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Abstract 

In this paper, a new method is employed to solve the assignment problem namely, deviation 
assignment method and compared the results with the existing Hungarian method. Also, some 
of the special cases, variants and applications of the assignment problem have been 
discussed. In addition, this method solves multi-objective assignment problem and with a 
numerical example its optimality is verified. 
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I.INTRODUCTION 

The objective of the assignment problem is to assign a number of resources to an equal 
number of activities on a one to one basis so as to minimize/ maximize the total costs of 
performing the tasks or total profit of allocation respectively. Different methods have been 
presented to solve assignment problem by Goel and Mittal [3], Bazarra et al. [1] and Hamdy 
[5]. Many authors have been so far presented various number of methods for solving 
assignment problem in which, the best known, most widely used, is the “Hungarian Method”, 
originally suggested by Kuhn in 1955. In the literature, there are mainly four methods - 
Enumeration Method, Simplex Method, Transportation Method and Hungarian Method for 
solving Assignment Problem. Recently, Shweta singhet al.[8] introduced a new approach to 
assignment problem namely, matrix ones assignment method or MOA –method. But here, we 
introduce a new method, which gives the same cost compared to Hungarian method. Also 
some of the variations and some special cases in assignment problem and their applications 
have been discussed. Further, A new approach to study the multi-objective assignment 
problem was discussed by Chiao-Pin Bao, et al.[2] and Multi-objective integer programming: 
An improved recursive algorithm by MelihOzlenet al.[7]. HadiBasirzadehet al.[4] proposed a 
quick method to calculate the super-efficient point in multi-objective assignment problems. 
Multi-Objective Optimization of Time-Cost-Quality Using Hungarian Algorithm was 
proposed by VentepakaYadaiah [9]. Sophia Porchelvi R. and Anna Sheela A, [10] introduced 
a Diversified Approach for Solving an Assignment Problem. Here, we use deviation method 
to solve multi-objective assignment problem. The Paper is organized as follows: The Section 
2 gives the approach of the assignment model  and  the chart of the various methods of  the 
assignment problem . Also, for finding the assignment problem, a new method namely cost 
Deviation method is proposed by the solution procedure followed by the numerical example 
and compared it graphically. In Addition, Variations of the Assignment problem, special 
cases of assignment problem and its formulation is explained. Finally in section 3, multi-
objective assignment problem is discussed and found the optimal assignment cost with the 
help of deviation method. 
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II.APPROACH OF THE ASSIGNMENT MODEL 
 
Consider a problem of assigning n resources to m activities so as to minimize the overall cost 
or time with the condition that each resource be associated with one and only one job. The 
cost matrix (Cij) is given as: 
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Rn Cn1 Cn2 ………. Cnn 1 
Required 1 1 ………. 1  

 
Let xij denote the assignment of ith resource to jth activity, such that  
 
    1  ; if resource i is assigned to activity j 
 xij =  0  ; otherwise  
 
Then the mathematical interpretation of the assignment problems is 
Minimize z =∑ ∑ 𝑐 𝑥  
Subject to the constraints  
∑ 𝑥 =  1, and ∑ 𝑥 =  1, 𝑥 = 0 𝑜𝑟 1, for all i = 1,2,……m  & j = 1,2,……n. 

2.1 Methods of Assignment Problem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The different methods for solving an assignment problem 
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2.2 Cost Deviation Method 
Cost/Time deviation method is used to obtain the optimal allocation for the assignment 
problem. In this method, cost duration table is calculated for each job in the row and column 
wise. 

 Minimum cost durations of the row minus the cost durations of the cells gives the 
row deviation of the cells. 

𝑏 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ), 
       𝑏 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ), 
          . 
          .      (2.1) 
          . 
       𝑏 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ) 
Where 𝑏 , 𝑏 , … , 𝑏 are   the minimum cost deviation of the corresponding rows and 
𝑎 , 𝑎 , … , 𝑎 is the minimum costs of the corresponding rows respectively. 

 Minimum cost durations of the column minus the cost durations of the cells gives the 
column deviation of the cells. 

