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1.1) KL(p, pla) fq(x)p(ylx) log 2z, 0 dydx
YT 3. EFNVMDEHTYATLE b5 b & AR 24537 p(ylx, 6%) 1%
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ENTVBREVIHHHALZTED 2%, ZOL S RFERERFALTIIZEYEE & L i,
CHIIH U TERRIL TH D2 S REIFE T, BHIFIIY AT ANDANDB LIS ik
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TEOMNYEFEETF—F Drd, (1.2) 2T RBE T A—5 0* PHETEILE2EZ
2, 1.D)IWCBWT, EFVONRT A—FZEKET 2HIZ

2.1) —fp(ylx) q(x)log p(ylx, 6) dydx
DETHD, ZITHERL L TRAHER
(2.2) Omie = arg rggg(iT tZ‘,; log p(y:lz:, 6)

PRHWSRET S, ¥BF—% Dr DA 2, ..., xr B3, B q(x) DDA Lic > THILICE
BRINTW5 L XIiE, KEOEID»S,

M-
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= 2 log pluddzs, 0) — [p(412) (@) log p(olz, 0) dudz, (T — <o)

Y5, LIho T Ome 3B/ S5 X —F CHERIGET 2 2 L b3bh» 2, L L¥EETF—% Dr
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ALA (s)

Step 1. BE q(x) ZASTELT, sTEOEEFT— I 2 WNET2.72770L,s = o(T), liMr-w s
= &Th, ZDEENETLT—5% Dy={(x, 1)
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Step 3. BEISNITRTOT—Y Dr=DU D2

(2.9) Bact = arg max {é log p(yix:, 6) + 2 3, ?(“TJ;) log p(yslz;, 3)}
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DUEBIZRFEE T — Y BIEREDT, ¢@)/r(z|f) EwI3EALID BV A7 E2/INELT 3
EOREAIPEETHIL0HD, Lo TEARBRUNOBEIRT 2212k, JVEED
BOWHEEPHBRTAIENTES, KHikBWT, BEHREREX AL CHEYIRESL 2RI
BZHBEROWTHESRT 5.

EROEABEBO o o BYIEAZRIRT 52 L1X, 87 —% Dr DAL (a, ..., x1)
XL, (w(x), ..., w(xr) € RTDEZFIRT A L LEMETH 2, L L, TEORE 7 —
5 (w(x), ..., w(xr) ZHEIRT 2 LTS DENAELESTLEWVY R 2 OB THEED
BlRoTLEY. %7, HEROBA»SATHLHENTIIR L,

22T, BAZ—RIEDNNFIA—F A2BALT, w(x)=(g@)rx) tE&ET 3. B
wi(z) BRAVEEAMERAHERY 0, LBL. 22T HLRBAHERTHD, VAT ANT
?wM@&#Kﬁinfwé%émuﬁgﬁgwﬁﬁifbéZtﬁ%%hfw%.ik@

BB SN BEAMTESHERTH S, Lo T, BEAB1DOBEEL ¢(x)/r(x) D
BENTA=FATORSZECBRE®RYED S, LrL wi(x) D> ok EHIC3EHNY
RHLIE 2w,

COEIRHERBODERZ2DoLLDHARLTEBVT, YATABEFAIGEN E 213 A
ZOIGEWHEZREL, YATLABETUHOMNTVE EEICIRAL LIGEVWECHRET 3
LT hniE, VAZWNSLS 2 L FETCE3, #20C, BHREHELZHOLIFEEF—»
SRR ARBIRT 2 L L IMESHREEZ 3,

ZITHEHRBHECOWTHINT 2, ETNVEHEERIEET 2L, 2OHERD VA2 %
HETLZILNTES, ZOVAZOHERZHERBAREL L 3, EATERLHEER 0, DF
HEHYE IC, 1%

(3.1) Eo {IC) = — En, {Evslog p(y|z, )} + o(iT)
AT EOCHEERENSE, BERNIC

62 1C= B L 0g pluda, )+ Tek (5) Rur (D)

EEETNE (3.1) 24747 GEEOEZELHEL IR B2R), HHEHEC LY, 3383
BEEEDODH WD) X7 OR/NERELEKT 2 LB TE S, 72T, HFHEHE IC, »HE
BEE2ERTIOOREL LTHAT S, BT -2 Drdtplylx) r(x) ic Lz ds> TER
nNTwiEr
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(3.3) IC: = min IC;
AER

RRElT A RRD, HERLLT §12RV3,
HIESCHERR U7z ALA(s) 12, S SIEMEBRE IC 2 HALICUTOREBEB7 VT Y X A
IC-ALA(s) 1% T 3.

