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BiJeycl programming tedmiqllPH are d()\'cloped for decentl'ali"ed decision problems with 
decision makers located in two le\'els. Both upper alld lower decision makers, termed as 
leader and follower, try \.0 optimize their own objectiyes in solution procedure but are 
affeded by thuse: of the ot.her Ie,·els. \V!WlI a bilevel decision model iH bnilt with fllzz)' 

coefficients and the leadt,l' "lld/oJ' follower han) goals for t.heir objective:;, we cnIl it fuzzy 
goal bilevel (FCBL) decbion problem, This paper first proposes a A-cut set based FCBL 
rnodeL A programmable A-cut approximate algorithm is then presented in detail. Based 
on this algol'ithm. a FGJ3L software system is developed to reach solmiolls for FeBt 
decision problems, Finally, two examples are giwn to illustrate the appHcation or t.he 
proposed algorithm. 

Keywords: Bileyel decision making; goal programming: fuzzy sets; optirnization; risk 
nlanagelnent. 

1. Introduction 

Bilc\'el programming t.echniques, initiated by Von StackellH'rg,2G an' mainlv devel­
oped for solving decentralized nmnag~'rnf'nt prohlems with dec:isioll maker" in 11 

two-level hierarchy. The upper deci"ion maker is termed leader and the lower 
the follower. 2 Fuzzy bilevel programming techniques, which handle bilevel decision 
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problemI'> whE>I1 cocfficientR are described by fm:zy sets,:lO are rc('ognizeci eff('ctivp 

on analyzing potential risks ane! gelH~ratiIlg warnings ill risk management. 

The investigation of bilevcl decision problel11s is strongly motivated hy 

real world applications. and bilevel programming techniques have be(>n applied 
with rel1litrkable SlIC('PSS in (liff'''l'pnt domains slIch as denmtraliwd resource 
planning.28 electronic power market,!) logiHtirs.2

!J civil engineering. J and 1'0;;1(1 Ilet­

work managem!?Ilt..(),7 For risk managemellt, which ailll~ to measure and a::;~ess any 
ril'>k and develop to manage it,26 hilevel programming teclmiquel:> play 
significant roles as well. Decision makers face the challenge of allocating supply 
rpSOlJ[n,s, trallspOitation ability. res CliP aid and whatuver to millimi7.f' th!' effect 
of threat. Tht'se decision makers may be located at cliffE'rent levels wit.hin a man­
agement network and thus have illconsistent concerns. }'or example, when a Hcvere 
earthquake occurs,'i the roadway s.vstems llSllfl.lly get different deg;n·es of damage. 
which reduces tlw through capacity and CallSC'R traffic eongt'stion. The cOIIlnmnder 
of an Emergcncy-Rpsponse Center, in tlIP upper level, aims at aHowing traffic to 
go through tIlt' disaster a.reas as IllllCh ,t..'l possible within the roadway eapacity, 
while the road users, located at the lower level. always choose the shortest route 
1,0 actualize emergency rescues. The decision from the commander and the road 
users will inevitably influence the choice from each other. In this situation. biieve\ 
programming should be 11 suitable technique to solw this decision problem. 

Fuzzy llumhers, which are used for representing 11ll1I1t'rical quantit.ies ill it vague 
ellvironment,:n have been applied in subsequent n~l'earch Oil hilevel decision prob­

lleIlls. Shih et al. 2.1 and Lai1: first applied fuzzy set approach to hilevel deci:;ioll 
prohlems, Tlwir method. however, sOl1letirne~ might cause a finaJ llndesirabl(l solu­
tion due to the illCoIlsistency between fuzzy goals of the objective functions and 
t.]w decisioIl \'ariables.:22 To m'Ncome this prohlem, Sakawa et nl. 22 developed an 
interactiw~ fun,\' set approach by deriviug a satisfactory solution and updating tIw 
satisfHctory degrees of decision makers with considerations of overall Batisfactory 
balance among all levels. In our research lab, an approximation approach has been 
developed8,3o based on framework building and models formatting. Hi.Ii Solutions 

can be reached by Holving a.ssociated IIlultiple ohjectives bilevel decision problem 
nnder different cut Retf'!. 

Goal programming was originally proposed hy Charnes and Cooper4 in 1961 for 
a linear modpl. It has heml f1lrther developed by Lee,14 Ignizio,Il,]2 Charnes a.Ild 

Cooper. 5 Recent research on goal pro~'Tamming can be foulld from Ref::>. 10. 15, 
18~20. Goal prognnnming r('quests a decisioll Hlaker to set a goal for the objt,ctive 
that he/she wishe::; t,o attain. A prt'f<lI'l'ed solution i::; t.heIl defined to minimize the 
deviat.ion froIll th~' Therefore. goal programming seem::; to yield a satisfactory 
solution rather than ali optimal one, In fHZZY bilevel decisioll prohlems. when hoth 
a leader and follower set for t.heir ohject.ive~ respectin,ly, t.he problem becomes 
a FGBL d(>(:isioll problem. which is addressed by this study. 

This pap('1' is organized fI,,:) follows. Aft:er the introduct.ion, Sec:, 2 reviews rehltc'd 
definitions and theorems of FGBL programming. In Sec. 3, a A-cut ~it't baspd FGBL 
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model and a A-cut approximate algorithm to solve FGBL problems are pn~sented. 
IVleanwhile, a FGBL software system which implemented the proposed algorithm is 

described. A mlllH:rical examplE' nlld it CH,sf~-baRed pxaIllplp 011 tralTic IIHlllagPIlwnt 

ill a disaster area are shown in Sec. L Conclusions and further study arc di:-lcussed 
in Sec. G. 

