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Abstract: In this paper, we consider fuzzy goal programming (FGP) @gn for solving multi-level multi-objective quadratic
fractional programming (ML-MOQFP) problem with fuzzy paraters in the constraints. Firstly, the concept ofdheut approach is
applied to transform the set of fuzzy constraints into a commeterministic one. Then, the quadratic fractional dbjedunctions in
each level are transformed into quadratic objective fumgtibased on a proposed transformation. Secondly, the F@Baah is
utilized to obtain a compromise solution for the ML-MOQFRIplem by minimizing the sum of the negative deviational ablés.
Finally, an illustrative numerical example is given to demsivate the applicability and performance of the propogguiaach.
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1 Introduction

Hierarchical optimization or multi-level mathematicabgramming (MLMP) techniques are extensions of Stackelberg
games for solving decentralized planning problems withtiplel decision makers (DMs) in a hierarchical organization
where each unit seeks its own interests. The basic conceptubiflevel programming technique is that the first-level
decision maker (FLDM) sets his goal and/or make decisiongsal/or makes decision that requires each subordinate
level in the organization for an independent optimal solutiThese solutions are modified by the FLDM in line with the
organizational objectives. This process proceeds to sfaetdry solution [1,4,7,20,21].

Over the last few years, rapid improvement in solving MLMF7[42,13] as well as bi-level mathematical programming
(BLMP) problems [1-3,5,21] have been witnessed and seweetihods have been presented. The use of the concept of
the membership function of fuzzy set theory to multi-levedgramming problems for obtaining satisfactory decisions
was first presented in [16]. FGP approach has been introdndd®] for proper distribution of decision powers to the
decision maker to arrive at a satisfying decision for theradenefits of the organization. Sakawa et al. [23] prodose
interactive fuzzy programming for multi-level linear pragnming problems with fuzzy parameters. FGP algorithm for
solving a decentralized bi-level multi-objective prograing problem was developed in [3]. Arora and Gupta [1]
presented interactive FGP approach for linear bi-levelgmmmming problem with the characteristics of dynamic
programming. Multi-level decision-making problems wegeently studied in [7]. Pramanik and Roy [21] adopted fuzzy
goals to specify the decision variables of higher level DMd proposed weighted/ unweighted FGP models for solving
MLMP to obtain a satisfactory solution. Also, FGP approachsvwextended for solving bi-level multi-objective
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programming problems with fuzzy demands [5].

The fractional optimization problem is one of the most diffiproblems in the field of optimization. Optimization ofth
ratio of two functions is called fractional programmingt{oaoptimization) problem [22,26]. Indeed, in such sitoas, it

is often a question of optimizing a ratio of output/employ@®fit/cost, inventory/sales, student/cost, doctordoétand

so on subject to some constraints [11,22]. A proposal todhgien of multi-objective linear fractional programmihgs
been presented in [10]. Multi-objective quadratic fractibprogramming models involve optimization of many comple
and conflicting objective functions in the mathematicahfiaf quadratic fractional subject to the set of constrair@GP
approach for multi-objective quadratic fractional pragraing (MOQFP) problem has been presented in [14]. Such type
of problems in large hierarchical organizations of compdexd conflicting multi-objectives formulate ML-MOQFP
problems. Recently Lachhwani [15] proposed FGP approati same modifications for solving MOQFP model. An
interactive FGP algorithm to solve decentralized bi-levelti-objective fractional programming problem was preasel

in [9]. Baky et al. [25] presented fuzzy goal programmingqaaures to bi-level multi-objective fractional progranmgi
FGP approach to solve stochastic fuzzy multi-level mutijeative fractional programming problem was extended in
[20]. Parametric multi-level multi-objective fractiongtogramming problems with fuzziness in the constraintstiesen
presented in [19].

During the past two decades, the majority of research on tilé-lavel programming problems have been concentrated
on the deterministic version in which the coefficients andglen variables in the objective functions and the corirstsa
are assumed to be crisp values. However, in reality, it imllysdifficult to know precisely the values of the coefficient
due to the existence of imprecise or uncertain informatibemestablishing multi-level models [24,27]. Thus, leadous
present the current research hoping that the proposed MQF®problem with fuzzy parameters can contribute to
future studies in the field of uncertain multi-level optimion.

