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Abstract

have been added in the appendix.

The paper is related with the basic transportation problem (TP)which is one kind of linear programming
problem (LPP). There are some existing methods for solving transportation problem and in this paper all
the standard existing methods has been discussed to understand which one is the best method among
them. Among all of existing methods, the Vogel’s Approximation Method (VAM) is considered the best
method which gives the better optimal result then other methods and North-West Corner Rule is
considered as simplest but gives worst result. A C programming code for Vogel’s Approximation Method
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1 Introduction

Transportation problem is one of the known methods in operation research for its real-life application [1]. It
is playing an important role in our modern life in the case of shipping of goods from sources to destinations
and in transporting goods companies expend huge amount of money [2]. Basically, the transportation
problems are related with the optimal (best possible) way in which a product produced at different sources
(factories or plants) can be transported to a number of different destinations (warehouses or customers) [3].
Transportation problem is the method of obtaining “good” solution which also occur in robotics area with
great practical significance [4]. Transportation problem is a processing method of optimization technique
which is used by many producers to solve regular problem very frequently [5]. Transportation problem is
also used in inventory control system, employment scheduling, personal assignment [6]. Concerning with
transportation time there are two types of transportation problem: (i) minimization of 1% transportation time
(linear) (ii) minimization of 2" transportation time (nonlinear) [7]. There are several existing methods to
solve transportation problem such as Northwest Corner Rule, Least Cost Method, Vogel’s Approximation
Method, Row Minimum Method, Column Minimum Method [8]. The general parameters of TP are
resources (are goods, machines, tools, people, cargo, and money), Locations (depot, nodes, railway stations,
bus stations, loading port, seaports, airports) transportation modes (ship, aircraft, truck, train, pipeline,
motorcycle) [9]. In 1939 L. Kantorovich published the first outcome of research in the organization and
planning of production. During second world war, F. Hitchcock gives the first mathematical model of
transportation model. After this, G. Dantzig represents the transportation problem as a special problem of
linear programming problem [10]. The main aim of transportation problem is to minimize total
transportation costs by satisfying destination requirements within source requirements [11]. Finding the
initial basic feasible solution and then using this find the optimal solution is the primary process of solving
transportation problem [12].

2 Preliminaries of Transportation Problem

The Transportation problem is a special class of linear programming problem, which mainly deals with
logistics. Transportation problem relates to distribute a product from a number of origins (plants or factories)
to a number of demand destinations (warehouses or market). The objective is to satisfy the demands from the
supply constraints within the plant’s capacity at minimum transportation cost.

2.1 Network representation of transportation problem

A simple network diagram of transportation problem is illustrated in the following Fig. 1.

2.2 Classifications of transportation problem

2.2.1 Balanced transportation problem

A Transportation Problem is said to be balanced Transportation Problem if the total number of supplies is
the same as the total number of demands.

2.2.2 Unbalanced transportation problem

A Transportation Problem is said to be unbalanced Transportation Problem if the total number of supplies is
not the same as the total number of demands.

In this paper, we only considered the balanced transportation problem.
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2.3 Tabular representation of transportation problem
A balanced transportation problem having m sources of supplysy, Sy, ... ... ,Smwith a; (i = 1,2, ..., m) unit of

supplies and n destinations dq, d,, ... ... ,dpwithb;(j = 1,2,...,n) unit of requirements can be represented in
a Table 1 as follows.

Sources Destinations

Supply s1 Demand di
Supply s2 Demand d2
Supply sm Demand d»

Costs cj

Fig. 1. Network representation of transportation problem

Table 1. Tabular representation of transportation problem

To d, d, ... d, Supply

from (a;)

Sl C11 C12 oooooo Cln al

S, Co1 Caz  eeeees Con a,

Sm Cm1 Cm2  eeeees Cmn A
Demand by b, . by, Z a; = z b,
)

2.4 Mathematical formulations 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.

It applies to situations where a single commodity is transported from various sources of supply (origins) to
various demands (destinations).

