MHOTOPYKWUE BAHAWTbI N OCHOBbI RL

Cepren HukoneHko

CNeéry — CaHkr-Metepbypr
15 anpens 2025 .

Random facts:

- 15 anpens 8 Mpy3un — [leHb Nt068K, B KazaxctaHe — [leHb BMIOGNEHHDIX (B 4eCTb repoes
anoca XIII-XIV 8B. Ko3bl Kopneww 1 basH-Cyny), a 8 KHAP — Npa3aHuk ConHua, TO ecTb AeHb
poxaeHud Kum Up CeHa

- 15 anpens — [leHb KynbTypbl; 15 anpens 1935 roga no nHuumaTuee Hukonas Pepuxa cTpaHbl
MaxamepukaHckoro Coo3a MOANMCaN NepBblil MeXx/yHAPOAHbIN [JOrOBOP O 3alynTe
KYNbTYPHOTO HACNeans, Tak HasblBaeMblii NakT Pepuxa

- 15 anpens 1912 r, B 2:20 HOuW, B ATNIAHTUYECKOM OKeaHe Pa3noMuCca Ha ABe YacTu
naccaxmnpcknii napoxop «TUTaHUK»

- 15 anpens 1919 r. CoBeT Npocoto308 ropoaa NMmepyk B pnanann npoBosrnacun
pecny6nuky COBETCKMI JIMMEPUK U CTan Npu3biBaTb K BCeObLIEN 3a6aCTOBKE; aHTMUACKINE
BNACTW NOLWW HAa HEKOTOPbIe YCTYNKK, NPOhCoto3 NOCIe HEKOTOPbIX KONebaHui
cornacuncs, u 27 anpens pecny6nuka CoBeTCKMI NTuMepnK npekpaTuna cyllecTBoBaHue

-+ 15 anpens 1951 r. 3puk Mopnwn opraHu3oBan B JTOHAOHE NepBbIt KOHKYPC «MUCC MUpay;
no6eanna Kukum XokaHccoH v3 LLiseunn

- 15 anpens 1955 r. B [le3-MneH3, innuHonc, Pan Kpok oTKpbIN CBOW NepBbin «MakaoHanac»



OBYUYEHWE C NOAKPENMEHNEM



MOCTAHOBKA 3A4AYN

- B MmawmnHHOM 06y4YeHnn 3a4a4a 06bIYHO CTABUTCA TakK:
UMW eCTb Habop «MpPaBUMbHbIX OTBETOBY, U HY)KHO ero

NPOLOMKNTD Ha BCE NPOCTPaHCTBO (supervised learning),

* UMW eCcTb HAabop TECTOBbLIX MPVYMepPOB 6e3 AONONHUTENbHOW

Xz

WHMHDOPMALIMK, N HYXHO NMOHATb ero CTpyKTypy (unsupervised
learning).
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MOCTAHOBKA 3AJAUN

-+ HO Kak paboTaeT 06yUYeHne B peanbHON XU3HU?

- Kak pe6EeHOK yumTcs xoanTb?

+ Mbl AaneKko He BCeraa 3Haem Habop NPaBUbHbIX OTBETOB, Mbl
NPOCTO AeNlaem To UMK NHOe [eNCTBME 1 NoMyYaem pesynbTar.

TEXHOROTHS

HAXKMH HA KHOIIKY




[MOCTAHOBKA 3AJAUN

- OTcloga v obyueHue ¢ noakpenneHunem (reinforcement learning).

- AreHT B3aMMOZEeNCTBYET C OKpY»KatoLlen cpefon, npeanpuHumas
NeNCTBIS; OKPYXaloLlas cpefja ero NooLLpseT 3a 3T AenCTBuS,
a areHT Npofo/MKaeT UxX NPeanpuHUMATh.
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[TOCTAHOBKA 3AJAUN -- ®OPMAJTbHO

- Ha KaX4oMm Wware areHT MOXeT HaxOAUTbCSA B COCTOSIHUN s € S.
- Ha Kaxgom Lare areHT BbibMpaeT 13 nmetolerocs Habopa
[eNCTBUI HEKOTOPOE AENCTBUE a € A.

- OKpy)atollas cpefa coo6LIaeT areHTy, kakyto Harpady r oH 3a
3TO MOMYYWN W B KAKOM COCTOSHUM s’ NOC/Ee 3TOr0 OKas3ancs.

AreHt [ Okpyxarwwas cpega
Agent > Environment

L4
Crpaterus 7(s,a) DenctBue / Action Ay DviHamuka p (s',r]s,a)

T T BosHarpaxpeHue / Reward Ryt J

CocTosiHue / State Sy 11

~—

- (Sutton, Barto, 1998)



MPUMEP

- Onanor:

Cpefa: AreHT, Tbl B COCTOSSHWUW 1; €CTb 5 BO3MOXHbIX AENCTBUN.

AreHT: [lenato gencrsue 2.

Cpepna: [ato Tebe 2 eanHMLbl 3a 3T0. lonan B COCTOAHME 5, eCTb 2
BO3MOXHbIX A€NCTBUA.

AreHT: [lenato gevcteue 1.

Cpepna: [ato Tebe 3a 370 —5 eamHuL. Monan B cocTodHme 1, ecTb 5
BO3MOMHbIX JENCTBUN.

AreHT: [lenato gencrsue 4.

Cpepa: [ato Tebe 14 eguHny, 3a 370. MNonan B coctosiHune 3, eCTb 3
BO3MOXHbIX AENCTBUS...

- B 3TOM NpumMepe areHT ycnen BepHyTbCa B COCTOAHME 1 1
nccnenoBath paHee He NPo60OBaBLIYIOCA ONUMIo 4 (nonyums 3a
3TO CyU|ECTBEHHYIO Harpaay).



EXPLOITATION VS. EXPL

- Kaxabl anropuT™ JOMKEH U U3yYyaTb OKPYXKAIOLLY cpeay, 1
MOMb30BaATbCA CBOUMM 3HAHUSMM, YTOObI MAKCUMU3UPOBATD
npuobINb.

- Bonpoc — Kak JOCTUYb ONTUMANbHOMO COOTHOWEHUA? Ta nnu
MNHas CTpATerma MOXET ObITb XOPOLLa, HO BAPYT OHA He
ONnTUManbHas?

-+ 3TOT BONPOC BCeraa npucyTCcTBYeT B 0OyUYeHUm C
noaKpenneHnem.



MPNMEP

- TlpuMep: KPeCcTUKU-HONMKK. Kak HayuuTb MalWWHy UrpaTb 1

8blU2PbIBAMb B KPECTUKU-HONMNKN?

- MOXHO, KOHEUHO, 1IepeBO MOCTPOUTb, HO 3TO He
maclTabupyetcs.
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MPNMEP

- COCTOAHNA — NO3ULMK HA JOCKE.
- [INA KaXgoro cocToaHuns Beeaém dyHkuumio V(s) (value function).

