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ABSTRACT

developing big data DBMS performance.

The extraordinary growth in data-driven critical changes how Database Management Systems (DBMS) need to function. Modern Database Management
Systems have become inadequate because it has no longer meet the needs of big data requirements, which include massive scales and rapid data processing.
The research analyzes the development of DBMS technologies designed for big data systems by examining three essential challenges, which include scalability
needs as well as performance improvements, and handling different kinds of data. In order to increase system speed and response time, the study looks
at optimizing system performance using query optimization, data compression, parallel processing, and vectorization techniques. The paper examines
major data security matters and system timing issues, which both present significant performance challenges during increasing data growth. This paper
evaluates upcoming distributed computing frameworks and machine learning strategies, and automated database tuning through AI, which can empower
the next level of DBMS solutions. The research survey explores optimal techniques for DBMS systems and defines upcoming research routes that focus on
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Introduction

The digital era sees organizations from every sector producing
massive data sets through business operations and user engagement,
and sensor-based information acquisition. Big Data is the name
for this extensive data collection that brings specific technological
problems from data quantity and speed, and information diversity
[1]. The capacity of relational database management systems
(RDBMSs) to process and manage big data volume and complexity
becomes limited when facing such magnitude and intricacy [2].

Figure 1: Database Management System

The DBMS operates as a program solution in Figure 1 that
optimizes data storage and retrieval functions. The system gives
access control capabilities combined with data abstraction which
enables transaction management, thus acting as the essential basis
for data-intensive digital applications. Modern DBMSs operate as
complex systems that depend on multiple adjustable parameters
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which professionals call configuration knobs to determine system
operational characteristics [3]. System efficiency evaluation within
big data environments depends heavily on these performance
benchmarks which are strongly affected by adjustable parameters.

The recent trend has been shifted towards more flexible as well
as more scalable alternate, such as NoSQL databases for big data
applications. These systems can run schema-less data models,
will distributed architecture, and are high availability, and are
suitable for processing unstructured and semi-structured data at
scale. NoSQL databases such Since key-value stores, document
databases, column family stores, and graph-based systems are
flexible, it can handle data that is constantly being created from
a variety of sources.

One of the most crucial aspects of DBMS performance when the
database accommodates enormous data is query optimization.
Efficiency in query processing is crucial in order to reduce resource
utilization and have a quick response time. However, with the
continuous growth of data, the need to optimize queries increases
to let real-time analytics, decision making and user experience [4].

Structure of the Paper

The following paper organized as: Section II describes overview
of database management system in big data and Section III
provide the optimization techniques of DBMS in bigdata, then
Section IV challenges in optimizing DBMS for big data, Section V
characteristics of NoSQL database models and relational databases
and Section VI give the review of relevant literature, together with
a conclusion outlining future research.

Overview of Database Management Systems in Big Data
Database management systems, also known as real-time database
systems (DBMS), act as data repositories and offer effective
data loading, storage, and manipulation [5]. It must have the
fundamental features of a broad database management system.
A database system is the collective term for the database, the
DBMS, and the software program. It is usually hard to separate
the database and the DBMS without exporting the database in a
different format, particularly when it comes to relational databases
[6]. In these cases, the database is frequently not accessible by the
DBMS until it is imported back into a format that the DBMS can
understand. The underlying database and the DBMS are frequently
referred to simply as databases informally, maybe because of this
inseparability.

An example of a simplified system that highlights the elements
that are essential to a database system and the scope of this
research. Throughout this investigation, make reference to the
elements shown in Figure 2. The Figure has sacrificed technical
accuracy and comprehensiveness for presentational convenience
by showing only one end-user, one software program, one database
management system, one hardware component, and one database.
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Figure 2: Overview of DBMS

Types of Databases

Types of the databases management system in big data are as

follows:

* Bibliographic Databases: Information that is format-free
(unformatted data). This is made up of textual data, which
by definition doesn't show much or any format. Libraries
and information systems frequently employ these kinds of
databases. Keywords and phrases from book abstracts and
other materials might be used to create this data. One can
judge whether or not a document is of interest by looking at
its abstract. Document titles, authors, journal names, volume
and number, dates, keywords, abstracts, and other descriptive
information are all included in bibliographic database.

