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Abstract The choice of kernel function is a basic and challenging problem in researches on kernel
methods. Gaussian kernel is a popular and widely used one in various kernel methods, and many
universal kernel selection methods have been derived for Gaussian kernel. However, these methods
may have some disadvantages, such as heavy computational complexity, the difficulty of algorithm
implement, and the requirement of the classes generated from underlying multivariate normal
distributions. To remedy these problems, generalized kernel polarization criterion has been proposed
to tune the parameter of Gaussian kernel for classification tasks. By taking the within-class local
structure into account and centering the kernel matrix, the criterion does better in maximizing the
class separability in the feature space. And the final optimized kernel parameter leads to a substantial
improvement in the performance. Furthermore, the criterion function can be proved to have a
determined approximate global minimum point. This good characteristic, coupled with its
independence of the actual learning machine, makes the optimal parameter easier to find by many
algorithms. Besides this, local kernel polarization criterion function, a special case of generalized
kernel polarization criterion function, can also be proved to have a determined approximate global
minimum point. The extensions of generalized kernel polarization criterion and local kernel
polarization criterion to the multiclass domain have been proposed. Experimental results show the

effectiveness and efficiency of our proposed criteria.
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ZHRAE B A — AR BE . SCRC10 J7E - —
Xof — " M R 22 S R RIS L 5 R /MBI AAT B 2 2K
FEATR] Y 6. 16 A5 2 FIE A0 A 1% 2 50 A LG X R I
2 A Y R 22 2R AR ] B AR R Rl — > BEARE
W fiE B .19 A 3SR ).

T 22 SCHRL19, 26 ] rb g A2 00 Ak o ) el — 2 ) 2
W™ & 22 )RR N, 22T SR R A o
(multiclass generalized kernel polarization, MGKP)
TE LN

MGKP (K,Y) = <{(K.)¢>(Yu)cors (12)
Horp, RS IR FE K 195E LIL(2) , (KD e 5
YO e 2048 XA B K. 5 Yy 647 0 A b B
FRAFHE B, AR Y (=2 B NIRRT AR
AR HED.
i Frobenius P ARE SCR H B 308 1) Mk 5 45 -
(KD es(Yu)err =
tr((K.)¢ (Yum)e) = tr(HK, HHY yH) =
tr(HK, HY vH) = <K, (Yu)cor
) 22 2 7 SCAZ A A HE DU 7T 55 4 375 Ry
MGKP(K.,Y) = <K ,(Yy)cor.

UMb 22 25 Jmy 0 A% A A ME ) (multiclass local

kernel polarization, MLKP)A] LL5g X R
MLKP(K,Y) = <{K_,Y\u>r. (13)

TR, 2R L WALHE N 5 22 26 J5) 5 %)
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EAE AL B 5 B AL S(o) (R (7)) B4 R WA 5 B FEAE
ME— P 5 2) FF 2 JEHHE 4R 1 I FH AN [R) A% B Ak o )
PRI S B IF 5 58 OB IE 7 2% 1 S 56 45 R 1F
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e A 7 U ) A% 3 86 Ty 1k 5 38 U TIE D7 TR T S 5 L 4R
BER O SH X SO AR 5 R A A Ak i
W) K H: 22 5 5 X 1oz (14 43 28 P B 9 5
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Table 1 Data Sets for Experiments
F1 ZHPEANBIEE

Number of Number of Number of
Datasets
Features Samples Classes

Sonar 60 208 2
Liverdisorder 6 345 2
Heart 13 270 2
Tonosphere 34 351 2
Monks1 6 432 2
Monks2 6 432 2
Monks3 6 432 2
Wdbc 30 569 2
Australian 14 690 2
Ringnorm 20 1000 2
Twonorm 20 1000 2
German 24 1000 2
Iris 4 150 3
Wine 13 178 3
Svmguide2 20 391 3
Balance 4 625 3
Vehicle 18 846 4
Satimage 36 2000 6
Segment 19 2310 7

X T EE AR L IR 2/3 B REAS A I 2R
£ HARFRUNZRAE vh B SRR A B o T ] 5 A A 4
rH R XTI LA DR A — B B A 1/3 B R A 2 R I
B S rh R AT 3 B A A 1R UE R P Ak s 3T A% 28
3 ) R A% AR AT D] ) 8 A A Ak o D L R A SC T $
T SO AR AE N IR KPLLKP,GKP &£
7 BTN ) 2228 8 =X A 1z 1 ] MK P, MLKP,
MGKP 375 10-37 38 LEHIE J5 ¥ faiic A CV.

