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An Interactive Fuzzy Approach for Multiobjective Nonlinear
Programming Problems with Fuzzy Parameters

Sang-Wan Lee® - Hyun-Woo Nam** - Yeon-Geun Yun***

Abstract

In general, two types of fuzziness of human judgements should be incorporated in multiobjective
programming problems. One is the expert’s ambiguous understanding of the nature of the parameters in the
problem formulation process and the other is the fuzzy goals of the decision maker for each of the objective
functions,

In this paper, we present a new interactive fuzzy approach for obtaing the satisficing solution which
efficiently reflect both types of fuzziness. An illustrative numerical example nonlinear programming problems

with fuzzy parameters is demonstrated along with the corresponding computer outputs,
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© ¥4 EFE 474 FAEF @43 29

s



F22k A2 WA BFE A E EA udy A EAY B3y HA HI 69

e A HAS A AFHA LFE
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Algct, & dFA AAE PHE HEHQ
H (iteractive method)®] & &tolA a9 H A3
(suboptimal solution) & F73t= WHLZA ’Q
AAA ALY b w97k Wyeld
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Zadehd] Ndol 712E& F3 SUMT(Sequential
Unconstrained Minimization Technique)[8]&
HA FHE £ ZZIYPL oLty F3
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7ZiAE dEd HA OEH H4E AY
(interactive  fuzzy multiobjective  nonlinear

programming) &A1& 18 §c}[24].
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fa(x,az),...... Jfilx, 2 )
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i=1,...,m},
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2, g(x,B)E mAd ¥ == ndy 254
G5¢ vedth a; = (ag,........ LA
b = (Biyvevennnns b). S EARS

fi(x,a)st Mk gi(x,b) < ¢joll =gdE
HARS WEolZ X(b, O)& iy A
& vehdd

HAF ag(i=1, kir=1,- ,Di) .
]’)‘5’5(]'=1, ...... ,m; s=1, ,q,-). 8},‘_‘:_ 37
4 ¥ & (membership function) s, (ay) .
pe(bi), pgle;) & 7HAE HAF SO,
o] g HALFEL Dubois®t Prade[5]9] )3
o AME HAF(fuzzy number) 2 EAAYR

. pE FAYRSE u{p)E AL A543
EE(convex) 94 WA RE ot} A

F pgp)e BE 2ol A€

(1) E' oA B77 [011747 d&Ae B
(mapping)

(2) p e (-0, p; ] datd p(p)=0

(3) [p1, pg 1A ¥  Z7(strictly
increasing)

(4) [py, p3 18I pp(p) =1

(5) [p3, py 131 Helel  ZHa(strictly

decreasing)
(6) p € [py, +o0 )k Azt p-(p)= 0
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Fd & e FHUTFE A AL
Al RFE 7oA APl FAE FAY
g AHg3te A BodE df A8 d3rxE
#2¥ F dde AL HYgd el
notation®] @&E3E Hatd o HEHE A9
g},
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a; =(@y,...... L8 ),
b =(bj,...... vbig )
¢; =(Cryennnns Cm ),
a =(a;,...00n.., ay ),
b =(by,........ b )
¢ =(Chveuenn, Cm ) s
a =(ag,........ ,ak )
b =(by,....... . bo)

EE HAALES &HFA @& dAd s
A% ¥ (possibilistic  distribution) & 7HAth (x)?
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poss (bx<c¢)za;, a;€[ 0,11 (2

poss (Bix<c;))=sup min{gy(bjy),....,

a;
ﬂb;i(quj) ;ﬂé;(cj) | SZ__-lbjsxs < Cj} (3)

B 11 &7t a -5 AYPIFAFEA 7]
28 ¥I RE HA BFEES UESANIE=E S
9 £ Uebdt} Bellman® Zadehd HAR

e
% A7 (rule of cojunction)dl wet ¢ & T
L3 o] EEE F gtk

a= min{g, (ay), py(by), #c) |

AL HAAFEY FIEA JAHe
(inherit) 2L A2%9] 43 slsidoe] A"
4 VR WS 22 54 FEAHE

< gugth AFY tedsEel ¥2¥ =
%-’F% Agol dd A go] Bt e
a 9 FolA gl oy FHH&=

@ = p.(a;) = up(by) = pglc) & 73
$o) Ega,

(a)e, (B)e, (¢, & 2 HAASY a-
FZA Y (level set) Ex o - AH(cut)o2 F
z},

Ao 1l e - +EIH

HAF a, (i=1,......kr=1,....., Py,

b G=1,....., m;s=1,....., a). ¢
g «- £2UTS IR FHS A

i=4

(degree of membership function)?t & a & %
Fate BEQ Y (ordinary set) L, (3, b, ¢)
2 A€

r\.,«.n. f\.«'\.«'\

L., b, ¢)={(a, b,c) €S(a, b,c)CR |
l‘a;(air)z a ;llb;.(bjs)z a; #g@cs)z a}

(5)