*  Knowledge Databases: Al applications make advantage of
knowledge databases. There is formatted and discrete data
in them. There are usually many different types of data in
these, but there are extremely few instances of each type.
The amount of these databases' data matches the size of their
description [7,8].

*  Graphic-Oriented Databases: Computer-Aided Design
(CAD) may make use of graphic-oriented databases. This type
of database's data is described as active. Accordingly, data is
a process that may be carried out. Since the aforementioned
1 and 2 cannot be carried out on a computer, any changes
can be made to the data.

*  Decision-making Databases: Corporate management and
related administrative duties make use of decision-making
datasets. One may deal with issues like resource planning and
sales forecasting by using the data in these databases. The fact
that these databases' data contents are formatted, somewhat
longer than descriptions, and passive.

A common term for these decision-making databases is "just
databases." Database Management Systems (DBMS) are
categorized according to the type of databases it handle. For
instance, Knowledge database management systems and
bibliographic database management systems.

Numerous enabling technologies are connected to the wide-
ranging subject of big data studies. The Big Data Technology
Map connects a number of enabling technologies to various stages
of the Big Data value chain, both proprietary and open-source [9].
As shown in Figure 3, the large data system may also be broken
down into a layered structure. From bottom to top, the layered
structure may be separated into three levels: the infrastructural
layer, the computational layer, and the application layer. Only
a conceptual hierarchy is provided by this layered approach to
highlight the intricacy of a huge data system.
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Figure 3: Layered Architecture of Big Data System

The function of each layer is as follows:

*  The collection of ICT resources that make up the infrastructure
layer can be arranged using cloud computing architecture and
made possible by virtualization technologies.

e The computer layer integrates many data tools into a
middleware layer that runs on raw ICT resources. The
programming model, data management, and data integration
are common technologies in the big data setting.

* The application layer integrates fundamental analytical
techniques to create a variety of field-related applications
by using the interface that the programming models give
to accomplish different data analysis operations, such as
statistical analyses, clustering, classification, and querying

Characteristics of Big Data
Some features of big data include the following, and Figure 4
illustrates the three V's of big data.

Variety . . Welocity

Figure 4: The three Vs of big data

e Big Velocity: Big velocity is correlated with data delay and
throughput. Big velocity for throughput refers to the pace
at which data enters and exits networked systems in real
time [10]. Stated differently, it refers to the rapid flow of
data and information into and out of interconnected systems
in real-time.

e Big Variety: The phrase "big variety" describes the vast array
of data sources available, their many forms, and the kinds of
data that are accessible to everybody [11]. At a higher level,
big data may be divided into three categories: semi-structured,
structured, and unstructured. Relational database systems
such as Oracle store structured data.

¢ Big Volume: Data volume or size has surpassed terabytes and
petabytes in recent years [12]. The vast volume and growth of
data surpasses conventional storage and processing methods.

Optimization Techniques for DBMS in Big Data

Almost any quantity of data can be scaled with Hadoop/Hive.

However, optimization is still required to process data rapidly

and run queries effectively [13]. To enhance Hive efficiency,

Hive query optimization techniques may be used while running

Hive queries.

e Tez Execution Engine: Built on top of Hadoop Yarn, an
application framework called Apache Tez is used for both
interactive and batch data processing, speeding up query
execution. For interactive queries, Tez is more adaptable
and effective than MapReduce. It reduces query execution
time by one to three times [14]. Because of less job splitting
and access to HDFS, Tez provides faster response times;
MapReduce divides tasks into more jobs and requires more
HDEFS access.

e Vectorization: Through the retrieval of 1024 rows in a single
operation, vectorization enhances efficiency for processes
like scanning, filtering, aggregation, and joining. Rather than
processing each row separately, Hive can handle a batch of
rows thanks to vectorization. To enhance cache utilization,
every batch comprises a column vector, and operations are
performed on the entire vector.

