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Abstract. The purpose of this paper is to study the fuzzytiteukl quadratic fractional
programming problem through fuzzy goal programmimgcedure. A fuzzy multilevel
guadratic fractional programming problem is a tgpaierarchical programming problem
which contains fuzzy parameters as coefficientsco$t in objective function, the
resources and the technological coefficients. Here, are considering those fuzzy
parameters as the triangular fuzzy numbers. Fjrstlg are transferring the fuzzy
multilevel quadratic fractional programming problemto a deterministic multilevel
multiobjective quadratic fractional programming Iplem by using Zadeh extension
principle. Then, an interactive fuzzy goal programgmprocedure is used to solve this
equivalent deterministic multiobjective multilevejuadratic fractional programming
problem by using respective membership functions.ilfustrative numerical example
for fuzzy four level quadratic fractional progranmmiproblem is provided to reveal the
practicability of the proposed method.
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1. Introduction

The multi-level programming problem (MLPP) is a mbdet by the planner in which

each level of a hierarchy has its own objectivecfiom and decision space which is not
fully determined by itself but evaluated with thaerference of other levels. In these
types of problems, control tools of each level magble him to impact the policies of
other levels and as a result of that participatitimproves the objective function of each
level. For example, in an executive board, decéndd firm, and top management, or
headquarters, to build a decision such as a buafgaty firm; each division governs a
production planes by knowing a budget completalyl988, Anandalingam [2] studied
mathematical programming model for decentralizedew@l programming problem

(DBLPP) as well as MLPP based on Stackelberg swlutioncept. The multi-level

fractional quadratic programming problems are spdgpes of MLPPs. In which, the
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objective function of each level of MLPP is takenthe ratio of two quadratic functions.
This type of model is very useful in bank balankceest management, health care, finance
corporate planning etc. Due to these applicatidhsattracts the keen interest of
researchers in its theory. In a few decades eatlier various researchers introduced
many such problems and their solution proceduresaeSimportant existing solution
approaches for solving multilevel programming penh$ are such as the decent method,
the extreme point search, the solution-procedusedan Karush-Kuhn Tucker (KKT)
conditions, and many more. But these methods atemuzh successful to solve the
various MLPPs rather than in solving simple typemaltilevel programming problems.
The concept of maximizing decision was introducgdBkllman and Zadeh [6] in fuzzy
decision making problems. But Zimmermann [18] idtroed firstly the use of fuzzy set
theory in decision making optimization problems émebry of fuzzy linear programming
was introduced by Tanaka et al. [16]. After that tarious approaches were introduced
in the literature of bilevel programming problensveell as in multilevel programming
problems. As said earlier, there is some techmiedficiency in solving the optimization
problems by using existing methods like KKT coratis or penalty functions based
multilevel programming approaches. To overcomedlinsfficiencies, Lai [10] applied
the concepts of membership function on such problem1996 and this concept was
extended further by Shih et al [15], but this apgio is lengthy one for solution
procedure. To overcome this type of problem, ttezyugoal programming approach
(FGP) was proposed by Mohamed [11] and this approas extended by Pramanik and
Roy [14] to solve the multilevel linear programmipgblems.Pop and Stancu Minasian
[13] solved the fully fuzzified linear fractionatgblems by representing all the variables
and parameters with triangular fuzzy numb@&aky [4] solved the various decentralized
multiobjective programming problems by using thezfy goal programming approach.
Also, Chang [7] recommended the goal programmimy@axch for fuzzy multiobjective
fractional programming problems. Pal and Gupta [$R]died the multiobjective
fractional decision-making problems by formulatifugzy goal programming with the
help of a genetic algorithrbousina and Baky [1] suggested fuzzy goal programgm
procedure to solve bhilevel multi-objective lineamadtional programming problems.
Lachhwani [9] also used fuzzy goal programming apph for multi-level linear
fractional programming problems. Anusuya [3] hapliggl type-2 fuzzy soft sets on
fuzzy decision making problems. Baskaran [5] soleetlzzy transshipment problem
with fuzziness in the preemptive goal programmiogriulation. Dhurai [8] proposed a
fuzzy optimal solution for fully fuzzy linear progmming problem by using hexagonal
fuzzy numbers. Recently, Veeramany [17] used a odktb solve fuzzy linear fractional
programming problem by using Zadeh extension ppleciHere, in this paper we are
extending this approach of using Zadeh’s extengiorciple for solving fuzzy multilevel
guadratic fractional programming problems (FMLQFPFhis method works according
with three characteristic features which are ugualbplied in the various solution
procedures of decision making problems. Firstlg, ftiezy multilevel quadratic fractional
programming problems (FMLQFPP) is converted inte ttleterministic multilevel
multiobjective quadratic fractional programming Iplem (MLMOQFPP) by using the
Zadeh’s Principle. Secondly, fuzzy goals are desiggh by each level decision maker in
the form of fractional membership functions whiae dinearised further by using the
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Taylor series approach and finally, an interacfivezy goal programming procedure is
adopted to solve MLMOQFPP.