- MoaKpenneHne NPUXOANUT TOMbKO B CAMOM KOHLIE, KOrAa Mbl
BbIUTPANM UK NPOUTPaAK; KaK ero pacnpocTpaHnTb Ha
NPOMEXYTOUHbIE MO3ULNN?

lose Plo/e" ewo wih




MPUMEP

- Hebonbwown Tpennep TOro, 4To 6yaeT Aanblie: MOXHO
nNponNarMpoBaTth OLEHKY NO3MLMK 06PaTHO.

- Ecnu mbl nonaganu us s B ', angenTm
V(s):=V(s)+a[V(s)—=V(s)].

- 3T0 HasbiBaeTca TD-06yuenme (temporal difference learning),
OHO OYeHb XOPOLLO PABOTAET HA MPAKTUKE U NEXNT B OCHOBE U
AlphaGo, 1 MHOrO Yero eLle.

- Ho 370 6yAeT elle He cerofHs..



MHOIFOPYKUE BAHAUTDI



ATEHTbI C O4HUM COCTOAHUEM

- MopManbHO BCE TO e CaMog, HO |S| = 1, T.e. cocTosHMe areHTa
He MeHsieTcs. Y Hero UKCMPOBaHHbI HAbOPp AeNCTBUA A 1
BO3MOXHOCTb Bbl6Opa 13 3TOr0 Habopa AeNCTBUN.

- Mogenb: areHT B KOMHATe C HECKONTbKUMU UTPOBbIMU
aBTOMaTaMu. Y Kaxgoro aBTomarta CBOE OXuAaHWe BbIMTpbIlla.




YXAQHBIN ANTOPUTM

- )XKaoHbIl aneopumm: Bceraa Bbli6UpaTb CTpaTeErnio,
MaKCYMU3MPYIOLLYH NPUGHINb; NMPUEbITb MOXHO OLEHUTb Kak
cpeaHee BO3HAarpaxaeHue, Noy4eHHoe OT 3TOro AeiCTBUS:

73, T P T ooe —l—rka

Q(a) = %

a

+ YTO He TaK C TakuMm aﬂFOpI/ITMOM?

1



YXAQHBIN ANTOPUTM

- ONTUMYM Nerko NpornaaeTb, eC Ha HauyanbHOW BbiIGOPKE He
NoBe3&eT (UTO BMNOSHE BO3MOXHO).

- Mo3ToMy nonesHas 3BPUCTUKA — OTMUMU3M rpu
HeonpedenéHHocmu.

- To ecTb Bbl6l/lpaTb XafdHO, HO Npwn 3TOM I'Ipl/l6b|l'|b OLUeHNnBaTb

ONTUMUCTUYHO, U HYXKHbI CEPbE3HbIE CBUAETENbCTBA, UTOObI
OTKNOHWUTb CTPATEruto.

1



CNYYANHDBIE CTPATETW

- e-adHaa cmpameaus (e-greedy): BbI6paTh JENCTBUE C
Hannyylen OXXUaaemMon NpuobbINbI0 C BEPOSITHOCTBIO 1 — ¢, a €
BEPOSITHOCTbIO € BbIGpaATb CyYanHoe fencreme.

100%
80%
% 6%

Optimal
action  40%

£= 0 (greedy)

20%

0%

0 Zg(l 5(}0 75‘0 lOIOO
Steps

- O6bIYHO HAUYMHAKOT C OOMbLINX €, 3aTEM YMEHbLIALOT.

+ ANITOPUTM He OT/TMYAET XOPOLLYIO0 anbTepHATWUBY OT 6ecrnonesHon,
HO BCE PaBHO Pa3yMHbI, MPO HEFO MHOTO Yero [0Ka3aTb MOXHO.



WHTEPBANDBbHbIE OLLEHKN

- EcTecTBeHHbIN CNOCo6 NMPUMEHNTb ONTUMUCTUUYHO-KAAHbIN
MeTo[ — AoBepuTenbHble NHTepPBarbl.

- [INA Ka4oro AenNcTBrA Mbl XPaHUM CTAaTUCTUKY m U w, @ NOTOM
BblUMCNSiEM IOBEPUTENbHbIV MHTEPBAN AN BEPOSITHOCTM yCrnexa
(c rpaHnuen 1 — ) v 4na Bbibopa CTpaTeruy UCNonb3yem
BEPXHIOI0 2PAHULY 3TOr0 MHTEpPBana.

- Hanpumep, ang ucnbitaHuin bepHynnm (moHetka) ¢
BEPOATHOCTBIO .95 CpefHee NeXuT B NHTepBane

S S
r—1.96—,z2+ 1.96—
(x vt ﬁ) ’

roe 1.96 6epétca n3 pacnpeaeneduns CTbogeHTa, n —

(z—2)?
n—1 °

KOMWYECTBO UCMbITAHUN, s =

13



MPABMNO MHKPEMEHTANbHOIO OBHOB/MEHUA

- Tenepb — 0 cpefHem v Q,(a).

P APocaTir
- Kak nepecuntbiBath @, (a) = ———* Np¥ NoCTynneHuu HOBOM
MHMoOpMaLnn?

- [10BONMbHO NMpPOCTO:

k+1

1
CQri1 = k+1ZT Tkt 1 [T’MJFZT] =

1 1
= Er1 (1 +5Qy) = Qp + —— P (g1 — Qp) -
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MPABMNO MHKPEMEHTANbHOIO OBHOB/MEHUA

- 3TO YaCTHbIN CAyYan obLero npaBuna — CABUIraem OLEHKY Tak,
YTOObI yMEHbLLIANach oWwnbKa:

HogasOueHka := CrapasOuerka + War [Llenb — CrapasOueHka] .

- 3aMeTuM, YTO Wary CpeHero HeMOCTOAHHbIN, ay(a) = kl:

a

1
Qui1 =Qrp+ 71— P (Ths1 — Q) -

- /I3MeHAa nocnenoBaTeNlbHOCTb Waros, MOXHO A06UTbCS APYTrX
3dhdekToB.

14



HECTALMOHAPHASA 3ALAYA

- YacTo 6bIBaeT, UTo BbiNAaThl U3 Pa3HbIX 6aHOMTOB Ha CAMOM
pgene HeCtauMoOHapHbI, T.e. MEHAKOTCA CO BpeMeHeM.

B Takow cUTyaLuUn MMeeT CMbICN AaBaTb 60Nbline Beca
HeaaBHeW MHAOPMaLMK U ManeHbKe Beca — laBHeN.

- TMpuMep: y npasuna angeita
Qri1 = Q) + afrgyy — Qi
C NOCTOAHHbIM v PAKTUUECKM BECa 3aTyXatoT IKCMOHEHLMANbHO:
Qr=0Q 1 talr,—Qpql=ar,+(1-a)Q;_; =

k
= art(l—a)ar,_; +(1-a)?Q;_, = (1—0‘)on+2 a(l—a)*r,.
=1

15



HECTALNOHAPHASA 3A0AYA

- Takoe NpaBuio angenTa He 0643aTeNbHO CXOAUTCS, HO 3TO W
XOPOLLIO — Mbl XOTVM CIefoBaThb 3@ Lesbio.

