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Abstract 
In this paper, we took a survey about the assignment problem. An assignment Problem is an excellent 
area of Linear Programming Problem, behind which the purpose is playing down the complete price tag, 
time, job scheduling, etc. Here we have the least cost method to solve assignment problems, after which 
we have compared the obtained outcome with presently used methods, only to understand the rule by 
which we have solved numerical examples in which the first is balanced and the second is unbalanced. 
In addition, we have used an excel solver to resolve our assignment problems. 
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Introduction 
We often encounter situations where we need to assign n workers to n jobs. All n workers can 
run all jobs but at different costs. Our task is thus to find the simple task which provides 
maximum efficiency and minimum costs. Activities to students, subjects to teachers, pizza 
delivery drivers to different routes, vendors of various regions, jobs to machines, products to 
factories, research problems to groups, vehicles, drivers to different Assign to root, etc. This 
kind of problem is called an assignment problem. 
An efficient method was developed by [5] to find the best solution for a problem without 
directly comparing each solution. This method was called the Hungarian method. This method 
allowed me to reduce the cost matrix to have at least one zero in every row and column. 
Therefore, an optimal matching with zero opportunity cost is possible. However, [6] developed 
a computational approach that exploits the duality effectively. He also found that a mapping 
problem has optimality only if the mapping problem is complete after all possible 
transmissions [10]. Examined the attribution of workers to jobs in economies with adjustment 
frictions. It was the done by matching disparate workers to disparate jobs. He explained that 
the model is in equilibrium and needs to be extended to a dynamic framework when viewed in 
quantitative series [8]. Used constraint programming and artificial intelligence to provide a new 
solution that the bridges the gap between the need for high-quality matches and the need for 
which timeless matches. In his paper on transport problems [7], he developed a new alternative 
method for optimally solving the assignment problem. He developed an algorithm for this and 
used numerical examples to prove that his method yielded results similar to the Hungarian one, 
but with fewer steps and easier. In their work [11], he used a novel fuzzy assignment problem 
to model driver characteristics related to route selection [4]. Tackled the geometry of the 
simplex method and applied it to the assignment problem. In their study, the Hungarian and 
Gale-Shapely algorithms were implemented in MATLAB and the preference matrix from an 
Excel file was taken as input, yielding optimal and stable results [13]. Worked on an extension 
of the parallel auction algorithm proposed by [1]. Her research focused on the availability of 
local information that always converges to the mapping problem and when utility is to 
maximized within a linear approximation to the optimum. In [9], the quadratic mapping 
problem he considered to model the local Problems of the logistics by considering the cost of 
placing a new item in a particular location and the interactions between all item. He also 
explained that the Heuristics, branch-and-bound methods and the perfect enumeration methods 
can be used to solve quadratic imputations [3]. Applied the Hungarian algorithm to baseball 
team selection. They achieved this by matching the best players for each position on the pitch 
to create the optimal team [14-20]. 
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Mathematical Formulation of Assignment Problem 

To minimize the overall cost or time of a job assignment, 

consider assigning resources and task sequencing so that each 

source can be associated with only one job. The effectiveness 

matrix is given as under: 

 

Table 1: Denote the assignment of facility.  
 

 Activity Offered 

R
es

o
u
rc

e 

 L1 L2 ⋯ L2 1 

K1 T11 T12 ⋯ T1n 1 

K2 T21 T22 ⋯ T2n 1 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 
K3 T31 T32 ⋯ Tmn 1 

Required  1 1 ⋯ 1  

 

Let 𝑥𝑖𝑗  denote the assignment of facility i to j such that 

 

𝑥𝑖𝑗 = {
1 𝑖𝑓 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖 𝑖𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑗𝑜𝑏 𝑗
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  

 

Then, the mathematical model of the assignment problem can 

be stated as: 

 

Min 𝑍 = ∑ ∑ 𝑇𝑖𝑗
𝑛
𝑗=1 𝑥𝑖𝑗

𝑛
𝑖=1  

 

Subject to the constraints 
∑ 𝑥𝑖𝑗

𝑛
𝑗=1 = 1 for all i (recourse availability). 

∑ 𝑥𝑖𝑗
𝑚
𝑖=1 = 1 for all j (activity requirement). 

and 𝑥𝑖𝑗 = 0 𝑜𝑟 1 for all i and j. 

