NsES

wR2HX HEYI: of Azt A

W X
53D-8-3

Genetically Optimized Neurofuzzy Networks : Analysis and Design

Fh B

*g*tt

(Byoung-Jun Park - Hyun-Ki Kim - Sung-Kwun Oh)

Abstract - In this paper, new architectures and comprehensive design methodologies of Genetic Algorithms(GAs) based
Genetically optimized Neurofuzzy Networks(GoNFN) are introduced, and a series of numeric experiments are carried out.
The proposed GoNFN is based on the rule-based Neurofuzzy Networks(NFN) with the extended structure of the premise
and the consequence parts of fuzzy rules being formed within the networks. The premise part of the fuzzy rules are
designed by using space partitioning in terms of fuzzy sets defined in individual variables. In the consequence part of the
fuzzy rules, three different forms of the regression polynomials such as constant, linear and quadratic are taken into

consideration. The structure and parameters of the proposed GoNFN are optimized by GAs.

GAs being a global

optimization technique determines optimal parameters in a vast search space. But it cannot effectively avoid a large
amount of time-consuming iteration because GAs finds optimal parameters by using a given space. To alleviate the
problems, the dynamic search-based GAs is introduced to lead to rapidly optimal convergence over a limited region or a
boundary condition. In a nutshell, the objective of this study is to develop a general design methodology of GAs-based
GoNFN modeling, come up a logic-based structure of such model and propose a comprehensive evolutionary development
environment in which the optimization of the model can be efficiently carried out both at the structural as well as
parametric level for overall optimization by utilizing the separate or consecutive tuning technology. To evaluate the
performance of the proposed GoNFN, the models are experimented with the use of several representative numerical

examples.

Key Words :

LN B

A7) YAAY el NE ¥ Aol AnE A8
e, B, 43 ol WHsA ofelA: Uk we AT
AEL 0B e §4 £t BAZ Y], Azt BY
o fFAR 238 228 F de AXNE vrdEtnz =F5E
71€ol Utk HZE CI 71€9 vEed A5 ad AT
7igol AdArtd] ohgstA G&HAA ol s s
e @Al Rolxm glom, gy ATE wHoz o
Hopol 2853 JcH1,20] CI 7)1&& QA9 AHTZE B
B A2 A dejy ANF PR FEe
AHgEte # Aol 2[4-6] 2z FAA dnF[7821]%4 B
& AsAsgEel Bk BEsA AFHEA B4, $F, 2
&e F¢ 1F Cl 71&] B¢ A7O-137F B2 Fuz
FASHT %M

2L DF CLAEY @ 99oA LAY H4Y
249 ¥4 d2e AY WHEH HA HELHA YES

= F & B EHEAE ERET - HHRTET - LM
= 1 & B KERE ERLER - I
«=x 1 & B EKE BRET - WHRIBM A - 1
S HY 0 20044 35 9H
Fe#2 1 20044 5H 291

2HX WEHI: szt MA

Genetically Optimized Neurofuzzy Networks, CI, Genetic Algorithms, Rule-based Neurofuzzy Networks

H(Genetically optimized Neurofuzzy Networks; GoNFN) 7}
wg BE2 &9, T LS 9% IS dANEES
Eq3irl, Al¢d GoNFNS 71&e] AAFER AFYSY §
Foll o3 dAE FAHol~ FEHR WEHNA(Rule based
Neurofuzzy Networks; NFN[13-15])& 7]{te 2 J|EQAY
AF 2 FFL B8 A5, A%, a2 o)z Ze A
ogye A 7Hx oE & ndeh T3 NFN9| #H3A
TE FuRE shue] et ohd *1i E}E HH =2 thers)
A BEE £ oy, Fo4R EAd Fd% F2E A5
o B =Fe HE BEEE Y8 V€Y GASE Mg 53
A 719k GAs(Dynamic search based GAs)E # ¢ttt &
H g47)gk GAst 71§ g nEoE FANFTE ¥EHA
Aoz Fold EA A ge&doln, anHA HH &
% AFec) AdE NFNH 52 74 GAsE vtge=s

