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Fig. 1 Class overlapping examples
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//Phase 1: SVDD

for class: = 1 ton /In
M; = train( SVDD D(i))

end for

for classi = 1ton
for classj = iton

Do; = findOverlapRegion( D M; M) ;

end for

end for
Do ZISLL;JJS" Doy
//Phase 2:
for classi = 1 ton
Mo, = train( SVDD C Do 1) ; //
Mn; = train(SVDD C D-Do i) ; //
end for
/ /Phase 3:
p = predictLabel( T Mo Mn) ;
End

6
Fig. 6 A framework for overlapping class learning
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Table 1 Main characteristics of data sets
Inosphere UCI 2 351 34 41.3%
Fourclass LIBSVM 2 178 12 31.1%
Sonar UCI 2 208 60 20.2%
Transfusion UCI 2 748 10 19.3%
Splice LIBSVM 2 1 000 60 12.6%
Diabetes UCI 2 768 8 7.6%
German LIBSVM 2 1 000 24 5.7%
Glass UCI 3 175 9 32.8%
Balance UCI 3 625 4 17.4%
Vehicle UCI 4 946 18 4.8%
2
C4.5. RIPPER.. ;
(NB) . (kNN k = 5)
(SVMs) >
10
10
1 F
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2 x TP
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TP FP FN
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2.1 I
2
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3
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2
Table 2 Classification results by different learning schemes on binary data sets
F (1) F ( 2
C4.5 0.766 | 0.809 | 0.814 | 0.863 | 0.788 | 0.902 | 0.875 | 0.925
RIPPER 0.728 | 0.809 | 0.819 | 0.848 | 0.730 | 0.892 | 0.877 | 0.918
Inosphere
NB 0.607 | 0.849 | 0.852 | 0.861 | 0.407 | 0.909 | 0.891 | 0.914
(41.3%)
kNN 0.722 | 0.668 | 0.743 | 0.805 | 0.797 | 0.873 | 0.884 | 0.910
SVMs 0.629 | 0.760 | 0.766 | 0.786 | 0.612 | 0.897 | 0.891 | 0.905
Cc4.5 0.795 | 0.904 | 0.852 | 0.986 | 0.897 | 0.919 | 0.952 | 0.991
RIPPER 0.726 | 0.913 | 0.905 | 0.956 | 0.711 | 0.886 | 0.917 | 0.980
Fourclass
NB 0.533 | 0.686 | 0.629 | 0.721 | 0.685 | 0.776 | 0.793 | 0.823
(31.1%)
k-NN 0.862 | 0.974 | 1.000 | 1.000 | 0.953 | 1.000 | 1.000 | 1.000
SVMs 0.584 | 0.706 | 0.690 | 0.757 | 0.641 | 0.787 | 0.809 | 0.838
Cc4.5 0.620 | 0.582 | 0.597 | 0.652 | 0.593 | 0.559 | 0.604 | 0.701
RIPPER 0.672 | 0.613 | 0.646 | 0.678 | 0.576 | 0.512 | 0.545 | 0.620
Sonar
NB 0.689 | 0.560 | 0.611 | 0.715 | 0.479 | 0.673 | 0.675 | 0.663
(20.2%)
kNN 0.642 | 0.615 | 0.634 | 0.651 | 0.569 | 0.623 | 0.620 | 0.645
SVMs 0.699 | 0.663 | 0.668 | 0.676 | 0.665 | 0.689 | 0.691 | 0.719
C4.5 0.381 | 0.487 | 0.532 | 0.522 | 0.649 | 0.718 | 0.796 | 0.864
RIPPER 0.388 | 0.425 | 0.421 | 0.489 | 0.696 | 0.763 | 0.764 | 0.830
Transfusion
NB 0.410 | 0.454 | 0.476 | 0.517 | 0.689 | 0.793 | 0.845 | 0.878
(19.3%)
k-NN 0.509 | 0.522 | 0.574 | 0.606 | 0.651 | 0.797 | 0.803 | 0.857
SVMs 0.323 | 0.471 | 0.495 | 0.504 | 0.758 | 0.714 | 0.707 | 0.742
C4.5 0.936 | 0.926 | 0.917 | 0.928 | 0.939 | 0.929 | 0.922 | 0.930
RIPPER 0.936 | 0.878 | 0.883 | 0.941 | 0.939 | 0.880 | 0.895 | 0.943
Splice
P NB 0.821 | 0.826 | 0.823 | 0.829 | 0.833 | 0.831 | 0.834 | 0.837
(12.6%)
kNN 0.775 | 0.726 | 0.738 | 0.784 | 0.723 | 0.551 | 0.669 | 0.726
SVMs 0.787 | 0.790 | 0.792 | 0.783 | 0.803 | 0.804 | 0.801 | 0.79%4
C4.5 0.622 | 0.604 | 0.604 | 0.606 | 0.804 | 0.797 | 0.781 | 0.795
RIPPER 0.632 | 0.625 | 0.627 | 0.631 | 0.816 | 0.802 | 0.803 | 0.816
Diabetes
