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A Study on the Self-Evolving Expert System using
Neural Network and Fuzzy Rule Extraction
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Ahstract

Conventional expert systems has been criticized due to its lack of capability to adapt lo the changing decision-making
environments. In literature, many methods have heen proposed to make expert systems more environment-adaptive by
incorporating fuzzy logic and neural networks. The objective of this paper is to propose a new approach to building a
self-evolving expert syslem inference mechanism by integrating fuzzy neural network and fuzzy rule extraction
technique. The main recipe of our proposed approach is Lo fuzzify the training data, train them by a fuzzy neural
network, extract a set of fuzzy rules from the trained neural network, organize a knowledge base, and refine the fuzzy
rules by applying a pruning algorithm when the decision-making environments are detected to be changed
significantly. To prove the validity, we tested our proposed self-evolving expert systems inference mechanism by
uging the bankruptcy data, and compared its results with the conventional neural nelwork. Non-parametric statistical
analysis of the experimental results showed that our proposed approach is valid significantly.

Key Words : fuzzy cxtraction, fuzzy expert system, fuzzy neural nelwork, bankruptcy prediction
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Rule Generation:
-0
while (Data is NOT marked)
generate shortest Ri (I'th Rule) 1o cover the current
pattern and differentiate it from pattterns in other categories;
mark all the patterns covered by Ri:
I+-;

Rule Clustering:

cluster rules according to their class labels;
Rule Pruning;

1. replace general rules with more specific one;
. remove noise rules;
. eliminale redundant rules;
. eliminate conflict miles;

P Vv

Elirninate Conflict Rules:
1. compute certainty factor;
2. compare certainty factor;
3. remove the rule wheih have low CF;

a9 FabdFE 2EALS ugul do] fAFE (similarity
measures) S G ste] z7 g
_ - 1
= s_"(A}B) = 1+D(A,_B) , 5 = (0, l]

o]7ell A A, B T 7R HA 50 djgt “J‘EH’QEA'—D‘ =)
ok, DO )= F 7le) H2)7749] Distances -3
2 2v)Eth (Gustalson & Kessel 1979).
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rule)dt E-47E (specific rule), =oj= T (
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7A9d] wala] D= B AX= Bio] g7 wie A 94F
oA B o]z -F(-%O]EL}J_E 2 2= gt} wiahA, ol=ld
73 DE AASR = ‘l_'l"’d(conﬂlct rule)& $9 [27 4]
A Ag BE SA9 71E17)e 73S 2uldim, of Al
= BAE o] £ Zg HxFAL ¢y, vmAe A

Rias

0|83 g HEIMNAY THO e AT

4. NE 2 23

gaAtas FUrige BAMEAS qFer] A A
zoln 7914‘:'1:4 od7tA 8] FhAE A= F 7930IA 84
A2 ARE 722 TER AA 667 AHARE T
5] slow zt gERRE TH AlFH&e] gHa 2
Nel =AM RS} FHge A Ak APl A

(3) 2 bit XOR BEAS olgd AXNFH 2 s T !
(3 59 XOR 45 ARAFAAGes dee 5 g 8 1SS SUNE sds B 4SS GEAS e
et Hx)FEe] [E 6]e] A=) ok Fodn ds ) ABE ASAER AMEETL
E 6. 2 bit XOR ZA< 9] AAE A7 = § ATY)E 4T
AH gk A8 = anz N A = od &
- PES ZolAZ71E
IF Fl =low AND F2 = low ERE:
01 01 Then class = very_likely_for 2 9748 EIP FAE I
e Ly
¥ F2 = high AND F1 = Jow 4% A7 AE &
01 091 fren  class = veny_likely_for1 | 7% #57 L
254 AT AES 2 &
09 oyl T FL=high ANDF2 = low | gyue v IRANE A E
’ | Then class = very_likely_for_1 '
IF F2 = high AND F1 = high Z 9. HAF st7] A VARAAS o
09 09 98.04
’ | Then class = very_likely_for_2 ' -
% 4 & 3
som 4z oldd A2e A2} G A @A, 3 -121 077 072 088 09 114 139| 01 09
Zlhlo] A 2]F AAFEE HA A2 A ] o] 2o &
11@1; ]7_];0]] 1%;{% oy ;ooﬁ]i‘,};f l}]ﬁ_]cj [ 91014 ZEgtol 0.1, 099 A$ele= 2 Eﬂ)“l(E"P)‘D
éa}% A TAAGE zﬂﬁ%f‘i % oqee dxmEe 4 SO 09 019 BFdE H?HAZ(H]C*P) 9 v] @t
= = - T Sy

Ay, 2712 A48 d8aae o o, A4E AXFHE
ol [& 7o He =] dth
= 7. A=$ 2 bit XOR ¥8#H=H &) 442
74 (= AEA AQD T2

IBEL 4439 74
04 06 « IF T2 = high OR F2 = medium 97.84
AND F1 = low
OR F1 = medium
Thon class = very_likely_for 1
05 05 * IF F2 = medium 86.96
AND F1 = mcdium
Then class = very_likely_for 2
07 06 # IF  F2 = high OR F2 = medium 97.76
AND F1 = high
Then class = very_likely_for_2
0.2 03 I  Fl = low 98.21
AND F2 = low
Then class = very_likely_for_2
0.1 09 IF F2 = high 97.92
AND F1 = low
Then class = very_likely_for_l
0.7 08 IF  F2 = high 98.72
AND F1 = ligh
Then class = very_likely_for 2
01 02 IF  Fl =low 97.74
AND F2Z = low
Then class = very_likely_for_2
04 03 #* [F Fl=1low OR Fl = medium 97.41
Then class = very_likely_for 2

