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© 3apaun akTusHoro obyqenus
@ [locTaHOBKa 3ajaym aKTMBHOro ObyyeHus
@ [Npunoxeruns akTusHOro obyyeHus
@ CrpaTernm akTMBHOro 0byyeHus

© Crparteruu akTusHoro obyueHus
@ OTbop 0bbekTOB 13 BLIGOPKY
@ CuHTes 0bbekToB (MNaHMpOBaHNE IKCNEPUMEHTOB)
@ OueHunBaHne Ka4yecTBa aKTUBHOro oby4yeHus
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@ DKCMOHEeHUMaNbHbIA FpagueHT
@ AKTUBHOE 0Dy4eHue C NoAKpenseHnem



3apaqn akTuBHOro obyqeHus MocTaHoBKa 3apaqM akTuBHOro obyueHus
Mpunoxeruns akTusHOro obyqeHuns
CrpaTerunm akTUBHOro oby4eHus

MocTaHoBKa 3agayuun akTUBHOroO obyYeHus

3apaua: obyueHue npegckasatensHoli mogenn a: X — Y
no Bbibopke (x;,y;), KOrga Noay4eHne OTBETOB y; CTOMT JOPOro.

learn a model machine learning
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3apaqn akTuBHOro obyqeHus MocTaHoBKa 3apaqM akTuBHOro obyueHus
Mpunoxeruns akTusHOro obyqeHuns
CrpaTerunm akTUBHOro oby4eHus

MocTaHoBKa 3agayuun akTUBHOroO obyYeHus

3apaua: obyueHue npegckasatensHoli mogenn a: X — Y
no Bbibopke (x;,y;), KOrga Noay4eHne OTBETOB y; CTOMT JOPOro.

Bxop: HadanbHasi pasmederHast Bbibopka X! = (xi, yi)oqs

Bbixoa: mogens a n pasmedenHas sbibopka (x,,y,)fle,

obyunTh MoAens a no HauanbHoii Buibopke (X;,yi)i_;;
NnoKa OCTaloTCs Hepa3meyeHHble 0bbeKTbl

BbIDpaTb Hepa3MeYeHHbIl 06beKT X;;

y3HaTb A8 HEro y;;

[000by4nTh MOAEnb a ewé Ha ogHoM npumepe (X;, i);

Llenb akTuBHoro obyyeHus:
JOCTNYb KaK MOXHO JIyHLLIEro Ka4ecTsa MOZENN a,
MCMNONIb30BAB KaK MOXXHO MEHbLIE JOMONHUTENBHBIX NPUMEPOB K.
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3apaqn akTuBHOro obyqeHus MocTaHoEk f[aqn aKTMBHOro obyqeHus
MpunoxeHusa akTusHoro oby4eHus
CrpaTerunm akTUBHOro oby4eHus

Mpumepbl NpUNOXeHUi aKTUBHOIO 00y4YeHuns

@ cbop aceccopckux AaHHbIX Ans MHAPOPMALMOHHOrO NOMCKa,
aHanN3a TEKCTOB, CUMHAMOB, Peyn, n3obparkeHnii, Bnaeo

® N1aHMPOBaHME SKCMEPUMEHTOB B ECTECTBEHHBIX HayKax
(npumep — KombuHaTOpHas xUMus)

@ ONTUMN3AUNS TPYAHO BBIYNCAUMBIX DyHKLMT
(npyumMep — NoMCK B NPOCTPAHCTBE runepnapameTpos)

@ ynpasJieHne UueHaMun n aCCOpTUMEHTOM B TOProBbIX CETAX

@ BhIbOp TOBapa NS NPOBEAEHUS MapKETUHrOBON akuuu
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3apaqn akTuBHOro obyqeHus MocTaHoBKa 3afaqM akTMBHOrO ObyueHus
Mpunoxeruns akTusHOro obyqeHuns
CrpaTterun akTmeHoro oby4eHus