I A% 38 8 o 0 Ak A2 S 8 S A
SEVE W GR R R AR 2 v T R A ] B R A T 34 4A
BN 1 E REARRECH 20, & oM T #E R v K fig
W AE DX 8] 98 J5 76 1% DX (8] 9 R fminbnd w8 0K 44
TIRAB R SR R IR R JR A A Ak
W) Ko Z2 245 Jry 38 A W A 1 U)o 2 8 ¢ 1 TBC(E RN SC R
[20] 280 e Wi —HE RIS 0= 15T U AR I
W) Je Z 27 URARALHEN ) 280 = Q. Hh Q=
1/min{B,D}, v B 5 D ) XU 2.1 15 frik.

S T SR 1) i AL AR ST R B T A (20,
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2°,2%,24,2°,2° ) 109 38 LI HE . = B A% S 50
WRELS (27,20, 2%,272,271,20,2,2%,2°,
24,2°),

AN S BB B B & Window 7. 0,E7500 CPU,
2GB RAM J } Matlab 2008a, 3 ¥ i Libsvm T.H
A A
3.2 GKD B#rEHMBNFERE—H8IE

FEUER () By A M, S A 12 A~
SrRBEE LA R A~FCE XL 2.1 99) B BUE .,
WL 2 s, N 2 T LUE I, 40 0 4 38 1E 2R A A
B BFEARE N2 RFEARE AR 2 D FEA R R

i RAE R AS 5 A, C, E B8 K T 4l i X I FfE AR
R LRREA T BB )7 | /ME ) B, D, F. 78 Tonos-
phere, Wdbc, Ringnorm #(#54 .24 & A,C,E Z
[] 22 PR H 25 I B pRER o E o BRI i R
B ALCE Z R 22 BB X 2. 1 799 4598 19 52 1)
AR, BR Bk 3 MBS HRd g A,
C.E Z [0 HH 25 A K 2 20 (8) By i $2 R 1% 7F [ &
B Lo iR B4 - 3 Fi/NEFEW B, D, F
Z ¥ min{B,D,F} =min{B, D}, Wi F=
min{ B, D} G4 7. 25 b ik, 2. 1 35 ik B o i 4
WIE G B,

Table 2 Values of A~ F of Datasets
®2 BEELSHA~FHEE

Datasets A B C D E F
Sonar 10. 8569 0.0392 12.4571 0.0532 11. 5366 0.2573
Liverdisorder 7.0028 0.0089 9.1179 0.0016 8.7002 0.0047
Heart 31.4439 0.0877 29.1991 0.0069 32.6465 0.1403
Tonosphere 59.8720 0.0100 98. 0000 0.0382 76.9753 0.2178
Monks1 24.0000 0.444 4 21.7778 0.4444 24.0000 0.444 4
Monks2 18.7778 0.444 4 24.0000 0.444 4 24.0000 0.444 4
Monks3 21.7778 0.444 4 24.0000 0.444 4 24.0000 0.444 4
Wdbc 37.1670 0.1007 30. 6440 0.0739 48.003 1 0.1674
Australian 31.1831 0.006 4 26.2098 0.0020 29.6062 0.0023
Ringnorm 3.2293 0.1751 12,3441 0.5665 7.9836 0.4377
Twonorm 9.6409 0.4781 11.1077 0.5185 13.6038 0.604 8
German 55.8311 0.0011 55.4530 0.0121 57.8617 0.2697

R REIR 12 A 2 s 4 LR AL H 5 o
B AIME B TEME — R B 1 45 T ik B s 4R
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SRR A5 E B IO BE DL KR A8 U564 AR 15 5]
R EORG B2 . 7E B Al 4R AR AT 10 R S Y

2 R T 10 Y SZ 56 Aol U B T 34 &
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ASFAEHE T ARA 5 = A 0 RS B 3 U B Gl A 4 R
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R T PR IE S 56 2 R 1 0 ek ORGSR
B E KR 005 I SO ¢ R B4 50 1 G 1T A 56
RNMZE AR 3. WK 3 G4 KR E 1 12
AEEHE L SO AR 43 5 10,74 A 5088
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Fig. 1 S(o) on twelve standard data sets.
K112 A dEgda e | SRyt KB

Table 3 Results of ¢-test on Binary Classification Data Sets
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Comparison Object Win: Tie:Loss
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Fig. 2 Comparison of testing results on binary classification datasets.
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Fig. 3 Comparison of logarithm value of average training time on binary classification datasets.
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Fig. 4 Comparison of testing results on multiclass classification datasets.
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Table 4 Results of t-test on Multiclass Classification Data Sets
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Comparison of logarithm value of average training time on multiclass classification datasets.
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Fig. 6 Influence of ¢ on the test accuracy.
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