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kernel clustering granulation
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Abstract: For the traditional granular support vector machine (GSVM), the training samples are granulated in the origin-
al space and then mapped to the kernel space. However, this method will lead to the inconsistent distribution of the data
between the original space and the kernel space, thereby reducing the generalization of GSVM. To solve this problem, a
granular support vector machine based on fuzzy kernel cluster is proposed. Here, the training data are directly granu-
lated, and support vector particles are selected in kernel space. The support vector particles are then trained in the same
kernel space by the GSVM. Finally, experiments on UCI data sets and NDC big data sets show that FKC-GSVM

achieves more accurate solutions in a shorter time than other algorithms.
Keywords: fuzzy kernel cluster; granulation; support vector machine; granular support vector machine; original space;
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Table 1 Datasets used in experiments

B Abalone

Contraceptive Method Choice

Pen-Based Recognition of Hand-written Digits

NDC-10k NDC-11

#IE 3177 1 000 6280 10000 100 000
#1000 473 3498 1000 10000
£ iy 8 9 16 32 32

R T BB B A DS )R A R AR A S )R
TR B A R R, AR SCOR FH 35 T B0 58 28 ok 2
Fi 1 AL (FCM-GSVM) | T BB A% 3 28 i ki 2
F AL (FKC-GSVM) Flk: B 52 5 i #4L (GS-
VM) % 3 R T 5 AN AL UCT B 2 b 4T T

W, M S RN 2 Frs . A T 3 B LA
FKC-GSVM 7E A [a] B {8 5% A T B9 20 SRR, 23 i
T Contraceptive Method Choice (4% 5 76 A [A] (.
T R FKC-GSVM 4328 YRR A, e 2~
Kl 5 frs o

%2 FCM-GSVM 5 FKC-GSVM ik 45 R bk %

Table 2 Comparison of test results between FCM-GSVM and FKC-GSVM

" ; B {E k
s Rk 0.9 0.85 0.8 0.75
GSVM 80.1 75.6 76.7 65.6
Abalone FCM-GSVM 82.9 79.1 75.9 68.8
FKC-GSVM 94.8 85.4 79.2 75.9
GSVM 82.1 76.4 78.4 64.9
Contraceptive Method Choice FCM-GSVM 85.4 82.7 79.3 69.8
FKC-GSVM 91.6 87.2 85.6 81.5
GSVM 81.2 77.1 70.2 63.8
Pen-Based Recognition of Handwritten Digits FCM-GSVM 84.6 80.6 75.6 70.3
FKC-GSVM 90.7 83.3 80.4 72.9
GSVM 85.2 82.1 79.7 69.3
NDC-10k FCM-GSVM 86.5 83.8 81.4 79.6
FKC-GSVM 89.6 86.1 84.6 82.3
GSVM 80.2 72.4 73.5 66.6
NDC-11 FCM-GSVM 83.7 79.3 76.9 72.9
FKC-GSVM 86.5 83.8 82.3 79.2

FCM-GSVM Fl GSVM J& 7 J& 25 [i] JE 17 40
S 53 F0 SR ) R B BB, AR5 S R 1) e
3 B Y as (8] R A7 432K, 1 FKC-GSVM 2 B 7E
A2 23 ) (A B R 0 R S 4 ) ok B BB, SRS
FEAR R P A s T kAT 43 28 . AR 2 a4 SR mT
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I A I A5 () FIAZ 25 18] 43 A7 8 — 25, 76 A8 [R] 7Y (8
MR, HA WO E L FKC-GSVM 9 40 J83000:
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W] BB 45 1 T RS0 . MNER 2 AT LUE Y, 1 B
/N, FKC-GSVM 1 73 SRR B 22, 3 2 BRI 94
/N R S A ) R D X — i AR T R
FRT — SR &, s T RO . (H2
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JEAFE) TR KL s . BRIk, X1 KRB AR
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I8 Y M, SR 1 FKC-GSVM Hit fiE e 8 b 15 5] 75 22

