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On Solving Fuzzy Multi-objective Transportation Problems

D. Abdusslam. M. Khalifa and D.Abdurahman M. Abdalla
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ABSTRACT

Ranking fuzzy numbers play a vital role in decision making problems, data analysis
and socio economics systems. Ranking fuzzy numbers is a necessary step in many
mathematical models. Many of the methods proposed so far are non-discriminating.
This paper presents a new ranking method of fuzzy number and using which we
convert the fuzzy multi-objective transportation problem to a crisp valued multi-
objective transportation problem which then can be solved by using northwest corner
method to find the fuzzy efficient solution. Numerical examples show that the fuzzy
ranking method offers a impressive tool for handling the fuzzy multi-objective
transportation problems.

KEYWORDS

Trapezoidal fuzzy numbers, Ranking function, weighting method ,Fuzzy multi
objective Transportation Problems.

INTRODUCTION
Transportation problem is used globally in solving certain concrete world
problems. A transportation problem plays a vital role in production industry
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and many other purposes. The transportation problem is a special case of Linear
programming problem, which permit us to regulate the optimum shipping patterns
between origins and destinations. The solution of the problem will empower us to
determine the number of entities to be transported from a particular origin to a
particular destination so that the cost obtained is minimum or the time taken is
minimum or the profit obtained is maximum. Let «,be the number of units of a

product available at origin i and »,be the number of units of the product required at
destination j. Let x,be the cost of transporting one unit from origin ito destination
jand let x; be the amount of quantity carried or shipped from origin ito destination

j. A fuzzy multi objective transportation problems are a multi objective
transportation problem in which the transportation expenditures, supply and demand
quantities are fuzzy quantities. Ranking fuzzy number is a necessary step in many
mathematical models. The concepts of fuzzy sets were first introduced by Zadeh[1].
Since its inception several ranking procedure have been developed. There onwards
many authors presented various approaches for solving the FTP problems[2],[3],[4].
Few of these ranking approaches have been reviewed and compared by Bortolan and
Degani [5]. Presently Chen and H Wang [6] reviewed the existing method for
ranking fuzzy numbers and each approach has drawbacks in some aspects such as
indiscrimination and finding not so easy to interpretate. As of now none of them is
completely accepted.

Ranking normal fuzzy number were first introduced by Jain[7] for decision making
in fuzzy situations. Chan stated that in many situations it is not possible to restrict
the membership function to the general form and proposed the concept of
generalized fuzzy numbers. Since then remarkable efforts are made on the
development of numerous methodologies. The development in ordering fuzzy
numbers can even be found in [8],[9],[10],[11],[12].Fuzzy numbers must be ranked
before a decision is taken by a decision maker.

In this paper a new method is presented for the ranking of generalized fuzzy
trapezoidal numbers. To illustrate this proposed method, an examples discussed. As
the proposed ranking method is very direct and simple it is very easy to understand
and using which it is easy to find the fuzzy efficient solution of fuzzy multi objective
transportation problems occurring in the real life situations.

This paper is organized as follows: first, briefly introduced the basic definition of
fuzzy numbers and multi objective transportation problems. Second, a new ranking
procedure is proposed. Third , weigh method is adopted to solve Fuzzy multi
objective transportation problems. To illustrate the proposed method a numerical
example is solved. Finally the paper ends with a conclusion.[]
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PRELIMINARIES

we define some basic definitions which will be used in this paper.

Definition
If x is a set of objects denoted generally by X, then a fuzzy set A in X is defined as
a set of ordered pairs 4= {(x,u,(x)):xe X} where u,(x)is called the membership
function for the fuzzy set 4 the membership function maps each element of 4 to a
membership value between 0 and 1.

Definition

A fuzzy set A is defined on a universal set of real numbers is said to be a generalized
fuzzy number if its membership function has the following characteristics

(1) w,(x):R—[0,1]1s continuous

(1) u,(x)=0for all x € A(~w,a]U[d,»o]

(111) u,(x)is strictly increasing on [a, b] and strictly decreasing on [c, d]

(iv) u,(x)=w for all x e[b,c]where 0 <® < 1.

Definition

A generalized fuzzy number A =(a,b,c,d,w) is said to be a generalized trapezoidal
fuzzy number if its membership function is given by

M’agxgb
b—a

o,b<x<c
/uA(x): a)(x_a) s
,c<x<d
d-c

0, otherwise

If o =1, then A =(a,b,c,d,1) is a normalized trapezoidal fuzzy number and A is a

generalized or non normal trapezoidal fuzzy number if 0 <o <1

As a particular case if b=c, the trapezoidal fuzzy number reduces to a triangular
fuzzy number given by A =(a,b,d,1) .

Definition

Let A, =(a ,b,,c,,d,,®) and A, =(a,b,,c,,d,,w,) be generalized trapezoidal
fuzzy number defined on real numbers R then

(1) A, +A, =(a +a,,b +b,,c, +c,,d,, min(w,,®,))

(i1) A, —-A,=(a—d,,b —c,,d —a,,d —a, mn(w,n,)).

[
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RANKING OF TRAPEZOIDAL FUZZY NUMBERS

A new approach for ranking of generalized trapezoidal number is proposed using
trapezoid as reference point. Ranking methods map fuzzy number directly in to the
real line. That is, M:F— R which associate every fuzzy number with a real
number and then use the ordering >on the real line.

