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Induction of Neural Network Trees with soft decision making

HiroTOMO HAYASHI! and QiangrFu ZHAOT!

Neural network tree (NNTree) is a decision tree (DT) with each internal node containing a
small neural network (NN). NNTree is a model good for structural learning and for hardware
implementation. A generalization ability of NNTrees is comparable to that of a multi-layer
perceptron, but it is worse than that of support vector machine. In this paper, we propose a
new algorithm for inducing NNTrees which have more generalization ability. The basic idea
is to make soft decision at each NN like a fuzzy rule. The efficiency of the proposed algorithm
is evaluated through experiments on several public databases.
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Fig.1 An example of neural network trees
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Fig.2 Structure of the NN used in this study
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Fig.3 Flowchart for inducing the NNTrees using the
proposed method
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Table 1 Parameters of the Databases

Number of | Number of | Number of
examples features classes
(Ne) (Na) (Ne)

car 1728 6 4
crx 690 15 2
dermatology 366 34 6
ecoli 336 7 8
housevotes84 435 16 2
ionosphere 351 34 2
iris 150 4 3
optdigits 5620 64 10
pen-based 10992 16 10
tic-tac-toe 958 9 2
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Iy AR
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Q) 2HET3. £20R3E, THS3
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R L—Y —HIERITDRVAD 8 B2
BTHD, TRERTOIER, 400574
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NI FL—= VTR T L—V—HIERITS
LIRT— 2 EZ 21D THB LEZ N3,

(4) Pk, NNTree D4 DDFEDRERERTE.
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% 0.15 T 0.05 XH TEEREIT> TV 3.
TL—J—VDEHENTH 3 LHEShBELR
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DHAMEZZDEEFRALTWED, ZhEzE
BELLUTHEATRCEAE> TV LHE
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(5) HRICPEBE NN (BP-MLP) & FL—=%
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S—FERZ L, 73 RTRER NN DA
IT—RTNEWEREZ- . THRERT-
TekaR, FEEZ! NN O optdigits & 5i% (3) @
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B, BOD DDV TIREEREIRED LN
holz.

—163—



x2 Lo VIRICT LV - HRETDRVGE
Table 2 Results of NNTree with soft decision at test only

R4 BP #BILLHBLNITIVEAE NN OFRER
Table 4 Results of fully connected NNs obtained through

Error Error Tree Time BP learning
Ratel Rate2 Size Error Number of Time
car 2.81 2.86 16.04 2.06 Rate Hidden (second)
+0.76 | £0.77 | £1.34 | £0.18 (%) Neuron
crx 16.99 16.7 14.08 3.73 car 2.21 28 1.47
+ 212 | +£2.07 | +1.07 + 0.2 + 0.37 + 0.10
dermatology 3.83 4.39 15.56 0.1 crx 15.74 32 6.53
+ 1.20 + 1.23 + 0.6 + 0.02 + 1.43 + 0.03
ecoli 15.58 15.88 16.68 1.01 dermatology 3.00 24 0.17
+ 2.56 + 2.47 + 0.92 + 0.06 + 0.64 + 0.02
housevotes84 5.35 5.44 5.12 0.38 ecoli 14.91 28 3.83
+ 1.28 +1.28 + 0.4 + 0.06 + 1.58 +0
ionosphere 8.97 8.91 4.96 0.59 housevotes84 5.21 8 0.28
+1.87 | £1.92 | £0.36 | + 0.08 + 0.98 + 0.09
iris 3.60 3.87 5.48 0.15 ionosphere 8.4 8 0.53
+ 1.46 + 1.47 + 0.28 + 0.02 + 1.27 + 0.11
optdigits 4.13 4.15 28.32 1.68 iris 3.47 8 0.28
+ 0.84 + 0.84 +1.71 + 0.15 + 1.31 + 0.03
pen-based 2.63 2.67 33.68 4.45 optdigits 2.15 60 5.32
+ 0.66 + 0.67 + 2.52 + 0.72 + 0.20 + 0.14
tic-tac-toe 0.86 0.82 5 0.13 pen-based 4.57 60 292.33
+ 0.43 + 0.42 + 0.18 + 0.02 + 0.19 + 0.97
tic-tac-toe 1.05 8 0.04
+ 0.38 + 0.01

£3 FL—oUVIRCTL—V—VHERITIHRE
Table 3 Results of NNTree with soft decision at training

Error Error Tree Time
Ratel Rate2 Size
car 2.49 2.53 15.92 2.12
+ 0.71 + 0.7 +1.34 | +£0.26
crx 17.04 17.07 14.28 3.63
+ 204 | £2.04 | £095 | £0.16
dermatology 3.72 4.17 15.12 0.11
+1.13 | £1.14 | £0.48 | +0.02
ecoli 15.39 15.15 14.12 1
+2.40 | £2.42 | £0.81 | £0.07
housevotes84 5.12 5.16 5.64 0.43
+ 131 | £1.33 | £ 057 | £ 0.06
ionosphere 9.37 9.49 5.28 0.62
+ 1.88 + 1.9 + 0.4 + 0.09
iris 4.27 4.27 5.56 0.17
+161 | £1.61 | £0.29 [ £ 0.02
optdigits 4.26 4.30 29.36 2.34
+0.88 +0.88 | £1.65 | +0.34
pen-based 2.80 2.80 30.64 9.12
+069 | £069 | +£1.59 | £+ 1.82
tic-tac-toe 0.86 0.91 5.04 0.19
+ 046 | +£0.49 | +£0.36 | £ 0.05
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