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Abstract 

The assignment problem (AP) is a particular case of the transportation problem, in 

which the objective is to assign a number of resources to an equal number of 

activities at an overall minimum cost (or overall maximum profit). It has great 

implication in the real physical world. In 2012, Hadi Basirzadeh introduced a new 

approach to APs namely, Ones Assignment Method, for solving a wide range of 

such problems. This method is based on creating ones in the assignment matrix 

and then tries to find a complete assignment to these ones. In 2013, Ghadle K.P. 

and Muley Y.M. presented a new method namely, Revised Ones Assignment 

(ROA) method for solving wide range of APs, which is different from the 

preceding method. This method is also based on creating some ones in the 

assignment matrix and then tries to achieve exact optimal assignment, which is 

same as that of Hungarian method, in terms of ones. In 2014, M. Khalid et al. [7] 

introduced the New Improved Ones Assignment (NIOA) method, which 

overcomes the drawbacks of older algorithms and outperforms them by a 

considerable margin. In this paper, we have tried to reveal that the presented ROA 

method as well as the NIOA method for solving APs do not present optimal 

solution at all times. We give examples of the AP where the ROA and the NIOA  
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methods fail to find their optimal solution. Also, a new set of rules, called ME 

rules, for covering all the 1s in a resultant assignment matrix by drawing 

minimum number of lines and also for testing the conditions for the achievement 

of a complete assignment are presented in this paper. 

 

Keywords: Assignment problem, Ones Assignment Method, Revised Ones 

Assignment Method (ROA), New Improved Ones Assignment Method (NIOA), 

ME Rules  

  

1 Introduction 
 

The assignment problem is one of the most essential applications in the real world 

and it is a special class of linear programming in which the objective is to assign n 

number of jobs to n number of persons or machines at an overall minimum cost / 

maximum profit. Assignment may be jobs to persons, operators to machines, 

drivers to trucks, trucks to delivery routes, classes to rooms, or problems to 

research teams, etc. There are various ways to solve the AP. A well known 

solution procedure is defined by H.W. Kuhn [3] in 1955 named as Hungarian 

assignment method (HAM). This iterative method is based on add or subtract a 

constant to every element of a row or column of the cost matrix, in a minimization 

model and create some zeros in the given cost matrix and then try to find a 

complete assignment in terms of zeros. In the recent years considerable numbers 

of methods have been published by several researchers to find the optimal 

solution for APs.  

In 2012, Hadi Basirzadeh [2] introduced a new approach to APs namely, 

Ones Assignment Method for solving a wide range of such problems. In the 

process of this method, we first define the assignment matrix, then by using 

determinant representation we obtain a reduced matrix which has at least one 1 in 

each row and column. Then by using the Ones Assignment Method, we obtain an 

optimal solution for AP by assigning 1s to each row and each column. This 

method is based on creating some 1s in the assignment matrix and then finding a 

complete assignment in terms of these 1s. This method can be applied only when 

all the entries of the cost matrix are nonzero.  

In 2013, Ghadle K.P. and Muley Y.M. [5] presented a new method 

namely, Revised Ones Assignment (ROA) method for solving wide range of APs, 

which is different from the Ones Assignment Method. This method is also based 

on creating some 1s in the assignment matrix and then tries to find a complete 

assignment in terms of 1s.  

In February 2014, M.D.H. Gamal [6] had brought out some drawbacks in 

the Ones Assignment Method, due to Hadi Basirzadeh [2], and gave a remedial 

strategy to overcome the case when the entries of the cost matrix are zeros. The 

author also gave examples of the APs where the Ones Assignment Method fails to 

find their optimal solution.    

In May 2014, M. Khalid et al. [6] introduced the New Improved Ones 

Assignment (NIOA) method, which leads to brief computation time comparative-  
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ly and will attain an exact optimal solution. Besides, this improved version will 

overcome the drawbacks as indicated by M.D.H. Gamal [7].   

In 2015, K. Ghadle and et al.[4] proposed a hybrid method to solve AP 

which is combination of Ones Assignment Method and Stepping Stone Method. 

This gives optimal solution within few steps.  

In this paper, we have tried to reveal that the presented ROA method and 

the NIOA method for solving APs do not present optimal solution at all times. We 

give examples of the AP where both the methods fail to find their optimal 

solution. 

