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Abstract

A new method is proposed to find the fuzzy optima solution to a fuzzy
transportation problem (FTP) where all parameters are fuzzy numbers. The
proposed method is based on the crisp transportation algorithm, the zero point
method and also, provides that the optimal fuzzy solution and the optimal
fuzzy objective value of the FTP do not contain any negative part. For
illustrating, a FTP is solved by using the proposed method. The proposed
method is an appropriate method to apply for finding the fuzzy optimal
solution of FTPs occurring in rea life situations.
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Introduction

In today's highly competitive market, many organizations trying to find better ways to
create and deliver value to customers become stronger. How and when to send the
products safely to the customers in the quantities with minimum cost become more
chalenging. To meet this chalenging, transportation models provide a powerful
framework. Transportation models have wide applications in logistics and supply
chain for reducing the transportation cost. Various efficient methods were devel oped
for solving transportation problems with the assumption of precise source, destination
parameter, and the penalty factors. In real world applications, al the parameters of the
transportation problems may not be known precisely due to uncontrollable factors.
Fuzzy numbers introduced by Zadeh [11] may represent impressive data.
Zimmermann [12] obtained an optima solution to a FTP by fuzzy linear
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programming. In the literature, there are several methods [1-9 ] for finding the fuzzy
optimal solution of FTPs where some or all parameters are represented by trapezoidal
fuzzy numbers. But there are shortcomings in some existing methods which are as
follows:

i.  Intheexisting methods [7,1,6], FTPs are first converted into equivalent crisp
transportation problem (CTP) using « — cut method, which are then solved
by standard methods. Thus, the final results of a FTP are real numbers,
which represents a compromise in terms of fuzzy numbers.

ii.  In the existing methods [3,8], the optimal solution of some of the fuzzy
decision variables and the optimal objective fuzzy value of a FTP have
negative part which depicts that quantity of the product and transportation
cost may be negative. But the negative quantity of the product and negative

transportation cost has no physical meaning.

In this paper, we develop a new method for finding a fuzzy optimal solution of a
FTP where al parameters are fuzzy numbers. To overcome the shortcomings of the
existing methods [7,1,6, 3, 8], the proposed method provides non-negative fuzzy
optimal solution and non-negative optimal fuzzy objective value of FTPs. The
proposed method is based on the zero point method which is an algorithm for solving
of crisp transportation problems. So, unbalanced transportation problem can be also
solved by the new method. By means of a numerical example, the proposed method of
solving a fuzzy transportation problem is illustrated. For finding the fuzzy optimal
solution of fuzzy transportation problems occurring in real life situations, the
proposed method is an appropriate method for solving a real fuzzy life transportation
problems and also, provides an applicable optimal solution.

Fuzzy number and Fuzzy transportation problem
We need the following mathematical orientated definitions of fuzzy number and
membership function which can be found in Zadeh [12] .

Definition 2.1: A fuzzy number a is a trapezoidal fuzzy number denoted by
(a,a,,85,8,) Where a,a,,a;and a, are real numbers and its member ship function

U 5 (X) isgiven below.

0 forx<a
(x-a)l(a,-a) fora <x<a,
puz(x) =41 fora, <x<aq
(s —x)/(ay — &) fora; <x<a,

0 for x> a,

Let F(R) beaset of al trapezoidal fuzzy numbers over R, a set of real numbers.
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Definition 2.2: Let Z\:(al,az,ag,a4) and §:(b1,b2,b3,b4)bein F(R). Then,
a Aand B aesaidtobeequa if a =h ,i=1,2,34 and
b. Aissadtobelessthanorequa B if a <h,i=1234.

Definition 2.3: Let A:(al,az,ag,a4) be in F(R). A is said to be positive if
a>0,i=1,234.

Definition 2.4: Let A:(al,az,ag,a4) bein F(R). A issaid to beinteger if g >0,
i =1,2,3,4 are integers.

Consider the following fuzzy transportation problem (FTP) having fuzzy costs ,
fuzzy sources and fuzzy demands,

(P) Minimize Z = Z Z c, ®x”

i=1)=1
subject to
nzjza fori=1.2,....m (2.1)
j=1
>% ~b ,forj=12...n (2.2)
i=1
% =0,fori=12..mandj=12...n, (2.3)

where m = the number of supply points; n = the number of demand points; X; ~
(%" %%, % %" isthe uncertain number of units shipped from supply point i to
demand point j; Gj ~ (G; 1 , Gij 2, Gj 3,cij %) is the uncertain cost of shipping one unit
from supply point i to the demand point j ; g ~ (& L 8 2 8 3,a,- 4) Is the uncertain

supply at supply point i and BJ- z(bj1 b 2 b; 3,bj 4)is the uncertain demand at
demand point j.

Dynamic Backward Method

We need the following theorem to prove the proposed method solution of TP is
optimal.

Theorem 3.1: Let [ ] {x|J i=12,..., mand j =1,2,...,n} be an optimal solution of

(Pg), [>q‘;3]={>qj3,|=12 ..... mand j =12,..,ntbe an optimal solution of (P3)
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[XUZ] {X,Jz,i:LZ,...,mandj=L2,...,n} be an optima solution of (P») and
[x,Jl] {x,]l,i =12,...,mand j =1,2,...,n} be an optimal solution (P) where

(P4) Minimize Z, = z z c,JxIj
i=1 j=1
subject to

x,‘jlz a,-4 fori=12,....m
1

T ™M

™3

x,f'zb4 forj=1.2,...,n
i=1

.b

%j20,fori=12,...mandj=12,...,nand integers.

and fork =4, 3, 2,
(R.,) Minimize Zk_lzzl“ >, IIl<1xlll<1
1= J

subject to

> ><,',‘1-a,'<'1 fori=12,..,m
i=

Zx.ij(l bklfOI'j 1,2,...n

xii x”k fori=12,...mandj=12,...,n

x|k1>0 fori=1,2,....mandj=12,...,nand integers.

