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Motivation

O We find that the Hellinger distance decision tree is inappropriate for
solving the multiclass imbalanced classification problem. The main
reason is that the Hellinger distance can solve only the two-class
classification problem; it has limitations in identifying some
differences in the multiclass imbalance problem.

O This process of computing the Hellinger distance does not tackle
the issues of the multiclass distribution and the number of distinct
classes, which are critical in the multiclass imbalance problem.



Contribution

O We introduce the scheme of one-against-all to the process of
computing the splitting criterion of the one-against-all-based
Hellinger distance (OAHD). During the computing process, we
adopt the decomposition scheme so that OAHD can be extended
to deal with the multiclass problem.

O We take into account the number of distinct classes and the
distribution of the multiclass imbalance problem without
considering the prior probability of the classes. Meanwhile, we
modify the Gini index to incorporate it into the multiclass
imbalance problem.

O We strictly prove that OAHD has the skew-insensitivity property,
and that a purer node is sought by the splitting criterion.



The proposed splitting criterion
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Information of the imbalanced data sets

Table 1 Description of the imbalanced data sets, including the name, size, number of attributes, number of
classes, class distribution, and imbalance ratio (IR)

Number of Number of

Number MName Size , Class distribution IR
attributes classes
1 ESL12vs3vsd56vsTvs80 488 4 5 62/14,/351,/38/23 25.1
2 Heart 270 13 2 150/120 1.3
3 Liver 345 i) 2 145/200 1.4
4 Wine 178 13 3 71/59 /48 1.5
5 Class 214 10 6 76/70/29/17/13/9 8.5
6 Automobilel2vs345vs6 205 71 3 25/153/27 6.1
7 ERA 1000 1 0 142/181,/172/88/ 158 /18/92/31 /118 10.0
8 ERA1vs2345vsTvsSvs0 1000 4 5 TT1/88/92/31/18 42.8
9 Yeast52 982 8 5 163/25,/35/429 /30 18.5
10 Plates-faults1 1941 27 T 158/190/391/72/55/402/673 12.2
11 Plates-faults3 1941 27 5 158,/863,/793/72/55 15.7
12 abaloneSdiscre 2148 10 8 126/203/267 /487/634/259,/115 /57 11.1
13 abalonel0discre 2207 10 10 57/115,/259/391/634/487/126/103/67/58  11.1
14 page-blocks 559 10 4 320/115/87/28 11.8
15 pendigits 1100 16 10 115/114/114/106/114/106/105/115/105/106 1.1
16 housing5 506 13 5 36,/123/239,/77/31 7.7
17 vertebral-column 310 6 3 60,150,100 2.5
18 vehicle-mc 846 18 3 199/429/218 2.2
19 vowel5 990 10 5 180,/90/360/270/90 4.0
20 vowel7 990 10 8 90,/90,/90,/90, 180,90/ 180/ 180 2.0




Experimental results of OAHD and comparisons

Table 2 Precision of the proposed OAHD and the five decision trees for the 20 imbalanced data sets

Number Precision

CART C4.5 DCSM iHD iHDw OAHD
1 0.532 14 0.721 43 0.542 86 0.521 43 0.507 14 0.607 14
2 0.704 17 0.669 58 0.719 17 0.703 17 0.701 25 0.705 67
3 0.5385 86 0.563 10 0.572 07 0.575 17 0.586 55 0.612 41
4 0.910 42 0.915 63 0.908 33 0.926 04 0.92T7 08 0.916 42
5 0.411 11 0.6858 59 0.411 11 0.655 56 0.655 56 0.716 67
6 0.202 00 0.220 00 0.820 00 0.812 00 0.806 00 0.840 00
T 0.777T 78 0.777T T8 0777 78 0.777T T8 0.777 78 0.77T7T 78
et 0.777T T8 0.766 67 0.77T7T 78 0.777T T8 0.77TT T8 0.77T7T T8
9 0.372 00 0.406 00 0.354 00 0.308 00 0.298 00 0.452 00
10 0.720 91 0.431 82 0.717 27 0.780 91 0.780 91 0.814 55
11 0.650 91 0.305 45 0.619 11 0.610 09 0.611 82 0.706 36
12 0.448 25 0.516 67 0.451 60 0.450 26 0.447 37 0.452 63
13 0.43% 60 0.556 14 0.438 60 0.478 07 0.477 19 0.536 84
14 0.921 43 0.791 O7 0.916 07 0.967 86 0.967 86 0.978 57
15 0.888 10 0.933 33 0.912 86 0.910 95 0.910 95 0.935 71
16 0.6938 39 0.690 32 0.695 16 0.737 10 0.725 81 0.803 23
17 0.562 50 0.590 83 0.559 17 0.602 50 0.603 33 0.632 50
18 0.868 03 0.848 24 0.867 67 0.863 33 0.864 32 0.887 19
19 0.725 56 0.592 22 0.708 33 0.796 11 0.794 44 0.768 33
20 0.933 33 0.898 89 0.915 00 0.886 67 0.882 78 0.898 33

Best results are in bold



Experimental results of OAHD and comparisons

Table 3 F-measure of the proposed OAHD and the five decision trees for the 20 imbalanced data sets

