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Abstract
In this Paper, a “Fuzzy Transportation

Problem” is investigated using Triangular
membership function. Fuzzy vogel’s
approximation method is used to obtain initial
basic feasible solution and optimum solution is
obtained using fuzzy modified distribution
method. The method is illustrated by an example.
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I. INTRODUCTION
The transportation problem is a special class

of linear programming problems. In a typical
problem a product is to be transported from several
sources to numerous locations at minimum cost.
Suppose that there are ‘m’ warehouses where a
commodity is stocked and transported to ‘n’ markets
where it is needed. Let the availability in the
warehouses be maaa ......., ,21 and the demands at

the markets be nbbb ,...., 21 respectively. In addition

there is a penalty ijc associated with transporting
unit of product from the source i to the destination j.
This penalty may be the cost or delivery time or
safety of delivery etc. A variable ijx represents the
unknown quantity to be shipped from the source i to
the destination j. The basic transportation problem
was originally stated in [4], and later discussed in [7].
A linear programming problem using L-R fuzzy
number was given in [9], an operator theory of
parametric programming for Generalized
Transportation Problem (GTP) was presented by [1].
In [2] the concept of decision making in fuzzy
environment is proposed and in [3] the situation
where all the parameters are fuzzy is considered. In
[5], H.Isermann introduced an algorithm for solving
this problem which provides an effective solution
based on interval and fuzzy coefficients. Further
development on Triangular membership functions in
solving Transportation problem under fuzzy
environment had been elaborated by [4, 10].

This paper is organized as follows; in
section (2), some basic definitions on fuzzy set
theory are listed. In section (3), the method of fuzzy
modified distribution to find out the optimal solution
for the total fuzzy transportation of minimum cost is
discussed. In Section (4), a numerical example is
worked out.

II. FUZZY BASCIS

2.1. Definition [1], If X is a collection of
objects, and a fuzzy subset A of X is a set of ordered
pairs. i.e.  XxxxA A  /)(,(  , where )( xA is

called the membership function for the fuzzy set A
.The membership function maps each element of X
to a membership grade (or) membership value
between 0 and 1

2.2. Definition [8], The  cut (or)  -
level set of fuzzy subset A is a set consisting of
those elements of the universe X whose membership
values exceed the threshold level  . i.e.,

   )(/ xxA A

2.3. Definition [8], It A triangular fuzzy
number is represented with the three points as

).,( 321 aaaA  . This representation is interpreted
as membership function and holds the following
conditions,

(i) 21 atoa is increasing function

(ii) 32 atoa is decreasing function

(iii) 321 aaa 
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2.3 [8] = [ , , ] =[ , , ] be two triangular fuzzy numbers then the
arithmetic operation is∶ + = {[ + ], [ + ], [ +]} ∶ − = {[ − ], [ −], [ − ]}: ∗= {min( , , , ) , , max( , , , )
2.4Definition
(i) Fuzzy feasible solution: If 0ijx , which

satisfies the row and column sum is a fuzzy feasible
solution.
(ii) Fuzzy basic feasible solution: A feasible solution
is a fuzzy basic feasible solution if the number of
non-negative allocation is atmost (m+n-1) where m is
the number of rows and n is the number of columns
in the transportation table.
(iii) Fuzzy non-degenerate basic feasible solution: A
Fuzzy feasible solution to a transportation problem
containing m origins and n destinations is said to be
fuzzy non-degenerate, if it contains exactly (m+n-1)
occupied cells with non zero values.
(iv) Fuzzy degenerate basic feasible solution: If a

Fuzzy basic feasible solution contains less than
(m+n-1) non-negative allocation, it is said to be
degenerate.