2. Somebasic notations
In this section, we are explaining the basic défins of fuzzy sets, fuzzy numbers and
membership functions which are given below:

Definition 2.1. A Fuzzy seif; on a real space R is a set of ordered {(airﬁﬁi(x)/x €
R)}, whereuz, (x): - [0,1] is called as the membership function of fuzzy set.

Definition2.2. A convex fuzzy sef;, on a real space R is a fuzzy set in which:
Vx,y €ERVA € [0,1] uF; Ax+ (1 — Dy = min [uF; (x), uF;(y)].

Definition 2.3. A fuzzy setF;, on real space R, is called positive if its merabigr
function is such that

uFi(x) = 0,vx < 0

Definition 2.4. A convex fuzzy sef is called as triangular fuzzy number (TFN) if dtnc
be defined as

E, a<x< b
F= (x, uF; (x)) where:uF; = =, b<x<c-
.
0, otherwise

For simplicity, we can represent TFN by three rpalameterga,b,c) which are
(a < b < ¢) will be denoted by the triangte b, ¢ (Fig.1).

A
uF ()
1

a ;L
ﬂG’

Figurel: Triangular fuzzy number

Definition 2.5. In any multilevel optimization problenf;; is objective function for

decision maker of any level. L&t", £;™" , f;™*are ideal, minimum and maximum
ij ij
values forf;;. Then, the decision of any considered level cafobaulated as follows:
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Find =
So as to satisfy

<
fij (5) fij
>

Subject toxeS

<

where,fjj is the perspective goal value for the objectivectiom f;;, (i) represents

different fuzzy relations.
Let (f;",f"*) be the tolerance interval selectedijth objective functiorf;. Thus
membership function is defined as

| pmax _ g
1 1 * ma
Hij (fl] (X)) = firjnax — fi'*’ fij < fij (X) < fij X
0, fl] = fijmax

wherefj;” is called an ideal value arigf*** is tolerance limit fof;;

Similarly, Iet(fi]-mi“, f{]f) be the tolerance interval selectedijth objective functiorf;;.
Thus membership function is defined as

{ 1, if £ (%) > £

i — ™" min .

Hij (fij (x)) = {m, fiy ™" < fiy(x) < f
0, £ < ;™"

Definition 2.6. Membership functions are linearized by using Tayeries approach.
The suggested procedure for fractional objectiweshe continued as follow:
Obtaing;" = (Xi1 ) Kiz s e eee on ,Xip, ) which is the value that is used to maximize the ij

th membership functiop;; (fij (x)) associated with ij-th objectivig(x).
g (£5&) ~ﬁ+w@@ﬂ

(x1 — Xip
0x, ! 0x,

Xi Xj
; Hij (fij (f(i*))

0Xm

(x2 — iiz*)

Hij (fij (X)) =

Xm — iim*)

o *

Xj

Definition 2.7. Multilevel programming is indicated as mathematigabgramming
which solves the coordinating problems of decisioaking processes of hierarchal
organization. In multilevel programming problemserd are n independent decision
makers. Lek; € R™ be a vector variable which indicates iffe decision variable and
fi:R™ - R™ be thei®™ level objective function under the linear consttaiectordx (<, =
,=)b which is a set of m equations and its right haide $ias real or fuzzy variables.
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This type of programming problem is read as Mutidl Quadratic Programming
Problem (MLQPP), and it can be formulated as foifmy

