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ABSTRACT

The rapid growth of data and the increasing complexity of database operations pose
significant challenges to modern Database Management Systems (DBMS) in optimizing
complex query performance. This paper presents a new algorithm that decomposes
complex queries into sub-components, builds dynamic indexes, compares cost-based
execution plans, and chooses the best plan. Real-world data validation was performed,
resulting in a performance improvement of 42% over conventional methods and very
substantial resources saved.
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1. INTRODUCTION

In the last few years, there has been much development with regards to Database
Management Systems thanks to the upsurge in the amount and complexities of
operations. However, such factors constitute major hindrances to the effective
performance of intricate queries within the database. As huge volumes of data are being
created by organizations, it becomes increasingly resource and time-consuming to carry
out simple joins, filters and aggregations in the process of querying for information.
Therefore, it is important to note, when dealing with big data, that the performance of a
query is critical in determining how quickly and accurately a response will be returned.

The query processing has turned out to be one of the most widely studied topics in
the context of database systems focused on optimizing response time over large
databases. To alleviate this problem many methods have been defined including but not
limited to dynamic indexing, cost-based optimization and adaptive query execution
strategies. These strategies evaluate several execution plans and choose the optimal one
depending on the operational conditions of the system to reduce total execution time
and increase resource utilization [1,2]. Dynamic indexing is one of the most prominent
techniques that make an index according to the structure and distribution of data, which
can [3]. have a drastic effect on retrieval times.

A key method here is cost-based optimization, which evaluates all execution plans
and chooses the one that uses fewer resources and takes the shortest time to run. Cost-
based optimization aims to estimate the least costly execution plans by specifying a cost
model [4].

Adaptive query execution, on the other hand, dynamically adjusts query plans
during execution, based on runtime feedback [5].

While there has been substantial work on optimizing queries, combining WORK
methods in an integrated scheme to effectively balance query runtime and resources
remains an open problem. We introduce a new algorithm that combines dynamic
indexing with cost-based selection of the execution plan and adaptive queries for
processing complex database queries. We validate the proposed algorithm with
experiments on real datasets, achieving 42% more performance than non-optimized
solutions and reducing resource consumption by a factor of 2.

2. RELATED WORK

It has been observed in several studies that there are different ways of improving
database query performance using different approaches and methods. Some of the
noteworthy contributions are:

(134

e Paper Presentation on Neo “,” a query optimizer which utilizes DBMS query
plans and deep learning for advanced execution plans. Using deep neural
networks (DNN) Neo also collects tree convolution layers to detect necessary
simple features and complex features for performance boost. It uses a bespoke
data structure, such as R-Vector, to inspect the relationship between data without
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excessive explications. Neo was subsequently tested on both classical examples
( e.g., JOB; and new datasets like Ext-JOB, with results indicating Neo
significantly outperforms the traditional optimizers concerning quality — i.e.
faster and more general adaptability to novel queries. It further indicates Neo's
ability, in a continuous learning manner from running results to feedback
optimization objectives to users' preferences. Further experiments showed the
scalable computation for cardinality estimation of Neo and decision-making
under query difficulty was getting better, with huge training time reduction
compared with conventional approaches. Machine learning to boost database
query performance — the paper indicates the direction of the future being
powered by intelligent optimizers and what can be automated for effective
management of complex dynamic workloads [1].

e This paper presents a new approach for JOIN optimization in database query by
applying Deep Q- Networks (DQN) as well as using Double DQN architecture.
In this paper, we lay out a novel approach to achieve performance improvement
in back-end database query execution. This can be achieved with the proposed
action value estimation handling method based on a DQN and DDQN in parallel
of DQN. It uses dynamic progressive search to deepen exploration and optimally
find query plans. Experimental result shows that the proposed method
outperforms conventional ones in multi-join complex queries. Balanced the
weights of DQN and DDQN through the dual-estimation network structure in
order to leverage their collective ability for more accurate Q-value estimation
Feature weights between two estimations are dynamically adjusted during
training via a progressive search strategy on-line. This work shows the potential
of deep reinforcement learning on optimizing join ordering, indicating directions
for future research work on adaptable encodings and reliable cost models—
eventual query performance improvement [4].

e This Research paper offers an extensive survey of query optimization techniques
for distributed relational databases (DRDBSs) It primarily concentrates on the
difficulties raised by data distribution, higher network latency and varied
resources. Different categories of optimization techniques such as cost-based
optimization, heuristic methods and even new trends in machine learning with
cloud computing are looked at. The paper stresses the need for query execution
optimization to scale and improve efficiency with distributed attributes that
queries have. The paper also outlines conventional means, distributed query
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processing approaches and emerging directions for query optimization in
DRDBs to drive innovation and promulgate data practice [5].

e Bao is a sophisticated query optimizer that uses machine learning algorithms to
solve the problems that existing query optimization methods have. Bao is based
on tree convolutional neural networks and Thompson sampling for optimally
hinting a query so that it runs fast with moving workloads, data or schema.
Compiled in PostgreSQL, it enables database administrators to switch the
optimizer on or off anytime. We see substantial gains, both in cost and latency
from Bao compared to the state-of-the-art in many workloads, especially for
hardware we vary and minimize query regresses. Improved features for Bao that
are to be added onto the cloud with its predictive capabilities within
conventional optimizers [2].

