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[ Abstract] Referring to unbalanced dataset, the traditional machine learning methods will achieve biased performance. Using traditional methods,
the recognition rate of minority class will be lower than the recognition rate of majority class. In this paper, based on rotation forest, it proposes an
improved unbalanced dataset learning method, which is called deflection forest. It reduces data unbalance by over-sampling the data of minority
class. It uses random resampling to increase diversity of samples which generate the deflection matrix and then improves the accuracy rate.

Experimental results show that the deflection forest method achieves better performance, which carries out higher recognition rate of minority class

and also lower recognition error rate of majority class.

[ Key words] unbalanced dataset; deflection forest; integrated classifier; over-sampling

DOI: 10.3969/j.issn.1000-3428.2011.15.038

1 R

TEVF 2 S BRI B I, A A KB O A T 15 43
RIVE, FRGH 5 RT7 X DB 7 KB R HE . §H3F
BAEA P B R R EEEEUT 3 AT E R
(DB F 1 534 5 (2)BEVHBT 20 K05 5 Q)i it By 73 K
AP RE PR DN o ACSCHRE H B A AP — il o SO HdR
F) 73 A 47 123 S P-4 08 0 RS BE W T 3

2 RV RTTE

IV A ~F- 485 4 8 1P 0 16 ) ek A S0 A K T 4 A A F-
i R o IR, LA B 350 B S R B AR R e D T L
2o HARGHPLE 07 15 TR Jx L8 -1 73 2 17
h, EH B RS RERORIR L TR, BRI RGRA
R 1, KRB D BRI PR RIBRT S 5K Mife
KA F 53 R, DS RMES, BEAR
A 20 B R A B U3 SRR A E . AP Al
HH 4R 43 2 A1 B AR T5 3553 R B 2 B T U A0 R 2 A
o BORZ TR AR, BB I AR AT PR A
KEBR 5 BREAS RN 25 43 2685 o 52 W97 T 00 43 RSk 3k
fr8fE, MEXCAMSRELEHERBHNEEL. HOf
UR ST BUR RN E PN e 1 ) NP G €1 03
S PR G LR B A I E AR T DB 4 K

TR 23 e A S A o B T B 3o el o
D BRI N D B WAL, e I B A B A AT R
W, 2 R AE WP, i FBOL . Bk
I il 7 350 1 A 2 R e N o AL S R A s AT B A

AR, —ERE LT BRI, WG
SMOTE(Synthetic Minority Over-sampling Technology)34. i .
T T B0 R R T 3 B AL 3t 5 ok R 8 5 R AR 0 2 B
PIHE, SR EBRBHRN—LEEFER . SCHR2RE S
—FIORL B SRR I BB S S, ARRORL B P AR B Rk
FEARHEATRLRI 43 3 PR EUE BORL, DABR 4 T 4, 3
T AR R b — B R 5

HE BN U5 3 R 5N U R B s S e 4
RELDBCE R AT FL . SCRR[3]9E ) Metacost J& —Fif AR
MRS 058, R T AR AR F S AR, K8
SRR AR E KGR A S KB D PREARE
B AR 0 3 o AR ORI AR O 1 D B IR 3R,
HRAEZEIEIT, ELMHS MRS X
TR (41452 Y — P37 A -5 A B AR, 38 A A (Rt BB /S 4y 2%
FUATHGE, B03% T 4 AL A BIOR SF-H 5 3 B R AR

BEWE IR GE LA RSN, WG E
M4y 2Bi . BT, BTERYINAEHEHREERS R
T AdaBoost ¥EfT I HEE ¥, SMOTEBoost B 45 &

EEWH . HEHARAEE Y B H (50705069, 50905013, 509340
07); TS AE R 22 B i L WURHIF 3 4 ¥ B 3 B (2009000612000
7); IR E RSB 55 2% % Wk £ 9% B3 H (FRE-TP-09-014A)
B/ BFHI982—), B, TR WL, EFHH: BRR
B, BREMEW; PHELE, EIEGR. WA RO, PRE. W
WerE, B Wt

