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Abstract:

In this paper two ranking functions are employed to treat the fuzzy multiple objective (FMO) programming
model, then using two kinds of membership function, the first one is trapezoidal fuzzy (TF) ordinary
membership function, the second one is trapezoidal fuzzy weighted membership function. When the
objective function is fuzzy, then should transform and shrinkage the fuzzy model to traditional model, finally

solving these models to know which one is better.
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Introduction:

The most important techniques in
operational research are fuzzy programming
problems, in which many real data in the

programming model deal with vague numbers and
variables by using fuzzy programming models.
Bellman and Zadeh (1) suggested the fuzzy decision
making. The fuzzy programming problem is
focused by Zimmermann (2) making application in
fuzzy multiple objective programming techniques
Maleki (3) suggested many methods to find the
solution for the programming model. Iden and
Anfal (4) used an algorithm of ranking function
(RF) to solve fuzzy transportation problem. Nehi
and Hajmohamadi (5) employed ranking function
(RF) method to solve the fuzzy multi objective
(FMO) programming problem. Porcheivi and
Vasanthi (6) used a new method to treat the fuzzy
variable programming problems (PP) based on
ranking function (RF) for multiple objective
function. Kiruthiga and Loganathan (7) employed
the fuzzy multi objective programming problems
(FMOPP) by fuzzy programming model and
reduced it to crisp model. Mitlif (8) used an
efficient method to solve the fully fuzzy multi
objective programming problems (FFMOPP). Iden
and Abood (9) used fully fuzzy games problems
while there is uncertainty in data by applying the
fuzzy payoffs problem by using three different
ranking functions. Ingle and Ghadle (10) used a
new ranking function method to solve the fully
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fuzzy programming problems with
hexagonal (HFN).

The aim of this paper is employing two ranking
functions (RF) for fuzzy variable in multiple
objective functions by using trapezoidal fuzzy (TF)
membership function when the objective variables
are fuzzy. This paper presents in section two
multiple objective programming (MOP). In section
three the concepts of fuzzy theory and definitions
are introduced. Section four deals with the
triangular fuzzy number .In section five the fuzzy
multiple objective problem is tackled. Section six
presents ranking function of triangular fuzzy
number and algorithms of ranking function (RF),
and section seven involves the test example.
Finally, section eight presents conclusions.

(FFPP)

Multiple Objective Programming (MOP)

This section describes many decision
problems, which have multiple objectives to be
optimized simultaneously. If the constraints of the
problems and its multiple objectives can be
expressed as functions, then it is called as a MOP
problem. The basic approach to solve multi
objective problems is to determine a solution that
represents an acceptable trade — off, compromise
between the objectives, or determine a set of such
solutions that allow the decision marker to choose
among them.
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Defining the multi objective function problem as
follows: there are P cost vectors denoted by c,=
(ckr s 2 Cxn) k= 1,..,p,theusual set m xn
constraints AT =band T > 0. Each ¢, T; where
i=1,....,n defines the objective function,
subject to the constraints; the problem is stated as
below:

“Maximize “ C; @
Subject to the constraint
AT = b
T>0
fo3) €11 Cin
/C21 CZn\
where C = = ' '
p Cp1 Cpn

Definition 1 (11): t° is said to be an efficient
solution to (1) if 7° is feasible and no other feasible
solution T exists such that CT > CT? and CT #
CTO.

Theorem 2 (11): let Cx T be one of the objective
function of the vector maximum (1). Suppose the
programming problem of maximizing Cx T
together with AT = b and T > 0 and let T? be
its unique solution. Then T is an efficient of (1).

Concept of Fuzzy Theory

Some definitions of fuzzy theory are
throughout this section.

Definition 3 (12): Assume T is a non-empty set, a
fuzzy set A in T is characterized by the membership
function Mz =T — [0,1] and A(T) is explained
as the degree of membership of element T in 4,
€T.

Definition 4 (13): The crisp set of elements which
belong to A at least to the degree « is named as a-
level set

A={t € TIM;z >a}.

A,={t € T/ Mz >a}is called strong a — level
set or strong a — cut.

Definition 5 (14): A is a fuzzy set on R which
satisfy the conditions below:

1- There exists at least one 7ty € R with Mz (Tp) =
1.

2- My (T) is piecewise continuous.

3- A'is convex and normal.

Triangular Fuzzy Number (TFN)

A fuzzy number (FN) 4 = (a,b,c) in R is said to
be a TEN if its membership function M,: R— [0,1]
possesses the characteristic below:

listed

T—a
b—a a<t<bh
MAT= 1 T=b (2)
ot b<t<c
c—-b
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where a, b, ¢ are core (4), left width and right width
respectively.

