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Multi-label learning algorithm of an elastic net kernel extreme
learning machine

WANG Yibin'?, PEI Gensheng', CHENG Yusheng'*

(1. School of Computer and Information, Anqing Normal University, Anqing 246011, China; 2. The University Key Laboratory of In-
telligent Perception and Computing of Anhui Province, Anqing 246011, China)

Abstract: Regularized extreme learning machine or kernel extreme learning machine theory was applied to multi-label
classification, which improves the stability of the algorithm to a certain extent. However, the regularization terms added
by these algorithms for loss functions are all based on L2 regularization, which leads to the lack of sparse expression of
the model. Simultaneously, elastic net regularization guarantees both model robustness and model sparse learning. Nev-
ertheless, there is insufficient research on how to solve multi-label learning problems by combining elastic net kernel ex-
treme learning machines. Based on this hypothesis, this paper proposes a multi-label learning algorithm that adds elastic
network regularization to kernel extreme learning machines. It first uses radial basis function mapping for feature spa-
cing of multi-label; subsequently, it applies the elastic net regularization to the loss function of kernel extreme learning
machine. Finally, it uses the coordinate descent method to iteratively solve the output weights to get the final prediction

labels. Through comparative experiments and statistical analyses, the proposed method demonstrates better performance.
Keywords: multi-label learning; kernel extreme learning machine; regularization; elastic net; radial basis function; co-

ordinate descent
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Fig. 1 The comparison of three regularizations
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Table 2 Test results of Yeast Gene data set
Bk HL| OE| CV|] RL| AP?
ML-EKELM 0.187 60, 0.223 60, 6.121 00, 0.156 7+0,, 0.775 0£0,
ML-KELM 0.194 120, 0.236 604, 6.426 4+0;, 0.170 20y, 0.761 8+0,,,
RELM 0.198 5+0.000 25, 0.235 6+0.001 95, 6.569 1+0.010 35, 0.177 6+0.000 25, 0.755 5£0.000 45,
ELM 0.247 2+0.000 9, 0.237 5£0.003 2, 6.574 3+0.010 4, 0.177 8+0.000 5, 0.755 4+0.001 0,
ML-RBF 0.197 8+0.001 35, 0.237 2+0.006 95, 6.496 3+0.028 44 0.173 6+0.002 34 0.758 6+0.002 33,
ML-KNN 0.198 0+0 4 0.234 520, 6.414 4+0,,, 0.171 5£0, 0.758 5+0,
xR3 BEHESEMNRER
Table 3 Test results of Scene data set
(ER7S HL| OE| CV|] RL| AP?
ML-EKELM 0.086 0+0,, 0.204 8+0,, 0.469 9+0,, 0.073 20, 0.875 5+0,,
ML-KELM 0.092 0+0,, 0.235 8+0y, 0.483 3+0,,, 0.076 7£0,,, 0.860 40,5,