This paper presents a FGP approach for solving ML-MOQFP lprnolwith fuzzy parameters. These parameters are
expressed as fuzzy numbers based on the fuzzy set theontd2adcount for the uncertainty in decision-making
problems. This study also employscut approach to formulate the crisp model at the deswedevel. Then, the
quadratic fractional objective functions in each level asnsformed into non-linear objective functions based on a
proposed transformation, thus the ML-MOQFP problem tramséd into multi-level multi-objective non-linear
fractional programming (ML-MONFP) problem. Secondly, asgie non-linear membership functions for each objective
function of the ML-MONFP problem are defined. Then, the FGPragach is utilized to obtain a compromise solution
for the ML-MOQFP problem by minimizing the sum of the negatigeviational variables. An algorithm for the
ML-MOQFP problem is presented in details.

The rest of this paper is organized as follows. The next sedtiescribes problem formulation of the ML-MOQFP
problem with fuzzy parameters and It's equivalent crisp eldsl also established. In Section 3, the quadratic model of
the ML-MOQFP problem is developed. FGP approach is intreduic Section 4. In Section 5, an algorithm is developed
for solving the ML-MOQFP problem. Numerical example wasyided in Section 6. Concluding remarks are given at
the end.

2 Problem formulation

Multi-level programming problems have more than one denisnaker. Consider the hierarchical system be composed
of a p-level decision maker. Let the decision maker atiffidevel denoted byDM; controls over the decision variable
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X = (Xi1,%2,...,Xn) € RY, i=1,2,...,p. wherex = (X1,X,...,Xp) € R"andn = zip:lni and furthermore assumed that
Fi (X1, %2, ., Xp) = R(X): RTxR2x ...xR®? 5 RS i=12..p, (1)

are the vector of quadratic fractional objective functiémsDM;,i = 1,2,..., p. Mathematically, ML-MOQFP problem
with fuzzy parameters in the set of constraints [4,7,12f@1dws as.

[19Level]
@Fl(x) :@(fll(x),flz(x),...,flkl (X)), 2)

wherexz, x3, ..., Xp solves

[2"Level]

masz(x) = rnax(le(x),fzz(x),...,kaz (X)),

~~ ~~
X2 X2 (3)
wherexp solves
[p"Level]
max Fp (x) = max (fp1 (X), fp2 (X) ..., ok, (X)) (4)
Xp Xp
subject to
<
xeG={xecRApx + Ao +...+Apxp | = [Bx>0be R, (5)
>

where the objective functiofy; (x) are represented by

N0 xTQUx+cIx+all
Dij (x) XTRiJIXqLdinﬁLBij7

fij (X) i=12,...,p,j=12,....k. (6)

whereQ'l is ann x nnegative definite matrixRlis ann x n positive semi-definite matrig'l,d'} aren-vectors A; is an

mxn;, i =12,..., pfuzzy matrices and is anm-vector of fuzzy parameters. It is customary to assumelhdk) > 0

forall x € G, alsoa'l andB'! are constants an@ represents the multi-level convex constraints feasibtéoghset in the
fuzzy environment.

3 Formulation of crisp set of constraints and solution concpt

Based on ML-MOQFP modé€PR) — (5), the coefficients of the set of constraints are representéd4zy numbers. Let
Ui, andpg be the membership functions which represents the fuzzyicieetts matrices\; and the fuzzy numbers in
the corresponding vectdrrespectively. Ther-cuts ofA; andb are defined as [5,17,20,23]:
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(Ao ={Ae [A) W) Hg > a. Aes(A)}, (7)
(b)g = {be [(b)G, (0)y] up >a,bes(B)}, (8)
WhereS(B ) andS(Ai)are the supports of the corresponding vectors and matrixazfyfnumbers.
For the set of constraints represented by convex constriasible choice set in the fuzzy environment denoteGby

The numerical interval determined from arcut can thus be applied to equation (5) when the valuri®tpecified, for
the inequality constraints.

P
X
v

B, V (i=12...,r1), (9)

P!

X
IN
o

i, V (i=r14+1,2,...,r2), (20)

M= TM-

can be replaced by the following constraints [6,17,23].