[15¢ Level]
max, f; = Cix + %xTDlx
wherex, solves and;; is vector of decision variable
[2"¢ Level]
max,, f, = Cox + %xTDZx
wherex, solves and;, is vector of decision variable

[nt" Level]

1
max, fp = CpXx + ExTan

subject to

e

x=0
wheref,and f, are objective functions of the first level decisimaker (FLDM), and
second level decision maker (SLDM) afids nth level decision makef; arg1 x n)

matrices and); aren x n real matrices fot = 1,2,.....,n . A = (ap,) __,matrix of
mxn

coefficients and = (by, by, ... ... ...., by )T. The first-level decision maker has control
overx; € R™, and second-level decision maker has control thest, € R™2 and so on.

3. Problem for mulation

Multilevel quadratic programming problems are thoggtimizing problems which
contain quadratic functions as their objective fiors and in this paper, we are taking a
this type of problem in such a way that its eacfeative functiorgf;) has fractional form

N.
ie.f; = % under the linear constraint vect (<, =, >)b which is a set of m equations.

This type of programming problem can be read astifiewel quadratic fractional
programming problem (MLQFPP) and if its objectivendtion, the resources and the
technological coefficients are triangular numbéentit can be read as fuzzy multi-level
guadratic fractional programming problem (FMLQFP®hich is formulated in the
following way:
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[15¢ Level]
N Ellx+%fo)11x
maxy, f; = 5t = ——F—

1 512x+%xT512x
where x;solves and x;is vector of decision variable
[an Level]

£ N, C'21x+%xT]321x
max ==t
X2 27 gD, C22X+%XTD22X

where x;solves and x; is vector of decision variable

~—

(1)

[nth Leve]] e

- 1 =
N, Cn1x+ExTDmx

_n
D

max, f, = == =
Xn 0 n Cn2x+%xTDn2x

subject to

Kx (=)
=

x>0 /
wherefy, f,, ... ....., f, are objective functions of the first level decisimaker (FLDM),
second level decision maker (SLDM) anfl level decision maker respectivef;{; are

matrices of ordef1 x n) and ﬁij aren X n real matrices foi =1,2,3,...,nandj =

1,2. A= (4,q)_, is a matrix of coefficients and = (by, by, ... ... ....,Bm)T. The

matricesﬁi]-, Eij, A andb contains triangular fuzzy numbers as their elesmehhe first-

level decision maker has control owgre R"1, and second-level decision maker has
control overx, € R™2 and so on.

4. Transformation of fuzzy ML QFPP into deterministic ML M OQFPP

By using Zadeh extension principle, we can tramsfaghe above mentioned fuzzy
multilevel quadratic fractional programming problgiMLQFPP) into a deterministic
multilevel multiobjective quadratic fractional pmagnming problem (MLMOQFPP) as
follows:

[15¢ Level]
maXxl(fn'fuzfls) = (

wherex, solves anc, is vector of decision variable
[2“Ol Level]

maxy, (f21, 22, f23) = (

wherex, solves and, is vector of decision variable

1 1 1

C111X+EXTD111X C211X+5XTD211X C311X+5XTD311X
1 ) 1 ) 1

C312X+EXTD312X C212X+EXTD212X C112X+EXTD112X

1 1 1
C121X+EXTD121X C221X+EXTD221X C321X+EXTD321X>

1 ) 1 ) 1
C322x+5xTD322x C222x+5xTD222x C122X+EXTD122X

[nth Level]

maxy (fa1s a2, faz) = (

1 1 1
C1n1x+ExTD1n1x C2n1X+EXTD2n1X C3n1x+ExTD3n1x>

1 , 1 ) 1
C3n2x+5xTD3n2x C2n2x+EXTD2n2x C1n2x+5xTD1n2x
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subject to

Alx(;>b1,AZX(;>b2,A3X<;>b3
= = =

wheref;,f;,, f;3 are objective functions of the first level decisionaker (FLDM),
f,1,f,,, f,3for second level decision maker (SLDM) dhgl f,,,, f,sfor n™ level decision
maker,Clu,C l],C31] are matrices formed by taking of first, second Hridi number as a
deterministic from triangular fuzzy numbers @f respectively and?;;, C?y, C3;; are
matrices formed by taking of first, second anddhiumber as a deterministic from
triangular fuzzy numbers ofﬁij respectively fori=1,2,.....,nandj=12 .
Al, A% A% are matrices formed by taking of first, second ahidd number as a
deterministic from triangular fuzzy numbers Afandb?, b?, bare matrices formed by
taking of first, second and third number as a deit@stic from triangular fuzzy numbers
of b.