Let there be m sources of supply sy, Sy, ... ... ,Smhaving a; (i = 1,2, ..., m) units of supplies respectively to be
transported among n destinations dy, d, ... ... ,dpwithb;(j = 1,2,...,m) units of requirements respectively.
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Let ¢;jbe the cost of shipping one unit of commodity from source i to destination j for each route. Ifx;;
represent the units shipped per route from source i, to destination j, then the problem is to determine the
transportation schedule which minimizes the total transportation cost of satisfying supply and demand
conditions.

Minimize z = X" Y% ;x5
Subject to the constraints,

Xix; = a;,i= 12,..,m (supply constraints)
Y xij = b;, j = 1,2,..,n (demand constraints)
x;j = Ofor all i and

3 Established Methods to Find the Solution of Transportation Problem

The models given below are always used for solving the transportation problems.

North-west Corner Rule (NWC)

Row Minima Method (RMM)

Column Minima Method (CMM)

Least Cost Method (LCM)

Vogel’s Approximation Method (VAM)

3.1 North-west corner rule (NWC)

The so-called Northwest corner rule appears in virtually every text-book chapter on the transportation
problem. It is a standard method for computing a basic feasible solution and it does so by fixing the values of
the basic variables one by one and starting from the Northwest corner of matrix.

The North-west corner rule is very simple and easy to use and apply. However, it is not sensitive to costs and
consequently yields to poor initial solutions. The processing method of North-west Corner Rule is:

Step 1: Select the upper left-hand corner cell of the transportation table and allocate as many units as
possible equal to the minimum between available supply and demand, i.e.min(s,, d;)

Step 2: Adjust the supply and demand numbers in the respective rows and columns.

Step 3: If the demand for the first cell is satisfied, then move horizontally to the next cell in the second
column.

Step 4: If the supply for the first row is exhausted, then move down to the first cell in the second row.

Step 5: If for any cell, supply equals demand, then the next allocation can be made in cell either in the next
row or column.

Step 6: Continue the process until all supply and demand values are exhausted.
3.1.1 Numerical example 1

Find Solution using North-West Corner Rule
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Table 3.1.1(a). Table of example 1

D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 200 225 275 250
Solution:
The rim values for §1=250 and D1=200 is compared.
The smaller of the two i.e. min (250,200) = 200 is assigned to S1 D1.
This meets the complete demand of D1 and leaves 250 - 200 = 50 units with S1
Table 3.1.1(b). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13 17 14 50
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 225 275 250
The rim values for S1=50 and D2=225 are compared.
The smaller of the two i.e. min (50,225) = 50 is assigned to S1 D2.
This exhausts the capacity of S1 and leaves 225 - 50 = 175 units with D2
Table 3.1.1(c). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 175 275 250
The rim values for $2=300 and D2=175 are compared.
The smaller of the two i.e. min (300,175) = 175 is assigned to S2 D2
This meets the complete demand of D2 and leaves 300 - 175 = 125 units with S2
Table 3.1.1(d). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14 10 125
S3 21 24 13 10 400
Demand 0 0 275 250

The rim values for §2=125 and D3=275 are compared.
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The smaller of the two i.e. min (125,275) = 125 is assigned to S2 D3.

This exhausts the capacity of S2 and leaves 275 - 125 = 150 units with D3

Table 3.1.1(e). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14(125) 10 0
S3 21 24 13 10 400
Demand 0 0 150 250
The rim values for §3=400 and D3=150 are compared.
The smaller of the two i.e. min (400,150) = 150 is assigned to S3 D3.
This meets the complete demand of D3 and leaves 400 - 150 = 250 units with S3
Table 3.1.1(f). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14(125) 10 0
S3 21 24 13(150) 10 250
Demand 0 0 0 250
The rim values for §3=250 and D4=250 are compared.
The smaller of the two i.e. min (250,250) = 250 is assigned to S3 D4.
Table 3.1.1(g). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14(125) 10 0
S3 21 24 13(150) 10(250) 0
Demand 0 0 0 0
Initial feasible solution is
Table 3.1.1(h). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11 (200) 13 (50) 17 14 250
S2 16 18 (175) 14 (125) 10 300
S3 21 24 13 (150) 10 (250) 400
Demand 200 225 275 250

