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Comparative Study of Universal Kernel Evaluation Measures
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Abstract: Kernel method is a common machine learning algorithm used in classification, clustering, regression and feature selection.
Kernel selection and kernel parameter optimization are the crucial problems which impact the effectiveness of kernel method, and
therefore motive the research on kernel evaluation measure, especially universal kernel evaluation measure. Five widely used universal
kernel evaluation measures, including KTA, EKTA, CKTA, FSM and KCSM, are analyzed and compared. It is found that the evaluation
object of five universal kernel evaluation measures mentioned above is average margin of a linear hypothesis in feature space, which has
bias against the SVM optimization criterion to maximize minimum margin. Then, this study applies synthetic data to analyze the class
distribution sensitivity, linear translation sensitivity, and heteroscedastic data sensitivity. It also concludes that the measures mentioned
above are only the unnecessary and sufficient condition of kernel evaluation, and good kernel can achieve low evaluation value. Finally,
comparing the evaluation result of the measures mentioned above on 9 UCI data sets and 20 Newsgroups data set suggests that CKTA is
the best universal kernel evaluation measure.
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Table 2 Evaluation values on imbalance data
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Table 3 Evaluation values under linear translation
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Fig.3 Heteroscedastic data
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Table 4 Description of UCI data sets
F 4 UCHHdl A4tk

i 4k Breast Diabetes Tonosphere Monks 1 Monks 2
AL B 9 8 33 6 6
R B 699 768 351 556 601
Fom % 2 2 2 2 2
B Monks 3 Vehicle (bus, opel, saab, van)  Iris (setosa, versicolor, virginica)  Balance (B, L, R) -
REAE Bt 6 18 4 4 -
B 554 846 150 652 -
Bk 2 4 3 3 -
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Table 5 Best kernels selected by each universal kernel evaluation measure and corresponding CV error

RS UG R A R 1 B DR ST L R A8 S I R

KTA EKTA CKTA FSM KCSM BEST
Breast P3 P1 P2 R1 P1 0.0372
0.0372(0.0263) | 0.0386(0.0261) | 0.0386(0.0261) | 0.0458(0.0307) | 0.0386(0.0261) (0.0263)
Diabetes R1 R1 R1 RO.1 P1 0.2147
0.2342(0.0495) | 0.2342(0.0495) | 0.2342(0.0495) | 0.3489(0.0419) | 0.2147(0.0447) (0.0482)
Tonosphere R2 R2 R2 RO.1 R4 0.0513
0.0513(0.0225) | 0.0513(0.0225) | 0.0513(0.0225) | 0.3535(0.0932) | 0.0569(0.0230) (0.0225)
Monks 1 P4 P4 P4 RO.1 R32, P1 0.0000
0.0484(0.0412) | 0.0484(0.0412) | 0.0484(0.0412) | 0.3130(0.0627) | 0.3130(0.0627) (0.0000)
Monks 2 R 32 R1 R1 RO.1 P2 0.0133
0.3429(0.0655) | 0.0415(0.0352) | 0.0415(0.0352) | 0.1731(0.0505) | 0.2080(0.0530) (0.0171)
Monks 3 P1 P1 R4 RO.1 P1 0.0126
0.1985(0.0380) | 0.1985(0.0380) | 0.0307(0.0255) | 0.3210(0.0831) | 0.1985(0.0380) (0.0192)
BL R4 RO.1 R1 RO.1 R8, R16, R32,P1 0.0060
— 0.0326(0.0325) | 0.1459(0.0615) | 0.0298(0.0243) | 0.1459(0.0615) 0.0680(0.0536) (0.0126)
B R R4 RO.1 R1L RO.1 RS.R16,R32,P1 | 0.0000
— 0.0414(0.0346) | 0.1455(0.0437) | 0.0296(0.0312) | 0.1455(0.0437) 0.0768(0.0463) (0.0000)
LR P1 P1 R4 RO.1 P1 0.0000
— 0.0417(0.0204) | 0.0417(0.0204) | 0.0000(0.0000) | 0.4969(0.1653) | 0.0417(0.0204) | (0.0000)
Setosa_Versicolor P1 PR R2 R1 P1 0.0000
- 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) (0.0000)
Setosa_Virginica P1 P1 R2 R2 P1 0.0000
- 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) | 0.0000(0.0000) (0.0000)
Versicolor Virginica £2 P2 R2 RO.1 Pl 0.0300
- 0.0600(0.0843) | 0.0600(0.0843) | 0.0600(0.0699) | 0.3900(0.1197) 0.0300(0.0675) (0.0675)
Bus_Opel R1 R1 R1 RO.1 R2 0.0000
— 0.0163(0.0221) | 0.0163(0.0221) | 0.0163(0.0221) | 0.5070(0.0578) | 0.0023(0.0074) (0.0000)
Bus Saab R1 R1 R1 RO.1 R2. R4 0.0000
— 0.0092(0.0119) | 0.0092(0.0119) | 0.0092(0.0119) | 0.4960(0.1804) 0.0069(0.0111) (0.0000)
Buigi Vin R1 R1 R1 RO.1 R32,P1 0.0000
— 0.0144(0.0258) | 0.0144(0.0258) | 0.0144(0.0258) | 0.4722(0.0551) | 0.0144(0.0203) | (0.0000)
OPsigsadb RO.1 RO.1 RO.1 RO.1 R1 0.2539
i 0.5528(0.0675) | 0.5528(0.0675) | 0.5528(0.0675) | 0.5528(0.0675) | 0.4103(0.0959) (0.0767)
Opel Van R1 R1 R2 RO.1 Pl 0.0000
pel_ 0.0413(0.0346) | 0.0413(0.0346) | 0.0243(0.0199) | 0.4792(0.0465) | 0.0195(0.0252) | (0.0000)
Saab Van R1 R1 R2 RO.1 R32 0.0000
— 0.0289(0.0220) | 0.0289(0.0220) | 0.0240(0.0226) | 0.4732(0.0704) 0.0530(0.0297) (0.0000)
P1 P1 P1 RO.1 P1
20Newsgroups 0.2403 0.2403 0.2403 0.9469 0.2403 0.2403
Win 1 9/19 9/19 10/19 3/19 8/19 —
Win 2 13/19 12/19 17/19 3/19 12/19 -
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