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[ Abstract] The Extreme Learning Machine (ELM ) based on cost-sensitive leatnifig has its advantages in dealing with
imbalanced data ¢lassification problems. However, it fails to consider the distribution characteristics of samples in different
classes and the “impottance of each sample in the same class, both of which can have influence on the classification
results. Therefore, we propose a setting method for misclassified penalty/factor based on the proportion of sample size.
Besides,based on Mini-batch k-means clustering and distance ‘measure, we propose a determination method for the
weights of samples in the same class. On this basis, we build the output matrix of the hidden layer to distinguish the
positive and negative categories. According to the relationship between the size of training samples and the number of
nodes in the ELM hidden layer, we calculate the, connection weights between the hidden layer and the output layer of
ELM in two conditions, thus reducing the time,complexity of the algorithm. Experimental results show that compared with
ELM,WELM and other algorithms,the proposedvalgorithm has higher G-mean and F1 classification performance index.
[ Key words] imbalanced data; Extreme<Learning Machine ( ELM ) ; cost-sensitive learning ; Mini-batch k-means clustering;
constrained optimization theory
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ELM 0.9353 +0.046 6 0.824 3 £0.0252 01975 0 +0.019 1 390 215
pageblocks WELM 0.963 1 +0.051 2 0.876 1 +0.069 0 0.962 5 +0.014 1 220 20
13vs4 CCR-ELM 0.9515+0.079 3 0.894 6 +0..015 6 0.972 9 +0.026 1 790 2% 27
CSD-ELM 0.994 4 +0.003 5 0.9320.40.045 2 0.969 6 +0.006 6 160 2!!
ELM 0.859 7 +0.056 1 0.829'4 +0.010 7 0.966 0 £0.021 4 50 214
WELM 0.913 9 +0,054 8 0.805 4 +0.094 2 0.969 8 +0.022 1 140 22!
yeast2vs4
CCR-ELM 0.8756.40.059 6 0.828 7 +0.014 6 0.962 3 £0.034 4 940 218 22
CSD-ELM 0.939/6 £0,0350 0.866 2 +0.056 5 0.947 2 £0.019/5 100 2%
ELM 0.763 9 +0.046,8 0.676 6 £0.055 4 0.841 2 +0.027.9 660 23
WELM 0.813 2 +0.056 9 0.725 0 +0.073 1 0.854 1 +0.038 5 870 2!
vehiclel
CCR-ELM 0.789 6 +0.062 9 0.696 1 +0.026 7 0.844 1'%£0.036 1 230 215 24
CSD-ELM 0.858 5 +0.047 3 0.750 7 +0.070 9 0.843 5+0.0502 730 213
ELM 0.718 7 +0.015 7 0.476 8 £0.010 0 0.935.6 +0.018 2 740 27
WELM 0.754 4 +£0.017 2 0.537 1 +0.027 4 0.948 3 +0.005 5 840 2%
yeast6
CCR-ELM 0.684 8 +0.051 8 0.459 1 +0.0419 0.916 2 +0.011 1 910 241 28
CSD-ELM 0.866 4 +0.040 2 0.696 5 +0.052 0 0.905 1 £0.018 8 80 212
ELM 0.922 0 +0.064 0 0. 90725+ 00694 0.989 7 +0.008 3 80 277
WELM 0.976 3 +0.027 8 0.975 7 +0.028 7 0.996 7 +0.003 8 600 210
shuttleCOvsC4
CCR-ELM 0.956 0 £0.040 5 0.954 3 +0.042 7 0.994 0 £0.005 4 160 2528
CSD-ELM 0.999 7 +0.00009 0.996 3 +0.011 7 0.999 5 £0.001 7 80 2%
ELM 0.936 9 +04033 8 0.9344+0.036 5 0.982 7 £0.008 9 920 27
WELM 0.992 4 £0.008 0 0.992 3 +0.008 1 0.997 8 £0.002 3 190 24
segment0
CCR-ELM 0,9726'0.011 5 0.899 1 +0.027 7 0.968 4 +0.010 2 990 23 2°
CSD-ELM 0.98815.+0.001 8 0.9811+0.0103 0.987 4 £0.003 0 810 222
ELM 0.834 5 +0.036 4 0.782 0 £0.043 1 0.960 0 +0.007 2 140 214
WELM 0.8913 +0.022 5 0.778 0 +0.036 1 0.968 4 +0.004 8 540 234
pageblocksO
CCR-ELM 0.890 1 +0.027 4 0.8295+0.037 8 0.966 2 +0.007 2 690 24 28
CSD-ELM 0.9223 +0.014 3 0.838 8 +0.026 3 0.944 9 £0.010 8 330 2%
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ELM WELM CCR-ELM CSD-ELM
glass5 214 0.095 1 +£0.000 1 0.155 8 £0.000 2 0.105 7 £0.000 6 0.306 1 £0.001 2
pageblocks13vs4 472 0.145 8 £0.006 6 0.262 2 £0.007 5 0.167 7 £0.008 4 0.472 9 +0.005 6
yeast2vs4 514 0.134 9 +0.008 1 0.397 1 £0.006 5 0.141 5+0.005 1 0.865 1 £0.000 4
vehiclel 846 0.184 1 +£0.008 2 0.673 4 £0.007 4 0.205 9 £0.001 7 1.581 9 +£0.001 7
yeasto 1484 0.317 9 £0.000 7 1.286 9 £0.006 1 0.5815+0.0019 4.518 1 £0.006 2
shuttleCOvsC4 1829 0.437 6 £0.006 6 1.5772 £0.015 2 0.581 3 +0.000 1 5.007 2 £0.001 8
segment0 2 308 0.617 8 £0.020 9 2.074 9 £0.038 6 0.771 9 £0.001 4 6.124 8 £0.010 4
pageblocksO 5472 1.0541+0.001 7 10.517 8 £0.005 7 1.356 1 £0.007 8 32.619 7 £0.008 1
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