S5

(Aja x> (b5, ¥ (i=12...,r), (11)

s
R

(A)exi < (b)g, ¥V (i=ri+1,...,r2), (12)

Il
R

where the lower bound )5, (Aij)5 and upper boundi)y, (Ajj)S of the coefficients are set to have the largest feasible
region so that the compromise solutions for the objectivefions are most likely to be found. For equality constsint

n
ZAijj: b, YV (i=r2+1,...,m), (13)
=1

can be replaced by two equivalent constraints [6,17,23]:

i(Aij)l&Xj < (b)), V¥ (i=ra+1,...,m), (14)
=1
i(AJ)‘; xj > (b)s, V(i=ra+1,...,m), (15)
J:

Definiion1.  For any (X1 € (G1)y = {Xax= (X1,%2,....Xp) € (G),}) dgiven by FLDM  and
X2 (X2 € (G2) g = {XoX = (X1, %2,...,Xp) € (G )g }) given by SLDM, if the decision
variablexp (Xp € (Gp),, = {XpX= (X1,X2,...,Xp) € (G )4 }) is the a-Pareto optimal solution of the PLDM, then
(X1,%2,...,Xp) isan a-feasible solution of ML-MOQFP problem.

Definition 2. If x* = (x’i,x’g, ... ,x”;,) isan o -feasible solution of the ML-MOQFP problem; no other a-feasible solution
X = (X1,X,..-,Xp) € GaeXist, such that (f;(x*)) < (fy(x)) with at least one strict inequality hold for
j (1=1,2,...,k1); SO (X},%5,...,X5) isthe a-Pareto optimal solution of the ML-MOQFP problem.
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4 Quadratic model development of the ML-MOQFP problem

Since the proposed model (2)-(5) has a vector of quadrattifmal objective functions in each level we can convert
them by adopting the variable transformation parallel tisthtransformation given by Charnes and Cooper [8] for linea
fractional programming problem into quadratic programgrproblem. Thus, in contrast to eq. (6) in this paper we employ
the following representation in order to deal with the ML-IQ6GP problem.

DE+ QNG+ + QP+ e X+ eixa+ - +Cixp+al)

RIC+R)X+ -+ RIG +dy!xs + dy)xo + - - + dfxp + B J (16)

fij (x) =

Now, we make further extensions on the article of M. Chakrgband S. Gupta [6], to develop a methodology for
obtaining the quadratic model of the ML-MOQFP problem. Sitiee MOQFP problem for thié'-level decision maker
may be written as.

max F (x) = max (fi1 (X), fi2 (X) ..., fik (X)), (17)
% %
subject to
u Lo
XEGG: XERH ZJ l( A )g Xj > (biga,.I:]_,Z,..., rl,r2+1,...,m, (18)
ZJ 1(Af)gX) <(bi)g,i=ri+1...r2,r2+1,....m
where o o oo i . . .
£ () = _1_JX1+QJX2+ A QB+ e+ +chp+a_'{ i (19)
: RO+ R+ ...+ RIG+d)x +dixo+ ... +dgxp+ 17
Let us take the least value NI T —_ — | ist?i.e.
Rl RS+ +RIG+d xg +dy) o+ +df xp+ B
1 2
A ROC+RHG+ ...+ RO+ dixe +dyxo + ... +dxp + B -t (20)
Vi, 1T 272 11T M A2 .- Mp Ap
which is equivalent to
1 t?, andy = tx (21)
RIG+R)G+ ...+ RO +dx +dxo ... +ddxp+pT — '
So, each quadratic fractional objective function is transied into the following quadratic function
fij (y,t) = '1‘?21+Q'£¥§+ +Q) +c”y1+c”yz+ +c'Jyp+a'J x 2 (22)
or,
fij (y,t) = QY2 + Q3y3 + ...+ QUy2 + ctys + tyo +... + Altyp + allt?. (23)

Based on the transformatiop=tx (t > 0), y€ R", t € R, and the above eq. (21) therefore, the quadratic model of the
MOQFP problem foit" level decision maker is formulated as follows.

maxfij (y,t) QY2+ QM2+ ...+ Qiy2+ ltyr + SJtya + ...+ dlityp + allt?, (24)
Yi
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subject to
R+ R)Y3+...+ RIZ +ditys +djtyo +... +dlityp + B2 < 1, j=1,... Kk, (25)
n
Z(A@j)g (?) > (bi)(L,, i=212,...,r,ro+1,...,m, (26)
=
n
Yi
JZ\(A.J)Ol(t)g(bl)o,,lr1+1 Lo ro+1,...,mt>0. (27)

Following the above discussion thus, the ML-MOQFP modelaagformed into the following ML-MOQP model.