The minimum total transportation cost =11x200+13x50+18%175+14x125+13x150+10x250=12200

3.1.2 Numerical example 2

Find Solution using North-West Corner Rule
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Table 3.1.2(a). Solve the following example

To D E F Supply

Form

A 6 4 1 50

B 3 8 7 40

C 4 4 2 60

Demand 20 95 35 150
Solution:

Table 3.1.2(b). Solution of example 2

To D E F Supply

Form

A 20 30 1 0

B 3 40 0

C 4 25 35 0

Demand 0 0 0 150

Number of basic variables=m+n—-1=3+3-1=5

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
cij and adding as follows:

6x20+4x30+8x%x40+4x%x25+2x%x35 =730
3.1.3 Numerical example 3
Find Solution using North-West Corner Rule

Table 3.1.3(a). Solve the following example

To A B C D E Supply

From

P 4 1 3 4 4 60

Q 2 3 2 2 3 35

R 3 5 2 4 4 40

Demand 22 45 20 18 30 135
Solution:

Table 3.1.3(b). Solution of example 3

To A B C D E Supply

From

P 22 38 3 4 4 0

Q 2 7 20 8 3 0

R 3 5 2 10 30 0

Demand 0 0 0 0 0 135

Number of basic variables =m +n — 1 = 5+3-1=7

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
cjj and adding as follows:
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4x22+1Xx38+3Xx7+2x20+2x8+4%x10+4x30 = 363

3.2 Row minima method (RMM)

In this method we allocate maximum possible in the lowest cost cell of the first row. The idea is to exhaust
either the capacity of the first source or the demand at destination center is satisfied or both. Continue the
process for the other reduced transportation costs until all the supply and demand conditions are satisfied.
The minimum transportation cost can be obtained by following the steps given below:

Step 1: In this method, we allocate as much as possible in the lowest cost cell of the first row, i.e. allocate
min(s;, d;).

Step 2: a. Subtract this min value from supply s;and demand d;b. If the supply s; is 0, then cross (strike) that
row and if the demand d; is 0 then cross (strike) that column. c. If min unit cost cell is not unique, then select
the cell where maximum allocation can be possible Step 3: Repeat this process for all uncrossed rows and
columns until all supply and demand values are 0.

3.2.1 Numerical example 1

Find Solution using Row Minima Method

Table 3.2.1.(a). Table of example 1

D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 200 225 275 250

Solution:

In 1% row, the smallest transportation cost is 11 in cell S1D1.

The allocation to this cell is min (250,200) = 200.

This satisfies the entire demand of D1 and leaves 250 - 200 = 50 units with S1

Table 3.2.1(b). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13 17 14 50
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 225 275 250

In 1st row, the smallest transportation cost is 13 in cell S1D2.
The allocation to this cell is min (50,225) = 50.

This exhausts the capacity of S1 and leaves 225 - 50 = 175 units with D2.

52



Rafi and Islam; JAMCS, 35(5): 45-67, 2020; Article no.JAMCS.59314

Table 3.2.1(c). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 175 275 250

In 2nd row, the smallest transportation cost is 10 in cell S2D4.

The allocation to this cell is min (300,250) = 250.
This satisfies the entire demand of D4 and leaves 300 - 250 = 50 units with S2

Table 3.2.1(d). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14 10(250) 50
S3 21 24 13 10 400
Demand 0 175 275 0

In 2™ row, the smallest transportation cost is 14 in cell S2D3.
The allocation to this cell is min (50,275) = 50.
This exhausts the capacity of S2 and leaves 275 - 50 = 225 units with D3

Table 3.2.1(e). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14(50) 10(250) 0
S3 21 24 13 10 400
Demand 0 175 225 0
In 3" row, the smallest transportation cost is 13 in cell S3D3.
The allocation to this cell is min (400,225) = 225.
This satisfies the entire demand of D3 and leaves 400 - 225 = 175 units with S3.
Table 3.2.1(f). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14(50) 10(250) 0
S3 21 24 13(225) 10 175
Demand 0 175 0 0

In 3rd row, the smallest transportation cost is 24 in cell S3D2.