III. FUZZY TRANSPORTATION PROBLEM:
Consider a Fuzzy Transportation problem

with m fuzzy origins (row) and n fuzzy destinations
(columns).Let ],,[ ijijijij cccc  is the cost of

transportation one unit of the product from ith fuzzy
origin to jth destinations,= [ , , ] be the quantity of commodity at
fuzzy origin i,= [ , , ] be the quantity of commodity
required at fuzzy destinations j, Xij is quantity
transported from ith fuzzy origin to jth fuzzy
destinations. The linear programming model
representing the Fuzzy Transportation problem is
given by

],,[],,[m in
1 1

i ji ji ji ji j

m n

ij XXXcccz  

Subject to the constraints[ , , ] = [ , , ]
, For i= 1, 2, 3...m rows,[ , , ] = [ , , ]

For j = 1, 2, 3...n columns, for all 0i jX , the
given fuzzy transportation problem is said to be

balanced if  
n

j

m

i ba
11

.

3.1Solution of Fuzzy Transportation Problem:
The Solution of FTP can be solved in two

stages. (i) Initial Solution (ii) Optimal Solution. For
finding the initial solution of FTP, fuzzy Vogel’s
approximation method is preferred over the other
methods. Since the initial fuzzy basic feasible
solution obtained, by this method is either optimal
(or) very closed to the optimal solution. We are
going to discuss fuzzy Vogel’s approximation
method and verify its solution in the nature of fuzzy
triangular membership function.

3.2Fuzzy Vogel’s Approximation Method
Algorithm:

Step (i). Find the fuzzy penalty cost, namely
the fuzzy difference between the smallest and next
smallest fuzzy costs in each variable in each row and
each column.

Step (ii). Among the fuzzy penalties found
in step (i), choose the fuzzy maximum penalty by
ranking method. If this maximum penalty is attained
in more than one cell choose any one arbitrary.

Step (iii). If the selected row (or) column
by step (ii), find out the cell having the least fuzzy
cost by using the fuzzy ranking method. Allocate to
this cell as much as possible depending on the fuzzy
capacity and fuzzy demands.

Step (iv). Delete the row (or) column which
is truly exhausted. Again compute column and row
fuzzy penalties for the reduced fuzzy transportation
table and then go to step (i) Repeat the procedure
until all the demands are satisfied.

Once the initial fuzzy feasible solution is
computed the next step in the problem is to
determine whether the solution obtained is optimal or
not. Fuzzy optimality test can be conducted to any
fuzzy initial basic feasible solution of a fuzzy
transportation problem provided such allocation has
exactly (m + n-1) non-negative allocation, where
”m” is the number of fuzzy origins and “n” is the
number of fuzzy destinations. These allocation cells
are independent. The optimality procedure is given
below,

3.3 Fuzzy Modified Distribution Method:
This proposed method is used for finding

the optimal basic feasible solution in the fuzzy
environment and the following step by step
procedure is used to find out the same.



International Journal of Review and Research in Applied Sciences and Engineering (IJRRASE)
Vol3 No.1. PP 18-22 March 2013 ISSN: 2231 – 0061X

20

Step 1. Find out the set of fuzzy triangular

numbers ],,[ iii uuu and ],,[ iii vvv for each

row and column satisfying ],,[ iii uuu +

],,[ iii vvv = ],,[ ijijij ccc for each occupied cell.

To start with, we assign a fuzzy zero to any row (or)
column having maximum number of allocations. If
this maximum number of allocations is more than
one, choose any one arbitrary.
Step 2. For each empty (unoccupied) cell, find

],,[ iii uuu and ],,[ iii vvv

Step 3. Find out for each empty cell the net
evaluation;

],,[ ijijij zzz = ],,[ ijijij ccc -

],,[ iii uuu + ],,[ iii vvv .

This step gives the optimality:
(a) if 0ijZ , the solution is optimal and a

unique solution exists.
(b) if 0ijZ , the solution is optimal, but an

alternate solution exists.
(C) if 0,ijZ , the solution is not fuzzy optimal.
In this case, we go to next step, to improve the
solution and minimize the cost.

Step 4. Select the empty cell having the most non
negative value ijZ from this cell we draw a closed
path drawing horizontal and vertical lines with
corners being occupied cells. Assign signs positive
and negative alternatively and find out the fuzzy
minimum allocation cell having negative sign. This
allocation should be added to the allocation of the
other cells having negative sign.