NB 0.623 | 0.620 | 0.622 | 0.625 | 0.824 | 0.817 | 0.823 | 0.832
(7.9%)
E-NN 0.608 | 0.600 | 0.605 | 0.611 | 0.807 | 0.796 | 0.802 | 0.809
SVMs 0.629 | 0.617 | 0.614 | 0.629 | 0.832 | 0.824 | 0.826 | 0.832
Cc4.5 0.523 | 0.469 | 0.481 | 0.537 | 0.828 | 0.795 | 0.796 | 0.822
RIPPER 0.483 | 0.536 | 0.538 | 0.521 | 0.823 | 0.829 | 0.815 | 0.830
German
NB 0.548 | 0.553 | 0.549 | 0.557 | 0.835 | 0.808 | 0.814 | 0.830
(5.7%)
kNN 0.409 | 0.396 | 0.407 | 0.423 | 0.797 | 0.798 | 0.785 | 0.801
SVMs 0.514 | 0.514 | 0.519 | 0.541 | 0.836 | 0.836 | 0.827 | 0.832
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Table 3 Classification results by different learning schemes on multi¢lass data sets
F
C4.5 0.713 0.737 0.746 0.794
RIPPER 0.718 0.789 0.803 0.820
Glass
NB 0.682 0.691 0.708 0.775
(32.8%)
kNN 0.754 0.816 0.815 0.889
SVMs 0.749 0.762 0.797 0.863
Cc4.5 0.502 0.573 0.556 0.565
RIPPER 0.546 0.540 0.528 0.571
Balance
NB 0.697 0.742 0.728 0.766
(17.4%)
E-NN 0.705 0.717 0.723 0.782
SVMs 0.821 0.89%4 0.906 0.921
4.5 0.704 0.658 0.642 0.716
RIPPER 0.701 0.588 0.603 0.684
Vehicle
NB 0.427 0.373 0.369 0.431
(4.8%)
E-NN 0.719 0.685 0.677 0.725
SVMs 0.786 0.724 0.715 0.810
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Fig. 7 Performances of the separating and original schemes
4 t—
Table 4 i-test values of the experiment results
Ve Ge Di Sp Ba Tr So Fo Gl In
C4.5 1.75 1.23 2.66 1.64 2.05 2.15 0.78 0.29 0.57 0.62
RIPPER 1.60 1.08 1.87 0.75 1.98 0.56 0.32 0.44 1.83 2.47
NB 2.13 0.59 0.81 4.86 23.64 | 22.06 | 14.74 8.12 13.65 | 15.23
ENN 1.44 0.85 1.06 5.73 24.36 | 19.61 | 10.11 0.38 17.42 | 13.77
SVMs 1.92 1.67 0.48 1.23 9.59 | 17.96 | 5.41 | 16.50 | 23.81 | 3.54
2.3 III:
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Fig. 8 The effect of class imbalance on the separating and original schemes
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Towards classification with class overlapping
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Abstract: Classification with class overlapping ( CWCO) has long been regarded as one of the toughest yet
pervasive problems in data mining and machine learning communities. When it is combined with the well—
known class imbalance problem the situation becomes even more complicated and few works in the literature
addresses this problem. To meet this critical challenge in this paper we make a systematic study on the CW-
CO problem and its interrelationship with the class imbalance problem. Specifically we first introduce the
support vector data description ( SVDD) algorithm for capturing overlapping objects and then introduce three
learning schemes and propose a separating scheme for solving the CWCO problem. Extensive experiments on
various real-world data sets using five different classifiers show that the separating scheme: 1) performs the
best among the four schemes for CWCO 2) is more suitable for classifiers using decision boundaries and 3)

performs well for class imbalance data in particular with the support vector machines ( SVMs) . Finally we
provide theoretic explanations for the superior performance of the separating scheme using SVMs.

Key words: data mining; classification; class overlapping; class imbalance; support vector data description

(SVDD)
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