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ABSTRACT

The assignment problem (AP) is a
special case of the transportation
problem, in which the objective is to
assign a number of resources to the
equal number of activities at a
minimum cost (or maximum profit). It
has great significance subject discussed
e.g.

particular job

in real physical world for
production planning,
tasks, economic etc. We endeavour in
this paper to introduce a new approach
to assignment problem  namely
“Revised Ones Assignment Method
(ROA)” for solving wide range of
problem. In ROA method first we define
assignment matrix, then reduced matrix
till it has at least one in each row and
column. The new method is based on
creating some ones in the assignment
matrix and to complete exact
assignment to their ones, we have
added new step to ROA algorithm can
be utilized for all types of AP with
maximize or minimize  objective
functions and at last we have illustrate

some numerical examples.
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INTRODUCTION

Assignment  problem (AP) is
completely degenerate form of a
transportation problem. It appears in
some decision-making situations. Such
as to assign tasks to machines, workers
to jobs, salesmen to regions,
requirements to suppliers etc. AP refers
to another special class of linear
programming problem in which the
objective is to assign a number of
resources to the equal number of

activities at a minimum cost (or

maximum profit). So far in the
literature, there are mainly four
methods—Enumeration method,

Simplex method, Transportation
method and Hungarian method, which
is one of the best methods available for
solving an AP. In this paper we revised
“Ones Assignment Method” to achieve
exact optimal solution, which is same

as that of Hungarian method.
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Assignment Problem’s Mathematical

Formulation

Let AP of n resources to n activities so
as to minimize the overall cost or time
in such a way that each resources can
associated with one and only one job.

The cost matrix (Cij) is given as below.

Activity
A1 A2 A4 Available

Required 1 1 e

Then the mathematical formulation of
the assignment problem is,

n n
Minimize Z= % Y C.X.

i=1j=1 | )

Subject to the constraints

15

n
y X.=%and ¥ X.=1:X.=00r1
i=1 =] & !
foralli=12,..nand j=12,...n.

The cost matrix is same as that of a
transportation problem except that
availability at each of the resources and
the requirement at each of the
destinations is unity.

Let Xij denote the assignment of ith
resources to jth activity such that,

X _ | 1; if resourceis assigned to activity j.
i~ ] 0; otherwise.

Revised Ones Assignment Method
(ROA) for Solving Assignment
Problem

This section presents a new method to
solve the assignment problem which is
different from the preceding method.
We call it “Revised Ones Assignment
Method” because of making assignment

in terms of ones.

The new method is based on creating
some ones in the assignment matrix and
then tries to find a complete assignment
in terms of ones. By a complete
assignment we mean an assignment

plan containing exactly n assigned
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independent ones, one in each row and

one in each column.

Now, consider the assignment matrix
where Cij is the cost or effectiveness of

assigning i machine.

1 2 «ooon
1€y Cpg = C
2(Cn Bom 7 Oom

nCh Gz Cup)

The new algorithm is as follows.

Let (1-2) be an assignment problem in
which the objective function can be

minimized or maximized.

Step 1: In a  minimization
(maximization) case, find the minimum
(maximum) element of each row in the
assignment matrix (say ai) and write it
on the right hand side of the matrix.
1 2 .« n

(€14 Cjp - C

“a Cn o Cn|%

|.Cn1 CnQ G )@

Then divide each element of ith row of
the matrix by ai. These opera-tions
create at least one ones in each rows. In
term of ones for each row and column

do assignment? Otherwise go to step 2.

Step 2: Find the minimum (maximum)

element of each column in assignment

matrix (say bj), and write it below jth
column. Then divide each element of
jth column of the matrix by bj. These
operations create at least one ones in
each columns. Make assignment in
terms of ones. If no feasible assignment
can be achieved from step (1) and (2)

then go to step 3.

1 2 n
1(C11/2 Ci2/% - Cin/3q)
2|Ca1/8 Cppfay -+ Con/3
n(Ch1/an Cn2/an  Cpn/2n)

by by e By

Note: In a maximization case, the end
of step 2 we have a fuzzy matrix.
Which all elements are belong to [0,1]

and the greatest is one [4].

Step 3: Draw the minimum number of
lines to cover all the ones of the ma-
trix. If the number of drawn lines less
than n, then the complete assignment is
not possible, while if the number of
lines is exactly equal to n, then the

complete assignment is obtained.