IC-ALA(s)
Step 1, Step 2% ALA(s) L[E L.
Step 3. BRIShIzTRTDFT—8 Dr=Dy U D 2FOIHEER Oocen %

(3.4) B act,s = arg max i! log p(yix:, 0) + ET alz) )log p(yslxs, 6)
6c6 |i=1 j=§+1 r(leé)

LEHET S, T Het Res®Ehzh

7 ) = — L q(z.) ! 2° 5
(35) (H/l.f)u - Tt=28+l( V(xt|§)) 30,(9(9] IOg p(ytlxty 0a£t,/1),

a+1
=L w (—alz) ) 0 A 5
(3.6) (Kie)y= Tt=25+l( r(xt|§)) 26, log p(yelx:, Oace.s) 36, log p(yelxe, Gace,r)

LT, EHRERE

S — T . -
(3.7 ICata= — X log p(ydi, Bact) — 3 9E) 1o b, Buce)
i=1 j=8+1 7’(.1'," é)
+ Trﬁ;,_gl I@,g
BEET D Cara PB/NCTBEIRAE A LBV, Qo BT A—F DOWEMEE T

5.

22T, BB BT BRI [Cocei 13, FREC TR foc DIEREHE 32
TOBEWI EZERET S, Zhid, FiEOFEBT—F D LY 0OEET—% D L ORI,
BB L 2P ELC DT, €FFTF -k o hwikoThs, ZOHER%E
BLT, FRZEREBFAELZHE TSI LRTRETH 52, KR TR, LELO [Coas AW
ZZLicT B,

#3.1. HERERETSNVOBSOWTR L BREFELRD S, EFLE
(3.8) v="F+Bx+ - +Ba+e e~N(O, A

45, N, ) BFH u, DB DERSHET B, T A=F1F0= (B, B, ..., Ba, 0°)
TH5., y=(w, ») ZERERDO TRITEIIRZ bLELT, X = (X, X)) 2FALHEOE
HITFIE T3, X BITFIXOEBE2ERT 5, £/ v n & Xoo Xi B EOTHEEHFEBICE
32EBF—% Dy DyRIEL TS, 518 (q(xse)fr(xse)), ..., (@(xr) v (x0))) ZXtFH
BRICLONATHE WP LT3, Z0EE (3.4) 1

(3.9) B = (X5 + X WO XY (X0 + X{ WP33)
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(3.10) 6= W {(oo— XoB) (90— Xo B2)
+(m—X EA), W (g1 — Xa E/l)}

E%%. e, t=1,.., T BREXT MV, h 2BHMFEREAEER A5y MTFIO
NEBERL T DL IC-ALA(s) BT 3 EHREHE

. 2 1 Q(xt) 2 s+ TI'VVIU) ~2

(3.11) T +ICactn = ZAZ et 250 72 r(xtlg) e + > log 2763
q(x) et (q(x)/r(x ) qlx) (e} )2
(3.12) e DZ, s r(xtls)< 1)

L%, (3.11) BEAMELEOETHY (3.12) BFHEETH 3.

4. BERR
AHETIX, 28 SETRELLEBPE 7 NVT ) XLAOHERERE B %), FROR
EEUTIRT., ¢(x) IFEEHRSHOEREBEHEEH LT LT 5,

41l BFICRESEEOZHEF KT 2EMMEERT -0, BIE () WEHRSMHDE
BRQUEENIFERODOIEHEREREB IR, HEERUTRT.

v27 1 p0le) = o (L), @) =1z 42ttt

B (@) = o7 4( S )

£70 : p(ylz, 0) id (4= b — izx b’ ) KTA—5E 0= (8, 6 6, 0)
EBO%E () =g o(E52), >0

B q(x) MEMSHOERCEIN TV L X2, EXEOIZSI NIZE¥TLIIHY R

TrH-1K(E) —
TrH-1K(0.4) - --

04 05 08 07 08 08 1 11 1.2

4
1. TtH'K(&D7av b,
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An Active Learning Algorithm Using an Information Criterion for the
Maximum Weighted Log-likelihood Estimator

Takafumi Kanamori

(The Graduate University for Advanced Studies)

Hidetoshi Shimodaira
(The Institute of Statistical Mathematics)

We suppose that outputs of a system are generated from a random mechanism having
the conditional distribution given inputs. In this paper we study the estimation or
identification of the system when the observer can select appropriate inputs to the system.
We call such method of estimation Active Learning. We suppose that the statistical model
does not correctly specify the system. When the statistical model is not correct, the active
learning using the maximum likelihood estimator does not enjoy consistency. Here consis-
tency means the convergence to the optimal parameter fitted by the Kullback-Leibler
divergence. Hence we suggest an active learning algorithm using maximum weighted log
-likelihood estimator (mwle). The algorithm is shown to enjoy of consistency. Moreover
we point out that there are estimators which are better than the consistent estimators when
the number of the data is finite. Considering such result we construct another active
learning algorithm which selects an appropriate mwle using our information criterion. We
give some experiments by computer simulation and explore the effect of the proposed
algorithms.

Key words : Active learning, maximum weighted log-likelihood estimator, information criterion, statisti-
cal asymptotic theory, risk.



