Annales Univ. Sci. Budapest., Sect. Comp. 9 (1988) 115-120

ON FUZZIFiED LINEAR PROGRAMMING
PROBLEMS

ROBERT FULLER

Abstract: In this paper a fuzzified linear programming prob-
lem is discussed, where the parameters are linear fuzzy functions.The
maximum and the inequalities are considered in the sense of Goetschel-

Voxman relation [1].

1.Introduction

In practical linear programming problems the parameters of
the object and the constrains functions are often not well defined.
This fact induces us to fuzzify these parameters i.e. to use fuzzy
functions instead of real-valued parameters.

2.Basic notations and definitions

In this paper we adopt the notations and definitions used in
[1]. We will say that p: R — I =[0,1] is a fuzzy number if

(i) p is upper semicontinuous, (ii) there are real num-
bers a,b,c and d, ¢ < a < b < d, such that u(z) = 0 outside
[¢,d] and u(z) = 1 for each z € [a,b], furthermore u is increasing
in [c,a] and decreasing in (b, d].

The set of fuzzy numbers will be denoted by F. Let u € F
and define C, (1) by

_J{zeR|u(z)>r} fOo<r<1
Cr(w) = {cl(supp ©) ifr=0
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where cl(suppu) denotes the closure of support of u. We can
identify a fuzzy number p with the parametrical triplet

(2.1) {(a(r), b(r), r)|r €I}

where a(r) and b(r) are the left and right endpoints of C,(u),
respectively.

Let u, 0 € F be represented by (2.1) and {(c(r), d(r), r) |
r € I},respectively. Suppose further that p is a real number. We
can define [1]

- multiplication by scalar pu by

— { {(pa(r), pb(r), r) | re€ I} ifp>0
" | {(pb(r), palr), r) | rel} if p<0

- addition u + 6 by
p+0:={(a(r) +c(r), b(r) +d(r), r) | r € I};

- ordering pR0 generated by the relation R /] < ,< ,=
,> or > /[ on the real line :

pRO if [/01 r(a(r) + b(r))dr] R [/01 r(c(r) +d(r))dr|;

-function S : F —» R by

S(u) := /01 r(a(r) + b(r))dr.

It is clear that _
pRO iff S(u)RS(6).

A function f : R — F is called a fuzzy function. For each fuzzy
function f : R — F let

(2.2) {(a(r,z), b(r,z), ) | r € I}
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denote the representation of the fuzzy number f(z) for each z € R

3. Main results

Let us consider the following special LP problem :
(3.1) max Z C; T;
1=1

subject to

Ea.-,a,ﬁb.-, i=1,...,m
(3'2) j=1

z; 20, g=1,...,n

A fuzzification of the LP problem (3.1), (3.2) may be defined
as follows (other approaches see [2,3,4]). Let a fuzzy function
f : R — F be given and instead of the parameters ¢;, a;;, b;
formulate the problem with the fuzzy number parameters

fles)s flaij), f(b:):
(3.3) max )  f(c;)z;
subject to

(3.4) > f(ay)z20(b), i=1,...,m

z; >0, j=1,...,n

where max is also regarded in the sense the ordering <. The
membership functions of the fuzzy numbers f(c,), f(a;,), f(b;) can
be considered as a possibility distribution of the corresponding
parameters c,, a,;,b;.
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In the following a special class of fuzzy functions will be used to
fuzzify the classical LP problem.

DEFINITION 3.1 A function f : R — F is called a homoge-
neous linear fuzzy function if

(3.5) f(t)y=tr, teR

where 7 € F is a fuzzy number. From the definition 3.1 it follows
that f(1) = 7. In the following theorem we will see that the
fuzzified LP problem (3.3), (3.4) can be transformed into a special
equivalent nonfuzzy LP problems if f is a homogeneous linear
fuzzy function. The theorem in question can be stated as follows:

Theorem 3.1 Let f be homogeneous linear fuzzy functions of
the form (8.5) then the solution of the fuzzy LP problem (8.8),(3.4)
1s:

(x) the solution of the classical LP problem
min Z C; T,
i=1

subject to
Ea,-J-:B,-Zb;, i=1,...,m
j=1
z; >205=1,...,n
if 7<0;

(%) allz; >0, j=1,...,n, if 7=0;
(315)  the classical LP problem

n
ma.xE C;Z;
i=1
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subject to

Za;,-:c,-gb.- t=1,...,m
i=1
z; 209 =1,...,n

if 750;
where 0 € F is represented parametrically by {(0,0,r)|r € I}.
Proof. From the definition 3.1 we have

Z flai;)z; = £(1) Eaijzj =7 Z%‘%‘-

Consequently, the constrains (3.4) will be fulfilled if

(3.6) {i: a.-,~:z:,} S(r) < bS(r)

Furthermore z* is a solution of (3.3), (3.4) if the inequality

n n

(3.7) Zc,-x,-jl S(r) < Ec,-x; S(r)

i=1 J=1

holds true for all z; > 0, j = 1,...,n, satisfying (3.7). From (3.6)
if follows that the nonfuzzy contraints set is one of the following
sets:

C.={zeR"|z>0, Za,-jxjgb,-,i:l,...,m}, if 730,

j=1

C, ={z€R"|z >0}, if 70,

Co={z€R"z>0, Y a,z; >bi=1,..,m}, ifr<0,
i=1
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and under these constans the optimality condition (3.7) is

n n
Z ¢;z; < Ecja:; for all z € C, if 750,
I=1 I=1
E ¢;z; > Zc,-:c; for all z € C, if 7<0,
I=1 =1

(3.7) is satisfied for all z € C, if 7=0.
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