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Design of complex fuzzy classification system based on cooperative

coevolutionary algorithm

ZHANG Yong, WU Xiao-bei, XIANG Zheng-rong, HU Wei-li
(College of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: A novel approach to construct complex fuzzy classification system based on cooperative coevolutionary(Co-
evolution) algorithm is proposed in this paper. The approach is composed of three phases: 1) feature selection is accom-
plished by the Simba algorithm; 2) the initial fuzzy system is identified using the fuzzy clustering algorithm; 3) the structure
and parameters of the fuzzy system are optimized by the Co-evolution algorithm. The Co-evolution algorithm owns three
species including the number of fuzzy rules species, the premise structure species and the parameters species. Considering
both precision and interpretability, the fitness function is calculated on the cooperation of individuals from the three species.
The proposed approach had been applied to several benchmark problems, the results showed its validity.
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1 5| (Introduction)
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2 45 %n1R (Preliminaries)

2.1 BRI 4325 R Gi(Fuzzy classification system)

H LEnYEN RN FEAR R 58, Hrhe € X C
R", x = (z1,%, -+ , Ty WFFIEZE, {91,902, -,
gar } R 2R, UIASTRI 43 258 51 4 1 i R R U] TR 5
wr:

R; :if x1 is p;; and x5 is py0 and - - - and .,
is Lin, then the pattern (z1, - , ;)
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sification system)

3.1 FFEAR & )% # (Feature selection)

hy il R v AEASOR) 3 28 R G0 o IR Al BICIOHE 1) 7
TR R AR AR Bk PR S I 4 R B4t A
SR Simba VAT AR S £, % LA i ik
TH SRR AR B AU, B R K /N6 B TR AR
AR X 3 SR R BE D). TSE B e — BE, T
A% AR A BT 0] 1. 1R A% 1 Ay T S 30k P PR R AR AR
.

Simba% ik 1) H bR s 40
(w) = 32 08(2). s

xEP



34 E U R T R VAR

04 %

Horw AR AR AR o IR, Pyl 25t
8, 08 (x) B il 5t

1

() = 5

||z — nearhit(x)|[,,) - (6)

H: Finearmiss () Flnearhit(x ) 73 5l Az E P iz T )

AN TR] 2R 53 A ] 2R 530 R H KB BE L |2, =

> wizf, Hmax(w?) = 1.

SR = (1,1, , 1), FUATBBIE F B

TS H b ek e (w) B B KA BT Y i w, 6 Il 25
Hs R PRV T:

|z — nearmiss(z)||,, —

(Ve(w))i = o) =
1 (x;—nearmiss(z);)*  (z;—nearhit(z);)?

5 Z( )wi-

2.5 | —nearmiss(x)||,,  ||z—nearhit(z) |,
(N

3.2 WA BB AL ) 74 2 (Design of the initial
fuzzy model)
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5 PRI FE L (Co-evolution algorithm)
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of the membership functions )

RO SJ¢ o o 0PI 2 501 ARE, R S iy
T SEH i i 2 (0 A L 308 o1 i % 1) G (AR I B

g ity 7 AT AR, IR T B AR SR I TS A, 3R
ISR, RS ST A L OREF PR 2 FETE.

RO 2RI A I B A T2 8, v
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of individuals from each species)
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f4:

Ry : if zy is py1(v11,011) and @3 is p13(vs3, 033)

and 4 is f114(V44, 044) and x5 18 pi15(v15, 015)
R3 : if xy is 31 (vi1,011) and 3 is paz(vs3, 033)
and 4 is f134(V44, 044) and x5 is pzs5(v15, 015)
Ry ¢ if 25 is puyz(v12, 012) and x3 1S pig3(vVes, 023)
and 4 S f144(V34, 034) and x5 18 prg5(Vss, 055)
Rg : if z1 is pe1(v11,011) and xo 1S puga(v12, 012)
and 3 is 1163(Ve3, 063) and x5 is fies (Vss, 055)
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BLLE, RS PR S AT L,
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BRI,

53 ZMEAEE %W%(Cooperative strategy of indi-
viduals from each species)
5.3.1 &M FE R $((Fitness function)

AT B A A e RS At P R AR T Ll A b )
BOMIAR Y, JLrbORS 0 1 5 05 2 i B AN FE A 1) i ik
R B H , ARREVE TR R 2 15 080 R0 E R ASOR) 4
SHH, £k

fi(P) = New, f2(P) = R, f3(P) = Fs. 17)

L N AR FEA A 12 R 23 B0 H , RAERL
BIELNECH, FsohBOMEE A2 H, PRI 4
EARG H T RN BT, 3485 B 535 0
BRI, SR F A s IIASCSR RV, 3 2 R N

Fit = wy x f1(P) + wy * fo(P) + ws x f3(P). (18)
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HU PSE AR 250 e
532 AMKEN L R RS 1 TF 5 SR (Fitn-

ess evaluation of individuals)
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Fig. 1 Representatives of species A
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Fig. 2 Finess evaluation of individual in species A

5.4 Fh B 19 132 4% 8 /E(Genetic operators of each
species)

PRI BE AL B2 PR 84 R A 03 DA 350 2k
P AT OMAZ S, 3T ARS8 RS DL O B ARt L
PIstREIRAT £5 5 IR P ARA . L b Bl E AR R B 1Y
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HI TRl CR ) 52 8 i, by DR UE R REAN 1 1) 2 4
PEAN I A RO, K148 SORIAZ S 4 A 2 2 Y L
ot HAR R SELTVE. A8 SCERAAT: BTHOCE X, SEARAL
X, R RS AR A A RS R, 2 Y
SRS AESBR IR I R o, SRR LEFE.