[1¥ Level]

maxF (y,t) = QP2 + Q3y3 + ... + QY2 + ¢ty + Hltyo + ...+ clityp +alitZ j =1,k (28)
Y1

whereys,ys, ..., Yp solves

(2" Level]

maxF; (y,t) = QU+ Q3+ ...+ QP2+ cty + Stya .+ Btyp T adtZ =1, ke
¥2 (29)

wherey, solves

[P Level]
maxFp (y,t) = QYy2 + QPIV2 4 ... + QBIY2 + cPltys + cBltyo + ...+ cBltyp + aPit2 j=1,... ky (30)
Yp
subject to
RV +RyY3+ ...+ RUY2 +dpltys + dyltyo + ...+ dityp + BU2 <1, j=1,... ke (31)
Rf"_y%at jo_y%Jr ot Rzpjy%+dfj_ty1+d§j;y2+ ety + AR <L =1,k (32)
RV + RO+ ...+ RBIyA +dP'tys + dPtys + ... +dBlty, + BPIH2 < 1, j=1,... kp (33)
n .
S A (2) = Bk i=12.rntlm (34)
= t
n
Z ( )g(b.)a,|_r1+1 o rp+1....mt >0, (35)

where the system of constraints, in equations (31)-(33nat-level denoted by, , which form a nonempty convex set.
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5 Fuzzy goal programming approach for ML-MOQFP problem

In the proposed FGP approach, in order to obtain the compgesailution which is a Pareto optimal solution. The vector
of quadratic objective functions of the model (28)-(35) éarch DM is formulated as a fuzzy goal characterized by its
membership function.

5.1 Characterization of membership functions

To define the membership functions of the fuzzy goals [5,88¢h objective function’s individual maximum is taken as
the corresponding aspiration level, as follows

uij = maxfij (y,t),(i=1,2,...,p),(i =1,2,... . k). (36)
yeSy

whereu;j, (i=1,2,...,p), (j=1,2,...,k), give the upper tolerance limit or aspired level of achievenfer the
membership function difit" objective function. Similarly, each objective functiomralividual minimum is taken as the
corresponding aspiration level, as follows

6 = maxiy (1), (1=1.2,...,p).(j = 1.2.... k). (37)
YESa

wheregij, (i=1,2,...,p), (j=12,...,k), give the lower tolerance limit or lowest acceptable leveholiievement
for the membership function ofij!" objective function. It can be assumed reasonably the valoks
fij(yt) > uj, (i=12,....,p), (j=1212....k), are acceptable and all values less tlgan= maxfij (y,t), are

YeSy
absolutely unacceptable. Then, the membership fungcq'p(fij (y,t)), for thei " fuzzy goal can be formulated as.

Lif fij(t) = uij,
by (fi () = ¢ M8 g < i (yt) <uip, (1=10,p), (=1,..,k), (38)
0, if fij(y,t) <agij,

5.2 Fuzzy Goal programming model

In the decision-making context, each decision maker ig@sted in maximizing his or her own objective function; the
optimal solution of each DM, when calculated in isolatiomuld be considered as the best solution and the associated
value of the objective function can be considered as theragm level of the corresponding fuzzy goal. In fuzzy
programming approach, the highest degree of membershipeq18]. So, for the defined membership functions in
equations (38), the flexible membership goals having theexsfevel unity can be represented as follows.

ufij (flj (y7t))+ di—dj :17 (I :15255p)a (J :15255kl)7 (39)

or equivalently as

Wm”—dﬁ:l, (i=12....p), (i=12,....k), (40)
ij ---Yij

whered;; . d >0, with dj; x dfjr = 0, represent the under- and over- deviations, respectively the aspired levels
[21].
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Following the basic concept of MLMP, the FLDM decides his/bbjectives and/or choices, hence asks each inferior
level of the association for their solutions, which obtainedividually. The lower level decision makers’ choices ar
then presented and altered by the FLDM in light of the genadaiantage for the organization. Thus, the vector of
decision variableg;, (i=1,2,...,p—1), (1=1,2,...,n), for the top levels are taken as a binding constraints for the
p'-level problem as follows.