Fuzzy Multiple Objective Problem (FMOP)

The fuzzy multiple objective problems are the
multiple objective problems with triangular fuzzy
quantities. Now the formula of the fuzzy objective
function problem is described by:

CiT

CoT
Maximize z ( Minimize z) = :

C”,; T
Subject to 3
AT = b
T =0

Ranking Function of Triangular Fuzzy Number
(15):

The function R: F(M) — R is RF which maps each
FN to R; where F (M) represents the set of TFN.
Assume that A and B are TFN. The following
identities are satisfied

1-A < B iff R(A) < R(B).

2-B < A iff R(B) < R(4).

3— A=~ B iff R(A) =~ R(B).

4— A— B=0 iff R(A) — R(B) =0.

The TFN A = (a,b,c) in F(M) where R(4A) = 0
is said to be positive and denoted by A > 0.

Ranking Function Algorithms:
e Algorithm 1

We use the previous triangular membership
function and by employing the a — cut where
a €[0,1] then

T—a

= inf 4 (a).
sup A ().

a 1t =a+b—-a)a
c— (c—b)a

c—b
Applying the ranking function.

at
<9

=a > T = =

- 1t - -
R(A) = Ef [inf A(a) + sup A (@) ]da
0
a €[0,1] then R(A) becomes the following
equation:
~ 1 (!
R(A) == Ef [a+(bh—a)a + c— (c
0
—Db)a]da
1
R(A) == Ef [a+2ab—aa+ c— ac]da
0
R(A) = [a+2b+c] 4)
e Algorithm 2

In this algorithm, we used the weighted triangular
membership function, will be used below:
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wi-a) a<1<bh
b—a - —
M= w T=b ®)
w1 b<t<c
c—b

By using the a« — cut where 0 < w < 1then

w(t —a) a
ﬁ=a—>r=a+w(b—a)
= inf 4 (a).
wle=9 _ L. _._ %
p— =« ‘L'—~C W(c )
= sup A ().

Applying the RF, a € [0, w]
R(A) = %f [inf A(a) + sup A (a) ] da
0

. 1 v a a
R(A) = EJ;) [a+W(b—a)+c——W(c
—b)]da
A 1 w 2" w
R(A) = E[aozl0 +ﬁ0(b—a)+coz|0
2 w
- 2|, €01

R(A) = = [a+2b+c] (6)
Numerical Examples

Now two examples for fuzzy MOP problems are
considered in this section:

Example 1:

Max z4
Max z,
Max z3
Subject to

2T + 17, + 413 + 3714
311 +41, + 13 + 271,
T1,T2,73,T4 = 0

First: When we solve the crisp (MOP) problem one
can obtain the following optimal solution

= 3 T + Ty + 2 T3 + Ty
Tl - TZ + 2 T3 + 4 T4
= - Tl + 5 Tz + T3 + 2 T4

60

<
< 60

Max z; = 66, T, =18, 7, =0,
3=6, 7, = 0.

Max z, = 80, 7, =0, 7, =0,
73=0, T, = 20.

Max z3 = 75, 7, =0, 7, =15, 13
=0, 7, = 0.

Second: Transforming the crisp multiple objective

to fuzzy multiple objective and then solve them by
two different ranking functions.
Now, we consider the multiple objective as
triangular fuzzy numbers in the problem as follows:
Let A; =0.5and A, = 1where (¢;j -4, ¢, ¢
+Ay), i=123,j=1234
Max z; = (2.534) 1, +(0.51,2) 1,

+ (1.5,2,3) 13 +(0.5,1,2) 74
Max z, = (0.5,1,2) t; — (0.5,1,2) 7,

+ (1.5,2,3) 13 +(3.54,5) 1,
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Max z3 = —(0.5,1,2)t; + (4.5,5,6)7,

+ (0.5,1,2)73 + (1.5,2,3)7,
Subject to
271 + 17, + 4173 + 3174 < 60
31y + 41, + 13 +27174 < 60
T1,T2,73,T4 = 0

1. By applying algorithm 1 function R(4) =
% [a+2b+ ] then the multiple
objective as follows:
Max z; = 3.1257; +1.1257, + 2.1251;
+1.1251,
Max z, = 1125t - 1.1251t, + 2.125 15
+ 412571,
Ma.x Z3 = — 1125 Tl + 5 125 Tz + 1125 T3
+ 2.1251,
Subject to

2t +1, + 413 + 3174 < 60

31y +41, + 13 +274 < 60

T1,T2,73,T4 = 0

Solving the crisp multi objective to get the optimal
solution

Max z; = 69, 7, =18, 7, =0,
T3 =6, 7, = 0.
Max z, = 82.5, 7, =0, 7,=0,
73=0, T4 = 20.
Max z; = 7687, 1, =0, T,
=15, 13=0, 7, = 0.
2. By applying algorithm 2 function R(4) =

