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Development and Research of Batch Implementation of
SQL-queries Based on the Rules of Their Ordering in Cloud
Environments

Minukhin ¢
«  Simon Kuznets Kharkiv National University of Economics, Nauky Ave, 94, Kharkiv, 61166, Ukraine

Abstract

The study proposes strategies for grouping (batching) queries in relational databases based on
random grouping, as well as on prioritizing the values of individual performance metrics —
execution time, DTU usage, and CPU load — and analyses their impact on the performance of the
Azure SQL Database cloud platform service. The research methodology included creating a
database in Azure SQL Database at different Azure service tiers — from SO to S12 — to model
various configurations of computing resources. To simulate realistic scenarios of working with the
service, a database of a trading company with large sets of test data and several test database
queries of varying complexity was used. Query batching strategies were developed: random
grouping, grouping by ascending/descending query execution time, resource intensity (DTU
consumption), and CPU load. Each strategy was tested across all resource configurations through
multiple test trials, ensuring the relevance of the obtained results for an objective analysis. The
results obtained demonstrated the necessity of using a differentiated approach to selecting query
batching strategies depending on database size, query complexity, and the choice of query
prioritization models in batch mode.

Keywords
Azure SQL Database, Big Data, query complexity, execution time, DTU, CPU load, service tiers,
ordering, batching strategies.

1. Introduction

With the development of technologies and the growth of data volumes, the efficiency of processing
and managing large datasets is becoming increasingly critical. The rapid growth in the volume of data
generated and processed by organizations, particularly due to the development of social networks, the
Internet of Things (IoT), and multimedia, creates new challenges for database management systems.
This trend, known as Big Data, is characterized not only by significant data volumes but also by their
variety and velocity, which requires new approaches to their storage and processing [1]. This
necessitates continuous improvement of approaches to query creation and optimization of resource
usage in database management systems [2].

One of the key advantages of cloud databases, such as Azure SQL Database, is the ability to
dynamically scale resources according to demand. However, to maximize the use of this flexibility, it
is important to carefully plan and optimize query execution, especially when executing them massively
in parallel under conditions of large data volumes. In the context of cloud computing, traditional query
optimization strategies may prove insufficiently effective due to the dynamic nature of resources. This
creates a need to apply adaptive approaches to query formation and processing, enabling flexible
responses to changes in the availability of resources [3].
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2. Objective

The aim of this study is to improve the efficiency of working with relational databases by developing
and implementing strategies for forming query batches within the Azure SQL Database cloud platform
service and determining the most effective ones for optimizing service performance when working with
big data. The study is based on the development and analysis of the impact of different query batch
execution strategies on performance indicators and the efficiency of resource utilization of the cloud
platform.

3. Problem Analysis

With the advancement of technologies and the growth of data volumes, there is a need to improve
approaches to managing and processing large datasets. For example, the work "An Overview of Query
Optimization in Relational Systems" [4] considers the main query optimization techniques, such as the
use of indexes, query transformation, and the application of statistical data. These methods are aimed
at improving database performance, making them particularly relevant to our study in the context of
query optimization in cloud environments.

Considerable attention in the literature is given to database design issues. For instance, the work
"An Approach and Software Prototype for Translation of Natural Language Business Rules into
Database Structure" [S] proposes an approach and a software tool for automating the creation of
database structures based on textual requirements known as business rules. Automating this process
reduces the number of errors at the design stage and improves the quality of created databases, which
is especially relevant given modern data volumes and system complexity.

The study "Data Dependencies for Query Optimization: A Survey" [6] analyses various approaches
to optimizing SQL queries, including the use of deep data analysis, rule-based optimization, and genetic
algorithms. This study demonstrates how different optimization approaches can affect query processing
efficiency, which is directly relevant to our study considering the specifics of cloud databases.

The article "Optimizing Database Performance: Strategies for Efficient Query Execution and
Resource Utilization" [7] examines various methods and techniques for improving database
performance without compromising data integrity or security. The authors explore approaches such as
query rewriting, indexing, and caching to minimize query response time and improve overall system
throughput. This is particularly important for our study, which focuses on improving performance in
Azure SQL Database.

The study "Query Optimization for Databases in Cloud Environment: A Survey" [8] highlights the
importance of query optimization in cloud environments to reduce execution time and improve resource
utilization. This underscores the relevance of our study, which aims to identify effective strategies for
working with Azure SQL Database.

Recent studies, such as "Method for Optimizing SQL Queries of a Database Management System"
[9], have developed new SQL query optimizations methods specifically adapted for situations where
data retrieval speed deteriorates over time. This study demonstrates how new optimization approaches
can accelerate data retrieval processes, which is critical for maintaining high database performance.

Despite the large number of studies, there is a gap in examining the impact of different query execution
scheduling and batch processing strategies on the performance of database services in cloud environments.
This study aims to fill this gap by analyzing the impact of different strategies for forming and executing
query batches on performance and resource utilization in the Azure SQL Database service.

4. Methods

Setting up the Azure SQL Database environment.