RELM 0.128 4+0.001 55, 0.235 0+0.009 25, 0.553 0+0.012 05, 0.088 3+0.002 45, 0.854 8+0.005 04y
ELM 0.134 6+0.001 3, 0.241 5+0.007 15, 0.549 0+0.016 64 0.088 0+0.003 04, 0.852 5+0.003 95,
ML-RBF 0.094 0+0.001 35, 0.232 1£0.004 2,y  0.506 63+0.007 35 0.080 5+0.001 25, 0.860 7£0.002 0,
ML-KNN 0.098 9£0,4 0.242 50 0.568 6+0, 0.093 10, 0.851 20y,
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Table 4 Test results of hamming loss| on Yahoo Web Pages data set

pIGiTES ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Arts 0.0539+0,,, 0.054 30,5, 0.054 5£0.000 14, 0.058 6+0.000 15, 0.054 2+0.000 115, 0.059 30,
Business  0.024 90, 0.025 30,5, 0.025 4+0.000 15, 0.028 7£0.000 1, 0.025 5+0.000 145, 0.026 70;s,
Computers  0.034 40, 0.034 7205, 0.035 1:£0.000 14, 0.039 7£0.000 1, 0.034 5+0.000 35, 0.038 105,
Education  0.036 80y, 0.037 60,3, 0.037 7£0.000 144, 0.040 9+£0.000 1, 0.037 5+0.000 25, 0.039 705,
Entertainment 0.051 3£0,, 0.053 020, 0.052 5+0.000 15, 0.058 2:£0.000 1, 0.051 5+0.000 45, 0.057 005,
Health  0.032 90, 0.034 70,5, 0.034 7£0.000 1,5, 0.041 30.000 1, 0.035 5+0.000 2, 0.036 705,
Recreation  0.055 60, 0.056 1205, 0.056 5+0.000 14, 0.059 7£0.000 1., 0.054 7£0.000 2, 0.059 40,
Reference  0.025 00,y 0.025 7403 5, 0.025 7£0.000 1535, 0.029 3+0.000 1, 0.025 2+0.000 115, 0.027 305,
Science  0.030 10, 0.031 1205, 0.031 2:£0.000 14, 0.033 6+0.000 1, 0.030 8+0.000 115, 0.033 4205,
Social ~ 0.020 50, 5, 0.020 50, 5, 0.020 6+0.000 1535, 0.024 4£0.000 1,6, 0.020 6+0.000 155, 0.021 905,
Society  0.050 60y, 0.051 705, 0.051 9+0.000 24, 0.055 3£0.000 1) 0.051 5+0.000 115, 0.054 305,
Average  0.037 8£0.012 8, 0.038 6=0.013 03, 0.038 7£0.013 0y, 0.042 70.013 2, 0.038 1+0.012 75, 0.041 3+0.014 05,
x5 HEMTHESE IHEREMNLER
Table 5 Test results of one-error| on Yahoo Web Pages data set
B ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Arts 045830, 0.474 00,5, 0.480 3£0.002 4,4, 0.488 4+0.001 95, 0.475 9+£0.004 25, 0.550 30,4,
Business  0.112 00, 0.116 3405, 0.116 8£0.000 94, 0.117 5£0.001 05, 0.114 6:0.001 25, 0.121 004,
Computers  0.345 720y, 0.357 70, 0.361 0+0.003 24, 0.366 4:0.003 1(5, 0.358 5£0.004 35, 0.414 3+04,
Education  0.453 70, 0.466 30,5, 0.471 8+£0.002 4.5, 0.482 8+£0.002 95, 0.476 3+0.003 4.4, 0.512 304,
Entertainment 0.399 720, 0.411 00,5, 0.413 0+0.002 84, 0.422 5+0.004 4.5, 0.406 7£0.004 4., 0.498 70,4,
Health  0.246 00, 0.263 70,3, 0.271 6+0.003 4,4, 0.275 8+£0.004 75, 0.260 2::0.003 35, 0.304 00,4,
Recreation  0.459 70y, 0.463 30, 0.468 4£0.002 4.3, 0.482 6:0.003 35, 0.471 2£0.004 64, 0.561 70,
Reference  0.357 3+0,, 0.375 00,5, 0.376 2+0.001 5, 0.381 1::0.004 75, 0.364 8:0.004 05, 0.411 704,
