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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 =cxsothat~~Ax=Db, where A and ~b are a real matrix and a fuzzy vector respectively, and n ¢ 1x is a real vector too.
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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.
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2 Preliminary

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

Fuzzy numbers

Definition2.1. A fuzzy number 4 1s a convex normalized fuzzy set on the real
line R such that:

1) There exists at least one x, € R with /L (x,)=1.
4

2) Ju_{(x) 1S plecewise continuous.

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

follows:
B A
me —x
1— I m —a? = x <’
o
v —m?
U (x)=1—"——F—. m* =x=m"*+ [~
A ﬁ‘
0. otherwise

2.2, Arithmetic on triangular fuzzy numbers

Let A=(m*.a*. %) and B=(m’.a® p%) be two triangular fuzzy
numbers, then arithmetic on them is defined as [2]:

Addition: ADB=(m" +m".a* +a°.p* + p7)

Scalar multiplication: For any scalar A . we have

) (Am* . Aa® AB%). if 120
AA=Am*.a*. p) =
(Am* A% Aat). if A0

Subtraction: A-B=(m" -m".a* +p°.p* +a°)



where m? is the mean value of 4 and a

respectively and it 15 termed as triangulai

triangular fuzzy number by 4=(m* a* B*

triangular fuzzy numbers.

Definition2.2. A fuzzy number 4= {(x. i (x)
El

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

4
T d 4 iy coe 4 d
A=(m* a* p*) 1 nomnegative ifm” - 20,

Definition23. Two trongular fozzy mmbers A= (n e’ §)

;é=(m3.aﬁ.£5] e sad o

' =n’t = ad =

be equl of and only

Definition2 4, A fozzy number A=(n o A7)
ifa' = p*,

s called SYIIIK

1.3, Nonnegative matrix and nonnegative fuzzy vector

Definitiond.d, A matrix 4 1s called nonnegatve and denoted by 420 if each
clementof 4 be a nomnegative mmber.

Defiitiond.6, A fuzzy vector b= (3), , s called nomnegatve and denoted by

20, ifeach cementof b bea nonnegative fizzy. that isb, 20

3 Fuzzy Linear System of Equations

Definition3. . Consider the mxn liear system s:

4r=b, )
Where 4=[a;],,, 5 2 nomegative ensp matnx and %:(fj) b= (b) e
nonegative fuzzy vectors and .;:J‘JEUEF(R) for all 1<j<n 1<i<m, &

called a fuzzy linear system with nonnegative triangular numbers,

Definition3. 2. We say a nonnegatrve fuzzy vectorx 15 the solution of 4x = b,

where Aand hare defed in (1), 1f xsatisfies in system.

Now sice  xeF'(R) and beF "®) . we my K

r=(" a0 b- 0" ) where 3" xxf R and B B° 7 e R"

Then. we may rewnite the system Ax=b as:
A" )= "B, 2t -xt (2)

In other hand, pand y are two nomnegative fuzzy vectors, hence by use of
Definition 2.3 and anthmetic on nonnegative tnanguler fuzzy mumber, 1t s
enough to solve the following erisp system:

A= A=) A )
Note that 1f we use from the symmetric trangular fuzzy numbers, then last system
A" = is not necessary o solved, becanse it s equal to system x” =B
3 Fuzzy Linear Programming

Definition 3.1, Consider the following lincar programming problemn:

mik I=CX

P Y
5t )
120

where the coefficient matmx 4=[a, |

L
nonnegative crisp matrix and vector respectively, and x=(xj). bh=(b). are

nomegative fuzzy vectors such thatx;.bi e F(R)for all 1< j<n, 1<i<m, &

called a fuzzy liear programming (FLP) problem.



Definition3.2. We say that 2 fuzzy vector x 15 a fuzzy feasible solution
ot Ax=Bx20vtere 4 and baredfd 4 (4 1 i sfies i system
Now sz 1¢F "(R) and beF "(R) . we may Lt x=(1"".x”.xﬁ |
l;:(b”.b”.bﬂ ). whete x"x” " € B and b"0° ¥ €™ . Then, we may
revimite the systemn fr=b s

A0 )=t ). 5

In other hand, band x are two nomnegative fuzzy vectors, hence by use of
Defintion 2.3 and arithmetic on nonnegative trangular fuzzy mmbers, it &
equivalent to the following erisp system:

S At U A ) (0

Now we define an operator “max” for a fuzzy hinear function which 1 defined s

T )
:=f(xl “““ I"}= EC}‘XJ' =0 X[@..@(’W T,

gl

whete ¢,,j=L., melewluumbelsandx eF(R)j=L..n

Definition3. Lt 1= (1.. ) wd b= (b ..... b, )" be two nomsegative fazy

veetors, where x =(r,7, ) and b -0, 3)e F(R). A fzy vectr 5

iI’I

maximizes the liear fonetion 7 = f(v,.., x ). such tha

whete x, =(x..x...1i). j=loan ad xpx, Y x} .j =L are nomnegatve real

mumbers, 1f and ouly if x=(x.x, Y, Xy Yol X1 )R

the below real function:

MAKIIZES

| — 1 =
-:Zﬂcj(xj—;(xj—;\_))+zhcj(rj+;[.\_—1j]) 8)
such that
Ar=bAr=bAv=bx-120.x2120. (9)

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.

max z=40 X, & 301‘1

X, @ x, =400
st 12%,@x, <500,

xX.x, 20.

LY

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

(10)



max  z=40x®30x,

181,01, =(4055),
L. (11)
st {2x®x,®x, =(500.7.7).

o o S
Ilull.lju.}uf_O.

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

Hence, the equivalent fuzzy linear programming
problem as follows:

max ::40(}'1..1'1.;1)@30(x3.x1.g)
(0.2, 8 (0,0, B (1,1, = (0055),

st {230 B (10, 80,2, = (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 430y,
(0,8 (0,1 B 1,13, = (40055,
U 1(;-1.,1-1,1_1)@(1 :-1'1@@[-1'4-1 4-%1 = (30077,

(xl-ﬂ-xl)-(xz- ﬁ--"z)- (131 )-(ﬁ-ﬂ--ﬁ)éo-

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

max z=40x; +30x,

X, +x, + x; =400,
2x, +x, +x, =500,
st 1 X, X =5,

. =7
2x + X, +x, =7,

x,—x;,20.x, 20.x, 20,i=1..4

The optmal solution of the above lmear programming is:
5 =100.x,=300,5, =0.x, =0.% = 2.5, = 3.5, = 0,3, = 0. Therefore, the optimal

fizzy  sobution  of  the  pobem (0] ©

L 3 3

1 = (0020, = (00335 =(000)5, =(000), and the optimal azy

# £ #

value of the objective function i =40.;'1 630.1; =(13000.1T0.1?0)=13600.

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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