HEREA B|BrREHRERFYR &2 5ot
THE INSTITUTE OF ELECTRONICS, TECHNICAL REPORT OF IEICE.
INFORMATION AND COMMUNICATION ENGINEERS

[Fa—NUTZIEE] 7>V TIVEHE
RIEH BEALT R —Z M = B

T BALEHSERT MBI AT Y & — T 351-0198 ¥ ERFETH LR 2-1
TT BHE BN IR B S SR T ER MR WY AE I SE B3 (S S NI ISR 21) Tl & w080 WFSEaEs
T 351-0198 HERFAHIAIR 2-1
TH REBMYLREGFEMZR T 140 0011 FREEJNRERFF 1 10 40
THT AT YIRGFEMZER T 651 2194 MAETHERXZERT 8 3
E-mail: tokada@brain.riken.go.jp, tthara@tokyo-tmct.ac.jp, {1imiyoshi@kobe-kosen.ac.jp

HoE L ABEBHEHTE, NFUIONSUNT AT AT REDT7 VI Y TNVREERHEIEN A VS 4 0 2H
ORMTHERT S, B LEEIEFLIEMN - T OV THEGEE2ERTE. 7V Y TIVZEEBRONLL
BENEROKEEHERY MVORES, BMLERDOHTERNY NVOA—-N=Fv T (FARK) BLCEEOHSE
HENY NVEOA—N=Fy 7 B ICOBEETEZLERT. ZNAOOERWREBOZHEOXAFIV A%,
HRTHHFEREZEHL, NFUTENSUNT ATV TOMER2EHERT 5.

X—D—R TFPYVYINVEHE, NXVJ, NSVUNT—RT4 VY, A4 V%Y, Kith® N—k7hoyv

[Tutorial] Ensemble learning

Masato OKADA™T, Kazuyuki HARATT, and Seiji MIYOSHI Tt

T RIKEN Brain Science Institute 2 1 Hirosawa, Wako-shi, Saitama, 351 0198 Japan
11 7 Intelligent Cooperation and Control”, PRESTO, JST
2—-1 Hirosawa, Wako-shi, Saitama, 351-0198 Japan
171 Tokyo Metropolitan College of Technology 1-10-40 Higashi-oi, Shinagawa, Tokyo, 140-0011 Japan
1171 Kobe City College of Technology 8-3 Gakuenhigashimachi, Nishi-ku, Kobe-shi, 651-2194 Japan
E-mail: tokada@brain.riken.go.jp, tthara@tokyo-tmct.ac.jp, {imiyoshi@kobe-kosen.ac.jp

Abstract We discuss emsemble learning algorithms, i.e., bagging and parallel boosting based on the on-line learn-

ing from statisitcal mechnical point of view. We treat cases that both of teacher and students are simple perceptrons.
We show the the generalization error of emsemble learnig machine depends only on the normls of the weight vectors
of student perceptrons, overlaps (direction cosine) between the weight vector of the teacher perceptron and those
of the student perceptrons, and correlations between the weight vectors of the student percetrons. We derive dif-
ferential equations to describe the dynamics of these macrosocpic variables. Applying these equations to a linear
perceptron case and a nonlinear perceptron case, we discuss the bagging and parallel boosting.
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LEEN K =10 1/2 DEIC 1/K TIERTEZLHFbA 5.
B 30b) ABEYIaV—-—YarvORRETHS. N=1000& L
. RRT—FLOHEBLIDS K =1,3,10 DFERE2RT. R
BAMEBEYIaV—-YaryoERERL—HLE. ZOZL
PSRBT ORYMENREE, BERLBMEYIaL—vay
N=BLEZLMD, UTORTCRERBROZEHVD Z
rrd5.