CrtpaTterum akTUBHOro oby4eHus

@ OTbop obbekToB U3 BLIGOPKN (pool-based sampling):

KaKol creaytomnii x; BbibpaTh 13 MHoxecTBa XK = {x;}”k

i=0+1
@ CuHTes obbekToB (query synthesis):
Ha KaXKAOM Luare NOCTPOUTb ONTUMANbHbIA OBBEKT X;

@ OTbop obbekToB U3 noTtoka (selective sampling):
ANl KAXKA0rO MPUXOAALLEro X; pellaTh, CTOUT An y3HaBaThb

®yHkymoHan kadectsa mogenn a(x,0) ¢ napamerpom 0:

I+k
Z GZ(0;xi,yi) — m@in,

i=1

rae £ — dynkuyms notepb, C; — cToumMocTb MHpopMaLun y;
ANS METOLOB, YyBCTBUTENbHbIX K CTOMMOCTH (cost-sensitive)
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

CamnaupoBaHue no HeyBepeHHocTu (uncertainty sampling)

Npes: Boibupats x; ¢ HanbonbLueii HeonpeaenéHHoCTbO a(x;).
3afaya MHOroKIaccoBoii Knaccudpmkaumm:

a(x) = argmax P(y|x)
vey

pk(x), k=1...]Y| — panxuposantbie no ybeisanuio P(y|x), yeY.
o [MpuHuun HaumenbLweli goctosepHocTu (least confidence):

x; = arg min pi(u
' & u€ka ( )
o [MpuHuun HaumenbLeri paszHoctu orctynos (margin sampling):
x; = arg min (py(u) = pa(u))
o [MpuHuun makcumyma sHTponum (maximum entropy):

x; = arg min > px(v) In px(u)
xeXk T
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

CamnaupoBaHue no HeyBepeHHocTu (uncertainty sampling)

B Ccnydae OBYX K/1AaCCOB 3TU TPpWU NPUHUMUNA SKBNBANTEHTHbI.

B Ccnydae€ MHOrmx KnacCoB NMOABAAKOTCA pa3nnyud.

Mpumep. Tpn knacca, p1 + p2 + ps = 1.
MokazaHbl AUHUK YPOBHU TPEX KpuTepmes Bbibopa 0bbeEKTa X;:

min py

Burr Settles. Active Learning Literature Survey. 2010.
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

Mo4yemy akTuBHOE 00y4eHue ObICTpee NACCUBHOIO

Mpumep 1. Cunretrnyeckue panusie: £ = 30, £ + k = 400;

(a) mBa rayccosckux knacca;

(b) noructnueckas perpeccusi no 30 cnyyaiiHbiM obbekTam;
(c) noructuyeckas perpeccus no 30 obbekTam, 0TObpaHHbIM
C NOMOLLbLIO aKTUBHOrO 0by4eHus.

3 T T T T T 3 T 3
.
2t RS YO 2k ] 2k
8 VYV
1 gn}:A M 1 g 1k
a
of Yo P, - of B of
s, s
Ak p ™ u“ﬁ“f‘:— A+ q AF
Y™ i i
2k S Py ] pys
sl . \ . \ sl -3
(a) (b)

ObyueHue no cmewéHHOl HecnyyaiiHol Beibopke TpebyeT MeHbLue
JaHHbIX ANS MOCTPOEHUSI afirOPUTMa CONOCTaBUMOrO KayecTsa.

Burr Settles. Active Learning Literature Survey. 2010.
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

Mo4yemy akTuBHOE 00y4eHue ObICTpee NACCUBHOIO

Mpumep 2. OpgHomMepHast 3a4ada C MOPOroBbIM KNacCUPUKATOPOM:

x;j ~ uniform[—1, +1], yi = [xi > 0], a(x,0) =[x > 0].

[uny

OueHum 4ncno waroe gns onpeaeneHns 6 ¢ TOHHOCTLIO .