5.5 B K RGN B (The design flow
chart of fuzzy classification system)

1345 Y T BRI 73 28 5 4 10 B ) 8 A e o U A
K, I SR Simba S92 0844 AE AR BRI 3R 2y
T AR RO R (0 FT A RS AT K, RO R )5
PESEHR R T 5 T AL PR R Y T 48 | b [R] 2R 4
HAACRE R Sy S N 285 [ LA, B2
Y AN Iwe SO
6 {/j EL(Simulation)

TR B[R] 3k A B2 A 3 RS A A R A RE
PEBOR 7> AR G TERE, A< SCNUCTHL A% 2% 2] Hi i
JE (http://www.ics.uci.edu/~mlearn/MLrepository.html)
WOk B T 65 i 7B 43 2% ) /8 1) Wisconsin Breast
Cancer(WBC), 2) Wine, 3) Iris, 4) Glass, 5) Iono-
spheref16) Pima, K1 45 1 & T X678 ) & (1)
LAEITERE RIBPS
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K1 Simba H.yki
ATRREAS BRI
Y
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Y

T YRR B 4 i
FRAEISERAE AB Al C

KA 2 J7 AATFPRE P Y
GGG AR R
AT LA VTR & 1F
KA R
i B ILHL SR A,B,jC T H’Jvﬁg/%
L1 58 PRI I PR HUE

B e

7 RIE 1 7R 55
Ty Ry FEAERIEE AB,C Y
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T
| s prean s |
¥

A 8) Ak (1) W5 ‘ 5
s, e | | R ARC AR
B I | | e s

AR s

K3 BB R ARG R K
Fig. 3 Design flow chart of fuzzy classification system
A1 2 EPAR R HICER

Table 1 Characteristics of the six examples

PRI FEAS R EYEN R

WBC 683 9 2
Wine 178 13 3
Iris 150 4 3
Glass 214 9 6
Tonosphere 351 34 2
Pima 768 8 2

{)§ BLFE P {EMATLABT.0 2 47 58 ik, 5015 % 5
BB W E2 . FRWBCA 25 1) @ Ab, HoAl 7 2%
I 50 () E i e e AT 0 — AR AL B 6 L ¥ Wine 2y
2R 1) 2t VR 40 R 7 LU B, IR O B 45 SRR HA
SCHRIEAT b, LAt 1) 23 28 n) 2t A & k47 B
X,
T 5 K H Simba Sk BEATRFAIE AL Tk £, 13484
HE AR 5 FT e N (AU W B4 T 7, 24 A 0. 316, BT
ﬁﬁﬁ@##?ﬁﬂ%%yﬂxh X7, T10, X135 K H BOHIGK R
FAIE AR BRI, W46 T RECH (N, = 3).

K FHS AT 8 28 U UEVE, 45 R R FEASTE- 14y
FAETHR N7 1T %; T 7 73 R IEH 5 H94.44%; 1w
Uf 53 FR B R 29 100%. 3 B AR FEAS 53 2R 1E A/ 5 fi
Uy AR 3 S 45 MU U 2 A7 6 4% ), ASTRE 4R 45 1) 6L
HON104S, 555 HAZA 70 28 28 Ge i) 5 e b 20 Ai
K.

A2 R HEEAMERE
Table 2 Parameter setups of the co-evolution
algorithm
SH & K 1
KA 100 || FREFCHZER  0.025
MR AMA% 40 FEARR EL 3

FhEEABAT X R 1 BUAEw, 1
FHEEA BT RE 02 A ws 0.1
MEEARS K 0.05 B Atiws 0.01

BB g% 0.1 ARE M 04
FRECAE N ZE  0.85 || HES BIE 1
FRECAR 0.1

1
X

09
0.8
0.71
0.6
B
04
03
0.2F
0.1F
0

2 4 6 8 10 12
Kl 4 Wine ) REARFAIE AR 5 oS I FRASLAE 73 A1 €]
Fig. 4 Wine: weights of feature
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X,
1_
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i 1 b
0.5¢ &
0 1 1 1 I 1 1
0 01 02 03 04 05 06 07 08 09 1
xIU
1 —
0s5f 1% " "
0 ]

1 1 I 1 1 1
0 01 02 03 04 05 06 07 08 09 1

xlS

5 Wine #7338 2 485 s b Ko A 1]

Fig. 5 Wine: membership functions
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Table 3 Wine: comparison of different results

FU %L LEH IEMr K2
XHk[16] 60 e 100%
HERI3] 3 21 98.31%
kil 60 o 99.4%
SCHR[4]* 3.6 8.8 91.22%
A 4.4 8.8 97.17%

T PR 2 RRNAS S 45 R0 0 5 UK B AL XRAIE P 341

k4 HepsrEAnr AR
Table 4 Simulation results of other benchmark
problems

SR BOR BOH O MIDGHRAE  IEAG
PRI S e B AREE IR

Iris 34 5.6 3 98.67%
WBC 2 5.4 5 97.07%
Glass 9.6 22.6 7 63.08%

Ionosphere 3.6 13.8 10 91.6%
Pima 2.2 4.2 3 77.47%

DL EAH O 53T B A8 XIRIE 1)~ 344
7 %58 (Conclusion)
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