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Abstract—Modern planning tools for the development and 

production process operate with schedules. The main 

disadvantage of scheduling is the difficulty in determining 

when to complete a task. The paper considers an approach that 

makes it possible to estimate the execution time of a task in the 

form of a fuzzy function, using the estimated representation of 

employees as input data. The procedure for calculating the 

time of a task is described, provided that several employees are 

assigned to it and the time required for their interaction is 

taken into account. The arising problem of the rational 

appointment of employees is proposed to be solved using a 

modification of the ant colony method 

Keywords—Fuzzy sets, assignment problem, ant colony 

method, work time  

I. INTRODUCTION 

The paper deals with the task of assessing the time of 

execution of individual tasks and work in general. Currently, 

the project manager himself determines the assessment of 

the execution time of the entire project and its individual 

stages based on his experience and understanding of the 

complexity of the work. [1,2] This approach is well suited 

for analogy projects. For innovative projects, determining 

the time to complete the work is difficult and usually relies 

on some expert assessments of the employees themselves. 

For example, agile methodology is used for software 

development [3-5]. 

When using employee assessments, there is a problem of 

inaccuracy in determining the time for completing a task by 

one specific employee. To solve this problem, it is proposed 

to use fuzzy sets. As a result of the survey, it is possible to 

construct a fuzzy set of task execution times for each 

employee. In this case, for each employee, several fuzzy sets 

can be assigned for each task that he can perform. [6-12] As 

a result, the problem arises of the rational assignment of 

employees to tasks in order to minimize the total time of the 

project. 

For the case when only one employee can be assigned to 

one task, the assignment problem is solved by dynamic 

programming methods, since it has a separable function and 

additive constraints. For optimization on a fuzzy set, a 

defuzzification procedure is used to obtain a specific value 

of the optimization criterion. 

If several employees can be assigned to one task, then 

the calculation of the task execution time cannot be 

performed by ordinary mathematical methods. [13] It is 

necessary to apply the procedure for generalizing fuzzy sets 

defined on different bearing sets, and take into account the 

time spent on interaction of employees. As a result, the 

solution to the problem of assigning employees is 

impossible using dynamic programming methods. The paper 

proposes the use of a modification of the ant colonies 

method to solve the assignment problem. 

II. GENERALIZATION OF FUZZY SETS 

The main problem in the generalization of fuzzy sets is 

in the various bearing sets and the operation of determining 

the resulting bearing set. So, to generalize the fuzzy sets 

describing the task execution time, the carrier set is not 

considered the task execution time, but the employee's 

productivity. To do this, calculate the reciprocal of the 

execution time and the corresponding value of the 

membership function for a fuzzy set. 

μi,j,𝑘 = 1 − νi,j,k;   (1) 

pi,j,k = 1 ti,j,k⁄ ;   (2) 

For two fuzzy employee productivity functions, the 

generalization operation is to find the value of the 

membership function for each value of the generalized 

employee productivity, calculated as the sum of the 

productivity of all employees assigned to this task. But due 

to the sum of two or more continuous numbers, the 

calculation of the value of the membership function that 

satisfies the generalization condition is almost impossible. 

μj(pj) = max
pj=∑ pi,ji∋Ij

(min
i

(μi,j(pi,j))) (3) 

To find the value of the membership function, it is 

proposed to consider the problem in a different form. It is 

proposed to sort out not the values of productivity (bearing 

set), but the values of the membership function and for each 

such value to determine the productivity of workers. [14,15] 

Such a statement is possible if the conditions of continuity 

and monotony of the membership functions of fuzzy 

productivity functions are met, which in most cases is 

performed. For formula (3), the maximum value is taken 

with the same values of the accessory functions. As a result, 
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the task of calculating a fuzzy function of a generalized 

membership function can be reduced to finding performance 

values when an employee performs a task for a certain value 

of the membership function. As a result, the procedure for 

generalizing membership functions can be represented as: 

μi1,j(pi,j) = μi2,j(pi,j) = max
pj=∑ pi,ji∋Ij

(min
i

(μi,j(pi,j))) =

μj(pj): ∀i1, i2;   (4) 

pj = ∑ pi,ji∋Ij
: μj(pj) = μi,j(pi,j), для ∀i ∋ Ij, ∀μj(pj) ∈

(0 . .1),   (5) 

After obtaining the generalized membership function, 

the fuzzy function of the task execution time by a group of 

employees is calculated. 

