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Abstract

Transportation Problems (TP), as is known, are a basic network problem which
can be formulated as a Linear Programming Problem (LPP). Transportation
networks are built up in order to save transportation cost. In the solution
procedure of a TP, finding an Initial Basic Feasible Solution (IBES) is neces-
sary to obtain the optimal solution. Optimality gives us the optimal route that
prompts either most extreme benefit or least aggregate cost whichever is re-
quired. In this research paper, a new method named Least Cost Mean Method
is proposed to obtain a better IBFS where row penalty and column penalty is
brought out by the mean of lowest and next lowest cost of each row and each
column of the cost matrix. The method is illustrated with numerical exam-
ples. To verify the performance of the proposed method, a comparative study
is also carried out and observed that it is computationally easier and yielding
comparatively better solution.
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1. Introduction

Special type of linear programming problem is known as Transportation Prob-

lem (TP). TPs predominantly discuss the distribution plan of a product from a

number of sources (e.g. factories) to a number of destinations (e.g. ware houses).

When addressing a TP, the practitioner usually has a number of origins and a

number of destinations. The origin of a TP is the place from which shipments

are dispatched. The destination of a TP is the place to which shipments are

transported. In each origin a certain amount of a particular consignment is availa-
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ble. Similarly, each destination has a certain requirement. Transporting one unit
of the consignment from an origin to a destination is known as unit transporta-
tion cost. The TP indicates the amount of consignment to be transported from
various origins to different destinations so that the total transportation cost is
minimized without violating the availability constraints and the requirement con-
straints.

The first systematic procedure in solving the TP was developed by F.L. Hit-
chcock [1] in 1941 and referred as Least Cost Method (LCM), which consists in
allocating as much as possible in the lowest cost cell of the TP in making alloca-
tion in every stage. Then the North West Corner Method (NWCM) by Charnes et
al [2] which started with allocating at the upper left corner cell or the north-west
corner cell. It is based on position but not on transportation cost. Hence this me-
thod usually yields a higher cost, which is much more than optimal cost. Since
LCM is based on cost cells therefore it usually gives better result than NWCM.

Reinfeld and Vogel [3] introduced Vogel’s Approximation Method (VAM)
which is the conventional method that gives better IBFS than LCM and NWCM.
This method was developed by describing penalty as the difference of lowest and
next to lowest cost in each row and column of transportation table (TT) and al-
locate to the lowest cost cell corresponding to the highest penalty. Kasana and
Kumar [4] bring in Extreme Difference Method (EDM) calculating the penalty
by taking the differences of the highest cost and lowest cost in each row and each
column where allocation procedure is as similar as VAM. Aminur Rahman Khan
[6] presented HCDM by defining pointer cost as the difference of highest and
next to highest cost in each row and column of a transportation table and allo-
cate to the minimum cost cell corresponding to the highest three pointer cost.
Mollah Mesbahuddin Ahmed et al. [7] applied the first allocation on lowest odd
valued cost cell and proposed to form an allocation table (ATM) to allocate rest
of the allocation for finding an IBFS.

Priyanka and Sushma [5] developed Average Transportation Cost Method
(ATCM) by describing penalty as the average of the costs in each row and col-
umn of TT and allocation is to be done in the lowest cost cell corresponding to
the highest penalty. Priyanka and Sushma [9] introduced modified ATCM by
finding penalty which is equal to the average of minimum two costs in each row
and column. Kirca and Satir [10] developed a heuristic to obtain efficient IBFS
called Total Opportunity Cost Matrix (TOCM) by adding row opportunity cost
and column opportunity cost. Here row opportunity cost is the deduction be-
tween lowest cost and all other cost elements of that particular row. Using this
TOCM Kalam and Bellel [8] presented a method where penalties are the average
of the row opportunity cost (row penalty) and the average of the column oppor-
tunity cost (column penalty). Similarly column opportunity cost is the deduction
between lowest cost and all other cost elements of that column. Recently Hossain
et al. [11] have used TOCM and defined the penalty cost as the difference be-
tween the highest and the lowest cell in the respective row and column of the

TOCM. Then allocate to the minimum cost cell corresponding to the highest
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penalty cost where computing penalty cost for each and every allocation is avoided
to ease up the computational complication.