The allocation to this cell is min (175,175) = 175.
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Table 3.2.1(g). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14(50) 10(250) 0
S3 21 24(175) 13(225) 10 0
Demand 0 0 0 0

Initial feasible solution is

Table 3.2.1(h). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11 (200) 13 (50) 17 14 250
S2 16 18 14 (50) 10 (250) 300
S3 21 24 (175) 13 (225) 10 400
Demand 200 225 275 250

The minimum total transportation cost =11x200+13x50+14x50+10x250+24x175+13%225=13175
3.2.2 Numerical example 2

Find Solution using Row Minima Method

Table 3.2.2(a). Solve the following example

To D E F Supply

Form

A 6 4 1 50

B 3 8 7 40

C 4 4 2 60

Demand 20 95 35 150
Solution:

Table 3.2.2(b). Solution of example 2

To D E F Supply

Form

A 6 15 35 0

B 20 20 7 0

C 4 60 2 0

Demand 0 0 0 150

Number of basic variables=m +n—1=3+3-1=05

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
cij and adding as follows:

4x15+1x35+3x20+8%20+4x60=555
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3.3 Column Minima Method (CMM)

In this method, we start with the first column and allocate as much as possible in the lowest cost cell of
column, so that either the demand of the first destination center is satisfied or the capacity of the 2nd is
exhausted or both. The minimum transportation cost can be obtained by following the steps given below

Step 1: In this method, we allocate as much as possible in the lowest cost cell of the first Column, i.e.
allocatemin(s;, d;).

Step 2: a. Subtract this min value from supply s; and demand d;. b. If the supply s; is 0, then cross (strike)

that row and If the demand d;is O then cross (strike) that column. c. If min unit cost cell is not unique, then
select the cell where maximum allocation can be possible

Step3: Repeat this process for all uncrossed rows and columns until all supply and demand values are 0.

3.3.1 Numerical example 1

Find Solution using Column minima method

Table 3.3.1.(a). Table of example 1

D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 200 225 275 250

Solution:

In 1s¢ column, the smallest transportation cost is 11 in cell S1D1

The allocation to this cell is min (250,200) = 200.

This satisfies the entire demand of D1 and leaves 250 - 200 = 50 units with S1

Table 3.3.1.(b). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13 17 14 50
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 225 275 250

In 2nd column, the smallest transportation cost is 13 in cell S1D2
The allocation to this cell is min (50,225) = 50.

This exhausts the capacity of S1 and leaves 225 - 50 = 175 units with D2

Table 3.3.1.(c). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 0 175 275 250
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In 2nd column, the smallest transportation cost is 18 in cell S2D2

The allocation to this cell is min (300,175) = 175.

This satisfies the entire demand of D2 and leaves 300 - 175 = 125 units with S2.

Table 3.3.1(d). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14 10 125
S3 21 24 13 10 400
Demand 0 0 275 250
In 3rd column, the smallest transportation cost is 13 in cell S3D3
The allocation to this cell is min (400,275) = 275.
This satisfies the entire demand of D3 and leaves 400 - 275 = 125 units with S3
Table 3.3.1(e). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14 10 125
S3 21 24 13(275) 10 125
Demand 0 0 0 250
In 4th column, the smallest transportation cost is 10 in cell S2D4
The allocation to this cell is min (125,250) = 125.
This exhausts the capacity of S2 and leaves 250 - 125 = 125 units with D4
Table 3.3.1(f). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14 10(125) 0
S3 21 24 13(275) 10 125
Demand 0 0 0 125
In 4th column, the smallest transportation cost is 10 in cell S3D4
The allocation to this cell is min (125,125) = 125.
Table 3.3.1(g). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14 10(125) 0
S3 21 24 13(275) 10(125) 0
Demand 0 0 0 0
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Initial feasible solution is