The paper is organized as follows: In Section 1, brief introduction is given. 

In Section 2, the existing algorithms of the Revised Ones Assignment Method and 

the New Improved Ones Assignment method are presented. In Section 3, new set 

of rules for covering all the 1s in a resultant matrix by using minimum number of 

lines and the test for optimality condition for a complete assignment are 

presented. In Section 4, two benchmark problems from the literature have been 

illustrated and showed that these methods fail to get an optimal solution. Finally, 

in Section 4 conclusions are drawn.  
 

2 Existing Algorithms 

This section presents the existing algorithms of the Revised Ones Assignment 

(ROA) method, due to Ghadle and Muley [4], and the New Improved Ones 

Assignment (NIOA) method, due to M. Khalid et al. [7], to solve the AP in which 

the objective function can be minimized or maximized.  
 

2.1 Revised Ones Assignment Method (ROA)  

The readers may refer [5] for detailed explanation of the ROA method. 
 

2.2 New Improved Ones Assignment Method (NIOA)  

For details of NIOA method, the readers may refer [7]. 

3 ME Rules for Covering all the 1s by Lines (The word ME is coined 

from the first letter of the names of the authors Murugesan and Esakkiammal):  

In this section, we present a new set of rules, called ME rules, of how to draw the 

minimum number of horizontal and vertical lines to cover all the 1s of a resultant 

matrix and also the conditions for a complete assignment. In Step 3 of the ROA 

algorithm and Step 4 of the NIOA algorithm (and of any other ones assignment 

algorithm), to cover all the 1s entries by drawing minimum number of horizontal 

and vertical lines and thereby to obtain a complete assignment plan, the following 

rules may also be used: 

Rule 1: To draw Minimum number of Lines to cover all 1s 

a) Row-wise assignment 
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(i) Look at the rows successively from first to last until a row with exactly 

one 1 entry is found.  

(ii) Make an assignment to this single 1 entry by creating a circle or square 

around it. 

(iii) Draw a vertical line passing through that 1 entry.  

(iv) Continue in this way until all the rows have been scrutinized. 

(v) After scrutinizing the last row, check whether all the 1s are covered 

with the drawn lines. If yes, go to Rule (2); otherwise, do column-wise 

assignment.   

b) Column-wise assignment 

(i) Look at the columns successively from first to last until a column 

with exactly one unassigned 1 entry is found.  

(ii) Make an assignment to this single 1 entry by creating a circle or a 

square around it.  

(iii) Draw a horizontal line passing through that 1 entry.  

(iv) Continue in this way until all the columns have been scrutinized. 

(v) After scrutinizing the last column, check whether all the 1s are 

covered with the overall drawn lines. If yes, go to Rule (2); 

otherwise, do row-wise and column-wise assignments, if possible. 

Then go to Rule (2) 

Note: By a complete assignment for a square cost matrix of order n, we mean an 

assignment plan or program or policy containing exactly n assigned independent 

1s, one in each row and one in each column. A complete assignment plan for an 

AP is said to be achieved if the following two conditions are satisfied: (a) 

Minimum number of lines drawn must be exactly equal to n, the order of the 

assignment matrix. (b) Each row and each column of the assignment matrix must 

have a unique ones assignment.  

Rule 2: To test the condition for a complete assignment. Test whether the 

conditions for complete assignment is achieved. If yes, write the complete 

assignment plan and compute the corresponding overall cost (or profit); 

otherwise, 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 row(s) or column(s), which dij lies on it. If tie occurs in selecting dij, 

then select the one corresponding to the least original cost for obtaining better 

assignment plan. If tie occurs still, then the select the cell at random. This 

operation creates some new ones to this row or column and hence a revised RCM 

is obtained. Then, go to Rule 1. 

If the conditions for a complete assignment are not satisfied through the 

above said two rues, then apply rule 3. 
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Rule 3: After performing the row-wise assignment and column-wise assignment 

completely as far as possible in the revised RCM, if more than one 1s are present 

in certain rows and columns, then 

(i) Select any one 1 entry arbitrarily and make an assignment to that 1 entry 

by creating a circle or square around it. 

(ii) Draw a horizontal line through the row of the assigned 1 entry and put an 

X mark on all the remaining 1s on the column of that assigned 1 entry. 