5. Fuzzy goal programming procedureto solve MLM OQFPP
5.1. Construction of fractional member ship functions

Let (%, Y5, %50, oo, %0 U0, £™%%) @and (x, 19, 3,29, ... ..., %, 19, ;™™ ) be the best and
worst optimal solutions of each objective functigof every decision maker over the
region S, when solved individually. Then, the fugmals appear dg < ;™ and their
respective membership functions can be definetefotlowing:
( 1, if f;;(x) = ;"
; B fij — flr]mn £y min _ f;(x) < f_max
p-ij ( ij (X)) = fmax _ fijmm’ 1]

min
0, fij < fij

5.2. Linearization of fractional member ship functions

Here, fractional membership functions associateth véach objective function are
linearized by using Taylor series approach. Acaaydito which, the fractional
membership functions can be linearized at the eidiood of the point of optimal
solution(x, Y1, %Y1, .o v e v, x U0)

W'y = (%1 Y1, %, Y, ... Uu) + (%1 — %1 11) [(XIUI, %590, ey 300
Ops
+(x2 = XZU”)_] [(Xlu‘l X3, ... XnU1)]
o (X0 = xp” n) [(x1 %V, s, % U]

5.3. Construction of member ship functionsfor decision variables

The tolerance of decision variable which is comgilby the upper level decision maker
is used to find the satisfactory solution. Thusisitrequired to construct membership
function for those decision variables which aretauled by the upper level decision
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maker after getting the optimal solution of respectevel. i.e. the optimal solution &t i
level of MLMOQFPP i{x,',x,/, ....,x,') and it controls the decision variaiewhose
positive and negative tolerance limits aqé and th respectively, then the linear
membership function for this controlled variable ¢ee defined as the following:-

~(i-t)

i_ 4L ) i
Xj Y SX]SX]

t*
ux] (X]) (X + t: R) — Xj . . L
—R, xj‘ijSXj'+tj
4
0, otherwise

Also, the decision maker may have choice to shié tange ok; for getting desired
results.

5.4. Interactive fuzzy goal programming approach

Here, the fuzzy goal programming model given by BdB] is used to solve

MLMOQFPP by constructing linear membership funcsi@s explained in section 5.1-
5.3. Thus by using the fuzzy goal programming ptdoce given by Baky, we can
construct the fuzzy goal programming model fortfiesel as the following:-

FindX so as to

MinZ=W7y; d733 + W7, d 12+ W73 d7y3

and satisfy

Ufn +d7 - d'y =1 g, +d - df =1 pp,td3—dfz=1

(3 (), @b3

d™j; ,d¥; i =0 with d7y ,d% =0, (2)
Whered ij and d*;; represents the upper and over deviational vasable
andW_ll = L W_]_Z = ; W_13 = -

flnllax_fllmin 4 f{gax—fnmm, flrglax_fnmin

let the solution of FGP model (2) (8,1, x5, ....,x,1) and the value of each objective
functionf;; at this point isﬁjl, now we will find membership functions ﬁ,sl.jabout the
point (x;,x,%,....,x,}) and positive and negative tolerance limits ay& and
t,* respectively. Thus, the FGP model for second leaalbe described as the following:
FindX so as to

MinZ = ZW 1w d” 1,(+ZW ok d ok + WEy (dY; +dbty)
k=1
+WR1 (dR_ dR+ )

and satisfy

pe, +d 11— d =1, pp,+dp—d =1, pp, +d3—db3=1
b, td 21— d 21 =1, pp +dp—d =1 pp, +d 35— dip3=1
x — (e — ") _ O +t5) —x;
—L + dL 1 dL+1 == 1, —R