Where 𝑇𝑖𝑗 represents the cost/time of assignment of recourse 

i to activity j. 

 

Least cost method 

Step 1: Firstly, we checked given assignment problem is 

balanced or not. If problem is unbalanced so firstly, we have 

change given assignment into balanced assignment problem 

by adding dummy row/column.  

 

Step 2: Assign unit value for each row and column  

 

Step 3: Select lowest value of entire assignment and allocate 

assign value one eliminating respective row and column.  

 

Step 4: After adjusting the supply and demand for all 

uncrossed out rows and column repeat the procedure with 

next lowest value and repeat this procedure until the entire 

available supply at various and demand at various 

destination. 

 

Step 5: Assign 𝑢𝑖 and 𝑣𝑗 to represent the rows and columns 

in given matrix. 

 

Step 6: we evaluate 𝑑𝑖𝑗 = 𝑇𝑖𝑗 − (𝑢𝑖 + 𝑣𝑗) for vacant cells. 

 

Step 7: Testing for 𝑑𝑖𝑗 

a) If 𝑑𝑖𝑗 > 0, then current cell basic feasible solution is 

optimal and stop processing. 

b) If 𝑑𝑖𝑗 = 0 then alternative solution is existing, with 

different set allocation and same value. 

c) If 𝑑𝑖𝑗 < 0 then the given solution is not an optimal 

solution and further improvement in the solution is 

possible. 

 

Select the vacant cell with the largest negative value of 𝑑𝑖𝑗, 

and included in the next solution. 

 

Step 8: Make a closed path from the vacant cell (which was 

selected in previous step). The right angle turn in this path is 

allowed only the filled cells and at the original vacant cell. 

Assign + and – sign alternatively at each corner, starting from 

the original vacant cell and follows following steps 

1. Select the lowest value from cells those are assigned – 

sign on the closed path. 

2. Assign this value to selected vacant cell. 

3. Add this value to another filled cell which is marked by 

+ sign. 

4. And subtract this value to other filled cells marked by – 

sign.  

 

Step 9: Repeat steps 4 to Step 7 until optimal solution is not 

obtained. This processor stops when all 𝑑𝑖𝑗 ≥ 0 for 

unoccupied cells. 

 

Numerical problem 

To illustrate our method here, I am going to take following 

two numerical examples. 

 

Problem 1 (Balanced Assignment Problem): A department 

has five employees who perform five tasks. The time (in 

hours) it takes for each person to perform each task is given 

in the effectiveness matrix. 

 

Table 2: Showing Balanced Assignment 
 

 I II III IV V 

A 10 5 13 15 16 

B 3 9 18 13 6 

C 10 7 2 2 2 

D 7 11 9 7 12 

E 7 9 10 4 12 

 

Solution 1: By Least Cost Method: After Applying Least 

Cost Method, we obtained optimal solution as follows: 

 

Table 3: Least Cost Method, we obtained optimal solution 
 

 I II III IV V  

A 10 
1 

5 
13 15 16 1 

B 
1 

3 
9 18 13 6 1 

C 10 7 2 2 
1 

2 
1 

D 
0 

7 
0 

11 
1 

9 
0 

7 
0 

12 
1 

E 7 9 10 
1 

4 
12 1 

 1 1 1 1 1  

 

From Table 2. We obtained the optimal solution i.e. employee 

take minimum time duration 23 hours to finish their task with 

the following allocation of work: 

I = 3  II = 5  III = 9  IV = 4  V = 2 

 

By Hungarian method: After applying Hungarian Method, 

we obtained the optimal solution as follows: 
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Table 4: Showing Hungarian Method, we obtained the 

optimal solution 
 

 I II III IV V 

A 7 0 8 12 11 

B 0 4 13 10 1 

C 10 5 0 2 0 

D 0 2 0 0 3 

E 3 3 4 0 6 

From Table 3. We obtained the optimal solution i.e. employee 

take minimum time duration 23 hours to finish their task with 

the following allocations work: 

 

I = 3  II = 5  III = 9  IV = 4  V = 2 

 

By Excel Solver: After applying Excel Solver, we obtained 

the optimal solution as follows:

 
 

Image 1: Showing optimal solution i.e. employee take minimum time duration 

 