(Or) Draw a vertical line through the column of the assigned 1 entry and 

put an X mark on all the remaining 1s on the row of that assigned 1 entry.   
(iii)  Repeat (i) and (ii) until the conditions for a complete assignment are 

satisfied. 

Such a situation creates an alternative assignment plan to the given AP.  

4 Numerical Examples 

In this section, by means of two assignment problems, we will show that the 

Revised Ones Assignment (ROA) method and the New Improved Ones 

Assignment (NIOA) fail to get an optimal solution. 

Example 1: Consider the minimization assignment problem with the 4 × 4 

cost matrix, referred from M.D.H. Gamal [6] and M. Khalid et al. [7], as 

shown in Table 1.  

Table 1: The given Balanced Minimization AP  
 

      Jobs 

   J1 

J2 

J3 

J4 

M1 M2 M3 M4 

4 5 2 5 

3 1 1 4 

13 1 7 4 

12 6 5 9 
 

SOLUTION BY THE ROA METHOD: By applying the steps of ROA 

method, the created new assignment matrix with some ones in it and the 

resulting assignment plan is shown in Table 2.  

Table 2: The assignment matrix with the assignment plan due to ROA for 

Example 1  
 

Jobs 

   J1 

J2 

J3 

J4 

M1 M2 M3 M4 Max. 

1* 2.5 1 1.4 2.5 

2.5 1 1* 2.2 2.2 

6.5 1* 7 2.2 7 

1.2 1.2 1 1* 1.2 

Max. 6.5 2.5 7 2.2  

Rank order 3 2 4 1 

Assignment order 2 4 3 1 
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The locations of the starred 1s give an assignment plan to the AP shown in 

Table 1. The corresponding unique assignment plan is (J1, M1), (J2, M3), (J3, 

M2), (J4, M4) with the overall cost Z = 4 + 1 + 1 + 9 = $15. Unfortunately, this is 

not an optimal assignment plan to the given AP.  

BY APPLYING THE ME RULES: By applying the ME rules on the 

created new assignment matrix shown in Table 2, one can get the following 

two assignment plans: (J1, M1), (J2, M3), (J3, M2), (J4, M4) with the 

overall cost Z = 4 + 1 + 1 + 9 = $15 and (J1, M3), (J2, M1), (J3, M2), (J4, 

M4) with the overall cost Z = 2 + 3 + 1 + 9 = $15. 

SOLUTION BY THE NIOA METHOD: By applying the steps of NIOA 

method, the finally created assignment matrix and the resulting assignment 

plan are shown in Table 3. 

 

Table 3: The assignment matrix with the assignment plan due to NIOA for 

Example 1   
 

Jobs 

   J1 

J2 

J3 

J4 

M1 M2 M3 M4 

1* 5 1 15/7 

1 2 1* 15/7 

13/4 1* 7/2 1 

5/3 8/3 1 1* 
 

 

The NIOA method produces the following two assignment plans: (J1, 

M1), (J2, M3), (J3, M2), (J4, M4) with the overall cost Z = 4 + 1 + 1 + 9 = $15 

and (J1, M3), (J2, M1), (J3, M2), (J4, M4) with the overall cost Z = 2 + 3 + 1 + 9 

= $15. Unluckily, these are not an optimal assignment plans to the given AP.  

BY APPLYING THE ME RULES: By applying the ME rules on the 

finally created assignment matrix shown in Table 3, one can get the 

following two assignment plans: (J1, M1), (J2, M3), (J3, M2), (J4, M4) with 

the overall cost Z = 4 + 1 + 1 + 9 = $15 and (J1, M3), (J2, M1), (J3, M2), 

(J4, M4) with the overall cost Z = 2 + 3 + 1 + 9 = $15. 

SOLUTION BY THE HAM: The three optimal assignment plans found by 

Hungarian assignment method (HAM) are shown below. Optimal Plan-I: (J1, 

M4), (J2, M1), (J3, M2), (J4, M3) with Z = 5 + 3 + 1 + 5 = $14. Optimal Plan-II: 

(J1, M1), (J2, M4), (J3, M2), (J4, M3) with Z = 4 + 4+ 1 + 5 = $14. Optimal Plan-

III: (J1, M1), (J2, M2), (J3, M4), (J4, M3) with Z = 4 + 1 + 4 + 5 = $14.  

