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Abstract: Linear programming 1s one of the best mathematical methods n scientific management that helps to
make the best decisions and 1s part of the operations research and developed from mathematical programming.
Linear programming helps solve problems such as transportation, logistics, agriculture, locations, services,

mvestment, industries, production lines and linear programming reduce the costs of each and maximize the
profits that 1s the outputs must be comsistent with the aspirations of the company and its objectives. This
problem-solving 1s based on mimmizing costs and maximizing earming limitation by constraints are available
resources such as time, staff, raw materials, money, space and quantities. Tn this study, researcher introduced
to study triangular fuzzy mumber and operation research where the found a new method of operations addition
and multiplication of triangular fuzzy number and their application on the numerical example and simplex

method to find optimal solution for triangular fuzzy linear programming problem. The results were accurate and

better than the classical method.
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INTRODUCTION

Linear Programming (LP) 1z one of the most
frequently used techniques in operations research. In
real-world problems, some parameters of LP frequently
cannot be precisely determined. We can model imprecise
parameters using fuzzy sets which were introduced by
Zadeh (1965). The formulation of Fuzzy Linear
Programming (FLP) problems by Zimmermann (1978).
Modification of subtraction and division by Gani (2012).
Use an analytical method to solve linear programming by
Gao et al. ( 2009). With the help of similarity measure and
ranking function by Sharma (2013). Fully fuzzy linear
programming problems with symmetric trapezoidal fuzzy
numbers are discussed by Karpagam and Sumathi (2014).
Using fuzzy linear programming techniques by Repnik
(2016). A computational method for solved Fully Fuzzy
Linear Programming Pproblems (FFLPP) is proposed,
based upon the pivot operation by Dhurail and Karpagam
(2016). A ranking procedure is proposed based on
hexagonal fuzzy numbers which is applied to a
fuzzy lmear programming problem by Muralidaran and
Venkateswarlu (2017). Employ a probability distribution
that calculates the probability distribution of a set of
attributes by Zadeh (1999). How to deal with the

operations of fuzzy numbers with stage sort by using
finction standard by Chen (1998). Defimtion of a positive
fuzzy number by Nasser1 (2008).

In this study, researcher found a new way and a new
modification on the two processes addition and
multiplication in the triangular fuzzy numbers where he
took the first element from the first triangular fuzzy pair
addition with the third element from second triangular
fuzzy pair and the second element addition with the
second element and the third element from the first
triangular fuzzy pair addition with the first element from
the third tnangular fuzzy pair of the same pairs of
triangular fuzzy pair for the addition process, also he took
the first element from the first triangular fuzzy pair
multiplication with the third element from second
triangular fuzzy pair and the second element multiplication
with the second element and the third element from the
first triangular fuzzy pair multiplication with the first
element from the third triangular fuzzy pair of the same
pairs of triangular fuzzy pair for the multiplication process,
also he have put a new definition and the new theorem.
The results of the application were more accurate than the
previous process. The most important applications of the
fuzzy sets m the field of energy engineering and decision
malking in research operations, business management, etc.
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Fig. 1: Triangular fuzzy number (A =(a,, a,, a,))
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Fig. 2: Numerical example (A:(l, 3, 5))
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Fig. 3: Numerical example (B=(1, 2, 3))
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Fig. 4 Simplex method in a new way

Researcher also used MATLAB Version 201 4a to program
the triangular fuzzy numbers and the new method of
addition and multiplication and target
programming to find and the optimal solution (Fig. 1-4). In
the second section, researcher gave some basic
definitions of the fuzzy sets and triangular fuzzy numbers.
Where researchers gave the third section to give
defimtions and new theories after the amendment to the
processes of addition and multiplication and the

function

4.0
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application of numerical example to satisfy the new
conditions. In the fourth section the application of the
simplex method to solve the fuzzy linear programming
problem to find the optimal solution and n section five,
giving some problems to find solutions in the future and
after the conclusion.

MATERIALS AND METHODS

Preliminaries: In this study, some necessary
backgrounds and notions of the fuzzy set theory are

reviewed.