- O6WwwnK pesynbTaT — NpaBUNo angenTa CxoauTcs, ecnu
nocneaoBaTelbHOCTb BECOB YA0BNETBOPAET

Zak(a) =00 MU
=1

- Hanpumep, ond a,(a) = ki ABHO CXOAMUTCS.

ai(a) < oo.

o)
k=1

15



CTPATErUNWN,
MUHUMU3NPYIOLLMNE REGRET




AVNHAMUNYECKOE MPOTPAMMUPOBAHUE

+ [1peanonoXunm, Uto areHT ﬂel;ICTByeT Ha MPOTAXeHUN h waros.

- Vicnonb3yem 6anecoBCcKui Noaxod ANa onpeneneHns
ONTUMANbHON CTpaTeruu.

- HaunmHaem co cnyyvarHbIx NapameTpos {p;}, Hanpumep,
PAaBHOMEPHO pacnpeaenéHHbIX, U BblUMCISemM 0TobpaxeHve n3
belief states (cocTosAHWA NOCNE HECKOMbKUX PayHO0B 06yYeHNs)
B AencTBus.

- CocToAHME BbIPAXKAETCS KaK 8 = {ny, wy, ..., Ny, Wy}, TAE
KaXaoro 6aHanTa ¢ 3anycTuamn n; pas U NONYYUIN w; eUHNYEK
(cynTaem, YTo pesynbTaT BUHAPHDIN).



AVNHAMUNYECKOE MPOTPAMMUPOBAHUE

- V*(8) — 0XKnaaemblil OCTaBLUMINCA BbIUTPbILL.
k
* PexypcuBHo: ecnn 7 n; = h, TO 60Nblue Heuero Aenarb, 1
V*(8) = 0.

- Ecnu 3Haem V* ang BCcex COCTOSHWIA, KOra 0CTanoch ¢ 3anycKos,
CMOXeM nepecynTatb 1 anga ¢ + 1:

V*(nlvwla 000 g nkvwk) =

=max (p;(1+V*(...,n; + LLw, +1,...))+
K]
(I—=p)V*(eym; + 1w, .00),

rae p; — anocTepnopHblie BEPOATHOCTN TOTO, YTO fencreune ¢

onpasaaeTcs (€N U3HaYaNbHO p; PABHOMEPHO pacnpeaeneHbl,

o ow;+1
T0 p; = m).



BAMECOBCKMWIA NOAXOA K MHOTOPYKUM BAHAUTAM

- A Tenepb AaBauTe NOCMOTPUM HA MHOTOPYKMX GAHAMTOB B
06LLeM BEPOSTHOCTHOM Buae.

- [1n9 NpoCTOTbl — GUHAPHbIN CyYan, Bbinnata nn6o 1, nnbo 0.



BANECOBCKMI NOAXoA K MHOTOPYKUM BAHAUTAM

- TlyCTb BO BPEMS t Y HAC COCTOAHNE S; = (S14y .-+ Sgy) ANA K
PYYeK, U Mbl XOTUM LEPHYTb TaKY0 PYUKy, 4TOObI
MaKCMMU3POBATb O6LLEE OXNLAEMOE YNCIO YCMEXOB.

- EcTb dhyHKUMA BO3HArpaxaeHunsa R;(s,,s,.;) — Harpaja 3a
AépraHue pyyky i (a;), KOTOPOE NepeBOANT COCTOSAHUE S, B S, ;.

- ECTb BEPOATHOCTb Nepexofa p (s,,1 | s;,a;).

- I Mbl XOTUM 06yUUTL CTpaTeruto «(s,), KOTopas BO3BpaLlaeT,
KaKyr pyyKy LEpraTb.



BANECOBCKMI NOAXoA K MHOTOPYKUM BAHAUTAM

- Torpa value function B camom 06tiem Brae A0 ropu3oHTa T

Vr(m,sg) [R ) (80,81) + Vp_y (m, 51)] =

= /P(S1 | 80, 7(S0)) [R'fr(so) (s0,81) + VT71<7T’SI)] ds;.

+ Ecnu BCE U3BeCTHO, 1 T HeBeNMKo, TO MOXHO, OMATL e,
JNHAMUYECKUM MPOrPamMMMpPOBaHUEM.

- Ho make nogcymTaTb OTAa4y oT Cbl/lKCI/IpOBaHHOVI CTpatermn
MOXET 6bITb OUYEHb O0pPOro, He roBopAd yx 06 onNTUMK3aLKN.



BAMECOBCKMWIA NOAXOA K MHOTOPYKUM BAHAUTAM

- Ecnu T 60NnblWON/HEOTPAHUYEHHbIW, NOTMYHO PACCMOTPETb
R=R(0) +vR(1) +v*R(2) + ..., 0<~vy<1.

- Teopema MutTuHca (1979): 3agavy noucka onTUManbHO
cTpareruu

m(s;) = argmax_V(m,8; = (814, -, Sk¢))
MOXHO (i)aKTOpVBOBaTb N CBECTnN K
(sy) = argmax;y(s;).

© v(s;4) — UHOEKC TummuHca.



BANECOBCKMWI NOAXOA K MHOTOPYKUM BAHAUTAM

+ 37O OYeHb KPYTOWN pe3ynbTaT, KOTOPbIA OUeHb CUMbHO COKPALLAET
3a4auy:

Professor P. WHITTLE (Statistical Laboratory, Cambridge): We should recognize the magnitude
of Dr Gittins® achievement. He has taken a classic and difficult problem, that of the multi-armed
bandit, and essentially solved it by reducing it to the case of comparison of a single arm with a
standard arm. In this paper he brings a number of further insights. Giving words their everyday
rather than their technical usage, I would say that my admiration for this piece of work is un-
bounded, meaning, of course, very great.

Despite the fact that Dr Gittins proved his basic results some seven years ago, the magnitude
of his advance has not been generally recognized and I hope that one result of tonight’s meeting
will be that the strength of his contribution, its nature and its significance will be apparent to all.

As I said, the problem is a classic one; it was formulated during the war, and efforts to solve it
so sapped the energies and minds of Allied analysts that the suggestion was made that the problem
be dropped over Germany, as the ultimate instrument of intellectual sabotage. In the event, it
seems to have landed on Cardiff Arms Park. And there is justice now, for if a Welsh Rugby
pack scrumming down is not a multi-armed bandit, then what is?

- Ho, K COXXaneHuto, MHAEKC MTTUHCA NOACYNTATb TOXKE OUYEHb
BbIUNCNTENBHO TPYHO; MO3TOMY He 6yaem B 3T0 yrnybnaTbes.



OLLEHKW HA REGRET

. LlpyroPl BapUaHT — JaBanTe pacCynTaemMm NpunopuTeT Kaxxgomn
pyyke ¢ TaK, yTObDbI HenocpeacTBeHHO regret orpaHnYunTb.