+dR—, —dRft, =1
tl tl 1 1
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Alx d+ij = 0,

3)

;)bl , A2x<i>b2 , A3X<i>b3 s d_ij 'd+ij20 with d_ij ,

—
\%

whered™;; and d*;; represents the upper and over deviational vasable

- 1 L 1 R 1
andW=—;; = 75— W =—,W =—
lj firjnax_fij ) 1 tlL' 1 th

Let the solution of FGP model (3) (g2, x52, ....,x,%) and the value of each
objective functiory;; at this point isfl-jz, now we will find membership functions BB,
about(x;2,x,2, ....,x,%) and new positive and negative tolerance limitsdoaret, Rand
t,* respectively; also consider the positive and negatlerance limits fox,aret,?and
t,L respectively. Similarly, we can formulate the FGRdel for third level whose
solution will come agx;3,x,3, ....,x,%) and this process continues till- 1% level
whose solution will come a3, 1, x," 1, ..., x,"1). With the help of this point, we
can formulate the FGP model fdf level as the following:

FindX so asto

3 3 3
MinZ = Z W_lk d_lk + Z W_Zk d_Zk + it Z W_nk d_nk
k=1 k=1 k=1
n-1
+ Z(WLR (d g+ dM) + W (@R + dRYY)

k=1
and satisfy
pr, +d 11— d =1, pp,+dp—d =1, pp, +d3—db3=1
b, *d a1 —d 1 =1, pp, +d = d =1, pp, +d;3—diz=1

t L R
1—1 ) ( n-1 ! R)
Xy — (xé1 - tz L— L+ X + tZ — X3 R— R+
tZL +d d 2—1, tZR d _d 2_1

(xrlllzll + tn—lR) — Xn
R

= + dR_n—l - dR+n—1 =1
th-1

Ab((i)bl ’ A2x<i>b2 , A3x(i)b3’ dy rd+ij >0 with d rd+ij=0;

4)
whered™;; and d*;; represents the upper and over deviational vasable
— 1 1 1 1 1
andw ij ZW ,WL1 =t_L'WR1 =t—R, ...... ,WLn_1 =t—L'WRn—1 =t R
ij ij 1 1 n-1 n-1
and solution of this FGP model (4) (%,", x,", ........,x,™) and the value of each

objective functiorf;; at this point i§i]-“, which is the required satisfactory solution.
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6. Numerical example
We are taking the following fuzzy four level quatitrdractional programming problem
(FLQFPP) whose objective function of each level taos fractional function with
numerator and denominator as the quadratic one:
FLOFPP
[15¢ Level]

[6]x,% + [4]x,x%; + [8]

Maxah = ST, + [12]

[2“Ol Level]

Mo £, = 21?41, + 5]
P22 T 2]x,Z + [10]x,2 + [6]

[3rd Level]

Max. f. = [4]x3X; + [6]x3%1 + [2]x1 + [5]
P13 T T 20xxg + [10]%; + [8]

[4th Level]

Ma = 100 + 4Tz, + (2

[6]x42 + [5]x1x, + [12]x3 + [2]
[3]x1 + [5]xz — [2]x5 + [4]x4 < [20],
[8]X1 - [12]X2 + [6]X3 - [12]X4 < [10], X1,X2,X3 = 0
Let us assume that the various fuzzy numbers usalddve problem are
[2]=(123), [Bl=(@135), [4]1=(445), [5]1=@57), [6]=(567),
[8] = (7,8,9), [10] = (8,10,12),[12] = (11,12,13), [20] = (15,20,25)
Thus, its equivalent deterministic fourlevel thidgective quadratic fractional
programming problem (FLTOQFPP) can be formed asdit@mving:

