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DEVELOPMENT OF A SOFTWARE PACKAGE FOR
RESEARCHING ALGORITHMS FOR SOLVING
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The problem of creating methodological and software support for solving
problems of mathematical modelling and combinatorial optimization is relevant, since
it is caused by the growth of the amount of data and the creation of algorithms for
working with artificial intelligence. Mathematical modelling and optimization cover a
wide range of problems [1, 2]. A large range of diverse problems that make it up does
not allow us to fully formalize the computational process and requires a flexible
combination of mathematical methods for calculating and optimizing systems with the
engineering experience and knowledge of the researcher. In this regard, the only
possible and important thing here is the development of a scientific and methodological
base and a workable computing tool, using which it is possible to obtain specific
proposals for technical solutions, taking into account the individual characteristics of
each of the systems under consideration [3].

Within the framework of this study, a specialized software Java [4] based package
was developed for studying algorithms that solve combinatorial problems. As an
example, the classical N-queens problem was used, which is an optimization problem
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that requires finding such configurations on a chessboard where the queens do not
threaten each other (meaning no two queens are in the same row, column, or diagonal)
[5]. The aim of the development is to create a tool that will allow us to study the
efficiency of various algorithms, including enumeration methods, dynamic
programming and heuristic approaches, with the ability to analyze and visualize the
results for an in-depth understanding of solutions to combinatorial problems.

For example, the implemented solution allows users to explore the behaviour and
performance of a backtracking algorithm through an interactive graphical interface.
Experimental data show how computation time grows with increasing board size,
providing insights into algorithm efficiency.

The graphical user interface (GUI) was implemented with the Swing library to
visualize the results of the N-queens problem solution. The application displays the
first valid solution as a “Q” symbol on a N*N chessboard. To optimize the solution
search and avoid counting symmetrical solutions multiple times, a transformation
module was implemented. The program searches for all unique solutions from all

possible configurations C",. The development module generates all seven
N

transformations (rotations and reflections) of a given board configuration and selects
the lexicographically smallest version to uniqueness [6, 7]. It automatically scales the
cell size based on the board dimensions and displays each queen centered in its cell.
Figure 1 shows the GUI output for an example solution with N = 8 (a) and N = 16 (b).
This visual feedback helps verify the correctness of the algorithm.

Figure 1. Main interface of the N-queens programming module

To evaluate the algorithm’s performance, the execution time required to find all
unique solutions for different board sizes N was measured. The system used for testing
was a desktop PC with no parallel computing enhancements. As seen in Table 1, the
number of unique solutions increases rapidly with each step of N, while the execution
time grows even more sharply, especially beyond N = 14.
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Table 1. Execution time and number of unique solutions for different board sizes

N Time (s) Unique solutions N [Time (s) Unique solutions
2 0,039058 0 10 10,019960 92

3 0,019584 0 11 10,032261 341

4 0,019070 1 12 10,094358 1787

5 0,017963 2 13 10,470425 9233

6 0,019970 1 14 2,591423 45752

7 0,016857 6 15 [18,992309 285053

8 0,022337 12 16 [121,849577 1846955

9 0,020604 46 17 1999,739255 11977939

This is consistent with the combinatorial nature of the problem and confirms the
algorithm’s exponential time complexity. Although the implemented backtracking
algorithm includes symmetry reduction (through board normalization and hash-based
filtering), in worst-case complexity remains factorial O(N!). For large values of N, even
minor improvements such as avoiding mirror solutions make a significant difference
in execution time.

So, the program is useful both for analyzing algorithm behaviour and for
educational purposes due to its visual appearance. Future improvements could include
integrating many alternative algorithms and visualizing the solving process step-by-
step for different combinatorial tasks, such as the travelling salesman problem, the
knapsack problem, the subset sum problem, the sudoku solver, the graph coloring, etc.
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