vi=Vi, (i=12...,p=1), (1=12,...,n). (41)

In the classical methodology of goal programming, the un@ded over- deviational variables are included in the
achievement function for minimizing them depends upon e tof the objective functions to be optimized. In the
proposed FGP approach, the sum of under deviational vasgadrequired to be minimized to achieve the aspired level.
It may be noted that any over-deviation from a fuzzy goaldatks the full achievement of the membership value [5,21].
Thus considering the goal achievement problem at the saioetprievel, the proposed final FGP model for the
ML-MOQFP problem follows as

kl k2 kp
mmZ:Zw;jd;jJrngjdgj+...+2w5jdgj, (42)
i= =1 =1
subject to
f. 1) — Gii B ] .
ﬁ%%%ﬁ%+qrﬂﬁ:L|:LZ””Qj:LZ”w& (43)
RIV 4+ RYY3+ ...+ REYY2 +ditys + dyltyo + ...+ dbtyp + BHE2 <1, j=1.2,... Ky, (44)
RV +RIVE+ ...+ REIY2 + dZltyy + dltyo + ...+ ddltyp + BA2 <1, j = 1,2,... ko, (45)
RYYZ + ROVZ + ...+ RBIY2 + dPltys + dbltys + ...+ dPity, + BPI2 <1, j=1,2,... kp, (46)
yvi=Vi, (i=212...,p=1), (1=12,....n). (47)
. u(Yi L
Y () > )t i=12,... 1,... 4
JZ(A.,)a(t) > (b)g, i=12,. Tyl +1,.m (48)
- LY U
i () <)Y, i=ri+1,... 1,....mt>0 49
;(Al)a(t)—( l)aal r—+ 9 ar25r2+ ) , M, >0, ( )
djxdi=0, and dj,df>0,(i=12...1),(j=12....k), (50)

whereZ represents the achievement function consisting of the hteigunder-deviational variables of the fuzzy goals.
The numerical weightwﬁ represent the relative importance of achieving the aspénezls of the respective fuzzy goals.
To assess the relative importance of the fuzzy goals prapbd weighting scheme suggested in [18] is used to assign th
values tow;. These values are determined as

wjj = (i=1,2,...,p), (j=1,2,....k), (51)

6 The FGP algorithm for ML-MOQFP problem with fuzzy paramete rs

Following the above discussion, the proposed FGP algonitiihibbe constructed for solving the ML-MOQFP problems
with fuzzy parameters as follows
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Step 1.

Step 2.
Step 3.

Step 4.

Step 5.
Step 6.
Step 7.
Step 8.
Step 9.

Step 10.
Step 11.

Step 12.

Step 13.
Step 14.

Set the value ofr,acceptable for all decision makers, for the degree of all breaship functions of the

fuzzy parameters.
Formulate the crisp set of constraints for the ML-MOQFP feobat the giveru-level.

Formulate the ML-MOQP model, equation (28)-(35), of the MIGQFP problem.
Calculate the individual maximum and minimum values forteabjective functiorfij (x,y) in all levels

subject to the set of constraints.
Set the goals and the upper tolerance limits for each obgefiinction in all levels.

Evaluate the Weight\sﬁ as defined in equation (51).

Setl = 1,for theit" level decision-making problem.

Build the membership functioru;ij (f” (x,y)) j=1,2,....,m, as in equation (38).
Solveliy-level FGP model sequentially to ggk = X .

If I >t—1then go to the Step 11; otherwise ket | + 1,and go to Step 8.

Solve the final FGP model for the ML-MOQFP problem with fuzarameters.
If all decision makers are satisfied with the compromisetsmiun Step11; then go to Step 14; otherwise

go to Step 13.
Improve the upper and lower tolerance lingts, ujj,for all objective goals in all levels, go to Step 6.

Stop with the satisfactory solution for all decision makiarthe problem.

7 lllustrative example

To demonstrate the proposed FGP approach, consider tbafiof ML-MOQFP problem with fuzzy parameters in the

constraints.