Then, [Xj]={X] = (Xf]1 xf]z,x,] XU4) i=12..mandj=212..nm} isan optima
solution of the given problem (P).

Proof: Let [y”] {yIJ _(y1 y”2 yl? yl‘]‘) i=12..mandj=12..,n be afeasble
solution of (P). Clearly, [y51.Iyil.Iyf] and [y{] are feasible solutions of
(PD.(P2),(P3) and (Py) respectively.

Now, since [x{}l],[xﬁz],[><ﬁ3] and [x{j“] are optimal  solutions  of
(P),(P2),(P3) and (Py) respectively, we have
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Z(I6M < Z(D: Zo(06%D) < Zo(LyED):
Z3([%°) < Za(1y1) and Za(1%"1) < Za(Lyif1)
Thatis, Z([X;]) < Z([Y;]) . for al feasible solution of the problem (P).
Therefore, [%51={%; = (", %%, %2, %", i =12...mand j =12,...m} is an
optimal solution to the given problem (P).

Hence the theorem.

Remark 3.1: The optimal fuzzy solution

[%1={% = 6L %2 %3, %4, =12, m and | =12,...,m}

and the total minimum fuzzy transportation cost
Z([%51) = @M. Z2 (062D, 23061, Za (06 ™)

are positive because fuzzy supply at each origin, fuzzy demand at each destination,
fuzzy transportation costs and fuzzy decision variables are positive.

Dynamic backward Method
We, now introduce a new method for solving fuzzy transportation problem which is
based on the crisp transportation agorithm namely, the zero point method introduced
by Pandian and Natargjan [9].

The proposed method is as follows
Algorithm
Step 1: Construct the problem(P4) from the given FTP (P) and solve it by the zero

point method. Let {)({j4,i:12,...,m and j=12,..,m be an optima solution of
(Pg) -

Step 2: Construct the problem(P3) from the given FTP and solve it by the zero point
method. Let {x{j3,i =12,...,mand j=12,..,n} beanoptimal solutionof (P3) .

Step 3: Construct the problem(P>) from the given FTP and solve it by the zero point
method. Let {x{jz,i =12,...mand j=12,...,n} bean optimal solution of (P») .

Step 4: Construct the problem(Py) from the given FTP and solve it by the zero point
method. Let {x{jl,i =12,...,mand j=12,..,n} beanoptimal solutionof (R) .
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step 5: {%; = (41 %% %2 %%, =12...m and j=12,..,r} is an optima solution
to the given FTP, (P) by the Theorem 3.1.

Remark 3.2: An unbalanced fuzzy transportation problem can be also solved by the
proposed method because it is based on the zero point method, the crisp transportation
algorithm .

Numerical Example
The proposed method isillustrated by the following example.

Example 4.1: Consider the following fully fuzzy transportation problem.

Supply
(1,2,34) [(1,34,6) [(9,11,12,14) [(57,8,11) |(1,6,7,12)
(0,1,2,4) [(0,0,1,1) [(56,7,8) (0123) [(0,1,223)
(35.6,8) |(5,89,12)|(12,15,16,19)|(7,9,10,12) | (5,10,12,17)
Demand (4,7,8,11) (0,5,6,11) (1,3,4,6) (1.234) (6,17,21,32)

The given FTP is a balanced one since total fuzzy demand = total fuzzy supply =
(6,17,21,32).

Now, from the given FTP, the problem (P4) asfollows:

Supply
416 [14]11]12
4 |18 [3]3
8 |12]19]12]17
Demand 11 11 6 4 32

Now, by the zero point method , the optimal solution of (P4) is x{ﬁ':ll;

X3 =1; x5%=3; X1 =11; %33 = 2; %32 =4 and the minimum transportation cost =
278.
Now, from the given FTP, the problem (P3) asfollows:

Supply
341128 |7
21117 (2 |2
6916|1012
Demand 8 6 4 3 21
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with x13j < x{j4.
Now, by zero point method , the optimal solution of (B3) is X3 =6; X3 =1;

X33 =2; %53 =8; X33 =1; X33 = 3 and the minimum transportation cost is 144.

Now, from the given FTP, the problem (P,) asfollows:

Supply
2 |3 |11 (7 |6
1 /0|6 1|1
518 |15 |9 |10
Demand 7 5 3 2 17
with xijz < xi°j3.

Now, by zero point method , the optimal solution of (P,) is X3 =5; X3 =1;

X33 =1; X3 =7; X35 =1; x37 = 3 and the minimum transportation cost is 100.
Now, from the given FTP, the problem (P1) asfollows:

Supply
111]9 |5|1
0/0|5 |0]O
3/5/12|7|5
Demand 4 0 1 1 6
Withx'%SX{jz

Now, by zero point method, the optimal solution of (P) is X3 =0; xj3=1;
XE% =0; xfﬁ =4, x§% =0; xé}l =1 and the minimum transportation cost is 28.

Thus, the optimal solution to the given FTP is X, =(05611); X4=(1111);

Xoa=(0123); X3 =(47811); X33=(0112); X3,=(1234) and the tota
minimum fuzzy transportation cost is (28,100,144, 278).

Conclusion

The main advantage of the proposed method is that the obtained fuzzy optimal
solution and fuzzy optimal value both are non-negative fuzzy numbers. Since the
proposed method is based on the classical transportation method so it is easy to learn
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and to apply the proposed method to find the fuzzy optimal solution of fuzzy
transportation problems occurring in rea life situations. The proposed method
provides an applicable optimal solution which helps the decision makers while they
are handling real life transportation problems having fuzzy parameters.
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