Journal of Physical Sciences, Vol. 21, 2016, 23-28
I SSN: 2350-0352 (print), www.vidyasagar.ac.in/journal
Published on 24 December 2016

Development of a Simple Theorem in Solving
Transportation Problems
Abdur Rashid

Department of Mathematics, Jahangirnagar University, SavarapBakgladesh.
Email: arashedju@yahoo.com

Received 1 September 2016; accepted 14 November2016

ABSTRACT
This paper deals with developing an effective theorem cekatesolving transportation
problems. In view of this theorem one can find out the nature afpti@al solution and
how much the total transportation cost is changed after addimsgiljtnacting) a constant
quantity to each unit cost in the transportation cost matrix. A noahegxample is
presented to illustrate and verify the theorem.
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1. Introduction

The transportation problem (TP) is a special type of lineagramming problem which
deals with shipping a single homogeneous commodity from severakesole.g. plants,
factories etc.) of supply to various destinations (e.g. warebposakets etc.) of demand
in such a way that the total transportation cost is a mininiuhas wide applications in
Management Sciences, Engineering and Technology. The model catiebeed in a
direct manner to cover practical situation in the areas ohtowe control, employment
scheduling, personnel assignment, cash flow statements and many. dthe basic
transportation problem was first introduced by Hitchcock [id &urther developed by
Koopmans[2]. As it is basically a linear programming problem it can bedbly regular
simplex method. In 1951 Dantzig [3] solved it by simplex method. Homtbig method
is complex and inefficient especially for large scale trariapon problem. Thus the
special structure of the TP allows the development caltedportation technique that is
computationally more efficient. There are two stages imsprartation technique: finding
initial basic feasible solution (IBFS) and testing the soluf@noptimality. In literature
several heuristic methods are available to obtain initislcbfeasible solution, such as
North-West Corner Rule, Least Cost Method, Row Minima, Column rvéniVogel
Approximation Method (VAM) [4], Russell Approximation Method [5] ek@r testing
optimality of the initial basic feasible solution, ModifiedsbBibution Method (MODI) is
frequently used. Charnes and Cooper [6] developed the SteppingNdmed which
provides an alternative way of determining the optimal saiufio 1990 Kirca and Satir
[7] developed a heuristic, called TOM (Total Opportunity Costid) and they used
Least Cost Method with some tie breaking rules on the TOC nfaitrigenerating an
IBFS to the TP. Mathirajan and Meenakshi [8] extended tredfi&irca and Satir using
VAM procedure. Nagoor Gani and Abdul Razak [15] proposed a pararapproach for
two stage fuzzy transportation problem in which supplies and densmedsapezoidal
fuzzy numbers. Recently a literature search revealed ahéawistic methods such as
Improved VAM (IVAM) [9], Zero suffix method [10], ASM [11], Zero pati method
[12] and Average Cost Method (ACM) [13] for finding optimal ig@n. Pandian and
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Natarajan [14] proposed a new method for finding an optimal Hfeodess (MFL)
solution for transportation problems with mixed constraints. I plaiper we develop a
theorem which provides the nature of the optimal solution bed/ariation of the total
transportation cost under certain imposed conditions.

2. Mathematical formulation
Let a be the number of supply units required at soifice 1,2,........ m), b; be the

number of demand units required at destinafign=12,........ n) andc; represents the

unit transportation cost for transporting the units from souredestinatior] . If X; s

the number of units shipped from sourceo destinationj , the equivalent linear
programming model will be

m n

Minimize z = z Zcij X;

izl j=1
subject to the constraints

m

2% =b;

i=1

%, 20 [i, ]
A transportation problem is said to be balanced if the tafgblg from all sources equals
the total demand in all destinations.

ie. > a=>bh.
= =1

Otherwise, it is called unbalanced. The balanced condition is betessary and
sufficient condition for the existence of a feasible solutemthe transportation problems.
In matrix form the transportation problem can be summarized as

D, D Dn Supply
X11 | X12 ‘ X1n a
]
Ol C11 Ci2 Cin
0, X21 | Xo2 ‘ X2n %
Co1 Co2 Con
o Xm | X2 | Ximn o
" Cm1 Cm2 Crnn
Demand b, b, by

3. Proposed theorem

Theorem 1. If a constantk is added (or subtracted) to each entry in the p-th row in a
transportation matri>{cij ] then the optimal solution remains unaltered and the total

transportation cost is increased (or decreased) ¥gupply at p-th source.