Step 5. The above step yields a better solution by
making one (or) more occupied cell as empty cells.
For the new set of fuzzy basic feasible allocation,
repeat from step 1, till a fuzzy optimal basic feasible
solution is obtained

4.Numerical Example
To solve the following fuzzy transportation

problem of minimal cost, we start with the initial
fuzzy basic feasible solution obtained by Fuzzy
Vogel’s Approximation method for which fuzzy cost
and fuzzy requirement table is given below, the given
problem is balanced fuzzy transportation problem,
and the supply and demand costs are symmetric
fuzzy triangular numbers (FTN).

Table 4.1 The basic fuzzy transportation problem

1D 2D 3D 4D Fuzzy
capacity

1O [-2,0,2] [0,1,2] [-
2,0,2] [-1,0,1] [0,1,2]

2O [4,8,12] [4,7,10] [2,4,6] [1,3,5] [2,4,6]

3O [2,4,6] [4,6,8] [4,6,8] [4,7,10] [4,6,8]
Fuzzy
demand [1,3,5] [0,2,4] [1,3,5] [1,3,5]

Since 



n

j
j

m

i
i ba

11

= [6, 11, 16] = [3, 11, 19] =33,

the problem is balanced fuzzy transportation
problem. There exists a fuzzy initial basic feasible
solution.

Table 4.2 It represents the initial basic fuzzy
feasible solution, by VAM   method

1D 2D 3D 4D Fuzzy
capacity

1O [-2,0,2] [0,1,2]
[0,1,2]

[-2,0,2] [-1,0,1] [0,1,2]

2O [4,8,12] [4,7,10] [2,4,6]
[-3,1,5]

[1,3,5]
[1,3,5]

[,2,4,6]

3O [2,4,6]
[1,3,5]

[4,6,8]
[-2,1,4]

[4,6,8]
[-4,0,6] [4,7,10] [4,6,8]

Fuzzy
demand [1,3,5] [0,2,4] [1,3,5] [1,3,5]

Since, the number of occupied cell is m+n-1
= 6 and the occupied cells are independent. The
initial solution is a non-degenerate fuzzy basic
feasible solution. Therefore, the initial fuzzy
transportation minimum cost is

],,[ ijijij zzz = [-27, 23,169] ------- (I)

4.3Moving to the optimal solution:
Here ijC are fuzzy cost coefficient and

ijX (i = 1,2,3 , j = 1,2,3,4)  are fuzzy allocations.

We have to find fuzzy membership functions of ijC
and ijX for each cell
(i, j).The membership function of fuzzy

transportation cost )(12 xC is found as follows,
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To compute the interval of confidence for each level
 , the triangular shapes will be described by
functions of  in the following manner,
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Here    )(
1

)(
1 )0( xx

2)2( )(
2

)(
2    xx

]2,[],[ )(
2

)(
112   xxC -------- (i)

The membership functions of fuzzy allocation to the
cell (i,j) )(12 xX as follows,
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Here    )(
1

)(
1 )0( xx

2)2( )(
2

)(
2    xx

]2,[],[ )(
2

)(
112   xxX
------------ (ii)

From (i) and (ii) we get
])2(,[ 22

1212  XC
------------ (A)

Exactly in the similar way,
)]45)(26(,)34)(22[(2323   XC

------------ (B)
])25(,)12[( 22

2424   XC
------------ (C)

])26)(25(,)12)(22[(3131   XC
------------ (D)

])34)(28(,)23)(42[(3232   XC
------------ (E)

)]66)(28(),44)(42[(3333   XC
------------ (F)

A +B+C+D+E+F gives the Fuzzy minimum cost:
]16616635,272831[ 22  Z

------------ (II)
Solving the equations:

0272831 1
2  X

------------ (G)
016616635 2

2  X
------------ (H)

We get
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.
This is the required fuzzy membership

function of fuzzy transportation minimum cost Z
(using the equation number 1).
4.4 Determination of fuzzy optimal solution:
Applying the fuzzy modified distribution method, we
determine a set of triangular fuzzy numbers

],,[ iii uuu and ],,[ iii vvv each row and

column such that ],,[ ijijij ccc = ],,[ iii uuu +

],,[ iii vvv for each occupied cell. Since the 3rd

row has maximum number of allocation, we give

fuzzy number ],,[ 333 uuu = [-1, 0, 1]. The

remaining numbers can be obtained as given by:
],,[ 111 vvv = [3, 4, 5], ],,[ 222 vvv = [3, 6, 7],

],,[ 333 vvv = [3, 6, 7],

],,[ 222 uuu = [-5,-2, 3]. ],,[ 444 vvv = [-2, 1, 0],

],,[ 111 uuu = [-7, -5,-1]

We find for each empty cell the sum of ],,[ iii uuu

and ],,[ iii vvv .

