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Abstract

Relational database systems form the backbone of modern information management. However, the escalating volumes of data and
increasing complexity of queries present substantial performance challenges in data retrieval operations. This study investigates the
execution time differences between Subqueries and five join methods: Inner Join, Left Join, Right Join, AsOf Join and Lateral Join, in
MySQL environments. An experimental methodology was employed, utilising two simulated relational tables containing 100, 1,000, and
10,000 rows of data. Each query method was executed three times under identical system conditions to establish reliable average execution
times. The findings demonstrate that join operations substantially outperform subqueries across all tested datasets. Inner Join, Left Join
and Right Join maintained execution times below 0.04 seconds, even with the most extensive dataset. Conversely, subqueries exhibited
significant performance degradation, with execution times increasing to tens of seconds as the data volume increased. This performance
disparity stems from the iterative processing inherent to subqueries, which intensifies proportionally with dataset scale, whereas join
operations leverage more efficient simultaneous data processing and merging algorithms. The research concludes that join methods
constitute the more appropriate choice for medium to large-scale data scenarios, offering practical optimisation guidance for database
developers and administrators implementing MySQL-based systems.
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1. Introduction

The information system ecosystem in the current era of technological development positions relational databases as a crucial foundation
for data storage and management. As data continues to grow rapidly, the primary challenge faced by software developers and database
administrators no longer lies solely in data storage, but rather in optimising the efficiency of data retrieval processes[1]. MySQL, widely
recognised as one of the most commonly used open-source relational database management systems, is often identified as experiencing
significant performance degradation when handling complex queries. This issue serves as the primary context of this study, in which
execution time efficiency is positioned as a key parameter in evaluating the response time of database systems[2].

This study was conducted because, in terms of query syntax, retrieving data from a database using subqueries is often perceived as
straightforward and intuitive, aligning with human logic. This technique can be analogised to instructing a librarian to retrieve books by
repeatedly walking back and forth to the shelves for each title requested. Although the process is easy to understand conceptually, in
practice, it is highly exhausting and burdensome for the computer system, as it forces the machine to perform tasks that could actually be
completed simultaneously repeatedly[3].

Field observations indicate that many applications experience performance degradation due to the excessive use of subqueries, particularly
in systems that handle a high volume of transactions. Studies have shown that unoptimized queries can lead to slow response times,
increased CPU and memory usage, as well as excessive disk I/O operations, all of which negatively impact overall system performance[4].
Experimental tests have also demonstrated that specific subquery methods can have a substantial impact on query performance, especially
when combined with high transactional workloads[5].

Recent studies reveal that optimised queries can improve execution speed by up to 70% compared to non-optimised queries[6]. This
phenomenon has motivated further research, as significant differences in execution time, reaching up to tens of times faster, were observed
between queries using subqueries and those optimised with Join on production datasets containing millions of rows. A case study conducted
on a MySQL database system with a dataset of 64.75 GB and 194.70 million rows demonstrated that optimised methods were able to
reduce execution time by up to 70%[7].

In the current era of technological advancement, modern database systems, such as MySQL, are designed to operate more intelligently by
utilising Join methods[8]. This Join method is similar to the analogy previously described. However, in practice, many database system
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developers are not fully aware that choosing an inappropriate query approach often becomes the primary reason for severe performance
degradation, especially when the stored data exceeds millions of rows. This issue becomes even more relevant since the latest versions of
MySQL already provide features such as Lateral Join and Hash Join, which can significantly speed up the process. Yet, these features
remain underutilised due to a lack of understanding regarding how they work[9].

The main problem identified in this study is the high response latency that occurs when the system processes reports involving relationships
between tables. Based on the principles of relational database theory, join operations (Inner Join, Left Join, and Right Join) utilise a set-
based approach that manipulates collections of data simultaneously. This approach is theoretically proven to be more efficient than the
iterative mechanism of row-by-row processing commonly found in the execution of correlated subqueries, where the query is executed
repeatedly for each row of data[10]. In addition, MySQL version 8.0 and above has introduced new functionalities such as Lateral Join,
which allows referencing columns from a preceding table within the clause. A lack of awareness regarding the appropriate context for
utilising each specific type of Join, including the simulation of AsOf Join related to time-series data, often results in systems operating
below their optimal performance threshold[11].

