Advances in Fuzzy Mathematics.
ISSN 0973-533X Volume 14, Number 1 (2019), pp. 1-11
© Research India Publications
http://www.ripublication.com

Sum of Minimum Costs Method: A New Technique to
Find Basic Feasible Solution for Transportation
Problems
1

Rajshri Gupta, 2O.K. Chaudhari and 3Nita Dhawade
G. H. R. College of Engineering, Nagpur,
Arts, Comm. & Science College, Koradi, Nagpur.
1, 2

3

Abstract
In operation research to obtain an optimal solution for the transportation
problem, finding an initial basic feasible solution is the prime requirement. In
this paper, a new technique is proposed to find an initial basic feasible solution
for the transportation problems. The method is also illustrated with numerical
examples with crisp data as well as fuzzy data. The solution is compared with
different existing methods. The proposed technique “Sum of Minimum Costs
Method”, described in the paper is found best suitable to find an initial basic
feasible solution for the transportation problems.
Keywords: Transportation problem, Initial basic feasible solution, Optimal
solution, Crisp data, Fuzzy data.
1. INTRODUCTION
Transportation problem is important topic in operation research, because it has many
applications in real life. Originally Hitchcock in 1941[1] developed the basic
transportation problem. Different methods for finding solution were given by Dantzig
in 1951[2] and then by Charnes, et. al. in 1953[3]. Transportation problem follows the
scientific way to find the solution as shown in following flow chart in Figure 1. There
are different alternative methods developed by the researchers to find the initial basic
feasible solution for selection of proper source and destination to minimize the
transportation cost.
Transportation model is used in multi-plant company to decide the transportation of
new materials from various locations (row materials as sources) to different
manufacturing plants (factories as destinations). Also in multi plant to multi market
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to decide the minimum cost of transportation of finished goods from different
manufacturing plants to the different distribution centers.
Orientation of
Transportation
Problem

Formulation of
Mathematical
Model

Initial Basic
Feasible
Solution

Optimization of
Initial Basic
Feasible Solution
Figure 1: Flow Chart for Solution of Transportation Problem
Some of the well reputed methods for finding an initial basic feasible solution of
transportation problems are Least Cost Method (LCM) and North West Corner
Method (NWCM) by Hamdy A. T. [4], Vogel’s Approximation Method (VAM) by
Hamdy A. T. [4] and Pandian & Natarajan [5]. In the recent time, some new heuristic
methods have been developed such as Extremum Difference Method (EDM) by Md.
Amirul Islam et. al. [6], Allocation Table Method (ATM) by Ahmed, M.M. et. al. [7],
Direct Sum Method (DSM) by Ravi kumar R. et. al. [8]
In this paper, a new technique “Sum of Minimum Costs Method (SMCM)”, for
finding initial basic feasible solution to the transportation problems is presented. The
result shows that proposed method is easy to compute and near to the optimum
solution of the problem. We have applied the new method for crisp data as well as
fuzzy data. It is easy to understand and to find out the optimal solution of
transportation problems occurring in the real life situations. We have also compared
ours results with the existing methods. The results obtained by our method give better
solution.
2.

OBJECTIVE:

The aim of this paper is to propose a new technique for finding the basic feasible
solution and compare the results with the available methods of finding the basic
feasible solution and to suggest how appropriate the new approach is.
3. MATHEMATICAL MODEL OF TRANSPORTATION PROBLEM:
Mathematically a transportation problem is nothing but a special linear programming
problem in which the objective function is to minimize the cost of transportation
subjected to the demand and supply constraints.
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The Mathematical Model of Transportation Problem (MMTP) to minimize the total
cost of transportation from ‘m’ sources of supply (i = 1, 2, 3 …m) to ‘n’ destinations
(j = 1, 2, 3 …n) is stated as follows:
Mathematically, the transportation problem is stated as
Minimize (Total cost)

(1)

Subject to
(2)