WA EHB: 2011-02-17 E-mail: kevin2008.zhao@gmail.com



B37E FI5M

dﬁ%ﬁ’ FH%?LJ’ % ﬁﬁ) %:

— PG B PSR AR 2 205 3 123

SMOTE #il Adaboost Jj ¥ , A Ji I & — Fft 8 %A% )7 v ; AdaCost
18 33 7 Boosting 53 W AUE SE T ML I e 5N B AN I A AR 1
B R4y, $75 Boosting FLIEXT D B M A SR A XK,
AT RN BRI Ti ¥ 53 4b, SCHRI6]4R H Y asBagging
SV RN Bagging 50 ) FIE M ik

3 fREEFHRAK

TR AR R — PR IR tE B 2 KB BR AL, HAE K
T8 PR 0 07 16 A B JE K, A B T A B B R
WAL bR b, MR 22 S0 40 248 o LR A S B B AL
FTARLE R B R R HE S, I BIBE A4, REX
A TR HHT RS, RS2 254 BT RX
SR SRR RS BT A 3. IXRE, BIREEAL B R
BB A HE BN W AR S b, BT R 22 R
PR FE. YRXEH RN G KA, BEAIER
ERRM N FE. BT AMEE NS EMEE S 2K, Bk
HAERER T Bagging. AdaBoost %% 7} K8 R 4o

(R TREE MR R T PR E 2 5 8, LA
A HE I RO R 2  ASCAE RS AP 43 2805 B g Bl |
TR ML TR 2207 1, DASR BEAS 465 403 19 43 2% 1)
B RIMGESE (% 0)s (%0, 0) - (%o vy )} 5 o, N RIS
BRI x, B MFAEE R B ALE, 7T ARAR A <X,»,1, X5ttt
X,) 5 v AL (0, 0 0« BXLC.Crr O R
TREARPR AR 2588, Mo, L BRSPS R0
o L F Ay n bR R, HoRE C Mil4GEMER
AR

(OF A AE T SMOTE X 544846 M X i/ %
KT AR BB BRI X, S EC T%.
B s(DAE x, 5H P AV AR R = 481 00 & BURE AR, & Bk A
MG A VBN FAE R T%:

synthetic, = x; +r,xdif, p=12,-,P (1)
B, v RODZ R EIBERN » FRE; dif, & x 5
Bp MM REZE. EEMFAR()ERSREB L IR
#, RSB MHSH T%.

O FHESR F BENLA R K AT, FHRZEATPLEM
AT DR . KRB ENFAEFEAMR, H
S REE M =n/K AMFEE. IR F, ARSI CHE kA
BHETHR. RBCFAME TR Fy o WHPECHAE X, i R
BB 4R X,

GEEH T X, EREALEE: S0%MEHE, il ER
ﬁﬁ}*ﬁ(Principal Component Analysis, PCA){2BUH 3 4 &
Bal)al, -, all) (M, < M) o RFBEHLAII SO%BARHEA 1y
Hi, meit— iﬁﬁﬁ%ﬁi?ﬁiﬁiﬁ%%ﬁﬁﬂﬁﬁﬂilﬁlﬁﬁﬁﬁ%

(4 R B B R BB 23 C WREEHERE D,

al(ll)aa/(?a,al(zlwl) [O] [0]
D, = [O] allz) a; 2) ",a/(gZ) [0]
[0] [0] o af),a e alt)

(2)
o, e EE D N HEROR nx X M, o AT X BRI FHAE )

W, K D, B 5 B0 BT AT HE S 15 2087 19 D 4 B D
DL BB BT DUAR B 5 4y el C BINRAR X,D) , X, A4y

B WY R ER AR

ASCEBEJLRAE CA.5 YN GRFE A%, A B il 45
B XD BB ESRIBRC o EREHE, HE—DWREL
X, P RIREL A KA, IEXT R 45 RS
BRI A o (x)

,uj.(x)=%éd,,j(x0,”) j=12,--c (3)

ERGH, d,(xDf) WK CRTH x BT X o,
PIREEE . RGBSR o (%), B2 xBTEH o, B
2, BEXTHA NS RBWNERICEFAEE . B2 x BRG
PR R A e KRR B 203