The research problems can be formulated into several key questions: How significant is the difference in execution time between the
Subquery and Join methods? Under what data conditions does each technique demonstrate optimal performance? How do dataset
characteristics influence the effectiveness of each approach? Do the new MySQL features, such as Lateral Join, provide substantial
performance benefits? Considering the research problems mentioned above, this study aims to conduct a comparative analysis to optimise
query execution time. The main objective is to evaluate and compare the execution speed between Subquery implementation and various
Join methods (Inner, Left, Right, Lateral, and AsOf Join). This research seeks to explore and produce best practice guidelines for database
practitioners in selecting the most efficient query writing techniques tailored to specific dataset characteristics, making the findings highly
relevant to the topic as a whole[12].

The expected outcome of this study is the development of a comprehensive, evidence-based guideline that will assist database
administrators and application developers in making informed decisions regarding effective query writing techniques. This research is
expected to enhance the overall efficiency of database systems, accelerate application response time, and ultimately improve end-user
satisfaction, as database optimisation has been proven to have a direct impact on service performance. In addition, this study is expected
to serve as an academic reference that contributes to the body of knowledge on database query optimisation, particularly in the context of
MySQL, which is one of the most widely used database management systems worldwide[13].

2. Literature Review

Query optimisation is a crucial step in database management, ensuring that SQL commands are executed as efficiently as possible. Its
objective is to determine the most optimal execution plan by minimising the use of system resources such as processing time, memory, and
disk I/O operations. This process involves evaluating various methods for executing a query and selecting the strategy with the lowest cost
based on its cost analysis model. The quality of database design and query efficiency are key factors that determine the performance of an
information system, especially when the volume of data increases rapidly[14].

The structure of queries written by developers has a direct impact on performance. One of the common dilemmas is deciding between
using subqueries and join operations. Subqueries are often considered more intuitive and easier to write because they reflect a step-by-step
procedural logic. However, this approach frequently becomes a significant source of inefficiency in large-scale databases.

Systematic literature studies have demonstrated significant inefficiencies associated with the use of nested subqueries in large-scale
databases, which often lead to dramatic increases in execution time that exceed the tolerance limits of applications. As a remedial approach,
the literature recommends reconfiguring SQL syntax by substituting subqueries with Join structures. This method has been empirically
evaluated across various dataset scenarios containing millions of rows[15]. Experimental findings indicate a drastic improvement in
execution time efficiency, with some cases achieving more than a 90% reduction for correlated subquery scenarios. This demonstrates that
modifying the logical structure of a query often yields a more substantial performance impact than merely adjusting server configuration
parameters[16].

In general, Join operations often demonstrate superior performance compared to subqueries, especially in database management systems
that have not yet implemented advanced subquery rewriting techniques. However, the execution efficiency of Joins greatly depends on the
indexing strategy applied. Without adequate indexing on the join predicate columns, the query optimiser tends to utilise a full table scan to
process the data. This operation is known to incur high computational cost and cause significant latency, particularly in tables with data
volumes reaching millions of rows[17]. Another literature study highlights the challenges posed by SQL Join performance degradation
caused by the absence of indexing on foreign key columns, which results in full table scans on large tables. The methodological framework
employed consists of a comparative experimental design that evaluates Join operations with and without composite indexing, using
EXPLAIN ANALYZE to measure query costs. The investigation revealed an average increase of 43.68 per cent in execution speed when
proper indexing was applied, thereby confirming the essential role of indexing strategies as a fundamental support for Join operations
across tables[18]. Within the category of subqueries itself, there are syntactic variants such as IN and EXISTS. Developers often
misunderstand when to use one over the other, which leads to the adoption of suboptimal methods, especially when dealing with high-
volume data. Addressing the performance differences between subquery variants (IN versus EXISTS), which are often misunderstood by
developers and lead to the adoption of suboptimal methodologies when handling high-volume data, requires a comparative analysis of both
clauses with indexing support. This can be achieved by utilising MySQL 8.0 benchmarks to evaluate execution time and memory
consumption. The results indicate that EXISTS provides greater stability, with a 25-30 per cent speed improvement compared to IN on
large datasets, although its performance remains significantly lower than Join operations unless adequately supported by optimal
indexing[19]. Modern MySQL (version 8.0 and above) offers significant improvements in Join operation algorithms, including the
implementation of Hash Join, which replaces the Block Nested Loop for non-indexed operations, providing far more efficient performance
on large datasets. However, the validity of performance measurements is often biased by the tools used[20]. The integration of recent
studies indicates that query optimisation is no longer a one-dimensional process, but rather a holistic approach that combines syntactic
efficiency, adaptive indexing strategies, and a deep understanding of execution plans. Furthermore, the Lateral Derived Tables feature in
MySQL 8.0 has blurred the rigid boundaries between subqueries and Joins, enabling subqueries to correlate with external tables more
flexibly while still maintaining execution performance equivalent to Joins in complex cases. This research aims to establish a
comprehensive optimisation framework by simultaneously analysing the interactions of these variables[21].
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3. Research Methodology