III. CALCULATION OF THE TIME TO COMPLETE THE WORK AND 

ACCOUNTING FOR EMPLOYEE INTERACTION 

After calculating the fuzzy function of the execution 

time of each task, you can calculate the execution time of 

the entire job or stage. First, you need to consider the 

interaction of workers assigned to one task. If we imagine 

the most suboptimal case of interaction, then it can be 

described by the phrase: "If you want to do well, do it 

yourself." In this case, a more experienced worker, i.e. an 

employee who does work faster teaches an inexperienced 

person to his conditional level. 

𝑡вз = 𝑚𝑎𝑥
𝑡

(𝜈𝑖1,𝑗(𝑡𝑖1,𝑗) − 𝜈𝑖2,𝑗(𝑡𝑖2,𝑗)) , для ∀ 𝑖1, 𝑖2 ∋ 𝐼𝑗  (6) 

If we consider all possible interactions between 

employees, then this time will greatly affect the total time to 

complete the task. Interaction between workers can be 

represented as a fully connected graph of interaction G (V, 

E), where V is the set of node corresponding to workers, and 

E is the set of arcs corresponding to interactions between 

them and determining the required time. In this graph, you 

can consider various paths, for example, the Hamiltonian 

path that determines the most optimal interaction along the 

chain. But the best solution assumes some organization of 

the process of working on the task and application, for 

example, a leader or team leader. Then it is worth 

considering arcs from the manager to other employees. It 

should be taken into account that the time for interaction 

between employees should be taken with a certain weighting 

coefficient k_вз from the interval (0; 1). But it is possible to 

specify the interaction of workers in the form of a fuzzy 

function. 

Further calculation of the work execution time is 

determined by the ability to manage the sequence of tasks. If 

there is a sequence of tasks: a schedule or a Gantt chart, then 

it is possible to use fuzzy task time functions to calculate the 

fuzzy time to complete work. At the same time, the 

interaction time of employees shifts the task execution time 

upward. A simpler approach is to defuzzify a fuzzy function 

and obtain a specific value for the task execution time. 

Among the many defuzzification algorithms, it is 

recommended to use different a-levels. If you do not have a 

specific task sequence, for example with SCRUM Sprint, 

you can determine the maximum time to complete tasks or 

optimize assignments until certain limits on the Sprint time 

are reached. 

As a result, the entire algorithm for working with fuzzy 

sets is shown in Figure 1. It should be noted that this 

algorithm can only work if there is information about the 

assignment of employees to tasks, i.e. either jointly with the 

manager deciding this issue or using optimization tools. 

Moreover, most often these tools are decision support 

systems that take into account the preferences of an expert 

and search for not only optimal, but also rational decisions. 

This article discusses the possibility of applying a 

modification of the ant colony method to find rational 

solutions in the problem of assigning employees. 

Loading data

Assigning employees to tasks

Computation of fuzzy functions "Task 

execution"

Accounting for employee interaction

Defuzzification of fuzzy sets

Calculating work time

Calculation of the criterion

Optimizing the assignment of 

employees to tasks

Optimal assignment 

+ Criterion

 

Fig 1. The process of calculating the time of work by a 

group of employees using fuzzy sets. 