From Image 1. We obtained the optimal solution i.e. 

employee take minimum time duration 23 hours to finish 

their task with the following allocations work: 

I = 3  II = 5  III = 9  IV = 4  V = 2 

 

After Least Cost Method, Hungarian method and Excel 

Solver, we obtained the best time for the work assigned to the 

employee with the appropriate time (in hours) as follows: 

 

Table 5: Least Cost Method, Hungarian method and Excel 

Solver 
 

S. No. Name of Method Obtained Allocation Obtained Result 

1. Least Cost Method 
I = 3; II = 5; III = 9; 

IV = 4; V = 2 
23 

2. Hungarian Method 
I = 3; II = 5; III = 9; 

IV = 4; V = 2 
23 

3. Excel Solver 
I = 3; II = 5; III = 9; 

IV = 4; V = 2 
23 

 

Problem 2 (Unbalanced Assignment Problem): There are 

five typists in a company who are employed on an hourly rate 

basis. Their speeds and charges vary. It was earlier 

understood that each typist was assigned only one job, and he 

was paid for a full hour regardless of how much time he spent 

working. 

Table 6: Showing optimal solution i.e. firm pay 
 

 P Q R S T 

A 9 11 15 10 11 

B 12 9 10 10 9 

C 4 11 14 11 7 

D 14 8 12 7 8 

 

Solution 2: By Least Cost Method: After Applying Least 

Cost Method, we obtained optimal solution as follows:  
 

Table 7: After Applying Least Cost Method.  
 

 P Q R S T  

A 9 
0 

11 
15 

0 

10 
1 

11 
1 

B 12 
1 

9 
0 

10 
10 9 1 

C 
1 

4 
11 14 11 

0 

7 
1 

D 14 8 12 
1 

7 
8 1 

E 0 0 
1 
0 

0 0 1 

 1 1 1 1 1  

 

From Table 5. We obtained the optimal solution i.e. firm pay 

Rs 31 minimum cost (In hundred) with the following work to 

their employee allocation of work: 
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P = 4  Q = 9  R = 0  S = 7  T = 11  
 

By Hungarian Method: After applying Hungarian Method, 

we obtained the optimal solution as follows: 
 

Table 8: Showing Hungarian Method, we obtained the 

optimal solution.  
 

 P Q R S T 

A 0 0 4 0 0 

B 5 0 1 2 0 

C 0 5 8 6 1 

D 8 0 4 0 0 

E 2 0 0 1 0 

From Table 6. We obtained the optimal solution i.e. firm pay 

Rs 31 minimum cost (In hundred) with the following work to 

their employee allocation of work: 

 

P = 4  Q = 9  R = 0  S = 7  T = 11 

 

By Excel Solver: After applying Excel Solver, we obtained 

the optimal solution as follows:

 
 

Image 2: Showing the Excel Solver, we obtained the optimal solution 

 

From Image 2 We obtained the optimal solution i.e. firm pay 

Rs 31 minimum cost (In hundred) with the following work to 

their employee allocation of work: 

 

P = 4  Q = 9  R = 0  S = 7  T = 11 

 

After Least Cost Method, Hungarian method and Excel 

Solver, we obtained the best cost for the work assigned to the 

employee with the labor cost as follows: 

 

Table 9: Least Cost Method and again compared the optimal 

result 
 

S. 

No. 

Name of 

Method 
Obtained Allocation 

Obtained 

Result 

1. 
Least Cost 

Method 
P = 4; Q = 9; R = 0; S = 7; T = 11 31 

2. 
Hungarian 

Method 
P = 4; Q = 9; R = 0; S = 7; T = 11 31 

3. Excel Solver P = 4; Q = 9; R = 0; S = 7; T = 11 31 

Conclusion 

In this article, we have studied the assignment problem using 

the Least Cost Method and again compared the optimal result 

with an existing method, namely the Hungarian method and 

excel solver. After these studies, we found that the first and 

second numerical example yielded the same optimal solution, 

with the same task assignment. In other words, even the Least 

Cost Method will generate more than one job assignment for 

the same problem. On the other hand, we concluded that 

while solving a balanced or unbalance assignment problem, 

solve manually or by using excel solver in both the cases we 

obtained the same optimal solution and with same jobs 

allocation. 
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