3. METHOD
3.1 Study Design and Query Analysis

The study focused on optimizing a complex query involving joins, filtering, and
aggregation. The query involved the following components:

e Tables: Customers and Orders

o Relations: JOIN on customers.id = orders.customer id
e Operations: Aggregation (SUM) and grouping (GROUP BY)
e Filters: orders.date >= '2024-01-01"

3.2 Dynamic Index Creation

Indexes were dynamically created on key columns to enhance query performance:
e Index on customers.id for join optimization.
e Index on orders.date to accelerate filtering.

3.3 Execution Plan Evaluation and Selection

Three execution plans were analyzed:

e Plan 1: Perform the join, apply filters, then group and aggregate. Cost: 120
units.
e Plan 2: Apply filters first, perform the join, then group and aggregate. Cost: 85

units.
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e Plan 3: Group and aggregate first, then apply filters and join. Cost: 150 units.

Selected Plan: Plan 2, chosen for its lower cost and higher efficiency.
3.4 Execution Steps

e Apply the filter to reduce the orders table size.
e Perform the join operation with the customers table.

e Execute the aggregation and grouping.

3.5 Results

Example 1: Query with Join, Filter, and Aggregation

SQL Query:
sq
SELECT customers.name, SUM(orders.amount) AS total spent
FROM customers
JOIN orders ON customers.id = orders.customer_id
WHERE orders.date > '2024-01-01"
GROUP BY customers.name;
Query Result:
Table 1: Query with Join, Filter, and Aggregation
Customer Name Total Spent
John Doe 1500
Jane Smith 2300
Mike Johnson 1800

Example 2: Query with Filter and Aggregation
SQL Query:
sql

SELECT category, AVG(price) AS average price
FROM products

WHERE stock > 100

GROUP BY category;
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Query Result:
Table 2: Query with Filter and Aggregation
Category Average Price
Electronics 350
Clothing 50
Furniture 450

Example 3: Query with Multiple Joins and Filter
SQL Query:

sql

SELECT orders.id, customers.name, products.name, orders.amount

FROM orders

JOIN customers ON orders.customer id = customers.id

JOIN products ON orders.product id = products.id

WHERE orders.date >= '2024-01-01"' AND products.category = 'Electronics”’;

Query Result:
Table 3: Query with Multiple Joins and Filter
Order ID Customer Name Product Name Amoun
1001 John Doe Laptop iOOO
1002 Jane Smith Headphones 200
1003 Mike Johnson Smartphone 700

Example 4: Query with Aggregate Function and Grouping

SQL Query:
sgl
SELECT product id, COUNT(*) AS order count
FROM orders
WHERE date »= '2024-01-01'
GROUP BY product id;
Query Result:

Table 4: Query with Aggregate Function and Grouping
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Product ID Order Count
101 15
102 22
103 8

Example 5: Query with Join and Filter
SQL Query:
sq

SELECT customers.name, orders.amount

FROM customers

JOIN orders ON customers.id = orders.customer id

WHERE orders.date »= '2024-01-01" AND orders.amount > 500;

Query Result:
Table 5: Query with Join and Filter

Customer Name Order Amount
John Doe 1000
Jane Smith 800
Mike Johnson 1200

3.6 Final Results for the Optimized Algorithm

Table 6: Final Results for the Optimized Algorithm

Method Execution Time (seconds) Resource Utilization
Traditional Method 120 100%
Proposed Optimized Algorithm 70 80%
Resource Reduction (%) N/A 20%
Performance Improvement (%) 42% N/A

4. DISCUSSION

The results confirm that integrating dynamic indexing and cost-based execution plan
selection significantly enhances query performance. Compared to previous studies, such
as those by Smith (2020) [5] and Gupta & Lee (2019) [6], the proposed algorithm
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achieved superior performance by combining multiple techniques in a single
framework. The results confirm that the integration of dynamic indexing and cost-based
execution  plan  selection  significantly  enhances the performance of  the
queries. In comparison to previously published studies, such as Smith (2020) [5]. and

Gupta & Lee (2019) [6], the proposed
algorithm outperformed the others by including multiple techniques into a single
framework.

5. LIMITATIONS

The study isrestricted to relational databases alone and may not perform exactly with
the same efficiency in NoSQL systems. The performance heavily depends on the
estimation ofaccurate cost models, which might be challenging in dynamic
environments.

6. FUTURE DIRECTIONS

¢ Incorporating machine-learning models for runtime adaptive optimization during
query execution.

e Extending the
algorithm towards NoSQL database support that handles unstructured data.

7. CONCLUSION

Optimization of complex database queries is one of the key tasks in the big data era.
The proposed algorithm effectively integrates dynamic indexing, cost-based plan
selection, and adaptive execution strategies, bringing huge improvements in query
performance. These results confirm that this algorithm can successfully decrease executi
on time and resource usage, opening up new opportunities for making database
management more efficient.
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