In this research, we studied TPs and its solution technique in details. We also
studied various methods for finding an IBFS for TPs and observed that there is
no unique method which can be claimed as the best method for finding an IBFS.
Again there is no standard procedure by which we can measure the quality of a
solution technique. We also observed that some of the methods are yielding op-
timal or near to optimal, but the computational procedure is time consuming
and complicated. In this study we try to bring some change in the solution tech-
nique of the existing methods with an aim to make the solution technique com-
putationally easier. In this proposed method we need to compute penalty cost
only for the first allocation and rest of the allocations is determined by alterna-
tive allocation procedure. We also solve several numbers of numerical problems

using existing method and proposed method.

2. Transportation Model

The general form of the TP is presented by the following Figure 1.

To describe the above transportation model following representations are to
be used:

O, —Total number of sources, i=1,2,3,---,m

D, —Total number of destinations, j=1,2,3,---,n

s; —Amount of supply at source /

d ; —Amount of demand at destination ;

¢, —Unit transportation cost from source /to destination ;

x; —Amount to be transported from source 7 to destination /

The main purpose of the model is to obtain the unknowns’ x; that will mi-
nimize the total transportation cost by satisfying the supply and demand con-
straints. Considering this objective TP can be formulated as follows:

Minimize: z = ZZCU.xU

i=l j=1

| Place of Destination: To satisfy the

Sources

/ demand d; of the destination with
the help of capacity produce from the

O Cavaciy

sources

Source _and Capacity: 1t shows the ability of

production and where we can transport basing on the
demand i.e. maximum how much goods can be
transported from source.

Cost Matrix: It doesn’t mean only cost

but can be time, distance and so on

¢z means the cost of the transportation
from the source s, to the destination D,

Figure 1. Transportation problem scheme.
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Subject to: Zx,./.ﬁs,.; i=12,--,m
=

R

x;2d; 5 j=L2,n

i=1

x; 20 forall 7and j

3. Algorithm

Step 1. Formulate the problem mathematically and if either (total supply >
total demand) or (total supply < total demand), balance the given TP.

Step 2. Determine the penalty cost for each row by taking average of the low-
est cell cost and the next lowest cell cost in the same row and put it on the right
of the corresponding rows of the cost matrix. Similarly, calculate the penalty for
each of the columns and write them in the bottom of the cost matrix below cor-
responding columns.

Step 3. Choose the highest penalty costs and observe the row or column along
which it appears. If a tie occurs, choose the row/column along which lowest-cost
appears.

Step 4. Allocate min (sl.,dj) to the cell having lowest unit transportation
cost in the row or column along which the highest penalty cost appears. If more
than one cell contain lowest-cost, we allocate to the cell where allocation is
maximum. If it is also same then choose any of them.

Step 5. If the allocation X; =s,, /-th row is to be crossed out and d is re-
duced to (d ; —si). Now complete the allocation along jth column by making
the allocation/allocations in the smallest cost cell/cells continuously. Consider
that, /-th column is exhausted for the allocation X y at the cell (% /). Now, fol-
low the same procedure to complete the allocation along 4-th row and continue
this process until entire rows and columns are exhausted. Again if the allocation
X; =d;, just reverse the process for X, =s,.

Step 6. If the allocation X, =5, =d, find the next smallest cost cell (4 &)
from the rest of the cost cells along /-th row and jth column. Assign a zero in
the cell (4 &) and cross out i-th row and j-th column. After that complete the al-
location along k-th row/column following the process described in step 5 to
complete the allocations.

Step 7. Finally calculate the total transportation cost which is the sum of the

product of cost and corresponding allocated value.

Flow Chart

Read c;; ; Supply, s; ; Demand, d;

b

Calculate total supply and total demand
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Is s;=4d;? l

» N\

'\f‘ Balance the TP

Determine the penalty cost for each row and column

!

Choose the highest penalty cost

!

k = 1; Allocation [0] = 0; Total Cost =0

'

Allocate min (si,dl-) to the cell having lowest unit transportation cost in the row or
column along which the highest penalty cost appears. If more than one cell contain
lowest-cost, we allocate to the cell where allocation is maximum. If it is also same
then choose any of them.

v

:I Allocation [k] = min (si ,dj) |

v

| Total_ Allocation = Allocation [k — 1] + Allocation [k]

Delete corresponding row

v

To adjust d;, allocate (d; — s;) along
J-th column in the smallest cost
cell/cells continuously.

