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ABSTRACT

Engineering design is typically plagued with inaccuracies due to
the complexity of many real-world engineering systems. Fuzzy
linear programming issues play an important part in fuzzy
modelling, which is able to express uncertainty in the real world.
Dubois and Prade's LR fuzzy number is one of the most practical
themes in recent research, with several useful and simple
approximation arithmetic operators on it. Fuzzy vectors occur as
a vector of triangular fuzzy integers in various vector
calculations. To begin, we are looking for a nonnegative fuzzy
vector x in this situation fuzzy numbers. Here, our main scope is
finding some nonnegative fuzzy vector ~x in which maximizes
the objective function ~~z =c x so that ~~ Ax =b, where A
and ~b are a real matrix and a fuzzy vector respectively, and n c
1x is a real vector too.

Keywords: Fuzzy arithmetic, Fuzzy linear programming, Fuzzy
number

1 Introduction

A wide range of fields have benefited from fuzzy set
theory, including control theory, management
science, mathematical modelling, and industrial
applications. Tanaka et al. [6] initially suggested the
idea of fuzzy linear programming (FLP) on a general-
level. This was followed by a large number of writers
considering different FLP difficulties and coming up
with a variety of solutions. Fuzzy numbers may be
compared using ranking functions [1,4,5]. In
particular, these approaches are the most convenient.
Many writers employ this approach by defining an
analogous FLP issue and then using the optimum
solution of that solution as the FLP solution. To solve
the linear programming issue with fuzzy variables
and its dual, fuzzy number linear programming
problem directly, we used a generic linear ranking
function in [4]. A linear programming issue using
triangular fuzzy integers is the focus of this research.
New methods for addressing FLP issues without
ranking functions have been developed by our team.

In addition, we provide an example to demonstrate
our strategy.

2 Preliminary

In this section we review some necessary
backgrounds of the fuzzy theory inwhich will be used
in this paper. Below, we give definitions and
notations takenfrom[2].

Fuzzy numbers

Definition2., A fuzzy munber 4 15 a convex normalized fuzzy set on the real
line Rsuch that

1) There exssts atleast one ¥, € R with L ()=,
4

1) ju.(x) 15 piecewise contimous.
4

Let us assume that the membership function of any fuzzy number 4 15 as

follows:
i A
m —-x A 4 A
1_—1' m —a =x<m
a
v—m*
_N_: A4 pd
;f&{x)—ﬁl——_i. me=x=m°+p
0. otherwise
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where m* is the mean value of 4 and o*and B are left and right spr

espectively and it 15 termed as triangular fuzzy number. We show

triangular fuzzy number b}'.ﬂiz(m"\a"\ f*). Let F(R)be the set o

triangular fuzzy numbers.

Definition2.2, A fuzzy mumber 4 = {(x.0.(x)

4

xe R} i nomegative ifa

only of p(x)=0 for all x<0 Then & tamgler fozzy mw
4

d=(n* 0t g4) fsnomnegativeifm -ar* 20,

Definition23. Two trongular fozzy mmbers A= (n e’ §)
=’ f) me wd to b eqal i amd oy
' =n’t = ad =

Definition2 4, A fozzy number A=(n' e ' B

ifa' = p*,

s called SYIIIK

1.1, Arithmefic on triangular fuzzy numbers

Let :4:(m Lot pY) md B=(n’ .’ B) be two trimplar fuzzy

mumbers, then anthmetic on them is defined as [2]:
Addition: 488=(n"+n’ o' +o” B+ )
Scalar multiplication: For any scalas /., we have

: (' da 44, if 420

M=)u(mj.aj.ﬂ'i)

(A% 00", if 140

I I R VR
Subtraction: 4-B=(m™-m" 0"+ .f" +a’)

15

1.3, Nonnegative matrix and nonnegative fuzzy vector

Definition2.5. A matrix 4 15 called nomnegative and denoted by 420 of each
clement of 4 be a nonnegative numb.

Defiitiond. 6, A fuzzy vector b= (5, s clled nomnegatve and denoted by

b0, ifeachelementof b bea nlonegative fuzzy, that isbf 20.

3 Fuzzy Linear System of Equations

Definition3. . Consider the mn liear system s:

4r=b. ()
whete 4=[a,],,, 15 2 tomegatve erisp matrix and fx:(fj) b= (b) ae
nonegative fuzzy vectors and .LJJEUEF(R) for all 1<j<n 1<igm, &

called a fuzzy linear system with nonnegatve triangular numbers,

Definition3., We say a nomnegative fuzzy vectory 15 the solution of 4 = 5,
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whete Aand bare defned in (1).1f vafsies System,
Nor s xeF (R) and beF "B) . we my
;r=(x” ) b B" 0" 5) where ¥ 2" xF € R" and B0 B e
Then. we may rewrite the system Ax=hoag
A o) = 0" B, 2" -xt (2)

In other hand, pand y are two nomnegative fuzzy vectors, henee by use
Definition 2.3 and anthmetic on nonnegative tangular fuzzy number, i
enough to solve the following erisp system:

A=b 4= e )
Note that if we use from the symmetric tnangular fuzzy numbers, then last syste
Ar" = B35 not necessary to solved, because 1 equal to system x” =,