T2 9 geuge HAz FAE &9, 329 GoNFNE
A A g}

Aete GoNFNY A% #7115 s, 2d2 2 717 X
AAE o]g3hch wlme] g AL A¢E GoNFNe] 34
=, FAHAA geng £ dFIAFH(ES Ad) 2l A
Adel MEet #e C}“*ﬂ 43}”15194 T A o] ™ol A
< HEgz#or ojye F o

o]
T



VAP FREE 53D0% 8% 20045 8R

2. #EHolA wREX WYEYI

FHuols RE2WR YEGANINE 2347 244
& dehie B48 Aageld e A%Y 2l v B
o 4e 542 sHn Itk ol HAmalsh A7 zdo)
e SEY 5YS 2YE YU T o2 AuA gz
RE 29 183 45 P4 2Y TEE §¥Y @
Holth, ® E=2ol4 thFold NFNE 77e) ddussd
d8l 98 AAVEL Ve FHAY o] AL 7 Y
MPEo] thal SUYoE oFoAH, 2T AATNE B
A AAFHL Yo 2A NFNS S8 90[13-15]

217122 REAXHERT

ANAYe 7Mez FEASE 71E9 NFNES 19 1%
2ol HA-%de B4L YehiE NHFES s T
f MEQA FEE HAH, o) fle)e HADEl &g %)
F2e] o8 FHYTH NFN F2E= AAFHY 22720
wel 2 WA FE Fxe) 4Y HAFE Fzz 4A€o.

SeB—0
“ 4
AR
7 — LR i)
e—o"

(b} Linear fuzzy inference

(a) Simplified fuzzy inference
a3 1 7|& NFNel #=E[13-15)]
Fig. 1 Architecture of conventional NFN[13-15)

a9 194 ‘¢'2 NFNe #d FYEE ez, ‘N

B73E, e U5 #§L, ‘T 7w YA EY
£ AT %9 Z dFA3E HAX A o Hga
WHEAFE AX JErr PR, A7 JPgee
F H(RF2Y FF A2 HEA 9, A HAFE2 A
A7AFA A 9 Cyust FoIRAH o]Fo] X wH| &) of
TR0 2 FHA filx)E AT AHNE 29 gL J)H
go] BF iz JE £98A "ok ke gHWS o)

§=fl(xl)+f2(x2)+"'+fk(xk)=2fk(xle) 1)

2E xod A filv)e HAATAL o)Fx e, 1 7
e @9 43 2o R'E ™A 9x731e vdehug,
At ANE A4 ESs-2 2FH (complementary)dl BAE
713 A7y Yol

R : If x,is Ay then Cyy= wy (2)

R If xpis Ay then Cyy= wsy + wy * xi (3)

2(2)ek 2(3)9) FF FEHEAE B5-HY 549 w4

ol o8] FA ¥ e Wujdgsout G wy) o

2o 4z 249k H(G)7 "Dt ol FERERE &9
NFN2 FE24£ %71 w2 48 7114 9d{13-15],

FlxD) = pii* Wit paivy * Whiny @

A N e

Flxe) = pi » (wsit wy * %) )
F vy (WSgep+ weey * 24)

NFN9 35 19 204 QA7FAE 2de 7% A
4 ez =AHH YrsiEA o] FojRct stHubye NA
o] o] M dutx oz Al&E: o fod A v (Back-
propagation; BP[2,3,13-15]) &3a]Fo] AFEHD olE HE
293 4 dolEHze A, F 24 E ugtod ol Fojxr)
AENF X W FE B HAFEY A 46, A7 H
A AE AT 2 o714 ye FoljA Holg, 3&
2de) 298, = 58, ot ZAEASIT 79 2= 0
3 1 Ato]9) 3g e

duwg(t+1) =2-9-(y=3) - pyta- Jw(t)  (6)
‘Awsk,-(t+l)=2-v-(y—@-/xk;+a-dwsﬁ(t) o
dwi(t+1) =2-7-(y—3) - g xpt+a - dJwild)

22 52HX HEYA Cias HXFZ 2=

Ate NFN9 F2E 7]E9 NFNE ##3 722 19
29} 2} o] FRE A@®)H e HARHor EHIT
2(8)9) HAFA F9E FxE FHEY MY FHFE 3
Z9 AF FE F/FoEN FRY F2E BT =
& 2¥ 2o BT A o] dAVFAA g8 AT
gl T, F HRAFE(Type 0), 4F HAZE
(Type 1), 1A HAFE(Type 2)& EF X34 €
ok webx a2 (Type)) AEtezx 747}e] ¥ X
8 F2E 38 5 9

R If x is Ay ®)
then Cyu= ulu+ wly - xpt+ uly * x4

Layer 2 Layer4
Layer3 l Layer S
v

Layer 1 l
7R

LA W Sy

.....................

