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Abstract. Determining the efficient solution for large scalktransportation problems
(TPs) is an important task in operations researolgel’s Approximation Method (VAM)
which is one of the well-known transportation methan the literature was investigated
to obtain an initial transportation cost (ITC). this paper, Vogel's Approximation
Method (VAM) is modified for obtaining more effiaié solution of a large scale of TPs.
The most attractive feature of this method is thegquires very simple arithmetical and
logical calculations and avoids large number afatiens. The proposed method is easy
to understand and will be very helpful for thoseisien makers who are dealing with
logistics and supply chain related issues thanother existing methods. One can also
easily implement this proposed method among thgtiegi methods for obtaining a good
primal solution of a large scale of TPs.
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1. Introduction

Transportation problem is a particular class ofdinprogramming, which is associated
with day-to-day activities in our real life. Tramsfation models play an important role in
logistics and supply chains. It helps in solvingolgems on distribution and

transportation of resources from place to anotfike problem basically deals with the
determination of a cost plan for transporting ayrcommaodity from various sources to
several destinations. The aim of such TPs is tomie the total transportation cost
(TTC) of shipping goods from one location to anotke that the needs of each arrival
area are met and every shipping location operatinvits capacity. TPs can be solved
by using general simplex based integer programmiathods, however it involves time-
consuming computations. We are going to proposeezialized algorithm with less
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number of iteration for solving TPs that are muchrenefficient than the simplex
algorithm. The basic steps for solving TPs are:

Step 1. Determination the initial feasible solution

Step 2. Determination optimal solution using th@dhsolution.

The most common method used to determine effidgigtial solutions for solving TPs
(using a modified version of the simplex method)Visgel's Approximation Method
(VAM). This method involves calculating the penalty (difece between the lowest cost
and the second-lowest cost) for each row and colefithe cost-matrix, and then
assigning the maximum number of units possibleh® least-cost cell in the row or
column with the largest penalty. Vogel's approximat method (VAM) gives
approximate solution while MODI and Stepping St¢8&) methods are considered as
standard techniques for obtaining optimal solutainTPs. Goyal [1] has improved
Vogel's approximation method (VAM) for the unbaladc transportation problems.
Ramakrishna [2] has discussed some improvement dgal@ Modified VAM for
unbalanced TPs. Moreover, Sultan [3], Sultan angaGp}] have studied initial basic
feasible solutions and resolution of degeneraciyHa. Few researchers have tried to give
their alternate methods for overcoming major obetaover MODI and SS methods.
Adlakha and Kowalski [5,6] have suggested an aditra solution algorithm for solving
certain TPs based on the theory of absolute p8iminshaket al. [7] have studied on
modification of Vogel's approximation method thrbudpe use of heuristics. Sharma
al.[8] have studied on uncapacitated TP for obtainlmggood primal solution.
Balakrishnan [9] has discussed Modified Vogel'srappmation method for unbalanced
TP. Ullah and Uddin [10] have developed an algamith approach to calculate the
minimum time of shipment in TPs. Ullad al. [11] have developed a direct analytical
method for finding an optimal solution for transgadion problems. Ahmeet al. [12]
have developed an effective modification to sotemsportation problems for minimizing
cost. Ukilet al. [13] have presented time manufacturing technicgedun probabilistic
continuous economic order quantity review modetc&iand Satir [14] have developed a
heuristic for obtaining an initial solution for theansportation problems. Sharma and
Sharma [15] have presented a new dual based precémiuthe transportation problems.
Hakim [16] has developed an alternative methodnid ihitial basic feasible solution of a
transportation problem. In this paper, a simpleriséa approach is proposed (MVAM)
for obtaining good primal solution of wide randgel®s and the solution obtained by the
proposed method is often very good in terms of mizing TTC than the other existing
methods.

2. Modified Vogel’'s Approximation Method

Detailed processes of proposed Modified Vogel's dgpnation Method (MVAM) are
given below:

Step 1: Subtract the largest entry from each of the elésnefi every row of the
transportation table and place them on the leftetfape corresponding element.

Step 2: Subtract the largest transportation cost from eddhe entries of every column
of the transportation table and write them on te#-bottom of the corresponding
element.
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Step 3: Form a reduced matrix whose elements are the stionmaf left-top and left-
bottom elements of stepl and step2.

Step 4: Calculate the distribution indicators by subtnagtiof the largest and next-to-
largest element of each row and each column ofddaced matrix and write them just
after and below of the supply and demand amoupteively.

