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Abstract

In an earlier work [Pop and Stancu Minasian, 2008], we proposed a method of
solving the fully fuzzified linear fractional programming (FFLFP) problem. In
this paper, we propose another method of solving the FFLFP problem. First,
analogically using the Charnes-Cooper method, we transform the linear frac-
tional programming problem into a linear one. Next, problem of maximizing a
function with triangular fuzzy value is transformed into a deterministic multi-
ple objective linear programming problem with quadratic constraints. We apply
the extension principle of Zadeh to add fuzzy numbers, an approximate version
of the same principle to multiply and divide fuzzy numbers and the Kerre’s
method to evaluate a fuzzy constraint. Disjunctive constraints are also taken
into consideration here. An illustrative numerical example is given to clarify
the developed theory and the proposed algorithm.
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1 Introduction

There have been significant developments in the theory and applications of frac-
tional programming in the last decades. For more informations about fractional
programming problems, the reader may consult the bibliography with 491 en-
tries presented by Stancu-Minasian, 2006, covering mainly the years from 1997
to 2005, and which gives a clear idea of the amount of work that is been in the

field in the recent years.

In most real-world situations, the possible values of coefficients of a lin-
ear fractional programming problem are often only imprecisely or ambiguously
known to the expert [Sakawa et al., 1992]. With this observation in mind, it
would be certainly more appropriate to interpret the coefficients as fuzzy nu-

merical data.

Generally, two types of problems implying fuzzy uncertainity are studied
in the literature. Fuzzy approaches to solve deterministic problems could be
developped and also fuzzy models, implying fuzzy goals and fuzzy coefficients,
could be defined and solved.

A fuzzy satisficing method was used by Sakawa and Yano, 1988, to solve mul-
tiple objective linear fractional programming problem (MOLFPP). Sakawa et
al., in 1992, introduced a general concept of Pareto optimal solution and treated
two types of fuzzy goals (called fuzzy equal and fuzzy min). Luhandjula, 1984,
used a linguistic variable approach to solve MOLFPP. Imprecise aspirations of

the decision-maker are represented by structured linguistic variable.

The concept of linguistic variable has been introduced by Zadeh (see, for
example [Dubois and Prade, 1987]). The aggregation of membership functions
is done with a compensatory operator which does not guarantee the efficiency
of the optimal solution. Dutta, Tiwari and Rao, 1992, modified the linguistic
approach of Luhandjula [op.cit.] such to obtain efficient solution. In [Stancu-
Minasian and Pop, 2003] some shortcomings in the work [Dutta et al., 1992
are pointed out and a correct proof of Dutta’s main theorem is given. More-
over, Stancu-Minasian and Pop, in 2003, noticed that the method presented in
[Dutta et al., 1992] only works efficiently if some quite restrictive hypotheses
are satisfied. Chakraborty and Gupta, 2002, described a new fuzzy method to
solving MOLFPP improuving the complexity of computations by defining fuzzy

goals for a deterministic multiple objective linear programming problem.
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In [Li and Chen, 1996] a fuzzy linear fractional programming model with
fuzzy coeflicients is established and the concept and mathematical definition of
the fuzzy optimal value were presented. A new method and an approximate al-
gorithm for solving the model were also given. In [Sakawa and Nishizaki, 2000]
an interactive method is presented to solving two-level linear fractional program-
ming problems with fuzzy parameters. In [Sakawa and Kato, 1998] multiple
objective linear fractional programming problems with block angular structure
involving fuzzy numbers were formulated and, through the introduction of ex-
tended Pareto optimality concepts an interactive fuzzy satisficing method for

linear programming was presented.

Sakawa et al., in 2001, developed an interactive fuzzy programming method
for multi-level 0-1 programming problems with fuzzy parameters through genetic
algorithms. The authors derived efficiently a satisfactory solution by updating
satisfactory levels of the decision makers with considerations of overall satisfac-
tory balance among all levels (the fuzzy goals of the decision makers at all levels

being determined in preamble).

Sakawa and Kato, in 1998, presented an interactive satisficing method for
structured MOLFPP with fuzzy numbers in the objective functions and in the
constraints. The authors changed the fuzzy problem in a deterministic one using
fuzzy intervals. Sakawa et al., in 1999, developped an interactive fuzzy method
for two-level linear fractional programming problems with fuzzy parameters by
defining fuzzy goals for decidents on both levels. The fiting goal of the first

decident and the slak between levels for each a-cut are evaluated.