- [Auer et al,, 2002]: ctpaterus UCB1. YuutbiBaeT
HeonpeaeneHHOCTb, KOCTABLUYOCS» B TOW AW MHOW PYYKe,
CTapaeTcs orpaHNuunTh regret. ECK Mbl U3 ¢ IKCMEPUMEHTOB n;
pa3 AEPHYIN 3a j-t0 PYUKY W NONYYUNN CPEAHIO0 Harpamy z;,
anroputm UCB1 npucBanBaeT el Npuoputet

[logt

Priority, = z; + a(j,t) = Z; + ¢ e
n.
j

[lépraTb fanblie Hafo 3a Py4Ky C HAMBbICLIMM MPUOPUTETOM.

19



OLLEHKW HA REGRET

- Mpw Takom Noaxode AN ¢ = v/2 MOXHO A0Ka3aTb, YTO
cybonTumanbHble pyyukmn 6yayt aepratb O(logT) pas, u regret
6yner O(v/KTlogT).

- Ecnu xBaTWUT BpeMeHU, JaBanTe OLEHKY JOKaXKEM...

- Ho MOXHO 1 ewwé nyuwe (Ho [JoKa3aTenbcTBa 6yayT ewé
cnoxHee):

- UCB2 — gépraem 3a py4ki No HECKONbKO pa3, bonee cnoxHas
thopma fob6aBKy;
- UCB-Tuned — 3ameHum , /2198t ya

g

logt . /1
\/(;g min (Z,X/j(nj)), roe

19



COSMNNANPOBAHUE NO TOMMCOHY

- W ewé oanH BapuaHT: camnanposanue no TomncoHy (Thompson
sampling).

- Kak go6aBuTb 6GaecoBCKOW MyApOCTX B HALLIUX MHOTOPYKMX
6aHANTOB?

- Npesa: naBanTe He NpUCBaMBaTb KAKOW-TO MPUOPUTET, a
CIMNIUPO8AMb OXXUOAHUS Ha2pao U3 Ux anocmepuopHbIX
pacnpedeneHut U BbiIbUpPaTb MakCUMaNbHYH.

- JTI06ONbITHO, YTO TYT €CTb [1BA TEPMUHA:

- Thompson sampling — camnanpyem oxunaaHna 13 anocTepropHbIX
pacnpefeneHnin u 6epém MakCUmym;

- probability matching — Bbibupaem AencTBMeE C BEPOSTHOCTAMU, C
KOTOPbIMYU 3TO feiCTBUe ByAeT ONTUMANbHbIM COMMACHO TEKYLLMM
anocTepuopHbIM pacnpegeneHnam; 3To BCTPeUYaeTcsa rae-To
CaMOCTOATENbHO, HO B LINIOM 3KBMUBAEHTHO.

20



KOHKYPEHTHbIE BAHAWTbI




ADVERSARIAL BANDITS

- KoHkypeHTHble 6aHauTbl (adversarial bandits) — 0606LweHne
MHOTFOPYKUX 6aHANTOB, B KOTOPOM Harpafbl BbIOMPAOTCS He 13
(hUKCMpOBaHHbIX pacnpefeneHnit, a BbI6MParoTCst NPOTUBHUKOM
(adversary). T.e. npoLecc 13 TPéx Laros:

+ MPOTUBHUK BbI6GUPAET pacnpefeneHuns Harpag;

+ areHT BbIGMpPAeT pyuky, He 3Has, Kakne pacnpeaeneHns Bbiopan
NPOTUBHUK;

* Harpaga BbI6VIpaeTCF| N3 COOTBETCTBYKOLWEro pacnpeneneHns.

- 30ecb ecTb MHOPMALMOHHASA ACUMMETPHS MEX/Y areHTOM U
NPOTUBHWKOM; 6€3 OrpaHUYeHnn NPOTUBHUK BCErAA CMOXET
no6eanTb NOBYI0 CTpaTernio, KOHeYHo, OH BbIOMPAET Harpaabl
7;(t) NPON3BONBHO.

22



ADVERSARIAL BANDITS

- Ho cpenartb UTO-TO MOXHO!

- MOXHO Aaxke loKa3aTb OLEHKW Ha regret; nof regret 3aech
MOHMMAETCS pasHMLa Mexay 40X040M rnobanbHO Haunydlien
PYYKM

N OXMOAHMEM Hallero goxona.
- A vges anroputma 6yaeT B TOM, YTOObI

+ C3MMNAMPOBATH AENCTBUE C BEPOATHOCTAMU Dy (), ..., py (t) 13
pacnpeaeneHus, kotopoe 6yaeT CMecblo paBHOMEPHOTO 1
3KCMOHEHLUMANbHbIX BECOB OT TEKYLLIEN OLEHKN HAKOMNeHHON
Harpagbl;

- [enatb AeNCTBKe, NONYYUTb HArpagy r; , (1), HO OXnaaemyio
Harpa,uy CYMTATb Kak ?i ©) = ( )/pi(t ) Toraa
E [ t) iy, it—l] =T (t).

22



ADVERSARIAL BANDITS

- Anroputm Exp3 (Exponential-weight algorithm for Exploration
and Exploitation):
- ANA gaHHoro v € [0, 1], nhnunanusnpyem w, (1) =1,i =1,..., K;
+ Ha KaXAOM payHAe t:
- cuMTaem BEpOSITHOCTY 181 KXKIOrO i:
w;(t 2
pilt) = (1 - )il 7,
i L w;(t)
- 6epém cnepyoliee JEeUCTBUE i, CIyYaNHO C BEPOSTHOCTBIO p; (t),
nonyyaem Harpagy ;, (¢);
- 0BHOBNAEM BEC 3TOr0 [encTBNs (OCTaNbHbIE He MeHSAITCA):

Ty ()

2 _
w;, (t+1) = w;, (t)e® »il |

- [1na TaKoro anropuTMa MOXHO JoKa3aTb adversarial oLeHKy
2.631/G 0 K log K ANnsi y = min (1, %) rne G, — BepxHas
OLEeHKa Ha MaKCMManbHbIN AOXOA PYYKM max Zt L J(t)
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KOHTEKCTYANbHbIE BAHAWTbI




KOHTEKCTYANbHbIE BAHAUTbI

+ A YTO eCnn XN3Hb YCTPOEHA CITOXKHEee? [yCTb Mbl KaXayk pyyky
Jlépraem B HEKOTOPOM KOHMeKCme; Hanpumep, Aaem
pekoMeHaLMmn Nonb3oBaTeNam, U Npu 3TOM O NOb30BaTeNdx
YTO-TO 3HAEM.

- T.e. Ha KQXAOM Luare HabMtoAaeM KOHTEKCT x, € C, NOTOM
Bbibupaem I, € 1,..., K, nonyyaem r, ~ p(r, | I, x,).

