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Incremental online sequential extreme learning machine for
imbalanced data

ZUO Pengyu', ZHOU Jie', WANG Shitong'*

(1. College of Digital Media, Jiangnan University, Wuxi 214122, China; 2. Jiangsu Province Key Lab. of Media Design & Software
Technologies, Wuxi 214122, China)

Abstract: In this paper, an incremental online sequential extreme learning machine (IOS-ELM) is proposed to solve the
problems of low efficiency and poor classification accuracy of OS-ELM for class imbalance learning. The basic idea is
to adjust the balance factor according to the category imbalance ratio in an imbalanced dataset and then determine an op-
timal number of hidden nodes using the generalized inverse of the block matrix, thereby improving the online learning
ability of IOS-ELM. The experiments on the effectiveness and feasibility of 14 binary-class and multi-class imbalanced
datasets show that the proposed IOS-ELM has better generalization capability and classification performance than other
comparative methods.

Keywords: class imbalance; incremental learning; inverse-free matrix; online learning; extreme learning machine; clas-

sification; multi-class imbalanced; neural network
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Table 1 Experimental datasets

ETES BEAKL JENAPER FHERL %L
Dermatology-6 358 16.9 34 2
Abalone9-20 731 16.4 8 2
Shuttle-cO-vs-c4 1 829 13.87 9 2
Segment0 2308 6.02 19 2
Abalonel9 4174 129.44 8 2
Pageblocks0 5472 8.79 10 2
Pdspeechfeaters 756 2.94 754 2
Vehiclel 846 29 20 2
Vehicle3 846 2.99 20 2
Biodge 1055 1.96 41 2
DNA 2000 2.25 200 3
Satimage 6 435 2.38 36 6
USPS 9298 2.19 256 10
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Table 2 Two-class experimental results with the number of hidden nodes more than the number of training samples

I - U il WHAIUT  PIRE BRI BUCHHE ISR
3 T A 3 S
S TR FEA%L FEAKL
IOSELM 09429 0.065 6 0.98 5 200 1
WELM 0.8353 0.023 1 — 5 200 1
IFELM-SMOTE 0.8973 118.4179 0.98 5 200 1
Dermatology6
OSELM-SMOTE 0.839 1 0.0312 — 5 200 1
EWOSELM-
0.8537 0.478 9 — 5 200 1
SMOTE
IOSELM 0.869 2 1.2625 0.86 5 400 1
WELM 0.758 6 0.070 7 — 5 400 1
Abalone9-18 IFELM-SMOTE 0.849 8 477.3312 0.86 5 400 1
OSELM-SMOTE 0.808 4 0.0367 — 5 400 1
EWOSELM-
0.728 6 0.719 5 — 5 400 1
SMOTE
IOSELM 0.704 3 0.4859 0.71 10 700 10
WELM 0.679 6 0.069 6 — 10 700 10
IFELM-SMOTE 0.702 1 104.203 1 0.71 10 700 10
Yeastl
OSELM-SMOTE 0.697 6 0.0251 — 10 700 10
EWOSELM-
0.700 1 0.739 1 — 10 700 10
SMOTE
IOSELM 0.995 4 0.078 1 0.99 10 1000 10
WELM 0.9957 0.1212 — 10 1 000 10
Shuttle-c0-vs-cd IFELM-SMOTE 0.994 9 4.8343 0.99 10 1 000 10
OSELM-SMOTE 0.996 6 0.0359 — 10 1 000 10
EWOSELM-
0.996 7 1.629 6 — 10 1 000 10
SMOTE
IOSELM 09186 6.684 3 0.95 10 1000 10
WELM 0.761 8 0.281 6 — 10 1000 10
S IFELM-SMOTE 0.8932 34253976 0.95 10 1000 10
egment0
OSELM-SMOTE 0.8652 0.0523 — 10 1000 10
EWOSELM-
0.896 0 29703 — 10 1000 10
SMOTE
Abalonel9 IOSELM 0.7553 19.647 6 0.75 10 2000 10
WELM 0.667 2 1.2917 — 10 2000 10
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FEIEL A FEASL HEA%L
IFELM-SMOTE 0.647 6 637.358 5 0.75 10 2 000 10
OSELM-SMOTE 0.664 1 0.093 7 — 10 2 000 10
EWOSELM-
0.564 2 2.2914 — 10 2 000 10
SMOTE
IOSELM 0.849 4 26.216 4 0.88 10 2 000 10
WELM 0.801 8 3.2200 — 10 2 000 10
IFELM-SMOTE 08714 12 476.750 1 0.88 10 2 000 10
Pageblocks0
OSELM-SMOTE 0.826 6 0.104 6 — 10 2 000 10
EWOSELM-
0.8190 41148 — 10 2 000 10
SMOTE

R NEGHEABRXTRTREN-SEXIRER

Table 3 Two-class experimental results with the number of training samples more than the number of hidden nodes

— - U . WGRATUT  BIIRE BRI HUCHTE ISR
3 [ 1A JE]/s
Rk TR FEAEL FEAEL
IOSELM 0.683 6 38.064 8 0.99 700 400 1
WELM 0.562 5 45138 — 700 400 1
IFELM-SMOTE 0.526 6 3184.1812 0.99 700 400 1
Pdspeechfeaters
OSELM-SMOTE 0.656 7 14.027 3 — 700 400 1
EWOSELM-
0.648 7 286.821 8 — 700 400 1
SMOTE
IOSELM 08155 65.702 3 0.9 700 400 1
WELM 0.774 6 43742 — 700 400 1
. IFELM-SMOTE 0.646 6 46.496 0 0.9 700 400 1
Vehiclel
OSELM-SMOTE 0.765 8 229015 — 700 400 1
EWOSELM-
0.767 3 457.938 2 — 700 400 1
SMOTE
IOSELM 08114 60.600 7 0.84 700 400 1
WELM 0.757 4 4.3873 — 700 400 1
. IFELM-SMOTE 0.6579 46917 1 0.84 700 400 1
Vehicle3
OSELM-SMOTE 0.764 4 224273 — 700 400 1
EWOSELM-
0.769 9 451.362 5 — 700 400 1
SMOTE
IOSELM 0.8420 8.3992 0.89 700 600 10
WELM 0.893 8 0.6409 — 700 600 10
. IFELM-SMOTE 0.699 8 4.7343 0.89 700 600 10
Biodeg
OSELM-SMOTE 0.524 8 2.8882 — 700 600 10
EWOSELM-
0.516 3 210.1617 — 700 600 10

SMOTE
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Table 4 Experimental results of the multi-class classification
— ok ST ) IZREEAR Eap Gyl MEEUILE UK
3 [ LA JTE]/s
JUPFEE BRERT ARG AR UIgREEARL
IOSELM 0.787 7 8.223 4 0.86 20 1 000 10
WELM 0.6453 0.210 6 — 20 1 000 10
DNA IFELM-SMOTE 0.8243 1731.5929 0.86 20 1 000 10
OSELM-SMOTE 0.656 1 0.046 8 — 20 1 000 10
EWOSELM-
0.657 1 23835 — 20 1 000 10
SMOTE
IOSELM 0.884 8 16.3140 0.9 20 3000 10
WELM 0.8553 2.548 9 — 20 3000 10
. IFELM-SMOTE 08639  14529.904 6 0.9 20 3000 10
Satimage
OSELM-SMOTE 0.8556 0.085 1 — 20 3000 10
EWOSELM-
0.8451 1.6812 — 20 3000 10
SMOTE
IOSELM 0.8956 118.898 4 0.9 20 6 000 10
WELM 0.775 5 8.163 4 — 20 6 000 10
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