Table 3.3.1(h). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11 (200) 13 (50) 17 14 250
S2 16 18 (175) 14 10 (125) 300
S3 21 24 13 (275) 10 (125) 400
Demand 200 225 275 250

The minimum total transportation cost =11x200+13x50+18%175+10x125+13x275+10x125=12075
3.3.2 Numerical example 2

Find Solution using Column minima method

To D E F Supply

Form

A 6 4 1 50

B 3 8 7 40

C 4 4 2 60

Demand 20 95 35 150
Solution:

Table 3.3.2 Solution of example 2

To D E F Supply
Form

A 6 35 15 0

B 20 8 20 0

C 4 60 2 0
Demand 0 0 0 150

Number of basic variables=m +n—1=3+3-1=05

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
cij and adding as follows:

4x35+1x15+3%20+7%x20+4x60=595
3.4 Least Cost Method (LCM)

The Least Cost Method is another method used to obtain the initial feasible solution for the transportation
problem. Here, the allocation begins with the cell which has the minimum cost. The lower cost cells are
chosen over the higher-cost cell with the objective to have the least cost of transportation. The Least Cost
Method is considered to produce more optimal results than the North-west Corner because it considers the
shipping cost while making the allocation, whereas the North-West corner method only considers the
availability and supply requirement and allocation begin with the extreme left corner, irrespective of the
shipping cost. The minimum transportation cost can be obtained by following the steps given below:

Step 1: Select the cell having minimum unit cost c; and allocate as much as possible, i.e. min (s;, d;)

Step 2: a. Subtract this min value from supply s; and demandd;.
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b. If the supply s;is 0, then cross (strike) that row and if the demand d; is 0 then cross (strike) that column.

c. If min unit cost cell is not unique, then select the cell where maximum allocation can be possible.

Step 3: Repeat these steps for all uncrossed rows and columns until all supply and demand values are 0.

3.4.1 Numerical example 1

Find Solution using Least Cost Method

Table 3.4.1(a). Transportation table of example 1

D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 200 225 275 250
Solution:
The smallest transportation cost is 10 in cell S3D4
The allocation to this cell is min (400,250) = 250.
This satisfies the entire demand of D4 and leaves 400 - 250 = 150 units with S3
Table 3.4.1(b). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10(250) 150
Demand 200 225 275 0
The smallest transportation cost is 11 in cell S1D1
The allocation to this cell is min (250,200) = 200.
This satisfies the entire demand of D1 and leaves 250 - 200 = 50 units with S1
Table 3.4.1(b). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13 17 14 50
S2 16 18 14 10 300
S3 21 24 13 10(250) 150
Demand 0 225 275 0

The smallest transportation cost is 13 in cell S3D3

The allocation to this cell is min (150,275) = 150.

This exhausts the capacity of S3 and leaves 275 - 150 = 125 units with D3
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Table 3.4.1(c). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11(200) 13 17 14 50
S2 16 18 14 10 300
S3 21 24 13(150) 10(250) 0
Demand 0 225 125 0
The smallest transportation cost is 13 in cell S1D2
The allocation to this cell is min (50,225) = 50.
This exhausts the capacity of S1 and leaves 225 - 50 = 175 units with D2
Table 3.4.1(d). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14 10 300
S3 21 24 13(150) 10(250) 0
Demand 0 175 125 0
The smallest transportation cost is 14 in cell $2D3
The allocation to this cell is min(300,125) = 125.
This satisfies the entire demand of D3 and leaves 300 - 125 = 175 units with S2
Table 3.4.1(e). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18 14(125) 10 175
S3 21 24 13(150) 10(250) 0
Demand 0 175 0 0
The smallest transportation cost is 18 in cell $2D2
The allocation to this cell is min (175,175) = 175.
Table 3.4.1(f). Solution table of example 1
D1 D2 D3 D4 Supply
S1 11(200) 13(50) 17 14 0
S2 16 18(175) 14(125) 10 0
S3 21 24 13(150) 10(250) 0
Demand 0 0 0 0

