International Journal of Recent Advances in Multidisciplinary Research, September -2014

S

International Journal of Recent Advances in Multidisciplinary Research
Vol. 01, I ssue 03, pp.026-032, September, 2014

Full Length Research Article

SOLVING FUZZY TRANSPORTATION PROBLEM USING SYMMETRIC TRIANGULAR FUZZY NUMBER
1*Nareshkumar, S. and 2Kumara Ghuru, S.

1Department of Mathematics, Sriguru Institute of Technology, Coimbatore, Tamilnadu, India
2Department of Mathematics, Chikkanna Government Arts College, Tiruppur, Tamilnadu, India

ARTICLE INFO ABSTRACT
The transportation problem is one of the earliest applications of linear programming problems. In the
Article History: literature, several methods are proposed for solving transportation problems in fuzzy environment but
Received 29‘h June, 2014 in al the proposed methods, the parameters are normal fuzzy numbers. In this paper, a genera fuzzy
?ggei:/ledlzgﬁnsedform transportation problem is discussed. In the proposed method, transportation cost, availability and
Ys

demand of the product are represented by symmetric triangular fuzzy numbers. We develop fuzzy
version of Vogel’s algorithms for finding fuzzy optimal solution of fuzzy transportation problem. A
numerical exampleis given to show the efficiency of the method.

Accepted 04" August, 2014
Published online 30" September, 2014

Keywords:

Fuzzy sets,

Symmetric Triangular Fuzzy numbers,
Fuzzy transportation problem,

Fuzzy ranking,

Fuzzy arithmetic.

INTRODUCTION

The Transportation problem is a special type of linear programming problem which deals with the distribution of single product
(raw or finished) from various sources of supply to various destination of demand in such away that the total transportation cost is
minimized. There are effective agorithms for solving the transportation problems when all the decision parameters, i.e. the supply
available at each source, the demand required at each destination as well as the unit transportation costs are given in a precise way.
But in read life, there are many diverse situations due to uncertainty in one or more decision parameters and hence they may no be
expressed in a precise way. Thisis due to measurement inaccuracy, lack of evidence, computational errors, high information cost,
whether conditions etc. Hence we cannot apply the traditional classical methods to solve the transportation problems successfully.
Therefore the use of Fuzzy transportation problems is more appropriate to model and solve the real world problems. A fuzzy
transportation problem is a transportation problem in which the transportation costs, supply and demand are fuzzy quantities.

Bellman and Zadeh et al. (1970), proposed the concept of decision making in Fuzzy environment. After this pioneering work,
several authors such as Shiang-Tai Liu and Chiang Kao et al. (2006), Chanas et al. (1989), Pandian et.al., 2010, Liu and Kao 2004
etc proposed different methods for the solution of Fuzzy transportation problems. Chanas and Kuchta (1989), proposed the concept
of the optimal solution for the Transportation with Fuzzy coefficient expressed as Fuzzy numbers. Chanas, Kolodzigjckzy, Machaj
(1984) presented a Fuzzy linear programming model for solving Transportation problem. Liu and Kao (2004) described a method
to solve a Fuzzy Transportation problem based on extension principle. Lin introduced a genetic algorithm to solve Transportation
with Fuzzy objective functions.

Nagoor Gani and Abdul Razak (2006) obtained a fuzzy solution for a two stage cost minimizing fuzzy transportation problem in
which supplies and demands are trapezoidal fuzzy numbers. A.Nagoor Gani, Edward Samuel and Anuradha (2011) used
Arshamkhan’s Algorithm to solve a Fuzzy Transportation problem. Pandian and Natarajan (2010) proposed a Fuzzy zero point
method for finding a Fuzzy optimal solution for Fuzzy transportation problem where all parameters are trapezoidal fuzzy numbers.
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In general, most of the existing techniques provide only crisp solutions for the fuzzy transportation problem. In this paper we
propose a simple method, for the solution of fuzzy transportation problems without converting them in to classical transportation
problems using Symmetric Triangular Fuzzy number.

PRELIMINARIES

The aim of this section is to present some notations, notions and results which are of useful in our further consideration.

Fuzzy numbers

A fuzzy set 4 defined on the set of real numbers R is said to be afuzzy number if its membership function ;- R—>[0,1] hes
the following characteristics

(i) 4 isnormal. It means that there existsan x € R such that w,(x)=1
(i) 4 isconvex. It meansthat for every X% €R, w (AX+ (1= A4)%) = min{u (x), 1,(%)}, 1<[0,]]
(iii) 44, is upper semi-continuous.

(iv) supp (4) is bounded in R.

Triangular Fuzzy number

A fuzzy number A4 inRissaid to be a triangular fuzzy number if its membership function g, : R —1[0,1] has the following
characteristics.