Consequence part

2% 2 NFNe| g4 §Hx|F2 =
Fig. 2 Topology of NFN with the polynomial fuzzy inference

Ag® NFN 729 dA%3 & &3 2o
[Layer 1] 9483 : & w382 ¥ d&sin HAF
Teg JFPNSE AY "Lk
[Layer 2] R g @o] A A= A 0 3 w32 99
Wol dsl ged AANIY, F A dopdFe dids,
YHANTA g I AEGF(AARF)e HF=st A
[Layer 3] Atstd “Afdw A Addse AE=st



FaAd, 2 A i ARFEY AYT p,T AL
dAHF uF FFAA AFAKel FAL AHHESF o
4 g W) W&o} = p7F BTH13-15).
[Layer 4] €2 71599 & @ 3594 733 Hg=Ee
AA7MFAA g8 FiR 25y FA 4 7Y &€&
At oF 39 9Ho] At
= 1 5% Cy= pyX Cyy 9

A A 713 o «]UP Fun 29 Gue 4 w9 vy
A5 (Type)oll e} oh-g3 Zo] RHEHT
Type 0: Cyki=u0k;
Type I: Cypu=ulut wly - % (10)
Type 20 Cyvyu=ul i+ wl g+ xp+ uly * 2
[Layer 5] & 429 #x]7F2 g H|FE : NFN9 5
FA Z wE 29 FASAHA dF AXFE o3
THAY, BEA W 4 AAEAN g8 A0DH
go} e}

iz = .Z;ab-= 2‘1;,“ s Cyy= z;#h.. Cyvi

_ e Oyt piien ” CYpien (11)
Pt Ppiv
=g CYut tiisy
[Layer 6] NFN9 &9
o] BF
sHA |t
At NFN TF2E HATE Fukie] gy 7}-1’“- l
Aoz HAd E‘;la AT 5 o 2
A FHEE 1Y 37 2(12)9 o9 gol
A Ao F2EZ UEhd § o], dEHU 84y :rL
2E oy FoqA A2ade] A w2 FA3% FRE A
Ag F UA=EF Fo. =F NFNY AH5e AXsEAN #HXH
THY FUE FASE 3 A F 93, gy &
FolAEt oA HAFTUTG A HAES ol &7
of &g W= HAFZ0 I o RFE =oF
i, 287 god AFE GFFFE 5L s
RM: If x, is Ay then Cyp=uly
RZ: If xy is Ay then Cyp=uly+ wly - x, (12)
RY: If x4 Ay then Cyy=uly
R2: If x,is Ag then Cyg=up+ wly - xp+ uly - 53

Cyhiv1 = @it @uivy
1 5% E¥E gEL ALY 2
Aoz & NFN9 23 38 HFHoZ A

N

_,z
L
o

|

Oy 3 FHrRoE 2 HX| Ao cfsf ct2AH pAE NFN
Fig. 3 NFN architecture; polynomials of conseqguence have
different orders for each fuzzy rules

ZEEY Y FRHX| WEAZR: sHAD HA

Trans. KIEE. Vol. 53D, No. 8, AUG, 2004
23 wRHX| HEQ 39 HE

AetE NFN 79 st5e vEHS A4AFA wi,,

wl, w26E 2ol % 4AH gog T 47}0&&1 ol
Soldn sgwue BP 2adFel A€, 4093 z:}
zeoxs ol%fm. NS QEE dolE Aol 3
osbe (149 2o

E,=(y,— 5’ (13)

E= g;(y,— y,)° (14)

dd 7AFA9 24 A05)% ol &9 g 3=
8 Tz 2dF UF9 ¥MEE gaAFd dn 971A

1)L M2E g, W 7129 L 9udt AZ7/F A
o] WiggEF Aw(t+1)E A(16)% o] T+ 4 Ut}

w4+ 1) = w( D) + Aw(t+1) (15)

dw= 17( aE’) (16)