FLTOQFPP
[15¢ Level]
Max. f.. = 5%12 + 4%X,%3 + 7 . 6X12% + 4%X,x3 + 8
T T T 13 2T T sxx,+12
_ 7X12 + 5X2X3 +9
137 3xyx, + 11
[2“Ol Level]
M £ = 1X32+4X4+3 £ = 2X32+4X4+5 _ 3X32+5X4+7
Tl TR T 122+ 7 2T 22+ 10x.2 46" 20 1,2+ 8%,2+5
[3rd Level]
4X3X5 + 5X3%Xq + 1x4 + 3 4X3X5 + 6X3%X; + 2X4 + 5
Maxx3f31 = yI32 = 133
3x4x1 +12x3+9 2x4x1 + 10x3 + 8
_ 5X3Xp + 7X3X1 + 3% +7
B 1X4X1 + 8X3 +7
[4t Level]
8x3 +4x4x, +1 10x3 + 4x4%; + 2
MaXX4f41 = ) f4.2 = ’ f43

7x4% + 7X1X5 + 13x53 + 1
12x5 + 5x4%; + 3

- 5x4% + 3x1X, + 11x3 + 3

6xX42 + 5%1X, + 12x3 + 2
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1xq + 3%, — 1x3 + 4x4 < 15, 3xq + 5%, — 2x3 + 4x4 < 20,
5X1 + 7X2 - 3X3 + 5X4 < 25,
7xq — 11x5 + 5x3 — 11x4 < 8,8x4 — 12x, + 6x3 — 12x, < 10,

9% — 13x, + 7x3 — 13%x, < 12, X1,Xp,X3 = 0

Optimize solution of each level's decision makemew taken individually, is as

following:

The various results are listed in the followingléab

\?a?r(i:;iilc:ar; £ | (%, x,U0, x50 f;min (%119, %, 1, x5 )
fiq 130.48 | (0,14.63,28.88,0) | 0.20 (0.83,0,13.49,6.92)
fi2 141.43 (0,14.63,28.88,0) | 0.30 (0.76,0,13.70,6.98)
£ 192.77 | (0,14.63,28.88,0) | 0.48 (0.66,0,14.05,7.10)
f)q 424 (0,0.03,16.2,7.79) | 0.018 (0,3.72,0.35,0)
f50 93.64 (0,0.03,16.2,7.79) | 0.036 (0,3.69,0.29,0)
fya 166.91 | (0,0.03,16.2,7.79) | 0.063 (0,3.69,0.27,0)
faq 4.76 (0,14.63,28.88,0) | 0.015 (0,0,16.2,7.8)
fan 5.71 (0,14.63,28.88,0) | 0.029 (0,0,16.2,7.8)
fas 8.90 (0,14.63,28.88,0) | 0.051 (0,0,16.2,7.8)
faz 1.81 (1.7,0,0,036) | 0.010 (0,0,0,3.75)
f40 1.68 (2.08,0,0,0.60) | 0.023 (0,0,0,3.75)
fy3 2.08 (2.92,0,01.13) | 0.041 (0,0,0,3.75)

Table 1: Optimized values of all objective functions at optied points by taking them
individually in the optimization procedure

Software LINGO 15 is used to find the optiensolution of each type of optimizing
problem in this numerical example.
Firstly, we take the poirn0,14.63,28.88,0)at which the membership functions of each
objective functions for first level are formed atdis we get the following FGP model
for the first level as the following:

[1st level]
min = 0.0077d™; + 0.0071d7;, + 0.0052d ™ ;3;
subject to
0.00000x; + 0.06818x, + 0.03454x; + 0.00000x, + d~;; — d*;; = 1.99483;
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0.00000x; + 0.06821x, 4+ 0.03455x5 + 0.00000x, + d~y, — d*;, = 1.99533;
0.00000x; + 0.06827x, + 0.03458x3 + 0.00000x, + d~;3 — d*;53 = 1.99700;
1xq + 3%y — 1x3 + 4x4 < 15, 3xq + 5%, — 2x3 + 4x, < 20,
5x; + 7%, — 3x3 + 5x4 < 25,
7xq — 11x5 + 5x3 — 11x,4 < 8,8x4 — 12x, + 6x3 — 12x, < 10,
9x; — 13x, + 7x3 — 13x, < 12, X1,X2,X3 =0
Its solution comes ag =0, x, = 14.63, x3 =28.88, x, =0
Thus, we find new membership functions afheabjective functions for first and
second level decision makers by using the values detision variables as
(x1,X5,X3,%X4) = (0,14.63,28.88,0) and we take positive limit for first decision \avle
as3.0(t;R = 3.0) and negative limit for first decision variable ®5(t;“ = 0.5)and get
the FGP model for second level decision maker @saffowing:-
[2nd level]
min = 0.0077d™;; + 0.0071d™;, + 0.0052d ;3 + 0.0236d ", + 0.0107d ™5,
+0.0060d™ 53 + 2dY7; + 2dY*; + 0.33dR~; + 0.33dR*;
subject to
0.00000x; + 0.06818x, 4+ 0.03454x; + 0.00000x, + d~y; — d*;; = 1.99483;
0.00000x; + 0.06821x, + 0.03455x3 + 0.00000x, + d~;, — d*;, = 1.99533;
0.00000x; + 0.06827x, + 0.03458x3 + 0.00000x, + d~;3 — d*;53 = 1.99700;
0.0000x; + —0.0010x, + 0.0005x5 + 0.0000x, + d™5; — d*,; = 0.992746174;
0.0000x; + —0.0011x, + 0.0006x5 + 0.0000x, + d ™5, — d*,, = 0.992053678;
0.0000x; + —0.0012x, + 0.0006x5 + 0.0000x, + d~,53 — d*,3 = 0.991622519;
2x; +db; —dY*; =0;-0.33%x, + dR~; —dR*; =0;
1xq + 3%, — 1x3 +4x, <15, 3% + 5%, — 2x3 + 4x4 < 20,
5xq + 7%, — 3x3 + 5x4 < 25,
7% — 11x, + 5%3 — 11x4 < 8§, 8xq — 12x, + 6x3 — 12x, < 10,
9% —13x, + 7x3 — 13x4, < 12, X1,X2,X3 =0
Its solution comes ag =0, x, = 14.63, x3 =28.88, x, =0
Thus, we find new membership functions ofhealsjective functions for first, second
and third level decision makers by using the valuds decision variables as
(x1,X5,X3,%X4) = (0,14.63,28.88,0) and we take positive limits for first and second
decision variable agt;R = 3.0,t,R = 0.5) and negative limits for first and second
decision variable agt;* = 0.5,t,“ = 10) and forms the FGP model for third level
decision maker as the following:-
[3rd level]
min = 0.0077d™;; + 0.0071d™, + 0.0052d ™3 + 0.0236d ™, + 0.0107d ™5,
+0.0060d ™53 + 0.2107 d™3; + 0.1760 d™5, + 0.1130d ™35 + 2d"",
+ 2dM*; + 0.33dR~; + 0.33dR*; + 0.1d¥", + 0.1d"*, + 2dR~,
+ 2dR*, 4+ 0.1dM;
subject to
0.00000x, + 0.06818x, + 0.03454x; + 0.00000x, + d~;; — d*;; = 1.99483;
0.00000x; + 0.06821x, + 0.03455x3 + 0.00000x, + d~1, — d*;, = 1.99533;
0.00000x; + 0.06827x, + 0.03458x3 + 0.00000x, + d~;3 — d*;53 = 1.99700;
0.0000x; + —0.0010x, + 0.0005x3 + 0.0000x, + d "5, — d*,; = 0.99274;
0.0000x; + —0.0011x, + 0.0006x3 + 0.0000x, + d 5, — d*,, = 0.99205;
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0.0000x; + —0.0012x, + 0.0006x5 + 0.0000x, + d~,3 — d*,3 = 0.99162;
0.0862x, + 0.0685x, + 0.0008x5 + 0.0000x, + d~3; — d¥3; = 1.02500;
0.1040x; + 0.0685x, + 0.0008x3 + 0.0000x, + d 3, — d*3, = 1.02627;
0.0974x, + 0.0686x, + 0.0009x; + 0.0000x, + d 33 — d*3; = 1.02870;
2x; +db; —dMt; =0;-0.33%x, + dR~; —dR*; =0;
0.1x, + d*~, — d't, = 1.463; —2x, + dR~, — dR*, = —27.26;
1xq + 3%, — 1x3 +4x4, <15, 3%y + 5%, — 2x3 + 4x4 < 20,
5xq + 7%, — 3x3 + 5x4 < 25,
7% — 11x, + 5x3 — 11x4 < 8§, 8xq — 12x, + 6x3 — 12x, < 10,
9x1 — 13x, + 7x3 — 13%x4 < 12, X1,X2,X3 =20
Its solution comes ag =0, x, = 13.63, x3 = 28.01, x, = 0.53,