IV. MODIFICATION OF THE ANT COLONY METHOD FOR 

SOLVING THE ASSIGNMENT PROBLEM 

Based on the results of the algorithms proposed above, it 

is possible to calculate the execution time for a specific 

assignment of employees to individual tasks. To determine 

the rational assignment of employees to tasks, it is proposed 

to apply a modification of the ant colony method. The 

original ant colony method was developed for finding the 

traveling salesman path in a graph. [16] But to solve the 

assignment problem it is necessary to use a special decision 

graph (Fig. 2). [17-19] For each employee and the task that 

he can perform, a node is created. All nodes belonging to 

one employee are combined into a layer. Arcs connect node 

from adjacent layers. In this case, the order of the layers is 

not important; since the end of the search for a solution is 

the path from the top of the first layer to the last layer. It 

should be noted that in the decision graph for each employee 

it is necessary to add a node that determines the absence of 
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an employee's assignment to the task. This is largely 

necessary due to the presence of accounting for the time of 

interaction of employees, i.e. adding a new employee can 

lead to a delay in the process of solving the problem. Agents 

(Ants) begin their movement from an imaginary node 

connected by arcs to all node of the first layer, i.e. first 

employee. 

Worker 

Ivanov Ivan

Worker Petrov 

Petr

Worker Sidorov 

Nikolay 

Interface 

module 

development

API 

development

API 

development

Driver 

development

None None None

Starting node

 

Fig 2. The structure of the decision graph. 

After passing the completion of the movement of the 

agent, his path describes the assignment of each employee to 

a specific task. For the assigned assignment, the time to 

complete the work is determined. The probabilistic choice 

between the paths for moving an agent from one node to an 

adjacent node is determined based on the (Pheromone) 

weights of neighboring node. The choice of the node of the 

graph as the weights carrier is primarily due to the need to 

determine the specific assignments of employees, and not 

the relationships between assignments. In addition, this 

approach allows us to reduce the running time of the 

algorithm, since the number of node in the decision graph is 

much less than the number of arcs. The procedure for 

evaporating weights from the node of the graph is similar to 

the original procedure. For the algorithm to work, not one 

agent, but a certain group passes through the decision graph 

in one iteration. After all the agents from the group pass 

through the decision graph and calculate the execution time 

for the found paths, the weights of the node of the decision 

graph are changed. Depending on the work execution time, 

an additional weight is added to each node from the path 

traversed by the agent, calculated by the formula: The 

shorter the work execution time, the more weights will be 

added to the corresponding node and the more likely the 

agents will choose these nodes. This procedure allows you 

to iteratively converge to an optimal solution. The sequence 

of stages of the algorithm is shown in Figure 3. [20,21]   

The proposed algorithm makes it possible to find 

rational assignments of employees to tasks. To speed up the 

search for rational solutions, various methods can be used: 

setting the optimal parameters of the ant colony algorithm, 

using modifications of the ant colony method, for example, 

a ranked modification, and others. In addition, it is worth 

noting that for the ant colony algorithm the procedure for 

stopping its operation is blurred, for example, it can stop at a 

certain number of iterations or when finding a solution that 

satisfies the constraints. In the general case, the operation of 

the algorithm does not need to be stopped. 

It should also be noted about the problem of "looping" 

the method of ant colonies, i.e. states when the distribution 

of weights on the decision graph does not allow agents to 

move along new paths. As a result, the algorithm cannot 

find a solution different from the available one. To solve 

this problem, it is proposed to reset the decision graph when 

certain criteria for the operation of the algorithm are 

achieved. As a result, the operation of the algorithm can 

occur without a specific stopping moment 

Was the MMK shutdown 

check successful?

Create N agents (ants)

Have all agents made 

their way in the decision 

graph?

Calculate the path in the decision 

graph for the current agent

Create new solution based on agent 

path

Is there a solution that 

matches the agent path?

For each task, calculate the values of 

the fuzzy function "task execution"

Consider employee interaction delays 

for each task

For each task, carry out the 

defuzzification procedure

Calculate the value of the criterion for 

a new solution

Set the value of the ant criterion equal 

to the value of the decision criterion

Next agent

Set the initial value of the weights 

(pheromone) for the vertices of the 

decision graph

Add weights to the vertices of the 

decision graph in accordance with the 

agent's criterion

Decrease the weights at the vertices 

of the decision graph

No

No
No

Fuzzy 

function 

processing 

module.