2. Preliminaries 

In this sectioll. some d(~finitions and formulations used ill subseqllC'llt sections are 
presented. 

Throughout this paper, lR represents the set of all real nnrnlH'rs, lR" is 1/­

dimensional Euclideall space, P' and P* (lR") are the set of all finite fuzzy 

numbers and the set of all n-dimensional finite fuzzy numbers on lR". respectively. 

Definition 2.1. (Ref. 21) The A-Gut set of a fuzzy set A is defined as an ordinary 
set A\ for which the degree of its membprship fimctioll excec(ls the level A: 

AA is a norwmpty bounded closed interval and it. can be denoted by 

where A~ and A.{' are the lower and npper bounds of the interval, rt'spectively. 

Definition 2.2. (Hef. :30) For any TI.-diltlPllSioll(ll fllzzy mnnlwrs ii. I) E, F(JRII), 
under a certain satisfactory 

I)iA 
L and i;;c;1,2, ... ,n. VAE 1, 

where (\:' is the adjustable satisfactory degree, which IllPanS, when comparing two 
fuzzy numbers all values 'with membership grades smaller t.han 0: are neglected. 

Definition 2.3. A fuzzy linear bilevcl (FLI3L) decision problem is defined H.S3fl 

For~' EX C lR", y E Y lRTlI. F: X x Y --+ P*(lR). and f : X x Y ---> p·(lR). 

min (la) 
"EX 

sllbject to A1x + i31 y b1 (1 b) 

mil}.f(.r,y) e2x + (IZY (Ie)
yO 

(lei) 

whf~re el, (:2 E F*(JRII.). (I]. tl2 !;'*(lR"'), b1 E l~'*(lRP), b2 E PT(lR"), A] = (o.;j)1'X1I' 

iii) E F*(lR). th (bi.i)PXIl/' bij E P(lR), A2 = (eij)fJxn, r:iJ E P(lR). B2 =; 

(.~ij)qx"', ,'<I) E P*(lR), Hnd F*(lR) is t.he t;ct of all fiJlit(~ fllzzy Il1lI1lbers. 



Theorem 2.1. (Ref. 30) FOT;J; E X c lR", y Y c lR"", 'if all the fuzzy (:()l'.tfic1:ent,~ 

aiJ' hij , eiJ ..su. b;'c:;, and di ha'l'c m.em,beT.'illip fu,nctio'T/,'jin FLBL vroblem (1): 

o t < ako 
oD ~ t < (,/.Ao ._- A I 

(2)tJ·z(t) =~ 

-t 

c/I ~ t ~ (lJ1
Al - - Ao 

n{i:~ < t 

'Whe't[~ i denotes aij. bi.] , (;; j, ,g ij, b;, i\, and (/i) respectivelYi then,. it is the 80/-ut'ion of 
prvblern (1) that (J:•. y.) E lR n x ]R'" satisilJ'ing 

min (F(;1; '('}))D (' L r + d L '1/a,EX '. Ao'] A()' 1Ao,.,,, 

C L :r + d L 'lJ..~l~i~ (F(:1:, 1I))~" 1 A" 1 A,,· , 

mi~ (FCr, 11)) ~i 
.rEX " 

III in 
.rEX 

subject to ill 

'(Imill U(;r:, 1.J) )~ 0) L :/: + d,') {"
MAO 4J/'I,O.1'yEY '. (I 

min U(.r. y))~
yE1' " 

min ))R
yEY 11 A() 

c·) {l :1'+ de> {l '1/mil! U(.r , ""/'1",. ":/'1,(1< ,vEI 



~ IIb,l' ect to ib{-(l;1' ··t·· fl., L '/I :;; b.) {J ,-/\ ""A(j::! ~.-.. 	 .... ...... 0· 

A2 r"x+Bzty 1i2 i',., 

Azf1u:t: + B'lfoY :;: b2~)' 


3. 	A A-Cut Approximate Algorithm for Fuzzy Goal Bilevel 
Decision Problems 

FirRt, we the definition of a multiple objective biievel (MOBL) dpcision 
problem: 

Definition 3.1. For:r E X c IR", II EYe JR."', a :-10BL decision probh'lll is 
defined as 

F(:r.y) 

1;ubject to G(x. y) :;; 0, (4h) 

min f (;1'. y) 
yE~' 

(4c) 

subject to g(;e, 11) :s: 0, (4d) 

where F : IR" x IR'" -t IR, and 
9 : IR" x IR'" IRq, 

Associated with MOBL problp!l1 (.1). SOIll(' (kfillitiollS are listed below: 

Definition 3.2. 

(1) 	 Constraint region of £dOBL problem (,1) 

8 ~ {Cr,Y):;1' E X,y E Y,G(;l'.J/):S: 0,9(:I:.y):S: OJ. 