Where,
A= Total Quantity of the commodity available (ai) at the origins
B = Total Quantity of the commodity needed (bj) at destinations
cij = Transportation cost of one unit of a commodity from origin i to destination j.
4. MATHEMATICAL MODEL OF TRANSPORTATION PROBLEM IN
FUZZY ENVIRONMENT:
In many practical situations, the constraints like supply and demand in linear
programming are uncertain; they cannot be treated as crisp terms. In such situation, it
is desirable to use some type of fuzzy linear programming. Fuzzy linear programming
problems are first converted into equivalent crisp linear problems, which are then
solved by standard methods.
Mathematically, the fuzzy transportation problem is
m

n

Minimize z   c~ij ~
xij

(3)

i 1 j 1

n

Subject to the constraints

 ~x
j 1

ij

m

 ~x
i 1

ij

 a~i for i  1, 2, 3,...........m

 e~j for j  1, 2, 3,...........n

~
xij  0 for i  1, 2, 3,...........m and j  1,2,3...........n

Where,

a~i  Fuzzy renders at a source i

e~j  Fuzzy requirements at a termi ni j

~ Unit cos t of transportation from source i to termi ni j
c
ij
~
xi j  Number of units transported from source i to termi ni j

(4)
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5. ALGORITHMS OF SOME EXISTING INITIAL BASIC FEASIBLE
SOLUTION METHODS:
A feasible solution to a transportation problem with m-origin and n-destination is said
to be basic feasible solution if the number of positive allocations are (m + n –1).
There are various methods of finding basic feasible solution discussed by the
researchers as below.
North-West Corner Rule (NWCM) [4], is used to find the initial feasible solution of
the transportation problem. Select the north-west corner of the matrix and allocate the
minimum of demand or supply to this cell. Omit row or column if allocation is
completed. Then if the demand for the first cell is satisfied, then move horizontally to
the next cell in the second column. If the supply for the first row is exhausted, then
move down to the first cell in the second row. Do the allocation in the same way till
all allocations are over. Total transportation cost  cij aij where aij is the allocation of
cij is the basic feasible solution.

In Least Cost Method (LCM) [4], the allocation begins with the cell which has the
minimum cost. Omit row or column if allocation is completed. Again select the least
cost cell and do the allocation in same way till all allocations are over. Thus basic
feasible solution is determined.
Vogel’s Approximation Method (VAM) [4] [5], is the iterative method of finding the
basic feasible solution on the basis of allocation to the cell of minimum cost with
largest penalty, comparing column and row penalty. Penalty is determined as the
difference of lowest & next lowest entry in column or row.
In Direct Sum Method (DSM) [8], direct sum cost is determined by summing the
transportation cost of each origin to various destinations and vice versa. Allocation is
of the minimum of supply or demand to the least cost cell in that row or column.
Extremum Difference Method (EDM) [6], based on differences of the each element
and the smallest element of each row & column, and placing them right top & bottom
of the corresponding element. Then form the total optimality cost table by summing
the right top & bottom entry. Choose the smallest cost among the largest distribution
indicator. Allocate minimum of supply or demand to this cell and repeat the procedure
till all required allocations done.
6. ALGORITHM OF SUM OF MINIMUM COSTS METHOD (SMCM)
(PROPOSED METHOD):
Step 1: Compute the sum of minimum costs of each row and each column.
Step 2: Select the row or column, which has the largest sum of minimum costs and
allocate the minimum of supply or demand to the least cost cell in that row or
column i.e. allocate xij = min(ai, bj).
If there is a tie, select the row or column which has minimum demand or
supply.

Sum of Minimum Costs Method: A New Technique to Find Basic Feasible…

5

Step 3: Repeat step 2 until all the supply and demand are satisfied.
Total allocations = m + n -1.
7. RANKING OF FUZZY NUMBERS:
Various features like center of gravity, area under the membership function or various
intersection points between fuzzy sets can be extracted for ordering of fuzzy
quantities. There are different methods of fuzzy ranking methods to extracts a specific
feature from fuzzy sets based on that feature. For the same fuzzy sets different
ranking methods resulted into different ranking order.
In this paper fuzzy transportation problem is converted in to a crisp transportation
problem, using new approach of fuzzy ranking method by Rajshri Gupta et al [8].
If A= (α1, α2, α3, α4) is trapezoidal fuzzy number where α1 , α2 , α3 , α4

 R then the defuzzified value or the crisp value of A is given as
R(1 ,  2 ,  3 ,  4 ) 