Begin

End

 

Fig 3. Algorithm for the modification of the ant colony 

method 

V. REALIZATION AND TESTING 

To test the proposed algorithm, the problem of assigning 

35 employees to 15 tasks was considered. Each employee 

could perform a different number of tasks. In total, the test 

examined more than 180 accessory functions “task 

completion by a specific employee”. To solve this problem, 

software has been written that allows not only to search for 

a solution that is rational in terms of the execution time, but 

also to enumerate the parameters of the ant colony method 

to optimize the search speed for a solution. As a result, an 

optimal solution to the assignment problem was found in the 

form of assigning employees to tasks, as well as estimating 

the time to complete the entire work. 

During testing, the following patterns were revealed in 

the setting by the parameter of the ant colonies method: The 

number of agents in one group should be selected from the 

interval (Number of decision graph layers; Number of 

decision graph layers * 2). It is recommended to take the 

evaporation coefficient in the range (0.8; 0.95). (Fig. 4)  In 

this case, it is recommended to use a ranged algorithm for 

entering weights with a parameter equal to the number of 

agents / 4. (Fig. 5) On graph 4 and 5, the dashed line marks 

the confidence interval of the estimate of the mathematical 

expectation, calculated from the results of 500 runs 
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To solve the looping problem, the following states of the 

method were considered: 

 No new solutions were found during the iteration. 
This method only works if multiple solutions are 
stored. It is easy to perform the check algorithmically; 
it is enough to compare the dimension of the set of 
solutions before and after the iteration. This approach 
resets the decision graph more often than others, since 
it does not take into account that agents can choose 
different paths during iteration, but only takes into 
account the process of increasing the set of 
considered solutions. (dark gray squares in the graphs 
6) 

 The mathematical expectation of the values of the 
decision criteria found at the iteration is equal to the 
value at the previous iteration. This criterion makes it 
possible to judge that the agents choose the same 
paths between iterations. With a high probability, it 
can be assumed that further, at the next iteration, the 
agents will choose the same paths. (light gray 
triangles in the graphs 6) 

 

 

Fig 4. Determination of the optimal parameters 

coefficient of evaporation for the modification of the ant 

colony method. 

The proposed algorithms fight against the looping 

problem for non-optimal parameters of the ant colony 

method. For the parameter responsible for the number of 

agents in one group, this influence is not so significant, with 

the number of agents from 20 to 40, the percentage of 

successful runs increased by only 10%, and at the same 

time, most of the runs ended in "looping". This is due to the 

resulting low number of possible considered solutions, for 

example, for 20 agents with the limitation on looping 1000 

iterations, the maximum number of considered solutions is 

20,000. There is a limit to the number of necessary solutions 

for a confident search for the optimal one. This problem can 

be solved not only by increasing the number of agents, but 

also by increasing the number of iterations for "looping" the 

algorithm  

 

Fig 5. Determination of the optimal parameters 

parameter of the ranking for the modification of the ant 

colony method. 

But the algorithm coped well with the non-optimal 

evaporation coefficient, showing more than 95% success at 

values greater than 0.25. But this success led to a sharp 

increase in the number of iterations of the ant colony 

method, and, consequently, in the search time for a solution. 

The optimal parameter of the evaporation coefficient 

remains a value from the range (0.8; 0.95), with them the 

graph is simply not reset. For all graphs, resetting the 

decision graph in the absence of new found solutions at the 

iteration (light gray triangles) shows the best results. 

