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Програмні засоби для оптимізації обробки даних у базах даних
У даній роботі проаналізований процес обробки інформації в реляційних системах управління базами даних. Визначені основні етапи виконання SQL-запитів. За результатами проведеного аналізу запропоновано практичні рекомендації з підвищення продуктивності роботи реляційних баз даних.
Introduction
In recent years, with the continuous development of information and communication technologies and industries such as the Internet, mobile Internet, Internet of Things, and 5G, the global data volume has shown explosive growth. In the modern information age, data has become a core asset for businesses and organizations, and data storage is crucial for business continuity and decision-making accuracy. Against the backdrop of ever-growing data, how to perform efficient, secure, and reliable data storage is an urgent issue to be addressed.

As organizations manage huge data sets, the demand for experts who can extract valuable information from them is also increasing. In order to cope with the data waiting problem caused by the explosive growth of data, we urgently need to improve data processing capabilities. One of the bottlenecks in large-scale data processing is the transfer of massive data from storage devices to hosts, which has received a lot of attention in recent years.
Terminology

DBMS ​​– Database management system is software that manages databases, providing an interface for interacting with the database and ensuring the efficient and secure storage, retrieval, and management of data.
ACID – acronym (Atomicity, Consistency, Isolation, Durability) that represents a set of properties that guarantee the reliability of transactions in a database management system. These properties ensure that database transactions are processed reliably, and the data remains consistent even in the face of failures.
SQL – Structured Query Language, is a domain-specific programming language used for managing and manipulating relational databases.
Problem statement

According to data from the Italian PXR research institute [1], the amount of data/information created, captured, copied, and consumed worldwide has increased from 2ZB in 2010 to 64.2ZB in 2020.It is estimated that by 2025, the total amount of data in the world will exceed 181 ZB. 

How to effectively store and manage this data, as well as how to quickly and accurately query and process it, has become an urgent problem to be solved. Relational databases have encountered many difficulties in facing such problems. According to statistical studies, 71% of the performance problems of information applications are related to databases, because often it is the low performance of the database that directly affects the slowdown of the application [2]. 

The popularity of relational DBMS is largely due to their reliability and support for ACID principles. The purpose of the study is to analyze means of increasing the productivity of relational databases and ways to optimize queries.

The proposed method

The main interaction of the user with the relational DBMS takes place with the help of SQL (Structured Query Language) - the language of structured queries. A query is a language expression that describes the data to be retrieved from a database. The process of fulfilling requests consists of the following stages (fig. 1):

1. The DBMS analyzes and syntactically checks the SQL code of the request. Next, links the tables and columns referenced by the query into a previous structure (tree) before execution.

2. Binding of tables and columns into a tree. This linked construct is passed to the compiler, which converts the SQL code into executable machine code.

3. An executable file is created and sent to the optimizer. The code still needs to go through the optimizer. The optimizer is a software layer in the DBMS. It analyzes what should be obtained as a result of the request and calculates the optimal execution plan.

4. Calculation of the execution plan by the optimizer. At the same time, the optimizer analyzes which tables and columns are needed and how to get them most efficiently. The optimizer is designed to find the fastest and most efficient solution to the query.

5. DBMS implements the execution plan.
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Fig.1. Structural diagram of the SQL query execution
The task of optimization consists in ensuring the maximum throughput with a given number of resources, or ensuring the minimum consumption of resources with this throughput. Optimization criteria can include such performance estimates as time required to generate a report, query execution time, speed of finding data in non-indexed fields, maximum number of simultaneous accesses to data in multi-user mode, speed of indexing, as well as update, delete and add operations.

Query performance is greatly affected by the lack of secondary indexes. In this case, the DBMS has to perform a full scan of the table, which requires additional processing time and is therefore less efficient. Another problem is the inconsistency of the data types being combined. In this case, the optimizer loses the ability to efficiently join columns and tables due to the need to convert all values beforehand.

The optimizer calculates the costs of the proposed plans, generates them and chooses the plan with the lowest cost, that is, the one that will execute the fastest while using the least amount of resources.

It is known that with the increase in the number of joins (JOIN), errors in estimating the cost of query execution plans in relational database systems grow rapidly [2]. Therefore, query optimization is essential for efficient query processing.

Based on the results of the analysis, the following recommendations are offered to optimize the execution of requests by the database:

1. Minimization of disk input-output processes to increase the speed of execution of requests;

2. Creation of indexing of frequently requested parameters;

3. Specifying specific SELECT fields in the query, instead of ‘SELECT *’ to avoid involving additional database resources;

4. To filter data, prefer the WHERE statement instead of HAVING, which is executed later according to the order of execution and does not take advantage of indexing, if any, as WHERE does;

5. Limiting the required number of rows of query results using LIMIT, which will reduce the computing power required for execution;

6. Substitution of subqueries with unions, which requires less processing time;

7. Optimization of the sequence of JOIN operations in multi-joins, for example, due to the application of existing benchmarks [2].
The evaluation of the proposed recommendations is now ongoing and is centered on assessing the effectiveness of query optimization and its positive impact on query execution productivity. The primary optimization criterion, which is easily measurable, is the reduction of query execution time. The provided recommendations contribute to enhancing the efficiency and speed of query execution, effectively tackling challenges related to resource consumption, data retrieval speed, and query complexity.

Conclusions
The focus of the research is to enhance the productivity of relational databases and optimize queries, crucial for addressing the data processing demands of the modern era. The proposed method revolves around the main user interaction with the relational DBMS through SQL, a structured query language. 

Optimization, crucial for achieving maximum throughput with given resources, faces challenges such as the lack of secondary indexes and data type inconsistencies. The study provides practical recommendations for query optimization, including minimizing disk input-output processes, creating effective indexing, specifying SELECT fields, and optimizing the sequence of JOIN operations.

In conclusion, the proposed recommendations offer practical solutions for optimizing query execution, setting the stage for improved database performance and streamlined data processing in the face of ever-expanding datasets.
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