@ Hauewas ctpaTterus: Bbibupath x; ~ uniform(XX);
— yucno waros O(k).

@ BuHapHbIi nonck: BeIbUpaTh X;, GavKaiwnii K cepeauHe

3a30pa MeXay knaccamu %(mag(xj) + miq(xj)>;

— uncno waros O(log k).

1 3 564 2
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

CamnaupoBaHue no Hecornacuio B komutete (query by committee)

Npesa: eoibupats x; ¢ HanbonbLieli HECOrNaCOBaHHOCTbLIO peLLeHNi
komuTeTa mogeneii a(x;) = arg max P:(y|x), t=1,...,T.
ye

o MpuHunun makcumyma sHTponuu:
BbIbMpaem x;, Ha KOTOPOM a:(X;) MaKCUMaNbHO Pa3AUYHbI:

X; = arg mink > plylu)Inp(y|u),
ueX yeyYy

A T
rae plylu) = + 31— [ae(v) = y].
o [Npununn makcumyma cpegneii KL-guseprerymnm:
Bbibupaem x;, Ha KOTOpoM Py(y|X;) MakCUManbHO pasanyHbL:

T _
xj = arg max 3 KL(Pe(y|u) || P(y]u)),
t=

rae P(y|u) = + Zthl P:(y|u) — koHceHcyc komuTeTa.
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

CokpalueHue npocTpaHcTBa peweHuii (version space reduction)

le‘eﬂ: Bbl6|/|paTb Xi, MAaKCMMaNnbHO Cy>XasA MHOXXECTBO pELIJEHVIM.

Mpumep. MpocTpaHcTBa AONYCTUMbIX PELIEHUN ANS NUHENHbIX
N NOPOroBbIX KNACCUPUKATOPOB (L4BYMEPHBIA Cy4aid):

BycTuHr n B63rruHr HaxogsaT KOHEYHblE MOAMHOXECTBA PELUEHWA.
MosToMy camMnnmpoBaHMe NO HECOTNACUIO B KOMUTETE — 3TO
annpoKCMMauns NPUHLMNA COKPALLEHNS MPOCTPAHCTBA peLUeHuii.
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OT60p 0bbekToB 13 BbIGOPKYM
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO oby4eHus

Oxupaemoe nsmeHenune mogenu (expected model change)

Npes: BbibpaThb X;, KOTOPbINi B METOAE CTOXaCTMYECKOrO rpajneHTa
npueén Hbl K HaMBONbLIEMY N3MEHEHNIO MOAENN.

MapameTprnyeckass Mofesb MHOrOK/IaCCOBOW Knaccmcpukaumm:

a(x,0) = argmax P(y|x, 0);
yey

Ons kaxporo u € XK n y € Y ouennm annHy rpagnentroro wara
B MPOCTpaHCTBe napameTpos 6 npu goobyyenun mogenu Ha (u,y);
nyctb Vo.Z(6; u, y) — BekTOp rpagmeHta cyHKLAN NOTEPD.

MpuHuMN Makcumyma oxuZaeMol ANNHbI TPAJUEHTA:

X; = arg max Z P(y|u,0) HV@X(Q; U,)’)H-
ueXker
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OT60p 0bbekToB 13 BbIGOPKYM

CrpaTternn akTusHoro oby4eHus CuHTes obbekToB (NnaHMpoBaHue 3KCMEPUMEHTOB)
OueHnBaHMe Ka4ecTBa aKTMBHOro obyqeHus

Oxupaemoe cokpauwieHue owmnbkn (expected error reduction)

Npesa: BoibpaTs x;, KOTOpbli nocne obyyeHus gact Hambonee
yBEpeHHYIo KnaccudukaLmio HepasmeueHHoii Bbibopku XK.

Ins kaxporo u € XK n y € Y obyunm mogens knaccudbukauun,
f06aBuB K pasmeuenHoli obydaroleii Bbibopke X! npumep (u, y):

ayy(x) = arg max Puy(z]x).