Buckley and Feuring, in 2000, considered the fully fuzzified linear program-
ming problem (FFLP) by establishing all the coefficients and variables of a linear
program as being fuzzy quantities. They transform the fully fuzzified program-
ming problem in a multiple objective deterministic problem (MODP) which, in
the general case treated, is non-linear. Then, the problem is transformed in
a multiple objective fuzzy problem with the help of which the authors explore
the entire set of the Pareto-optimal solutions of the MODP. The solving of the
multiple objective fuzzy problem is being made by using a genetic algorithm
leading to feasible solutions for the initial problem.

In order to find the properties describing the set of efficient solutions of
the multiple objective problem, two different methods are used in [Buckley and

Feuring, 2000]: one is a classic parametric method and the other, called method
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of flexible programming, is similar to the method of goal programming.

We are going to allow all the parameters to be fuzzy and we obtain what we
have called the fully fuzzified linear fractional programming (FFLP)problem.
Hashemi et al., in 2006, proposed a two-phase approach to find the optimal
solutions of the FFLP problem based on the comparison of mean and standard
deviation of fuzzy numbers. In the first phase maximizes the possibilistic mean
value of fuzzy objective function and obtains a set of feasible solutions.The
second phase minimizes the standard deviation of the original fuzzy objective
function, by considering all basic feasible solutions obtained at the end of the
first phase.

In [Ghatee and Hashemi, 2007] authors considered the fully fuzzified minimal
cost flow problem(MCFP), that is, the problem of finding the least transporta-
tion cost of a single commodity through a capaciated network in which the sup-
ply and demand of nodes and the capacity and cost of edges are fuzzy numbers.
They sort fuzzy numbers by an order using a ranking function and transform
the fully fuzzified MCFP into three crisp problems solvable in polynomial time.

In [Mikaeilvand et al., 2008] is proposed a new method to solve FFLP by
using a linear ranking function for defuzzifying the FFLP problem.

[Mehra et al., 2007] proposed a new method to compute an («, 3)-acceptable
optimal solution and an («, 3)-acceptable optimal value of the FFLP problem
where a € [0,1] and 3 € [0,1] is the grade of satisfacion associated with the
fuzzy objective function and with the fuzzy constraints, respectively.

In [Li and Fang, 2009] is consider the problem of minimizing a linear frac-
tional function subject to a system of sup-T equations with a continuous Ar-
chimedean triangular norm T and show that this can be reduced to a 0-1 linear
fractional optimization problem in polynomial time.

In 2008 Toksari suggests the use of a Taylor series for fuzzy multiobjective
linear fractional programming problems.

In a previous paper [Pop and Stancu Minasian, 2008], we proposed a method
to solve the fully fuzzified linear fractional programming problem, where all the
variables and parameters are represented by triangular fuzzy numbers. The pro-
posed approach is first to transform the original fuzzy problem into a determin-
istic multiple objective linear fractional programming problem with quadratic
constraints. This transformation is obtained by using the extension principle of

Zadeh and Keree’s method for the evaluation of the fuzzy constraints.
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The idea is also of transforming the fully fuzzified linear fractional problem
in a multiple objective deterministic problem, by establishing the coefficients
and the variables of the problem as triangular fuzzy numbers aggregated with
fuzzy operators obtained through applying the Zadeh’s extension principle (for
additions and subtractions) and an approximate version of it (for multiplications
and divisions).

The Charnes-Cooper transformation (see [Charnes and Cooper, 1962]) to
obtain a fully fuzzified linear programming problem is applied before aggregating
fuzzy quantities.

For the fuzzy inequalities evaluated by using the Kerre’s method [Kerre,
1982], we find the general form of the deterministic equivalent problem. Gener-
ally, a mathematical programming problem with many objective functions and
with disjunctive non-linear constraints is obtained. Using the method proposed
by Patkar and Stancu-Minasian in 1982, the system of disjunctive constraints is
replaced with an ”"and” classic system. The non-linearity of some constraints,
kept the same after the transformation, will be treated with the classical meth-
ods. The case of a fully fuzzified linear fractional programming (FFLFP) is

considered. The model of such a problem is presented in Section 2.