714 S(a, b, A& HAAF
A A (support)olth. « - F&F A

Q& et

a, b, ¢c 9
g g9
L, (a,b,¢c) DL, (ab,c) o4
a < a9 (6)
(3)% & HAF a;, o - B §,
(a)¥ & HAF a, o ¢- G Ao
T4, od
(ap)h < (@ .< @Y )
Zojd e gol Wald Hi3s sojA= 23
#5E f(x,a)= f(x,2); < f(x,3),71 &

ALBZ a- Ao 3o o3t A
A

min f(x,3), < min f(x,a)} (8)

Qi,\
gi(x,b)= 2 bpx, ozt £& 419
> ool Bt 4 (9)7F HHBrh
Q; —~ ~ qj —~
23=1bjsxs < Cj < Z;=l(bjsxs)lg <

()Y, i=1,...., m (9)
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4 (9 A "< "E #E AYE ug
9 by’ Btk AZ ¢; 7t B 39 248
Aokgo] B gstdnke AMY 2AE F3
At Az "2 Ae A% FE 4 (9)9
g+ 4 8E ndsd HAAT F49 Ay
€ 7Ke ZA¥e a7t 1 8 0 7AA F&3)
S7HHA 471 g HAA s FHAGE
SE71 gAE A (10), (1DE FAA o] 43
°F gt

Es=1(bjsxs)lz; < (Cj)];J (10)
2, (bixde = (&) (11)

ojdel ojftel ZASMA 4(1)& Folz a 9
W3t oo EAZ @ed 4 ok

min f(x,a )y = (f;(x, a5 ,f(x, apt,

....... fi(x, 2805 ) (12)

subject to
WL ~\U
ZS=1(bjs)axss (Cj)a, i=1,...., m
s=1,...., q;

old FolA gt e o Wty A(12)E UEH
€ 7HE $43Q w4y AU 9.

max 8 (13)

subject to
B < m(x,a),

3 S~ ~ .
Z;=l(bjs)f;xs < (6)y, i=1,.... ,m,

Be[ 0,1]

AN pe(x,a), 8 o-Aud  f(x,23)9
FAYE otk 7 EFgS ge 9ArEA
el HA BRG] tg JAAAAY #R
EREL JAFARSY U3e Fao A3
= 4RSS $EROEN FBs 2 5 ok
A71M AEARS 7 EAPS g oY
¢ HAE7zE Hotsy] d8MAE tors ¥y
o FAYFI} olgHojol st B dRdiE
Sakawa[22]7} QoM ol 57tx] dely F
AEs, & A8 (linear) +A <, X+ (exponetial)
FAg, %M (hyperbolic) FA$E, I%ZA
(hyperbolic inverse) A &4, £ 3 (piecewise
linear) F A §48 ol&5ted A AA ALY ThRT
HAEEE A Bk B p(x,8) 7 A
FIAYF FYT N
pe(x, a);=u;[1 —exp(—w;(f; (x, a) ™ —

fi(x, DE))/fi(x, B) ™ —f(x, 3) ™)
2 AL 9714 updl, 0d0 EE u0,

;<0 1T fi(x, )V = Foja g oA
FAREI dQ iR BHEE) e Uehd
. ALPAREE filx, ™ fi(x, 3)™
Wel A arAAAL f(x, 2)0%%e HWARe
28 AP A fi(x, D f(x, 3)™=
= 7tz FAARE 18 02 AT fi(x, 3)0"
3 fi(x,2)f™ = JAAAAL Qe E3
o dojd T YAT 1A HA A
A GAARANA aTss FHT] YT B
o} AAFRA Bge xdAF 4 gom
2 B d7HE 4 (14), (15)E siFdsd o
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e 3. A
min f(x,2 )L = (f,(x, D)% ,f2(x, 2y,
...... ,fk(X, a’\k){;) (14) o] _‘13‘_3}1 7&,510“ Eﬁ'ﬂ"‘ 71]_,;; 'I
subject to EER’} 73-?— ol AAAOR HAdr] AT H
29e Mddstr] 918t9 Sakawal24]17F AHE§
2~ % 2 783
5 (B < @Y i=L...., m, FAAG TAR.
s=1,.... ,Gj min f(x,a; = ay X+ (xp + 5)?
- +2(x; — ap)’
max fi(x,23)} (15) N N
min fy(x,a) = (x; + 821)2 +
subject to —
am(x; — 55)% +3(x; + 20)°
2 (b]s)axs < (C)a: i=1,...., m, min f3(X,;3) b é\;l(xl - 55)2 +
s=1,.... ,Q; am(x, +am)’ +(x; + 20)°
o)Al A& subject to