[1¥ Level]

—Xx2 —2x3 — X2+ 5%+ 10 ¢ x§x§4x§+5xl+12>

max| fi1= ,fio=
v< 1 2+ 3%+ 5 © X2+ 3%+ 5

X1

wherexy, X3 solves

2" Level]

wherexs solves

(3" Level]

. X2 —2x5—2X5+5%X3+ 6 ¢ -3 —X5— X5+ Tx3+8
max{ 121 = > y 122 = > )
\/X X5+ 3%y +1 X5+ 3x1+1
2
—X2 —AX3 — X3+ 6Xx+ 7 —X2 —2x3—Xx3+9
max| fa; = 5 132 = 2 ;
~~ X5+ 5%+ 2 X5+ 5%+ 2
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subject to

Z-Xl + 7X2 + ~2Xg < ?:0,
§X1 — 6X2 + f4X3 < f8,
7X2 + éXg < 12

Here, the fuzzy numbers are assumed td Beuzzy numbers and are given as followis= (4,2,1) g, 7 = (7,4,2) g,
2=1(2,23)r 3=(3,2,2)r 0=(0,1,2),, 14=(14,4,2), 1, 8 = (8,4,2),r, 30 = (30,5,10), 5, 18 = (18,3,4) .,
12 = (12,2,8) . Following the proposed algorithm, the solution of the ML-KEP problem for a desired value of
o, assume that an-level of 0.5 is accepted by the three level DMs. Thus therddtastic model of the ML-MOQFP
problem is obtained as follows.

[1¥ Level]

max

X1

o —X2 — 2X3 — X5+ 5%+ 10 o —X2 — X5 — Ax3 + 51 + 12
= X6+ 3% +5 2= X2+ 3% +5 ’

where xo, X3 solves

[2" Level]
" X — 26— 2x5+5%3+6 ¢ -3 X5 — X5+ Txs+8
max{ 121 = > y  T22= >
hna X5+3x1+1 X5+3%+1
2
wherexz solves
(3" Level]

X2 — 433 — X3+ Bxp+ 7 —x¢—2x3—x3+9
max| fa1 = 5 , fa2= 5 ;
~~ X§ —5xp+2 X§—5xp+2

X3
subject to

3X1 + BXo + %3 < 35,
2x1 — Ixo+ 12x3 < 20,
BExo + 6x3 < 16.

Then the ML-MOQFP problem is transformed into the ML-MOQPdabbased on the proposed transformation as
follows.
[1% Level]

max fi1 = —y2 — 2y3 — y3+ 5ty + 102,
\yl/ fio=—Yy3—y3—4y3+5ty, + 122, |’

where y,, y3 solves
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(2" Level]

max
~—~

Y2

fo1 = —yf — 2y5 — 2y5+ 5tys+ 6t2,
foo = 73)/% — y% — y% + 7ty2 + 8t2,

whereys solves

(3" Level]
max | 1= YA 45— Y5+ 6ty + 72,
S \fe2=—vi-25 -3+ o |
subject to
Vi+3ty, +5t° < 1,
Vot+3yi+ti< 1,
y% - 5y2 + 2tz < 17
3y1+5y2+y3s—35 <0,
2y1— 1y +12y3 - 20t <0,
5y, + 6y — 16t < 0.
Table 1: Individual maximum, minimum valuesij, gijand weightsw;;.
f1a(y) f1a(y) f21(y) f22(y) fa1(y) fa2(y)
max fij (y) 2 2.73 1.825 1.752 1.436 1.8
min fij (y) -0.86 -0.387 -0.998 -2.78 -1 -0.94
Uij 2 2.73 1.825 1.752 1.436 1.8
Gij -0.86 -0.387 -0.998 -2.78 -1 -0.94
Wij 0.35 0.32 0.355 0.22 0.41 0.36

Therefore, Solve the FGP models sequentially toyget y; andy, = y;. Thus the first level FGP model follows as.

min Z = 0.35dy; +0.32d,,
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subject to

— Y2 — 23— Y3+ Bty, + 107+ 2.86d;; — 2.86d4; = 2,

— Y2 — Y2 — A2+ Bty; + 122+ 3.126d ], — 3.126d], = 2.73,
Y3+ 3ty, + 5t < 1,

Yo+3y+t2 <1,

Y3—5ys+ 22 <1,

3y1+ 5y2+ys — 35 < 0,

2y1— 1y, +12y3 - 20 <0,

Sy2 + 6y — 16t <0,

dpy, diy, dpy, d5>0, t>0.