3.1. Research Stages

The research stages in this study were arranged based on a workflow that describes the process of testing the performance of Join and
Subquery queries in MySQL. The following is the flowchart:

Data Collection and
Preparation

Testing Join and
Subquery Queries

v

Recording and
Processing of Test
Result Data

v

Recording and
Processing of Test
Resulis Data

Completion

Fig.1. Research Flow Diagram

3.2. Data Collection

The data collection method in this study is experimental, utilising primary data generated through simulation. The primary data is structured
in the form of a simple database consisting of two main tables, namely the Student Table (storing unique IDs, names, and majors) and the
Grade Table (storing unique IDs, student id as a foreign key, academic_semester and gpa). The relationship between these two tables
enables performance testing of Join and Subquery queries. The amount of data in both tables is varied, ranging from tens to thousands of
rows, to simulate different levels of system workload. The main structure of the tables is described in the table as the basis for dataset
formation.

No Table Column Data Type
1 Student student_id (PK) INT
name VARCHAR(100)
major VARCHAR(50)
2 Grades id (PK) INT
student id INT
academic_semester INT
gpa DECIMAL(3.2)

Fig. 2.Testing Database Structure
3.3. Recording and Processing of Test Data

Recording and processing of data were carried out to obtain accurate execution time values for each testing scenario. Each join and
Subquery query was executed three times for each dataset size, namely 100, 1.000, and 10.000 rows. Data recording was performed
manually using Excel, referencing the execution time values displayed in the performance schema.events statements summary by digest
table in MySQL. This method allows the researchers to capture execution values in detail and consistently transfer them into the data
processing sheet.

The execution results were then organised into testing tables to facilitate analysis and comparison. Each table contains the query type,
dataset size, the results of three executions, and the calculated average value to minimise the influence of system fluctuations. The average
calculation is performed using the formula :

tl1+t2+1t3

Average Execution Time = 3
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The data are presented in tabular form to demonstrate the performance differences between Join and Subquery queries across various
dataset sizes. Presenting the results in tables enables researchers to observe patterns of execution time changes in a structured and
measurable manner, which can then serve as the basis for analysis in subsequent stages.

3.4. Result Analysis

An analysis of the research results was conducted to understand how the performance of Join and Subquery queries changes across different
dataset sizes, based on the execution times obtained from three trials in each scenario. The analysed object was the average execution time
previously recorded and processed, providing an accurate representation of the efficiency of both query methods. This analysis was
performed after all data had been obtained from a controlled testing environment by executing the queries in MySQL Workbench on the
same device under stable system conditions.

The results show that for small-sized datasets, the difference in execution time between Join and Subquery remains relatively small. This
is reasonable since the amount of processed data does not yet impose a significant load on the database engine. However, when the dataset
size increases to 1.000 rows, the performance differences become more apparent. Joins demonstrate more consistent execution time due to
MySQL’s optimised table merging mechanism, whereas Subqueries require additional processing before generating results, leading to a
tendency for higher execution times.

The performance gap becomes more pronounced when the dataset reaches 10.000 rows. Joins continue to provide lower execution times
compared to Subqueries, indicating that direct table merging methods are more efficient for large data volumes. In contrast, Subqueries
begin to show significant execution time increases because the data retrieval process within a Subquery requires additional processing
stages that become more burdensome as the number of rows grows.

From these results, it can be concluded that dataset scale has a direct influence on the performance of both query techniques, and Joins tend
to be more stable and efficient for medium to large datasets. This analysis provides a crucial foundation for determining effective query
writing strategies in database environments with diverse workloads.