Step 5: Identify the highest distribution indicator, ifetfe are two or more highest
indicators, choose the highest indicator along twhite largest element is present. If
there are two or more largest elements presenbsehany one of them arbitrarily.

Step 6: Allocate x; =min(g,b;) on the left bottom of the largest element in the
(i, ))th cell of the reduced matrix.

Step 7:1f a <b,, leave theith row and readjusb, asb; =b, —a. If a >b,, leave
the jth column and readjusa, asa =a —b, . If a =b,, then leave both thith row
and jth column.

Step 8:Repeat step 4 to step? until the rim requiremghaested.
Step 9: Put all the allocations of the positive allocatedls of the reduced matrix to the

m n
original transportation table and calculate the TEG ZZCIJ X; WhereX; is the total
i=1 j=

allocation of the(i, j)th cell andc; is the corresponding unit transportation cost.

3. Example
Let us consider the following TP to find out thenimium TTC with three sources and
four destinations.

Destinatiol— D, D, D, D, Supply
Sourct 4
F, 4 19 22 11 a, =100
F, 1 9 14 14 a, =30
F, 6 16 14 a,=70
Deman b =40 | b,=20 h,=60 | b,=80 200(Total)

At first we calculate the row differences and cofudifferences which are shown in the
next table.
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Destinatior» D, D, D, D, Supph
Sourct §

F, 4 319 022 "1 10¢

F, 1 e 14 o14 ad

F, 196 136 616 514 7c
Deman 40 20 6C 8C 200 (Total

Now we can form the reduced matrix as follows

Destinatiol— D, D, D, D, Supply
Sourct {
F 20 3 0 14 10C
F, 18 15 8 0 3C
F, 10 23 6 2 7C
Demant 40 20 60 8C 200 (Total

Now we determine the distribution indicators forclearow and each column by
subtracting the largest and next-to-largest elemfamiong the distribution indicators, 13

is the highest one andc,=23 is the largest element. We allocate
X3, = Min(a,,b,) = min(70,20) = 20 on the left bottom ot,, .

Destinatiol— D D D D Supplh Row
' 2 ’ ! distribution
Sourct IStr
indicators
F, 2C 3 0 14 10C 6
F, 18 15 8 0 30 3
F, 10 2623 6 2 50 13
Deman 40 0 60 8C 18C (Total)
Column 2 8 2 12
distribution
indicators

b, is exhausted and readjastas a; =a,—b, =70—-20=50. Among the distribution
indicators in the second step, 12 is the highestadc,, =14 is the largest element.
We allocatex;, = min(a,,b,) = min(100,80) = 80 on the left bottom ot,,.
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Destinatior s D D D D Supply Row
1 2 3 4 . . .
Source ¢ distribution
indicators
F 20 3 0 ool4 20 6 6
F, 18 15 8 0 30 3 10
F, 10 2023 6 2 50 13 4
Demant 40 0 60 0 100 (Total
Column 2 8 2 12
distribution 2 ¥ 2 12
indicators

Here, b, is exhausted and readjusi as a, =a,—b, =100-80=20. Among the
distribution indicators in the third step, 20 i® thighest one and,, = 20 is the largest
element. We allocat&; ; = min(a;,by) = min(20,40) = 20 on the left bottom ot ; .

Destinatioi—=» D D D D Supply Row
1 2 3 4 . . .
Source ¢ distribution
indicators
F, 2620 3 0 ol 0 6 6 |20
F, 18 15 8 0 30 3 10 | 10
F, 10 2623 6 2 50 13 4 4
Demant 20 0 60 0 80 (Total
Column 2 8 2 12
distribution 2 s 2 12
indicators 2 >, 2 %

Here, a is exhausted and readjud as b =b,—a =40-20=20. Among the
distribution indicators in the next step, 10 is thighest one and,, =18 is the largest
element. We allocat&,, = min(b},a,) = min(20,30) = 20 on the left bottom ot,,.

Destinatior D, D, D, D, Supyly Row distribution
Sourct 4 indicators
F, 2620 3 0 ol 0 6 6 | 20| %
F, 018 15 8 0 10 3 10 | 10| 1C
F, 10 2023 6 2 5C 13| 4 | 4| 4
Demant 0 0 60 0 60 (Total

Column 2 8 2 12

distribution 2 X 2 12

indicators 2 % 2 %

8 * 2 ¥
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Here, b, is exhausted and readjuss as &, = a, —b';,=30-20=10. Having no other
alternatives, next two allocations are automatychll and 50 to the cell with cosj, and
C,; respectively.