Next, the net evaluation of ],,[ ijijij zzz are found

.Using the table below:

Table 4.5 It represents the unoccupied cells
1D 2D

3D 4D Fuzzy
capacit

y

1O [-2,0,2]
*[-6,-1,8]

[0,1,2]
[0,1,2]

[-2,0,2]
*[-8,-1,-

6]

[-1,0,1]
*[0,4,10

]

[0,1,
2]

2O [4,8,12]
*[-4,6,6]

[4,7,10]
*[-6,3,12]

[2,4,6]
[-3,1,5]

[1,3,5]
[1,3,5]

[,2,4
,6]

3O [2,4,6]
[1,3,5]

[4,6,8]
[-2,1,4]

[4,6,8]
[-4,0,6]

[4,7,10]
*[3,6,13

]

[4,6,
8]

Fuzzy
demand

[1,3,5] [0,2,4] [1,3,5] [1,3,5]

Since ],,[ ijijij zzz >0, the solution is fuzzy

optimal and unique. Minimum cost of FTP is
]169,23,27[],,[ ijijij zzz
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Using exactly in the same procedure as in the fuzzy
initial basic feasible solution. We could find fuzzy
membership function of optimal solution.

V. CONCLUSION
In this paper, we obtained an optimal

solution for Fuzzy Transportation Problem of
minimal cost using Fuzzy Triangular Membership
Function. The new arithmetic operations of
Triangular fuzzy numbers are employed to get the
fuzzy optimal solutions. The optimal solution
obtained by using the fuzzy modified distribution
method can also be verified in the Triangular
Membership Function. This would be a new attempt
in solving the Transportation Problem in fuzzy
environment. In our future extension we would like
to utilize the new optimization techniques in the
literature. Anticipating the valuable comments and
suggestions,

REFERENCES

[1] V. Balachandran, G.L.Thompson, “An operator
theory of parametric programming for the
generalized transportation problem: I Basic Theory”,
1975 Nav. Res. Log. Quart., 22, 79-100

[2] R.E. Bellman, L.A. Zadeh, “Decision making in a
fuzzy environment”, Management sci.17 (1970), pp,
141-164

[3] S. Chanas, D. Kuchta,”Fuzzy integer transporting
problem” Fuzzy sets and systems” 98(1998), pp,
291-198

[4] F.L.Hitchock, “Distribution of product from
several sources to numerous localities”, Journal of
Math Physics.vol.12 No.3 (1978).

[5] H. Isermann, “The enumeration of all efficient
solution for a linear multiple- objective
transportation problem”, Naval Research Logistics
Quarterly 26, (1979) pp.123-173

[6] L.V. Kantrovich,” On the Translocation of
masses”, Doklerdly, Akad, Nauk SSR, vol.37 (1942),
pp227.

[7] C.Koopmans, Optimum utilization of the
transportation system, Econometrica, vol.17,
supplement 1949

[8] A.Nagoor Gani , S.N.Mohamed Assarudeen ,A
New Operation on Triangular Fuzzy Number for
Solving Fuzzy Linear Programming Problem,

Applied Mathematical Science, Vol.6 (11), (2012),
pp525.

[9] A. Nagoor Gani, C. Duraisamy and C.
Veeramani, “A Note on Fuzzy linear
Programming problem using L-R fuzzy number”,
International journal of Algorithms, Computing and
Mathematics, vol. 2(3),(2009).

[10] P. Stepan Dlanagar, K. Palanivel, “On
Trapezoidal Membership Function in solving
transportation problem under fuzzy environment”
International Journal of Computational Physical
Sciences, vol 2(3) (2009), pp93.