21(16)2. 25K NFN® dd7gx ®gtsd ¢ 1o Wg
A& - #(chain rule) AANE &3 2. A71A, kT kHA
JERE, = UA AAFF ol
JE, _9E,

Au/O/H‘=—77 auok' s Awl;,,'=_7] awl szh-z_” 3u}2 (17)
_ 8E,, — aEp 0y, Bfk(xk) 3ak'~ acyb, (18)
0ul 831\, 3f(xy) day  0Cym duly
9B, __9E, 98y, fdx) daw 0Cyx (g
E)wlh Z);ﬂ fxn)  day 0Cyy Owly
__9E, __9E, 3%, Oflxs) daw 3Cys 0
Uy 3y, 0flxy) OBaw ICyy uly

JAD~H QDY Tl BT FEBPL e 2o

g_ff = 3aAﬂ — 30t =2 (3,3, (21)
a}i&) 3 f,,‘(;xk) 2flx=1 (22)
afgt(zf.k) aa (a5t aus1) =1 23)
aag;k, B aCy Scos e+ Oy =pwi (24)

A1)~ 420 whA % $Eo] P FEHFE A7
o) thaA x}4o) ora gag,

i) Type 0: Cyuy=uly
9Cyy  uly _ _
90y duby - (25)
ii) Type 1 : Cyu=ulu+ wly - %,
ACyy
6ug: = aa (uQst wly - x) =1
Cye _ 9 (26)
awlk, awl (u'ob+w1k1 xk) Xr

iii) Type 2 ! Cyu=ulp+ wly - x4+ uly * x5

aC: "

3ug: = m—(uow Wl xptuly-x)=1

3G

S = aul W+l xpb w2 D=1, (27
aCy - N

a“é: = 51_02,,, (10t w0l - xpt 42y - xD =13

563



BAPFIAEE 530% 8%k 20045 88

A(1B)~A@CNEHE Rddoe] X¥E AANFA WP
2 t@A Ago) wel g3 el Hodr
i) Type 0 Cyp=uly
2 (t+1) =21 (y,— V) gt e+ dub (D (28)
i) Type 1 Cyuy=ulpu+ wly - x,

{AuOH(t-f'l) =2-7 (}’p—gp) cpEtac Au,Ob-(t) (29)
dwl(t+1) =27 (y,=¥p) - pi* Xpt -« dwl 8
iii) Type 2: Cyu=ulyu+ wly« xp+ uly - 2

Au0(HH1) =27 (= 5) - mut - dubu(D)
Al (t+1) =27 (= ¥,) - pii» xp+a- dul () (30)
ARy (t+1) =27 (9,— Vo) + pi* Xot @+ JuR el

A7 M, dul ()= ul (D — wu(t—1).

3. ZaEH MY wRHX HELZ

o] ZAeME GAs 7| F3ed HAH w2HA UEY
A(GoNFN)9] Tz B3P dAMERE &A% o8
A 52 g4 I GAsE A¢EH, M3HAAHE Fd
NFN9 #7 729 GoNFNE A ¢

3.1 S B Jjd RN 22 F

AR ERAF(GAs[7821D)L “HARE"Y HE3 U3
d g £ HAHE /YT suzE AdAY ABA F
73 & H&¥ AA FH
AdAY HA3F APA dAxRS T2 FAAY WIS
FAAM F& gz 2dd ddne AdIse) A
A A3 WY Ed vlgs E 94 ¢ndFeln. o
AAAY FAE E7] A8 FAHY Aes FFEH FelA
A23E AAZ dehliz, o A AHEL 2ol 2HE B
2 H, AdE AFHEAN o159 FH JEE HE L3
A A2 4 AEE Fo3to Az Y& P B
ARAAL T, FoI A WF HH g Holste
o) oH7,8].