] anIHLJ,I/Iﬂ MaKCUMyMa YBEPEHHOCTU HAa HEPA3MEYEHHbIX AAHHbIX!

l+k
x;j = arg max Z P(y|u) Z Puy (auy (xj)]x;) -
€ ey j=t+1

[+ rlpVIHLJ,VII'I MWUHWUMYMa SHTPOMUN HEPA3MEYEHHbIX AAHHbIX.

l+k
X = arg max P(y|u) Z Z Py (z|x;) log Puy(z|x;).
uext oy j=tt1zey
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OT60p 0bbekToB U3 BLIGOPKYU
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe Ka4ecTBa akTMBHOrO obyqeHus

Cokpalenue gucnepcum (variance reduction)

Npes: Boibpatb x, KOTOpbI nocne foobyyeqns mogenu a(x, o)
AACT HAMMEHbLUYIO OLEHKY Aucnepcun o2(x).

3apaya perpeccumn, METOM HAUMEHbLUWX KBaJpaTOB:

3 teopun ontumansHoro nnaHuposaHus SKCNEPUMEHTOB
(OED, optimal experiment design):

x=argminol(x). o3(x) ~ S’ <&;(9x)>T @322 >1<82(9X)>.

B uvacTtHoCcTM, Ans nuHeliHoi perpeccun

Jg(x) ~ S2XT(FTF)_1X,

roe F — maTpuua obbekThi—npu3Haku.
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OT60p 0bbekToB U3 BLIGOPKYU
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe Ka4ecTBa akTMBHOrO obyqeHus

B3sewwuBanue no nanotHoctu (density-weighted methods)

Npea: noHuKaTh BEC HEPENPE3EHTATUBHBLIX OBBLEKTOB.
Mpumep. ObbekT A bonee m o
- O
norpaHnyHbIl, HO MeHee
penpeseHTaTUBHbINA, Yem B. M
(o]
Jltoboii kKpuTepuii coMnanpoBaHusi O6BHLEKTOB, UMEKOLWNI BIA
x; = arg max ¢(x),
X
MOXET BblTb YTOYHEH NIOKa/IbHOW OLEHKO NAOTHOCTH:
+k B
xi =argmax¢(x)| > sim(x,x;) | ,
x j=0+1

sim(x, xj) — oueHka bansoctn x u x; (4em bauxe, Tem bonbuie).
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OT60p 0bbekToB U3 BLIGOPKYU
Crparterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHnBaHMe Ka4ecTBa aKTMBHOrO obyqeHus

OLI,EHI/IBaHI/Ie Ka4eCTBa aKTUBHOIo O6yquI/I$I

Kpusasi obyqenuns (learning curve) — 3aBNCMMOCTL TOYHOCTM
knaccudpmkaumy Ha TeCTe OT 4Ymcna obyvarownx 06 bEKTOB.

uncertainty sampling ——

random
05 Il 1 L Il

0 20 40 60 80 100

Burr Settles. Active Learning Literature Survey. 2010.
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Komnpomuce «usyHeHne—npumeHeHme» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

HeobxoaumocTb n3y4atowimx AeiCTBUA B aKTUBHOM 00y4eHUm

HepocTtaTku crpaTerunii akTueHoro obyyeHus:
@ ocTatoTcs He obcneposaHHble obnacTu npocTpaHcTea X,
@ B pe3y/nbTaTe CHUXKAETCA KayecTBO obyyeHus,

@ yBenM4nBaeTcs Bpems obyyeHus.