Destinatiol— D, D, D, D, Supph Row distribution
Sourct ¢ indicators
F, 2020 3 0 sold 0 6 6 | 20| x
F, 18 15 108 0 0 3 10 | 10| 1C
F, 10 2023 | 56 2 0 13| 4 | 4| 4
Demant 0 0 0 0 0 (Total

Column 2 8 2 12

distribution 2 5 2 12

indicators 2 % 2 %

8 ® 2 ®

Now all the rim requirements are satisfied and ithigal basic feasible solution is
X, =20, x, =80, X,; =20, X,; =10, X;, =20, X;; =50 which we allocate to the
original transportation table.

Destinatiol— D, D, D, D, Supply
Sourct
F 204 18 22 soll a =100
Fz 201 9 1014 14 8 = 30
F, 6 ) 5,10 14 a,=70
Demant b =40 | b,=20 | b,=60 | b,=80 200 (Total

Thereforethe TTCis, z=) "> ¢, X,

i=1 j=1
=G X H G Xy F Gy Xog TGy X5+ Cyp Xy +Cy5 X
=4x20+11x80+1x20+14%x10+6x20+16x50

=204Q
Comparison of TTC obtained in different methodgiien in the following table:

Name of theMethod: Primal Solutiol No. of Iteratiois to Get al
Optimal Solution
North-West Corner Methc 282( 5
Least Cos Methoc 209( 2
Vogel's Approximation Metho 217( 3
MVAM (Proposec 204( 1
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The optimal solution obtained by adopting ModifiBistribution (MODI) Method is
2040. It is seen that the value of the objectivecfion obtained by the proposed MVAM
is same as the optimal value obtained by MODI neethto apply and justify the
efficiency of the proposed MVAM, we also have caesed the following several supply
chain (problems 1-5) TPs from different sourcesaweral destinations.

Problem 1:
Destinatiol - E F G H Supply
Sourct §
A 4 5 8 4 52
B 6 2 8 1 57
C 8 7 9 10 54
Demani 60 45 8 5C
Problem 2:
Destinatiol— E F G H Supply
Sourct §
A 6 3 8 7 11C
B 8 5 2 4 6C
C 4 9 8 4 54
D 7 8 5 6 3C
Deman 20 70 78 86
Problem 3:
Destinatiol —+ F G H I Supply
Sourct
A 5 2 4 1 3C
B 5 2 1 4 2C
C 6 4 8 2 12
D 4 6 5 4 3C
E 2 8 4 5 46
Deman 31 50 30 27
Problem 4:
Destirlati0|--> E F G H I Supply
Sourct
A 10C 15C 20C 14C 35 40C
B 5C 7C 60 65 80 20C
C 40 9C 10C 15C 13C 15C
Deman 10C 20C 15C 16C 14C
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Problem 5:
Desinatior - E F G Supply
Source §
A 3 15 17 58C
B 45 3C 30 24C
C 13 25 42 33C
Demant 31C 54C 30C

Comparisons of initial solution of the above (1F5s obtained by all procedures are
given in the following table with number of iteratis:

Initial solutions obtained by all procedures:

No. of Problem Method: Optimal
NWC LCM VAM MVAM Solution
M (Proposed)| (MODI)
Primal Solution 914 674 75C 674
No. of Iterations
1 to Get an Optimal 4 1 2 1 674
Solution
Prima solutior 101C 98¢ 98¢ 968
No. of Iterations
2 to Get an Optimal] 3 2 2 1 968
Solution
Primal solutiol 621 423Z 391 381
No. of lIterations
3 to Get an Optimal 7 4 2 1 381
Solution
Primal solutiol 9245( | 6355( 6630( 63300
No. of Iterations
4 to Get an Optimal 6 2 3 1 63300
Solution
Primal solutiol 2553( | 2145( 2103( 2055(
No. of lIterations
5 to Get an Optimal] 3 2 3 1 20550
Solution

4. Conclusion

In this article, North-West Corner Method (NWCMydst Cost Method (LCM), Vogel's

Approximation Method (VAM) and proposed Modified §&l’'s Approximation Method

(MVAM) are used to find the initial basic feasitdelution and are compared to optimal
solution obtained by MODI method. It is seen thiag results obtained by the proposed
MVAM is almost same as optimal solution obtainedM¥DI method for several TPs

and better than the solution obtained by the o#ixésting methods (viz. NWCM, LCM
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and VAM). More efficient initial solution is obtaéal by the proposed MVAM for a wide
range of TPs within a few numbers of iterations.
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