It refers to all possible comhinations of choices that the leader and follower may 
make, 

(2) 	 Projectioll of S onto the leader's decision space 

S(X) ~ fr EX: E Y,G(x,y) O.[I(:1:,y):s: OJ, 
(a) 	 H~asible Ret for the follower "1.1: E, 8(X): 

S(;1') ~ {1J E Y : (cr. y) E 8}, 

(4) :Follower's rational n·(l('t.ioll set. It)!' :1; E 8(.1'): 

P( ') '" { r'V ,'1.rgJI1J'j'!I,rJ'(''',. :( = !J tee I :!J • : :II E S(r)'),u ",•• 



where argmin[f(:x:, y) : iJ E S(J:)] {y S(:r): f(.r.l1) ::; f(x, ;y). y E S(.r)}. 
which means, the follower ohserves the leader's act,ion and rcact,s hy selecting 
y from his/her feal'iible set t,o minimize hi13/her objective fUIlction, 

(5) Inducible region 

IR:@: { . Y) : (J'. y) EyE P(:c)}, (5) 

which repre~wnts the set, over which the leader rna,v optimiz{:' his or her ubjective. 

Tn ensure that. (,1) is well posed. it is assuntp(1 that S is nonempty and compact, 
and that for all decisions taken by a lea(kr. the i()llower has some room to re;,pond: 
i.e. P(:c) i 0. Thus. in terms of the above notation. a MOBL problem can be 
written as 

min{P(.l:. Y) : (:1:, Y) E lR}. (ti) 

Goals given for objective's of It leader nnd followpr in (1) are denoted by fuzzy 
nnmbers gl~ and ,ij F \vith Ilwmhership functions Pm. and //'91'" respectively. alld our 
concern is to make the objectives of both th(: leader and the followm a,; ll('ar to 
thpir goab as possible, Thp dUl'Cr<'IlCCS bet\\'(;'i'll P(;cy) and fh, f(:r,y) (lnd DF are 
mmally defined us deviation functions. Init.iat.ed by tilE' idea of Theorem 2.1. we use 
A-cut set of fuzzy numher to format a FGBL model as in Definition il.:3. 

Definition 3.3. The A-cut set based FGEL model is rlefined as 

min :c + y
J'EX 

min icfA .x dfA .Y
.rEX' J J 

(7a) 

·]"tt·A L 
Sll )Jec .() I A 

J 
:t 

4 R .. L" IA.,' .1., T . 

nL b L 
I A 

J 
Y 1 A 

J 
' 

B R '<I R
IA)1I::::: 1[A.,·. 

(71;) 

min ?,L i 
.'fFAj j.

!lEY 
f{ , (7c)

min i('~~ :1: + d~~ .IJ gn,i'!lEY I .. J - J 

sUbjnct to A2{j:I:+ B27:.,Y S; b2}). 

4 R 'r nFi,<,/H (7el)
"2>.)· 2>.),I}~"::)2>..i' 

.1 0,1,2.... ,1. 

bj E P*(lIV'), b2 E P*(R.'I). Al (Oi,1)[lX1I, 
(Sij )qxm, bi , (1i , i'iij, bu, (;ij, ,9ij E F·(l~). 

For a dear understanding of the idea adopted. we define 
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,LI- _ 1 [I ,L " JL ((1L I -L ((,L 'I' -'- dL Y (IL )111A - - ILIA ,l,+O,iA,lj-'-8LA,,' 'lA,'" 'JA,1 , LA) J') 2 J " , , , 

'I,R+'IA 
J 

-­ 1 [Ic,n :1' ' dR 1/-~ -:­ IIA ~ -t­ lA2" J J' 

VL­
2Aj 

1 
2 

X elkA Y ..... .t" 
LgPAj I -­ (G~AjX + dfA,Y gk'Ai )], 

L+ 
V2A~ 

1 

2 
:1: y L I -L ( ,t 'ILUFA, ' c2Aj x T (.2A

J 
Y L )','- UFA 

J 
j. 

R-­
li2A) = 

1 
-
2 

, dF!
;[', T '2 Aj .1J 

R I 
Y1-'A1 1 

- 'FI 'iF!(r")A ;r T L'lA I) 
... ) ... J' 

R9FA, " )1. 

(8) 

Associat.ed with the FOBL prohlem defined by (7), \n~ now consider the following 
bilevel decision problem: 

F'or (",L~ "L+ ,Ji- ,RT) 1Tl\-1 VI,-- v X n,1 (,l.- ,,1.+
LlAj ' 1.1A;' VIA]' IIA; ll"- ,,'1 ':= A k",., ,1'2A;' ('2A ' 

J 

Y' <;;:: Y X ]R;'1, let:/: (:.t:j .... , 

(9<1) 

sUb.J'ect to ell"" 1: + elL '/' +1.'1,- --- '/JL+ 0;;;; (II, 
A IAJ '! lA, lA, .'LAi' 

(.11 '1' -+- (iN IJ ' /,FI- _ '1. 11+ _ yR
IA)" IA,.' IA) 'IA} - LA,' 

,,10+ ,It- ,fl+? ()
, I 1 A, ' //1 Ai • ( 1 Aj -- , 

0, (9b) 

=0. 

A L"B I, <bL
\ A" l, T 1Ai Y = 1A, ' 

fl. B Ii < b RA 
) 
.I , lA

J 
Y = \Aj' 

min I.',~.
,;'EY' wA) 

(9(:). R ,H- , "H+n1111 1J,), 12A; T 1,2A,'y'EY' -"} 
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i f I -,.suhject to .1' + (.;, y + u.)\ ­
.. A. J .. A j 

(gel) 

A R. 17 RB 2 , ,/I S /)2"2A :1. A .1 {J -~ Aj}.J 

j 0, L 2" .. . 1. 