MNpeun npumeHeHns mnsy4varowmnx SeicTBuii:
@ bpaTb ciyvaiiHblii 0OBBEKT C BEPOSITHOCTBIO €

@ ajanTupoBaTb NapamMeTp € B 3aBUCUMOCTU OT YCMELIHOCTH
n3y4varowmx aeicTamnii

@ uncnonb3osaTh obyyeHne ¢ nogkpenneHnem (contextual MAB)

Djallel Bouneffouf et al. Contextual bandit for active learning: active Thompson
sampling. 2014.
Djallel Bouneffouf. Exponentiated Gradient Exploration for Active Learning. 2016.
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Komnpomuce «usyHeHne—npumeHeHme» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

Anroputm e-active

Anroputm — 06€pTka Hag ntoboii cTpaTerneii akTUBHOrO 0bydeHus

Bxop: HadanbHasi pasmederHast Bbibopka X! = (x,,y,),_l,

Boixoa: mogens a n pasmedenHas sbibopka (x,,y,)l_é‘H,

obyunTh MoAens a no HauanbHoii Buibopke (X;,yi)i_;;

NnoKa OCTaloTCs Hepa3meyeHHble 0BbeKTbl
BbIOpPaTh HEpa3MEYeHHbINA X; CIyYaiHO C BEPOSITHOCTLIO &,
nnbo x; = arg max ¢(x) c BeposiTHOCTBIO 1 — €;

y3HaTb y; Ansi obbekTa X;;

[000by4nTh MOAEnb a ewé Ha ogHOM npumepe (X;, i);

Mpobnema:
Kak noabupaTb BEPOSITHOCTb & UCCNEA0BATENbCKMX AeNCTBINIA?
Kak eé aganTupoBaTb (yMEHbLUATb) CO BpemMeHem?
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCnoHeHUNaNbHbIA rpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

dkcnoHeHumnanbHbiid rpaguenT (Exponential Gradient)

€1,...,EK — CETKa 3HA4YEHWiA napameTpa &;
P1,..., PK — BEPOSATHOCTMN WCMNONIb30BATb 3HAYEHUS €1, ..., EK]
B, T, K — napameTpbl MeToga.

Npea anroputma EG-active: ananoruuno anroputmy AdaBoost,
9KCMOHEHLNANBHO YBENMYNBATL Pk B CAyHae ycnexa £k:

@ 3KCMOHEeHUManbHoe obHOBIEHNE BECOB Wi NO 3HAYEHNIO
kputepus ¢(x;) Ha BbIbpaHHOM 0bBEKTE X;:

wic = wicexp (- (0(4) + ) ):

@ NEepeHOpPMMPOBKA BEPOSITHOCTENA:

Wi 1
=(1—K)=—— —.
pe= (LS g

Djallel Bouneffouf. Exponentiated Gradient Exploration for Active Learning. 2016.
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCnoHeHUNaNbHbIA rpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

Anroputm EG-active

Bxop: X! = (x,,y,),_l, napameTpsl €1,...,x, B3, T, K;
Bbixoa: mogens a n pasmedyeHHas B|>|6opKa (x,,y,)h“l,

MHMLManuzauns: py = %, wi =1

0by4nTb MOAENb a No HayanbHoi BbI60pKe (xi, vi)iyi

MoKa OCTaloTCA HEpa3MedeHHble 0DBbEKTbI

BbibpaTh k M3 AnckpetHoro pacnpegenenusi (pi, ..., PK);
BbIOpaTh Hepa3MeYeHHbIi X; CJIyHaiiHO C BEPOATHOCTLIO £,
nnbo x; = arg max ¢(x) c BeposiTHOCTbIO 1 — €y;

y3HaTb y; ANns obbekTa X;;
[006yunTh MoAenb a ewgé Ha ogHoMm npumepe (xi,Y;);
Wi 1= Wy exp(l(é(x,-) + /5));
._ 1.
pk = (1— F”)ijj- + ks
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

MpumeHeHue oby4eHUsa c noakpenseHMeM A aKTUBHOrO obyveHUs

HepocTtaTku crpaTerunii akTueHoro obyyeHus:
@ ocTatoTcs He obcneposaHHble obnacTu npocTpaHcTea X,
@ B pesynbTaTe CHUXAETCS KavecTeBo obyuyeHus,

@ yBenM4nBaeTcs Bpems obyyeHus.