2 FFLFP model

Let us consider the fully fuzzified linear fractional programming problem

> C;X; +Co
max [ Z = 2= (1)
> DiXj+ Do
j=1
subject to
M= L A,X - B0 i=l.m
M= (2)
X; >0, j=1,..,n
where

° (ﬁj)y:l,...,n ,Co and (ﬁ]) , Dy represent the coefficients of the lin-

ear fractional objective function,

j=1,....n

@ ()0 (B),

side of the linear constraints respectively,

., represent the coeflicients and the right hand
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° (Xj)jzl

Here it is customary to assume that the denominator in (1) is strictly positive

,, tepresents the decision variables.

.....

for any YJ in the feasible region. Moreover, in this paper we will assume that
the nominator in (1) is strictly positive. The meaning of ”strictly positive” will
be explained later. The notation Y means that Y represents a fuzzy quantity.

The paper is divided into 6 sections. The aggregation and comparision of
triangular fuzzy numbers is presented in Section 3. As we will see in the next
section, if Cj, Co, D;, Do, B;, X;, A;; are triangular fuzzy numbers for each
i=1,...,mandj =1,....,n, then Z and M; are also triangular fuzzy numbers for
each i = 1,...,m. The inequalities in constraints (2) are considered as evaluated
according to Kerre’s method.

In Section 4 we propose a method of solving problem (1)-(2) when all initial
fuzzy quantities are described with triangular fuzzy numbers. According to
[Buckley and Feuring, 2000], the solving of problem (1)-(2) assumes to define
what the "maximum” of a fuzzy number, i.e. mazZ, means and the evaluation
of the fuzzy inequality M; < 0. In Section 5, to illustrate our method, we
consider a numerical example which we are then going to solve by the new

method. Short concluding remarks are made in Section 6.

3 Triangular fuzzy numbers - aggregation and
comparision

The purpose of this section is to recall some concepts which will be needed in

the sequel.

Definition 1 ([4]) A triangular fuzzy number Y is a triplet (yl,yz,y3) € R3.
The membership function of Y is defined in connection with the real numbers

y',y2, 9% as follows:

0, x € (—oo,yt)
1
_ SV, zefyhy?]
Y- T4
e xz € (y3,y°
" (v, v’
0, x € (y2,00)

Y (x) represents a number in [0, 1], which is the membership function of Y

evaluated in x.
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The extension principle was formulated by Zadeh (see, for example [Zim-
mermann, 1985]) in order to extend the known models implying fuzzy elements
to the case of fuzzy entities. Applying this principle the following definitions of

the addition and subtraction of triangular fuzzy numbers result:

Definition 2 Being given two triangular fuzzy numbers 4 = (al,az,a3) ,B

= (bl, b2, b3), a',a?, a3, b, b2, b3 € R, we define the sum and the subtraction as:

(i) A+ B = (a' + b, a2 + b2, a® + b3)

(i) - B = (a' — b%,a® — 1, a® — b!).

Applying the principle of extension to multiply triangular fuzzy numbers it
is not obtained a triangular fuzzy number. According to [Uhrig and Tsoukalas,
1997] we could use a—cuts method to describe the membership function of
the result. We will use the approximate version of Zadeh principle in order to
multiply and to divide two fuzzy numbers. We recall here the coresponding

definition introduced in [Pop and Stancu, 2008].

Definition 3 Being given two triangular fuzzy numbers A = (al,aQ,ag) ,B
= (bl, b?, b3), al,a?, a3, b, 2,03 € R, we define the multiplication and division

as:

One definition for the inequality between two fuzzy numbers was introduced
by Kerre in 1982. The main concept of comparison of fuzzy numbers is based
on the comparison of areas determined by membership functions.