- Torga Mbl y)Ke AOMKHbI He OHY PyyKy BblbpaTh, @ 06y4nTb
ctpatermoo : C — 1,..., K.

2%



KOHTEKCTYANbHbIE BAHAUTbI

- HauBHbIN NOAXOA: AaBawTe 3anycTum Exp3 Ana Kaxaoro
KOHTEKCTa Mo OTAe/IbHOCTU.

+ JTO He TaK YX M10X0, eCin KOHTEKCTOB Maro.

- Ho nonyyaetca AONONHNUTENbHbIN COMHOXMTEND /|C| B OLEeHKe
Ha regret, a 3T0 HEXOPOLWO, BAPYT UX OUEHb MHOTO.

2%



KOHTEKCTYANbHbIE BAHAUTbI

- [lpyras naes — gaBanTe BMECTO 3TOro 3anyckaTb Exp3 no
cmpameauam (NyCTb NX MAN0); Ha KaK4OM payHie t:

* MOnyYyaem CoBert § , OT Kaxgon crtpaterun («akcnepta») k € Il 8
BMAe pacnpeaeneHuns BepoATHOCTEN Ha pyyKax;

- 6epém cnepyollee fencTsue I, Cny4yanHo ¢ pacnpeaeneHmem
Py = By, 1], nONyuaem narpagy z;, ,;

* BbIYMCIAEM OKMAAGMYIO HArpay ANA KaXOoro i &, , N OKUAAeMyto
Harpady Ans Kaxaow cTpaTernm

Gir = Eing, , [8 Zﬁm

- 06HOBNsieM pacnpeseneHune Ha CTpaTervsx

t ~
Qjry1 X e MY o1 ks,

- 310 anroputm Exp4 (Exponential-weight algorithm for
Exploration and Exploitation with Experts)
- BCE NOHATHO?.. 24



KOHTEKCTYANbHbIE BAHAUTbI

* ..HO OTKyfla BO3bMETCA &, ;7

- OueHb BaXHbIN Tplok B reinforcement learning: off-policy
estimation.

- TlyCTb Mbl XOTUM OLIEHWUTb KQYeCTBO CTPATErNV 7, HO UTPANU Mbl
no Apyrov ctpaternu p. Yto genatb?

+ HamM HYXXHO OLEeHWUTb

1 n
R(z,m(x)) = - z; I8 sl ) [r].

- 370 6bIM10 6bl Nerko, ecny Gbl Mbl MOV OLUEHWUTDL ANS KQXKAON
PYUKHM a
R(xz,a) =E

rep(rla,x) [T] .

2%



KOHTEKCTYANbHbIE BAHAUTbI

- OKa3blBAETCA, 3TO MOXHO CAeNaTb N0 AAHHbIM APYrom
cTpateruun. PaccmoTpmum

> [a’s = a‘]
| z,)
- TyT Hao TONbKO Npeanonarath, YTo p(a, | x,) NONOXUTENBHO,
T.e. CTpaTerna p NOKPbIBAET CTPATErNIO 7.

- Torga

E [R(xs,a) | :L's,a] =L, {[Easw(m [%ﬁ” N

e, [ ) =)

pla, | z,)

R(z,a),

y KOTOPOTO a, ~ p.
- T.e. Ha4O0 NPOCTO NEPeB3BECUTb BO3HATPAKIEHMNA.

2%



KOHTEKCTYANbHbIE BAHAUTbI

- Utoro:

Algorithm 2 Exp4 Algorithm (Exponential weights algorithm for Exploration and Exploitation with Ex-
perts)

Input: Set of K arms, set of experts IL.

Parameter: real number 7

Let ¢; be the uniform distribution over the experts (policies), {1,--- , |[II|}.

For each round t =1,--- | T:

* Receive expert advice &, for each expert k € II, where each & ¢ is a probability distribution over
arms.

e Draw an arm I; from the probability distribution p; = (p1¢,- - ,px.t), where py = Egng,Et-

o Observe loss (1, ;. For each arm ¢, compute 17,‘_1, using the Inverse Propensity Score trick in Theorem
1 to obtain an unbiased estimator for the loss of arm i:
~ ?;
lg="t1p  i=1-- K
Dit

e Compute the estimated loss for each expert, by taking the expected loss over the expert’s predictions.

K
e =Bing, Lo = Geali)lie k=1, T
-1
e Compute the new probability distribution over the experts ge4+1 = (q1.¢4+1,* > gn.¢+1), Where

Gier = exp(—1 ey Uk,s)
= T ot
S exp(—n 3 i)

2%



KOHTEKCTYANbHbIE BAHAUTbI

- A ellé, KOHEYHO, B KOHTEKCTYalbHOM 6aHANTE MOXHO CAEeNaTb
MojieNnb Kakyt-Hubyab. Hanpumep, LinUCB npeanonaraet, 4to
oXMnaemas Harpafa — 3T0 NUHenHas PyHKLus:

_ o T p*
Tat = Xa,tea + €

roe 0, — BeKTop KO3 MULMEHTOB, KOTOPbIA HYXHO OLEHMBAT, a
X, ; — BEKTOP NPU3HAKOB KOHTEKCTa.

- W Torga no LinUCB Hago Bbi6upats I, = arg max,u, ;, re

a,tr

Uy p = IAX x;r’tﬁa,
aaeca,t—l

aC,; | — 3T0 JOBEPUTENbHOE MHOXECTBO, aHanor
[0BEpUTENIbHOrO UHTEPBana, KoTopoe Mbl B 06biyHOM UCB
OLeHUBaNM.

2%



KOHTEKCTYANbHbIE BAHAUTbI

- Utoro:

Algorithm 3 LinUCB with Contextual Bandits
Input: R € R, regularization parameter A
fort=1,2,...,T do
Observe feature vectors of all arms a € A;: X, € R?
for all a € A; do
if @ is new then
A, + M (d-dimensional identity matrix)
ba ¢ 04x1 (d-dimensional zero vector)
end if
0, +— A b,

Cap + {H;ERd :‘

0o — 0

det(A,)/2det(AT)~1/? 12
NE R\/Zlog(f) +A128

Pa  argmax; oo Xe o
end for )
Choose arm a; = arg max,¢ 4, Pa,t With ties broken arbitrarily, and observe payoff r;
Ay Ay, +Xg,0X
bg, < b, +7ixXq,

end for

ay,t

2%



3AYEM HY)>XHbl MHOTOPYKWUE BAHOWTDI

- MHOropyKkue 6aHaNTbl UCNONb3YOTCA, Hanpumep, Ans A/B
TecTMpoBaHus.

Variation Allocation in Different Test Methodologies Over Time

A/B Testing Multi-armed Bandit Testing ~ Contextual Bandit Testing

@ Variation A
Low Results

Variation B
Medium Results

@ VariationC
High Results

'

2 DYNAMIC YIELD

+ MOXHO 1 ANg ONTUMM3ALUN TUTIEPNIAPAMETPOB B TEX e
HeMpPOHHbIX ceTax (Unu roe yrogHo).