4. Results and Discussion

This study employed MySQL Workbench as the primary platform to execute the entire series of tests on Join and Subquery queries. The
testing environment was run on a laptop with the following specifications:

a) Processor: AMD Ryzen 5 6600H with a base frequency of 3.30 GHz

b) Memory: 16 GB RAM

¢) Operating System: Windows 11 64-bit

d) Storage: 512 GB NVMe SSD
All testing activities were conducted in a controlled manner to ensure stable results, utilising a single application, MySQL Workbench,
throughout the entire process. This step was intended to minimise interference from other applications that could affect CPU or memory
usage. Before each batch of testing began, the laptop was restarted, and the MySQL cache was cleared to ensure the system was in optimal
condition and not influenced by any remaining processes from previous executions.
The testing was performed on two data retrieval techniques, namely Join and Subquery, each executed three times on every dataset size to
obtain stable and consistent results. The Join variations tested included Inner Join, Left Join, Right Join, AsOf Join, and Lateral Join, to
allow a comprehensive comparison of their performance. For the Subquery category, the structured Join queries were rewritten into
Subquery form while still producing the same output, ensuring a fair comparison between the two techniques. This approach enabled a
more precise evaluation of the operational differences between Joins and Subqueries as well as their impact on execution time under varying
data volumes. The distribution of testing scenarios is as follows:

a) The first to third tests used a dataset containing 100 rows

b) The fourth to sixth tests used a dataset containing 1.000 rows

¢) The seventh to ninth tests used a dataset containing 10.000 rows
The execution time results from each trial were manually recorded into Microsoft Excel based on the data displayed through
performance schema.events statements_summary by digest in MySQL. The collected data were then averaged for each scenario as a
more stable and objective representation of execution performance. These values served as the basis for evaluating the effectiveness of
Join and Subquery in processing data across different dataset sizes. They became the primary reference for the performance analysis in the
subsequent section.

4.1. Inner Join and Subquery
The experiment in this section was conducted to compare the performance of Inner Join and Subquery using three different data sizes,
namely 100, 1.000, and 10.000 rows. Each test was executed three times for each dataset size, resulting in stabilised average execution

values. A summary of the measured computation time for both methods is presented in Table 1.

Table 1: Result of Inner Join and Subquery Testing

Test Order | Number of Rows | Inner Join Execution Time (seconds) | Subquery Execution Time (seconds)
1 100 0.0009 0.0019
2 100 0.0009 0.0010
3 100 0.0010 0.0009
4 1.000 0.0017 0.0022
5 1.000 0.0022 0.0014
6 1.000 0.0030 0.0039
7 10.000 0.0343 0.0404
8 10.000 0.0337 0.0325
9 10.000 0.0348 0.0384
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The test results show that Inner Join consistently provides shorter execution times across all dataset sizes compared to Subquery. The
performance difference for small to medium datasets is not highly significant, yet Inner Join still demonstrates superiority. When the data
size increases to 10.000 rows, Inner Join continues to maintain its performance, whereas Subquery experiences a sharper increase in
execution time. This condition indicates that direct table merging mechanisms are more efficient than the Subquery approach, which
requires the execution of separate selection commands before the merging process takes place.

4.2. Left Join and Subquery
In this section, the performance of the Left Join is analysed and compared to the Subquery. Similar to the previous test, all three dataset
sizes were tested three times to obtain representative average execution time values. A summary of the average computation results is

presented in Table 2.

Table 2: Result of Left Join and Subquery Testing

Test Order | Number of Rows | Left Join Execution Time (seconds) | Subquery Execution Time (seconds)
1 100 0.0012 0.0099
2 100 0.0009 0.0097
3 100 0.0010 0.0088
4 1.000 0.0019 0.5023
5 1.000 0.0027 0.4704
6 1.000 0.0026 0.5105
7 10.000 0.0335 242317
8 10.000 0.0203 24.7429
9 10.000 0.0177 24.7803

Left Join demonstrates stable performance across all dataset sizes, with the increase in computation time remaining proportional to the
growth in data volume. Subquery, on the other hand, experiences a very drastic increase in execution time on datasets containing 1.000
and 10.000 rows. This phenomenon indicates that the repetitive data retrieval process performed by Subquery results in a much higher
processing load. Therefore, Left Join is considerably more efficient in scenarios involving large table structures.

4.3. Right Join and Subquery
In this test, a performance evaluation was conducted comparing the Right Join and Subquery methods. All three data size variations were
tested three times each, and the average values were then calculated to obtain more stable results. The data obtained from the test are

presented in Table 3.