Step 4: If a complete assignment
program is not possible in step 3, then
select the smallest (largest) element
(say dij) out of those which do not lie
on any of the lines in the above matrix.
Then divide by dij each element of the

uncovered rows or columns, which dij
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lies on it. This operation creates some
new ones to this row or column. If still
a complete optimal assignment is not
achieved in this new matrix, then use
step 4 and 3 iteratively. By repeating
the same procedure the optimal
assignment will be obtained.

(To assign one we have add Step 5

which is mentioned below.)

Step 5 (Ghadle and Muley Rule): For
minimization problem select max
For maximization problem select min
number from calculated matrix and
write it on right hand side as well as
bottom side.

e To assign one, start from max
number of columns (bottom
side) and select ones.

e |f there are more than one ones
in any column then ignore
temporarily, and give last
priority to that column.

o If still there are identical ones in
column then give the priority to
min number of rows (right hand
side).

Priority Rule: One question arises
here. What to do with non square
matrix? To make square, a non square
matrix, we add one artificial row or
column which all elements are one.
Thus we solve the problem with the

new matrix, by using the new method.

number from calculated matrix and
write it on right hand side as well as
bottom side. To assign one, start from
min number of columns (bottom side)
and select ones. If there are more than
one ones in any column then ignore
temporarily, and give last priority to
that column. If still there are identical
ones in column then give the priority to
max number of rows (right hand side).
Or

The matrix after performing the steps
reduces to a matrix which has ones in
each rows and columns. So, the optimal
assignment has been reached.
Numerical Examples

The following examples may be helpful

to clarify the proposed method.

Example 1- Consider the following
assignment problem. Assign the five
jobs to the three machines so as to

minimize the total cost

1 2 3 4 5
1(12 8 7 15 4
207 ¢ 1 14 10
3o 6 12 6 7
417 6 14 6 10
slo 6 12 10 6

Find the minimum element of each row
in the assignment matrix (say ai), and

write it on RHS as follows

Available online: https://edupediapublications.org/journals/index.php/IJR/ Page | 2034



https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

N & W N -

International Journal of Research
Available at https://edupediapublications.org/journals

e-ISSN: 2348-6848
p-ISSN: 2348-795X

®
K

Volume 05 Issue 15
May 2018

1 2 3 4 5 min
1/12 8 7 15 4 4
2,7 9 1 14 10 1
3/9 6 12 6 7 6
4.7 6 14 6 10 6
519 A8 12 1N A a

1 2 3 4 5 min
1(3 2 74 15{/4 1) 4
2 9 1 14 10| 1
3132 1 2 1 76| B
476 1 73 1 53| 6
5132 1 2 53 1 6

Now next to find the minimum element
of each column in assignment matrix
(say bj), and write it below that column.
Then divide each element of jth column

of the matrix by bj.

1 2 3 4 5 min 1 2 3
3 2 7/4 15/4 4 1 18/7 2 7/4
pramal ufd]

p 2 ; «
76 1 73 1 548 |84 1 2
32 1 2 53 1)6 4 1 1 I8
76 1 1 1 1 5118/14 1 2

The minimum number of lines
required to pass through all the ones of

the matrix is 5.

By using Step 5,

We select max number from matrix for
minimization problem and write it to

right as well as bottom side.

In column 2 contain more than one

ones, so we will give it last priority.

4
15/4
14
!

f

£7
5/3

5

1
10|
7/6 |
5/3 |
‘ l

4.

Then divide each element of ith row of
the matrix by ai. Thus it create ones to
each rows, and the matrix reduces to

following matrix.

. To assign ones from matrix select min

number from columns (bottom side). So
2.3 is min number from all other and
assign ones.

After giving last priority to column 2,
there is 5th column which has identical
ones. At this stage give the max priority
(right hand side) to select ones. ( in 5th
column there are two ones, in which we
select max number from right hand side
which is 3.8)

1 2 3 4 5 Max
1(25 2 1.8 38 [I]) 38
216 9 [O 14 10| 14
3113 1 2 1] 12| 2
4[] 1 23 1 17| 23
s3] 20 ¥7 1) 2

max 6 9 23 14 10

® -

And we can assign the ones and the
solution is (1,5), (2,3), (3,4), (5,2) and

minimum cost is 24.
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Example 2- A Manager has 4
subordinates and 4 tasks. The

subordinates differ in efficiency. His

estimate of the production each would
do is given in table. How the task
should be allocated one to one man, so

that total production is maximized.

