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Learning Strategy Based on Neighboring-boundary Granular Support Vector Machine

ZHANG Chun-yan NI Shi-hong ZHA Xiang
{College of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038, China)

Abstract  Granular support vector machine will lead to loss of partial classification information and accuracy degrada-
tion while dividing granules and extracting representative points. To solve this problem, a learning strategy based on
neighboring-boundary granular support vector machine (NGSVM) was proposed. Samples were divided into granules
with kmeans method firstly, different granules were dealt with different rules to extract representative points,and then
these representative points were put into fixed set or reduced set as requested, by which support vector machine (SVM)
was trained. After completion of classifier, classification plane would be rectified by extracting neighboring-boundary

samples according to the kernel distance. The simulation results show that NGSVM gains a higher classification accura-

cy by extracting neighboring-boundary samples near classification plane and fixing classification plane.
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banana 75.9 77.8 84,2 79.6 78:9 77.6 77.4 78.4 =T 80. 3 80. 5
waveform-40 88. 15 89.9 83. 36 87.31 88. 48 88. 35 90. 94 90. 48 90. 48 90. 61 90. 68
shuttle 88. 03 87. 36 92,13 94. 56 98. 25 97. 41 94, 31 96. 4 97. 24 97. 24 96. 65
adult 76. 34 76 77. 38 76. 95 78.5 79. 37 78. 33 79. 54 79.8 80. 57 79. 88

3.3 KRS E koL EREHRIG

FROSFIMT 4 NEABRETE & AT A 2 2 HER R, B EL
BT 4R R BAR A m=100, M 5 Pa[FEH, kK44
¥ k ¥ KT, X banana, waveform-40 ., shuttle 1% 3 PNEHELE T
TP RUET R B K, 2 b KB — ERER, KR
REWIE , T SUM B9 R R . Xt adult Z0HE 41
BORERREA BEEL.

Xk B/INET (R<C30) 5 & ASBL A BOHE LA AR X 48 K, BT 48

HUHRE Y AR B AR RE A B 3t AR 20N o A B L 181 PR
B AR R0 A LB SR TP R RB FE AR R BT A HdE 1 43 11 4%
fiE , B RMEFRIBAR. 24 b BB, & Ao 72 SR 25 )
FO A1 OB B ISR X BN, BT SR B AR AR 2 i
BEAUR BT A B 69 7 A 1 0L, B2 S ME R R k. BT
adult $(HR4E & SN B ARS8 R 4 B LB SR B A4 £
REARIE L , BN B A5, SVM Y1 i s 2 i 1E
REARIA R LN, SE KR ER AN .

RSk XOFAERR R E R CRLL: 20

k=10 k=20 k=30 k=40 k=50 k=60 k=70 k=80 SVM

AN DGSVM 84 85.7 75.9 85.7 88. 4 88.8 89.4 89.5 87.7
NGSVM 84.5 87.6 80.5 88.1 88.7 89. 4 90 89.7

et Sy DGSVM 81. 68 88. 28 88. 15 88.61 89. 64 91 90. 23 89. 97 a1 14
NGSVM 89.71 91.°59 90. 68 91,33 90. 87 91, 33 88. 54 91. 84
DGSVM 81. 24 93. 47 88. 03 95. 48 95. 98 97, 32 93.72 97.91

shuttle ) 99. 58
NGSVM 96. 57 96. 49 96. 65 95. 31 93. 97 96. 15 95, 31 96. 24

adult DGSVM 78.07 78.93 76. 34 79. 88 77. 64 113 78. 16 77.81 i an
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F#6 3R HIEMEEXS (R s)

k=10 k=20 k=30 k=40 k=50 k=60 k=70 k=80 SVM
DGSVM 0. 859 0. 422 0. 665 0.473 0.739% 0. 849 0. 62 0. 616

banana 94, 25
NGSVM 0.975 0. 518 0,762 0. 557 0. 801 0,938 0, 706 0.716

waveform-40 DGSVM 0.113 0. 117 0,119 0.124 0.112 0.125 0.115 0. 137 138
NGSVM 0.163 0. 168 0.171 0.177 0. 164 0.178 0. 165 0.192

shuttle DGSVM 0. 082 0. 037 0.01 0. 008 0. 008 0. 008 0, 009 0.01 3.13
NGSVM 0.18 0.078 0.032 0.03 0.031 0.03 0. 032 0. 036

adult DGSVM 0.17 0.15 0. 138 0.138 0. 165 0.154 0.18 0.199 10

NGSVM 0.272 0. 265 0.24 0. 242 0. 266 0. 263 0. 286 0.295

M 6 ATF L, M T DGSVM &g, NGSVM #hn T 42
BUR AR FEEE TN GRax — 5 B, S 7E VI 2RB 18] L Lk DGS-
VMEB¥REHT 0. 1s 24, H L SVM Bl gRit 8 488 T
10~100 %A . XEH T NGSVM ik E g & T DGSVM
DGR R . s TR G, 72 7 5 4> J HE R R AN
YGHEFEHEH - ENERANNENERET TEENHE
o, Rt EAR BERRINGEENIR THRSBEREE
FME D, T EVLETEE B F A RS RIBARRE A