X - a,
—, a, < x<a,
a, - a,
1 , X =a,
#yx) =

a; - X

——, a, < x<a,
a; - a,

0 , otherwise

It is denoted by A = (a(l),a(z),a(g)) where a8 is Core (% ), a? s left width and a® is right width. The geometric

representation of Triangular Fuzzy number is shown in figure. Since, the shape of the triangular fuzzy number 4 is usualy in
triangleit is called so.

M ember ship function of triangular fuzzy number
The Parametric form of atriangular fuzzy number is represented by 4 = [a(l’ —a?@-r), a® +a® (1- r)]
Symmetric Triangular Fuzzy number

if a® =a?® , then the triangular fuzzy number A= (a(l) , a®? , a(s)) is caled symmetric triangular fuzzy number. It is denoted
by 4=(a®,a®), where a® isCore(4), a@ isleft width and right width of .



International Journal of Recent Advances in Multidisciplinary Research 028
; P ; U=a®-a®@1- @ @(1—
The parametric form of a symmetric triangular fuzzy number isrepresented by A4 =| a™ —a*” (1-r), a” +a“ (1-r)

Ranking of Triangular Fuzzy number

Several approaches for the ranking of fuzzy numbers have been proposed in the literature. An efficient approach for comparing the
fuzzy numbersis by the use of aranking function based on their graded means. That is, for every A= (a(l’ ) a®? ) a‘3’) eF(R), the
ranking function R : F(R) — R by graded mean is defined as

R(4) {WJ (+a, = a)

For any two fuzzy triangular Fuzzy numbers 4 = (a®,a?,a®) and B = (b®,b®,b®) in F(R), we have the following
comparison

() A<B 1t and only it R(A) <R(B)

(i)) A>B 1f and only it R(A) <R(B)

(ii)) A~B i and only if R(A)=R(B)

(iv) 4-B 1t and only if R(A)-R(B)=0

; — (D 42 503 N .
A tiangular fuzzy number 4 = (a®,2?,89) | e i wid o be positive it ) >0 ang denoted by 4>0. Also if
SR(géh)>0,then E€|>0 and if ER(Q):O, then 94:0. If SR(Q):iR(!E?) , then the triangular numbers A and B are said to be

equivalent and is denoted by A~B )
For Symmetric Triangular Fuzzy numbers a?=a®

Arithmetic operations of symmetric triangular fuzzy number based on r-cut
The fuzzy number is fully and uniquely represented by its r-cut, since the r-cut of each fuzzy number are closed interval of real

numbers for al re(0,1]. This enables us to define arithmetic operations on fuzzy number in terms of arithmetic operations on their
r-cut.

Let 4 and Bby arbitrary fuzzy numbers with the r-cut A = [A(r),ﬂ(r)} and B =[§(r),§(r)]. Then the arithmetic

operations between A and ‘B are denoted by

() A4+ B =] Ar)+B(r), A(r) +B(r) |
(i) 4~ B = A(r)-B(r), A(r) - B(" |
(i) 4B = = [ﬂ(r),ﬁ(r)}
Where H (r) = min{ A(r)B(r), A(r)B(r), A(r)B(r), A(r)B(r)}
H (r) = max{ A(r)B(r), A(r)B(r), A(r)B(r), A(r)B(r)}
(iv) 4/B=H = [ﬂ(r),ﬁ(r)}
Where H(r) =min{ A(r)/ B(r), A(r)/ B(r), A(r) / B(r), A(r) / B(r)}
H(r) =max{ A(r)/ B(r), Ar) / B(r), A(r) / B(r), A(r) / B(r)}

i [Kg(r),KK(r)], if K>0
W RA= [KAM),KAM)], ifK<0
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M athematical formulation of a fuzzy transportation problem

Mathematically a transportation problem can be stated as follows:

Minimize
Z:ZZCIJ'XH ______ ()
i=1 j=1
Subject to
Z)ﬁj:aﬁ ji=12,..,n
j=1
> x,=b, i=12..,m —(2)
i=1
x; =0 i=142,..m j=12..,n

Where G is the cost of transportation of an unit from the i™ source to the | destination, and the quantity X; isto be some positive

integer or zero, which is to be transported from the i™" origin to j™ destination. A obvious necessary and sufficient condition for the
linear programming problem given in (1) to have a solution is that

>a-=>b ®)

(i.e) assume that total available is equal to the total required. If it is not true, a fictitious source or destination can be added. It
should be noted that the problem has feasible solution if and only if the condition (2) satisfied. Now, the problem is to determine

X in such away that the total transportation cost is minimum

Mathematically afuzzy transportation problem can be stated as follows:

Minimize
m n
2=2.2.6% )
i=1 j=1
Subject to
lel:él 1:1121 N
j=1
Z)(ii:E)I i=1,2,....m (5)
i=1
X, 0 i=1,2,....,m, j=1,2,...,n

In which the transportation costs E:ij , supply 5. and demand E),- guantities are fuzzy quantities. An obvious necessary and
sufficient condition for the fuzzy linear programming problem give in (4-5) to have a solution is that

)ICHED 3 T— ©)

1=1

This problem can also be represented as follows:
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1 n Supply
1 Cuu e Cin a
m Cmi Cmn am
Demand 61 ......... Bn

Theorem: 1 (Existence of fuzzy feasible solution)

The necessary and sufficient condition for the existence of a fuzzy feasible solution to the fuzzy transportation problem is
n m

2auh

i=1 j=1

Proof: (Necessary condition)

Let there exists a fuzzy feasible solution to the fuzzy transportation problem givenin (1)

Then Zmlzn:;(ii zai and Zmlzn:;(ij zf)j . Therefore Zn:al =Zm:6j
i=1 j=1 i=1 j=1 i=1 j=1

(Sufficient condition)

no_ m

Let as assume that z ai L Zb i . We have to distribute the supply at the i-th source in proportion to the requirements of all
i=1 ]=1

destinations.

Let )~(ij = % i , where A, isthe proportionality factor for the i-th source. Since the supply must be completely distributed.
n m

Z Xij = Ai Z bj

i=1 j=1

- - a -
Therefore Xij = A:D; =n—l.bj

2.b;

Which shows that all the constraints are satisfied. Since é and b j are positive, ;(ij determined must be all positive. Therefore the
fuzzy transportation problem yields a fuzzy feasible solution.

Procedurefor solving Fuzzy Transportation Problem

We shall present a solution to fuzzy transportation problem involving shipping cost, customer demand and availability of products
from the producers using Symmetric Triangular Fuzzy numbers.

Step 1: First convert the cost, demand and supply values which are all Symmetric Triangular Fuzzy numbers into crisp values by
using the measure.



International Journal of Recent Advances in Multidisciplinary Research 031

Step 2: we solve the transportation problem with crisp values by using VAM procedure to get the initial solution solution to get the
optimal solution and obtain the allotment table.

Remark

A solution to any transportation problem will contain exactly (m+n-1) basic feasible solutions. The alotted value should be some
positive integer or zero, but the solution obtained may be an integer or non-integer, because the original problem involves fuzzy
numbers whose values are real numbers. If crisp solution is enough the solution is complete but if fuzzy solution is required go to
next step.

Step 3: Determine the locations of nonzero basic feasible solutions in transportation table. There must be atleast one basic cell in
each row and one in each column of the transportation table. Also the m+n-1 basic cells should not contain a cycle. Therefore,
there exist some rows and columns which have only one basic cell. By starting from these cells, we calculate the fuzzy basic
solutions, and continue until (m+n-1) basic solutions are obtained.

Numerical Examples

Consider the following fuzzy transportation problem

DESTINATION SUPPLY
w (2373) (2,33) (2,373) (1,4,4) 0,33)
@)
% (49,9 (4.8,8) (255) (1,44 (213,13)
8 2,7,7) (0,5,5) (0,55 (4,88 (2.8,8)
DEMAND (1,4,4) (0,9,9) (1,4,4) (2,7,7)

Convert the given fuzzy problem into a crisp value problem by using the measure.

DESTINATION SUPPLY
L 2.83 2.83 2.83 35 25
% 8.16 7.33 45 35 11.16
R 6.16 416 416 7.3 7
DEMAND 35 75 35 3.66
Using VAM procedure we obtain theinitial solution as
2.5
35 0.5 35 3.66

Now using the allotment rules, the solution of the problem can be obtained in the form of Symmetric Triangular fuzzy numbers.

DESTINATION SUPPLY
W (033 (033
%5’ (1,44) (-21,1) (1,4,4) (2.4,4) (2,13,13)
) (2,8.8) (2,8,8)
DEMAND (1,4,4) (0,9,9) (1,4,4) (27,7

Therefore the fuzzy optimal solution for the given transportation problem is Xu = (O, 3, 3) | Xo1 = (l, 4, 4) | Xo2 = (—2,1,1),
Xz =(1L,4,4), Xo1 =(2,4,4), X2 =(2,8,8).
And the crisp solution to the problem is Minimum cost =84.33.

Conclusion

In this paper asimple method of solving fuzzy transportation problem (supply, demand, and cost are all symmetric triangular fuzzy
numbers) were introduced by using ranking of fuzzy numbers. The shipping cost, availability at the origins and requirements at the
destinations are all symmetric triangular fuzzy numbers and the solution to the problem is given both as a fuzzy number and also as
aranked fuzzy number.
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