3 Fuzzy Linear Programming

Definition 3.1, Consider the following near programming problem:

mE I=(X

ans <4)
[{-zo

where the coeffictent matrix 4=[a ]

il 200 the vector e=(q...c,) a
nomnegative crisp matrix and vector respectvely, and x=(x;), b=(h).

nleisn

nomegative fuzzy veetors such Tharx; heF (R)for all 1<

called a fuzzy linear programming (FLP) problem,

16

Definition3., We say that a fuzzy vector v 15 a fuzzy feasible solution
ot Ax=hx20vtere 4 and bare el t) i 1 st {0 systemn,

Now  suce ;ueF”(R) and Z;EFM(R). we my lt x= (r’" )
l;:(b”.b”.bﬁ). where " ' 2f B and " BE 0 €™ Then, we may

fevitite the system Ax=b as:

A2 2P = (0" B ), )

In other hand, band x are two nomnegative fuzzy vectors, hence by wse of
Definition 2.3 and arithmetic on nonnegative triangular fuzzy mumbers, 1t s
equivalent to the following erisp system:

LT A S O N A} (6)
Now we define an opetator "max” for a fuzzy linear function which is defined as;

2= f(¥ut, )= E x-cl 8. @c

Definition. Lt 1= (rl 1) and b=(b....b, )" be two romegatve fuzzy

PIJI

vectors, whete xvj =(Xf?ﬁ’x_J) and b (b5, b) e F(R). A fuzy vectr

maximizes the mear function 2= f(x,... xn). such that
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q i ..= .I'.h"_': lllll . -‘h..‘ -|.= _____ . i o i
whete 1, (J(IJ_JIJU L., and x;.x,.x,j=L...0 are nomnegaf

o R . o v ph
mubers, if and only if Y= (0000 Xy Xy Xy X, 1, JER

the below real function:

1 - L -
- E’acj (ry+50-x) + Zfi‘(‘ﬁ' ) 8

such that
dr=hdr=dv=br-x20x3320

Here we give an illustrate example.

Example 4.1. Assume that a corporation produces
two different items. Product P1 has a profit of $40
per unit, whereas product P2 has a profit of $30 per
unit. In order to produce one unit of product P1, it
takes twice as long as it does to produce one unit of
P2. The overall number of labour hours available
each day is close to 500, however this number is
subject to vary if special overtime arrangements are
made. Both P1 and P2 supplies are nearly 400 units
each day, however this may alter based on past
experience. When it comes to maximising profits,
how many units of goods P1 and P2 should be
produced each day? For the sake of simplicity, we'll
call x1 and x 2 the daily production rates for Products
P1 and P2. The following linear programming
problem with triangular fuzzy variables may
therefore be used to outline the issue.

KN

)

17

max z=40x,®30x,

X, @ x, < 400,

1116 X, < 00,

L

st 3

XX, 2 0.

L

The supply of material and the available labor hours
are close to 400 and 500, andhence are modeled as
(400,5,5) and (500,7,7) , respectively. Now the
currentfuzzy linear programming model may be
written in the standard form as follows:

40x,@30x,

- —

max I

1 ®x,8x, = (40053),
S (11)
st {2x®x,®x,=(500.7.7).

XXy Xy Xy 2 0,

Where ~ 3 x and ~ 4 x are two slack variables.

Hence, the equivalent fuzzy linear programming
problem as follows:
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max ::40(}'1..1'1.;1)@30(x3.x1.;)
(0.2, B (0,0, )B (1,1, = (0053),

st {230 B (10, 85,2, = (5007))

(xl'ﬂ'xl)'(xl'ﬁ‘xl)- (X313, % ].(x4.ﬂ..1'4)20.

Since the fuzzy numbers are symmetric, therefore it
is enough to solve the following fuzzy linear
programming problem:

mix 7=40 430,

()81, 1) 8011 = (035)

o 1(;-1.,1-1,1_1)@(1 :-1'1@@(-1'4-1 4-%1 = (3007.7),

(xl-ﬂ-xl)-(xz- RN R RS ]-(14-5--"4)30-

Now we can obtain an optimal fuzzy solution for
problem (10) by solving the following linear
programming:

max z= 4'1]3(1 + .3':]1’:

2x, +x, +x, =500,
st -ﬂ—ﬂ+x_3=:s.

X +x+x =T,

X, —x; 20.x;, 20.x;, 20.i=1..4

The optimal solution of the above limear programming is:
% =100.x, =300, =0,x, =0, = 2.3, = 3.x, = 0,%, =0 Therefore, the optumal

fizzy  sobtion  of  the  pobem (10}

b = (0020, = (30033} =(000)1, =(000), md the optimal fizzy

3 8 3

value of the objective function 57 =40x @30y, =(13000170.170) 13000,

5 Conclusion

A novel strategy for tackling FLP issues has been
suggested in this study by solving classical linear
programming problems. As a result of this article, a
novel approach for solving fuzzy linear programming
without ranking functions has been developed. The
findings presented in this article will also serve as a
foundation for future research on fuzzy linear
programming and will be used to investigate certain
essential ideas of fuzzy linear programming, such as
duality results and sensitivity analysis.
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