK€ U3BECTHBIX YCIEIIHbIX IEHCTBUM OCTaeTCA
BaYKHOU MPpoOIIeMOH.

o besonmacHocTh W 3THKa: B HEKOTOPBIX MPWIOKEHUSAX, TaKUX Kak
ABTOHOMHBIE TPAHCIIOPTHBIE CPEJICTBA, OMIMOKHU areHTa MOTYT MPUBOAUTH K
CEPbE3HBIM MOCIIECTBUSM.

8. 3akaouenune

bynymee OIl cBsizano ¢ pa3Butuem Oonee CTaOUIBHBIX U A()PEKTUBHBIX
aNTOPUTMOB, CIIOCOOHBIX CIPABIATBCA C 3aJadaMH BBICOKOW CIIO)KHOCTU U
aJanTUPOBATHCS K JUHAMUYECKUM yCIIOBUSIM.
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