e Parallel execution: The parallelism that MapReduce
processes on Hadoop provide is automatically utilized by
a number of executable searches on Hive. The query's total
execution time can be decreased in this fashion. It is possible
to transform the queries into several phases during execution,
which are typically carried out sequentially.

e Compression: The quantity of data that is exchanged between
mappers and reducers is greatly decreased via compression
techniques. The size of the compressed file should not exceed
a few hundred megabytes. Snappy, 1zo, bzip, and gzip are
a few of the Hive compression techniques. The scenario
determines whether compression techniques are appropriate.

¢ File format: Certain file formats, like JSON, are not suitable
for huge systems with a lot of data since it require a lot of
storage space. Depending on the data, a suitable file format
can significantly improve query performance. Because ORC
format speeds up data processing and reduces up to 75% of
the original data's size, it makes it possible to store Hive
data efficiently.

Query Optimization

Enhancing the method for handling a database query is known
as query optimization. As a result, it is a crucial stage in query
processing. The variety of tasks required to get data from a database
is referred to as query processing. In theory, every option must
be considered in order to choose the one with the most promising
performance forecast [15]. Figure 5 depicts an abstraction of the
procedure for creating and evaluating these options; it is basically
a query optimizer's modular design.
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Figure 5: Query Optimizer Architecture

Although an optimizer might be constructed using this design,
the modules' borders are not usually as distinct in actual systems.

Performance Optimization

As a modelling and computational tool, the PBO methodology

makes use of the method of finite element analysis (FEA). The

stresses or strain energy densities of components can be calculated

using the results of finite element analysis [16]. Elements with

low levels of stress or strain are seen as ineffective and should be

removed. By gradually removing inefficient components from a

structure, its performance can be enhanced. Until the structure's

performance is optimized, the FEA, performance evaluation,

and element removal processes are repeated. Additionally, the

optimization process is summed up as follows:

e A fine-grained representation of the original continuum
structure.

*  Theuse of finite element analysis to the structure is necessary.

e After building the structure, use performance indices to
evaluate it.

*  This enables us to determine each load case's stresses and
strain energy densities of the elements.

e Reduce the number of ineffective elements in the design
domains.

e Itisnecessary to verify the continuity of the resultant structure.

*  Symmetry of the resulting structure has to be checked

*  Select the best design and plot the performance index history.

Scalability Techniques

Database management systems (DMS) have the need to be scaled
since an adaptable infrastructure is needed to accommodate data
growth and expanding workloads. For start-ups, flexibility and
growth, knowing specific scalability measures with their impact
on DMS performance are very important. Metrics that are part
of achieving high throughput, low latencies and data availability
include partitioning, replication, concurrency control, and
consistency. Designing for these challenges is a goal of existing
scalable DB vendors, and such a comparison can show which
changes might be made for future applications. It is also important
to make the collaboration between database software and hardware,
and storage devices more efficient and effective. Work in this area
has been to minimize disk accesses, use memory, and to ensure
that hardware resources are sustainably and predictable used.

Challenges in Optimizing DBMS for Big Data

There are several challenges facing the optimization of Database
Management Systems (DBMS) for big data applications that may
seem unique to big data. There are data security, heterogeneous
datasets, scale, timeliness, and enterprise-specific issues. Here is
an overview:

Data Privacy and Security

Security may be a big worry because Big Data is a new technology
that not all businesses fully understand. Protecting the data from
security breaches is of utmost importance since the majority of
the data in the data sets is crucial [17]. Think about information
obtained from a location-based service, for instance. For this
service to work, the user must let the service provider know where
that are right now. Because the user's location is disclosed in the
event of a security breach, there may be major privacy problems.