It was calculated that the algorithm for resetting the 

decision graph turned out to be optimal for the case when no 

new solutions were found. After resetting the decision 

graph, it is possible to establish its rational state by adding a 

pheromone from the rational routes found so far. This 

approach allows us to consider many solutions around the 

already found rational solutions 

The main problem of the ant colonies algorithm, graph 

looping (the number of successful runs does not exceed 0.8 

for any number of iterations that determine looping), both 

algorithms successfully solve (Fig. 6). Already with the 

number of iterations equal to 1750, the percentage of 

successful runs exceeds 95% in both algorithms. But this is 

associated with an increase in the number of resets of the 

decision graph and, as a result, an increase in the number of 

iterations of the algorithm and the number of solutions 

considered, which means an increase in the search time. Due 

to the different behavior of the algorithm as a result of the 
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reset, the confidence intervals of the estimate of the 

mathematical expectation are large, i.e. the iterations of the 

algorithm are very different. In this case, the graph is reset 

more often if the number of solutions is chosen as a 

criterion, which leads to the best indicators in terms of the 

percentage of successful runs. When using the algorithm for 

stopping the run when the constraints are reached, the use of 

resetting the decision graph also improves the probability of 

finding a solution and increases the time of this search. 

It should be noted that the execution time of each 

iteration of the algorithm in one run is not the same. (Fig. 7). 

This is due to the need to store all solutions and search in 

this set for the solution found by the agent. This feature is 

necessary for problems in which the time for calculating the 

values of the system's criteria for a certain solution is much 

longer than the running time of the ant colony method, for 

example, if the simulation model is involved in calculating 

the criteria. In our case, the mathematical operations for 

calculating the total time are quite simple and it is possible 

not to store the entire array of solutions, which will lead to a 

sharp acceleration of the operation of the algorithm for 

problems requiring consideration of a large number of 

solutions. But, in this case, it is difficult to use the algorithm 

for resetting the graph by the number of solutions. 

 

Fig 6. Consideration of the influence of resetting the 

decision graph of a successful run algorithm. 

As you can see from the graphs, the best value of the 

number of input solutions when resetting the graph varies 

from 2 to 5. With such values, the maximum number of 

successful runs is ensured, the histogram. It should be noted 

that almost all values, except for very high 20 and more, 

provide a greater number of successful iterations than in the 

absence of entering solutions on the graph (when the value 

is equal to 0). A "successful" run is one that in a limited 

amount of time was able to find a solution that satisfies very 

tight constraints. 

The number of iterations decreases when the number of 

inputted solutions changes (black graph), since inputting a 

rational distribution of weights on the graph leads to a faster 

search for a solution that satisfies the constraints. The 

dashed lines mark the confidence interval. The number of 

considered solutions also decreases. But the number of 

graph resets increases when the number of input solutions 

increases to 6. This is followed by a constant value of the 

number of discharges of the graph with its subsequent 

decrease. This is due to the fact that the introduced solutions 

affect the initial movement of the agents; as a result, most 

agents follow the same routes, which lead to rare drops of 

the graph. 

 

Fig 7. Consideration of introduced decisions when 

resetting the decision graph on the results of the 

algorithm. 

In general, an endless search for a solution that satisfies 

the constraints can be carried out by setting the hang 

criterion very large. If unfeasible limits are set, then you can 

track the best solution, which will gradually improve. 

VI. CONCLUSION 

 An approach has been proposed that makes it possible 
to estimate the execution time of a work divided into 
tasks. Within the framework of this approach, for 
each task, you can set the execution time in the form 
of a fuzzy set. At the same time, it was taken into 
account that fuzzy sets are set by the employees 
themselves and the total time for completing a task is 
determined by the generalized time for completing 
the task by all employees. This takes into account the 
time required for employee interaction. 

 An algorithm for generalizing fuzzy sets given on 
various bearing sets is presented. The procedure for 
calculating the generalized time of the task execution 
is described by passing to the employee's 
productivity. 
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 A modification of the ant colony method for solving 
the problem of decision support is proposed. For this 
modification, the agents move along a special 
decision graph. The algorithm of this modification 
and its features are described. This modification was 
used to solve the problem of assigning employees to 
tasks. 

 Rational parameters of the ant colony method 
modification were determined. These parameters 
allow you to speed up the time to find rational 
solutions. 

 The main problems of the ant colony method 
associated with looping the algorithm on one solution 
are described. To solve this problem, it is proposed to 
use the reset of the decision graph. As a result, it 
becomes possible not to be limited by some criterion 
for stopping the ant colony method, since the 
improvement of the solution occurs continuously. 
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