𝑐 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ), 
       𝑐 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ), 
         . 
         .       (2.2) 
         . 
       𝑐 =  𝑎 − (𝑎 , 𝑎 , … , 𝑎 ) 
Where  𝑐 , 𝑐 , … , 𝑐   represents the minimum costs deviation of the columns and 
𝑎 , 𝑎 , … , 𝑎 is the minimum costs of the corresponding columns respectively. 

2.3 Solution Procedure 
This method presented in this section is different from the preceding methods.We call it as ̔ 
Deviation Method ҆. The various steps of the procedure are as follows: 

Step 1: Determine the cost table from the given problem. 
(i) If the number of rows/sources is equal to the number of columns/destinations, 

then proceed to step 3. 
(ii) If the number of rows/sources is not equal to the number of 

columns/destinations, then proceed to step 2. 
Step 2: Add a Dummy row/source or dummy column/destination, by making the cost table 

as a square matrix and by considering the cost entries of dummy source/ 
destinations are always zero. Go to Step 3. 

Step 3: Calculate the deviation of the rows and columns to assign the jobs. 
Step 4: Check the rows and columns with deviations as zero and allocate to that cost. If a 

tie occurs go to next Step. Otherwise, Move on to Step 6. 
Step 5:  If a tie occurs in the row/column, then allocate the cost arbitrarily so as to make 

the cost as optimized. Next, go to step 6. 
Step 6: Cross out the allocated rows and columns and repeat the procedure until an 

optimum solution is attained. 
2.3.1 Numerical Example 
Consider the following assignment problem. Assign the 5 jobs to 5 machines so as to 
minimize the total cost. 
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The cost deviation table will be calculated for the given problem according to the equations 
(2.1) and (2.2). The table is as follows 
 
 
 
 
 
 
 
 
 
 
 
Since job 1 of machine 2 , job 2 of machine 1 has both costs as zero , assign to that cell and 
cross out that corresponding rows and columns. Also, In job 3 the zero costs occurs in 
machine 3, machine 4 and machine 5, we allocate arbitrarily. In order to get the minimum 
cost, we allocate job 3 of machine 5. After crossing out the columns and rows, and 
proceeding from step 3, the following reduced matrix is given below 
 
 
 
 
Now, allocate to job 5 of machine 4 and to the remaining cell which is in job 4 of machine 3. 
Hence, the Assignment schedule is (1,2),(2,1), (3,5), (4,3) and (5,4) the Minimum cost is 
Rs.23/.We get the same cost by using Hungarian method. The Graphical representation is 
shown by comparing these methods. 
 
 
 
 
 
 
 
 
 
 
 

Jobs/Machines 1 2 3 4 5 

1 10 5 13 15 16 

2 3 9 18 13 6 

3 10 7 2 2 2 

4 7 11 9 7 12 

5 7 9 10 4 12 

Jobs/Machines 1 2 3 4 5 

1 (5,7) (0,0) (8,11) (10,13) (11,14) 

2 (0,0) (6,4) (15,16) (10,11) (3,4) 

3 (8,7) (5,2) (0,0) (0,0) (0,0) 

4 (0,4) (4,6) (2,7) (0,5) (5,10) 

5 (3,4) (5,4) (6,8) (0,2) (8,10) 

Jobs/Machines 3 4 
4 (2,0) (0,3) 
5 (6,1) (0,0) 
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2.4 Variations of The Assignment Problem 

Case (i) 
In order to maximize the objective function, the problem has to be changed to 
minimization by using the transformation in either of the following two ways: 

  a. by subtracting all the entries from the largest element of the matrix. 
  b. by multiplying the matrix elements by -1. 

Case (ii) 
Due to some technical space or other restrictions, the assignment problem of a certain 
facility to that specific job can’t be assigned. It can be solved by assigning a very heavy 
cost (infinite cost) to the corresponding cell. Such a job will then be automatically 
excluded from further consideration (making assignments). 

