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Abstract: According as the main ‘factor deciding the performance of ensemble learning is the diversity of
component learners, clustering technology is used to speed up AdaBoost in this paper. The performance of the new
algorithmis very close to the AdaBoost in learning deferent noise levels data sets. The new algorithm can be used to
detect and eliminate noisy data quickly, and could achieve rapid learning on data sets after eliminating noise. It
overcomes the noise-sensitive shortcoming of AdaBoost. The general performance and efficiency of the new
algorithm are much better than AdaBoost in processing data sets containing noise.
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PEA 22 REAE 1R 55 100, 3 — fk A2 1 5522001 48, Viola %5 APIp7 S48 3L T+ Cascade J77%: 11 AdaBoost ARl
TR AZ T Pl R Ay 928 T Harr-like AL (F PRI UHSE, JF HLAE — ANRFAEHS AT LAARGEE 2% 2] O — ANk 4328
X BARMNFE > BRI LR A 9L T AdaBoost (R YIZR.2007 4,58 GE PR Walsh BRAEHUAC
Harr-like $FEFFAE £ B KR B L0k, W E— 2D SEIL T AdaBoost A AR U I Sk 1) in e AH B A 1B 40 3, BT 11 59
B ) R AR K 5,00 T4 28 0 45, g SRR 45 2% S SR AH LG LA b (¥ B —Rp AiE 43 28 48 I I 5 2 =l 1 FE B (¥ )3T LA, Viola
NI 5% R g2 AdaBoost B0 ARSI — 52 By 5 Ta) 2514 4 171 10 04k 7 .

1995 4F,Korgh! A 55 2% 2] 38 2 [ [A) 2= AU GE T 4RI > 1032 4635 22,2002 4E, i 25 #£1f) “many could be
better than all”* 8 /5 T 38 1 1 P& 3 43 2 2] 3k A1 U8 EE . 2001 45, Giacinto Il Roli®li i 4y 2 5 HLvk K 1%
PORE T R 2 S5 T K095 2 > 3 K M) 2 42 Bl 7 4E.2003 45 Bakker Fil Heskes!" "1t Fi 5 8H ARG AR AL 59 2% > 4%
HEAT 73 4, JF Al ek AN A2 vpade t— A 59 27 ) SARRAE 4 AN o) 25 SR R AT 4R 1, R R BRI L5230 T 7R B
5 ) A8 22 AR B IR 2 PR AR B AR ST B Y T AR i L AR AL R S Ok R R ) (1) 25 e 4, 52
I 45 S W 7R B T SR IR 3 R A S AT DA — D R TH AR B B . 2004 4, 2% [ I R e KA I R 4 8 B A
9 SRS TR ARALLE A SR HEAT 31 SR 28 10 e 8 P A Bl ZE P R L IUAF T 55 GASENIVR 24 (¥ R B i s 5 HLIL
5 )OI R AR T 25 A5 A SCRIFFUIN P9 A 2 2 B8 N AT R ek AR R H Bl AdaBoost KA 1A% 2] 2% 4
i b, 2Bk AdaBoost YIIZ5H (1)U AR IS FE, SE 3 AdaBoost 53 1 U 5o, B G2 A 5 SR 25 11 AdaBoost 592
(CLU_AdaBoost). L

T3 A, S 45 AR 2R W, AdaBoost FLAT 8 B I (1 B B 51 Gk 1B S AEURKT. 1998 45 Friedman 5 A4 H T2
1k AdaBoost”'%,1999 4 Freund # H! T Brown-Boost! it ix — i #.2000 4, Virginia Wheway il B 1] L
il Boosting 4 A sk #4 W v U4 6l FRAR SOy B3 T DA i B S50 41 4 (10 R Wk 75 € 90 0 530 e Te) 4 9K b T
AdaBoost 11X — i 4, AT K 5 32 T-AdaBoost 1A SC T4 B 502 1 1 .
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e A SR S
&£ 1. AdaBoost.
Input: YIZREE L={(x1.01),....Conpw) ixieXopie (1,1},