HAEREF HAAFEEL FH3
= AgdqA & (x)%d wg Ax 9=
(degree of overall satisfaction)® ¥t Bellman

3} Zadeh9l AAFE A wet
A=min(e, 8) (16)

2 (13) 3 (16)22XH A o] AP e & L
FHog %o N HAE & Utk a 3o
A2E B #Y F718 /MR HEE 4 (16)9 9
= AF a = o ASe =EE otk It
=g 7} 2 9 71A9 B& ¥HEL A o
& AFstEz B dydMe ol &4 (bisection
method)& ©183l9 | e —B | <0.01 € &
$ol AF}E VEFIHE HHrh

R

x€X(b,¢) = {(x,,x2.x3) | g1(x,b)=
bnxt + bpxd + bpxd < c,

OSXSSIO,Sz 1a2!3}

2E WHASE 0@ JuE (E 194 2
ST,

[£ 194 L% BE: #A%E dehls 74
gao gust HYFAUES ASTHTSY
& dEdn. 48 S « =082 %A

f(x, PR S f,(x, DIFE HA, (19)

g HAFLEA dod F A,

396x.% + (x2 + 5)2 +
2(xs - 58.6256)2  (17)

min f,(x, 2)fs =

subject to

0.9813x:% + 0.9219x% + 0.9267xs> < 101
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- &4 BEEERRER

r

[E 1] $xlofof i3 x| +E

A & P p2 p3 o & -

ay 38 40 40 43 L E

ag 570 590 600 635 E L

ay 180 195 200 225 E E

dy 175 20 20 225 E L

as 23 25 25 275 L E

agp 125 14 15 17 L L

ag 175 200 200 220 L E

by 09 10 10 11 E E

by 08 095 10 12 E E

by 085 10 10 115 E L

¢, 9 100 100 105 L L
0<x<10i=123 Fold a gl 712E FI Z S35 of
max fi(x, a)gg = 4.0562x°+(x, + 5)° " 944@_@ e REEE R
A HetE F3d Ae THAETFE Ao

+2(x3 - 60.70)°  (18)

subject to

ol | fi(x, a){y =47538977, f,(x, a)&

0.9813x:% + 0.9219x,° + 0.9267x < 101
0<x<10i=123

= 7808.3612
4e ZH%SA e EAE s
fa(x, ) = 5524.6076,
fo(x, a)fs* = 9407.1600.
fi(x, a)f% = 5902.4426,
fi(x, 2)§%° = 9931.0686.

X REed 4 Ao AR A o5t MY
B BARsel U FYRe Yesh WA
7 [ 201 YEhbE A3 29T g e

ol 4 (13)2 4 (192 |gd,

max B (19)

subject to

B <(78083612 - f1(x, a)kg) / 3054.4635

B <-03082(1-exp(1.4457((9407.1600 -
f(x, 255 )/3882.5524)))

B <05tanh(( fy(x, a)5s - 8588)*
(-0.0008066)) + 05
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(& 2] MedE FAEtsol HEl K HIIX(a =08)
A g+ | FARF 39 % 7 A
R ( f , '5 min' f , 5 maX)
£1(x, &) 4% 1, @)™, fi(x, 2)
= (4753.8977, 7808.3612)
N ( f (X, 5 min' £ (X, 5 L(O.S), f (X, a)max)
£,(x, 3) A4 = 2 ) 2 ) 2
= (5524, 6818, 9407.1600)
N ( f3(X, 5) min, fa(X. E)L(O.S). fB(X» E)L(O.ZS)'
f3(X, a) % 2 A N
fa(x, a)™) = (5902.4426, 8588, 9260, 9931.0686)

0.9813x% + 0.9219x2° + 0.9267xs < 101

0<x<10i=123

g [0 1]
4 (198 AZsA B = 059, x1 = 30055,
Xz = 87241, x3 = 4869, fi(x, a)g =

6003.6539, f5(x, a)gs =6532.0141, f3(x, a)gs
= 8360.3698 . AL WA oA FoAR o W
sl 8 e 4 Yok [E 3]e SYARE
L.9k3l UTh

[E 3]dAM HE die} Zo] HAAFEY 4
754 e 7t F71EE dAAol FOAEBER
- $E9 APty AFEA NRE FL B
HAZBEES WA = B & #4%
ok B dFdME a & 8 9 Ao diF &
0012 F%oRZ o= 062 B =
06209 4 o wZH Ee3tA 8o IW9
AMAAESF L xi = 28352, x2 = 89395,

x3=4.9573 °lZ EAFFZL f1(x, ), =

a
=
L

Al

$o8

5905.6017, fo(x, a)q ¢, =6386.2908, f3(x, a)g g
= 8271.10047} €t}

=2

L.