Initial feasible solution is
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Table 3.4.1(g). Solution table of example 1

D1 D2 D3 D4 Supply
S1 11 (200) 13 (50) 17 14 250
S2 16 18 (175) 14 (125) 10 300
S3 21 24 13 (150) 10 (250) 400
Demand 200 225 275 250

The minimum total transportation cost =11x200+13x50+18%175+14x125+13x150+10x250=12200
3.4.2 Numerical example 2
Find Solution using Least Cost Method

Table 3.4.2(a). Solve the following example

To D E F Supply

Form

A 6 4 1 50

B 3 8 7 40

C 4 4 2 60

Demand 20 95 35 150
Solution:

Table 3.4.2(b). Solution of example 2

To D E F Supply

Form

A 6 15 35 0

B 20 20 7 0

C 4 60 2 0

Demand 0 0 0 150

Number of basic variables=m +n—1=3+3-1=05

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
c;j and adding as follows:

4x15+1x35+3%20+8%20+4x60=555

3.5 Vogel’s Approximation Method (VAM)

In Vogel’s Approximation Method shipping cost is taken into consideration. The minimum transportation
cost can be obtained by following the steps given below:

Step 1: Find the cells having smallest and next to smallest cost in each row and write the difference (called
penalty) along the side of the table in row penalty.

Step 2: Find the cells having smallest and next to smallest cost in each column and write the difference
(called penalty) along the side of the table in each column penalty.

Step 3: Select the row or column with the maximum penalty and find cell that has least cost in selected row

or column. Allocate as much as possible in this cell. If there is a tie in the values of penalties then select the
cell where maximum allocation can be possible
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Step 4: Adjust the supply & demand and cross out (strike out) the satisfied row or column.

Step 5: Repeat these steps until all supply and demand values are 0.

3.5.1 Numerical example 1
Find Solution using Vogel’s Approximation Method

Table 3.5.1(a). Table of example 1

D1 D2 D3 D4 Supply
S1 11 13 17 14 250
S2 16 18 14 10 300
S3 21 24 13 10 400
Demand 200 225 275 250
Solution:
Table 3.5.1(b). Solution table of example 1
D1 D2 D3 D4 Supply Row Penalty
S1 11 13 17 14 250 2=13-11
S2 16 18 14 10 300 4=14-10
S3 21 24 13 10 400 3=13-10
Demand 200 225 275 250
Column penalty 5=16-11 5=18-13 1=14-13 0=10-10
The maximum penalty, 5, occurs in column DI.
The minimum cij in this columnis c11 =11.
The maximum allocation in this cell is min(250,200) = 200.
It satisfy demand of D1 and adjust the supply of S1 from 250 to 50 (250 - 200 = 50)
Table 3.5.1(b). Solution table of example 1
D1 D2 D3 D4 Supply Row Penalty
S1 11(200) 13 17 14 50 1=14-13
S2 16 18 14 10 300 4=14-10
S3 21 24 13 10 400 3=13-10
Demand 0 225 275 250
Column -- 5=18-13 1=14-13 0=10-10

Penalty

The maximum penalty, 5, occurs in column D2.
The minimum cij in this column is ¢12 = 13.
The maximum allocation in this cell is min(50,225) = 50.

It satisfy supply of S1 and adjust the demand of D2 from 225 to 175 (225 - 50 = 175)
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Table 3.5.1(c). Solution table of example 1

D1 D2 D3 D4 Supply Row Penalty
S1 11(200) 13(50) 17 14 0 --
S2 16 18 14 10 300 4=14-10
S3 21 24 13 10 400 3=13-10
Demand 0 175 275 250
Column Penalty -- 6=24-18 1=14-13 0=10-10

The maximum penalty, 6, occurs in column D2.