Naewn npumeneHnsi koHnTekcTHoro bangura (contextual MAB):
© peiictBusi (py4ku) — 3TO KAacTepbl OO BEKTOB,
@ KOHTEKCT KlacTepa — €ro BEKTOPHOE NPU3HAKOBOE OMMCaHNe,
© npemus noowpsieT uameneHne mogenn a(x, 6),

® JIMHEHAas MOAEIb NCMONb3YyeTCa ANnsa Boibopa aeicTenii.

Djallel Bouneffouf et al. Contextual bandit for active learning: active Thompson
sampling. 2014.
William R. Thompson. On the likelihood that one unknown probability exceeds
another in view of the evidence of two samples. 1933.
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Komnpomuce «usyHeHne—npumMmeHeHne» B aKkTUBHOM obyue
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

TomncoHoBckoe camnnuposaHue (Thompson sampling)

C — mHOXecTBO gelicTBuli (pydek, KnacTepos 06bEKTOB),
bic € R™ — BekTOp npusHakos knactepa ¢ € C Ha ware t,
w € R" — BekTop k03pULMEHTOB NUHERHON MOZenu.

Wrpa arenTa u cpeabi (contextual bandit with linear payoff):

NHULMANM3aLMs anpuopHoro pacnpegenenuns pi(w);
anascext=1,..., T

cpeAa cooblyaeT areHTy KOHTEKCTbl by ans scex ¢ € C;
areHT CIMMNIMPYET BEKTOP NuHelHON mogenn wy ~ p(w);
areHT BbibupaeT geiicTeue ¢; = arg Teaé(<bt67 We);

cpefla reHepupyeT NpemMuto ri;
areHT KOppekTupyeT pacnpegeneHue no dpopmyne baiieca:

pe+1(w) o< p(re|w)pe(w);
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Komnpomuce «usyHeHne—npumMmeHeHne» B aKkTUBHOM obyue
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

TomMncoHOBCKOe CaMNAMpoBaHue (raycCoBCKUii Cy4aii)

AnpuopHble 1 anoCTepuopHble pacnpefeneHns — rayCCoBCKue.

Wrpa arenTa n cpegsl (contextual bandit with linear payoff):

nanumanusauns: B = I, w=0,; f = 0p;
anascext=1,....T
cpeAa cooblyaeT areHTy KOHTEKCTbl by ans scex ¢ € C;
areHT COMMANPYET BEKTOP JIMHEHOW Moaenu
ws ~ N(w,0?B71);
areHT BbibupaeT geiicTeue ¢; = arg meaé<<btc, We);
C

CpeAa reHepupyeT NpeMuio ri;
areHT KOppeKkTUpyeT pacnpeneneHue no dpopmyne baiieca:
B:= B+ bycbl; fi="f+ bpry; w:= B7If;

tc

PekomeHayemoe 3Ha4eHMe KOHCTaHTBI 02 = 0.25.
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Komnpomuce «usyHeHne—npumMmeHeHne» B aKkTUBHOM obyue
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

AKTUBHOE TOMMCOHOBCKOE caMmnanpoBaHue

Wrpa arenTa u cpeapbl (BCcTpamBaem akTuBHoe oby4eHue)

C := knactepusaunsi HepasmedeHHoii Bbibopkn XX;
nHuumanusaums: B = lwn; w =0, f = 0p;
ana Bcex t =1,..., T, noka oCTatOTCA HEPA3MEYEHHbIE ODBEKTBI

BbIYUCANTL KOHTEKCTbI by Ans Bcex knactepos ¢ € C;
camMnaMposaTh BekTop AuH. Mogenn wy ~ N(w,o?B~1);
BbIbpaTh Knactep ¢; = arg macx<btc, We);

ce

BbIOpaTh CyYaliHbIli HEPa3MEUYEHHbIN X; U3 KNacTepa C;

y3HaTb A/ HEro y;;