Heterogeneity and Incompleteness

In contrast to humans, machines can only comprehend
homogeneous data. In contrast to humans, machines are incapable
of understanding subtleties. Therefore, meticulously organized,
Accurate, and fruitful data analysis requires data. Furthermore,
inaccuracies in data analysis might arise from inadequate data.
Think of a health record database where each patient's blood type,
employment, and date of birth are recorded. Patients frequently
fail to submit all the data that was asked for. Therefore, the data's
value is set to null.

Scale

A novel approach to processing big data is needed as computer
resources cannot keep up with the growing volume of data,
and CPU speeds are stagnating due to power constraints. First,
CPUs with more cores are being produced, and the clock speed
of processors has essentially stagnated over the past five years.
Previously, huge data processing systems had to deal with
parallelism within a single node, whereas now it has to deal with
parallelism among cluster nodes.

The second is the move to cloud computing, which now creates
massive clusters by combining several workloads with various
performance goals. This level of resource sharing on expensive
and large clusters calls for new ways to Figure out how to run
and execute data processing jobs in order to meet the goals of
each workload in a cost-effective manner and to handle system
failures, which become more frequent as it operate on larger and
larger clusters.

Time Liness

Timeliness is the ability to get data considerably more quickly in
real time. massive volumes of data must be handled, and analysis
takes longer, since the digitization of almost "everything" has
caused the development of new types of huge, real-time data in
several fields. It requires a system architecture that will address
each of these factors. need the analysis's results in a matter of
seconds in their fast-paced environment. For example, if a
suspected fraudulent credit card transaction is discovered, it is
best to report it before the transaction is completed, possibly
preventing it completely.

Business/Enterprise Challenges

The amount, value, and significance of the internal and external
data required to manage the company and compete in various
international marketplaces are constantly growing. The actual
difficulty is to extract as much value as possible from this data
in an efficient and economical manner. To create new business
intelligence (BI) using rich analytics, one must be able to cross-
reference seemingly unrelated data sources in creative ways. Each
business segment handles its own data, even if the master data is
accessible and used to run the firm.
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Features of Relational Databases and NoSQL Database Models
Relational databases and NoSQL databases have distinct features
that make them suitable for different applications. Here's an
overview of their key features based on the provided content [18]:
Closed and Open Source

There are both proprietary and open source systems for relational
databases [19]. Relational databases that are proprietary, like
Oracle, may frequently scale more effectively than their open-
source counterparts, like MySQL. Nonetheless, a lot of NoSQL
database models, like MongoDB, CouchDB, and Cassandra, are
open source [20]. NoSQL's open-source nature gives academics
more chances to study a database's characteristics and gives
customers who can't afford proprietary database models access
to cheaper storage.

Scalability

Relational databases often expand up, requiring one server's
hardware to be changed in order to improve efficiency. Because
of'this, administrators find it more challenging to update relational
databases [21]. The hardware constraints that are established by
design and cannot be changed provide another difficulty for this
upgrade approach. For instance, the manufacturers of the hardware
set a predetermined Figure for the most auxiliary storage or RAM
that the system can manage.

Volume and Variety of Data

The amount of data that databases are required to manage has
expanded due to internet applications [22]. The rise of web 2.0
and 3.0 on the internet has increased the amount and diversity of
data that has to be saved. The emergence of big data has increased
the amount and variety of data. These sources have produced
massive amounts of data that relational databases have not been
able to handle. NoSQL is ideal for data-intensive web applications
because of its exceptional ability to manage massive amounts of
data. Businesses that have switched to NoSQL, including Google,
Facebook, and Yahoo, demonstrate this.

Literature of Review

This section reviews various studies emphasizing how big data
technology may improve decision-making and data processing,
and service delivery across domains such as libraries, enterprise
management, and cloud computing, emphasizing performance
enhancement, data modeling, and system integration strategies.

Zalipynis examines how data compression affects array processing
operations. Compress the data using a range of methods, then
look into how compression impacts processing speed. It conduct
an extensive comparison of Chronos DB and SciDB's source and
compressed data performance on real-world data on computer
clusters in the Microsoft Azure Cloud [23].

The problem of library big data applications is examined in this
research, which then builds a model system for library big data
applications using the method of large-scale network analysis.