Theorem 3.1. Li:t (:r'* ..1'11*) (, .• , L,-,~ .1.+, .R-' . ,R+, " "L+< .fI··.. , 
•J .. , VIA" ' L 1AJ • /'lA; ) /'lA, .,lj • • ['2A

j 
t':l A, 

) be the ophrnal solution to the bilcvd decision. pl'Oblcrn (9): then, (:r*, y') is 
th" optimal solution to the bile/wi d('c'i.~i(Jn pmhlcrn dl,fi''IIcd by (7), 

Proof. By Definit.ion :l.2, let. t.he not.ations aSI'()ciated with problem (7) he 
denoted by 

1 H_. {( .. ) . 4 L , .. nI- I i. .. i nH'1) < bUS -- .I.y .• [A.i.l -t-'A,;!} )'Aj" 'A,J· -, !Ai'''~ tAi' 

i = 1.2.j = O,1,2, ... ,I}, (lOa) 

S(X) = {:z: EX: EY, I
)i>"

H 
' 

i = 1.2.j O,1,2.... ,I}, (lOb) 

S(;r;) = {y E Y : (x, y) E St. (lOr) 

P(;r:) = {y E Y : y E argmin[icfA>r + r1~A/J - gk'Aj I· 
.H " , 1Ft .'. R I. " F ,,',.) 1 } 

(.2A;J· T ('2A j Y- .!IFA,i! . Y .~ '. p. J , (lOd)I 

Iff {Cr.!J): ))) ( 5, y E P(:l:)}. (lOp) 

Problem (7) can be written as 

min{ lci\:r + di\ 11 giA, I· dll 
lA] Y _ gR I'• l.A} .. .,1)) E IR}. (11 ) 

and those of problem (9) are dpl1ot.ed 

SI 

("I. ..,R '1' + dR I . I. R - ·L/i.+1['-' • (.". 2' . Y T ")' - .J'•. "'.l I .f:tA} A) _A.J ~A:J 

j = 0.1.2, .. ,f}. 

( 12a) 



SeX') {:1/ E x' : E yl, A,i,:r +- B,i)y? b,t), A; l?,J' + Bif,Y? bill,. 
D-- _ () _ Ji',-- ,H+ ()' 1 ')

1",Aj • ---, Ii/", . U,)" ,:::: • t cc,= ,~, 

,L 1'.1 (IL" ' "L­
,; l),:i ; , T, I A] ,'J "1- '" I A J 

C~),J:1; + el{;),; y + 
jcc: 0.1. .. .. I}, 

(121)) 

8(:Z;') {y' E y' : (:1:', y') 8'}, (12c) 

P( ') {' }'I ,I , • ['f­;r: 11 E ' : li E Hrgmm 1I2'A; + . DJ\-, + 'li~i: :1/ S(:l")]}. (l2d) 

IRI = {(:r',y'): (:r',yl) E S',y' E PC/)}. (12e) 

Problem (9) can be written as 

1'1+ (" ') r IR'}min{r["A-' + +- I'U ,:! : :C, y c' . (U) 

As (x'*, y") is the optimal solution to the probkm (9), frolll (l~i), it can be 
obtlj,ined that VCrl. !II) C I H', we haVf~: ui')', + ?:: v{.),-, * vi·),t) *_(ll1cl l'f~~ 
I,R-. -r "R+* 

LA) lA, 

As 


and 0, 

we have 

and 

L ' -- gU,I, 

So, 

(14a) 

Similarly. we can get that 

(Bb) 

Kow we pron' that t.he projection of S' onto the X x Y space. cielloted by 5 1 
1 x, y', 

is equal to 8, 
On the Olle hand. V(J'.Y) S'lxt'. from constmillts: A,i,:!: + Bitj.ll ? 

bit" A;l:.:f + B,{ljy ? hill], i 1. 2 ill Sf. wp have: y) E S, so 8'ix,y c;:; S, 
On the other hand, V(:r,!J) E S, by (8). we can tilld such 
)vf~~) uft, v{i~-, 1. 1,2, which make constraints: v{t ' 0, i =:= 1,2, 
0' + (lL 'IJ + I)L- I,L+ - (IL (,R 'J' + dl? '/ ...L ,,£1+ qR ,L .,' + 
"'j),j' l),ilAi - ,LA,'IA"i),j.l' ),il),) ,LA)' {';lA)'<­

11 ,L- L+ L ' :lR IR H- R+ R .' fi iT}

L 2Aj Y+V2),J 112)" 9FA] all( ( 2),):r (2A]Y+V2A ) ..""V2A ; !iFA; sat,IS e(" oget leI' 



'tl tl '. "t'o l' of' A L,. nD y < bLand A Ii , 1- n Hi < bR iWI 1 . 1e 1neqth~·1 1 S !),j,e '),:1' c" ;)', £. <),;:1. " i)".'1 == /),," 1,2 

re(lUested by 8, we have 1,L- 'lI L+ 1J 'pR+) E 9', thus .y)!(c', 'I),)' 1),j'" '2)'.i ... , 'I " 

S~ S' 
So, we ea,n prove that 

.r' = S. (15) 

Similarly, we have 

S(.r)'!x.y = 8(J:), (16a) 

S(X)'lxy == S(X), (1Gb) 

Also, from 

L ,1 dL + ' L- L+ Le:),j:/j T 2),J Y 1.'2),j - '112),) = g}<')" 

we have 

,L- +, L+ _ I ,L )" dL l. I1..., , . u2·, - C,), . ")' 1) - q L' , • (17(\)
..... "':/ /\J ........... 1 ..... /\ I' • r /\'! 