Table 3: Result of Right Join and Subquery Testing

Test Order | Number of Rows | Right Join Execution Time (seconds) | Subquery Execution Time (seconds)
1 100 0.0009 0.0016
2 100 0.0008 0.0012
3 100 0.0009 0.0014
4 1.000 0.0016 0.0034
5 1.000 0.0021 0.0034
6 1.000 0.0018 0.0033
7 10.000 0.0183 0.0392
8 10.000 0.0180 0.0388
9 10.000 0.0179 0.0391

Right Join demonstrates competitive performance with low execution times across all dataset sizes, following a similar pattern to Inner
Join. The increase in execution time remains controlled as the amount of data grows. Subquery, however, produces higher execution times
at all scales, particularly on the largest dataset. This indicates that the table-matching approach used in Right Join is more computationally
efficient than Subquery, which performs data retrieval independently.

4.4. AsOf Join and Subquery
AsOf Join testing was conducted to evaluate its performance under the same variations of dataset sizes. Each scenario was executed three
times, and the average values were then calculated to ensure that the results were not affected by fluctuations in execution. The computation

time data are presented in Table 4.

Table 4: Result of AsOf Join and Subquery Testing

Test Order | Number of Rows [ AsOf Join Execution Time (seconds) | Subquery Execution Time (seconds)
1 100 0.0065 0.0143
2 100 0.0068 0.0097
3 100 0.0092 0.0080
4 1.000 0.2971 0.2603
5 1.000 0.3000 0.2501
6 1.000 0.3027 0.4382
7 10.000 28.7683 24.4295
8 10.000 28.7519 243718
9 10.000 28.6200 24.2472

AsOf Join shows relatively high execution time even when the dataset size is still small, and it experiences a substantial spike when the
dataset reaches 10.000 rows. Subquery demonstrates slightly better performance in several scenarios, but remains within a high execution
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time category. These findings indicate that AsOf Join has considerable operational complexity, making it a less suitable option for large-
scale data or dense table relationships.

4.5. Lateral Join and Subquery

In this section, testing was conducted on Lateral Join and Subquery using the same testing procedures. All dataset size scenarios were
executed three times. The test results are presented in Table 5.

Table 5: Result of Lateral Join and Subquery Testing

Test Order | Number of Rows | Lateral Join Execution Time (seconds) | Subquery Execution Time (seconds)
1 100 0.0148 0.0077
2 100 0.0077 0.0085
3 100 0.0102 0.0079
4 1.000 0.3047 0.2938
5 1.000 0.2977 0.2951
6 1.000 0.2947 0.3871
7 10.000 28.5472 28.7994
8 10.000 28.6004 28.6488
9 10.000 28.8743 28.5859

Lateral Join exhibits relatively high computation time even with small dataset sizes, and it increases sharply as the amount of data grows.
The subquery appears slightly more efficient in several trials, yet it still falls within a range of high and unstable execution times overall.
This condition indicates that Lateral Join introduces significant processing overhead due to its row-by-row evaluation, making it less
recommended for use with large datasets.

4.6. Comparison of Computation Time Across Join Methods

In this section, a performance comparison is conducted for all five join queries (Inner Join, Left Join, Right Join, AsOf Join, and Lateral
Join) against the Subquery based on the average execution time. The values presented are the averaged results from three tests on each
dataset size, namely 100, 1.000, and 10.000 rows. This approach was chosen to ensure that single execution fluctuations do not influence
the measurement results and provide a more stable representation of the actual performance. A summary of the test results is shown in
Table 6 and Figure 3.

Table 6: Average Execution Time of Five Join Queries and Subquery (seconds)

Amount of Data | 100 [ 1000 | 10.000
Inner Join 0.0009 0.0023 0.0343
Subquery Inner Join 0.0013 0.0077 0.0371
Left Join 0.0010 0.0024 0.0282
Subquery Left Join 0.0095 0.4944 24.5850
Right Join 0.0009 0.0018 0.0181
Subquery Right Join 0.0014 0.0034 0.0390
AsOf Join 0.0075 0.2999 28.7134
Subquery AsOf Join 0.0107 0.3162 24.3495
Lateral Join 0.0109 0.2990 28.6740
Subquery Lateral Join 0.0080 0.3253 28.6780

SQL Query Execution Time (seconds)