The inequality
(ml,mg,mg) S (0,0,0) (3)

of triangular fuzzy numbers was introduced in [Pop and Stancu-Minasian, 2008].
The following proposition describes it through a system of deterministic disjunc-

tive constraints.
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Proposition 1 ([Pop and Stancu-Minasian, 2008]) Given a triangular fuzzy
number M = (m1, ma, m3), relation (3) holds if and only if the following system

of disjunctive constraints is satisfied:

mg < 0, (4)
or
m; <0 <mgy (5)
my (m1 +ma 4+ m3) > mams 7
or

{ngogms ©)

mg (m1 +ma +ms3) < mime

By describing equality through a double inequality, we can describe now, in
the same context, the "Kerre equality” between two fuzzy numbers which do
not have the same parameters, which is an equality of the form M = N. The
equality with ”zero” of a triangular fuzzy number is general enough to describe
the equality of two triangular fuzzy numbers because the deduction of the two
triangular fuzzy numbers can be done at any time in order for the equality to
be equal to "zero”.

The following proposition gives necessary and sufficient conditions for equal-
ity

(mq, ma, ms) = (0,0,0) (7)

to hold.

Proposition 2 Given the triangular fuzzy number M = (my, mo, ms), the
Kerre equality (7) holds if and only if the parameters of M satisfy the following

disjunctive system of constraints:
my =mg =mg =0,

or
my; <0< mg
mq (m1 + mo + mg) = MaoMms

or

me <0 < mg3
ms (my + mg + m3) = mime
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4  Solving method for FFLFP

Based on the concepts discussed in the previous section, in this paragraph we
describe an alternative method of building a deterministic problem equivalent
with Problem (1)-(2).

First, we transform problem (1)-(2) into a fully fuzzified linear programming

problem using the Charnes-Cooper transformation, and obtain the following

problem
max ZC]Y} + CoT (8)
j=1
subject to
ZAZ_]}/j_BiTSO7Z:17 , TN
j=1
> DY+ DoT =1, (9)
j=1
T>0
Y, >0,j=1,...n.

After aggregating the fuzzy quantities according to Definition 2 and Defi-
nition 3 we change the maximization of the objective function described by a
triangular fuzzy number with the maximization of the three components of the
fuzzy number, as described in [Buckley and Feuring, 2000], and we obtain the

following deterministic multiple objective linear program with fuzzy constraints

n n n
max Z cjy; + ot Z Syl + gt Z Syl + cit? (10)
j=1 j=1 j=1

subject to

n n n _
Zl agjy; — b33, Zl aijjz — b2t?, Zl a;?’jyg’ — b%t1> <0,i=1,...m
j= j= j=

n n n _
Z1 djyj + dgt", Zl d3y3 + dgt?, Zl d3ys + dgt3) =1 (11)
i= i= i=

0<y;<y; <y}, j=1,...n
o<t <2<

System (11) consists of m inequalities between fuzzy numbers, n + 1 non-
negativity constraints of variables and 2(n + 1) relations between components

of the fuzzy numbers which represent the decision variables.
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512

By applying Proposition 1 to the inequality of index ¢ from (11) we obtain

the following disjunctive system of constraints:

S;=Slus?us?

where
Z aliy? —bit' <0, i=1,..,m

ogt1§t2§t3, 0<y;<y;<yl,j=1,...,n

alyl —bg’t?’ <0< g —b2t2 i1=1,....m

A

-

1 1

Z: ij b?t?))(

2.2 12,2 1) o
> (J;laijyj —bit> (Z ajiy? — bit ), i=1,...,m

0<t <t?<t’, 0<y; <yi<ylj=1,..,n

J
ij — b33 + Z auyj — b2+ E af’]yj)’

HMs TMS

Jj=1

n n
< (St -o0) (g te) i1
j= j=

0<t'<#?<t?, 0<y; <yj<ylj=1l..n

b1t1> >

n n
> afji‘/}?’ - b}ﬂ) (Z ( ”y] i a”y] + az]y]) — B3P — 22— b}t1> <

By applying Proposition 2 to the equality from (11) we obtain the disjunctive

system of constraints Sy = S U SZ U S§ where

Zdl +ditt =1
=
Z dZy? + dit* =1
J:
> ddyd 4+ dt® =1

0<y; <y <ylj=1,...n
o<tl<t2<¢d




So

So

I
™M=~
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3

Z diys +dgt' <1

Z d2y? 4+ dgt* > 1
]_

3 \

(Z diy; + dg)tl) (Z (djyj + d3y7 + d3y?) + dot* + gt + dit® — 3>
j=1 j=1

= (Zl dy? + djt® — 1) (Zl dZy: + d3t2>
J= J=

0<t <t?<#?, 0<y; <yi<ylj=1,..,n

d2 24 d3? <1

d3y3 +d3t3 > 1

iy} +dit® — 1 <Z (djyj +d3y; + dly}) + dgt' + dt> + dt® — 3)
j=1

= (Z djyj + dg)tl) (Z d3y3 + d3t2>
j=1 j=1

0<t <2 <t*, 0<y; <y? <yl j=1,...n

-
Il
—_

Consequently, Problem (1)-(2) is reduced to the following deterministic multiple
objective linear programming problem (MOLP) subject to a conjunctive system

