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Abstract - In this paper, we are proposed
optimization method of fuzzy model in order to
complex and nonlinear system. In the fuzzy
modeling, a premise identification is very
important to describe the charateristics of a
given unknown system. Then, the proposed
fuzzy model implements system structure and
parameter identification., wusing the fuzzy
inference method and genetic
Inference method for fuzzy model presented in
our paper include the simplified inference and
linear inference. Time series data for gas
furance and sewage treatment process are used
to evaluate the performance of the proposed
model. Also, the performance index with
weighted value is proposed to achieve a balance
between the results of performance for the
training and testing data.

1.8 8

HAAAAE ojEe] WwHoz HXRY T3 duAdF
9 A Wz AP 27 gAzdy FHATR
2 ol Ha A (1.2)3 HAEA wH Y] 12
HEa(3,4)0) AeHU), dold HodalelA,
Tonge =23 XA} whgd g8 7122 23L& 43
A3(5), Pedlrycze do18 2ddolA 71F AT
Adel od S A(2). HAHA HFY 71x2F
oA Pedrycze HABA 9o o8 A&
£ HATEHA V1€ HAXNA G Zadehd ATH sm
A R Add 71xaM FAFA(3], Sugenos
Aol AT MY Fx|FE40 ZEH HEE B
FzeyPor FAEAAYY HxASYd 3 AAE S
AR oV (8), AR FEREHAM BHRHY HWAP
gol) 23 Aol oj&:aty EAHol k. =g HxA
ZH 2819 By & AR FHE THIFIoY
(6], AR FEY AF Aoz FFAFo oM

B =RdMes FFEHN NFEEFEY FAR HAF
E WA FA4 @adEE ol HAXRd-E 3
g AxAHez £ HAAE JAdFE BFE 33
33, e xG Zio WA AL A H8
dole AFE HAgozM 3 T AAE SAE +
g 58< 71412 2Ue(Goldberg,1989) A4 ¢
2 EFE AHgsld Awty geolelE B3 sey, e
geinie e Haxeyg AHEEY B8 S 3
g whde A4y dgo 2&%4E AFRETH A
4 2d A% HE A 22 AALE 4EF Ho)
H(71% stexadgy dolg(11)E nddstn, %
4 H2E dolee AydAdd U@ Hzudg ¢
&l BAF e AR AR FUE AA "R

2.2 B

algorithms.

2.1 HX| F£ ol o3t Y
A2 2dgdol@d if-then BHOoZ ZHEE 7l&
= Aog, FARCE YEY dolHE F1 o8 ¥F
& AARste Rolvk, ANy B4& 9y FE, & AX
il Aury wee] Aeg) WSy Fie HAER
A%, 131 48279 gelojy ZAAFo] B R, f}
2

13t

g =y o Iube Lol Mew bR Wgol g
vlel & Z@Aste Aot B =gdAME e 2z
279 48 Fo #4 £5 MHn, A dugEd
ol &3t} Mutx mevlEE FH G FukR Lxe 2
A2 FZ22 F¥83e], Iwy sejujg $3S 39 o
W (maximal pivoting) ¥€3x18E < 7MAe 712

2AY 4% HaASYPE AR

gl T AY W, 1291 22
2448 Belstdon, Huy sy
£ #04 21458 ol g $HUT

99 AFF(FEDTE HAAY,
Futuyl odx HNEA " (F22)E e F A
F2E ST F kA Pz o8 AARFHFEH
stebele} 4 & kg 2ok

FE 1(F9E AP
Tt Gy ALt il Aow ERE
olg} gtk o] HARHS (1) 2L ¥HE e
TEFHER FAET
R IF x is Ay and - and x,is Ay Then ay

R IF x Z:SA]] and - and x,15 Ay 7:'ken ap (1

R* IF %, is Ay and ~ and x,is Aw Then an

249 ¢y 429 2
. li:,] Wy ¥j _ 121 wy ap
’ gl Wi 2 Wi

1=

G ili=1,,m)HAx dolg])