2.5 Special Cases in Assignment Problem and its Formulation 

Formulation of Traveling Salesman Problem (TSP) as an Assignment problem 
A traveling salesman has to visit n cities and return to the starting point. He has to start from 
any one city and visit each city only once. Suppose he starts from the kth city and the last city 
he visited is m. Let the cost of travel fromith city to jth city be cij. Then the objective function 
is Minimize Z= ∑ ∑ 𝑐 𝑥 . 
Subject to the constraints 
  ∑ 𝑥 =  1, and ∑ 𝑥 =  1, 𝑥 =  0 or 1, 
  for all i=  1,2,……n  & j = 1,2,……n 
2.5.1 Numerical Example 
Consider a four city TSP for which the cost between the city pairs are as shown in the figure 
below. Find the tour of the salesman so that the cost of travel is minimal. 
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The Cost deviation table will be calculated for the given problem according to the equations 
(2.1) and (2.2). The table is as follows. 

 
 
 
 
 
 
 
 
 
 

 
Here, salesman 1 visits city 3, salesman 2 visits city 4, salesman 3 visits city 2 and salesman 
4 visits city 1.Thus the optimum route is (1,3),(2,4), (3,2) and (4,1) and minimum cost is 
Rs.128. 

 

III. MULTI-OBJECTIVE ASSIGNMENT PROBLEM 
The problem can be mathematically stated as follows: 
Minimize∑ ∑ ∑ I X  
Subject to 

X =  1, q =  1,2, … , M, 

X =  1, p =  1,2, … , M 

X  =     
                1, If p is assigned to q

0, Otherwise
  

where In is an index representing the resource types, such as cost and time. 

A project is said to be accomplished if all M tasks are completed with acceptable level of 
quality. It is then expected that the project can be optimally assigned and managed efficiently 
so that resources employed can be minimized. An optimal assignment implies that the task is 
assigned to the most suitable doer, explicitly, the most capable or skillful doer, requiring the 
least resource. 

Salesman/Cities 1 2 3 4 

1 - 46 16 40 

2 41 - 50 40 

3 82 32 - 60 

4 40 40 36 - 

Salesman/Cities 1 2 3 4 

1 -  (0,0)  

2  -  (0,0) 

3  (0,0) -  

4 (4,0)   - 
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3.1 Solution Procedure 
Step 1: Consider “m” jobs on “n” machines costs given as a matrix which is an balanced  
assignment problem, where m = n . 
Step 2: Obtain the sum of cost, time, quality in each job of the assigned cost matrix and go 
to step 4. 
Step 3: If the total effectiveness of the matrix is to be maximized, change the sign of each 
cost element in the effectiveness matrix and go to Step 4. 
Step 4:  Calculate the deviation of the rows and columns to assign the jobs. 
Step 5: Check the rows and columns with deviations as zero and allocate to that cost. If a tie 

occurs go to next Step. Otherwise, Move on to Step 7. 
Step 6: If a tie occurs in the row/column, then allocate the cost arbitrarily so as to make the 

cost as optimized. Next, go to step 6. 
Step7: Cross out the allocated rows and columns and repeat the procedure until an optimum 

solution is attained. 
Step 8: List the assignment cost and combination corresponding to sub problem. 
Step 9: Add assignment cost of each sub problem to obtain the total assignment cost of the 

main problem, which shall be the optimal cost, and also rearrange the combinations. 
3.1.1 Numerical Example 
Consider the cost-time-quality minimizing assignment problem. The quality of the tasks 
completed is divided into different levels, in which level 1 is the best, and level 9 is the worst. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hence the reduced cost-time-quality table is as follows 
 
 
 

Jobs/Machines 1 2 3 4 

1 

9 7 4 6 <= Cij 

2 1 8 2 <=Tij 

1 1 1 5 <=Qij 

2 

12 5 5 8 

9 9 1 8 

7 5 5 9 

3 

9 9 9 11 

8 9 5 6 

1 7 5 7 

4 

2 7 11 8 

1 5 4 9 

1 3 5 3 
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Applying the Steps, we get the table as below 
 
 
 
 
 
 
 
 
 
 
 
Hence, the final optimal assignment of the problem is (1,2),(2,3),(3,4) and (4,1) . The 
optimum Assignment results in 25 units total project labor-time, 9 units overall project cost 
and 14 units quality level. 
 

IV. CONCLUSION 
In this paper, a new and simple method was elucidated for solving assignment problem and 
multi-objective assignment problem. This Deviation method can be used for all kinds of 
assignment problems, whether the objective function is to maximize or minimize. It gives the 
same optimum solution compared to existing Hungarian method.. 
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