Similarly. we have 

( 17h) 

Thns, 

P(./) {y' E yl : y' E arf!;lllin[ c~~),,:r + d&),:U - gf;'A, 

J' + df)',?i - g~\ I : i/ C S(:r')]}, (18) 

I-rom (15) and (18). we get 

P(;t')ixxt' P(J:), (19) 

f:<roUl (12e), (15), and (19), we get 

IR'lxxY = IR, (20) 

which means. the leaders of (7) and (9) share the same optimizing space in X x Y 
space, 

Thus, from (14) and (20) and. tht' di;;cussions above. we have' 

V(:t,y) IR. we haw ch,;r+df-)"y-g~~),)!? !r:f),./*+dr)',y'-yL,I. :1'+ 
dR 'II (If/. I eR J'* + dRl'" _ qR . 

1),)." "LA" 1),,, IA,·f. D),I 

SO. (3:*, y*) is tlw optimal solution of problem (7). 0 

By adopting weightillg method. (9) can he further transferred into (21): 

. 1 .- 1..;.· R·- R+ 
llllll t' ~ + v ~, + VI '.1 + l!j '.1 (21a),r'EX' j)" j)'J " " 



1,L+ (I Lsubject to cf'AI:1' + rlf'A)J + Vi-A~ 'IA J , LAj' 

CR .r + dR 1/ + ,,fi.,· (]F1
IA) , 1Ai' ' L I A J • LA.!' 

(211)) 

,li- ,li+ . ., ()I.]A, . I.]A -._.. , 
,i ,J 

(21c) 

L LimbJ'(~ct to r2 , :£ + d~, /' + YVA J. /\)...,/\).1 ' 

pH+ FIC;\ .J: + d;\ y + 
- J ... J '2A) 9FA J ' 

,1J ,L+ .,R., .,H+­
L2Aj , 1.2A) , L2Aj , 12A) 0, 

,L- ,L+ _ (]
02A) . 1. 2A,; -- , 

(21rl)
l.Jl- . t'H.+ 0 

2,\) :!X; , 

fLi .1' -+ B,r 7J 
- I .... .J' 

j cc O. 1.. . ., ,l. 

The nonlinear conditions of v{~--' . v{>:+- 0 and v{t ,u;!+ 0, i = 1,2 need not 
J J J J 

he maintained if the Kuhn-Tucker approach2:! together with Simplex algorithm are 
adopted, since only equivalence at an optimum is wanted, Further explanation can 
be {{mIld fWIll Ref. ,1. Thus, probleIll (21) is furthpI' transforIlled mi follows: 

f'or ('111'\' V{A) E JR:2, Xl ~ X X R2, (V':;-A' 'O':;A) E ,frl 
;;; Y X ]R2, let 

,1 1 ...... .1 "" J 

:C =-" (:1:1,,,., ,:l:n ) E X, Xl (J'], .. ., ,;('n, 'VU ' A) (y] .... ,:I],,,) E Y, 
. J.1 

r/=(yl .... 'ym. )EYI.andulA). :XIX 

111m (22a)
;f;!E..,\" 

subject to 

(22b) 

min v,)A (22c),ij'E'''' - J 



subject to H'''J+ c~\)J: + (d}"j + d~?"J)Y + u:;"j 
4 L'+BL <lL"2".1,1 2,,)1= )2"", 

.7 0,1, ... ,/, 

(22<1) 

when. = l,L-- -i- '1'''-- U+ vI--+- + nlHi I ')
C " "t)..,i 1-IA) , cA.) 'lA ' tA 1 .,~ ......I 

J J 

Problem (22) is a standard linear bilewl decision problem, v;hieh can be soIn·d 
by KulmTueker approach.2:' 

Based on the discussions above. tIl(; A-cut approximat(, algorithm for solving the 
FGBL problems is detailed as follows: 

Step 1 (Input) Gf,t rdevant coefficients of a FGBL problem which incl11de; 

(1) Coefficients of (1) 
(2) Coefficients of [h, anrl ?iF 
(:3) Satisfactory degree; 0: 

(4) E > 0 

Step 2 (Initializing) Let k 1, which is thp counter to record current loop. 
III (7), where Aj E 1]. let Ao () and AI = 1. fPspeetixeiy; then, each 

objective will be transferred int.o four nonfuzzy objective> functiow:i, and each fuzzy 
constraint is converted into four nonf'tlzzy constraints. 

Step 3 (Computing) By introducing auxiliary varia hIe" and . I 1,2. 

we get the format of (22). 
._- +) . f' 12'))' 1" 1 1 I' 1 'I' kThe solution (:1', v;-" 

/ 
' :;tI, 1'2"./, 'li2 >-, :l 0 \ - 1::; 0 )t.amec );,' \.U 111 11(: "ef 

approach. 

Step 4 (Comparison) 
If (k = 1) Then 

(x. VI",' vi,,), v, V:;"j' 
go to Step 5; 

Else If (i (:e, '1')-, _.1)+1' _. y. v:;, , )11 < E ) Then 
I • A:I /\, - ""/\j 

go to Step 7: 

EndIf 


Step 5 (Splitting) Sllppo~e then, are (L + 1) node::; Ai (j = 0.2,4, . , . , 2L) ill the 
interval 1], insert L new nodes Aj (j 1, :3, ... ,2L 1), which sati::;f,v 



Fig. 1. The syst.em s(;rucl-lIre of the FGBL software Syst.'lll. 