Example 2: Consider the minimization unbalanced assignment problem 

with the 6 × 4 cost matrix, referred from Anju Khandelwal1 [1], as shown in 

Table 4. 
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Table 4: The given Unbalanced Minimization AP  
 

      Jobs 

   J1 

J2 

J3 

J4 

J5 

J6 

M1 M2 M3 M4 

6 5 1 6 

2 5 3 7 

3 7 2 8 

7 7 5 9 

12 8 8 6 

6 9 5 10 
 

 

SOLUTION BY THE ROA METHOD: By applying the steps of ROA 

method, the created new assignment matrix with some ones in it and the 

resulting assignment plan is shown in Table 5.  

 

Table 5: The assignment matrix with the assignment plan for Example 2  
 

Jobs 

   J1 

J2 

J3 

J4 

J5 

J6 

M1 M2 M3 M4 M5 M6 Max. 

6 1 1* 1. 1 1 6 

1* 1 3 1.17 1 1 3 

1.08 1* 1.43 1 1 1 1.13 

3.50 1.33 5 1.13 1* 1 3.50 

6 1.52 8 1* 1 1 8 

3 1.71 5 1.67 1 1* 5 

Max. 6 1.71 8 1.67 1 1  

Rank order 5 4 6 3 2 1 

Assignment order 2 3 1 4 6 5 
 

 

The locations of the starred 1s give an assignment plan to the AP shown in 

Table 4. The corresponding unique assignment plan is (J1, M3), (J2, M1), (J3, 

M2), (J5, M4) with the overall profit Z = 1 + 2 + 7 + 6 = $16. Unluckily, this is 

not an optimal assignment plan. 

BY APPLYING THE ME RULES: By applying the ME rules on the 

created new assignment matrix shown in Table 5, one can get the following 

two assignment plans: (J1, M3), (J2, M1), (J3, M2), (J5, M4) with the 

overall cost Z = 1 + 2 + 7 + 6 = $16 and (J1, M3), (J2, M1), (J4, M2), (J5, 

M4) with the overall cost Z = 1 + 2 + 7 + 6 = $16. 

SOLUTION BY THE NIOA METHOD: By applying the steps of NIOA 

method, the finally created assignment matrix and the resulting assignment 

plan due to NIOA are shown in Table 6. 
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Table 6: The assignment matrix with the assignment plan due to NIOA for 

Example 2 
 

Jobs 

   J1 

J2 

J3 

J4 

J5 

J6 

M1 M2 M3 M4 M5 M6 

3 1 1* 1. 1 1 

1* 1 3 1.17 1 1 

1.50 1* 2 1.33 1 1 

3.50 1 5 1.5 1* 1 

6 1.60 8 1* 1 1 

3 1.80 5 1.67 1 1* 

  

The NIOA method generates the following unique assignment plans: (J1, 

M3), (J2, M1), (J3, M2), (J5, M4) with the overall cost Z = 1 + 2 + 7 + 6 = $16. 

Fatefully, these are not an optimal assignment plans.  

BY APPLYING THE ME RULES:  By applying the ME rules on the 

finally created assignment matrix shown in Table 6, one can get the 

following two assignment plans: (J1, M3), (J2, M1), (J3, M2), (J5, M4) with 

the overall cost Z = 1 + 2 + 7 + 6 = $16 and (J1, M3), (J2, M1), (J4, M2), 

(J5, M4) with the overall cost Z = 1 + 2 + 7 + 6 = $16. 

SOLUTION BY THE HAM: The unique optimal assignment plan found by 

Hungarian assignment method (HAM) is (J1, M3), (J2, M2), (J3, M1), (J5, M4) 

with the overall minimum cost Z = 1 + 5 + 3 + 6 = $15. 

5 Conclusions 

We have showed by some examples that the assignment plans generated by the 

Revised Ones Assignment (ROA) method as well as the New Improved Ones 

Assignment (NIOA) method create a haphazard situation and hence if those who 

are trading with logistics and supply chain problems follows the ROA and the 

NIOA methods in their decision making, they will increase the overall cost (or 

decrease the overall profit) only. Hence, it is not intelligent to depend on the 

assignment plans found by them.   
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