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3apaqn akTuBHOro obyueHus MocTaHoBka 3apaqn akTuBHOro obyqeHus
MpunoxeHuns 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.
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3apaqn akTuBHOro obyueHus MocTaHoBka 3apaqn akTuBHOro obyqeHus
MpunoxeHuns 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: HauanbHas pa3medeHHas BbIbopka Xt = (x,-,y,-)fle;

Boixoa: mogens a u pasmeyeHHas Bblbopka (x;,y,-)ffié‘ﬂ;

obyunTh MoAenb a no HauanbHoii Buibopke (X;,yi)i_;;
anaBcex i=/(+1,...., 0+ k

BbIbpaTb 0OBEKT 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 obyueHus MocTaHoBka 3apa4m akTuBHoro oby4yeHus
MpunoxeHusa akTusHoro oby4eHus
CrpaTerunm akTUBHOro oby4eHus

Mpumepbl NpUNOXeHUi aKTUBHOIO 00y4YeHuns

@ cbop aceccopckux AaHHbIX Aas MHAPOPMALMOHHOrO NOMCKa,
aHaNM3a TEKCTOB, CUTHANOB, pedu, n3obpa>keHuii, Buaeo

@ NJaHWPOBAHUE SKCMEPUMEHTOB B ECTECTBEHHbIX HayKax
(npumep — kombuHaTOpHas xumMus)

@ ONTUMU3aUNsT TPYLHO BbIYUCAUMBIX PYHKLMT
(npumMep — NONCK B NPOCTPaHCTBE rUnepnapamMeTpos)

@ ynpaeJsieHne ueHaMmun n aCCOpTUMEHTOM B TOProBbIX CETAX

@ BbIbOp TOBapa s NPOBELEHNSI MapPKETUHIOBON akuuu
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3apaqn akTuBHOro obyueHus MocTaHoBka 3apa4m akTuBHOro oby4yeHus
MpunoxeHuns akTusHOro obyqeHuns
CrpaTterun akTmeHoro oby4eHus

CrtpaTterum akTUBHOro oby4eHus

@ OTtbop obbekToB 13 BoIbOPKM (pool-based sampling):
KaKoll cneaytolmnii x; BeIbpaTh 13 MHoxXecTBa XK = {x,-}fié‘ﬂ

o CunTes obbekToB (query synthesis):
Ha KakAoM Luare NoCTPOUTb ONTUMasbHbI 0OBEKT X;

@ OTtbop obbekToB 13 notoka (selective sampling):
ANt KAXKAOrO MPUXOASLLEro X; PelaTb, CTOUT N y3HaBaTb Y;

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

l+k
Z C,-$(9;x,-,y,-) — moin,

i=1

rae £ — dynkuyms notepb, C; — cToumMocTb MHpopMaLun y;
ANS METOLOB, YyBCTBUTENbHbIX K CTOMMOCTH (cost-sensitive)
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

CamnaupoBaHue no HeyBepeHHocTu (uncertainty sampling)

Npes: Boibupats x; ¢ HanbonbLueii HeonpeaenéHHoCTbO a(x;).

3afaya MHOroKIaccoBoii Knaccudpmkaumm:
a(x) = arg max P(y|x
(x) = arg max P(y|x)

pk(x), k=1...]Y| — panxuposantbie no ybeisanuio P(y|x), yeY.

o [MpuHuun HaumenbLweli goctosepHocTu (least confidence):
x; = arg min py(u
i g A p1(u)
o [MpuHuun HaumenbLeri paszHoctu orctynos (margin sampling):
x; = arg min (py(u) = pa(u))
o lMpuHuun makcumyma sHTponum (maximum entropy):

x; = arg min > px(u)In px(u)
xeXk
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

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 obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

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.
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ObyueHue no cmewéHHOl HecnyyaiiHol Beibopke TpebyeT MeHbLue
JaHHbIX ANS MOCTPOEHUSI afirOPUTMa CONOCTaBUMOrO KayecTsa.
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

Mo4yemy akTuBHOE 00y4eHue ObICTpee NACCUBHOIO

Mpumep 2. OpgHomepHas 3ajadva C NOPOroBbIM KIACCUPUKATOPOM:
xj ~ uniform[—1, +1], yi = [xi > 0], a(x,0) =[x > 0].

OueHum yncno waros gnsa onpegeneHns 6 ¢ TOYHOCTbIO %

@ Hauewas ctpaTterus: Bbibupath x; ~ uniform(XX);
— yucno waros O(k).
@ BuHapHbIi nonck: BeIBUpaTh X;, GavKaiwnii K cepeauHe

3a30pa Mexzy Kiaccamu %(max(xj-) + min(><j)>;
yj=0 yi=1
— uncno waros O(log k).