- KOHTeKCTyanbHble — 15 peKomeHaauui, ana sbibopa us
HECKOMbKNX BAPWAHTOB U T.4.
+ HO N9 HAC cenyac aTo Nepsbii War, yNpoweéHHas NnocTaHOBKa...

25



ATEHTbI C HECKO/TbKMMW
COCTOAHUNAMM




N CNPOCUNA KPOXA

- BepHémca Tenepb K 3a4ade C HeCKOMbKUMU COCTOSHUAMMU.
- BosHarpaxaeHus (rewards) — Ha KaXAOM LIare: ry, ry 1, -

- Ho uTo Takoe «xopowoy in the long run? Kak oueHnBaThb
nosefieHne anroputma B NpUBEAEHHOM Bbllle CETTUHIE?

- ECnn ecTb ecTecTBeHHOEe KOHeYHOe Ymnco waros (naptua), To
370 3nu3oduyeckas 3adaya (episodic task), n nornyro
CyMMMPOBATb BO3HarpaxaeHue no anusogdy (4o TepMuHanbHOro
COCTOSHNA).

+ A YTO C MPOAO/MKAUWMMNCA 3ala4ammn?

27



PA3HbIE MOAENN

- Baww Bepcumn?

28



PA3HbIE MOAENN

- Mogenb KOHeYH020 20pU30HMA: areHT 06PALLALET BHUMaHNE
h
TONbKO Ha cnefywowve h waros: £ {} _~ rt].

28



PA3HbIE MOAENW

- Mogenb KOHeYH020 20pU30HMA: areHT 06PALLALET BHUMaHNE
h
TONbKO Ha cnefywowve h waros: £ {} _~ rt].

- Mogenb 6eckoHe4YHo20 20pU30HMa: XOTenoch 6bl yuecTb BCe
BO3MOXHbIE Warn B 6yayLLem, T.K. BDEMS XKU3HN areHTa MOXeT
6bITb HE onpefeneHo. Ho Npw 3TOM Yem paHbLUe NonyYum
Npu6bINb, TeM Nyylle. Kak 310 yuecTb?

28



PA3HbIE MOAENN

- Mogenb KOHeYH020 20pU30HMA: areHT 06PALLALET BHUMaHNE
h
TONbKO Ha cnefywowve h waros: £ {} _~ rt].

- Mogenb 6eckoHe4YHo20 20pU30HMa: XOTenoch 6bl yuecTb BCe
BO3MOXHbIE Warn B 6yayLLem, T.K. BDEMS XKU3HN areHTa MOXeT
6bITb HE onpefeneHo. Ho Npw 3TOM Yem paHbLUe NonyYum
Npu6bINb, TeM Nyylle. Kak 310 yuecTb?

E i’ytrt ,
=0

rae v — HekoTopas KoHcTaHTa (discount factor).

28



PA3HbIE MOAENN

- Mogenb KOHeYyHo20 20pU30HMA: areHT obpallaeT BHUMaHue
TONbKO Ha cneaywouime b waros: E {ZLO rt].

- Mogenb 6eckoHe4YH020 20pU30HMa: XOTenochb Obl y4ecTb BCe
BO3MOXHbIe LWarn B 6yAyLUIEM, T.K. BDEMS XU3HU areHTa MOXeT
6biTb He onpeaeneHo. Ho Npu 3TOM Yem paHblle NONyYnm
npubbinb, Tem nydywe. Kak 3To yuecTb?

o0

E Z’ytrt )

t=0
roe v — HekoTopas koHcTaHTa (discount factor).
- Mogenb cpedHezo so3HazpaxdeHus (average-reward model):

h

. 1
dm B

28



UYTO Mbl BYAEM NCMNONb30BATb

- Bce mopenu pasHble, NPUBOAAT K Pa3HbIM pe3ybTaTam.

- O6bIYHO MCNONb3yeTCA MOAENb 6ECKOHEYHOIO FOPU30HTA C
HekoTopbIM hnkcMpoBaHHbIM discount factor. EE n mbl 6yaem
MCNOMNb30BaTh.

- Kpome TOoro, eé MOXHO 0606 MTb HAa 3NU30ANYECKME 3aaauUN:
[OCTAaTOYHO NPOCTO MONOXNUTL v = 1 1 A06ABUTb OAHO NULLIHEE
COCTOSIHME C BO3HarpaxaeHuem 0, KoTopoe 6yaeT 3aMKHYTO Ha
ceb6d. Tak UTo OTHbIHE HaBceraa

o0
_ k
R, = E VTt kt1-
k=0

29



KAK OLLEHVWBATb KAYUECTBO OBYYEHUNA?

- MpeablayLivie MOL4en MOoryT OLUeHNBaTb FrOTOBbIN 06YUNBLLINIACA
anropuTM. Kak oLeHMBaTb Ka4ecTBO 06yUYeHns?

30



KAK OLLEHVWBATb KAYUECTBO OBYYEHUNA?

- MpeablayLivie MOL4en MOoryT OLUeHNBaTb FrOTOBbIN 06YUNBLLINIACA
anropuTM. Kak oLeHMBaTb Ka4ecTBO 06yUYeHns?

+ PaHO WK NO3AHO CXOAMTCA K ONTUManbHOMY. 3TO YACTO MOXHO
[10Ka3aTb, HO MOXET 6bITb CAULLIKOM MeAneHHOo 1/unu co
CNVWKOM 6OMbLIVMMK NOTEPSMU MO A0POTe.

30



KAK OLEHWBATb KAYECTBO OBYYEHUA?

- MpeablayLivie MOL4en MOoryT OLUeHNBaTb FrOTOBbIN 06YUNBLLINIACA
anropuTM. Kak oLeHMBaTb Ka4ecTBO 06yUYeHns?

- PaHO UM MO3AHO CXOAUTCHA K ONTUMANbHOMY. 3TO YaCTO MOXHO
[10Ka3aTb, HO MOXET B6bITb CMNLWKOM MEANEHHO U/Unn co
CNULWKOM 60MbWKUMY NMOTEPAMYI MO AOpore.

- CXOuMTCA C 6OMbLIOV CKOPOCTbIO. [1Ba NOAXo4a:

- CKOPOCTb CXOAMMOCTM K KaKOW-TO (OUKCMPOBAHHOW foNne
onTUManbHocTU. Kakon?

- HacKkonbKo XopoLo cebs BeAET anropuTm nocne nKCpoBaHHOIO
BpemeHun. Kakoro?

30



KAK OLEHWBATb KAYECTBO OBYYEHUA?

Mpeablaywne MoAEn MOryT OLLeHMBATb FOTOBbIV 06YUMBLINIACA
anropuTM. Kak oLeHMBaTb Ka4ecTBO 06yUYeHns?

.

