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An active learning method based on three-way decision model
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Abstract: Active learning is one of the focuses in the field of machine learning, aiming to solve the unlabeled problem
of samples. In this paper, a three-way decision model is applied to active learning. By introducing decision functions,
the unlabeled samples are divided into three different parts: positive region, boundary region and negative region based
on the uncertainty of unlabeled samples. Different solutions are adopted to process samples for each region. Then, an
active learning method based on the three-way decision model, namely TWD_Active, is developed. The most useful
samples are selected using the active learning method, and are labeled by experts, so more effective models can be trained
by the expanded training set. Compared with traditional passive learning, this method can choose the informational and
representative samples to label, avoiding the redundant addition of sample. The models are continuously trained until
the expected number of iterations or performance indicators are achieved. Experimental results show that the proposed
algorithm has a better performance in measures F-value, AUC and the effectiveness of the algorithm is verified.
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&2 F_valuefd

IR ID Hik 10 % 20 % 30 % 40 % 50 % 60 % 80 %
Random 0.8458 0.8574 0.8509 0.8532 0.8616 0.8663 0.8693
Margin 0.8581 0.8548 0.8616 0.866 5 0.8652 0.8664 0.8653
1 Representive 0.8571 0.8546 0.8687 0.868 6 0.8672 0.869 4 0.8726
QBC 0.8494 0.8673 0.8593 0.8685 0.8740 0.8634 0.8724
TWD_Active 0.8630 0.8633 0.8607 0.8699 0.8670 0.878 8 0.8780
Random 0.698 4 0.7344 0.7252 0.7420 0.7507 0.7678 0.776 0
Margin 0.6881 0.6763 0.6955 0.7530 0.7564 0.7745 0.7788
2 Representive 0.7004 0.6732 0.7134 0.7520 0.760 5 0.776 3 0.7643
QBC 0.668 1 0.694 6 0.7019 0.7317 0.736 6 0.7399 0.7754
TWD_Active 0.7099 0.7259 0.7299 0.7624 0.764 3 0.770 1 0.778 5
Random 0.8058 0.807 8 0.8093 0.8113 0.8097 0.8143 0.8179
Margin 0.803 1 0.8095 0.8118 0.8154 0.8153 0.8189 0.8171
3 Representive 0.8090 0.8064 0.8072 0.8137 0.8178 0.8159 0.8161
QBC 0.808 3 0.8078 0.8105 0.8221 0.8108 0.8184 0.8229
TWD_Active 0.808 8 0.8192 0.8203 0.8207 0.8107 0.8235 0.826 0
Random 0.606 4 0.6117 0.6197 0.6296 0.6298 0.6319 0.6403
Margin 0.5887 0.604 5 0.5883 0.6050 0.6165 0.6409 0.6519
4 Representive 0.5978 0.5993 0.608 6 0.6352 0.6417 0.6462 0.6593
QBC 0.608 1 0.5951 0.608 4 0.5898 0.6135 0.6342 0.6540
TWD_Active 0.6010 0.6029 0.6158 0.6439 0.6520 0.6527 0.6629
Random 0.796 5 0.7893 0.7902 0.809 6 0.8064 0.8032 0.8028