GAsE °l8% HA3 43 3 FHc] JAHE 4
7HA feH, 2% @b 42 AgHqIt ESAztE @
o g Aelrt. dig N dF AR T
Fo Rustet B3 AL FH oFojH. B I ¥
X Fo FrlEE W d3E FALY Ho], F 9
A EAEY HE Foin), B33s HANA F8F ey
T # oA Aod ¥ x99 FH [Xow, Xnignlolt 7]
A BAEe dole FolW 43T WY HEL el F
AEF dgsojol &0, W G4 G HE XY= A
osojorgc} dwiroz YAFHLS g AP A
AeEr, Folx FAFRozRY AL Holg AHs}
T, olg wEe R HAHE AT 2y B} 2
A FAAA HE, AL Foj3 HHd vjagte AFH
o8 AAA H3z B& dAAMTY 27, dd e @4 §
GAs®] 4%& A=
2 Al 1-017‘]711 HY, 2Ade] Zojg #HoAR AWFTHL
HARAL o] AYEE

o (B L ow

u (‘IO o r(o

564

we Aeg 94 F ke

R E LI DI Mz 71 g daa AE
A olF WAS wwoz YAYAL z7a o HAo
s 2out. 29 4 54 ¥4 71 GAs BUFT

2AFARE RgF1 e, 3ad
Hed oh&3 2o

& AE o dAEE ¥

|
S I 1
Xow Ko Xyn
[
L
E Genetic Algorithms |
|
S
| 1 ] |
n ! ! |
—
X Ax bass Xpugh

a3 4 55 €M 714 GAs
Fig. 4 Dynamic search based GAs
24 11 F943 B xo s FA4F3L [xlow, xhighlsh
F4F) g HWY B Ao) 2w JIE HE A
ot 4 o xof dis] gag4gL [0, 100], EALEY
ol 108 E, NEHE 50012 7HA AL vEde nle &
I e 499 golu, #8499y AR FoFrh
[2A 2] GASE ol&3t49 [0, 100]e dis} & FA3c}.
(OA 3] 25T 94 F, & FA871 AdE AsdHz de
A A =Y, v AP 7E e GAsel o5 Adgd
2 vingcl GAso) 93] HAEd HE 7| M= A A
o3tz 71& 9 o)lFo vl FNFLE A Hod.
Xsearch 31)
X basis = Xsearch (32)
Xpgsis T (€ + dx)] (33)
AN, Xeasis= 71T N, Xeearns= AHE 3, ;= 7E
¢ Melg e A Z ANFE Y oS UErAYh 2
71E 19 o)Fo vlaEstd HAHSNA ZHFoEN, 4 ¥
AE ZASEE J} dE 2o Tk GAsrt 10608 3
g Agsgva 7HAs A2 71E e 1060] H9, F
A e o FFOR 394%F o)FsA At o]E VFEL
2 gaFne [-288 50102 AzAs} oln g=]olc}
(24 4] AZE ddo] disl 2 g FY&i dA 2, ¢
A 3& wEHY g7y V]E Y WHIE AL B,
WAatol] vjdlsle] AAY & ALYt F, W] F 7
$ e =18 AYgsta, Wt A S <1E *E—“,ff}ﬂ}. i)
37 ade dries 448 HUt ARHAS S 9nsEy,
29 49 A% Tol GAFROE BB Bd FROT
HAE AZAsor & At AV @il 7l e 9
i}a‘m] 2 AeE Ay o] HA e ZHelM o
Aeoivl, 27 ¢ A AR E48 9 Y
gk, B =& Aledd S43TY A A9
12] 3 glo] dof dig AYEE Eolye AAIL
Eo] 71F &7} oAl 850 AEATt AL ¢

Ax=x,m,-:—

X range ™= [ Xpasis— (€ + 4%),

¢

=
r1r o mln
q0 o K

ol

A

32 24 g o
i)
£ -‘W' Flf
L2 Y b

[

i



1Y w, A5 ~2AUNZRE xmmg=[85-2.1, 85+2.1]=[74,
106]0] =Hv, AL RFAHAY "HAFZ [0, 100]d sl 10
HE ¥x1¢¥-e (100-0)/1023=0.0978¢] Aoz FNL &
AR gt A Aoy FAFe) othsiME (10.6-7.4)/1023=
00031712 AUEE Fo|A "t}

[GA 5] Hzslx] &7, BEste 8 94 =59, g3y
8 FTRE

Aotd T4 &4 7)¥k GAsY EA L ey g}

1) A9 2AE A8 e FHe ATw
) B4 e BALY RPE DojEoh

H AR AoE GNFUL YWY OB A=YBoh
4 BAY Aole) M3 glo] el g FUEE wAET)

32 Ma=EH X3

Fol vy Mg A HHe A AA 7] 9
AME A F 7HA Fde] Ak F, 7= 3% Febuig
FAol. T FAL YU HAY, FREY, HAFH
2 5 2o 2o FASHY, gy AL AT
T seiE, FubR g Alg 53 go] mde AR
&EE Aoste Aot Y T2 A9 Z$ 1B
o AgEol Y] Wi $AFA EFstn wHa
ad3g 47 2. mEd e A T2E A
i, 3 7= tE setuiyg AW g g2 %
A7THI ATH4-6,14].

