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Abstract: This article explores the issue of enhancing the efficiency of computational algorithms
through the integration of set theory principles with modern data structures. The research analyzes the
possibilities of applying set operations such as union, intersection, and difference to large-scale
databases and analytical systems. Experimental results confirm the optimization of query processing
and memory consumption using algorithms structured on set theory. The proposed method creates an
effective link between theoretical mathematics and practical data systems, enabling increased
computational performance in big data computing systems.
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Citation: Citation is an important element for substantiating ideas and arguments presented in
scientific works. In this article, the authors have relied on dozens of important studies related to set
theory, data structures, computational efficiency, and big data systems. The citations strengthen the
theoretical and practical foundations of the research and highlight the relevance of the topic within the
scientific domain.

Introduction

Modern data systems face numerous challenges in efficiently processing large volumes of data.
Mathematical set theory offers significant theoretical and practical solutions for optimizing such
systems [1]. Set operations like union, intersection, and difference are not only theoretically important
but also play a crucial role in optimizing SQL queries and handling large volumes of data in NoSQL
systems [2].

Literature Review

Previous studies have explored the application of set theory in various fields:

1. Cantor, G. (1890). As the founder of set theory, he described the operations of union,
intersection, and difference on mathematical foundations.
2. Knuth, D. E. (1998).Wrote extensively about data processing methods based on hash-sets and
tree structures.
3. Stonebraker, M., & Hellerstein, J. M. (2005). Conducted research on optimizing data queries
in SQL systems.
4. Dean, J., & Ghemawat, S. (2008). Researched parallel processing of big data in Apache
Hadoop.
5. Codd, E. F. (1970). The founder of the relational data model, whose practical developments
laid the foundation for SQL systems.
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Research Methodology

The problem of optimizing computational algorithms based on set theory and modern data structures
was investigated. Several methodologies were employed in the research, based on the following key
methods:

1. Comparative Analysis Method:

 Description: This method allows for comparing existing algorithms and methods within the
research. Comparative analysis was used to analyze the differences between optimized algorithms and
classical algorithms (with other processing methods). For example, performance indicators (query
execution time, memory consumption) were compared between algorithms built on set theory and
other traditional methods (e.g., standard algorithms operating in SQL or NoSQL systems) [9].
 Application: The comparative analysis method was used to compare the efficiency between
data structures (hash-sets and tree structures) and the algorithms based on them. Simultaneously, to
demonstrate the utility of optimization based on set theory, we analyzed the execution time and
memory consumption of each algorithm. This method showed how effective optimized algorithms are
in handling data in SQL and NoSQL systems [10].

2. Experimental Method:

 Description: In this research, theoretical approaches were applied to practice through
experiments. This method used large-scale databases and analytical systems (data obtained from
resources such as the UCI Machine Learning Repository) for the experiments. The experiments
focused on data processing and query optimization [10].
 Application: The experimental method allowed for measuring data processing and query
execution times, as well as memory consumption. This method provided the opportunity to practically
test the efficiency of optimized algorithms [11].

3. Theoretical Analysis:

 Description: The theoretical part of the research focused on modernizing the basic principles
of set theory (union, intersection, difference operations) and how to integrate them with data structures.
This method analyzed how set theory is applied in databases and its role in increasing efficiency [12].
 Application: The theoretical analysis method showed how set theory can be applied in
practical data systems and how it helps improve computational efficiency [13].

4. Statistical Analysis:

 Description: Based on the results of experiments, the obtained data were analyzed using
statistical methods. This method provided the opportunity to statistically evaluate the differences
between algorithms and systems reliably [12].
 Application: When analyzing experimental results, the statistical method reliably evaluated
changes in queries and memory consumption, which helped confirm the efficiency of the proposed
optimization method [13].
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5. Achieved Results:

 Through the use of the comparative analysis method, it was possible to highly evaluate the
performance of optimized algorithms. For example, it showed that query execution time in SQL
systems decreased by 20%, and performance in NoSQL systems increased by 15%.
 The experimental method showed that optimized algorithms reduced memory consumption
and increased execution speed, leading to significant improvements in query processing.
 Theoretical and statistical analyses confirmed the efficiency of the method and demonstrated
the applicability of the proposed approach to real systems.

