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Ensemble deep belief network based on fuzzy
partitioning and fuzzy weighting

ZHANG Xiongtao'’, HU Wenjun’, WANG Shitong'

(1. School of Digital Media, Jiangnan University, Wuxi 214122, China; 2. School of Information Engineering, Huzhou University,
Huzhou 313000, China)

Abstract: Aiming at the problems of high training time complexity and easy over-fitting of the deep belief network
(DBN) algorithm, inspired by the fuzzy theory, an ensemble deep belief network based on fuzzy partitioning and fuzzy
weighting, namely FE-DBN (ensemble deep belief network with fuzzy partition and fuzzy weighting), is proposed to
deal with the classification of large-scale data. First, the training data is divided into several subsets by fuzzy clustering
algorithm (FCM), and then the DBNs of different structures are trained in parallel on each subset. Finally, the results of
each classifier are ensembled by fuzzy weighting. Experiments on artificial datasets and UCI datasets show that the pro-
posed FE-DBN outperforms the DBN in terms of accuracy and running time.
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G TS FHI%R FEIEEK FEASKL
Swiss 2 2 4000
Gauss 4 2 4 000
x2 UCIHESE
Table 2 UCI datasets
pAGITES A IEEL AR
Adult 2 15 48 841
Magic gamma_telescope 2 11 19 020
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Waveform3 3 21 5000
shuttle 7 8 58 000
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Table 3 Performance in terms of average testing accuracy and running time with their standard deviation on Swiss

(=R7S THK BT AR 20K BT/
1 28+22+19 0.515 0+0.021 5 3.223 940.269 2
JR A BIRDBN (k=3) 2 30427424 0.521 3+0.033 0 3.941 84+0.165 3
3 38+32+26 0.517 5+0.035 9 4.796 0+0.232 0
FE-DBN (k=3) — 0.535 8+0.017 5 5.304 1£0.327 5
DBN (m=4) — 40+40+40 0.535 6+0.015 0 6.609 8+0.310 6
1 30+20+10 0.520 6+0.029 7 2.510 5+0.358 2
R HIDBNY (i) 2 23+23+14 0.519 7+0.036 6 2.612 7402113
3 25+19+16 0.522 2+0.039 2 2.6118+0.255 1
4 23+20+17 0.524 5+£0.035 8 2.779 1+£0.283 6

FE-DBN (k=4) —
DBN (m=30) —

30+30+30

0.545 0+0.026 3
0.5353+0.029 1

3.973 8+0.227 5
4.354 2+0.230 0
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Table 4 Performance in terms of average testing accuracy and running time with their standard deviation on Gauss

ik FHK Ber s I3RS B2 IBAFI /s
1 28+23+18 0.929 3+0.004 4 2.823 6+0.122 2
JER AR BIHDBN" (k=3) 2 31+25+20 0.923 8+0.004 8 2.518 9+0.182 9
3 25421417 0.935 0£0.029 1 2.241 8+0.157 5
FE-DBN (k=3) — — 0.942 5+0.020 3 3.185 4+0.263 4
DBN (m=35) — 35+35+35 0.940 6+0.003 1 4.116 7+0.357 8
1 20+15+10 0.921 2£0.001 7 1.735 8+0.167 3
2 22+16+10 0.921 6+0.001 5 1.719 8+0.121 3
JRER Y HAARIDBN” (k=4)
3 24+17+10 0.919 0£0.002 2 1.744 8+0.192 0
4 28+23+18 0.937 1£0.011 5 2.342 4£0.192 3
FE-DBN (k=4) — — 0.948 8+0.009 1 2.815 4+0.166 1
DBN (m=30) — 30+30+30 0.949 50.008 3 3.298 6+0.121 8
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Table 5 Performance in terms of average testing accuracy and running time with their standard deviation on Adult

7S THEK [SEE IR 2 IBATIN ) /s
1 70+60+50 0.826 6+0.044 6 80.368 0+3.75
JRR 4SS BRIDBN" (k=3) 2 70+60+60 0.828 4+£0.011 7 90.170 0+3.45
3 75+65+55 0.823 1+0.048 9 89.318 2+7.65
FE-DBN (k=3) — — 0.835 7+0.028 4 95.901 2+7.69
DBN (m=70) — 70+70+70 0.829 9£0.019 3 105.050 5+3.32
1 65+60+50 0.820 8+0.014 7 80.501 8+5.17
RS SETIDEN® (=) 2 60+60+50 0.822 2+0.024 3 78.606 8+5.76
3 60+55+45 0.819 7+0.022 5 72.549 1+4.99
4 60+55+50 0.820 7+0.027 3 81.445 7+4.43
FE-DBN (k=4) — — 0.841 7+0.014 1 83.607 6+3.72
DBN (m=60) — 60+60+60 0.830 6+0.001 2 88.826 9+2.75
1 40+30+20 0.820 6+0.012 1 36.562 9+2.67
2 45+35+25 0.817 0£0.014 5 41.957 9+3.01
JRRR A RIRDBN" (k=5) 3 50+40+30 0.815 0+£0.023 5 51.769 7+5.23
4 40+30+30 0.817 7+0.002 3 46.104 1£2.40
5 40+40+40 0.818 7+0.002 0 55.010 6+1.66
FE-DBN (k=5) — — 0.848 6+0.014 1 59.097 9+3.28
DBN (m=50) 50+50+50 0.829 5+0.006 3 73.346 4+2.88
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Table 6 Performance in terms of average testing accuracy and running time with their standard deviation on