of disjunctive non-linear constraints:

max Z s yj + cgt?, Z c?y? + c2t?, Z cg’y? +cit? (12)
j=1 j=1
subject to
m
(ﬂ (S}USEUS?)) N(S;uUS3USy). (13)
i=1

According to the method described in [Patkar and Stancu-Minasian, 1985],
we shall consider the indicator variables 6}, 62, 63 (i = 0,1,...,m) in order
to eliminate the disjuncture and to obtain (14) as system of conjunctive con-
straints, where M represents the upper bounds for all expressions which appear
in constraints and L represents the lower bounds for expressions which appear

in equalities.
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n

Sady?—bitt < (1-0) M, i=1,...m
j=1

n

Sabyl -0t < (1-0) M, i=1,...m
j:1

- Z a4 < (1-6) M, i=1,...m

- (El a5~ b?t?’) (Z aly; — bt + Z afjy; — bit* + Z alyy - b}ﬂ) +
+ (j; azy; — b§t2> (j; ajiy? — bllt1> <(1-)M, i=1,..m

Z a2 -0 < (1-63) M, i=1,...m

_Zazjy] +b1t1 (1_6§)M7 i=1,...,m

(JZ ayy; — b%t1> (jZl aly; — b}t + 3 afyi — bt + z ady? — b}t1> _

j=1

- (Z alyj — b?t3> (Zl az;y; — b?t2> <=M, i=1,..m
- P

SE4+062+62>1, 6},62,60 € {0,1}, i =

i,0i,0; =1,...m

S iy} + ! 1< (1 53) M
]:

S djyj +ditt —1< (1-63) L

(o9

(1 - &)
d2y§ B2 1< (1-8) M
(1 - &)

y:+dit* —1> (1-45) L

<. <. =
&MﬁuM:ﬁ
<

d3 +djtd —1<(1-05) M

d3 +dit’—1>(1-64) L

dl THdptt —1< (1—-65) M

— Zd§y§+d3t2+1g (1-63) L
j=1

(Zl djy; + détl) <-21 (diy} + d2y? + d3y?) + dit' + d3t? + d3t® — 3) -
J:

J=

- <J; Ay + dit® — 1) (J; diy; + d%t?) <(1-8)M
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- (Zl dy? + dit® — 1> (Zl dzy? + d3t2> > (1-63) L
J= J=

Yodiyi+dit? —1< (1-63) M
j=1

n n
(-21 djy; + d%“) <Zl (dhy} + d2y? + d2y3) + djt! + d3t® + d3t® — 3) -
J:

- By +ditt+1< (1-63) M
j=1

J
(_21 dy? + dit® — 1) < 1 diy; + d3y? + d3y3) + dt' + d3t® + dit> — 3) -
J= J

(4]
_< yl + dit )( dQ.y?+dgt2>§(1—58)M
Jj=

(Z djy} + dot® — 1) (Z (dby} + d2y? + d3y2) + dit' + d3t? + d3t 3)
i=1 =
- (-21 djy; + d6t1> (Zl d3y? + d%t2> > (1-63) L
J= j=

8o + 03 + 83 > 1, 85,03,85 € {0,1}
0<t' <2<’ 0<yl<y?<ylj=1,..n

™=

3

(14)
Solving Problem (10)-(14) will allow us to obtain solution (yjl T y?)jzl N
(tl, 2, t3) (511, 62, (53) ., hamely the triangular fuzzy numbers (?j)jzl

.....

and ¢, which represent thg solution of problem (8)-(9). The optimal solution of
Problem (1)-(2) is 75 = yTJ j=1,..n

5 Computation results

In order to illustrate the method of solving fully fuzzified linear fractional pro-
grams, let us consider the deterministic linear fractional problem (15)-(16) which

was also considered in [Pop and Stancu-Minasian, 2008].

max <z = xl_xﬁl) (15)
1+ a9+ 2
subject to
T+ 12 <2
T —x2 <1 . (16)

1,22 >0
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The optimal solution of this problem is ! = 1, 22 = 0 and the optimal value
of 2 is 3 = 0.66667.