Step 6 (Loop) 
k k+ 1: 

go to Step 3: 

Step 7 (Output) (;c. is obt.ained as a final solution. 

To realize this algorithm proposed above. a FGBL software syCltmn is devdoped 
using Visual Basic G.O. This FGBL software system provides cOlllputerized assis­
ta.nce to decision makers in a decentralized organization to gather knowledge about 
a FGBL problem and controls the cleci~ion-nlUking process for a b(~t.tE'l'~illformed 

deeision. 
The structure of t.he software SYtitclll is depicted in Fig. I. Within this architec­

ture, five modules a.re invo]n:d, i.e. "uticr illterface," "model management.·' "algo­
rithm engine." "updating syst.em," and "visualization." Data are c:ollected through 
nser int~·rfa.ce and formatted as a FGBL model by model managmnent llIodule. The 
core calculations are carried in algorithm ellginepl' over a FeBL model, a.nd t.he 
solution is output through yisllalizution module to an elld lIser by mwr illtcrfucE'. 

4. Examples 

This se(~tion employs a numerical example nud n cas(;-bascrl example to show r,]J(l 

wHnillg proe(~dllre and the applkat.ion or the pl'Oposcd algorithm. 

4.1. A numerical e:J!ample 

'-\ie first lise t.he proposed algorithm to solve a numerical FeEL problem. 

Step 1 (Input relevant cOt>fficient.s) 

(1) Coefficients of (1): 

maxF(:r, y)
:r:EX 

subject to iit:r + Bly -::: [;1, 

min f(J", .y) = 1"):1: + ([,'"
yEY' - _.'1 

subject to 

where:1.' E yE and X :r ;::0- 0, Y y;::O- O. 

http:int~�rfa.ce


Thp. memben;hip fnnctiolls of the roefticient.s of the ohjectiyp fnnd.ions l1,nd thp 

constraints of both the leader and the follower are as follows: 

O. J: < 5, 

- 25)/IL [) J: < 8, 


11"1(.1.') 
 ;z; =6, p,ell (x) =-c 

(64 < J .... , 6 <:/: :S 8.(;2)/,)8 

O. :t> 8, 

0, .1: < ··4. 

(Hi - x2)/7, -4 :S ;1: < -:3, 

L ;r ._. :.1,111:2 	 Jl,f2 (1:) 
(;r'2 - 1)/8, -:) < :t: < L 

O. :r: > 1. 

0, ;T < 2, 

(.)"2 4)/!), 2 ~ ;1' < :3, 

1. ;1" 3, 

(25 - ]:2)/16. 3<x <:: 5, 

0, :1: > 5. 

O. 	 .1: < 5, 

25)/11. 5 J: < 6, 

:r: 6. 

(64 - II < .1' < 8. 

O. J' / 8. 

0, .r < ·····2. 

(4-r)" /'.3, -2 ~!' < 1, 

ILAl (:x:) - 1, J; ···1, 

0.25)/0, 1 < :J: < -0.5. 

0, :r: > ··0.5. 

O. :r < 2, 

(:1;2 ... i.ll/5, 2 ~ :r < ;i. 
1, 

(25 	 .1'2)/16, :1 < J' ::; 5, 

O. :1' > 5, 

O. 	 :r < 0.5, 

- 0.25)/0.75, 0.':' S .r < 1. 

1, 	 x=l. 

(.-1. ::t.2 ) /3, 1 < .r 2, 

0, 

0, 1: < 2. 

(:r2 - 4)/5, 2 ~ x < 3, 

L J' :3, 

(2::> 	 :r:2 )!16. :.1 < :r: :::; 5, 

1.L 1}2 (.r) = 

O. :1: > 5. 

http:0.25)/0.75


Ii;', (:r) 

0, J" < 19. 

-- 3(1)/80. 10 ;,t. < 2l. 

;z: 21, 

(625 -- :£2) /184, 21 < :r s: 25, 

0, J: > 25. 

0, x < 25. 

(;;:2 (25)/H)4, 25 S::1; < 27. 

J' ;"" 27, 

(961 - ;/:2)/232, 27 < .1: s: 31. 

O. :r>~H, 

(2) The nWrnbpl'5hip fl111('tlons for the fnzzy goals of ilL awl 91" are 

0, :1' < 15. 

1, 

(900 :);2)/500, 

0, 

0, 

-­ .r2 )/161, 

(3) Satisfactory degree: (t 0.2. 
(4) € = 0.01. 

:1: 20. 

20 < :1: s: :10, 

x> :m. 

:r < 1, 

4:::;;;: < 8, 

:1.: = 8_ 

8 < s: 15, 

.1' > 15. 

Step 2 (Initializing) Let k 1. Assodated with this example. the corrcspollciing 
A-cut set hased FGllL problem i8 

min IJllA + 215:1: -I­
"EX 

hiM - 28A:r + J900- 500AI 



subject to ­ + V5,\ + !Iy ::; V80,\ + :36 

::; VG25 - 184,\ 

min I n:r" VIl,\ + 25y V1S'\·t lUI 
yEI" 

min 1-­ + V61 - 28'\y ­
yEY 

subject to VO.75/\ + 0.25:1' + V5,\ + 'Iy ::; 

where'\ E [0.2,1]. 
Referring to the algorithm, only >'0 c.= 0.2 and '\1 1 are considered initially. 

Thus. I()lJr llonfllzzy objective functions aml four Ilonfuzzy constraints f()I' the lead(!r 
and follower are generated, respect.ively: 

mill 15.2:1' + 2.2y Hi. 1 
."EX 
Illil! 16x :3y ..... 20! 
J'EX 

min 17.G.r + 4.1-1/ ·····28.31
:rE.\: ' ". . 