Proof:
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Let {xij =12 m; j=12........ n } be the optimal solution with respect to the

original cost matrix{C-- J Then the total cost (objective function),

n

2=3 Yo,

=1 j=1
After adding (or subtracting) a constdatto each element in the p-th row of the cost
matrix lcij ] the new total cost (objective function) becomes

> 6%, # p>+z<cp. £K)X,

j

5 B 3l

ZCU ij (I % p)+ZCPJXPI - kzxm

n
j=1

n

DRLEL
ij u

=1

a,

1
()

I
N
+ =

wherea,, =supply at p-th source.
Here k.ap is constant (independent & ). Thus if zis minimum for a set of values of

{xij} of the original problem thea' is also minimum for the same set of value{xg]f}

of the new problem ag' differs from z only by a constant. Hence the total
transportation cost is increased (or decreasedk).a)y.

In a like manner, it can be shown that on adding (or subtracting)stantk to
every cost element of the g-th column in a transportationxv[va‘tdi, the optimal solution
remains the same, while the total transportation costliedsed (or decreased) k)bq,

where bq =demand at g-th destination.
By virtue of Theorem 1, we can develop the following Theorem in a general form

Theorem 2. If a constant is added (or subtracted) to each elemeahedfansportation
cost matrix, an optimal solution of the original problem remadptimal for the new
problem; and the total transportation cost is increased (oeak=mt) byconstant x total
supply(or total demand).

Proof: Let {xij 1=12...... m; j=12.... n } be the optimal solution with respect

to the original cost matri{«:ij ] Then the total cost (objective function),

223 e

izl j=1
If a constank is added (or subtracted) to each element of the cost nbantdimnd Z
denotes the total cost for the modified cost me{tr-gxi kJ then

n

Z':Zm: Z(Cljik)xij:izn: G X%; * kz ZX' _Z+kz 4

i=1 =1 i=1 j=1 =1 j=1
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=z* k.z a, = zx k.totalsupply(or total demand)
i=1

Since k. total supply is constant ( independent of ), it is clear that every optimal

solution {xij} corresponding to the matr[zijj is also an optimal solution corresponding

to the matrix|c; * kJ and vice versa, i.e. upon adding (or subtractingynatant to every

cost element of a transportation problem, the optimal soluéorains unaltered, while
the total transportation cost is increased (or decreasemnisant X total supply(or total

demand).

4. Numerical example
To illustrate the theorem we consider the following transportation problem:

D D, Ds D,
O, 19 30 50 10
0O, 70 30 40 60
O 40 8 70 20
Demand 5 8 7 14

Supply
7
9
18

Solving the problem using Vogel's Approximation Method (VAM), the iropt
transportation table is presented below:

D, D, Ds D, Supply
5 2 ,
0 19 30 50 14
2 | 7]
0, 70 30 40 6q 9
6 12
O 40 8 70 2q 18
Demand 5 8 7 14

Hence the optimal solution and the total transportation cost are
X3 =5, Xy T2 X0 T2, X0 =7, X3, =6, X3, =12 and z=743
If we add 10 to each unit cost in the original transportation prgkifee modified matrix

becomes

D, D, D, D,
o)) 29 40 60 20
O, 80 40 50 70
O; 50 18 80 30
Demand 5 8 7 14

Supply
7
9

18

Solving the problem using Vogel's Approximation Method (VAM), the iropt
transportation table is presented below:
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D, D, Ds D, Supply
5 2 ,
0, 29 40 60 20
2 | 7 ]
0, 80 40 50 7q ®
6 12
O 50 18 80 3d 18
Demand 5 8 7 14

Hence the optimal solution and the total transportation cost are
X1 =5, Xy T2 Xy =2, Xpg =7, X3, =6, X3, =12 and z'=1083
Thus we see that after adding a constant (10) to each costn¢lamnthe original cost

matrix, the optimal solution remains unchanged and the totalptyeaion cost is
increased by 18 34(=constani total supply)=340.

Again if we subtract a constant (6) from each unit cost énattiginal transportation
problem, the reduced matrix is as follows:

D, D, D3 D, Supply

o)) 13 24 44 4 7
O, 64 24 34 54 9
O; 34 2 64 14 18
Demand 5 8 7 14

Solving the problem using Vogel's Approximation Method (VAM), tbetimal
transportation table is presented below:

D, D, Ds D, Supply
5 2 .
O 13 24 44 4
2 | 7 ]
O 64 24 34 54 9
6 12
O 34 2 64 14 18
Demand 5 8 7 14

Hence the optimal solution and the total transportation cost are

X3 =5, Xy T2 Xp =2, Xps =7, X5y =6, X5, =12 and Z' =539
Thus it is observed that on subtracting a constant (6) froin east element in the
original cost matrix, the optimal solution remains the same lamdatal transportation

cost is decreased by634(=constani total supply)=204.
Hence the theorem is verified.

5. Conclusion

In this paper an attempt has been made to develop a new theooase of solving
transportation problems and proved it in a simple and easy wayhadxe also verified
the theorem with a numerical example. It can be an importantfaodhe decision
makers who are handling distribution and logistics related prably aiding them in the
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decision making process and providing an optimal solution iimales and effective
manner.
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