%6 ZRAR T 3% BL T 2 AR D A T 8 0 X D Bk
1T I RSO T I GRBR o A N BOR BAS P A, A
I Fe AR A A I 22 T R R AR A B S AR R, X
P B 7 B T B KA I AR, TR R T4 2K
4 FRSERBFHENE

A SCIBEL 3 M H AR WA R 2 I Tk S R
BT BEHATR I, AP 5 % S 07 B4y & . SMOTE
F 1%, SMOTEBoost Jj H: FIf 4 # k&% 3 MetaCost J5 o [d]
B, T - R 4 e s AR PR 3 P SR 5 i e AR 7 1
FTX b LB UCT bR, X 5 AAFEXNR A
TR RTINS ENERWE | iR, Hi,
AEMEEHRE Iris3 B4 SURNF UCK fiie Iris HIRECH
3RS AANEHES 150 AMREA), FEH AR 3 28 50 A
ER D E 2, RRBE—RIERBHK, MBI PHEEIRE.

F1 AEEHREER
B RIENB VBB SBEAEARR LB AR D B AR

Iris3 4 50 100 2.0000
Vowel0 13 90 900 10.0000
Segmentl 19 330 1980 6.0000
Glass7 9 29 185 6.3793
Letter17 16 734 19 266 26.2480

P HARBENLIS 43R 10 4, R PIR XWIEM %, 5
AEE R R T 100 KB IEHHE KB ROC
(Receiver Operating Characteristic)th 2k 8% 4 1 1 & 20 K 45
PR, © B A FA5E 4 2R A5 RE PR M, ROC g
KM G/ bR RIS MRS . B 1 4 T Iris3 AP
i B PR E R ROC i X Ik . Mm%k FR A SMOTE
SMOTEBoost i it HAK % 200. 300~ 400~ 500+
600 700~ 800 900~ 1000+ 2000+ 3000, MetaCost ff%E i
EFBBUK KRR 4 5+ 6+ 7o 8 94 104 204 30+ 404 50.

98

L S
9% |- W
I of

o
94 | *

—o— IR
2T * Ak
B —-A-—  SMOTE

—<O—  SMOTEBoost
—8—  MetaCost
T T

DR BN AR/ (%)

90

88

2 3 4 5 6 7 8
SHAIIERA/%)
B 1 Iris3 $EME ROC fhik



124 o

L #&

201148 H 5 H

M L RTRLER Y, AR i 5 AR 5 3 LA SR e Y
S RPERE, HAREMDBRPBIERE, [ AR AT 4% ]
ZHRIPR R

Hots 4 A FH R SR AEA [ 7 95T B 23 45 R0 L
2, BAGRERMALHET 100 RLRBCFIE GRS

#2 AEEBRBEAFTETHA KGR

LSS i ¥ WS EERIN T DHCKIEMER SERERE
1000 0.992 3 0.002 0
Tl % A 2000 0.993 0 0.002 3
4000 0.993 6 0.002 9
ek Ak 0.978 6 0.000 4
10 0.938 3 0.027 6
MetaCost 50 0.940 2 0.044 4
Vowel0 100 0.949 0 0.065 6
1000 0.978 0 0.003 6
SMOTEBoost 2000 0.982 8 0.003 9
4000 0.983 4 0.004 3
1000 0.957 1 0.012 8
SMOTE 2000 0.966 4 0.0122
4000 0.963 6 0.012 8
1000 0.991 3 0.000 4
[EF N 2000 0.9918 0.000 6
4000 0.992 2 0.000 7
WekE Ak 0.987 2 0.000 4
10 0.977 5 0.009 7
MetaCost 50 0.979 0 0.011 4
Segment] 100 0.981 0 0.0155
1000 0.9915 0.001 6
SMOTEBoost 2000 0.990 9 0.001 7
4000 0.991 8 0.001 9
1000 0.987 3 0.004 1
SMOTE 2000 0.987 6 0.004 4
4000 0.987 8 0.004 9
1000 0.884 1 0.029 7
T ARk 2000 0.896 6 0.037 0
4000 0.903 8 0.045 4
ekt Bk 0.813 4 0.015 1
10 0.898 6 0.053 3
MetaCost 50 0.899 0 0.068 4
Glass7 100 0.904 5 0.196 7
1000 0.870 3 0.025 7
SMOTEBoost 2000 0.872 1 0.027 9
4000 0.872 8 0.027 3
1000 0.884 5 0.047 4
SMOTE 2000 0.886 6 0.053 2
4000 0.886 6 0.0459
1000 0.9615 0.000 6
T ARk 2000 0.968 1 0.000 8
4000 0.973 3 0.001 1
ekt Bk 0.9128 0.000 2
10 0.926 8 0.006 3
MetaCost 50 0.935 5 0.009 9
Letter17 100 0.950 2 0.025 1
1000 0.955 1 0.000 5
SMOTEBoost 2000 0.955 1 0.000 5
4000 0.957 0 0.000 6
1000 0.921 4 0.003 2
SMOTE 2000 0.922 1 0.003 4
4000 0.928 0 0.003 8