107" mem join
| me= subquery

Inner Join

Left Join

10-2 4

107% -

Right Join

26.7134 24 3495

Asof Join

28.6740 28.6780

Lateral Join

100 1,000
Fig. 3. Average Query Execution Time Chart for Five Types of Joins and Subqueries
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Based on Table 6 and Figure 3, which present the testing results of five Join queries (Inner Join, Left Join, Right Join, AsOf Join, and
Lateral Join) compared to Subquery, the following conclusions can be drawn:

a.  Query execution time (seconds)

b. For the dataset containing 100 rows, all types of Join and Subquery still show very low execution times and do not demonstrate
significant differences. Inner Join, Left Join, and Right Join perform very quickly within the range of 0.0009-0.0010 seconds,
while their Subquery counterparts also remain efficient with values below 0.01 seconds. AsOf Join and Lateral Join start to show
slightly higher execution times compared to the basic Join operations, yet the values are still considered lightweight. Testing with
100 rows indicates that all methods can operate optimally without imposing a considerable computational load on the system.

c.  Forthe dataset containing 1.000 rows, the performance differences between Join and Subquery become more noticeable compared
to the previous dataset. Inner Join, Left Join, and Right Join maintain very low execution times, all of which are below 0.003
seconds. The Subquery versions of these three operations exhibit increases in execution time, but the growth remains reasonable
and within an acceptable efficiency level. AsOf Join and Lateral Join begin to show much larger spikes in execution time, reaching
around 0.29 to 0.32 seconds. The Subquery execution values for both operations are also within a similar range, indicating that
computational complexity increases significantly when the dataset reaches 1.000 rows. This dataset size becomes the point at
which differences in the ability of each method to handle computational workload become more distinct, particularly for more
complex Join operations.

d. For the dataset containing 10.000 rows, the performance differences among methods become highly significant. Inner Join, Left
Join, and Right Join continue to show high efficiency with execution times remaining below 0.04 seconds. Subquery for Left Join
experiences an extreme increase, exceeding 24 seconds, while Subquery for AsOf Join and Lateral Join reach execution times
around 24 to 28 seconds. On the Join side, both AsOf Join and Lateral Join also exhibit substantial increases, surpassing 28
seconds. This condition indicates that operations with more complex searching patterns are susceptible to dataset growth. At large
data scales, the efficiency differences among methods become clearly visible.

The overall results between Join and Subquery indicate that Join consistently outperforms Subquery in almost all testing conditions. Join
can maintain low execution times even as the data volume increases, particularly in Inner Join, Left Join, and Right Join, which consistently
remain below 0.04 seconds even on the 10.000-row dataset. Subquery often experiences significantly higher execution spikes, especially
in more complex operations such as Left Join, AsOf Join, and Lateral Join, with execution times increasing to tens of seconds. This occurs
because Subquery execution generally requires additional computation steps before producing the final output. Therefore, Join is a far
more efficient, stable, and suitable method for large-scale datasets compared to Subquery.

5. Conclusion

This study demonstrates that join methods outperform Subqueries in terms of execution performance across various data scales. Inner Join,
Left Join, and Right Join exhibit stable processing times, even when the dataset reaches 10.000 rows, with execution times remaining
within the range of milliseconds. This indicates that the set-based approach used by Join is more efficient in processing data compared to
the iterative nature of Subqueries.

Subqueries result in a significant increase in execution time, particularly in complex operations such as Left Join, AsOf Join, and Lateral
Join. Execution times reaching tens of seconds indicate that repetitive data retrieval in Subqueries imposes a substantial system load. AsOf
Join and Lateral Join also exhibit inefficient performance on large

datasets, making them unsuitable for use in production environments with heavy data workloads.

Based on these findings, the application of Join is concluded to be a more effective strategy for data retrieval in relational databases,
especially in applications that require fast response and stable performance.

System developers and database administrators are advised to use Join as the primary approach in data processing, particularly when
dealing with medium to large datasets. Subqueries should only be used when the logic cannot be represented using a Join or when the query
objective is simple and does not significantly affect system performance.

Future research is suggested to evaluate the impact of single and composite indexing on Join performance, as indexing strategies often play
a crucial role in accelerating table merging operations. The study can be expanded to larger data scales, including hundreds of thousands
to millions of rows, to simulate real-world production system conditions.

Further studies may also compare performance in other database management systems, such as PostgreSQL or MariaDB, to determine
whether the observed performance patterns are general or specific to MySQL. Evaluating internal execution methods, such as Hash Join
and Block Nested Loop, is also worthwhile to understand the effectiveness of execution algorithms for each query type.
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