We attach now to this problem a fully fuzzified problem, considering its real
number coeflicient m as being symmetric triangular fuzzy number m of spread

2, having the following form

3

ﬁ:(ml,m2,m3), m=m—1, m?>=m, m®>=m+ 1.

Thus the fully fuzzified problem which we want to solve is

C1Z1 + C2T2 + Co
max (z= =————— (17)
d1z7 + doT3 + dp

subject to
a1171 + aiztz — b1 <0
217 + G323 — by < 0, (18)
71,72 > 0

where ¢ = [(0,1,2),(-2,-1,0),(0,1,2)], d = [(0,1,2),(0,1,2), (1,2, 3)],

(07172) (07172) b= (17273)
T 01,2 |

]
|

(0,1,2) (—=2,—1,0)

are coefficients values.
Now we transform problem (17)-(18) into a fully-fuzzified linear program-

ming problem using Charnes-Cooper transformation and we obtain:

max (C1y1 + 242 + Cot)
subject to

ay1 + gz — bt <

@a1Y1 + G2z — bal <

i1 + doyz + dot =1

71,72, t > 0.

According to the method described in Section 4, in order to obtain the
solution of this problem we solve the following multiple objective linear problem

still having fuzzy constraints:

max (f1 (y,t) = —2y3, f2 (y,t) = yi —v3 +°, f3 (y,t) = 2y7 + 2t*)  (20)
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subject to

(=33, 47 +y3 —2t2,2y7 + 25 —t!) <0
(=298 — 263,47 —y3 —2,247) <O
(' —1,y7 + 93 +26> — 1,253 + 243 + 3t —1) =0
Y1, Y2, t > 0.

(21)

By evaluating the fuzzy constraints with Kerre’s method, described in Sec-

tion 3, we obtain the following equivalent system of disjunctive constraints
[RiU(R2NR3)U(RyNRsN Rg)|N

N [R7 U (Rg N Rg N RlO) U (Rll N ng)] n (22)
N [(ng N R14 N R15) U (R16 n R17 n ng) @] (ng n R20 N Rzl)] n

NR22 N Ra3 N Ras N Ras N Rag N Ra7 N Rag N Rag N R,

where
R : Si=2+2y5-t'<0
Ry @ Soy=—y—y2+2><0
R, { Ss = (yi +u3 —2t%) (2y1 + 293 — ') +
+3t3 (y? +y3 — 22 + 2y + 293 — ¢! —3t3) <0
Ry S4:yf+y§—2t2§0
Rs : Ss=—2y}—2y3+t' <0
e { S = (2?/? 2y — 1Y) (v + 2 — 207 + 298 + 298 — ¢! — 3t3) +
+3t3 (yf +y3 — 2t?) <0
R; : S;= y:f <0
Ry : Sg=—y5—-t3<0

Rg : ng—yf+y§+t2§0
Rio : Sw=yi (4 —vs — 1)+ (v +1°) (v —y3 — 2 +2y7 — 295 - 2°) <0
R o Su=yi (i —93 —° 4207 — 295 — 26%) + (45 +°) (7 — 3 —1°) <0
Riz @ Sp=yi—y—t°<0
R13 : S13:t171:0

. _ .2 2 2 .
Ry 514—y1+y2+2t —1=0
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Ris @ Si5=3t"+2y] +2y5-1=0

Rig : Sig=t'—-1<0

Riy @ Sir=—-yi—y2-2t24+1<0

e { S1s = (8 = 1) (¢ =3+ y7 + 45 + 267+ 297 + 2953 + 3¢%) -
— (27 + 234367 1) (5 +26° - 1) =0

Rig : Sw=9i+ys+22—1<0

Ryy @ Sog=—2y7 —2y5 -3t +1<0

B Sor = (2y3 +2y3 +3t3 — 1) (' — 3+ 97 +y3 + 262 + 295 + 2y3+
o +33) (11— 1) (B + 93 +22—1) =0