To adjust s;, allocate (s; — d;)
along i-th row in the smallest
cost cell/cells continuously.

+ » & *

hd

| Total Cost = Total Cost + Allocation [k] x Cost [k] ‘

Is Total_Allocation = Total Demand? 1

Print ‘Total Cost’

4. Novelty of Our Algorithm

We work on exiting average cost method [5] [8] [9] and observe that computing
penalty cost for each and every allocation is a computationally complicated and
time consuming procedure. Therefore we try to avoid computing penalty cost

for each and every allocation with a view to simplify the solution technique.
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5. Numerical Example with Illustration

Example 1
Three fertilizer factories O,,0, and O, are located at different places of the

country produce 20, 28 and 17 lakhs tons of urea respectively. They are to be
distributed to four district D,,D,,D, and D, as 15, 19, 13 and 18 lakhs tons

respectively. The transportation cost per ton of fertilizer is given in the trans-

portation Table 1:

Initial basic feasible solution using proposed method is given below (Table 2):
According to Step 1 it is found that the given problem is balanced.
According to Step 2 row penalty and column penalty is determined by the
average of lowest and next lowest cost those are put on the right and bottom
of the corresponding row and column respectively.
Here in both 3" row penalty and 4% column penalty is same i.e. 5. Since tie is
occurred, therefore along those row and column lowest-cost appears in cell
(0,,D;)=3 where the allocation is min(13,17)=13. With this allocation
column D, iscrossed out and supply along O; row is reduced to
(17-13)=4.
As per Step 5 to complete the allocation of O, row, our next smallest cost
cell along the O; row is cell(O,,D,) = 7. Now allocate remaining
(17-13)=4 at the cell (O,,D,) and cross out the O, row. After this al-
location, demand along the column D, reduced to (15 —4) =11. In the co-
lumn D), the smallest cost cell (O,,D,)=3 where we put remaining
(15-4)=11 as a next allocation and cross out D, column. Supply along

therow O, reducedto (20-11)=9.

Table 1. The given problem of example 1.

D, D, D, D, Supply
0, 3 6 8 5 20
0, 6 1 2 5 28
0, 7 8 3 9 17
Demand 15 19 13 18
Table 2. Initial basic feasible solution obtained by LCMM.
D, D, D, D, Supply  Row Penalty
11 9
0, —
3 6 8 5 20 (4)
19 9
0, —
6 1 2 5 28 (1.5)
4 13
0"5
: 7 8 3 9 17 (5)
Demand 15 19 13 18
Column Penalty (4.5) (3.5) (2.5) (5)
DOI: 10.4236/ajor.2020.104008 127 American Journal of Operations Research
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e Now complete the allocation along O, row by making the allocation in the
smallest cost (5) in the cell (O,,D,). Here O, row is exhausted for the al-
location remaining (20—11)=9 units at the cell (O,,D,).

o In this stage, the allocation along D, column will be in the smallest cost (5)
which is at the cell (0,,D, ). By making the allocation of remaining
(18-9)=9 units in the cell (0,,D,), the D, column is crossed out but
the row O, is yet to exhaust. Then we will go for next smallest cost (1)
along the O, row in the cell (0,,D,). Therefore O, row and column
D, are exhausted simultaneously for the allocation remaining (28—-9)=19
units at the cell (0,,D,).

e As per Step 7, total transportation cost is,

1Ix34+9%5+19x1+9x5+4x7+13x3=209

6. Numerical Example

We solve other three problems those have taken from some reputed journals.
These problems along with their IBFS obtained by LCMM are tabulated in the
following Table 3.

7. Result Comparison

We study the IBFS obtained by various methods. We carry out a comparative
study of IBFS between proposed method and existing methods. To justify the
perfectness of the proposed method a comparison is shown in the following ta-
ble and chart (Table 4).

Table 4 represents the IBFS obtained by various methods, percentage of de-

viance from optimal solution and also the perfectness of the result in relation to

Table 3. Sampled data with corresponding IBFS and total cost using LCMM.