- (Aplx) A o A Aulxy)) (3)

Z:I(An(xh) Ao A Ap(x))

ok ghelvle] A4 AR QEEs 2 g
et FolAH, HeyALE Hidets HH Fup
gelue s 238 5 g Ala"e &9 UolHe =
49 dlojeizte] apolE 9ulste H¥A 4 (PL: Perform
-ance [ndex)& A (4)2 g
Pr= —1"; g(yg- yh? (4)

(m : dHolg 9] F)
HaAsyd 48 37 dgoEe P o 4

rir

(2)

Wii

-563 -



o ol Pt
a = (XX 'xTy (5)
FE 2FUR A AR
Fubeyl dx Aoz XHESY HYSFEY &
TdFEYele B,

R IF x is Ay and - and x,is Ay
Then y=ayp+ayx,+-—+a0,

R IF x 3'3141 and -+ and x,,;sA,.,,
' Then y=ap+ apx+ - +am, {6)

R" IF x, :sA,,, and --- and x,,tsA,.k
Then y=an+ay+-+a.x

229 2 y& 0o 2.
2]@0,, ¥; 2 wi (ag+apxy++azxy)
el D

2 Wi 2 Wi
=1

ArA50 9% FVR RAday FHe T2 1
3} ol 4(5)d o8 Feiu

2.2 2do M8}

AH3 FAE Be dd0 24Gn, 1EH B

el AWt B 7kA A Feln XA A3 9
Wol AT, 2T Wyd 9 ZxR uh: FrE9
BHEo] ofF] 7x Uk ol @ F+EL A 9
A FAA gnFe nNEU L, "E}—’F HAHNYPe
2N 44 A% FEL B3 gl

2.2.1 78X g32F

A4 dndFL *‘3?75}3 A, A, Az
Az HEY %IEMl slgE £ #4831 g4 o)
"%. %’ﬂl} YnFS 3 N2 AL, @,

Wol-2 A 3, %‘7} g, gig g8 BE #

53{:!‘4(1%1) -%247&} funF S HAs EA glel
A gdd 45& *HE% HEE 47 A8 A
2RE EJ—P—*]O_E_ olg3te FHE Y, £3Y &
4 FAAA Y ‘%Mhra& BHPge Rel °l%*c}
a3 Ao FEIUA.

wEdAE AREZLE HAzs) H?SH Shell A AA]
g Ay AdulHE §H2 dnYdFE e ol &3d A
o, HAFEL] Y, 44y ’\A-fé}"‘fll 54, 29
I 3EHE uRez HARY S HANIG.

Randomly generate an initial population.

v

Compute and store the fitness for esch
individual in the current population,

Determine the seleetion probabilities
for each indjvidual besed upon its fitness,

Cenerate the nest generation by’
probabilistically selection individuals to

a¥ 1. §dA gndsE
2.2.2 tBUE JHF XS
& B AE dolEd da slEge AR Edas
g g5 2ol Fejgg.
f=6xPI+(1— 6= E_Pl (8)

6% PI - E_Plo) dig 83 gela, Pl g ol

¢ BA4E, EPIe H2Ed d@ 4¥AF @&
vehdch $ielM B @ SARSFE 63 Vg me)
HA RS ZAtstel Quks} AtoldjA Ao B
Bg A3 5 de F4E& M

3 AEoji

3.1 Jia2 3

722 AAQE 4&9 dHoHE & H2AE Holy
2 Jyol AT, HgH HAE HolHY YA
g A dndde EARF(HB)E AHEEe nd
< AP H1L 719 AP gl e HA
dF3Y FAGPE RS FHE AeATS FHA @
ae|Fol o FeAlgelrt. go] Ao B JEAe
= B2 2%}

®]1. 299 QAF

TE 2d Pl E PI
NERg £.022855 0.335439
FE 1 Az ,
(6=0.5) 0.023456 0.344978
7lgnd 0.024739 0.358243
FE2 EE
(6=0.5) 0.018809 0.264046

