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TSK Fuzzy System Enhanced by TSVR with Cooperative Parameter Optimization

WANG Wei,ZHAO Yunlong,PENG Xiaoyu and PAN Xiaodong
School of Mathematics,Southwest Jiaotong University,Chengdu 611756, China
Abstract As a special nonlinear regression system, the Takagi-Sugeno-Kang (TSK) fuzzy system can solve machine learning
tasks.but its effect on high-dimensional problems is not ideal,and it is difficult to determine and adjust the rules. In order to opti-
mize the system,the fuzzy “IF-THEN” rule is followed. Firstly.the fuzzy clustering algorithm is used to divide the dataset,and
the data points are mapped to the space representing the membership degree from the point to the fuzzy clustering center. Second-
ly,the twin support vector regression machine (TSVR) is used to determine the two regression planes to obtain the regression
values. Considering that different datasets adapt to different key parameters such as cluster number,the genetic algorithm (GA)
is used to optimize multiple parameters at the same time,which simplifies the prior setting of domain knowledge. All of the above
processes are called as TSVR-GA-TSK fuzzy system (TG-TSK). Experimental results show that compared with the classical re-
gression algorithms and the typical TSK fuzzy systems,the TG-TSK fuzzy system has good regression accuracy and robustness,
and has a significant advantage in the pairwise comparison of Nemenyi test.

Keywords Takagi-Sugeno-Kang (TSK) fuzzy system, Twin support vector regression machine. Genetic algorithm, Cooperative

optimization, Regression task
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Table 3 MSE(standard deviation) comparison experiments of 6 algorithms on 18 datasets

Pk MLR BR ER SV-TSK PTSK TG-TSK' TG-TSK?
Abalone 5.0120 1.9816 1.1738 6.0219 4.0810 4.4729 4.4736
0.033 0.069 0.383 0.004 0.196 0.013 0.044
Anacalt 0.1709 0.1709 0.0358 0.0262 0.0435 0.0102 0.0103
1.73x10 1 1.69x10 " 2.29x10 " 4.17x10°* 1.40x 10 ° 1.42X10° 4.81x10 "
Autompg8 11.4326 10.5640 8.6182 18.5317 8.2122 7.1242 6.6760
0.187 1.898 1.131 0.157 1.003 0.148 0.147
Bodyfat 9.973x10 ° 9.843X10°¢ 3.043X10 ° 4.000x10 * 3.440x10 4 1.524%X10 ° 1.190x10 °
2.28%x10 7 1.80%x10 7 5.21x10 6 1.33x10° 2.04X10 ° 6.22%x10 ¢ 6.89Xx10 7
Concrete 109. 9870 102. 6880 19.3255 205. 6140 50.5285 36.3273 42.7908
0.650 11.668 1.270 0.956 3.400 1. 620 6.060
Dee 0.1716 0.1627 0.1846 0.1753 0.2294 0.1537 0.1563
0. 002 0.016 0.004 0. 004 0.021 0.003 0.003
Delta-ail 2.966x10 ° 2.953x10 8 2.928X10 8 1.055x10 7 2.724X1078 2.756x10 ° 2.849x10 8
2.71x10 1 1.90x10 1 2.35%x10 1° 6.82x10 ° 3.00%x10 Y 4.86x10 1 1.20x10 ¢
Diabetes 0.3838 0.3849 0.3813 0.3999 0.4883 0.2993 0.3746
0.045 0.042 0.039 0.022 0.398 0.026 0.021
Friedman 7.3259 6.9646 2.7852 5.5618 2.1408 1.3113 1.2717
0. 020 0.327 0. 352 0. 090 0.353 0.046 0.053
Housing 23.7830 21.7968 14.5976 60.8665 33.0672 12.1145 9.8938
0.546 3.707 1.701 0.191 5.215 0. 600 1.003
Mg 0.0214 0.0214 0.0162 0.0146 0.0157 0.0142 0.0142
7.92X10 ° 7.87X10 ° 1.99x10 * 1.18x10 ! 1.14x10 ° 1.21x10 * 1.80x10 *
Mortgage 0.0147 0.0142 0.0843 0.1061 0.0407 0.0035 0.0060
2.45X10 4 5.95%x10 ¢ 3.99%X10 3 1.17x10 3 2.52X10 3 3.32Xx10 ¢ 3.62x10 *
Plastic 2.3415 2.2722 2.6657 2.6179 2.2153 2.1934 2.1970
0.002 0.087 0.401 0.008 0. 200 0.007 0. 004
Quake 0.0358 0.0358 0.0575 0.0376 0.0356 0.0356 0.0355
2.47%X10 ° 2.45%10 ° 4.50X10 ° 8.51%x10 ° 2.97X10 % 7.17%10°° 3.70X10 °
Stock 5.5284 5.1976 1.5008 2.7277 1.1938 0.4118 0.4514
0. 042 0.471 0.321 0.032 0. 265 0.023 0.014
Treasury 0.0597 0.0525 0.4287 0.3401 0.4124 0.0269 0.0302
0.002 0.009 0.102 0.006 0. 066 0.002 0.002
Wankara 2.6687 2.7348 1.6955 66.4678 1.6096 1.6594 1.7818
0.036 0.035 0. 409 0.286 0.199 0.030 0.054
Wizmir 1.5985 1.5302 2.1475 10.2778 1.5245 1.2831 1.3069
0. 006 0.151 0. 467 0. 364 0.211 0.013 0.016
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Table 4 Ablation experiment

41 #*#

TSK N N N
SVR Ni
TSVR N N, N
GA N N
MSE 6.7155 5.2405 4.6297 4.4524
MAE 1.6997 1.6246 1.5024 1.5172

R? —1.7154 0.2666 0.2590 0.2834
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