~la+2b+c], we[0,1] then the

multiple objective as follows: -

Maxz, = 031257, +0.11257, + 0.2125 15

+0.1125 7,

Max z, =0.1125t, - 0.11257, + 0.2125 75
+ 041257,

Max z3 = —0.11257; + 0.51257, + 0.1125 75
+ 0.21257,

Subject to

2T + 1, + 4173 + 317, < 60

31y +41, + 13+ 274 < 60

T1,T2,T3,T4 = 0

Accordingly, when w € [0,1] we state all the values
of w to get the solution which scheduling in Table
1:-
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Table 1. The optimal solution of algorithm 2.

Value of the multiple objective

Weight function

0.1 6.90 8.25 7.6875
0.2 13.8 16.5 15.3750
0.3 20.7 24.75 23.0625
0.4 27.6 33 30.75
0.5 34.5 41.25 38.4375
0.6 41.4 495 46.1250
0.7 48.3 57.75 53.8125
0.8 55.2 66 61.5

0.9 62.1 74.25 69.1875
1 69 82.5 76.8750

The best weight which give us the
maximum multiple objective function are w =1,
that means when w = 1 then the Eq.4 equal to Eq.6.

Example 2:

Minz; = 67y + 275 + 3713

Minz, = 511 + 1, + 213

subject to

27 — 1,+ 213 = 4

T, + 413 =2 4

Ty +31, +213 =27

T ,T2,73 =0

First: When we solve the crisp (MOP) problem one
can obtain the following optimal solution

Minz, = 862, 1,=0, 7, = 0.75,
T3 = 2.375.

Minz, = 5.5, 7, =0, 7, = 0.75, T3
= 2.375.

Second: Transforming the crisp multiple objective

to fuzzy multiple objective and then solve them by

two different ranking functions.

Now, we consider the multiple objectives as

triangular fuzzy numbers in the problem as follows:

Let A; =0.8 and A, = 1.5 where (¢;; - 4; , ¢,

Cij + Az) , l,] = 1,2,3.

Minz, = (5.2,6,7.5) 71 +(1.2,2,3.5) 7,
+(2.2,3,4.5) 15

Min z, = (4.2,5,6.5)1; — (0.2,1,2.5) 1,
+(1.2,2,3.5) 75

subject to

2T — T,+ 213 = 4
Ty + 413 = 4
1 +37, +213 =27
T1,T2,T3 =0

1. By applying algorithm 1 function R(A) =
i [ a + 2b + c ] then the multiple objective
as follows:
Minz; = 6.1751; +2.17571, + 3.17513

Minz, =51751; + 1.1751, + 2.17513
subject to

211 — T, + 213 = 4

71 + 4 T3 > 4
71 + 3 Ty + 2 T3 > 7
T1,T2,T3 >0

Solving the crisp multi objective to get the optimal
solution

Minz, = 9.1719, 7y =0, 7, = 0.75,
T3 = 2.375.
Min z, = 6.0469, 7, =0, 7, = 0.75,
73 = 2.375.
2. By applying algorithm 2 function R(4) =
w

Z[a+2b+c],we[0,l]then the

multiple objective as follows: -

Minz, = 0.61751t; +0.21751, + 0.3175 13
Min z, =0.5175t; + 0.11757, + 0.2175 15
Subject to

2Ty — T+ 213 =2 4

Ty + 413 = 4

Ty + 317, + 213 =2 7

T1,T2,73 =0

Accordingly, when w € [0,1] we state all the values
of w to get the solution which scheduling in Table
2. -

Table 2. The optimal solution of algorithm 2.

Weight Value of the multiple objective function
Z, Zy

0.1 0.9172 0.6047
0.2 1.8344 1.2094
0.3 2.7516 1.8141
0.4 3.6688 2.4188
0.5 4.5859 3.0234
0.6 5.5031 3.6281
0.7 6.4203 4.2328
0.8 7.3375 4.8375
0.9 8.2547 5.4422

1 9.1719 6.0469
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The best weight which give us the largest multiple
objective function are w = 1, that means when w =
1 then the Eq. 4 equal to Eq. 6.

Conclusions:

In this paper, a fuzzy variable in (MOP)
problems is considered with fuzzy variables of
multiple objectives. Then two examples are solved,
the first one is maximized and second one is
minimized. The first example applies the traditional
programming model and ordinary ranking function,
the second example applies the traditional
programming model and weighted ranking function.
Finally, it is noted that the ordinary ranking
function is equal to weighted ranking function when
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w = 1, this means that both ranking functions are
the best optimal solution.
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