16:r + ;J,y - 20j 

Sll hjf~CL t·o 1.8:[; 2.2y HU 

--:1: + 39 :S 21 

-O'{b: + ,1.7]1 :S 24.3 

J' + 31/ 21 

mini - :1.SX'T 5.21/ - 5.1! 
yEY' 

mill I ;}:r + 6y - 81 
yEt' 


minl1.6;r-t 7.&tj l:HJI 

I/E l' , 

min I - :.h: + 6!J _. 8 
'!lE l' ' 

subject to O.rb: + 2.2U ::; 25.4 

:r -+ :J,,lj S 27 

1.8:c + .1.7y :S :30.2 

.1:+:Jy 27. 

Step 3 (Computing) By introducing auxiliary variables 11,-, vi, -i = 1. 2. we get 

min + vt· 
(.l,/lj.,,;lE:?' 



suhject to 24.8x + 12.0y + 

-1.8.1' + 2.2y ::; 19.'1. 

·_·:r + :3y ::; 21, 

-O.6;r + ,L7!! :s; 24.3, 

.r -+ 3y ::; 21, 

:mbject to - llA:r + 24.8y + v2' vi ;~5, 

OJ):;: + 2.2y :s; 25.4, 

1.8-1' + 4.7y ::; :.m.2, 

;r + 3y S 27. 

Usillg BrFlllch-anrlhouml approach:! the C1lI'nmt solution il-; (2.J5:3G6,O.O. 

2.iI9213JJ.O) . 

Step 4 (Comparison) Becaus," A: 1. go to Step 5. 

Step 5 (Splitting) By inserting a H(C;W node At (0.2 + 1) /2 0.6. then~ are in 
t.otal three nodes of Ao "" 0.2. AI 1. TheIl. a total of 12 nonfuzzy 

objective functions for tht' Ipader and follower toget.IH'r with 12 llonfuzzy constraints 
for the leader and follower, respectively are generated. 

Step 6 (Loop) k 1+1 2, go to Step 3, and the current. solution of (2.17093.0.0. 

2A1756,0,0) is obtained. As 12.15366 2.17093 + 12.3024:3 - 2A175()i = 0.04 > E 

0.01, the algorithm keeps going until the solution of (2.1~)5:35,O,O. 2.42797,0,0) is 

obt.ained. Thf~ compnting result.s are li;..;ted in Table 1. 

Step 7 (Output) As [2.12:39:3 .... 2.13535, + 12.1:1,1:36-· 2.127971 =-~, 0.0178 < E ~.= 0.02, 

(:1:*, y*) .=c: (2.1:},54, 2A280) is the final solution of this FGBL uedsioll problem. The 

Table I. Summary of the running tioiution. 

k a: y vi:.. 
2.l[,;16G 2.:1024:) 0 0 0 () 