Let A, =(a,b,,c.,d,,®) be generalized trapezoidal fuzzy numbers then R(A) is
calculated as follows:
Step 1 : Find ® = minimum (w-1, w,)

Step2: Find R(A)=[k(a ,+d,),2(1-k)(b, +¢,)] where ke (0,1)
PROBLEM FORMALATION
Consider the following fuzzy multi objective transportation problem (FM7P):

Min(Z)" = iZZE‘,% r=12,..k

r=l i=1 j=1

such that
le =a;, i=12,..n (1)
Pl
le/:lejJ ]21525 ,m (2)
i=1
2= 2Dy 3)
i=1 j=1

i=1,..m and j =12 .. .n,.

where ¢ >0,4,>0 and b, >0 foralliandj.

Definition ( pareto optimal solution)

The fuzzy vector x* which satisfies the condition in (FMTP) 1,2, 3 is called a fuzzy
pareto optimal solution of (FMTP) if and only if there does not exist another x* such
that

(Z) (x)<(Z)" (x")

for all » and (Z)" (x) = (Z)" (x") for at least one r=1.2,....k.
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FMTP will be treated using the weighting method (i.e by considering the following
problem with scalar objective TP(w), as in the following: )

TP(w)  MinZ, = Zk:ZZW Crx,
r=1i=1 j=1

such that

X, =y i=12.n (4

2, =20, (6)

x; 20,i=12,....,mand j=1.2,.,n Q=W >0,r=1,...,k, Z;Wr =1}
where ¢, >0, a; >0 and b, >0 are positive for all 1 and j.

Definition For given w' e Q, the set x;, for all i=1.2,.,m and j=12,..n is said to
be a feasible solution of (TP(w")) if they satisfy the equations 4, 5,6.

Definition
For given w" eQ a feasible solution x;, for all i=12,...,m and j=12,.,n of the
problem (TP(w")) is said to be an optimal solution of (TP(w")) if
Zk:iich@/ () < Zk:iichgy Xij
=1 =1 jo1 r=1 =1 o1
fori=1,2,..,mandj=12,..,nand for all feasible x, fori=1,2,...,mand )=
1,2,....,n

ALGORITHM

We now introduce a new algorithm for finding an optimal solution for a fuzzy
objective transportation problems.

(1) Consider fuzzy multi objective transportation problem (F7TR) and given its
secularization weighting problem (FTP(w")).
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(i1) Using the ranking technique , we convert the given fuzzy problem in to a crisp
valued problem.
(iii) By using northwest corner method to get the find the fuzzy optimal (FTP(w")

The proposed algorithm is illustrated by the following example.

Example:
- 3 4 3 4
MinZ =|Y>¢ix;, DD x;
i=1 j=1 i=1 j=1
such that
4
dx;=a, i=123
F=
3 ~
- = bj .] = 1723374

Xij
1

m n

~ _\% R
Zal. —ij and x; 20
i=1 j=1

assume that fuzzy numberas characterized as:
(). Fuzz coefficients (the first one C')
(1,2,34) (1,34,6) (9,11,12,14) (5,7,8,11)
C'=|(0,124) (1012 (5678  (0,123)
(3,5,6,8) (5,8,9,12) (12,15,16,19) (7,9,10,12)
(the second one C?)

(2,3.45) (2,457  (10,12,13,15)  (6,8,9,12)
C*=|(1,234) (0,1,2,3) (6,7,8,9) (1,2,3,4)
(4,6,7,9) (6,9,10,13) (13,16,1720) (8,10,11,13)

(i1) Supplies
a, =(1,6,7,12), a, =(0,1,2,3), a, =(5,10,12,17)
(111) Demand
b, =(5,7,8,10), b, =(1,5,6,10), b, =(1,3,4,6),b, =(1,2,3,4)

then the Problem FTP, takes the form:
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Supply
1.875]2.625 [ 8.625 |5.755 | 5.625
1.255]0.375 | 4.875 | 1.125|1.875
4.125(6.375|11.625|7.125|9
Demand | 5.625 | 4.875 | 3.375 [2.625]|16.5

then the Problem FTP, takes the form

Supply
2.625[3.375[9.375 |6.3755.625
1.875 | 1.125 [ 5.625 |1.875]1.875
4.875]5.125]12.375]7.875 |9
Demand 5.625|4.875(3.375 |2.625]16.5

N 3 4 3 4 3 4
TP(w) MinZ, =w, ZZc;.xi/ +w, Zch X; = ch;xij

i=1 j=I i=1 j=1 i=1 j=1

such that
4
inj =a,, i=1,2,3
j=1
3
dx,=b,, i=1.23.4
i=1
3 4
Zai =)D,

At (w;,w}) = (0.25,0.75), then the coefficient matrices C* = w,C' +w,C? ]

Supply
2.43713.187 |9.187 |6.218|5.625
1.718 | 0.937 | 5.437 | 1.687 | 1.875
4.687|5.437|12.187 | 7.687 | 9
Demand 5.625|4.875|3.375 |2.625|16.5

a, =5.625, a, =1.875, a, =9

b, = 5625, b, = 4.875, b, =3.375 b, = 2.625
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The crisp value of the optimum fuzzy transportation for the given problem is 87 .74
CONCLUSIONS

Ranking fuzzy numbers is a critical task in a fuzzy decision making process. Each
ranking method represents a different point of view on fuzzy numbers. This work is
anew ranking method which is simple and efficient. However, believing that the
results obtained in this paper gives us the optimum cost for the fuzzy transport
problems.
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