Number F-measure

CART C4.5 DCSM iHD iHDw OAHD
1 0.505 30 0.655 61 0.519 13 0.527 51 0.516 01 0.567 48
2 0.723 26 0.695 15 0.731 30 0.714 88 0.715 83 0.724 09
3 0.577 47 0.574 57 0.583 52 0.571 72 0.576 85 0.592 08
4 0.5893 04 0.919 18 0.592 39 0.931 18 0.931 23 0.919 97
5 0.461 15 0.593 11 0.450 84 0.640 51 0.643 54 0.7T12 75
i 0.779 02 0.342 09 0.770 05 0.8341 22 0.818 60 0.881 63
7 0.700 00 0.662 82 0.700 00 0.700 00 0.700 00 0.700 00
B 0.700 00 0.696 67 0.700 00 0.700 00 0.700 00 0.700 00
9 0.418 81 0.528 59 0.400 76 0.354 33 0.337 16 0.5309 03
10 0.702 79 0.452 T& 0.695 39 0.755 38 0.753 38 0.745 T5
11 0.674 37 0.401 17 0.639 41 0.639 21 0.629 27 0.718 38
12 0.480 87 0.515 25 0.470 95 0.495 10 0. 486 87 0.495 27
13 0.456 63 0.491 67 0.470 74 0.467 98 0.463 92 0.496 88
14 0.942 79 0.257 19 0.930 66 0.956 55 0,955 70 0.974 97
15 0.901 &0 0.936 70 0.909 53 0.927 09 0.927 31 0.938 30
16 0.757 11 0.720 26 0.755 84 0.750 49 0.741 55 0.792 73
17 0.562 06 0.579 52 0.550 98 0.602 69 0.607 41 0.603 68
18 0.858 73 0.847 00 0.857 66 0.857 42 0.856 96 0.865 68
19 0.737 90 0.592 81 0.719 93 0.799 36 0.796 36 0.781 71
20 0.933 34 0.298 23 0.920 20 0.897 27 0.894 59 0.906 63

Best results are in bold



Experimental results of OAHD and comparisons

Table 4 MAUC of the proposed OAHD and the five decision trees for the 20 imbalanced data sets

Number MAUC

CART C4.5 DCSM iHD iHDw OAHD
1 0.833 75 0.841 53 0.5840 42 0.840 21 0.840 54 0.843 43
2 0.802 71 0.779 60 0.787 18 0.7T86 63 0.784 29 0.790 75
3 0.648 13 0.630 91 0.637 91 0.639 93 0.642 05 0.648 26
4 0.934 49 0.940 99 0.938 66 0.941 99 0.943 96 0.944 73
5 0.809 81 0.811 31 0.810 23 0.814 96 0.817 71 0.818 41
G 0.905 52 0.828 06 0.871 &8 0.882 58 0.886 39 0.892 06
T 0.710 23 0.709 76 0.709 92 0.710 00 0.710 05 0.710 08
8 0.760 96 0.761 34 0.761 21 0.761 15 0.761 11 0.761 09
g 0.698 26 0.702 75 0.701 7 0.705 37 0.707 09 0.709 42
10 0.850 13 0.874 97 0.876 52 0.881 04 0.883 TG 0.884 13
11 0.852 54 0.844 26 0.844 T 0.844 56 0.844 08 0.846 79
12 0.6580 53 0.676 45 0.677 71 0.678 28 0.6T8 47 0.681 56
13 0.668 15 0.668 86 0.668 66 0.668 06 0.669 16 0.671 26
14 0.962 73 0.956 27 0.958 39 0,960 54 0.961 59 0.963 35
15 0.940 62 0.940 39 0.939 64 0.939 62 0.939 56 0.945 98
16 0.856 90 0.846 60 0.549 20 0.85T7 64 0.849 20 0.856 93
17 0.854 26 0.843 T8 0.847 47 0.848 1T 0.848 98 0.860 09
18 0.940 75 0.940 58 0.946 08 0.942 B2 0.940 25 0.944 57
19 0.900 69 0.900 22 0.902 93 0.907 67 0.915 32 0.911 44
20 0.920 14 0.907 17 0.910 00 0.911 42 0.911 87 0.919 36

Best results are in bold



Mean ranking of OAHD and comparisons

Table 5 Mean ranking of the proposed OAHD and
the five decision trees for the three metrics on the 20
imbalanced data sets

Algorithm Mean ranking

Precision F-measure MAUC

CART 3.875 3.80 3.35
C4.5 4175 4.40 4.90
DCSM 3.925 4.00 4.30
iHD 3.525 3.3D 3.00
iHDw 3.725 3.60 3.35
OAHD 1.775 1.85 1.60

Best results are in bold



Results of Friedman and Nemenyi tests

Table 6 Friedman test and Nemenyi test for the six
methods on the 20 data sets, with OAHD as the base

classifier

Algorithm Precision F-measure MAUC
Friedman test Reject Reject Reject

CART v v v

C4.5 v v v

DCSM v v v

iHD v v

iHDw v v v

OAHD Base Base Base

The symbol “v" indicates that OAHD outperforms the com-
pared algorithm



Conclusions

O In OAHD, considering the multiclass imbalance problem, the number
of distinct classes and the class distribution are considered without a
prior probability of the classes.

O We modify the Gini index to fit the multiclass imbalance problem,
which ensures the purity of the node in the decision tree.

O We theoretically prove that the proposed splitting criterion enables
the decision tree with the property of skew-insensitivity and the ability
to seek a purer node.

O OAHD is compared with the five different unpruned decision trees
upon 20 data sets. The experimental results show that the proposed
splitting criterion is better than the five other splitting criteria.
Moreover, the Friedman and Nemenyi tests are conducted to
evaluate the performances of the six decision trees; the results
demonstrate that this improvement is statistically significant.
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