2 2.17mKI 2.41756 0 0 0 0 
3 2.12;19;1 2.434~l6 0 0 0 0 
4 2.1a5:15 2.42797 0 0 0 0 



~~~ ~~_ ""_~~~~~~'"'~~""~*__M __ 

.. FU;K1;Y Obl.t!'rt],V~ Funot;LO'it Output.,. .(1. 2 

leI! .......b....llip "'_cbon Rigi'd me«tl:uJfship 'unettD" 
 Left membersbip 'UnmOD Right Membership 'undiotl 

t..ct1poir.f ri,55)E--'"'-~ lfltfpumf ;ir~,o~'-~·"---·-L.~p""'l lJ1*po;m !~li;ici' 

(a) 	 (b) 

Fig. 2. M"'nb"r~hip fUlIctions of F(,,, , ,y') and j(J," . .II'). 

objectiyes obtain~~d for the leader and the fol\oWf'1" under (.r' . .11*) '''' (2.UrS<i. 2.4280) 

are 

F(:x:*, y*) =F(2.1:154. 2.4280) 2.Upj'lr7j + 2.4280d\, 

{ JCx', y') = F(2.1:354, 2.,1280) 2. B5!1(72 + 2.4280(/:./. 

and t;hpir lIlembership fUllctions are shown in Figs. 2(n) and 2(b). 
The abo\'(:; example illustrat.ed the detailed working process of the proposed 

algorithm, 

4.2. 	 A case-based example on traffic management in a 
disaster area 

This Bection ckvdops n (:a.,'le-bn,<;pd (>xample on the Iraffi.<- malHlp;enwlIt in a, dis(l,,<.)tpr 

area by the FGBL IIlO<1el. When I) disast.er OCCl1I';;, the blockage on roads and 
stlW't.S will caWle severe prohlems for the missioIl!i of evaeuatiOIl. restorat.ion, and 
I'''scne. It is ncce::;sary to balance til" travel demand and S(;lTieP supply in order to 
relieve traffic cong;pstion, 'I'his study addwss('s this problem fmm a two-lpv.~l aspect 

to present the interactivp decision process hetwePIl thf~ roadway cont.rol decision 
makprs and the road U!ie!'. \Ve treat. the cOIl1nulIlder of the Emerg('ncy-Hesponse 
Center for the disaster-raided I'lcreas as t,li(' leader, whose objecti\"(' (F) is to alluw 
traffic to go through the disastpr arpa as I1111ch as possible Hnder t he condition of 
not exceeding the available roadway capacity. The road users, as 1,lw followers. will 
reasonahly choose the short:est routes with regard to travel tillle, which are t.he 
ohjectin~s th aud /2) for the followers. In the FGI3L Illodel. the decision maker for 
the Emergency-Response Center, the leader, controls t,11e llumber of vehicles Cr) to 
enter the earthquake-raided area, \yhile the road U6/~rti, the followers, decide their 

http:disast.er
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specific route (Yl and .lJ2)' T'he h~adE'r llll'l~' hrIYe c('rt:lin goal of trl'lffie throughout 
(firJ for his or her objective, and the followers wish t.o meet the emergency reseue 

llt'pds WPI and for their objective as well. 
\Vhl'l1 modelillg this prnblPm, the main difficulty is 10 set liD ('oefficitmts for the 

objectives and constrl'lints of both the lectder and the follower. \Ve can only estimate 
tJwse values according to onl' f~xperi{,Ilee aud pn"'ious data. Thus, by using fuzz.y 
llUmbers to describe these tlllccTtaiu vnlues. a FC BL model is established lwlow: 

subjm:t to 

subject to Lr + aYt + 1])2 c:: L 

where :1; E lit 1/1, Y2 E and X = .r ? O. Y1 = !Ii 2: 0, }'2 = Y2 ? O. 
The nH~mb('rship functiowl of t lw coefficients of the objectin' fUIlctions and the 

COlli:;traints of bot.h the leader and the followfm" aTe as follow::;: 

0 	 :1: < 5. x < 2, 
2G)/ll 5:::;:r < 8, ,1) /5 2<.I'<:t 

{i[-Jr.) 	= 1 :1' = G, :z: = 3, 
(G4 - () < :r < 8, ~2f) ~{ ;r ~; 5);1'2)/28 	 :1;2)/16 

o :£ > 8, 	 0 ,I':> 5,1	 r 
;r < 3, .1' < 0.0,

~lJ;2 9)/7 3 c:: 1.' < 4, 0.25)/0.75 0.5:::; :1,: < L 
III (:J:) :): 1,1\x' 

(36 	 ;r2 )/20 il :1::::; G, (1 :[;2)/:3 1 <:1: 2~ 

o :r > 6, 	 0 ;1: > 2,1 
0 :r < 19, 

(',_1'2_ :3(1)/80 19:::; .r < 21, 
Pil(;r) = 1 ;1: 21, 

(625 :1'2)/18.1 21 J: c:: 25, 

o :1,' > 25.1 
The membership fUllction of the fuzzv goal giv(:n to the leader is 

0 ;L' < 15_ 
(.1'2 225)/175 15 .r: < 20, 

:r 20, 

!)()()"" x_X) / ,,1)() 20 <:r :30_ 
:1' > aD.1t 

http:0.25)/0.75


The rnmnbership functions of the fuzzy goals set for the followers are: 

.1' < 10, 
(x2 1(0)/225 10:'5:1: < 15. 

/liiFl(:Z:) :1: ~-= 15,

~40() 
 175 15 < :r :'5 20, 
0 :r > 20,r 


•1' < 7 . 
( ') ..., 

r x- ,19)/32 I :1: < 9, 

/1, rj f", (:r) :/: 9,

tI2l - )(10 9 < ,r:'5 II. 
0 :1; > 11. 

Loll Membe.,,"p '__Oft htt1 I'I'lIlft'oGt$hip fundi'll" F'ijQht II'Iftmb~h;p 'Uflr;UOftf\tgltt ftHtmbCifff'-IP Nft:CAIOI, 

L!id: pc..nj i ~lriJ"'~"""~ lBtl.t;'¢II'J fl.i.~:';iL+t\~oiIJ! ~iijlr;'s U!np\)~" r.t'~'~;iY'" . 
!:llghlpoi,.,t ;.4r~~M~"" fil'1ruVtr. i~i'i'ifr 

(1))(a) 

(\If!: fI1Af'IIlb9rs.rnp1ul'u':'!IliOfi RiOM m-f)'mher&itlp Ill:nc:tlnn 
:.~ pert'! ffi:ni;" ._... l~ I)(u'~ :i:-:illi 

Fig, a. Objectives for the leader and followers, 



Following all t.he steps of t.he prop0i:ied A-cut approximate algoritlun, the solutioll 
to this problem is: (:1'*, vi, v;) = (1.0,11.82,0.02). The objectives for t.he h,ader and 
followers under this solution art' shown in Figs, 3(a)3(c). 

5. 	 Conclusion and Future Study 

\Iany organizational decision problems Gall be fonIlulflted by bi1e\'(~1 decision lllod­

els. In a hilevel decision mode\. tht> leader and/or the follower may wish that their 
objf'ct.ives atUtin some goals, which are difkwnt from simple optimi7.ation prob­
lems. This kind of hilevel decision problems are studied by goal programming in 
this pap(>r. lVleanwhi1p, wp takt, into ('ollsideratioll of th" sit11ation WhNE' coefficit'llts 

which formulate a bilevel deei::;ioll model are lIot pn~eisely known t.o us. Fuzzy set 
method is t.lms applied to handle tIll'S!' coefficients. 

This paper has proposed an approximate algorithm to solve FGUL decision 
problems, demonstrat.ed the software syskm, and presented two (,xumpies to fur­
ther explain this algorithm. In the future, we will develop a method to handle 
t.he situation where the leader and the follower in a FGBL problem have multiple 
objectives, respectively. 
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