Fuzzy set: Fuzzy set A can have an infinite number on the
closed interval [0 1] of the membership
function ky (2)€[01] . Then A={x, uy (x):xe Ay (x)=[0 1}

Membership function:
¢ A characteristic function, the values assigned to the
elements of the universal set fall within a specified
range and indicate the membership grade of these
elements in the set
Larger values denote higher
membership
A set defined by membership functions is a fuzzy set
The most commonly used range of values of
membership functions is the unit interval [0, 1]
The universal set X is always a crisp set
Notation, the membership function of a fuzzy set A
is denoted by wy (x):

n (x):X —[0,1]

degrees of set

A fuzzy number A = (a;,a,,4,) 1s said to be the triangular
fuzzy number. If its membership function is:

Increasing function from a;-a,
Decreasing function from a,-a,

e g <a,sa;
0, if x<a,
Xx—-a, .
—7L if a <x<a,
a, —a
2 1
w (%)=
a,—-x .
if a,<x=<a,
a,—a,
0, if a,»x
The function above shows us the definition a

triangular fuzzy number and a code function has been
plotted 1 the MATLAB as shown in Fig. 1.

a-cut and strong ¢-cut: Given a fuzzy set A defined on X
and any number ¢<[0, 1], the g-cut and strong «-cut are
the Crisp sets: A" = {x| A(x)za}, A" = fx | A(x) > o},
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He ai-cut of a fuzzy set A is the Crisp set that contains
all the elements of the universal set X whose membership
grades in A are greater than or equal to the specified
value of ¢.

The strong c-cut of a fuzzy set A is the Crisp set that
contains all the elements of the universal set X whose
membership grades in A are only greater than the specified
value of ¢.

A level set of A: The set of all levels we[0, 1] that
represent distinct -cuts of a given fuzzy set A :

H(A): {X | A(X) = somexeX}

Sign of a triangular fuzzy number: Let A=(a),vi=1,2,3 A1t
is said that triangular fuzzy number, A is positive, denoted
by A >0,p, (x) membership function, if 1, (x)=0.x<0.

TLetA=(a)¥i=L2,3.A1t is said that triangluar fuzzy
number, Ais  non-negative, denoted by Az0,p,(x)
membership function, if 1y (x)=0.x<0.

TLetA=(a)¥i=L2,3.A1t is said that triangular fuzzy
number, A is negative, denoted by A <0, (x) membership
function, if i (x)=0.x20 eg A=(-3-2,-1), A is anegative
this can this can be written as A =-(1, 2, 3).

TetA=(a)and B=(b), ¥i=1, 2, 3. AandB it is said
that triangular fuzzy members, if A=8, thena, =b,, a, = b,
a, = b,

Definition: The four operations on triangular fuzzy
numbers by the function basic. Let A=(a)amdB=(b), ¥Vi=1,
2,3, then:

¢ Operation (+): A+B = (a,th,, a,;+b,, a;+b;)

¢ Operation (-): A-B = (a,-b,, a,-b,, a,-b,)

*  Operation (x): AxB = (min (a,*b,, a,xb;, a;xb,, a;xb,),
a,*b,, max (a,*b,, a,%by, a;%b,, a;*by))

¢ Operation (+): A/B= (min (a/b,, a,/b;, a/b,, a,/b,),
a,*b,, max (a,/b;, a/b,, ayb,, a;/b.))

Example: Let A= (1, 3, 5) is fuzzy number and 8 =(1, 2, 3)
b fuzzy number. Then:

Remark: As mentioned earlier that A+(-4) =0, Ax1/4#1, 0
and 1 are represented by the fuzzy numbers is (0, 0, 0) and
(1, 1, 1), respectively. To solve the € is the fuzzy linear
equation A-B=C is not satisfied the condition, 4 =8+ ¢, for
this example explain the operation A-B=(0,12)=C But (1, 3,
5)=(1,2,3)H0,1,2)=(3, 3, 3)# A Herself the problem
appears when solving the fuzzy linear equation A/B=C is

not satisfied the condition & = Bx € for this example explain
the operation, A/B=(1/1,3/2,5/3)=C ButA=Bx¢ =(1, 3,
5y=(1,2,3)=(0A1, 3/2,5/3)=(5/3,3, 1) # A So, when
researcher take the inverse addition we do not give zero
and inverse multiplication also doesn’t give one, so,
researcher suggested a new method to solve this
problem.

RESULTS AND DISCUSSION

A new way (addition and multiplication) to triangular
fuzzy number: In this section, the topical is to improve
new way (addition and multiplication) operations to the
triangular fuzzy number.