Margin 0.8021 0.8010 0.797 6 0.8015 0.804 8 0.7954 0.8025
5 Representive 0.7956 0.8034 0.8005 0.7982 0.7943 0.8034 0.804 8
QBC 0.798 5 0.8048 0.804 1 0.8076 0.8036 0.8007 0.806 1
TWD_Active 0.798 3 0.8052 0.8105 0.7876 0.8150 0.8044 0.8103
Random 0.6313 0.6134 0.6452 0.6728 0.6829 0.7229 0.723
Margin 0.6151 0.6652 0.668 2 0.6943 0.699 3 0.7194 0.753 1
6 Representive 0.660 1 0.6715 0.696 8 0.7114 0.7052 0.7195 0.759 2
QBC 0.6405 0.665 1 0.6862 0.7213 0.708 8 0.7155 0.723 1
TWD_Active 0.686 5 0.6938 0.7152 0.6949 0.7218 0.7215 0.750 1
Random 0.5522 0.5748 0.5775 0.5882 0.5971 0.5888 0.5955
Margin 0.556 1 0.5720 0.5774 0.5830 0.5827 0.5787 0.5896
7 Representive 0.5509 0.5885 0.5776 0.5828 0.5790 0.5798 0.5887
QBC 0.5615 0.5738 0.5817 0.5799 0.5852 0.5809 0.5985
TWD_Active 0.560 1 0.5860 0.5870 0.5877 0.5971 0.5980 0.5930
Random 0.9899 0.9883 0.9921 0.9921 0.9907 0.9898 0.9898
Margin 0.9889 0.9899 0.9913 0.9904 0.9905 0.9906 0.9907
8 Representive 0.9898 0.986 8 0.9913 0.9923 0.9913 0.9916 0.9913
QBC 0.9877 0.9887 0.9921 0.9921 0.9921 0.9921 0.9899
TWD_Active 0.9919 0.9920 0.9918 0.992 6 0.9911 0.9921 0.9903
Random 09751 0.9851 0.986 3 0.9882 0.9899 0.996 1 0.9912
Margin 0.9921 0.9910 0.9940 0.9938 0.9897 0.9949 0.9950
9 Representive 0.9847 0.9934 0.9904 0.9918 0.9916 0.9944 0.9921
QBC 0.983 1 0.9825 0.9875 0.9883 0.9874 0.9951 0.996 6
TWD_Active 0.9926 0.9907 0.9953 0.9962 0.9922 0.9936 0.9967
Random 05128 0.5239 0.5281 0.5297 0.5413 0.5496 0.5683
Margin 0.5184 0.5235 0.5355 0.5181 0.5497 0.5403 0.5775
10 Representive 0.5338 0.536 8 0.5253 0.5223 0.5440 0.5237 0.5852
QBC 0.5215 0.5373 0.5567 0.5524 0.5541 0.5591 0.5633
TWD_Active 0.5397 0.5572 0.5697 0.5732 0.5733 0.569 8 0.5560
Random 0.6220 0.7362 0.7428 0.7813 0.8122 0.8333 0.8615
Margin 0.6380 0.7450 0.778 3 0.8018 0.8360 0.8595 0.8852
11 Representive 0.6316 0.7599 0.768 8 0.800 1 0.8504 0.8509 0.8907
QBC 0.6314 0.7405 0.7382 0.8194 0.8357 0.8655 0.8787

TD_Active 0.6759 0.7839 0.8067 0.8226 0.8525 0.8578 0.8899




FAH Pk S AT =R EHF) Ik 725
%3 AUCE
HAEEEID Hik 10 % 20 % 30 % 40 % 50 % 60 % 80 %
Random 0.8940 0.8957 0.9079 0.9140 0.9155 0.9162 0.9233
Margin 0.8960 0.9014 0.9046 0.908 8 0.9157 0.9211 0.9251
1 Representive 0.8982 0.9022 0.9014 0.908 8 09108 09167 0.9210
QBC 0.8967 0.9084 0.908 1 09173 0.908 8 0.9286 0.9251
TWD_Active 0.906 0 0.909 6 0.9132 0.9223 0.9230 0.9288 0.9270
Random 0.8628 0.8673 0.8756 0.8856 0.8919 0.8932 0.9029
Margin 0.866 8 0.8724 0.8798 0.8956 0.8927 0.8982 0.9102
2 Representive 0.8687 0.8690 0.8816 0.894 38 0.9008 0.901 1 0.9141
QBC 0.8644 0.87838 0.8699 0.8884 0.8998 0.9017 0.9055
TWD_Active 0.8664 0.8793 0.8889 0.9062 0.9034 0.9072 0.9097