B2, #3848 M BAPE 4@ 45AS

FZ Weight (6) Pl E_PI1
1.0 0.022855 , 0.335407
0.25 0.058886 0.316511
7z 1 0.4 0.025553 0.328181
0.6 0.023995 0.329839
0.75 0.022856 0.335137
0.0 0.117397 0.306032
1.0 0.018360 0.350625
0.25 0.029384 0.283629
0.4 0.019560 0.278573
T=2 0.6 0.018944 | _0.279414
0.75 0.018859 0.279530
0.0 0.031077 0.278938
NERY e HEHSRY
LOW HIGH Low HIGH
!"\\ - ., e
i g P ! i \\ -/_/
g 3 x\'\‘ ! ! g /.\f\ -
! - N"\, \.\
0161584 048664 070864 18948  45. 6'\ 60.5 85.111437
48.877614

2% 2 7219 B48 A8vE (6=0.0)

‘ 85.111437

of 48.877614

o fn 0.161584 "

83

14 1.894800
16

g 2 8 ¥

12

®o 10 30 w % & 0 0 N 10 D W 6. 30 4 S & T % %0 00

(a) u(t-3) (b)Y y(y-1)
a4 3. /AR dneEe o3 += 19
stetole ga33 (4=0.0)

oom
vers
oy v 1
(15 Pl E"P
oot
o0

0018809 o

20 o

0.264046

10 24 30 35 S0 & 0 %0 ‘)0‘\“)
Generation Generation

ad 4. vxﬁ} LS A 722 249
HAz 23 (8=0.5)

0020 30 4 50 60 % @ % 0

—564 -



ad2dle 7219 48 ddvigg Eien, o
Zulee] gaage 3334 Bid. EF ad4de
gﬂl} gz gl @ Fx29 HAG FAFE BAE

3.2 s¢A A

BtEATAFF L & HoAM AR HAZE o =
48 & 3tx, A g 2d & 539
Y5 SMEldd ndge A% 429y 72E R
38, MLSSE ¢ F§E, WSRE ddoy =
§%, RRSP= 9% 434, DOSPE &34 43
A, ESSE 2RE9 %2 /A 494 1329 722

MLSS e

WSR ) Fuzzy Inference » ESS
RRSP —p Sys.

DOSP —p

¥ 5. Az 3 RdYE AP 9488 7=
oltt. 71 e AEH e A 2919 1&8 F2&
AHedn. #3L Z1ERYF FA gnFd T A4

Ao, 6 gl mE 2de] ¥AFE B4% 2
o
23 =de JeAF
. . 21 Tz2
el el Bl W E PI Pl E P

MLSS| WSR |15.87562217.371275| 6.396533 | 54.529442
MLSS|RRBP|15.49202316.407095| 4.328988 | 222.968689
71& [MLSS{DOSP{15.177470{21.739044| 8.332672 {476.234711
29 | WSR |RRSP|19.117628}17.004622| 7.798279 | 225.496414
WSR |DOSP|17.725309]2(.548513| 8.622758 | 57.188206
RRSP | DOSP|19.472698 [22.089948| 7.425736 | 99.412163

MLSSIRRSP 112 8738381158.5631213113.319167 65.584373
1)2‘1@3} MLS8{DOSP|14.60938517.124805] 7.556438 | 26.155487
=p.5) WSR [RRSP|15.221871113.473765] 8.657568 | 26.561729
WSR |DOSP|15.659515]14.344687) 6.871958 | 28.599873
RRSP|DOSP|17.8564191(15.889150| 4.135979 | 66.810814 ]