71E t#3 GAsE °l8% A3 EAe Py e
alefe] @ ATeln, dRM F= AAL A8 GAsE
SGFZ JAT WSS £ 2R, TAERE T YFE
FEHD Q. =2¢ Fz2& dFd3: detvgeg EA
gFelzo oA #etd, U F2E F2sm, Jod 72
A A HrgE A FxIe LUL oEsa U
1522) au B3sta gEsE FoAe udg g A
+ ool e MY AE 2R R AY g WA 5 )
£ ¥l glen], Tz dHeuEe AR BA, Foi
NegE adtA) g8 dEXHA T2 HE T EAES
o] &

Lxg%q_

I

I 1 GoNFNE #5f GAsSOIAM ClR Xl 28
Table 1 Problems handled by GAs for GONFN

O : . O
Tuned - O Tuned
O O O
<k| O : @]
Tuned O Tuned
<k| O O O

£ =xdAME o)Yd EAES #1287 3 GAsE o
&8 7Tz FEgnyg FAE dRuz 3 ol &,
NFN Tzg sato|g S ozt 2842 $HE =9
o E 1& GoNFN #4& 93] tFfolixe ZAESE 2dE
o o71M ‘O’ GAsell 98 F2€& 9rsn, ‘Tuned &

tal

e 2N REHX] WEYI: A A

J

Trans. KIEE. Vol. 53D, No. 8, AUG, 2004

$2Y @, 't 138 @9 o8¢ JrdTh MFE B
A%, Para’t HEADE, Order't Fub3 oharae) A4
£ UEhdTh GAsE ol§8 NFNe| HAste 27b7 wak)
A olZolWth A WA NFNS 728 £z %, g
Hg Szt PEIR@), T AAE Pz % dnHE
FA6 $2ahe WEoltH®).

2 AR Pel 98 @t WHAYT) FeEHE A

AU (Min-Max) 22 1430 HHe) Fz

g B4 ¥, $HY 72 B4 GAsE Agsted st
Zshe wgelnh o Pye He wEd FAA, W
7 BgsHa ¢ 247 Ak

PE @ R WA P ge Fzsh s
2T o Wye 729 dvHE BT
2ol e wES) 944 o837 e wa
A 28 59 BAE AL AAY, HA Ao @ F
A% o5e & ARE AL & AT VY ope, 7
254 F SGvlHg A FEAre Bast gyl Wgel @
W GAs 402 stk 2de F5¥ 4 Aok @kst
@ @ @ A2F YA £8 Agw Aok 5 F
47 A4 9 nle dEEF F kuch A 59 JPu
8 AYHEZ Avsdch Axds 4PAsst gol
AAE A% AATFHY #7 F7Hskan, d& doldel R
2 4%, 3 A4S dAAE 948 Ane 98 £ 9
o, HAE dolHe| HE A}, 5 Ause) U 45
43 Astdeh ey oA TAE Adss] A8 9
g Avd

AxY 4P FARAL Folnu WA JPozy
o) 9%¢ AL 94 AWHE Aoy gE
Az Y mRE YUY W F AdE 9L 5
%, 9e 9AF T8 WFEL AR @ g d,
29 go) ol FolAA HW FH £ HeAny o
F7h Be AUNT R ARe 27 5, A5Pa ud o
d9 o Be BAE WA & Aok webd 2ol A
@ dEMSy Ade Fad BATh T WAz A3
9 $8% BARE EAZ WHARFMPY +8 233
sl itk AT Bge JPdse @A HAFH ¢
g 2Ry BB NS 4o Fhe dAwse 3
e ge BAE obrlaA B g 2 Qe ga 3
e ANHES £ Ao o) FoiAt @k thee Fu
¥ 72 BAolth FURE Auy NN B Y B
Hu, #8501 A7) HAFo] oW Wel ehol
Ae7ke AR ok Wtk NFN9) sebule g4 Ay o
MATF dehviEst FUY Ogae ASE AR 2
otk % sheviee] A4, BPol @ wel o3 o F
oAx e}, Y 4+l HeAvlEE GAsE ol g@h.