2 1   2   3  2 4

(5)
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8. NUMERICAL EXAMPLES WITH ILLUSTRATION
In this section two numerical examples are discussed for finding the basic feasible
solution by using new approach of Sum of Minimum Costs Method. Example 1 is
based on the crisp data and example 2 with the fuzzy trapezoidal numbers with new
approach of fuzzy ranking. Basic feasible solutions determined by this approach are
compared with the various available methods.
8.1 Example 1
A company manufactures motor cars and it has three factories F1, F2 and F3 whose
weekly production capacities are 20, 28 and 17 pieces of cars respectively. The
company supplies motor cars to its four showrooms located at D1, D2, D3 and D4
whose weekly demands are 15, 19, 13 and 18 pieces of cars respectively. The
transportation costs per piece of motor cars are given in the transportation Table 1.
Find out the schedule of shifting of motor cars from factories to showrooms with
minimum cost:
Table 1: Crisp Data of Example 1
F1
F2
F3
Supply

D1
3
6
7
15

D2
6
1
8
19

D3
8
2
3
13

D4
4
5
9
18

Demand
20
28
17
65

This is a balanced transportation problem, Sum of supply = Sum of demand = 65
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Using proposed method (SMCM) the basic feasible solution of above transportation
problem is shown in Table 2.
Table 2: Basic Feasible Solution by SMCM method
Cost: 45 + 19 + 39 +20 + 45 + 36 = 204
D1

D2

D3

D4

(15)

S1

3

(5)
6

8

6

(9)

1

2

5

(13)

S3

(4)

7

8

3

Supply

15

19

13

18

Sum of
minimum
costs

9

7

5

9

Sum of
minimum
costs

20

4

(19)

S2

Demand

9

28
17

7

3

10

65

8.2 Example 2
Consider the following balanced fuzzy transportation problem as in Table 3 where
three sources S1, S2, S3 and four destinations D1, D2, D3, D4, supply and demand are
given as trapezoidal fuzzy numbers respectively as in Table 3.
Table 3: Transportation Problem with Trapezoidal Numbers
D1

D2

D3

D4

Demand

S1

(1,2,3,4)

(1,3,6,8)

(-1,0,1,2)

(3,5,6,8)

(0,2,4,6)

S2

(4,8,12,16)

(6,7,11,12)

(2,4,6,8)

(1,3,5,7)

(2,5,9,13)

S3

(1,5,9,13)

(0,4,8,12)

(0,6,8,14)

(4,7,9,12)

(2,4,6,7)

Supply

(1,3,5,7)

(0,2,4,6)

(1,3,5,7)

(1,3,5,7)

By using definition, Fuzzy Transportation Problem is balanced
i.e. Sum of supply = Sum of demand
(3, 11, 19, 27) = (4, 11, 19, 26)
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By using ranking method by Rajshri Gupta et al [9] the fuzzy transportation problem
is changed in to a crisp transportation problem as in Table 4.
Table 4: Transportation Problem in Crisp Data
S1
S2
S3
Supply

D1
1.9
7.5
5.3
3

D2
3.4
6.8
4.5
2.3

D3
0.4
3.8
5.3
3

D4
4.1
3
6
3

Demand
2.3
5.5
3.5
11.3

By using North West Corner Method (NWCM) the basic feasible solution of the
fuzzy transportation problem is (-130, 27, 189, 416) and we get the crisp value of the
fuzzy transportation problem is 98.5.
By Least cost method (LCM) the basic feasible solution of the fuzzy transportation
problem is (-193,-1,175,456) and we get the crisp value of the fuzzy transportation
problem is 87.5. Also the basic feasible solution of the fuzzy transportation problem is
(-105, 15,149,361) and crisp value is 84.5, by Vogel’s Approximation Method
(VAM).
By applying Direct Sum Method (DSM) and Extremum Difference Method (EDM) to
the fuzzy transportation problem the fuzzy solution and crisp solution are (-113,
12,148,360) and 80.5 respectively.
Using proposed method (SMCM) the basic feasible solution of above transportation
problem is shown in Table 5.
Table 5: Basic Feasible Solution by SMCM method

S1
S2
S3
Supply
Sum of
minimum
costs

D1

D2

D3

D4

(2.3)
1.9

3.4

4.1
(3)
3

7.5
(0.7)
5.3
3

6.8
(2.3)
4.5

0.4
(2.5)
3.8
(0.5)
5.3

2.3

3

3

7.2

7.9

4.2

7.1

6

Sum of
Demand minimum
costs
2.3

2.3

5.5

6.8

3.5

9.8

11.3
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By using given fuzzy transportation problem in Table 3 basic Feasible Solution in
Table 5 is converted into trapezoidal form as in Table 6.
Table 6: Trapezoidal Form of Transportation Problem by SMCM method
D1