Oe [E 101 7 A=Al ARE HAHT FE wolFT @
auce 7 S48 SHASAOR WD, FHLEEE
Hages AVET THRE, A4 YHEEFE 21(7X3)

H AT
Aeoln EY=ETE

277} "k o] FERE 1Tl 7413&__4

722 TH/E Buh QY4 A8 AAAFAATL 7
2= QEEE) X FUE0) x FIEQ) o2 o1-rc»111
31e.

10, 9% Fo AQEdAE AHAUTUAY
Sg2)

<=

0859 0828 0010 /0010 0100 0830 /0010 0100 0890/
0010 0100 0881 /0010 0745 0808 /0010 0100 0877/
0010 0100 0857

<EHF> 0004975 0.999800

9} 72 HA YEAZE AAJFTAUHEGE o]&5ho
g8 T oA 242 HAA o) BEAA HATHE
AR o] o, BATFHe H-Then Hel2 A& AE
FAAEle] 2] HRARAAWel2E THETh AA] 667 3
salgd gald AHE FEHE FoA FATE, HAHFE,
FETHEL oM AFY 29 LuFL o83 A
Azt 2 A3, A 667 A F 327H4 b
TFHo] A oH o7l I &= ohe (& 119 gt

(% 11]e1A CNF—‘i FAES Judith ole} Ze] &7

AHAA o) 28 FEHE Fo| AEAA A ALgRe]
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237



A W X[SAAHEEE =2X 2001, Vol 11, No. 3
E 1. 71924 o] A" HARATH o
RULE 1
IF F3 = high
AND Fb = high
OR F5 = medium
AND F7 = medium
Then class = very_likely_for_1 CNF 98.6&;
RULE 2
IF F2 = high
AND F1 = low
OR F1 = medium
AND F5 = medium
OR FbH = high
Then class = very_likely_for 2 CNF 99.23;
RULE 3
IF F2 = high
AND F5 = medium
OR F5 = high
AND F7 = high
OR F7 = medium
Then class = very_likely_for_2 CNF 97.69:
RULE 4
IF F3 = high
AND Fh = low
OR F5 = medium
AND F7 = high
Then class = very_likely_for_1 CNF 93.93;
AETE olfste] 222 FPsir, 2HE 22AAY =
2otA] &g Aol HAQQTARLTE o) g3t 27 )
a3 ANET HHQABAAT Adtgo] IR Fole
NZE HAATEHE FEI 7|&9 AR A4 Ho)22 T
gt ¥ F 100709 F7F 28z o#A 417
o) AR 7ol FAAAG. 2, olE T duelmg
olg3t 7|&e) HAL Yol 2ok FYH A A5Hog
£ 309 AAFAE AR RAQGolaz FHE 5
AT o2 F dae ZRYo] 9siM R Ao
ZE5L Sl FET FEAC) AAFT] i de 4 gl
Z3joltt. mEhd, Tl X gulols FH A A s
Yrle Wds] Fasitn E 4 9o g7l FoF
A2 71&s] HAXuje] 25 Aﬂm HAFHES AP
4 AR £9EHE DA gt gErbIcaY
AREE 2 AU Aot 9o, 2 BrAAE o

- FHEAS HF‘F“W Shat
Bol g 042-?-1]‘3 Hhuﬂ%i"’ 2 An, H3d o9FEg
FAY HAA el FET £ Uk oe
AEE AX T AR olch,
o] <} 7& 3 2) 2] 4] ¥ 0] 29] ”‘“’%1*9- BaRS
/\]"“‘41-4 A58 zolzd wl¢ AvH "ﬁo‘ﬁ
Tl AkE JBAE AAUEL VE 7 =
*]"“Ui o] 28 §4], By WE Fng t*"%““ﬁ °ﬂ o
# adde “:’E&]TE} o (& 1812 [E 10]% 22 99
8 7A=Y ARE B Aol A AgEE AR
Ho) 2F o] &84 l% 23E e A /}2] B o
g dEdste} vlag el
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E 2. 7Y =dtel] B9 M2 AR o8 FrlH=
A A ] o
RULE 1
IF 5 = high

OR F5 = medium
AND FI = medium

OR FI = high

AND F6 = high
Then clags = lkely_forl CNF 70.96G;
RULE 2

IF F5 = high
AND F1 - medium

OR Fl = low
AND F6 = high
Then class - very_likely_for_1 CNF 92.99;
E 13 4717 B2¥Y 4=5He] vm
am | 9% | 34 315 FHEg
g | LFAEY|QABIAF| Aol | 577 2 ujo]
S EE) | (M) (2¥3) (234

o 73/100 72/100 75/100 80/100

A& | (73 %) | (72 %) (75 %) (80 %)
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X 14 aFoFg-ges FF
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2y N Mean Rank
SCORE 1 5 7.30
2 5 5.00
3 5 11.70
4 5 18.00
Total 20
ARATAZ (Fads 29) SCORE
Chi-Square 14.143
df 3
Asymp. Sig. .003
Exact 3ig, 000
Point Probability 000
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