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SVM Ensemble Approach Based on Convex-hull Algorithm

ZHANG Hong-da, WANG Xiao-dan, BAIl Dong-ying, LIU Jing-yuan
(Missile Institute, Air Force Engineering University, Sanyuan 713800)

Abstract To improve the training speed of Support Vector Machine(SVM) ensemble, this paper proposes a new approach of SVM ensemble using
convex-hull algorithm. The approach applies convex-hull algorithm to get from each class the hull vectors and takes these hull vectors as the training
dataset for every base-classifier, Bagging method is used to aggregate the base-classifiers. Threshold is set to discard the base-classifiers with weak
performance in training the ensemble to further improve the classification accuracy. Experimental results obtained from applying the proposed
approach to 3 different datasets indicate that on average it accelerates training by 266% and speeds up classifying by 25%.

Key words convex-hull algorithm; Support Vector Machine(SVM); ensemble

1 2
m SVM
(Support Vector Machine Ensemble, SVME)
SVM
SVM
SVM
SVM SVM
[5]
[6]
Dn-swo  k n
m(k) =O(n® /)
SVM 2)n—>w k
m(k) = O((lbn)“ ')
SVM SVM 3)k n
SVM m(k) =O((Ibn)**)
24 SMO, chunking 2 mi)
QP Hessian e N
SVM
[3-4] S
) O(nlbn)
SVM 2
(50505051)
(2007F19)
(DY06102)
SVM Bl SVM (1981 )
SVM
Bagging SVM
( HBag) 2007-09-15 E-mail zhdhonda@163.com

—28—



SVM
(PCA)
3 SVM Bagging
50% 1990  Schapire
71

Bagging (8]

(bootstrap sample)
SVM
SVM
50%
2
errthreshold

L={(x,y,),i=12,--,n} SVM Bagging

(HBag)

(1) L M Minreshotd T i=l

(2) Ls, = bootstrap samples from L

(3) L, =convHulin(Ls;)

(4) i J; = Learner(L;)

(5) L err( ]|) err((p|) > errthreshold
@ 2 =i+l 2

(6)
9 (x)= Sigﬂ(z »,(x)

4
HBag SVM

Bagging SVM

256 MB Sempron 3000+(1.80 GHz)

Windows XP Matlab7.0 Steve Gunn
SVM
4.1
Matlab convhulln

convhulin Quick hull

UCl

[N
o

Wine

Is
N w = (4] (2] ~ [ee) ©

i

1
1(a)
1(b)
7 10
8.95s
9
0.516's 3.766 s
2(a)
Gauss
2(b)
400~2 000
7

IKB
(b)
70
0.172 s
40 70
2 ~5
20 000~100 000
56,7

/KB

( =5 @

00 05 10 15 20

/KB



UCl 1
421
(1)uCl  Balance 627 1
2,3 300
327
2) Artl 4 Gauss
2 4 500 500
300 700
(3)UCI  Hepatitis
PCA 4 154
32 122 100 54
SVM RBF 3 o=2,
c=3, o=1 C 100
422
SVM SVM(HSVM)
Bagging SVM(Bag) Bagging (HBag)4
2 T=31,
T=23, T=11 1 2 Bag(1), Bag(2), Bag(3)
HBag(1), HBag(2), HBag(3) 10
1 2 Ac Tt
1 SVM, Bagging SVM
Balance Artl Hepatitis
Ac Tt Ac Tt Ac Tt
SVM 0.954 335 0.924 29.3 0.778 16
HSVM 0.840 0.3 0.930 11 0.648 0.4
Bag(1) 0.955 116.6 0968 1161  0.826  20.6
Bag(2) 0.953 85.4 0.965 86.3 0838 129
Bag(3) 0.951 417 0.962 33.7 0.794 6.8
HBag(l)  0.957 28.1 0.966 311 0.760 9.1
HBag(2)  0.953 24.0 0.967 21.9 0.750 6.6
HBag(3)  0.942 11.3 0.963 6.82 0.749 3.1
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