[00byunTh MoAenb a ewgé Ha ogHoMm npumepe (X, y;);

BbINUCAUTL npemMuto ry (bopmyna Ha cnegytowem cnaiige);

CKOpPEKTUpPOBaTb pacnpeaeneHue no chopmyne baiieca:
B:= B+ bybl: f:=F+bpr; w:=B7f;

tc!
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

Kak Bbluncnarrtca npemun

Npes: npemus noowpsiet namexenne mogenu a(x, o).
H; = (a(x;,ﬂt))ll:f — BeKTOp 0TBETOB Ha Bbibopke X! U XX

Mpemusa — yron mexpy Bektopamu Hy n H;_1:
<Hta Ht71>
[Hel[ | He-1 1"

ry == eBt arccos

rAe 3KCMOHEHUWaNbHbINA

07

MHOXUTENb KOMMEHCMpYeT B
ybblBaHMe paccTosHmii; ;
B = 0.121 — smnupunyeckn S e
nofobpaHHbIli napameTp. i

Djallel Bouneffouf et al. Contextual bandit for active learning: active Thompson
sampling. 2014.
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

Kak BbIYUCASIOTCA NPU3HAKN KOHTEKCTOB (K/iacTepos)

b = (Mdisc,VdisC7 |c|, plb,c, MixRatetcy)
@ Mdis. — cpenHee BHYTPUKIACTEPHOE PaCCTOSIHUE;
o Vdis, — ancnepcusi BHyTPUKIACTEPHbIX PACCTOSIHWNIA;
® |c| — 4ucno obbekToB B KNACTEpE;
@ plb,. — AonA pazmedeHHbIx 0ODBEKTOB B KnacTepe;
@ MixRate,, — nons obbekToB Knacca y € Y B knacTepe.

Bcero npusHakos: 4 + | Y.

Djallel Bouneffouf et al. Contextual bandit for active learning: active Thompson
sampling. 2014.
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Komnpomuce «unsyHeHne—npumeHeHmne» B akTUBHOM oby4ye
DKCNoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

Kak oueHnBaeTcs ka4ecTBo

HakonnenHsble notepu (cumulative regret):
T

R(T) = Z ((btct"a Wt> - <tha Wt>),

t=1

¢/ — ontumansHoe peiicteue (R = 0, ecnn Bce AeACTBMS ONTUMANbHbI)
CpaBHeHMe HaKOMIEHHbIX NOTEPb AAS PA3/IMYHbIX aArOPUTMOB!

160
140
120
& 100 1 =« =ATS
g
§ o20 — eLCB
E — EXP4
5 60 + -
40 === Q8C
------ Random
20

cooooo0oo0oo009Q999898Q9988.
886866866 cc888888s838888
A MIMOMNOBNOANMITNBOEN RO O

== R R A - R e B i

Iteration
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Pesome

@ AxTueHOe 0byyeHMe MCNONL3YeTC ANSt YMEHbLUEHUS
obyuarouleil BbIBOPKYN, KOrga pasmMedyeHHble gaHHble a4Gporu

@ AkTuBHOEe 0by4yeHue BbICTpee naccMBHOrO

o [Ipn manom obbEME pasMedeHHbIX AaHHbIX OHO AOCTUraeT
TOrO >Ke& Ka4yeCTBa, YTO NAaCCUBHOE NpU MOJIHOI pa3mMeTke

@ BeepeHue usyyarowunx aelictenii B akTuBHOM 0byuyeHun
nossonsieT ewg buicTpee obcnegosate npocTpaHcTeo X

@ [lns aToro B nocnegHue rogbl CTaan NpUMEHATLCS
ajanTuBHble CTpaTeruyn uau obyyeHune C NogKpenaeHnem
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