Science  0.486 00, 0.494 30, 0.499 2::0.003 35, 0.511 3+0.003 95, 0.506 1:0.003 64, 0.557 70,
Social ~ 0.281 70, 0.280 70,4, 0.285 3+0.002 0y, 0.295 2£0.003 55, 0.281 9+£0.003 65, 0.321 0+04,
Society  0.390 70y, 0.397 00,5, 0.400 7£0.001 7.5, 0.408 2:0.003 75, 0.404 5:0.001 5., 0.428 00,
Average  0.362 8+0.112 95, 0.372 7+0.114 2;, 0.376 8+0.115 0y, 0.384 7+0.118 15, 0.374 6+0.117 85, 0.425 5+0.135 4,
6 MEMRTHBEBEEZNLER
Table 6 Test results of coverage| on Yahoo Web Pages data set
LGRS ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Arts 5.121 30, 5.337 705, 5.58120.036 95, 5.907 1+0.033 45 5.778 8+0.038 3,,  4.805 020y,
Business  2.502 30, 2.511 7405, 2.543 0+0.029 44, 2.808 3£0.025 7 2.773 3+0.037 45, 2.140 30,
Computers  4.003 0£0,,, 4.706 7+04, 4.608 3£0.033 9.3, 4.940 9+0.061 75, 5.063 4£0.083 8, 4.023 30,5,
Education ~ 4.275 70, 4.364 7+05, 4.492 1£0.033 24, 5.575 8+0.046 5, 5.368 2+0.078 75, 3.403 70,,,
Entertainment 3.001 30, 3.177 00, 3.320 8+0.023 34, 3.573 6£0.027 05, 3.899 0+0.043 8, 3.010 320,
Health  3.293 30, 3.378 705, 3.598 3£0.045 74, 4.035 5£0.045 9, 3.774 8+0.041 05, 2.787 70y,
Recreation  4.094 320, 4.294 7£0,, 4.233 9£0.024 63, 4.715 6£0.035 75 4.529 7+0.043 75, 4.299 70,5,
Reference  3.448 70, 3.516 3+0, 3.760 1£0.047 24, 4.112 9+£0.040 5 3.942 5+0.036 95, 2.769 70y,
Science  6.270 30, 6.557 30,5, 6.984 9+0.070 7,4, 7.558 2+0.062 0, 7.282 8+0.058 555, 5.788 020y,
Social ~ 3.714 30, 3.752 305, 4.036 120.042 24, 4.455 1£0.048 2 4.370 1:0.074 65, 2.928 00,,,
Society  5.763 0+0,,, 6.029 30,5, 6.273 1£0.028 94y 6.617 9£0.050 3, 6.334 1£0.042 45, 5.248 70,4,
Average  4.1352+£1.163 1, 4.329 7+1.246 85, 4.493 8+1.317 8y 4.936 4+1.386 0, 4.782 5£1.341 85, 3.745 9£1.170 9,
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Table 7 Test results of ranking loss| on Yahoo Web Pages data set
LIGiIE S ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Arts 0.126 80, 0.1358+03, 0.143 4+0.001 1,4, 0.153 6+0.001 1, 0.149 8£0.001 2(5, 0.127 9+0,5,
Business  0.041 20, 0.041 50,5, 0.042 2::0.000 64, 0.047 2£0.000 5., 0.046 3+£0.000 65, 0.035 9£0q,
Computers  0.080 2+0,, 0.096 70,4, 0.094 9£0.000 83, 0.102 8+0.001 35, 0.105 8£0.002 0 0.081 20,5,
Education  0.088 4+0,,, 0.091 003, 0.093 6:0.000 64, 0.118 2£0.000 9, 0.112 7+0.001 65, 0.077 0£04,
Entertainment 0.100 3+0,, 0.100 70,5, 0.113 9+£0.000 8, 0.124 4+0.001 25, 0.117 8£0.001 9, 0.108 103,
Health  0.045 80, 0.051 703, 0.056 30.000 84, 0.065 6::0.000 9, 0.058 7:0.000 75, 0.047 3+0,5,
Recreation  0.138 20, 0.146 00,5, 0.143 6+0.000 7, 0.163 4+0.001 6, 0.154 9£0.001 7,4, 0.155 00,
Reference  0.080 80, 0.082 2403, 0.088 9£0.001 1,4, 0.098 2£0.001 1, 0.092 9£0.001 05, 0.068 9=0;,
