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Method for Rule Extraction from Neural Networks
Based on Functional Point of View

CHEN Guo
( College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

ABSTRACT

A method for rule extraction from neural networks based on the functional point of view is studied.
The key algorithms are introduced, including the sort and selection of features, the discretization of
continuous attributes, the generation of training samples of neural network (NN), the training of NN, the
generation of the instance samples from the trained NN, and the rule extraction. The UCI data and the

population classifying data are used to verify the rule extraction method. The results show the correction

and effectivity of the proposed method.
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Table 1  10-fold cross validity results for UCI machine learning data by proposed method
. 10 Hr38 X IEH IR G
L 24 34 4% SH 6/ T 8 9t 103 Wy
Iris 1.00 1.00 1.00 0.93 0.94 0.94 0.71 0.90 1.00 1.00 0.94
ACT 0.92 1.00 0.88 0.83 0.76 0.88 1.00 0.80 0.83 0.94 0.88
hepatitis ~ 0.71 0.77 0.76 0.86 0.84 0.88 0.92 0.80 0.75 0.73 0.80
Ecoli 0.77 0.67 0.97 0.62 0.80 0.76 0.88 0.78 0.83 0.81 0.79
Glass 0.59 0.72 0.65 0.48 0.61 0.79 0.74 0.60 0.44 0.62 0.62
HSV 0.67 0.64 0.79 0.78 0.64 0.54 0.69 0.80 0.40 0.69 0.66
®2 MREAEN UCIHRFFIHELN 10 TR RNBIELER
Table 2 10-fold cross validity results for UCI machine learning data by rough set methods
— 10 32 UK UERTIR A 3
L9 2% 33 4% S 6 TH  8¥{ 9 10HF FHY
Ml 0.79 1.00 1.00 0.86 0.94 1.00 0.71 0.90 1.00 1.00 0.92
Iris M2 0.86 1.00 1.00 0.86 0.94 1.00 0.71 0.90 1.00 1.00 0.93
M3 0.86 1.00 1.00 0.86 0.94 1.00 0.71 0.90 1.00 1.00 0.93
M1 0.54 0.58 0.88 0.33 0.35 0.44 0.62 0.60 0.25 0.22 0.48
ACT M2 0.92 0.83 0.88 0.42 0.65 0.63 1.00 0.50 0.67 0.83 0.73
M3 0.85 0.83 0.88 0.58 0.65 0.81 1.00 0.80 0.75 0.83 0.80
MI 0.50 0.38 0.52 0.57 0.58 0.59 0.50 0.70 0.58 0.55 0.55
hepatitis M2  0.71 0.38 0.67 0.79 0.74 0.53 0.79 0.80 0.58 0.82 0.68
M3 0.79 0.77 0.67 0.86 0.84 0.76 0.79 0.80 0.67 0.82 0.78
Ml 0.46 0.58 0.43 0.35 0.46 0.48 0.63 0.33 0.50 0.44 0.47
Ecoli M2 0.29 0.33 0.70 0.26 0.30 0.59 0.38 0.33 0.33 0.39 0.39
M3 0.63 0.67 0.70 0.44 0.68 0.72 0.78 0.67 0.50 0.69 0.65
Ml 0.27 0.28 0.35 0.26 0.32 0.42 0.68 0.13 0.28 0.42 0.34
Glass M2 0.23 0.11 0.23 0.26 0.25 0.32 0.16 0.20 0.06 0.31 0.21
M3 0.45 0.61 0.62 0.39 0.50 0.53 0.53 0.33 0.44 0.42 0.48
Ml 0.42 0.27 0.36 0.33 0.43 0.23 0.31 0.50 0.30 0.25 0.34
HSV M2 0.50 0.27 0.43 0.33 0.36 0.31 0.54 0.60 0.30 0.31 0.40
M3 0.58 0.36 0.50 0.44 0.43 0.38 0.38 0. 60 0.30 0.50 0.45
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Table 3 10-fold cross validity results for UCI machine learning data by decision tree ID3 method

W 10 138 LR UERIR HIH
19/ 2% 33 44 SH 6#F T 8% 9 104 FY
Iris 0.79 0.92 0.95 0.86 0.89 0.94 0.71 0.90 1.00 0.89 0.89
ACT 0.69 0.83 0.71 0.58 0.65 0.75 0.77 0.70 0.58 0.78 0.70
hepatitis 0.64 0.69 0.67 0.93 0.63 0.65 0.57 0.80 0.58 0.77 0.69
Ecoli 0.60 0.61 0.63 0.56 0.66 0.66 0.72 0.56 0.70 0.61 0.63
Glass 0.32 0.22 0.42 0.35 0.29 0.10 0.26 0.27 0.22 0.12 0.26
HSV 0.50 0.27 0.36 0.56 0.50 0.38 0.38 0.60 0.40 0.44 0.44
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Table 4 Results of discrete cuts

RYEHE BYEAEE 1 B G 2
B Al A2 A3 A4 A4 A2 Al
Braf 29— — 169,187 — 65,102.5 2.5 —

x5 TRRMASTRIMNSNHENEEMSH
Table 5

Optimum structure parameters of NN with different

attribute combinations

WAR BEE &K

‘ AUEBE <11
REES 0 wal SBH fmy DERE
}E‘ﬁ?ﬂ% 1 4 2 30 30 0.001
BYEEE 2 3 2 30 30 0.001
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Table 6 Extraction rules by 2 attribute combinations

BHAG ] BHAE2
RI1: (187 < Height <220) R1.(42.5 < Weight <65)
= white = Yellow

R2.(132 < Height < 169)
= Yellow

R2.:(102.5 < Weight <125)
=white

R3:(65 < Weight <102.5)
AND(Eye =blue OR
Eye = brown)=swhite

R3:(169 < Height < 187)
=Black

R4 (65 < Weight <102.5)
AND(Eye = dark)=Black

RT AUBIELER

Table 7 Verification results of rules

A MR EH SRR RS R RN
RERE T B M M (%) (%) (%)
BHEHE1 320 260 60 O 81.3 18.7 0
BH4AE2 320 280 40 0 87.5 12.5 0

4 R E

Xt H HTHE T Th AR T B e 22 100 288 AL U S HX
IR BTRTE R E S R Y B B A 2 M B s M {4k
JRTRE, 3Rt — Aol T T B R e 2 X 2% L U1 2
BTk, BR T FAEHRT 5 1B SR R B B
RbBR PR PRI G A 7= A PP P S 2 AL
AN BIREA Y7 A DA B MU SR B S5 R B R R RO e 5
Trik. L UCT ALER 2 S B A AR o KRB HEAT T
AT E , 3F 5 KR G2 A 0 48 BT kA0 3R SRR
ID3 BIRHAT LB AT, R R BAARSCH Z M 48 AL
NI BT ¥ KA R
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