Addition: Teti=(a)mdB=(b),vi=123 thenA+B= (atb,
a,th,, a;+b;). The new addition operation exists only the
following condition is satisfiedd,()=d,(B). thend (4= a,-
a,/2 andd[H= b,-b /2, the symbol d; approach to different
point of a triangular fuzzy number.

‘Addition’ process properties:

s Inverse operation (-): A - (A+B)=(A+B)-A=B

s Neutral element: (A+0)=(0+A)=A

s Operation (1) is a commutatively: (A+B)=

*  Associativer A +(B+C)=(A+B)+C

*  Multiplication by scalar: w(A + &)= (wA + wh)

»  TInverse addition: a: i.e., A+(—,&)= —,3,) +A=0=(0,0,0)

¢+  Regularity: A+B=A+&=B=¢

s  Pseud distributive with
(A-B)+(C-W)=(A+C)- (B+W)

—

ﬁ-%—;&)

e
@
t

regerd to:

Definition: Let A=(a)andB =(b),i=1, 2, 3. AmdBit is said
that triangular fuzzy numbers, then: by the def. 1 and 2 are
straightforward when 3 satisfies:

s Apply the conditition: 4 + B,then a,+b, <a,+h,<a+b,=
a,tb,<a;th, if a,<b and b,<a, then a,+b, <a+b,

¢ The new way addition: A+B=(a +bs, a, +b,,a,+b,)

¢ Subtraction: A-B=(a, b, a, — by, a,—bs,)

Needful presence condition for addition
Properties: A new way of addition exists if d, (A)= d, ()13

satisfied.

Proof: By the def. 3.3. (i) I get to a,th;<a, th:
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|~ds (A)=-dp(B)|. The triangular fuzzy number must be
positive and then after placing the absolute value on the
condition as stated in the def. 2.3. 4,(4)=4,(B) this is the
needful presence condition for addition operation.

Multiplication:Let A=(a)mdB=(b),vi=123 Then:
AxB=(a xby, a, xb,, a; xb;). The new multiplication operation
exists only the following condition is satisfied

1Luzzy numberuust ase posmve and then after placing the
absolute value on the condition as stated in the def 2.3.
Hence:

a,—

de(A)=

Where:

m; = Approach to midpoint

dp = Approach to difference point of a triangular fuzzy
number

‘Multiplication’ process properties:
AxB/A=B/AxA=Bdivide is the inverse of the
multiplication process

The neutral element of the multiplication operation
15I(LLY), ie, Ix A=A xT=(11 1% (a, a,.,)

The multiplication operation 13 a commutatively:
(AxB)=(BxA

Tnverse multiplication is 1/A ie, Ax1/A=1/AxA=>

(3, 2,35 ) % (L L 1)/ (. 2. ) = (L L 1)/ @y, 2y, 35 ) (2, 2y, 05) =(L L 1) =1
Regularity: AxB=AxC=B=C

Pseud distributive with regard to + (A +B)x(C+ W)=
(AxC)+(AxW)+(BxC)+{BxW)

Definition: LetA=(a)mdB=(b),i=1, 23 AamdBit is said that
triangular fuzzy number, then: by the def. 2.3 1 and 2 are
straightforward when (3) satisfies:

Apply the condition: AxB =a, »b, za, xb, <a, xb, =

a; < b =a; xb,ifa =<b and b, <a, thena xb; <a, xb,

The new way multiplication: & xB=(a, xb,, a, xb,, a, xb)
A/B=(a /b, a,/bya,/b,)

Needful presence condition for multiplication

Properties: The new multiplication process exists if the
following condition is satisfied:

(e (A m (B =[(ma (&) s (B))
Proof: By the def. 3.9 (1) I get to =a,xb;<a,xb,:

:(mP(A) +d,; (A))x (mp(]é)fdp( ))
(me(A) - d (&))< (B) + 4, (B))

el

=

B
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The value of the triangular fuzzy number must be
positive and then after placing the absolute value on the
condition as stated m the def. 2.3:

‘7(dp(ﬁ)xmp(]§))‘2‘—(mp( Jedy | ))\
06 A)ema(B]) = (my[4) 0. (B))

This 18 the mneedful presence condition for
multiplication operation. m, approach to midpoint and d,
difference point of a triangular fuzzy number.