Using Lingo programming, the compromise solution of thetflevel decision making problem is obtained as;
(Y1,¥2, Y3,t) = (0.1544 0,0, 0.4419. Then assuming that the FLDM sgt= 0.1544.

The second level decision maker FGP model follows as.

min Z = 0.35d;; + 0.320;,+ 0.355d5; 4 0.22d,,,

subject to

— Y2 — 2y5 — Y5+ 5ty + 10t? + 2.86d;; — 2.86d; = 2,

— Y2 —y3— Ay3+ 5ty + 122 + 3.126dp, — 3.126d ], = 2.73,
— V2 — 2y3— 23+ 5tys+ 6t2+ 2.823;; — 2.823, = 1.825
—3y2 — Y5 — Y3+ Ttyo + 8t? + 4.53,,— 4.532;, = 1.752
Y3+ 3ty + 52 < 1,

Y3+3y1+t2< 1,

Y3 -5y, + 22 <1,

3y1+5yz+Ys— 35 <0,

2y1— 1y, +12y3— 20t <0,

Sy2+6ys — 16 <0,

y; = 0.1544

dyy, diy, dip, di, dyy, A3y, dyp, 03, >0, t>0.

Using Lingo programming, the compromise solution of theoseclevel decision making problem is obtained as;
(Y1,Y2, Ya,t) = (0.15440,0.1652 0.4419. Also, the SLDM sety} = 0.

Hence, the final FGP model for the ML-MOQFP problem with fueds in the constraints is obtained as follows

min Z = 0.35dy; + 0.320;,+ 0.355d,; + 0.22d,, + 0.41d3; + 0.36d5,,
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subject to

— Y2 — 23— Y3+ By, + 1062+ 2.86d; — 2.86d;; = 2,

— Y3 — Y3 —4y3+ 5tys + 1242+ 3.126d;,— 3.126d;, = 2.73,
— Y2 — 2y% — 2y + Stys + 6t% + 2.823,, — 2.823;, = 1.825
—3y2 Y3 — Y3+ Tty, + 82 + 4.5321,, - 4532, = 1.752
— Y2 — dy3 — Y5+ Bty, + Tt? + 2.436d5; — 2.436d4; = 1.436
— Y2 —2y3— Y3+ 9%+ 2.74d;,— 2.74d], = 1.8,

Y3 +3tyo+5t2 < 1,

Y3+3y1+t2 <1,

Y3— 52+ 27 < 1,

3y1+5y2 +ys— 35 <0,

2y1 — 1y +12y3 - 20t <0,

Sy +6y3 — 16t <0,

y; = 0.1544

Y2 =0,

“dt de d- od- df de dt d- df d- d-
diy; diy, iy, dip, Gay; Ogys Oay, Ogp,Ogy, dgy; Ogp, dgp >0, 1> 0.

Using Lingo programming, the compromise solution of the MOQFP problem is obtained as
(Y1,¥2, y3,t) = (0.15440, 0.1213 0.4419 with the corresponding values = % (X1,X2, X3) = (0.349,0, 0.274), with
the corresponding objective function valuds;(x) = 1.914 fi2(x) = 2.6,, fa1(x) = 3.47, fa(x) = 3.69,,
f31 (X) = 3.28, f32 (X) =4.24.

8 Summary and conclusion

This paper reveals how the concept of FGP approach can beeffjcused for solving ML-MOQFP problems with
fuzzy parameters. Based on thdevel properties a numerical general model is construd@aceffort has been made to
solve the ML-MOQFP problem with fuzzy parameters based erfilizy set theory and goal programming approach.
Thus, the numerical results for the given example obtaiedatidity of the proposed method. The FGP approach
appears to be promising and computationally easy to impiéme

However there are many open points for discussion in futmt@ch should be explored in the area of multi-level
guadratic fractional optimization such as:
(1) Interactive algorithm is needed for dealing with mudtiel multi-objective quadratic fractional programmingiw

fuzzy parameters.
(2) Fuzzy goal programming algorithm is required for tregtmulti-level integer multi-objective quadratic fractal

with fuzzy parameters.
(3) Fuzzy goal programming algorithm is required for tregtinulti-level integer multi-objective quadratic fraatial in

rough environment
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