Magic_gamma_telescope

RPN THK B RN IaKS 2 B4 T A)/s
1 55+45+45 0.788 5+0.001 5 28.341 1£1.66
JRy AT HHUDBN" (k=3) 2 50+50+40 0.789 3+0.002 8 28.732 1+1.35
3 50+45+40 0.787 9+0.002 0 26.759 7+2.37
FE-DBN (k=3) — — 0.801 3+0.013 9 31.598 4+2.28
DBN (m=60) — 60+60+60 0.791 0£0.019 5 35.997 3+2.08
1 40+30+30 0.787 5£0.001 5 22.240 0+0.92
2 40+30+20 0.787 1+0.001 9 17.611 2+1.18
JRBAYAERIDBN® (k=4)
3 45+35+25 0.788 4+0.008 6 20.656 6+2.34
4 40+40+40 0.788 3+0.008 2 26.091 8+2.52
FE-DBN (k=4) — — 0.807 1+0.009 4 28.568 9£1.70
DBN (m=50) — 50+50+50 0.789 8+0.011 8 30.589 6+0.28
1 30+30+20 0.782 5£0.005 3 18.708 9+0.89
2 30+25+25 0.785 3+0.001 2 18.242 3+0.74
JRR A HAAIDBN" (k=5) 3 35+30+30 0.785 60.002 5 21.759 0£0.65
4 30+25+20 0.782 2+0.006 2 17.100 7+0.53
5 30+30+30 0.781 9+0.001 2 21.417 0£0.76
FE-DBN (k=5) — — 0.811 60.003 9 23.090 8+0.61
DBN (m=40) — 40+40+40 0.789 6+0.006 2 25.952 5+0.35

&7 7E pendigits BHEE Y5 EH5E RIB1T A B X EE

Table 7 Performance in terms of average testing accuracy and running time with their standard deviation on pendigits

RES FHK Bty s IO BT IR/
1 65+65+55 0.745 0+0.024 8 12.121 2+0.52
JEERAF 2 RIDBN" (k=3) 2 60+55+50 0.745 8+0.003 4 10.503 4%0.79
3 60+60+50 0.749 8+0.002 9 9.708 7:0.30
FE-DBN (k=3) — — 0.759 2+0.010 3 11.562 9+0.43
DBN (m=65) — 65+65+65 0.758 5+0.007 8 12.431 3+0.85
1 50+50+45 0735 70.030 2 8.833 2+0.29
2 55+55+45 0.723 8+0.053 4 9.214 7+0.86
JR A HAEARIDBN” (k=4)
3 50+45+45 0.713 9+0.043 4 8.874 0+0.89
4 55+50+45 0.727 0£0.036 6 8.954 1+0.48
FE-DBN (k=4) — — 0.761 0+0.032 8 9.648 4+0.35
DBN (m=55) — 55+55+55 0.756 5+0.028 4 10.384 6:0.77
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Table 8 Performance in terms of average testing accuracy and running time with their standard deviation on Waveform3

ER7S FARK [SRED=S A DK e BATHA]/s
1 60+60+50 0.863 0+£0.014 9 8.851 6+0.38
JRERABIDBNS (k=3) 2 60+50+45 0.864 4+0.009 8 7.932 6+0.88
3 60+55+45 0.863 2+0.029 4 7.724 1£0.54
FA_RBF (k=3) — — 0.871 0+£0.016 0 9.069 3+0.25
DBN (m=60) — 60+60+60 0.867 3+0.031 3 9.575 4+0.30
1 45+45+40 0.862 8+0.006 1 6.745 9+0.77
2 50+50+40 0.863 2+0.015 3 7.275 0£0.61
JRBAYHAERIDBN® (k=4)
3 45+40+40 0.860 8+0.007 3 6.598 6£0.25
4 50+45+40 0.863 0£0.015 1 6.836 9+0.40
FE-DBN (k=4) — — 0.874 50.030 2 7.547 5£0.49
DBN (m=50) — 50+50+50 0.867 1+0.003 9 7.925 7+0.33

7E shuttle H#E & L5 K45 E RIBTTHTE

Table 9 Performance in terms of average testing accuracy and running time with their standard deviation on shuttle

A7 THK By s R IR 2 IBATIN(A]/s
1 100+90+80 0.786 0+0.006 4 103.294 9+4.73
SR HARDBN" (k=3) 2 100+90+90 0.798 3+0.030 1 119.187 7+8.71
3 95+90+85 0.783 6+0.002 9 109.018 7+3.66
FE-DBN (k=3) — — 0.799 3+0.001 4 122.594 3+4.81
DBN (m=100) — 100+100+100 0.799 5+0.005 7 130.596 0+3.31
1 85+75+65 0.778 4+0.002 4 90.773 3+3.07
2 80+70+70 0.780 2+0.002 4 92.571 3+4.31
JRR AR AAIDBN” (k=4)
3 95+85+75 0.788 5+0.001 2 102.628 3+£2.52
4 80+80+80 0.782 5+0.002 4 97.701 5+3.27
FE-DBN (k=4) — — 0.814 6=0.006 2 112.058 2+£2.72
DBN (m=90) — 90+90+90 0.794 3+0.044 6 120.630 9+8.54
1 70+60+50 0.780 5+0.002 6 64.656 8+3.19
2 75+65+55 0.782 2+0.003 1 71.017 0£2.27
JRR 4SS BRIDBN" (=5) 3 80+70+60 0.781 3+0.001 3 83.305 8+4.51
4 60+60+60 0.779 6+0.034 3 68.813 3+2.68
5 65+65+65 0.773 5+0.012 9 73.431 043.08
FE-DBN (k=5) — — 0.806 7+0.006 9 92.183 0+1.95
DBN (m=80) — 80+80+80 0.783 0+0.015 7 103.289 5+2.89
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