T

Output:C"(x) = arg max Z log(1/B).
y th (x)=y

WG E 4] =1/N

For r=1,...,T:
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h, =argming; :Zd,-[ [y (x) =y, |

hjeH i=1

2. g=WeightedError(h,L,D")
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N . x,=(D-n +1)-cos(2m-n)+rcosd 3)
3 Y, =(D-n +1)-sin(2r-n)+7sing
¥
O
x,=(D-n,+1)-cos(2m-n, + )+, cos @, @)
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VA DR & T A I R A 5 T A T VORGSR 1 1B 0 T L s BB 1 52 4 B A R (3)- (8)
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Fig.1 Two spiral data set include 10% noise

15 10%0 7 1R XU ke Hc e 4

© PEEEESAIITOT

http:// Www. jos. org. cn



1894 Journal of Software A5 4R Vol.21, No.8, August 2010

3.2 E%Bagging,AdaBoosti1CLU_AdaBoost7E A~ [F) Mg 5 7k S _E By X bb 586

K SRR N A 4,1E  SUREARER S 500 AR H IE S $AFEARAS S T 10343 B AE KB 1%,5%,10%F0 20%
W 75 (R RE AR HEAT 2 20, 53 AR B 0% 75 1) B0l 8 b 3 iF 4.4 53l i 1] Bagging,AdaBoost F1 CLU_AdaBoost
S AT S AR, 8 22 i 2 Pl 2 s L A8 I 55 2 ) SR R AL 25 ANBRE T AU =2 BP #E M.
M SZI AT LU /A R e P KPR B A A T Bagging 598, HAHS Al % H235 AdaBoost; 1 IS 1F) A8 4 #5 &
AdaBoost [1] 1/10 Ze47 B 55780 R T Boosting FUER I 1.
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0.30 AdaBoost 0.32 AdaBoost
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Fig.2 Comparison of Bagging, AdaBoost and CLU_AdaBoost on different noise levels test sets
B2 AS[E|ME S KSER 4E T Bagging, AdaBoost fil CLU 'AdaBoost.t i

3.3 E T Cluster AdaBoostSZ HLIR R KR A 16 F1 5 BR LUIR & B% 1 8¢

Wit N 1 SR FE U ZR 005 300 AN, 3L E . SRS 150 AN, IR A8 BeAH B 1) 300 AN ISR ;A= s UCT
waveform! I ZxH 4l 600 AS(Ch 74k ] B H waveform {8ty = 23 S L1 2 waveform by IE2,2 SR 3
2 waveform [/ 21 5 51 208) 42 st B (P IR 203 4004 %5 A P AN B0 2 1 DI 2 4 23 Sl 3% 5%,10%F1 20% Lk
BREAT IE « H0R% A A0 A 1305 7 KO AR DA 77 v e A Bl S 7 R 75 L) B I 5 400 R 9 5
MR, 7 5K B AdaBoost Ml CLU_AdaBoost 47 M 2 51 B A8 . 1 75 A6 00 R0 530 53k L % Mg 7 530 4% i )
TRV 45 50 T3 10181 3(a) FHIE] 3(b) 43 59 by XUR Jie 2305 Rl waveform %40 761 745 LAl 20% R 700 F, Horp—
RS2 56 P 1R 3 25 bR B 20 A TR VR 3a) o 1 gt 7 A By B R BRARBR 1~30 AT 151~180, & 3(b)HH [ 5 AR jle i &
9 0~120. 77 LA BH 2 5 HA 75 3 A DX 38, S5 1 30 % o 50 A W A8 i v 1190, 1 ) O — R A s T i dE v 1

M P A .

© PIFEREBARPEIZON  hups/ www. jos. org. cn



AR FA2 A B £k Imik AdaBoost 7 5 PR B HIEIE M 1895

0.8 0.35
0.7 0.30
0.6 025
0.5
2 g 0.20
2 0.4 2 ol
0.3 13
0.2 0.10
0.1 0.05
0 0
0 50 100 150 200 250 300 0 100 200 300 400 500 600
Observation number Observation number
(a) (b)

Fig.3 Edge function value figures of two spiral data set and UCI waveform data set, include 20% noise

3 B AT 20%NME 7 IR XU E s 4R A UCT waveform 2l 6234 2 o Ui 73 A7 1€

Table 1 Comparisons of Bagging and AdaBoost and CLU_AdaBoost before and after removing noise
% 1 Bagging,AdaBoost fll CLU_AdaBoost?%‘J@”ﬁ%?gﬁﬁ)ﬁﬁ‘lﬁtt

. Before removing noise After removing noise . .