The minimum cij in this column is ¢22 = 18.

The maximum allocation in this cell is min(300,175) = 175.

It satisfy demand of D2 and adjust the supply of S2 from 300 to 125 (300 - 175 = 125)

Table 3.5.1(d). Solution table of example 1

D1 D2 D3 D4 Supply Row Penalty
S1 11(200) 13(50) 17 14 0 --
S2 16 18(175) 14 10 125 4=14-10
S3 21 24 13 10 400 3=13-10
Demand 0 0 275 250
Column Penalty -- -- 1=14-13 0=10-10

The maximum penalty, 4, occurs in row S2.

The minimum cij in this row is ¢24 = 10.

The maximum allocation in this cell is min(125,250) = 125.

It satisfy supply of S2 and adjust the demand of D4 from 250 to 125 (250 - 125 = 125)

Table 3.5.1(e). Solution table of example 1

D1 D2 D3 D4 Supply Row Penalty
S1 11(200)  13(50) 17 14 0 --
S2 16 18(175) 14 10(125) 0 --
S3 21 24 13 10 400 3=13-10
Demand 0 0 275 125
Column Penalty - -- 13 10

The maximum penalty, 13, occurs in column D3.
The minimum cij in this column is ¢33 = 13.
The maximum allocation in this cell is min(400,275) = 275.

It satisfy demand of D3 and adjust the supply of S3 from 400 to 125 (400 - 275 = 125)
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Table 3.5.1(f). Solution table of example 1

D1 D2 D3 D4 Supply Row Penalty
S1 11(200) 13(50) 17 14 0 --
S2 16 18(175) 14 10(125) 0 --
S3 21 24 13(275) 10 125 10
Demand 0 0 0 125
Column Penalty -- -- -- 10

The maximum penalty, 10, occurs in row S3.

The minimum cij in this row is ¢34 = 10.

The maximum allocation in this cell is min(125,125) = 125.
It satisfy supply of S3 and demand of D4

Initial feasible solution is

Table 3.5.1(h). Solution table of example 1

D1 D2 D3 D4 Supply Row penalty
S1 11(200) 13(50) 17 14 250 A N e e e
S2 16 18(175) 14 10(125) 300 414]14]4-1-]
S3 21 24 13(275) 10(125) 400 3131313]3]10]
Demand 200 225 275 250
Column 5 5 1 0
Penalty -- 5 1 0

-- 6 1 0

-- -- 1 0

-- -- 13 10

-- -- -- 10

The minimum total transportation cost =11x200+13x50+18%175+10x125+13x275+10x125=12075
3.5.2 Numerical example 2

Find Solution using Vogel’s Approximation Method

To D E F Supply

Form

A 6 4 1 50

B 3 8 7 40

C 4 4 2 60

Demand 20 95 35 150
Solution:

Table 3.5.2. Transportation table of example 2

To D E F Supply Row Penalty
Form

A 6 15 35 50 3131444
B 20 20 7 40 41 1] 8--]-|
C 4 60 2 60 2121 4| 4]|-]
Demand 20 95 35 150

Column 1 0 1
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To D E F Supply Row Penalty
Form
Penalty -- 0 1

- 0 -

- 0 -

- 4 -

Number of basic variables=m +n—1=3+3-1=05

The total transportation cost is calculated by multiplying each x;; in an occupied cell with the corresponding
c;j and adding as follows:

4x15+1x35+3x20+8%20+4x60=555

3 Result and Discussion

From above discussion we can see that among all of existing methods Vogel’s Approximation method
provides comparatively a better initial basic feasible solution which is either optimal or near optimal solution
even though Vogel’s Approximation Method takes many more calculations to find an initial solution. We
also observed that North-West Corner Rule provides the worst optimal result compering with others existing
methods but the method is very simple to understand. The following table contains the comparison of
optimal result of the existing methods:

NWC RMM CMM LCM VAM
Example 1 12200 13175 12075 12200 12075
Example 2 730 555 595 555 555

4 Conclusion

In this paper we have discussed about transportation problem and existing methods of solving transportation
problem with some numerical example and we also compare the results to find the optimal one. From this
study we can conclude that among existing methods North-West Corner Rule is simple but gives worst
result compare to others. On the other hand, Vogel’s Approximation Method contains a long algorithm but
provides the best optimal result compare to others. Till now many alternative methods have been
proposed for solving transportation problem which can give more better result compared with existing
methods.
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Appendix

C Programming Code for VAM

#include <stdio.h>
#include <limits.h>

#define TRUE 1
#define FALSE 0
#define N_ROWS 4
#define N COLS 5

typedefint bool;

int supply[N_ ROWS]={50,60,50,50};
int demand[N_COLS]={30,20,70,30,60};

int costsiN_ROWS][N_COLS]={
{16,16,13,22,17},
{14,14,13,19,15},
{19,19,20,23,50},
{50,12,50,15,11}

3
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bool row_done[N ROWS|={ FALSE };
bool col done[N COLS]={ FALSE };

void diff(int j,int len, bool is_row,int res[3]){
inti, ¢, minl =INT_MAX, min2 = minl, min_p =-1;
for(i =0; i < len;++i){
if((is_row)? col_done[i]: row_done[i])continue;
¢ =(is_row)? costs[j][i]: costs[i][j];

if(c <minl1){

min2 = minl;

minl = ¢;

min_p =1,

elseif(c < min2) min2 = c;

res[0]= min2 - minl; res[1]= min1; res[2]= min_p;

}

void max_penalty(int lenl,int len2, bool is_row,int res[4]){
inti, pc =-1, pm =-1, mc =-1, md = INT_MIN;
int res2[3];

for(i =0; i <lenl;++i){
if((is_row)? row_done[i]: col done[i])continue;
diff(i, len2, is_row, res2);
if(res2[0]> md){
md = res2[0];/* max diff */
pm = i;/* pos of max diff */
mc = res2[1];/* min cost */
pc = res2[2];/* pos of min cost */
}
}

if(is_row){
res[0]= pm; res[1]= pc;

¥
else{
res[0]= pc; res[1]= pm;
}
res[2]= mc; res[3]= md;
}

void next_cell(int res[4]){

int i, res1[4], res2[4];
max_penalty(N_ ROWS, N COLS, TRUE, resl);
max_penalty(N_COLS, N_ROWS, FALSE, res2);

if(res1[3]==res2[3]){
if(res1[2]< res2[2])

for(i =0; i <4;++i) res[i]= resl[i];
else

for(i =0; 1 <4;++i) res[i]=res2[i];
return;

66



Rafi and Islam; JAMCS, 35(5): 45-67, 2020; Article no.JAMCS.59314

}

if(res1[3]> res2[3])

for(i =0; 1 <4;++i) res[i]=res2[i];
else

for(i =0; 1 <4;++i) res[i]=res1[i];

}

int main(){
inti, j, 1, c, q, supply left =0, total cost =0, cell[4];
int results[N_ROWS][N_COLS]={0};

for(i =0; i <N_ROWS;++i) supply_left += supply[i];
while(supply_left >0){
next_cell(cell);
r = cell[0];
c=cell[l];
q =(demand[c]<= supply[r])? demand[c]: supply[r];
demand[c]-=q;
if(!demand[c]) col done[c]=TRUE;
supply[r]-=g;
if(!supply[r]) row_done[r]= TRUE;
results[r][c]= q;
supply left -=q;
total_cost +=q * costs[r][c];

}

printf" A B C D Ewn");

for(i =0; i <N_ROWS;++i){

printf("%c",'W'+ i);

for(j =0; j < N_COLS;++j)printf(" %2d", results[i][j]);
printf("\n");

printf("\nTotal cost = %d\n", total_cost);
return0;

}
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