No. Source Data IBES Total Cost
[¢,],,=[368561257839] x, =11x, =9,
5 [9] [s,]., =[20.,28,17] x,=19,x, =9, 209
[d, ], =[15.19.13,18] X, =4,x, =13
x4

—15.x, =15
[e,] . =[s3610:68107:3167:821012] 27 2T

x,, =0,x,, =10,

%2 [5,]., =[30,10,20,10] 285
- x, =20,x,=0
[d,]  =[20.25,15.10]
1x4 xn = 10
X, =5,x,=15,
[c,],.=[76459856786896557786]
,,, x,, =20,x,, =30,
x  [13] [s.],, =[40,30,20,10] 510
M X, =0,x, =15
[d, ], =[30.30,15,20.5]
s x,=5,x,=10
[¢, ], =[50 60100 50;80 40 70 50;90 70 30 50] ~ x =10,x, =10,
X 07 [5,],, =[20,38,16] x,=18,x,=6, 3320
[d,] , =[10,18,22,24] x, =14,x, =16

DOI: 10.4236/ajor.2020.104008

128 American Journal of Operations Research


https://doi.org/10.4236/ajor.2020.104008

Md. M. Hossain, M. M. Ahmed

Table 4. A Comparative study of IBFS.

optimal result. It is observed that LCM and ATCM is numerically 25% and 75%
cases equal to optimal result respectively. But our proposed method is 100% nu-
merically equal to optimal result and NWCM performs nil in this case. This data
analysis states the better performance of the proposed method. The following
graphical representation of IBES is also the reflect of this performance (Figure 2).

In Table 4, percentage of deviance from optimal result is obtained by the

B —Op

formula P, = x100. This calculation is carried out to assess that how

R
much nearer the Bg isto O, . During this calculation it is observed that pro-
posed method is near to optimal solution than the other methods discussed in

Table 4. The percentage of deviance is shown in Figure 3.

Initial Basic Feasible Solution (Bs) Optimal ~ Percentage of Deviance (£p) from (Ok) Perfectness of Result
e NWCM LCM ATCM LCMM Result(Ox) NWCM LCM ATCM LCMM NWCM LCM ATCM LCMM
Ex-1 273 236 236 209 209 30.6 12.9 12.9 0.00 NOr NOr NOr EOr
Ex-2 425 310 285 285 285 49.1 8.7 0.00 0.00 NOr NOr EOr EOr
Ex-3 635 510 510 510 510 24.5 0.00 0.00 0.00 NOr EOr EOr EOr
Ex-4 4160 3500 3320 3320 3320 25.3 5.4 0.00 0.00 NOr NOr EOr EOr

*EOr = Equal to Optimal, NOk = Near to Optimal.

< 4500

2 4000

o 3500

= 3000

S 2500

£ 2000

£ 1500

S 1000

& 500 [ =T S

g 0 -

& Example 1 Example 2 Example 3 Example 4
ENWCM 273 425 635 4160
HLCM 236 310 510 3500
HVAM 209 285 510 3320
HEDM 236 295 510 3620
HHCDM 260 310 510 3620
HATM 236 310 600 3320
HATCM 236 285 510 3320
HLCMM 209 285 510 3320

Figure 2. Graphical representation of IBFS.

N 60

L —

£ 20 " N

a S ——

LR E——

B 0 — —

Example 1 Example 2 Example 3 Example 4

——NWCM 30.6 49.1 245 253
—LCM 12.9 8.7 0 5.4
——ATCM 12.9 0 0
—LCMM 0 0 0

Figure 3. Graphical representation of percentage of deviance.
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8. Conclusions

Transportation cost is a significant part of a company’s overall logistic expendi-
ture. The efficient and capacity of transport models has a direct impact on
transport costs. To reduce the overall expenditure of any company, we need to
provide a powerful framework to purchase and bring raw materials or it is to
distribute finished goods with minimum transportation cost. In this study, we
propose a method LCMM to obtain an IBFS for the minimization of transporta-
tion cost. We illustrate the proposed method and solve few problems. It is ob-
served that proposed method is computationally easier and provides compara-
tively a better IBFS than those obtained by the traditional algorithms which is
either optimal or near to optimal solution.

The proposed algorithm provides the IBFS which are very close to optimal
and take less iteration than the other algorithms to reach the optimal solutions.
Therefore this finding is important in saving time and resources for minimiza-
tion of transportation costs.

In this article, the perfectness of the result obtained by LCMM has been car-
ried out to justify its efficiency by solving some numerical examples where it is
found that the method is suitable for solving TPs. The future extent of this me-
thod is that the decision maker put some feasible augmentations of less number
of steps contrast with this algorithm. Consequently, this method is most capable

method to this present competitive world market.
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