Row Reduction: 1. We select min number from matrix for
I W maximization problem and write it to
1(8 26 17 11) right as well as bottom side.
2113 28 4 26
3138 19 18 15 .
2. In column 2 contain more than one
4119 26 24 10
ones, so we will give it last priority.
Column Reduction: 3. To assign ones from matrix select max
oo v Conom W number from columns (bottom side). So
1(03 1 0865 045 1(03 1 067 045 05 1is maxonumber, but 0.5 contain in
2|05 1 014 093 2105 1 014 1 identical 0Ones column which has
31 05 047 039) 31 05 048 04 already given last priority, then select
a1 D 0ml Alr 1§ oA next max number which is 0.40 and
The minimum number of lines required to pass start to assign ones.

through all the ones of the matrix is 4.

| I m N | Il 1l IV‘ Min

) 1(03 [ 067 045) 030

1/03 (1 067 045 205 1 014 [ | 014

2‘0-,5—4—0.44—1- 3| @ 05 048 041| 041

5 o480 o4 407 1 [ 040) 040
A 7 Min 03 05 014 040
4| 6F——+—640 Ao oA '

@ @ @ 0

By using Step 5, And we can assign the ones and the

solution is (1, 1), (2, IV), (3, ), (4, 111)
and maximized production is 114.
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SPECIAL CASES IN Revised Ones Assignment Method for
ASSIGNMENT PROBLEM Solving Assignment Problem
Travelling Salesman Problem (TSP) as
an AP,
1 o0 2 11 10 8 7 6
Examp|e 3 2 6 © 1 8 8 4 6
3 5 12 o 11 8 12 3
Consider an Eight city TSP for which 4 1 o« 1 s 8
5 11 11 9 4 0 2 10
the cost between the city pairs are as 6 12 8 > 2 1 o 1
7 10 11 12 10 9 12 0
shown in the [Table-2]. Find the tour 8 10 10 10 10 6 3 1

the sales-man so that the cost of travel

IS minimal [3].

Table 2- Eight city TSP for which the

cost between the city pairs

ffc 1 55 5 4 35 3 25 The minimum number of lines required
28 ® 1 B @& & & A to pass through all the ones of the
317 4 = 37 27 4 1 37 .
matrix is 8.
411 9 10 =« 1 9 8 10
5(55 55 45 2 o« 1 5 45 T EERNETE ™
66 4 25 55 = 55 45 1 (« [[] 5 5 4 35 3 25) 55
7033 37 4 33 3 4 = f -‘-‘m-"m”**“’“
3 4 r 37 27 4 1 3.7 4
810 10 10 10 6 3 1 o) s65 9 10 o [0 9 8 1w/ 10
$132 55 45 2 = [i] s 45| ss5
6 (35 4 25 1] 55 = 55 45| 55
7019 37 4 33 3 8 = [O]| 4
8158 10 10 10 6 3 E[ | 10
ROW REDUCTION Max 65 10 10 10 8 9 § 7

1 2 3 4 5 6 7

i(w 1| 54 5 4] 34 3| 29

2135 « 1| 8 8| 4 8 7

3| 43243 5 B 4 7§

465 9 1d o 8 1 |

o s N [t (s R 1o 1 55 5 4 35 3 25)

635 4 24 1| 59 o 5§ 44 235 » 1 8 8 4 6 7

7119 31 4| 33 3| 4 o 1 301 4 o« 37 27 4 1 37

8lss 10 1q 14 6| 3 1| o) 465 9 10 « 1 9 8 10
5(32 55 45 2 = 1 5 45

COLUMN REDUCTION 6/35 4 25 1 55 « 55 45
7019 37 4 33 3 4 = 1
8(58 10 10 10 3 1 =)
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By using Step 5,

. We select max number from matrix for
minimization problem and write it to

right as well as bottom side.

. In column 7 contain more than one

ones, so we will give it last priority.

. To assign ones from matrix select min

number from columns (bottom side). So

CONCLUSION

In this paper, a new revised method was
introduced to assign ones directly and
for solving assignment problem. This
method can be used for maximize as
well as minimized objective functions
of Assignment problem. The new
method is based on creating some ones

in the assignment matrix, and finds an

assignment in terms of the ones.
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