1 3 564 2
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

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 p(ylu) = 3 Xy [ac(u) = v].
o [NpuHuun makcumyma cpegHeii KL-agusepreHymnm:
Bbibupaem x;, Ha KOTOpoM Py(y|X;) MakCUManbHO pasanyHbL:

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

rae P(y|u) = + Zthl P:(y|u) — koHceHcyc komuTeTa.
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

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 B3rruHr HaxogsaT KOHEYHblE MOAMHOXECTBA PELUEHWA.
MosToMy camMnnmpoBaHMe NO HECOTNACUIO B KOMUTETE — 3TO
annpoKCMMauns NPUHLMNA COKPALLEHNS MPOCTPAHCTBA peLUeHuii.
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OT60p obbekToB U3 BbIGOPKYU
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa aKTMBHOrO obyqeHus

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 obbekToB U3 BbIGOPKYU
CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)

CrpaTerun aktusHoro oby4eHus
OueHunBaHMe KadecTBa 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,
nobasue k pasmeuenHoii obydatoleii seibopke X¢ npumep (u, y):

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

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

O+k
Xj = arg max Z P(y|u) Z Puy(auy(’ﬁ)’xj)'
ueX yey j=t+1

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

l+k
X; = arg max Z P(y|u) Z Z Puy(z|x;)log Puy(z]x;).
yEY J:€+IZEY
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OT60p obbekToB U3 BbIGOPKY
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa 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 obbekToB U3 BbIGOPKY
CrpaTterun akTusHoro obyueHus CuHTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe KadecTBa akTMBHOrO obyqeHus

B3sewwuBanue no nanotHoctu (density-weighted methods)

Npea: noHuKaTh BEC HEPENPE3EHTATUBHBLIX OBBLEKTOB.
Mpumep. ObbekT A bonee m O
~ o
MOrpaHNYHbIf, HO MEHee Bo
penpeseHTaTMBHbIN, Yem B. /Ao%
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 obbekToB U3 BbIGOPKYK
CrpaTterun akTusHoro obyueHus CunTes obbekToB (MnaHMpoBaHMe 3KCNEPUMEHTOB)
OueHunBaHMe Ka4ecTBa aKTMBHOrO oby4eHus

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—npumeHeHmne» B akTUBHOM 0by4e
DKCnoHeHUMaNbHbIA rpagneHT
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—npumeHeHmne» B akTUBHOM 0by4e
DKCnoHeHUMaNbHbIA rpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

Anroputm e-active

Anroputm — 06€pTka Hag ntoboii cTpaTerneii akTUBHOrO 0bydeHus

Bxop: HauanbHas pa3medeHHas BbIbopka Xt = (x,-,y,-)fle;

Bbixoa: mogens a n pasmeyeHHas Bblbopka (x;,y,-)ffié‘ﬂ;

obyunTh MoAenb a no HauanbHoii Buibopke (X;,yi)i_;;
anaBcex i=(+1,... 0+ k
BbIOpaTh OBBEKT X; CAYYaiHO 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 oby4e
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 oby4e
DKCnoHeHUNaNbHbIA rpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTuBHOe 0by4eHMe c nogkpenneHnem

Anroputm EG-active

Bxog: X! = (x,,y,),_l, napameTpsl €1,...,x, 3, T, K;
Bbixoa: mogens a n pasmeyeHHas Bblbopka (x,,y,)lfu_l,

NHULNANN3auns: py = % =1

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

anascex i=/(+1,....0+k

BbibpaTh k M3 AnckpetHoro pacnpegenenusi (pi, ..., PK);
BbIOpaTh OBBEKT X; CyHaliHO C BEPOSITHOCTBIO £y,

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= Wk eXP(L(QS(Xi) +8));
. 1.
pk = (1— K)ZJWJ- + ks

K. B. BopoHuos (vokov@forecsys.ru) AkTuBHOE 0By4eHMe 21/29



Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
DKCnoHeHUMaNbHbIA FrpagneHT

AkTusHoe oby4eHune c usyHawoWnmMmn AeicTBUAMMN AkTusHoe oby4eHue c nogkpenneHnem

MpumeHeHue oby4eHUsa c noakpenseHMeM A aKTUBHOrO obyveHUs

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

@ yBenM4nBaeTcs Bpems obyyeHus.

Naewn npumeneHns koHnTekcTHoro bangura (contextual MAB):
© peiictBusi (py4ku) — 3TO KAacTepbl OO BEKTOB,

@ KOHTEKCT KNnacCTepa — €ro BEeKTOpPHOE NPU3HAKOBOE OonucaHune
Ha TEKYLLEM Llare akTuBHoro o6y-|e|-|vm,

@ npemusi noowpsieT nameHeHue mogennm a(x, o),

® JIMHEHAas MOAEIb NCMONb3YyeTCa ANnsa Boibopa aeicTenii.

