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Abstract Fuzzy linear programming problem with fuzzy variables and fuzzy
coefficients(FLPV) is discussed in this paper and . is turned to two- stage multiobjective

linear programming problem by applying a partial order method defining the order of

bounded closed fuzzy numbers. Solution to FLPV is given.
Keywords Fuzzy varable, fuzzy - linear programming, triangulér fuzzy number,

quasi-triangular fuzzy number
[. Introduction

Fuzzy linear programming(FLP) was first discussed by Tanaka et al and
Zimmermann. So far several kinds of FLP problems and corresponding
approaches of solving them have appeared in the literature. According to solving
method,FLP can be divided into two categories: FLP with fuzzy constraints and
FLP with fuzzy coefficients. But variables in these models are régarded-
as crisp.However, in engineering problem, we often met such problems-
that how. many optimal solution of FLP approximately is and- ‘hoW many
fairly superior solution is. Now ,varié,bles of FLP are fuzzy ones ,and
corresponding FLP problem are ones with fuzzy -variables. [_1,2]‘ .studied one
objective .~ and multiobjective 'FLP . proble_:ms With' - fuzzy
variables respectively while coéﬁiciénts of 'objrect'ive’r ‘fun’r_bﬁ’o‘n' and
constraint matrix are regarded és srisp ﬁumbers : .This .'restricts‘ the range of
application of the model greatly. On the basis of [1,2],this paper study © FLP

problems with both fuzzy variables and fuzzy coefficients.
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2. Order and operations of fuzzy number

Definition 1. Fuzzy number # “is called a bounded closed fuzzy

number if and only if it has following membership function:

1 xe[mn]l=
M, (x)=+L,(x) x<m
IR"(x) ox>n

where 1, (x) is right continuos increasing function, 0 <L (x) < 1 and

Xy

himZL.(x)=0; R(x) is left co'nt'm_uosj deéreasing. function, 0 < Ru (x) < 1,
and  |imR, (x) = 0. Itis denoted as & =([m;n], L,(x),R,(x)).

Theorem 1. Let #, V be two bounded ciosed fuzzy numberét Then the
relation ®  defined by the following
1@V o i Vv=v o 0 ANvV=u
1s a partial order where |

VAT U Mu, V), TNV = U A(u, Av,).
A<0.1] A€[01] .

u,=[u,. u;] and v,=[v,, v;]are A-cut sets of # .and V

respectively. " /A " and " V " represent "get small' and "get

big" operators.

Corollafy. P®V o u, <v,, u S v;_r, v AE01]

Definition 2. For a bounded closed fuzzy number # ,'.if m7=n=uband' 'Lru(x)k '
is a linear function on support set (u.m) 'and_ R, (x) is a linear function on
support set (u, u), then # is called a triangular fuzzy number devn.otedbas
ii:(u,g,;)ﬁ. |

For a bounded closed tuzzy number #, if m=n=u and 'Lu (x) 18 va linear

function or strictly increasing convex function on support set (# ,#) and R, (x) is

a linear function or strictly decreasing concave function on support set (u, u),

then i is called a quasi-triangular fuzzy number denoted by



=L, (x),R,(x))s.

It is easy to know that a triangular fuzzy number is a quasi- triangular
fuzzy number. v :

In the following  discussion, . we . dont involve - conerete: .
representation of L (x) and R, (x). Thus _quasi-.'_triangu_lar,' fuzzy number’
i =L, (x),R,(x))¢  isdenoted by # ;(zizy,;)v shortly.

Theorem 2. Let =(u,g,;)V be a quasi-triangular fuZzy number and
Vo= (v, X»;),,\ be a triangular fuzzy number. Then

H ® Vo usv.usy, usy.

Theorem 3. If #, Vv are quasi-triangular fuzzy numbers and # =(_u-',‘;_z.g,;;)v ,ﬂ

Vo= (v,\_g;)\,, then
n+v :'(u+v,y+y,1~4‘+;)v, | u—v : (u—-v,z_l—y,b‘z—t,—é;)'v,b.

Theorem -3 are easy to -prové.

Theorem 4. If &%, Vv  are two: triangular fuzzy 'vnlu‘mber‘_s ~and
i = (), V= (v,v,v), and @ , ¥ >0, then product W V.ofv Fand Vs 'a_‘
quasi-triangular fuzzy number and W = (uv,yy,;;)% denoted by W= T o

Proof If w, Vv are- two tridnguiar fuzzy numbers and iZ: (uy?t) A

Vo= (vw\_v',;)A , then from [5] we can obtain L.'W(x) and R, (x).Itis easy to Vgrify
that L, (x) is - strictly increasing . convex on support set (uv,uv) and
R, (x)  is strictly decreasing concave on support set (uv,uv) Thus W

is a quasi-triangular fuzzy number and W = #V = (uv,uy, ;;)V .
3. Solutions to FLPV problems

Definition 3. Let A= (@) mr €=1(2)); 0 b=(),,.x= (x,), . where
a,.c b (i=12m j=12,---.n) ~  are triangular fuzzy ‘constants and-

x (j=12,--,n) are triangular - fuzzy variables(a,,c,,h,>0). Then .

max cXx



st. A¥<h o | e
£20 | |
is said td be a FLP problem with ‘fuzzy variables denoted by FLPV
shortly.

From Theorem 3-4, we obtain equivalent description of (1)
max  {cx.cx, Z’;)V
st (Ax,Ax,Ax), <(b,b,b), @
(x,_)g,;) A 20 | |

We apply results of Theorem 2 in ’the problem (2).and have

max CX.
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X, X,
It is easy to know that this is -a crisp - multiobjective linéar
programming problem with 3 objectives Aa‘nd we can. solve it with usual. "
multiobjective programming method[3]. | | |

For solving (3), we can.consider .Simpliﬁed ‘method. From order. of fuzzy

numbers[4], we know that the 'key causing ‘quasi-triangular ~ fuzzy humbérsr S

(ex,cx,cx)c to be the biggest l.iesvih causing c¢x - to -be big as sobn asr
possible and then (_:_)g,z; “to be big as soon as possible. In other wofds,
objective c¢x is more prior than ¢x and s cx  which ‘have same priority.
Thus, the problem (3) can be regarded as two- level multiobjective

programming problem.  Objectives  with  first  priority and  second

priority are F(x) and  F,(x) respe.ctively where  F(x)=cx and

F(x)= (g{,z;). Assume that their optimal solutions are x”.x" and x . then the
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fuzzy optimal solution of FLPV  problem (1) is ( x“.x x ):
4. Numerical example

We consider following FLPV problem

max . 3% + 5%,
st 7% +3%, <23 (4)
3%, + 8%, <33
%%, >0

~

where, ¥ =(x.x.x),.% =(¥,.x,,0,),, 3=03245),, 5=(540),,

7 =(7.6575),, 8=(8759),, 23 =(23,16,32),, 34 =(34.2842),.

Th‘v = (3,5), ¢=(2.4), c=(45,6) A—(7 3) A»_(f’ 2)
b 070 e=@A 230, Ay ) AT o)

— (7.5 4.5\l (23} (16} _ (32)
A= . b= . b= . b= .
45 9 ) 34 28) \42

From section 3, we obtain the fuzzy 6ptimaI solution of pfoblem 4)

%, %= (174,134,2095),, ¥,*=(352,33823619),.
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