B3 2 BURAT LRI A0, AR ST SRR AN 45 0 4 iy Ak 3
WA T B AF W A KB o AXT Glass7 NPT EHR4E, MMELHR
MAEIT AR S BB R 4 000 B, b ER M IEFI A F] 0.903 8,
ZHRM RN 0.045 4,

A 23T, SMOTEBoost /b % 2 iy IE A2 0.872 8,
ZRRMEIRER 0.027 3, SMOTE JiE S HRMEHE
0.886 6, ZEKM4EEIRIEN 0.045 9, MetaCost 5 VE1E & H A
F2HUER 100 B, DERUEFES 0.904 5, ZHRMHETR
HELKF 01967,

TEEEFRARM DB IEFE Ry 0.813 4, ZHRMEHRE
5 0.015 1o 7EHAUR PHEEIRE S, IREEHMTT 5 WAL
T ARG 43 B
5 4XiE

ASCHR M — R PSR R 2 T, HARRETE
TR 20 B 2 AT 3l A SO I R AR ¥ A DA T ks 8 1
A5 [ B T 4y A A U AR I 25 SR A5 A AR
SRR AR R, XAEE IR T R KA S A,
T3 5 SR B4 R AR A

AR EN AT S AMARANE A FHELRE, 5H
R AS PB4 205 AT XY b, SR BWIA N S KT ER
AR RBR

%30

[1] Chawla N V, Bowyer K W, Hall L O, et al. SMOTE: Synthetic
Minority Over-sampling Technique[J]. Journal of Artificial
Intelligence Research, 2002, 16(1): 321-357.

21 RF 5T B EH PSR RLE SVM 55
YE[]. WML TR, 2010, 36(2): 181-183.

[3] Domingos P. MetaCost: A General Method for Making Classifiers
Cost-sensitive[C]//Proceedings of the 5th International Conference
on Knowledge Discovery and Data Mining. San Diego, California,
USA: ACM Press, 1999: 155-164.

[4] Qu Haini, Li Guozheng, Xu Weisheng. An Asymmetric Classifier
Based on Partial Least Squares[J]. Pattern Recognition, 2010,
43(10): 3448-3457.

[5] Chawla N V, Lazarevic A, Hall L O, et al. SMOTEBoost:
Improving Prediction of the Minority Class in Boosting[C]/
Proceedings of the 7th European Conference on Principles and
Practice of Knowledge Discovery in Databases. Cavtat-Dubrovnik,
Croatia: [s. n.], 2003: 107-119.

[6] Li Guozheng, Meng Haohua, Lu Wencong, et al. Asymmetric
Bagging and Feature Selection for Activities Prediction of Drug
Molecules[C]//Proceedings of Symposium of Computations in
Bioinformatics and Bioscience. lowa City, lowa, USA: [s. n.],
2008: 22-30.

[7] Rodriguez J J, Kuncheva L I, Alonso C J. Rotation Forest: A New
Classifier Ensemble Method[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2006, 28(10): 1619-1630.

GifE e