Science  0.114 620, 0.120 80,5, 0.130 0£0.000 7,4, 0.142 6:0.001 4. 0.136 2+0.001 35, 0.110 70,
Social  0.064 80, 0.065 6203, 0.070 9£0.000 7,4, 0.079 6:0.001 0 0.077 0£0.001 35, 0.053 704,
Society  0.133 4+0,,, 0.141 00,5, 0.148 1::0.000 64, 0.158 5£0.001 4. 0.149 1:0.001 15, 0.130 3=0,,
Average  0.092 2+0.033 75, 0.097 5£0.035 8, 0.102 3+0.036 64, 0.114 0+0.039 15 0.109 2£0.037 45, 0.090 5+0.038 5,
x8 MEMIMEETFHBEMNIER
Table 8 Test results of average precision 1 on Yahoo Web Pages data set
iETES ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Arts 0.627 3+0,,, 0.614 30,5, 0.607 1:0.001 15, 0.598 2::0.000 95, 0.606 6:0.001 84, 0.569 704,
Business  0.886 90, 0.882 90,5, 0.882 3£0.000 4.3, 0.877 4+0.000 8, 0.880 5+:0.001 25, 0.882 20,
Computers  0.711 00y, 0.700 9205, 0.699 5+0.001 35, 0.692 2:0.001 85, 0.696 0+0.002 64, 0.662 0+0,,
Education  0.646 0+0,, 0.637 920, 0.633 1:0.001 45, 0.615 6+0.001 2(5, 0.621 1::0.002 24, 0.608 20,
Entertainment 0.690 40, 0.684 70,5, 0.677 8£0.001 5, 0.668 1:0.002 55, 0.679 4+0.003 05, 0.621 80,4,
Health  0.795 520, 0.782 4+0,,, 0.777 5+0.001 74, 0.768 6+0.002 55, 0.781 2+£0.001 2.3, 0.756 204,
Recreation  0.634 20, 0.628 70,5, 0.626 9+0.001 55, 0.610 7:0.002 05, 0.620 1:0.002 64, 0.561 304,
Reference  0.720 20, 0.708 70,5, 0.705 0£0.001 54, 0.696 7£0.002 75, 0.709 6::0.002 1, 0.682 004,
Science  0.604 20, 0.596 8205, 0.588 0£0.002 15, 0.574 4+0.002 25, 0.583 0+£0.002 04, 0.548 90,4,
Social ~ 0.773 5+0, 0.771 9+0,,, 0.766 4£0.001 23, 0.755 5£0.001 95, 0.764 4+0.001 5, 0.755 5+04,
Society  0.643 70y, 0.636 4205, 0.630 4+0.001 25, 0.621 3+0.002 1(5, 0.627 4+0.001 24, 0.618 10,
Average  0.703 0+£0.086 55, 0.695 1+0.087 4, 0.690 4+0.088 95, 0.679 9+£0.091 35, 0.688 1-0.090 94, 0.660 5+0.102 2,
F9 BENKER
Table 9 The results of testing time S
PG TS ML-EKELM ML-KELM RELM ELM ML-RBF ML-KNN
Yeast Gene 03195 0.222 6 0.267 2 0.263 2 0.183 7 0.585 6
Scene 0.396 3 0.120 5 0.192 6 0.1879 0.5253 1.845 8
Arts 1.487 5 0.739 9 0.790 8 0.776 1 1.308 6 48530
Business 1.5270 0.802 5 0.848 4 0.845 6 1.419 6 4.849 8
Computers 1.8349 0.887 4 0.932 4 0.957 8 1.8377 5270 8
Education 1.845 6 0.868 4 09143 0.893 3 1.607 5 52772
Entertainment 1.107 4 0.6859 0.7109 0.700 9 1356 8 3.040 7
Health 1.8133 0.876 7 0.9311 0.9519 1.728 6 48117
Recreation 1.405 0 0.694 8 0.740 9 0.739 7 13211 48543
Reference 1.463 4 0.894 0 0.9197 0.900 4 232738 4.806 1
Science 1.9429 1.013 2 1.156 1 1.027 4 24827 43769
Social 1.957 1 1.046 2 1.134 8 1.075 6 53349 5.388 8
Society 1.378 3 0.804 2 0.870 6 0.8243 1.643 6 4.893 3
Average Time 1.421 4 0.742 8 0.800 8 0.780 3 1.7752 42195
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