Ry @ Swp=yi—yi <0
Rys @ Si=y —y; <0
Ryy @ Say=-y{ <0
Rys @ Sis=y3-y3<0
Ry : Sw=1y;—y3 <0
Ryr @ Syr=-y3 <0
Rog @ Sys=t"—1*<0
Ryg : Sp=t"—12<0
Ryg :+ S3=-t'<0

We transform the system of disjunctive constraints in a system of conjunctive

constraints using the indicator variables d1,ds, ..., dg, and we obtain
S1<(1—=01) M,
Sy < (1 —62) My
S3 < (1 —62) M3
Sq < (1—63) My
S5 < (1 —463) M5

Se < (1 —d3) Ms
01+ 082+03>1
S7 < (1—464) M7
Sg < (1 —65) Mg



S0 < (1 —=65) My
S < (1 —d6) My
S12 < (1 —d6) M12
04 +05+ 06 >1
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(1 — (57) mis < R13 (1 — (57) Mlg
(1 — 57) ™14 < R14 (1 — (57) M14
(1 =387)mis < Rys < (1 —d7) Mys

Si6 < (1 —98s) Mg

S19 <
S0 <

1-— 59) M19
1-— 59) Mgo

(1 —=69)ma1 < Roy <

(

Si7 < (1 —68) M7 (1 —dg) mig < Rig <
(
(

(23)
(1 —0g) Mg

(]. — (59) M21

d7 4+ 08 + 09 > 1
51752;53754765a66767a68769 S {07 1}
Roo, Ro3, Roy, Ras, Rog, Ro7, Rag, Rag, R3p

where each coefficient M; represents a value large enough and each coefficient
m; represents a value small enough so that the left hand side of constraint R;

can take it only outside the feasible region defined by the constraints (22).

In order to obtain a synthesis function of the three objective functions from
(20) and applying to it the results presented in [Stancu-Minasian, 1984], we use
the importance coefficients m = 0.1, w2 = 0.8 and 73 = 0.1 respectively. The
optimum of the synthesis function my fi 4+ 7o fo + w3 f3 is reached in

(v*,7) = [71 = (0.05,0.333,0.339) , 7z =

(0,0,0),%=(0,0.333,0.4)] ,

5 =(0,0,1,0,1,1,0,0,1).
It follows that the solution of problem (17)-(18) is

= (0.125,1,00) ,73 = (0,0,0)],

which approximates very closely the pair of real numbers (1,0) representing

the solution (z1,z2) of problem (15)-(16). Also triangular fuzzy number z* =

0,0.666667, 0c0) approximates very closely the real number 2 which represents
3

the optimal value of problem (15)-(16).
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6 Concluding remarks

In this paper we have proposed a method of solving the fully fuzzified linear
fractional programming problems where all the parameters and variables are
triangular fuzzy numbers. This method differs of the method presented by us
in [Pop and Stancu-Minasian, 2008].

We have transformed the fractional problem into a linear one using Charnes-
Cooper method. After that, the problem of maximizing a triangular fuzzy num-
ber was transformed into a deterministic multiple objective linear programming
problem with quadratic constraints. We have applied the extension principle of
Zadeh and an approximate version of it to aggregate fuzzy numbers. Kerre’s
method was applied in order to evaluate each fuzzy constraint. The results
obtained by Buckley and Feuring in 2000 have been taken into consideration
here. The method has added extra zero-one variables for treating disjunctive
constraints.

The example illustrated the fact that the developed method can be suc-
cesfully applied in solving fuzzy programming problems. Noticing that the
division of variable triangular fuzzy numbers (which involves approximation)
was avoided here, we can conclude that this method is more efficient than the
previous one, presented in [Pop and Stancu-Minasian, 2008].

Few ideas for possible researches which should be explored can be mentioned.
A similar method for solving fully fuzzified linear fractional programming prob-
lems, where all the parameters and variables are trapezoidal fuzzy numbers
can be described. A stochastic approach could be studied for problem (1)-(2).
A comparison study can be carried out between the fuzzy approach and the
stochastic approach for solving problem (1)-(2). These extensions are under

investigation.
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