&FRIE HEFBNEIRMEVNSLRERE, KR
H— R EL TR AR 1 R AR B & R i B UL (NGSVMD % 5] 3
BE B S RO R SR BRGS0 40 30 R B0 I A T AR LA
SR TIG, EERSERRY, ELRIUESHFH
HE O 35 B 4R R SCAF 1 AL A 4> B 3R R B AR R vk gk
AT DGSVM Y g BAREI ML &, I GRprseat g AL, &
BN TREAME. A0 42 680 F SR
MBRSE X PR BLHEAT T {5 B RAE . 7ELUS B TAE R, R A&
R B R BB A S REE P, FE KRR IESR i
FTRARGERIE,

2 % X W

(1] Ding Shi-fei, Qi Bing-juan, Tan Hong-yan. An overview on theo-
ry and algorithm of support vector machines[J]. Journal of Uni-
versity of Electronic Science and Technology of China,2011,40
(1) :2-10(in Chinese)

THC, ¥R, B TR R SRR GRI
PR K2 24] , 2011,40(1) : 2-10

[2] de Almeida M B,de Padua Braga A,Braga ] P. SVM-KM. speed
SVMs learning with a priori cluster selection and k-means[ C] /
Proceedings of the Sixth Brazilian Symposium on Neural Net-
works. Riode Janeiro,R J,Brazil,2000:162-167

[3] Horng S-J. Su Ming-yang, Chen Y-H, et al. A novel intrusion
detection system based on hierarchical clustering and support
vector machines [ J]. Expert Systems with Applications, 2011,
38(1):306-313

[4] Yao Yi-yu. Perspectives of granular computing{ C]// Proc of the

IEEE International Conference on Granular Computing. Beijing,

o 274 -

China, 2005 :85-90

[5] Tang Yu-chun,Jin Bo,Zhang Yan-qing. Granular support vector
machines for medical binary classification problems{CJ// Proc
of the IEEE Symposium on Computational Intelligence in Bioin-
formatics and Computational Biology. La Jolla, USA,2004.:73-78

[6] Zhang Yu,Wang Wen-jian, Guo Hu-sheng. An SVM accelerated
training approach based on granular distribution[J]. Journal of
Nanjing University(Natural Sciences) , 2013,49(5) ; 644-649 (in
Chinese)
KT, EXE, TR T, F TR0 0 3CRe ) BOULIN I 4505 vk
(1], B st i (A RBEAR) . 2013, 49(5) 1 644-649

[7] Wang Wen-jian, Guo Hu-sheng. Granular support vector ma-
chine learning model[J]. Journal of Shanxi University (Natural
Science Edition),2009,32(4);535-540(in Chinese)
FoXR, FWEF R SI R R B IERT] P ¥R
CBRFER) ,2009,32(4) :535-540

[8] Zhang Wen-hao, Wang Wen-jian. A Kernel Granular Support
Vector Machine Based on Association Rules [ J]. Journal of
Guangxi Normal University(Natural Sciences) ,2009,27(3) :89-
92(in Chinese)
TSCHs, A —FPE T OCE N R B SR I T
BURE K224 (B RBLEIR) - 2009, 27(3) £ 89-92

[9] Ertekin S, Huang Jian, Bottou L., et al. Learning on the border.
active learning in imbalanced data classification [ C] // Procee-
dings of the Sixteenth Conference ACM on Information and
Knowledge Management, Lisbon, Portugal, 2007 :127-136

[10] Hu Zheng-ping, Gao Wen-tao. Training sample selection algo-
rithm for SVM based on modified weighted condensed nearest
neighbor and close-to-boundary criterion{ ] . Journal of Yanshan
University,2010,34(5) :421-426 (in Chinese)
B, B0, TR SMRES RS S RIEHRF AN SVM
G A At B R LT ], ML KPR ,2010,34(5) :421-426

[11] de S4 J P M. Pattern recognition concepts, methods and applica-
tions [ M]. Beijing: Tsinghua University Press,2002;21-22

[12] Du Shu-xin, Wu Tie-jun. Support vector machines for pattern
recognition[ ] ]. Journal of Zhejiang University ( Technology E-
dition),2003,37(5) :521-528(in Chinese)
FEARERT, RERE. ARSI 89 ST m YU ] SR
RCTAERRD , 2003,37(5) : 521-528