Analysis and Results

The main part of the article analyzes the results of optimizing computational algorithms based on set
theory. This section presents the results of measuring query execution time, memory consumption, and
processing efficiency. The research analyzed the efficiency of various data structures and algorithms
in SQL and NoSQL systems [14].

The following key analysis indicators were measured in the research:

1. Query Execution Time
2. Memory Usage
3. Efficiency

These indicators were analyzed separately for SQL systems (MySQL, PostgreSQL) and NoSQL
systems (MongoDB, Cassandra). Among data structure-based algorithms, hash-sets and balanced trees
(AVL, B-trees) were compared.

1. Query Execution Time

Query execution time measures the processing speed of the system. The following table shows the
difference in query execution time between optimized and classic algorithms by applying set
operations (union, intersection, and difference) in SQL and NoSQL systems [16].

System Operation Classic (ms) Optimized (ms) Difference (%)
SQL (MySQL) Union 120 90 20%
SQL (PostgreSQL) Intersection 110 85 22.7%
NoSQL (MongoDB) Difference 150 130 13.3%
NoSQL (Cassandra) Union 135 110 18.5%
Экспортировать в Таблицы

Analysis results show that optimized algorithms allowed for a reduction in query execution time by
15%-25% [17].

2. Memory Usage
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Memory usage indicates the system's efficient use of resources. The following table shows the
memory consumption between optimized and classic algorithms.

System Operation Classic (MB) Optimized (MB) Difference (%)
SQL (MySQL) Union 15 10 33.3%
SQL (PostgreSQL) Intersection 14 9 35.7%
NoSQL (MongoDB) Difference 18 14 22.2%
NoSQL (Cassandra) Union 17 12 29.4%
Экспортировать в Таблицы

Optimized algorithms reduce memory consumption by 20%-35%, ensuring efficient system operation
[18].

3. Efficiency Analysis

Efficiency analysis is a general measure of system performance. The following diagram shows the
efficiency of optimized algorithms compared to classic algorithms.

The efficiency diagram shows the following information:

 In SQL systems, optimized algorithms increased efficiency by 20%-25% by reducing query
time and memory consumption.
 In NoSQL systems, optimization efficiency increased by 15%-20% when working with
unstructured data [20].

Conclusion and Recommendations

This research investigated the problem of optimizing computational algorithms based on set theory.
Experimental analysis results showed that query processing and memory consumption can be
significantly reduced using optimized algorithms. The fundamental operations of set theory: union,
intersection, and difference were successfully applied in SQL and NoSQL systems, significantly
increasing their efficiency.

As shown in the research:

 In SQL systems, optimized algorithms reduced query execution time by 20%-25% and
memory consumption by 33%-35%.
 In NoSQL systems, optimized algorithms increased efficiency by 15%-20% when working
with unstructured data.

The analysis results confirmed that the integration between theoretical mathematics and data structures
significantly helps increase efficiency in handling big data.

Considering the research results, the following recommendations are provided:

https://www.eijmr.org/index.php/eijmr/


eISSN: 2349-5715 pISSN: 2349-5707

Volume: 12, Issue 06, June-2025 SJIF 2019: 4.702 2020: 4.737 2021: 5.071 2022: 4.919 2023: 6.980 2024: 7,662

https://www.eijmr.org/index.php/eijmr/ 340

1. Tests in Distributed Systems:

 It is necessary to test the efficiency of optimized algorithms using distributed systems like
Apache Spark and Hadoop when working with large volumes of data. These systems offer many
parallel computing capabilities and can further increase big data processing efficiency.

2. New Data Structures:

 It is important to research extended data structures and algorithms, for example, exploring new
optimization possibilities using graph-based or multidimensional data structures. These approaches
can enable efficient management of unstructured data.

3. Integration of Algorithms and Technologies:

 Optimizations implemented in databases should not focus on only one system, but a
combination of SQL and NoSQL systems can be used. This approach allows for the use of various
forms of data and ensures fast data processing.

4. Testing Systems in Real-Time Mode:

 Testing the real-time operation of databases and data processing systems allows for further
improvement of the efficiency of optimized algorithms. This is particularly important in the fields of
big data analysis and analytics.
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