£ ERAAE AdA AR FB@~B0o2RH 2
A4 B# GoNFNE 443te, 4% 2 729 wag §
B 2&HQ Wge] T el el B

% N

3.3 GoNFNe| M A

2323 HA NFN(GoNFN) Fz2E ¢ HoA] 27438
NFN 7z9] #?7 722 2A33HL ] Fold Fad f

565



WEP WAL S3D% 84 2004 88

3 FHEd 22 A A Ho 19 5= GoNFN #+X£ 9
¥ A ZEEE HoFET)

Entire System Inputs

@‘ Input variables
1
N
No. of MFs
Parameters of MF

LA N
Premise § Fuzzy set based
fuzzy subspace in
the input space

-‘ Su

1 »o, +wlyx,

2: WOy + Wiy +W2yx} @
& : input number

L. ME muxhe.
Back-propagation ;
algorithm

No. ofMFs
Pamrnetas of MF

Consequentg part @

netic sigorithms )
|

e
A

e s i
’ Caencally “"“z"dN““"ﬁ‘zzyN"‘w‘"*s s

X —<

a8 5 GONFN 7= MA DY
Fig. 5 Design procedure of GoNFN architecture

(@A 11 Fo2
RERY 2 dis g
AF}oz AL

(@A 2] 4949 489 AAILES A5y A d44A
FEE 7HA2HQ). G8AE 2 4g¥Fd sl 9L
Pl e F9 FAuded dd FEE G /A%
AR o8 F¥d HAFIo2REH HAATAHSY HPRE
ke

@A 3] NFN F@t% 72 ARFJIHO). F84%F 7xE
a9 39 ol dEE 4T Ao HAFHA W b=
A Redg. @75 A A% HEAa 72 94 d=H4

A A" 4ol dis GAsel g4 A
AYEHOD). A9E 48 ¥

Fury 7zol wd ge Fu= JehiA ¥o 5l 2
A4e s Fuy vEeEda 722 ARy Bdoz ¥
A

[2A 4] 4 HAFH AP AZ27FA 4T FuR

233 FoAA FHY 2Ue YA, HATYY HARE
o o el i 2Ae H1DTH Lol AWV )
Z%E NFNe) 23 52 @t

[3A4 5] NFN9| F &8z d4 FHozRY 23}E F
ot F3ldd 23k BP ¢ ES S8 vMENAY 99
o2 HALHMY, olF nuo® JAAINFA wlh. wlk, wliE

No,'i-"#

566

2AstE gFHAo| oFojznh

(24 6] dgo) £2¢9 NFN 72E 9449 A&
H 7t et

[3A 7] NFN9] ABE ANx3
T (fitness)$t 4 HA & GH4E Y3 GAsY Au7 =Hy,
el Bdo] A¥E wrix dx}«l FAA = (DA 1]
A (dA 6l wEsis] A3 oiw ] A3
MAE Ao NFN =g digt g A4 do} & F
He] A GoNFNE AA 3

A4

ﬁl% Z FAZ AAe A

GoNFN 729 A4 2 B7HE 93] NOx W&343 7}
22 FA4 HE8¥ GAsol o8 ¥4¥ GoNFNS & ¥
Aol A3l #24E /AW, 44 g8 729 FHE YEd
. GoNFN 7& F3 °]&H+= GAs9 ddzte vy
T E 29 2o 474 ALY Hole & HlA AN
GAs9 &x WHd wel g2/ d3dq.

FUX gDe|Fo HLxiet ol

£ 2 A

Table 2 Operators and parameters of genetic algorithms
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Table 3 Performance index of GONFN for the NOx emission
process
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Fig. 6 Output of GoNFN for the NOx emission process
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Table 4 Comparison of performance with other modeling
methods
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Table 5 Performance index of GoNFN for the gas furnace
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Fig. 7 Topology of GoNFN for the gas furnace
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