PaHO WK NO34HO CXOANTCA K ONTUMANbHOMY. 3TO YaCTO MOXHO
Jl0Ka3aTb, HO MOXET 6bITb CTULIKOM MeeHHO U/Unn co
CNULWKOM HONbLWINMM MNOTEPAMM MO AOpOre.
CxoamnTcst € 60NbLIOKM CKOPOCTbtO. [IBa Noaxoaa:
- CKOPOCTb CXOAMMOCTM K KaKOW-TO (OUKCMPOBAHHOW foNne
ONTMManbHOCTW. Kakomn?
- HacKkonbKo XopoLo cebs BeAET anropuTm nocne nKCpoBaHHOIO
BpemeHun. Kakoro?

MWUHUMU3NPOBATL LieHy (regret), T.e. yMeHblIeHUe 06LLel CyMMbl
BbIMTPbILla NO CpaBHEHMIO C ONTUMANbHOW CTPaTErMen C camoro
Hauana. 3To0 OUeHb XOPOLLAs Mepa, HO Pe3ynbTaThl O Hel
NONYYNTb OUYEHb CIOXHO.

30



MAPKOBCKWE MPOLECCHI

- Mapkosckul npouyecc npuHamus peweHut (Markov decision
Process) COCTOUT W3:

© MHOXECTBA COCTOSIHUI S; MHOXECTBA AeNCTBUN A,

- yHKUMK noouwpeHns R : S x A — R; oxxmaaemoe
BO3Harpax/ieHve npu nepexoae us s 8 s nocne a - R% ,;

+ (yHKUWKM Nepexoaa mexay coctosaHuamm pt, = S x A — 11(S), rae
TI(S) — MHOXeCTBO pacnpefeneHunmn BeposiTHOCTEN Haa S.
BepoATHOCTb MONacTb U3 s B s” NOCNe a paBHa P?,.

+ Mopenb MapKo8CKas: nepexofbl He 3aBUCAT OT UCTOPUN.

31



MOAKPEMNEHWNE N 3HAYEHUE COCTOAHUSA

- [NaBHbIN MOMEHT — pasHuLa mexay reward function
(HenocpencTBeHHoe nogkpennerve) n value function (obuee
noaKpennexHune, oxuaaemoe, ecin HauaTb C 3TOr0 COCTOAHNSA).

- CyTb MHOTUX METOL0B 06YYeHNs C MOAKPENNeHNeM - B TOM,
yTOObI OLEHMBATL 1 ONTUMM3MPOBATL value function.

32



MOAKPEMNEHWNE N 3HAYEHUE COCTOAHUSA

+ 1N MapKOBCKMX NMPOLLECCOB MOXHO CpOpMaﬂbHO onpeaennTb:

o0
V7(s) =E;[Ry|s,=s]| =E; [Z Veren | 8¢ = 51 3
k=0

- MoxHo 6onee OEeTaTM3NPOBAHHO — obliee nogkpenneHune,
oXWaaemoe, ecit HayaTb C COCTOAHUA s U AEUCTBUS a:

Q" (s,a) =E, [R, | s, =s,a, = a] =

o0
— k — —
=E; E TV Tirkr1 | ¢ =S80, =04 -

k=0
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MOAKPEMNEHWNE N 3HAYEHUE COCTOAHUSA

+ OYHKUMM V 1 @ — 3TO KaK pa3 To, YTO HaM HYXXHO OLEHUTb; eciut
6bl Mbl UX 3HANW, MOXHO ObI10 HBbl MPOCTO BbIOWMPATL TO @,
KOTOPOE MaKCUMU3NPYET Q(s,a).

(a) > (b) o

max r

32



MOAKPEMNEHWNE N 3HAYEHUE COCTOAHUSA

- [1na n3BeCTHOW cTpaTerun « V™ yaoBNeTBOPSIOT YypaBHEHMAM
bennmaHa:

VT(s)=E,[R,| s, = s] = lny rt+k+1|st—s] =
=10 |:Q+1 + 727k7t+k+2 | 8y = 3] =

k=0

o0
= Zw(s,a) Zpsas’ (R?s’ +9E; [Z Vorpsnee | Se1 = 5/1 ) =
a s’ k=0
= ZT{'(S, a) Z P, (R%, +4V™(s")).
a s/
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OCHOBHbIE 3AJAYU

- TeopeTnyecky BCE roTOBO, HO Yy HAC MHOMO Npobnem:

- YPaBHEHUs 3HaeM, HO MoKa He 3HaeM, Kak VX pellaTb, TO eCcTb Kak
HanTn V™ ans gaHHoro «?

- Pa3Hblx CTPATErUM OYeHb, OUEHb MHOTO — KaK HaNT
ONTUMAaNbHYI CTpaTernio NOBEAEHUs areHTa B JaHHON Mofenu u
cooTBeTCTBYOWME V*?

*+ HO YpaBHEHWUI TOXe He 3HaeM — B peanbHOCTW 06blYHO P U R He
[laHbl, X TOXE HYXXHO 06Y4UnTb; Kak?

- 6onee TOro, Ux 06bIYHO aXKe 3anucaTb He MOMYUMTCA, CIULLIKOM Y
MHOrO COCTOAHUI B Nt060ON peanbHOW 3a4ave... YTo Aenarb?

- [laBanTe ecTb C/I0HA MO YacCTaMm...

33



ONTUMANbHbIE 3HAYEHUS COCTOSIHWU A

- OnmumasnbHoe 3Ha4YeHue COCMoSHUS — OXuaaemas CymmapHas
NPUObINb, KOTOPYHO MOAYUUT AreHT, eC/IM HAYHET C 3TOro
COCTOAHMA 1 ByAeT CNefoBaTb ONTUMANbHOW CTPATErvN:

V*(s) = max E [Z ’ytrt] :
T =0

- 3Ty OYHKLMIO MOXHO ONpeaenuTb Kak pelleHne ypasHeHun

= max Y P2, (Rl +9V*()),

s’eS

a 3aTeM Bbl6paTb ONTUMAJTbHYIO CTPATErUIO

m*(s) = argmax, Z (RZ, +~yV*(s")).

- Kak pelwartb ypaBHeHUA?
34



POLICY EVALUATION

- YT06bl NocunTaTh value functions ans gaHHOW CTpaTeruu m,
MOXHO MPOCTO UTEPATUBHO MEPECUYNTbIBATb MO YPAaBHEHMAM
bennmaHa:

V™(s) =Y m(s,a) »_ P2, (R%, +V7(s)),

a s’eS

noka He conmaeTcs.

- COOTBETCTBEHHO, 414 ONTUMa/IbHOro HaZ0 pellaTb YpaBHEHWS C
MaKCUMyMaMI:

V*(s) :==max » P2, (R2, +7V*(s")).

s’eS
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WTEPATUBHOE PEWIEHUE (NO 3HAYEHUAM)

- MOXHO TO e camoe Mo Q: noka He congércs,

Q(S,CL) 8= Psas’ (RZS’ + ’YZW(&G/)Q(&G/)> .

s’eS

- A notom npocTo V(s) := max, Q(s,a).

