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Imbalanced data classification of network topology characteristics

PU Shiye, LIU Sanyang, BAI Yiguang
(School of Mathematics and Statistics, Xidian University, Xi’an 710126, China)

Abstract: This paper aims to solve the imbalanced data classification problem, which has been proven to be common in
real applications. The dataset network structure is established to fully mine the topological features hidden outside the
position information of sample points, analyze the connection characteristics of network nodes, and give these nodes dif-
ferent efficiencies. The similarity measure between the node to be tested and each sub-network is calculated, and the in-
tegrity measure between the node and each sub-network is further calculated according to the new probability model. A
classification method of imbalanced data based on network topology features is constructed. An imbalanced factor c is
introduced into the algorithm to reduce the influence caused by the difference in the number of positive and negative
samples. The experimental results show that the algorithm can effectively improve the classification accuracy, espe-
cially for datasets with significant topological features. The classification performance and adaptability are further im-

proved compared with the traditional classification method.
Keywords: imbalanced data; similarity; network structure; accuracy rate; topology; physical feature
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Fig. 3 Artificial data set
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Table 2 The result of the artificial dataset

Bk Gm F-value
SVM 0.8650 0.7659
FSVM 0.8977 0.7751
SMOTE 0.8777 0.744 9
DEC 0.905 7 0.747 5
Under-sampling 0.9169 0.767 2
NT-IDC 0.9249 0.775 7
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Table 3 Dataset information
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Table 4 The classification result of minority class
V€IS SVM FSVM DEC SMOTE Under-sampling NT-IDC
Haberman 0.198 9 0.433 8 0.434 6 0.507 4 0.601 0 0.697 2
Ecoli 0.808 7 0.896 7 0.908 3 0.9342 0.948 3 0.947 8
Glass 0.728 8 0.766 7 0.8337 0.900 0 0.866 7 0.977 2
Innosphere 0.8332 0.833 8 0.840 3 0.856 6 0.8425 0.880 7
Yeast 0.401 3 0.4919 0.803 6 0.795 6 0.8259 0.8218
Vowel 09112 0.900 0 0.946 7 0.9013 0.9612 0.977 8
wireless 0.964 0 0.964 0 0.972 0 0.972 0 0.966 0 0.972 0
Imagesegment 0.989 6 09911 0.990 9 1.000 0 1.000 0 1.000 0
waveform 0.8343 0.824 8 0.7917 0.789 2 0.797 8 0.866 8
contraceptive 0.387 4 0.3272 0.5012 0.480 1 0.546 9 0.588 5
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Table 5 The classification results of datasets under different algorithms
B EiEga SVM FSVM DEC SMOTE  Under-sampling ~ NT-IDC
Haberman Gm 0.4213 0.596 1 0.6314 0.6393 0.649 6 0.678 7
F-value 0.3126 0.470 2 0.469 8 0.496 8 0.5233 0.533 7
Ecoli Gm 0.891 4 0.9257 09111 0.9395 0.936 0 0.958 0
F-value 0.804 1 0.8800 0.863 4 0.8867 0.866 2 0.924 3
Glass Gm 0.8346 0.8576 09113 0.932 8 0.9309 0.940 7
F-value 0.7314 0.707 6 0.745 7 0.811 4 0.761 9 0.7318
Innosphere Gm 0.904 0 0.894 1 0.8923 0.906 6 0.889 4 09173
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GRS

PAE/ TS izt SVM FSVM DEC SMOTE  Under-sampling ~ NT-IDC
F-value 0.893 0 0.8756 0.868 1 0.8883 0.8722 0.899 6
Yeast Gm 0.573 3 0.6895 0.8311 0.8323 0.842 2 0.8304
F-value 0.3955 0.475 8 0.623 3 0.6217 0.704 4 0.600 4
Vowel Gm 09417 0.9358 0.961 1 09214 0.968 8 0.964 2
F-value 0.838 8 0.894 0 0.953 2 0.903 3 0.942 1 0.8572
wireless Gm 0.930 4 0.978 1 0.9809 0.9813 0.9802 0.982 2
F-value 0.925 3 0.970 7 0.9710 0.980 2 0.976 1 0.978 5
Imagesegment Gm 0.973 2 0.9833 0.995 4 0.998 1 0.999 7 0.999 7
F-value 0.9459 0.974 1 0.995 4 0.984 4 0.9910 0.991 2
waveform Gm 0.838 1 0.8427 0.844 7 0.854 5 0.8655 0.8805
F-value 0.783 4 0.801 1 0.814 8 0.813 7 0.790 1 0.820 7
contraceptive Gm 0.558 4 0.5135 0.586 2 0.586 0 0.602 1 0.603 5
F-value 0.3712 0.330 8 0.4019 0.407 6 0.4327 0.4329
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Fig. 4 The influence of parameter c on accuracy Gm
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