D2

D3

D4

Demand

(1,3,6,8)

(-1,0,1,2)

(3,5,6,8)

(0,2,4,6)

(-5,0,6,12)

(1,3,5,7)
(1,3,5,7)

(2,5,9,13)
(2,4,6,7)

(0,2,4,6)

S1

(1,2,3,4)

S2

(4,8,12,16)

(6,7,11,12)

(2,4,6,8)

S3

(-5,-1,3,7)

(0,2,4,6)

(-1,0,2,2)

(1,5,9,13)

(0,4,8,12)

(0,6,8,14)

(4,7,9,12)

Supply

(1,3,5,7)

(0,2,4,6)

(1,3,5,7)

(1,3,5,7)

Transportation cost = (1, 2, 3, 4)*(0, 2, 4, 6) + (2, 4, 6, 8)* (-5, 0, 6, 12)
+ (1, 3, 5,7)* (1,3,5,7) + (1, 5, 9, 13)* (-5,-1,3,7)
+ (0, 4, 8, 12)* (0, 2, 4, 6) + (0, 6, 8, 14)* (-1, 0, 2, 2)
= (-113, 12,148,360)
Here we get basic feasible solution is (-113, 12,148,360) of the fuzzy transportation
problem and we get the crisp value of the fuzzy transportation problem is 80.5.
9. RESULTS AND DISCUSSIONS
The basic feasible solution of transportation problem in crisp form (example 1) and
fuzzy transportation problem (example 2) by various methods are compared as in
Table 7 and Table 8 respectively.
Example 1: Transportation Problem
Table 7: Basic Feasible Solutions of Example 1
S. N.

Methods

Results

1.

North West Corner Method (NWCM)

273

2.

Least Cost Method (LCM)

231

3.

Vogel’s Approximation Method (VAM)

204

4.

Direct Sum Method (DSM)

204

5.

Extremum Difference Method (EDM)

204

6.

Sum of Minimum Costs Method (SMCM)

204
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Graphical representation for the comparison of initial basic feasible solutions by all
six methods including proposed method is shown in figure 2.

Figure 2: Comparison for Example 1
Example 2: Fuzzy Transportation Problem
Table 8: Basic Feasible Solutions of Example 2
S.N. Methods

IBFS

IBFS

Fuzzy Solution

Crisp Solution

1.

North West Corner Method (NWCM)

(-130,27,189,416)

98.5

2.

Least Cost Method (LCM)

(-193,-1,175,456)

87.5

3.

Vogel’s Approximation Method (VAM)

(-105,15,149,361)

84.5

4.

Direct Sum Method (DSM)

(-113, 12,148,360)

80.5

5.

Extremum Difference Method (EDM)

(-113, 12,148,360)

80.5

6.

Sum of Minimum Costs Method
(SMCM)

(-113, 12,148,360)

80.5
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Graphical representation for the comparison of initial basic feasible solutions by all
six methods including proposed method is shown in figure 3.

Figure 3: Comparison for Example 2
From the Table-7 & Table-8 and Figure 2 & Figure 3, it is observed that the solution
by this new proposed method – “Sum of Minimum Costs Method (SMCM)” gives a
better feasible solution than the other existing methods in less number of iterations.
Hence it can be used to solve any type of problem.
10. CONCLUSIONS
In today’s world, competition is very high to deliver products to the customers in an
economical way. Transportation model plays an important role to determine the best
ways for customer’s satisfaction. Profit of any firm is related to minimization of the
transportation cost where in number of uncertainties occurs & hence the reliable
solution of the transportation problem with proper method is difficult to select.
In this paper, a new approach named as “Sum of Minimum Costs Method (SMCM)”
for finding an initial basic feasible solution of transportation problems is proposed, for
both environment traditional and fuzzy transportation problem. The results of this
algorithm are compared with the results of the other methods for finding the initial
basic feasible solution.
Finally it can be claimed that the Initial Basic Feasible Solution by proposed modelSum of Minimum Costs Method (SMCM) may be used to find the least basic feasible
solution of the total cost of transporting a product from supply origin to demand
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destination, which are fuzzy in nature as compared to the others methods in minimum
iterations.
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