Data sets Algorithm Noise ratio (%) gError rate NoiLse ratio (%) gError rate Total time-consuming (s)
AdaBoost 5 0.033 5 1.1 0.034 2 59 358.4
Two spiral CLU_AdaBoost 0.031.3 0.7 0.0327 24973
(M=100, AdaBoost 10 0.066 4 2.5 0.046 6 60 768.5
S§=5, CLU_AdaBoost 0.047 9 2.2 0.040 3 2 868.9
7=100) AdaBoost 20 0.188 3 16.9 0.1358 63 954.3
CLU AdaBpost 0.1752 15.5 0.133 6 2 630.7
AdaBoost 5 0.1352 2.8 0.122'5 51 530.1
Waveform |{ CLU AdaBoost 0.122 4 2.8 0.122 6 5 464.8
(M=300} AdaBoost 10 0.130 1 4.8 0.127 4 66 329.4
4 2 S=7, CLU AdaBoost 0.127 6 3.7 0.124 9 6 752.9
7=100) AdaBoost 20 0.1512 10.7 0.1311 78 629.2
CLU AdaBoost 0.156 3 10.4 0.1313 76754

SCHR[41EH Waveform 4 52 18 i 58 SCREAR ¥ 7 10 A2 gt 75 3 LAk >k Ui B AdaBoost J7 325 0] I 75 UK
i) L NZR 1 R a] LR S 5 BT S ,CLU_AdaBoost 57k 1P BE A K 2 Bt 00 F #40 T AdaBoost,iX i B X
— BTN S ) U ME BT AdaBoost. AdaBoost T H I T 58 38 (1) 2 > e 6 R RS U EAT T 78 23 1R A L
g 7 LA AR T R 20% 0, AR R 0.188 3k 16.9%H¢,Ji%ﬁi%$g‘a 0.135 8.CLU_AdaBoost
WA /HAIL T Boosting K127 21 fE Jy, JF s AL T s A1 Mt 75 Bcdfi 1) 2% 20 55 55 3.2 TS UR AT BU ol 0 4R 1) 22 1)
SERTRT A T AEAS I T EAE S AdaBoost JT AT A9 KLY 1/24 5 vT LA A5 M ) (0 PERE . DR Hem] DL ), 7 W
SFRTT JG,AdaBoost I CLU_AdaBoost 1 g #8215 ) 7R 50 1ok 2 20 L ,CLU_AdaBoost LT
AdaBoost, 3% 1] A& & T80 P IR R AR T sm i A A1 L 56 B8 BB AN A 5% 2 SR 0 I 2 ) I REAR BRI L IR
—ZH(AdaBoost 7] LL), AT #8411 58 T CLU.AdaBoost % M 75 1) 52 3] 6 0y, 1 BRI HI 59 7 M 75 1) g i 2 Bodin 48 2%
TR 3 A A o 7 B B, 3 — 5 A 88 10 Sk b S, BT SE 4k BB AR T AdaBoost. [ i th FT LA Hy % It 745 f) 46 900 fi 7 i
HWRTEE HREWE T, §

EAN I E 1 RS 7 B8 (R MR R I 5 36 v () Boosting STEAIIEAT W 7 AR U0, IR 7R IR 7 5 LR AR
Al W S5 5 SCIGE 7 L A R 2 S R B 0 7 A e 7 L BT L 0 10 R AR 1 5 M0 4 A 2 B 7 R A
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P A 20(3)« (4) A2 15 XUUZ e B 9 R 58 4 119 14, FL e 75 LR 4] & USR5 T waveform BUHSEEAS B L 7E = M T IR TE
VR DAL P A5 B (), AN HE B 7 SO 2R i B o 88 A W 7S A AR DR Utk waveform BiHR B2 7R 7 Ak 20%
I AT ARAG B T 53.2% K7 Rk 75 TE ARG HH 2T AR G T 008 e 25 i 4 ) 4 48.0%.

4 % it
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R P SURTEEAE A 25 £, waveform 24 50 A% ARAFE &AL, MK M AEAEAE AT LAt — D fe TH Bk i 24 2] 1k
AE, ELEIAS 52 ZRAT AL K MAL A e
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