For the study, a database was created in Azure SQL Database at the standard service tier (Standard)
[3]. This tier allows selecting different configurations of computing resources, providing flexibility and
scalability according to workload requirements.
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In Azure SQL Database, resources are measured in DTUs (Database Transaction Units) [3], which
represent an integrated measure of CPU, memory, and input/output operations. The higher the DTU
level, the more powerful the computing resources available to the database [3]. The Standard service
tier offers a wide range of DTU configurations — from the lowest level SO (10 DTU) to the highest S12
(3,000 DTU). Each tier differs not only in the number of available DTUs but also in the amount of
included and maximum storage, the maximum number of queries that can be executed simultaneously,
and the maximum number of concurrent sessions [3]. For the study, five different configurations of
computing resources at the Azure SQL Database Standard service tier were selected: SO, S1, S3, S7,
and S12. This enables a comprehensive assessment of the impact of available DTU resources on
performance when implementing different query batching strategies on scalable datasets. The lowest
tier, SO with 10 DTU, was chosen as the baseline configuration for comparison. The S1 (20 DTU) and
S3 (100 DTU) tiers represented intermediate options with gradually increasing computing power.
Meanwhile, the more powerful S7 (800 DTU) and S12 (3,000 DTU) tiers allow testing grouping
strategies under conditions of substantial resource availability [3].

For the study, a relational database (DB) modelling the activities of a trading company [10] was
used, providing a realistic environment for testing SQL query performance in various scenarios.

To optimize the research process and control costs, preliminary population of tables with generated
test data totaling 1.5 GB was carried out on a local resource [11]. This approach significantly reduced
data generation time and minimized the costs of using cloud computing resources. After completing
data generation, migration to the Microsoft Azure platform was performed, where service performance
tiers ranging from SO to S12 were used.

Development of query batch formation strategies. To evaluate database performance and different
approaches to query batch formation, the following strategies for query formation and execution were
developed.

1. In arbitrary order (Batch 1, B1). Queries are grouped into batches arbitrarily (unsorted) without
considering their characteristics. This allows evaluating system performance under conditions where
queries are executed without any prior analysis or optimization and establishes a baseline for
comparison with other strategies. Given the total number of combinations (8!), a particular set of queries
can be selected based on a random number generator.

2. In ascending order of query execution time determined interactively (Batch 2, B2). Queries are
ordered in ascending order of their processing time. Purpose: this strategy improves overall
performance, as faster queries are executed earlier, which may reduce the total waiting time for the
remaining tasks in the batch. This is useful in scenarios where it is important to process most batch
queries as quickly as possible.

3. In descending order of execution time (Batch 3, B3). Queries are ordered in descending order of
their processing time. Purpose: executing longer queries first allows assessing the impact of ‘heavy’
queries on overall service performance. This may reveal how more resource-intensive queries affect the
execution of subsequent ‘lighter’ queries.

4. In ascending order of the maximum DTU value involved during query execution (Batch 4, B4).
Queries are ordered by increasing resource intensity (DTU usage). Purpose: this allows identifying how
different levels of DTU usage affect performance. Executing less resource-intensive queries first may
reduce system load, which can be beneficial under resource-constrained conditions.

5. In descending order of the maximum DTU value (Batch 5, B5). Queries are ordered by decreasing
resource intensity (DTU usage). Purpose: executing more resource-intensive queries first may clarify
how heavy loads affect subsequent less resource-intensive queries. This may be effective for optimizing
resource allocation within the system.

6. In ascending order of the maximum CPU usage percentage (Batch 6, B6). Queries are ordered by
increasing processor load. Purpose: this helps identify how CPU utilization levels affect overall system
performance. Executing less CPU-intensive queries first may reduce total batch processing time.

7. In descending order of the maximum CPU usage percentage (Batch 7, B7). Queries are ordered
by decreasing processor load. Purpose: executing more CPU-intensive queries first allows assessing
how heavy processor loads affect subsequent, less resource-intensive queries. This helps determine the
impact of ‘heavy’ queries on overall service performance.



161

5. Results

Experimental validation of the proposed approach was conducted to comprehensively evaluate the
effectiveness of the proposed query batch formation strategies.

To analyze the impact of the proposed query grouping strategies on database performance, the
following graphs present key metrics for different Azure SQL Database configuration tiers: execution
time (Figure 1), CPU usage (Error! Reference source not found.2), and DTU usage (Figure 3) for d
ifferent batch formation strategies.

Analyzing the obtained results, the following conclusions can be drawn.

1. At lower service tiers SO and S1, where resources are limited, the order of query execution plays
a key role in achieving maximum performance. Strategies that group queries by increasing execution
time or resource intensity demonstrate better results at these tiers.

2. At higher tiers S3, S7, and S12, where more resources are available, the Azure SQL Database
service can efficiently distribute them among parallel queries; therefore, the order of query execution
within a batch becomes a less critical factor influencing service performance.

3. Grouping queries by increasing resource intensity (DTU usage or CPU load) may provide some
performance improvement at higher resource tiers. This is explained by the fact that strategic grouping
of queries helps avoid sharp fluctuations in resource allocation during batch execution.
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6. Conclusion

Within the scope of this study, the effectiveness of various query batch formation strategies in the
Azure SQL Database service was developed and analyzed with the aim of optimizing its performance
when working with large datasets. The experimental results confirmed that each batching strategy has
a certain impact on key performance metrics — total execution time, DTU usage percentage, and CPU
load percentage. Therefore, the correct choice of query batch formation strategy depends on the
configuration of computing resources and the characteristics of specific queries. This may determine
best practices for optimizing database performance, which can be useful for developers, database
administrators, and other professionals in the field of database technologies and cloud platform services.
In particular, the obtained results highlight the importance of considering the characteristics of specific
tasks and the available resource provision when selecting an effective query batch formation strategy.
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