Where:
do{A)=a,,/2 and d,(B)=
mF(A):a3 ( )

Numerical examples: et A=(13,5)md B=(1 2,3 are triangular
fuzzy numbers:

A B

b,-b,/2

-a,/2 and m

b,-b, /2

N
N

For a numerical example which represents the
application of the new way was drawn in MATLAB

using a triangular fuzzy number as shown in
Fig. 3and 4.
Now  conditiond,{A)=d,(B)=2=1this  condition

satisfied the condition for the addition operation
‘(dP (A)x my (ﬁ)){z}(mp (f}ﬁx dy (ﬁ)) =2x2z3x1=4=3. This
condition satistied the condition for the multiplication
operation.
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Table 1: A new way for a simplex method on a triangular fuzzy number

%, &4.4 5,444

5 (0.0.0)

5000 = In this column take less value

Maximize 70 B

iEl E: o

) (0,0,0) 4,22 2,2,2) (1,1,1) (0,0,0) (10, 6, 6) (10,6, 6)/(4,2, 2)=(2.5,3,3)

5 (0,0,0) (6, 6, 6)* (8, 6,6) (0,0,0) (1,1,1) 8,4, (8,4, D6, 6, 6)=(1.33, 0.66, 0.66)
EIk - &7 -(6, 4, 2% {4, 4, 4 {0,0,0) {0,0,0) {0,0,0) &

Table 2: Find the optimal solution

Maximize 6 %, 644 %49 5 ©.0,0) 5, ©.0,0 B "B

iU é o

3 {0,0,0) (©, 0, 0) (-2, 0, -2/3) (1,1, (46, 26, 26) ,3,10/3)

i (0,0,0) (1,11 @73,1,1) (©,0,0) (148, 1/6, 1/6) (4/3, 312, 3/2) -(6, 6, 6) R+R,
&A@t (0, 0,0) (2,0, 4/3) (©,0,0) (1, 446, 4/6) ©, 6,16/3) -(6, 4, 4) R+R,

Applying simplex method in a new method (addition and
multiplication): In this section, researcher will solve
triangular fuzzy linear programming problem using the
simplex method:

maximization 7 = (6, 4, 4)%, +(4, 4, )%,

Subject to constrait:

Rewrite as:

Max Z=(6, 4, 4)% +(4, 4, 4)%, +(0, 0,0)8,+(0,0,0)3,

Subject to constraint :

(4,2,2)%, +(2,22)%, +(LL1)5 +(0,0, 0)5, =(10, 6, 6)
(6,6,6)% +(8,6,6)%,(0,0,0)5 +(LL1)5,=(8 4.4)
%, %, 5 and§, 20

In Table 1 shown apply a new way of using the
simplex method to find the optimal solution for the
triangular fuzzy number.

Select the most negative triangular fuzzy elements in
the last row and the corresponding column to become the
working column. -(6, 4, 4)* 1s the most negative triangular
fuzzy element in the last row. Hence, the pivot triangular
fuzzy element must lie in the column above.

Form the ratio in the last column and decide the
smallest. (8, 4, )/(6, 6, 6)=(1.33, 0.66, 0.66) 1s the smallest
one. Divide (6, 6, 6)* by (6, 6, 6) to change it to one by
dividing the whole row by (6, 6, 6). Use matrix operations
and properties to make all other triangular fuzzy elements
n the working column equal to zero.

In Table 2, we found the optimal solution using
the new way of the triangular fuzzy number and the
results were very accurate after the solution was

checked.

Finding the maximum of Z: Since, the last row mn the new
table has non-negative triangular fuzzy elements. We get
the optimal selution at the end of the column B Hence:

%*—[4,3,3} §1‘—[4,3,13°J and %, =5, =Owith 7 = [9 6 J

Choice point:

2=(6, 4, 4)%, +(4.4, 4)%, =(6, 4, 4)x

(3,3 Ej (4,4,4)(0, 0,0)ji-[9,6,?}

47272

This dtudy shows us the application of the new way
using triangular fuzzy numbers and the results were
plotted in the MATLAB using 3-D drawing as shown in
Fig. 4.

CONCLUSION

The fundamental objective of this study 1s to msert
a new process of addition and multiplication. The
characteristic of this process is to subject reverse
processes of subtraction and division.

RECOMMENDATIONS

This process might be helpful to solve many of the
optimal problems by modifying the four processes of
addition, subtraction, multiplication, division and
application to fuzzy linear programming methods to find
the optimal solution.
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