4. A

GE2d EAd THHE AT #LY I
2 A9 AAsARAN LA 25 o
& ARt B34S 74 BFHRFA g g4
ARA HAZRE T¥E F AT oYW F
7tA dee B3NS BF Edsie OEF b
ANYAY EA A2 FHAHA @& 7HAE
ZA4Rt 6% @43 Aee yEg, & o
FANE 7ed dFARE T FEY
AAAAAZ 7tE RIS GIFE FH 9
FARFE AFEASHL olE Fod UHFHE
E&3E PYUES ANGAG B d7eIA A
AE BHES A S 2dd st AEL
st SJAZRANA FoAE FEHE UL O
G ATz E HAE F e FERE ML
W ZzIYe f9% £3E F3d UEHE
7HAE A, HdE, EFAY Fo Ty A
4% ¢ 5 dde Al A FF 93 7R
Fd4xe olgdtd d3dE USHHE 7Y
F Ae WHEY A ATAAZ Gl

il

ixt
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[E 3] FR|oe HHYE

a 0.0 01 |02 03 04 05 06 0.62 0.7 08 09 10
0.7326 |0.7088 10.6957 10.6826 |0.6668 [0.6499 [06335 (06299 |0.6146 (05908 05748 [0.5324
£.(x, 3)m 4443, | 4479, | 4517, | 4555, | 4593, | 4633. | 4672. | 4680. | 4712. | 4853, | 4795, | 4827.
5 e 0000 | 9059| 3643 | 3396 | 8967 | 0000 | 6945 | 7003 | 9855 | 8977 4371 | 0000
£(x, 3)™ 8581. | 8485, | 8389, | 8293. | 8198, | 8103. 1§ 8009. | 7990. | 7914. | 7808. | 7725. | 7633.
N3y e 5500 | 2375 3532 | 8754 | 7631 | 9734 | 4267 | 5195 | 9852 | 3612 | 8904 | 9286
f,(x, 3)mn 5067. | 5122, 5178. | 5234. | 5291. | 5348. | 5406. | 5418. | 5465. | 5524. | 5584. | 5630
2ty Sla 7500 | 67611 1018 | 2382 | 0829 | 4375 | 5076 | 2187 | 2991 | 6076 | 6406 | 2503
f,(x, 5)™= 10246, {10059, | 9974, | 9891, | 9809, | 9728. | 9646. | 9630. | 9565, | 9407. | 9402, | 9350.
0t e 8530 | 0170 6206 | 9529 | 8381 | 1020 | 5167 | 2402 | 1396 | 1600 | 2701 | 6712
fu(x, 3)™n 5440, | 5496, | 5583. | 5610. | 5667. | 5725. | 5784. | 5795. | 5843, | 5902. | 5962. | 6022.
S 3124 | 5539 2201 | 3157 | 8477 | 8205 | 2402 | 9781 | 1123 | 4426 | 2366 | 5000
fu(x E)MIO’]OS. 10218, |10171. {10130, |10093. |10057. 110023, [10016. | 9990, | 9931, | 9927. | 9439
8t e 8020 | 1910f 4040 | 9130 [ 1350 | 2270 | 0490 | 3820 | 2903 | 0686 | 4088 | 1189
X 1.5914 |2.3868 124802 [2.5808 26601 |2.7382 {2.8337 (2.8352 (29249 (30055 [3.0344 |(3.9431
Xz 08536 {95754 [9.4511 [9.3167 (9.2050 (9.0933 (89586 (89395 [8.8341 18.7241 (85876 |[8.1247
X3 54283 51755 (51291 |5.0994 |5.0432 (49892 [4.9650 {4.9573 |4.9267 [4.8690 14.8933 |[4.6627
£.(x, &) 5549, | 5646, | 5695. | 5741, { 5794, | 5848, | 5895, | 5905, | 5947, | 6003. | 6041. | 6130
N2 ©a 5311 | 4507 6648 | 9921 | 9223 | 1526 | 5857 | 6017 | 0374 | 6539 | 4792 | 5301
£,(x, &) 5890, | 5984, | 6058. | 6139, | 6212. | 6286. | 6371. | 6386. | 6454. | 6532. | 6626, | 6728.
2 e 4707 | 5412 8587 | 0908 | 0929 | 5518 | 6447 | 2908 | 1809 | O141 | 0934 | 9058
fu(x, 3) 8142, | 8000. | 8050, | 8098, | 8152, | 8206. | 8256, | 8271. | 8306. | 8360. | 8428. | 8232,
Bk La 5712 | 4692 4972 | 8217 | 6073 | 7606 | 3184 | 1004 | 8913 | 3698 | 9089 | 6723

p=i 2 : » .
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