4.3 AFEOKEEELFHFNIC—HFETEWESE

DEI, AROEETMEMRIHIC B TRVWEEICOWT
Z25. HEOEDIC, FHOMHRBICEVWTI(0)=1Td
BLHETSB. Ry & qup OWHMEIZERDOME RL(0) & g (0)
B30 T5. Z0OHE, R (29) 55 (31) DML HER
TR Z e W TET,

I(t) = 1 (38)
Ru(t) = 1 — (1 — Ri(0)) exp(—t) (39)
Grrr (t) = 1 — (1 = qua (0)) exp(—t) (40)
LRB. ZhSOREFLEEOR (28) KRAT S L,
eg({le}s {Re} {arn }: {ck})
—emp@¢){1-RK«n—-}:(%GXRkw)—lhdon
k=1

+ DO = ax(0) = D ex()(1 — axxc(0))
k=1 k=1
+ %mu+%mm—%mm—wK@%
o (41)
EEL, ex=1-3 1 er BAVE.

ZZETEHDOHE ¢, ARFHBLIEAZDBOLLED, &
ABNEF—=E—=NSA—RIIHLT, NEBEFRNRS
EDWC cp BYHBZENTESL. ZOEDIMEhDOEKEE
AWT, —RREHTIRL, WE ¢ EAVWTEHETRDT
VY VTNVEERENTUNT —F4 VT RS [3). HIAW,

DD BREHEOMHMES J10) = J20) THY, J30)
MED 2MBEMNTH-EHEEBRAEDS. 205G, Bibihk
THELBLAUKEARHELF>EEN— T OV EERE
DHBZLICRBDT, ¢1 =c2 =025 c3=05LT5HN
PAEBEZENNS KRB ZLFIBHIHESLIESD.
SEBA LU EBHOHRT, FBREZEER/NTIER ¢ &
L HB—DDHEHI,

O¢q _

ock ’
EWET o BRDBZETHB. —BICEA—F—NSA—&
lpr Ri» qu EHREHEZEATZ0T, R (42) 2WETHEDD
W OB cp(t) L7225 ZENTFHEINE. LALRDD, #l
LBREZEB/MNCTEERD ¢, 3R (41) %2 Cp, TREBILTOL
HBLWLELDT, o ZHBIME RL(0), g (0) ICDHITLA
HKETBZLHRDAB.

AWK K=3DBADNXFYTENSUNT =TT
DOPLEZDEERT. RFHEDOS X)W egB — g’ B INF VT
ENSVNVT—RAT4 VT OPBREOEERT. H&Y, %2
HoMBTENS VN T —2F7 4 Y TICEYPALEZENKREL
WEIN, ZEHIPEDICLEN ST, ZOHEINSILAZZ
MG

R N—e T hO Y

FEMEN—ET hO Y F(z) = sgn(z) KD WTHERIZRA
5. FHIZORORRESZICINEW [8). AIHIOHE/N—
BT RNOVOERDDS, FUFYTUEFHIIBW TR gL R
DEGENAEHNTH B Z LHATFHRENE. 22T, R (92D
(11) DES>DEHANCO>WT, gk ROBGEHEICT S E
», R ¢ BT E=RY MVEIHIR2R 51CRT. 2O %
Aoy, Z202FAO>H, REHEBELT ¢ NEoLB/hE
WEFHHX 77X M OYEETHHZehbh b, BV ER
S5, ¢DB5 ENYBNEDEL, LEDSRIENE IR
ENLREHAE 7 X NOVREETHS. Ko THEIHOWHT,
FUBYTVEFEFIAVY MRS LB REVEFANLY
AhOVEHTHLZLIHFIH, THBY OKENESH

k=1,2,--, K —1, (42)

5.