- OnTuManbHoe Q*(s,a) TOXE HEXUTPO:

Q*(s,a) == P, (R‘S‘S, +7maXQ*(s,a/)) :
a/

s’eS
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JIPYTrOl BAPUAHT

- [lepecyéT B npeablayLiemM anroputme UCnonb3yeT MHGopMaLmto
OT BCEX COCTOSIHU-NPeWecTBeHHNKOB. MOXHO caenatb
Jpyrov BapuaHT:

Q(s,a) == Q(s,a) +a(r + VII}ZE}XQ(Slv a’) = Q(s,a)).

- OH paboTaeT, ecnn Kaxaasa napa (s, a) BCTtpeyaercs
©eckoHeuHoe Yncno pas, s’ BbIbUpaloT 13 pacnpenenexus P,
a r CAMMNNIMPYIOT CO CPpefHUM R(s,a) N OrpaHnUYeHHON
avicnepcuen.

- Ho Beflb Ha caMOM fiefie HaMm He V' 1 He Q HYXHO, a
onTMMasibHaa cTpaTerung...

37



YNYYLEHWE CTPATETUIA

- Mbl nwem V7™, uytobbl yayyulwnTs 7. Kak ynyywmnTs 7?2

- EcTecTBeHHas naes: 4aBanTe XaaHo BblbMpaTb a B s KAk
argmax, Q" (s,a) nocne BbluncneHns Q.

- Policy improvement theorem: gna = 1 7/, ecnu Ans Bcex s

Q" (s, (s)) 2 V7(s),

TO 7' He xyxe m, T.e. Vs V™ (s) > V7(s).

- Kak gokasatb?
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YNYYLEHWE CTPATETUIA

- MpocTo 6byaem pa3sopaynsatb V™

VT <Q7(s,7'(s)) = | D [Tt+1 + 'YVW(St-s-l) | St41 = 3]

<E [rer1 +7Q7(S41)s ™ (S441)) | 841 = 8]
<. <

<Ep [Feo1 #9700 + VT + o | S0 = 8] = V7 (s).
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WTEPATUBHOE PELUEHUE (I'IO CTPATEFI/IFlM)

- Vllem onTUManbHyto CTpaTernio UTEPATUBHbBIM arOPUTMOM.

- PolicyIteration - vHMUMANU3MPOBATb m, MOTOM, MOKA
m # 7/, NOBTOPATD:
* BblUMCNUTb 3HAUYEHUSA COCTOAHUN aOna cTparerun m, pewns CUCTeMy
NUHENHbIX YPaBHEHWI

V™(s) = Zﬂ'(&a) P?, (R‘sls, +V7(s));

a s’eS

« YNYUYWNTb CTPATEMMIO HA KaXK/OM COCTOAHUN:
7’ (s) == argmax Q7 (s,a) = argmax P®, (R%, + V7 (s));

- [louemMy OHO CXOAUTCA?

39



WTEPATUBHOE PELIEHWE (I'IO CTPATEFI/IﬂM)

- CXOAWTCA, T.K. HA KKAOM Liare CTPOro ynyyllaem Lenesyio
(yHKLMIO, @ BCEro CyliecTsyeT koHeuHoe uncno (|A|S))
cTparterun.

+ HO, KOHeYHO, 3TO Me/IeHHO, Hao V™ nepecynTbiBaTh; Npoule
[lenaTb Ha KaA0W uTepaumy poBHO OAMH wWar nepecyéra V=, a
NMOTOM CPa3y BbI6MPATb XKAHYI CTpaTeruto:

Vipr1(8) = max Z Pl (Rey +9Vi(s)) -

s’eS

- JTO Ha3biBaeTtca value iteration.
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WTEPATUBHOE PELIEHWE (I'IO CTPATEFI/IﬂM)

- ECTb Apyrvie noxoxme MeTodbl — UX BCEX 0ObeNHAET NOAX0Md,
OCHOBAHHbIW MO CyTU Ha YéM-TO Bpogde EM-anroputma ¢
ANHAMUYECKUM MPOrpamMmmMmpoBaHueM.

Yo T
V* n*

ﬂ =
+ 3TO MOXeT 6bITb OCTATOYHO 3PGEKTUBHO Aaxe ANd 6OAbLINX
3afay (C TproKamu, No3BONALWMMI He BCE MPOCTPAHCTBO

MCCNenoBath).
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OCHOBHbIE 3AJAYU

- TeopeTnyecky BCE roTOBO, HO Yy HAC MHOMO Npobnem:

- YPaBHEHUs 3HaeM, HO MoKa He 3HaeM, Kak VX pellaTb, TO eCcTb Kak
HanTn V™ ans gaHHoro «?

- Pa3Hblx CTPATErUM OYeHb, OUEHb MHOTO — KaK HaNT
ONTUMAaNbHYI CTpaTernio NOBEAEHUs areHTa B JaHHON Mofenu u
cooTBeTCTBYOWME V*?

*+ HO YpaBHEHWUI TOXe He 3HaeM — B peanbHOCTW 06blYHO P U R He
[laHbl, X TOXE HYXXHO 06Y4UnTb; Kak?

- 6onee TOro, Ux 06bIYHO aXKe 3anucaTb He MOMYUMTCA, CIULLIKOM Y
MHOrO COCTOAHUI B Nt060ON peanbHOW 3a4ave... YTo Aenarb?

- [laBanTe ecTb C/I0HA MO YacCTaMm...
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OB30P METO/JOB

Dynkuus [ B O o BrIGopKe
Vpasnenue Besimana TD(0)
Va(Se) = > w(alS) X X p(s'rls,a) (r+Va(s)) V(S:) + a(Res1 + 7V (Ses1) — V(Sy))
vy SESTER
5 Se
& o/ N
E - (< .rls.a) ‘
E s’ Sun
13 Vpasnenme Benmara Sarsa, Sarsa c Oxupanmem
§ | Qx(SeA) = 3 3 p(s'rlSnA) (r +v 3 w(d|s) Qn(s,a)) Q(St, Ar) + a (Regr +7Q(Se1, Ari) — Q(Sh, Ar))
g SIESTER a/EA
g Q(St, Av) + a (Resr +7 2, 7 (a]Si41) Q(Sevr, a) — Q(St, Ar))
(St Ar) (Se. A1)
Sepr Serr
Aupa Ay
Ypasuenue Bermana
V(S)) = max 3, o p (5 7|S0a) (r + 4V (s))
a€A s
s
€ PN
B a
E . (< rls.a)
{ s
=:v VYpasuenne Bennmana Q-o6yuenne
2
E. Q. (St Ar) := ZE:S ;{p(s/,T‘St,At) (r +7n}la’xQ.(s’,a’)) Q(St, At) + a(Res1 + ymaxe Q(Ses1,a) — Q(Se, Ar))
s (S0, Ad)
Sen
s Auna
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Cnacn60 3a BHUMaHue!
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