Random 0.766 3 0.7759 0.7720 0.7803 0.7817 0.7811 0.7895
Margin 0.763 8 0.7838 0.779 0.7809 0.7840 0.7836 0.7985
3 Representive 0.7614 0.7832 0.768 5 0.7803 0.7821 0.7952 0.7999
QBC 0.779°8 0.7776 0.7652 0.7832 0.786 1 0.799 6 0.7947
TWD_Active 0.776 8 0.7840 0.7805 0.7844 0.7883 0.786 1 0.7885
Random 0.661 1 0.6676 0.6757 0.7020 0.7035 0.6951 0.7164
Margin 0.6792 0.6657 0.6848 0.6825 0.6930 0.7087 0.709 3
4 Representive 0.6739 0.6784 0.6806 0.6999 0.7028 0.7024 0.7163
QBC 0.6640 0.669 3 0.6872 0.6843 0.6899 0.6929 0.7025
TWD_Active 0.6692 0.6924 0.6783 0.7035 0.7162 0.716 3 0.7198
Random 0.7502 0.756 5 0.7556 0.768 3 0.7633 0.7756 0.7823
Margin 0.7495 0.7592 0.768 1 0.7684 0.7553 0.7702 0.786 0
5 Representive 0.7570 0.7669 0.7701 0.7625 0.7731 0.7695 0.7798
QBC 0.754 1 0.759 1 0.7637 0.770 6 0.7732 0.7734 0.7735
TWD_Active 0.7571 0.7583 0.7807 0.7679 0.7850 0.7832 0.790 8
Random 0.7220 0.754 1 0.7886 0.8102 0.8287 0.82838 0.8502
Margin 0.7415 0.7871 0.7757 0.7735 0.8073 0.8184 0.8568
6 Representive 0.756 7 0.7896 0.7974 0.8062 0.8167 0.8064 0.8239
QBC 0.7109 0.7529 0.8005 0.799 1 0.8000 0.846 8 0.8459
TWD_Active 0.770 6 0.7907 0.8199 0.8262 0.8114 0.8502 0.8640
Random 0.6338 0.656 0.6754 0.6682 0.6704 0.6723 0.6756
Margin 0.6673 0.6659 0.6729 0.6733 0.6684 0.6627 0.666 1
7 Representive 0.648 8 0.6616 0.667 8 0.6813 0.666 3 0.6643 0.669 8
QBC 0.6389 0.6394 0.6578 0.6512 0.6620 0.6534 0.6697
TWD_Active 0.6613 0.6633 0.6735 0.6839 0.6787 0.678 0.6759
Random 0.9763 09771 09754 0.976 0.9763 0.9752 0.9742
Margin 0.9800 0.9802 0.9779 0.9738 09777 0.97438 0.9761
8 Representive 0.9807 0.9806 0.9777 0.9737 09777 0.9746 0.9753
QBC 0.9811 0.9811 0.9799 0.9787 0.9790 09757 09757
TWD_Active 0.9789 0.985 0.980 8 0.9797 0.9836 0.9829 0.9745
Random 0.7667 0.773 8 0.7902 0.801 0.8123 0.8142 0.8157
Margin 0.753 8 0.7722 0.7871 0.7933 0.8072 0.807 1 0.8224
9 Representive 0.7510 0.779 1 0.8003 0.7914 0.8010 0.8106 0.8300
QBC 0.7574 0.7880 0.7916 0.7907 0.7962 0.8124 0.8119
TWD_Active 0.768 8 0.7882 0.7974 0.8054 0.8179 0.8252 0.8257
Random 0.6918 0.706 0.7384 0.7453 0.760 6 0.760 1 0.7677
Margin 0.7146 0.7344 0.7430 0.7410 0.7452 0.7517 0.7676
10 Representive 0.7155 0.7378 0.7537 0.7536 0.7550 0.7635 0.769 8
QBC 0.697 1 0.706 4 0.7224 0.7301 0.7303 0.7682 0.7743
TWD_Active 0.7308 0.7477 0.7533 0.758 6 0.7592 0.7603 0.7742
Random 0.9303 0.9375 0.9409 0.9594 0.9656 0.960 1 09718
Margin 0.8919 0.946 6 0.9583 0.9788 0.9832 0.9789 0.9909
11 Representive 0.9223 0.9450 0.9551 0.969 1 0.9740 0.9825 0.9779
QBC 0.8918 0.9341 0.9573 0.9577 0.968 0 0.9790 0.9771
TWD_Active 0.9239 0.9474 0.9705 0.9743 0.9834 0.9849 0.9876
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