— 5 —



0.1

0.01
0.001 |
0.0001 r
le-05 |
1le-06 |
le-07 t
1le-08 |
le-09 |
le-10

le-11 : : :
0.01 0.1 1 10 100

Time: t=m/N

log(eg”B-eg"PB)

4 NSUNT—RF4 VT ENFY T OHE

08 | |

06 | |

Overlap q

04t By ]

02+ AdaTron

Perceptron —-—-
Hebb -

0 02 04 06 08 1
Overlap R

5 R& qOBEGR (BR)

% [8).
6. ¥ & &

FIUBYTNVEED B THEINF I ITRNSVUNLT -2
T4 YT ERHNZR RSV R2EOERTHERLE. 7
VYU TNVREEBROEAIEN—- T POV DERFE T
BTeExE. £F, ZO7 VYU TVEEBRONEE 2 H
HU, MMEEERT X —-NSA—Z—THIEAWEDOLAE
Xy BEiLEEDOA—-N—-5v T R, L OEERLDHEE
Qo BV TEIBZLERLE. DI, ZhBOA—&— N
SA=R—=BREIREDEIMS FEREHH L.

ZOEREITHEN—E T MO VICERA UL, WL &4
DEN—BT OV EEH O, 78 1OHT RAEBTHHLL
ESE, A—F—-NSA-RTHARAWEORS |, HfFL 4
HOREMEDOA—-N—-5v T R, EEDOHEERBOHEYE ¢ ®
MEEZ - 2B, Z0HED, EREH—ICL, FHEH
HETBENXFYIREHTH B, BLAIA—F—=NFA—=2D
EAFIVR, BEIUOA—F-NSA—-A TR BN
ZDEAFIVAERDE. ZORKR, EON—-ET oY
OB KICE->TRDPL, 73y T NZENEMEHLEL,
KIHEELRWEHIHLZZLHAHELMILE., ZLUT K — 0
OBETIE, B—0BEA—-E7 oY offEED 1/21C0
RTdZehghok. 7=, HRO KITHLTE, K—

DEICHL, 1/K TRETZZ bk, —F, w0
EEDEAWMEOHEN R TRVWEACH VT EBITE4T
ok, ZOGBRICIEARERBELTINT VNI AT 1V
THREHTHB. NS VUNT =254 ¥ T CRFLEE % /M
KTB2EDICTHERDLERERET S, BRELEARTA—
N=5v 7, HEHEOHBEOMHEIIUMRELRWZ A
bholk, BRIC, BEREHFEEN—TOVICERL, ¥FH
FNUIV XL TT7 VYT NVEHOHENEREZ L %
RUE.

B @

ZOMAO—HIRZMAEME S (FREFF 13780313,

14084212, 14580438, 1550015D DEB) & R\ i=.

X ik

[1] Breiman L., Machine Learning, 24, 123 (1996).

[2] Freund Y., Shapire R.E., Journal of Comp. and Sys. Sci.,
55 119 (1997).

[3] WAEETF, HEREMZ, Massimiliano PONTIL, HF[#—, ~
NSGVUNT—RATF AV T EBA—RNVIVY VY ERAWET VY
Y TIVEE FEEHE NC2002-52, 47 (2002).

[4] Urbanczik R., ”Online learning with ensembles,” Phys. Rev.
E, 62, 1448 (2000).

[5] KRB, ALY VS ABR L HWBE HE, BREE (1999).

(6] K —z, MHEEA, WEI4—25—F—KEB7VHY TN
FPHOPAERZORN?, HRRHWZPEHERY -V vav T F
4 pp. 113-118,9 H EL#HH (2002).

[7] K—&, MEEA, "NXSVVT—-RTFLYITDXVIL4Y5—
ZY OB, fB%HEME, NC2003-14, pp. 13-18 (2003).

8] ZF#eE, K —&Z, MEEAN, Y54 Y Z2HAERICED
REMN—€TNOYO7 ¥y T NVEH OB, BEHEE
NC2003-77, 77 (2003).

9] K —2, MHEA, "v-YYEHWERMN—-ET boro%
HHEOX VS5 -y FOMR?, BTHBREFFRIFRX
# (D-11), J85-D-II, No.10, 1563-1570, (2002).

[10] FHEA, K —Z, "2HOMEEHHFAZTRIEKD: #E
N=7 b OYO7 Y TNVEFE—H L LT?, Computer
Today 3 AE BHMRMWZEHER- BRFHFOIEIEA2E
pD. 23-28, (2003).