Djallel Bouneffouf et al. Contextual Bandit for Active Learning:
Active Thompson Sampling. 2014.
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
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

areHTy coobLIatoTCa KOHTEKCTbI by ans Beex ¢ € C;
areHT CIMMNIMPYET BEKTOP NuHelHON mogenn wy ~ p(w);
areHT BbibupaeT geiicTeue ¢; = arg Teaé(<bt67 We);

cpefa reHepupyeT NpemMuto ri;
areHT KOppEeKTMpyeT pacnpeaeneHue no cdopmyne baiieca:
pe+1(w) o< p(re[w)pe(w);
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
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
areHTy CoobLatoTCsl KOHTEKCThI by Ansi Bcex ¢ € C;
areHT COMMANPYET BEKTOP JIMHEHOW Moaenu
wy ~ N(w,a?B71);
areHT BbibupaeT geiicTeue ¢; = arg meaé<<btc, We);
C
Cpena reHepupyeT NpeMuto r;

areHT KOppekTMpyeT pacnpegenexue no dopmyne baiieca:
B := B+ bycbl; fi=f+ biry; w:=B7lf;

PekomeHayemoe 3Ha4eHMe KOHCTaHTBI 02 = 0.25.
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
DKCnoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

AKTUBHOE TOMMCOHOBCKOE caMmnanpoBaHue

Wrpa arexTa u cpeabl (BcTpanBaem akTuBHOE 00yqeHue):

C := knactepusaunsi HepasmedeHHoii Bbibopkn XX;
nHuumanusaums: B = lwn; w =0, f = 0p;
anascext=1,..., T

BbIYMCINTL KOHTEKCTbI by ANst Bcex knactepos ¢ € C;
C3MNAMPOBaTL BEKTOP AuHeiiHol mogenn w; ~ N (w,0?B1);
BbIbpaTh Knactep ¢; = arg macx<btc, We);

ce

BbIOpaTh CydaliHbili 06BEKT X; U3 KIacTepa Ct;
y3HaTb A/ HEro y;;

[00byunTb MoAenb a ewgé Ha ogHoMm npumepe (X, y;);
BBIYNCANTL MPEMUIO fi;

CKOPpPEKTUpOBaThL pacnpeneneHue no dpopmyne baiieca:
B := B+ bybl; f:i=f+ biry; w:= B7lf;
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
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:

Bt (He, He-1)
ry := e”" arccos —————

[Hell [[He-1]l
rAe 3KCMOHEHUWaNbHbINA
MHOXUTEb KOMMEHCUpYeT os \
ybblBaHMe paccTosHUIA; %8 N

g y=0,6177e042x
£ = 0.121 — smnupnyeckn go0
nopobpaHHblii napameTp. s

100
200
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Iteration

Djallel Bouneffouf et al.
Contextual Bandit for Active Learning: Active Thompson Sampling. 2014.
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
DKCnoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

Kak BbIYUCASIOTCA NPU3HAKN KOHTEKCTOB (K/iacTepos)

bie = (Mdisc, Vdisc, |c|, plb,., MixRateyc )

Mdis. — cpeaHee BHYTpUKIACTEPHOE PaCCTOSHUE;

Vdisc — aucnepcus BHyTPUKAACTEPHbIX PaCCTOSIHUIA;

°
°

@ |c| — umncno obbekTOB B KNACTEPE;

@ plb,. — Aonsi pasmeueHHbIX OOBEKTOB B KNACTEPE;
°

MixRate;., — fons obbekToB Knacca y B KnacTepe;

Djallel Bouneffouf et al. Contextual Bandit for Active Learning:
Active Thompson Sampling. 2014.
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Komnpomuce «nsyHeHne—npumeHeHmne» B akTuBHOM 0by4e
DKCnoHeHUMaNbHbIA FrpagneHT
AkTnsHoe obydeHune ¢ nsyyaWUMKN AeAcTBUAMN AkTunBHOe 0by4eHMe c nogkpenneHnem

Kak oueHnBaeTcs ka4ecTBo

HakonnenHsble notepu (cumulative regret):
T

R( T) = Z((btct"v Wt> - <th7 Wt>)

t=1

CpaBHEHVIe HAaKOMJIEHHbIX NOTEPb A4 PaA3JNYHbIX aJArOPNTMOB!
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Iteration
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Pesome

@ AkTnsHoe obyuyeHne MCNONL3YETCA ANA YMEHbLIEHNS
obyuatowein BbIGOpKM, KOrAa pa3MedeHHble JaHHble 4Oporn

@ AkTneHoe obyueHune BbiCTpee naccmBHOroO

@ [pn manom obbEME pasMedeHHbIX JaHHbIX OHO AOCTUraeT
TOrO >Ke Ka4yeCcTBa, YTO NACCUBHOE NMpPU MOJIHOW pa3MeTke

o BeegeHune nsyvatowmx aeicTenii B akTMBHOM 0by4eHun
noseonsieT ewgé buicTpee obcnenosath NpocTpaHcTeo X

[+ ﬂ'.ﬂﬂ 3TOro B nocaegHme rogbl CTajanm NpUMEHATbLCA
afanTUBHbIE CTpaTErnn nan 06yquV|e C noAKpeNnNEHNEM
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