B2 . Bl 2~5 /& Contraceptive Method Cho-

ice BUHEE A6 A [F) B 45744 T R Al FKC-GSVM 43

R, X LA B o] DUAR O A
FKC-GSVM 73 R & Hh 32 NI = 1 o
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28} o SRR G4
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Kol
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Fig. 2 The classification results of FKC-GSVM under the
threshold 0.9
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g2
j; 1.8 G/ Ve M4 Y g
ii NDC-3L 300 000 30 000 3
s NDC-5L 500 000 50 000 32
ol NDC-1M 1 000 000 100 000 32
0 50 100 150200250 300 350400 450 500
SR NDC1 5000 5000 100
NDC2 5000 5000 1000

B3 FKC-GSVM ZEEH{EH 0.85 ZFHTH I EHR
Fig. 3 The classification results of FKC-GSVM under the
threshold 0.85
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-
1E20f
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Fig. 4 The classification results of FKC-GSVM under the
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2
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R
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Fig. 5 The classification results of FKC-GSVM under the
threshold 0.75

32 NDC AHEE LHXE

ST R FKC-GSVM Ak B A #5040 4 1) P B,
FE S, SR A B 4 2 NDC A B 4R Y, 2
i David Musicant’s NDC 54 7= 2 #5872 4 19,
NDC #a4E R an e 3 fian . 7ESC8H, FKC-
GSVM [t 45 SR4s 5 BRAE LRI A T I 2R Ak S04
[a] & Al (twin support vector machines, TWSVM) ¥
DU 5 S DI S0KS BE Fn3 A7 B I 2 O T R A7 %
to o, FKC-GSVM Wi T35 . S0k & 7
ISR 3.1 —#F, B{H k=0.9; TWSVM I f& 3]
SRR S 800 2 BORR 2 A (278,277,---,27) iX A

x4 2HMEE NDC HIEENNIXNER

Table 4 Comparison of two algorithms on NDC datasets

FKC-GSVM TWSVM

Blete  IZRE MERIE CPURY YIZKIE MIXIE CPURY
WR/% BiR% s BR/% B%/% s

NDC-31 8212 7856 2.89 79.54 78.76 23.10
NDC-51  79.65 78.08 5.131 78.84 77.12 90.35
NDC-lm  82.12 80.27 50.734  — - -
NDCl  89.68 8631 1.152 86.72 84,52 19.574
NDC2  90.67 86.95 60364  — - -

“FORUIGRI [ SOk AT

M3 H A DLE AR S5 I ) X &
5 PSR, NDC-3L I ZRAE A%l 300 000 4,
1M NDC-1m [ FEARBE N E] T 1000 000 14>, [F#E,
WA ARt AL 30 000 HEME] T 100 000, H#1F AR
32 4E, X3 AEEE BB RN T IR E LT
Ak TR AR — A T AR A R 39 o s i ) 2 ) Pk
BB AT HE— 25 A2 2 B A B v AR AR A I 1
fit, NDC1 Al NDC2 iX 2 4~ % 52 10 4 5045 1) 2
100 F1 1 000, ¥ & AT Y ZhAE A & AR A
mAR—HE, #BJE 5000,

SEEEE AN 4 R, PRI LUE W S8R
45 NDC-1m B}, t F I ZkB Al &, >k H TWS-
VM Bk kK SL e k47 £ o 2R, FKC-GS-
VM 7E 4k B NDC-1m %4 S 0] 5B 95 7 & BRI B 1T
i [) PN A5 28] A G T G B A, X R B T FKC-GS-
VM TE AL B E P i 2 AR . R, 7EAb
FENDCI1 A1 NDC2 iX 2 /™ & e B4 45 isp, M 4
AL E 1, FKC-GSVM Ak B3 25 24 B4 i 00 R
WRAHR ., LWLV T FKC-GS-
VM 1242 B J1 He TWSVM {3k, 38 & T A #
KEAELE .

4 #EFE

GSVM 2B I ZhAf A A8 T 2 [ Ak 5 e 453
A% 23 0], 30K -5 BOEE 5 R 23 8] 40 A —
2, WL T GSVM WIZALRE S . A T ff i
AR, A SCHE T —Fh L T RO A% R ISRk Y
Wi RE S ) 4 LT (FKC-GSVM)., FKC-GS-
VM 3 3o ) PSR A2 3R 215 4 A0 A% 2 )% 504l E
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