Thus, we find new membership functions of ealgjective functions for first, second,
third and fourth level decision makers by using tlsdues of decision variables as
(x1,X5,X%3,%4) = (0,13.63,28.01,0.53) and we take positive limits for first, second and
third decision variable agt;R = 3.0,t,R = 0.5,t3R = 0.5) and negative limits for first,
second and third decision variable @s* = 0.5,t,* = 10,t;* = 10) and forms the FGP
model for fourth level decision maker as the foilogv

[4th level]
min = 0.0077d™;; + 0.0071d™ 4, + 0.0052d™ 153 + 0.0236d,; + 0.0107d ™5,
+0.0060d™ 53 + 0.2107 d"3; + 0.1760d "5, + 0.1130d " 35
4+ 0.5556d 7 4; + 0.6035d ™4, + 0.4904d™ 43 + 2dY~; + 2dM*,
+0.33dR~; + 0.33dR*; + 0.1d*~, + 0.1d"*, + 2dR~, + 2dR*,
+0.1dY5 + 0.1d%*5 + 2dR~5 + 2dR*;;
subject to
—0.2584x; + 0.0661x, + 0.0322x3 + 0.0000x, + d~y; — d*y; = 1.89865;
—0.2002x, + 0.0662x, + 0.0322x3 + 0.0000x, + d~;, — d*;, = 1.89911;
—0.1311x, + 0.0662x, + 0.0322x3 + 0.0000x, + d~;3 — d*;3 = 1.90070;
0.0000x; — 0.0012x, + 0.0006x3 + 0.0000x, + d™5; — d¥,; = 0.99206;
0.0000x; — 0.0013x, + 0.0006x5 + 0.0000x, + d~,, — d*,, = 0.99133;
0.0000x; — 0.0014x, + 0.0007x3 + 0.0000x, + d= 53 — d*,; = 0.99087;
0.0818x, + 0.0684x, + 0.0008x; + 0.0000x, + d~3; — d*3; = 1.02386;
0.1005x; + 0.0685x, + 0.0008x5 + 0.0000x, + d™3, — d*3, = 1.02498;
0.0952x; + 0.0685x, + 0.0009x5 + 0.0000x, + d~33 — d*33 = 1.02729;
—0.0853x; + 0.0000x, + 0.0000x3 — 0.0069%x, + d~4; — d*,; = 0.66251;
—0.0968x; + 0.0000x, + 0.0001x3 — 0.0094x, + d~4, — d*4, = 0.50977;
—0.0655x; + 0.0000x, + 0.0001x5 — 0.0090x, + d ™43 — d*,3 = 0.48592;
2x, +db; —dlt; =0;-0.33%;, + d®~; — dR*; = 0;0.1x, + d¥~, — d't, = 1.463;
—2x, + dR7, — dR*, = —27.26;0.1x5 + d*~53 — d**; = 2.801; —2x5 + dR~; — dR*,
= —56;
1xq + 3%, — 1x3 + 4x4 <15, 3xq + 5%, — 2x3 + 4x, < 20,
5xq + 7%, — 3x3 + 5x4 < 25,
7% — 11x, + 5%3 — 11x4 < 8§, 8xq — 12x, + 6x3 — 12x, < 10,
9x1 — 13x, + 7x3 — 13%x, < 12, X1,X2,X3 =0
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Its solution comes ag =0, x, = 13.63, x3 =28, x4, = 0.52
Thus, we get the satisfactory solutian:= 0, x, = 13.63, x3 =28, x, = 0.52,

7. Conclusion

In this paper, we solve the fuzzy multilevel quaidr&actional programming problem by

using interactive fuzzy goal programming procedane this study can be extended to
solve nonlinear multilevel and nonlinear multiolljee programming problems and it is

wished that the approach presented in this papercoatribute to future study of

hierarchical optimization problems.
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