&n
2

B4, 8FFTE 1R BA S 48 dyAF

22 | 991|992 We(’f;)}“ Pl E_Pl
1.0 | 9517910 | 117.707550
.25 | 12.918282 | 13.499081
0.4 [ 12.913285 | 13.499073
2 1 |MLSS |RRSP( 0.5 | 12.873838 | 13531213
0.6 [ 12.210629 | 14.308209
0.75 [ 11730998 | 15.339379
0.0 [ 13.137547 | 13.478786
1.0 | 3.214210 | 822.611267
025 | 6.108916 | 26.913485
ool e 04 | 6.103705 | 27.947820
TE 2| WSR | DOSP g 560 | 96.920250
0.75 | 6.106598 | 27.116993
0.0 | 6.436031 | 30676256

a¥6L 7229 WSR# DOSPH <igd disl (a)sh
(b)e &#28HE&, (0% (De 2828 & BAE,

0w T odel ourput Data Model output

(a) 7)&2d (b) Ale =a

ML3S! WSR 112847437114 .155079) 7.087610 | 32.970261 1

0
3 W S [l I ) i » )

!(c) MEIA-] (d) Aty 2
29 6. WSR, DOSP &8} did &8 (6=0.25)

4.8 E

AAH| L LA RdE &) s Fi4 g
HEE AHgst HA 32 V‘%‘J-J Aty gl g

76‘?}09*1 A 949 IR P, AH3}E
22 Alggol oA & 4“- Axol Hsta v Adgol
2l %@dl*i Br} i€ é" AAE 5 Ui
w, RFRE AN FATSFA AR E APU2EN
zd 9 343&9} kst Apold] BE AAE TF HA
3 Fee AP o%% A A s

(#3228

(1] R.M. Tong, “Synthesis of fuzzy models for
industrial processes”. Int. J. Gen. Syst., Vol. 4,
pp.143-162, 1978.

[2) W. Pedrycz, "An identification algorithm in fuzzy
relational system”, Fuzzy Sets Syst., Vol. 13,
pp.153-167, 1984.

(8] W. Pedrycz, "Numerical and application aspects
of fuzzy relational equations’, Fuzzy Sets Syst., Vol.
11, pp.1-18, 1983.

{4} E. Czogola and W. Pedrycz, "On identification in
fuzzy systems and its applications in control
problems”, Fuzzy Sets Syst., Vol. 6, pp.73-83, 1981.
{5] R.M. Tong, "The evaluation of fuzzy models
derived from experimental data”, Fuzzy Sets Syst..
Vol.13, ppl-12, 1980.

(6] M. Sugeno and T. Yasukawa, “Lingustic modeling
based on numerical data”, IFSA 9! Brussels,
Computer, Management & System Science,
PP.264-267, 1991.

{77 Box and Jenkins, “Time Series Analysis,
Forcasting and Control’, Holden Day, SanFrancisco,
CA.

{8 T. Takagi and M. Sugeno, "Fuzzy identification
of systems and its applications to modeling and
control”, JEEE Trans. Syst. Cybern., Vol.SMC-15,
Neo. 1, pp.116-132, 1985.
(8] David E. Goldberg.
search, Optimization
Addison-wesley.

[10) Zbigniwe Michalewicz,
Data Structure =
Springer-Verlag. )
(11) o449, Z&7, $34 €424 FFY #HA 2d=z
Ao A" g M7y =83 40% 10%
PP.1072-1083, 19904 10%.

[12) 243, 3%, "HAFE PPd 20 AA P
A BgA L 8 dedxgey =84 A 31¥ BH
A 6%, PP.43-52, 19943 6%

(18] ??’IRHE 243, HE, B¥p "gAR daET A
£ HA-FEIELZ 729 HAARd v AP 3P A28
229 3*%, g R A5 A2 96 FAGEUR
=84 Vol6, No.2, PP,302"305, 1996

(14] S.K. Oh and W. Pedrycz. "ldentification of
Fuzzy Systems by means of an Auto-tuning
Algorithm and Its Application to Nonlinear System”.
Fuzzy Sets Syst., 1998(accepted)

“Genetic Algorithms in
&  Machine  Learning’,

"Genetic Algorithms +
Evolution Programs”,

- 565~