The challenge of big data services in academic libraries can be
met by this library's big data application model, which is founded
on knowledge management theory and an open source cloud
computing platform that uses a large-scale network analysis
method. It can also successfully encourage the growth of big
data services in academic libraries [24].

An increasing number of businesses are realizing that data
collection, analysis, filtering, and application are critical
components of company decision-making management in the face
of intense market competition. In enterprise management circles,
bid data has emerged as a hotspot for study and has greatly affected
relevant ideas of corporate decision-making management. In
order to investigate the practical difficulties of corporate decision-
making management against a backdrop of big data and propose
solutions, this study developed a type of business decision-making
management system based on big data [25].

Chang et al. project aims to optimize a high-performance, high-
availability infrastructure for processing various large data sets.
The platform can run SQL queries in a big data environment,
automatically select the top-performing big data warehouse
platform for computation, and use the high-performance cache
system to get the same result much faster owing to optimizations
done to integrate Apache Hive, Cloudera Impala, and BDAS Spark
SQL. Especially when running several repeated SQL queries
in multi-user mode, the recommended approach significantly
decreases query/response time. This greatly enhances overall
performance [26].

Rahman et al. offers a data clustering method grounded on the
frequency of data access. Only the hot and cold statistics have
been taken into account. In this case, they separated the entire
database into two distinct files. Only hot data is included in the
first file, and only cold data is included in the second. various
application domains will have various hot and cold data time
periods. The first database file will be directly accessible to the
database engine searching for the second database file next should
the data be missing [27].

Benjelloun et al. government and a variety of companies may use
big data to gain insightful information. This kind of information
can assist decision makers in improving their plans and strategies.
It offers additional value to several commercial and social areas
and aids the organization in gaining a competitive edge. Several
governments have really started initiatives to improve research and
development in the Big Data space, with significant funding. The
private sector has likewise invested heavily in order to optimize
resources and maximize earnings [28].

Table 1 summarizes key literature on optimizing database
management systems for big data applications, highlighting diverse
approaches, focus areas, findings, and associated challenges across
academic, enterprise, and public sector contexts
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Table 1: Literature of review on Optimizing Database Management Systems for Big Data Applications

Big Data warehouse for SQL

processing

using high-performance caching and
optimal platform selection

Reference Key Topic Focus Area Findings/Insights Challenges
Zalipynis Data Compression in | Impact of compression Compression techniques significantly | Managing trade-off
DBMS on array processing in affect processing speed; evaluated on | between compression ratio
Chronos DB and SciDB Microsoft Azure cloud clusters and query performance
Liu Library Big Data Academic library big data | suggested a framework to enable Effective integration of
Applications service using network library services that is built on big data technologies
analysis open-source cloud platforms and in traditional academic
knowledge management settings
Yang and Zhang Enterprise Decision- Management decision Developed a data-driven decision- Adapting organizational
making with Big Data | system for enterprises making model to improve enterprise | structures to exploit big
strategy under big data contexts data fully
Chang et al. SQL Optimization in | Auto-selection of data Enabled faster query responses Ensuring consistent results

across diverse platforms

Rahman et al. Data Clustering in

DBMS

Access frequency-based
clustering (Hot/Cold data
separation)

Separated hot and cold data for
performance gains; dynamic access
patterns considered for various
applications

Defining hot/cold data
thresholds and managing
dynamic data transitions

Benjelloun et al. Big Data Utilization in

Public/Private Sectors

Government and industry
investments in big data
exploitation

Big data improves decision-making,
adds economic value, and supports
innovation; highlighted global
governmental and private investments

Data privacy,
infrastructure scalability,
and efficient insight
extraction from diverse

sources

Conclusion and Future Work

The limits of conventional database management systems in
managing the volume, velocity, and diversity of big data have
been made clear by the exponential development of data in
recent years. To overcome these obstacles, the optimization of
DBMSs has become a critical research and development area.
This paper reviewed key optimization techniques such as parallel
query execution, vectorization, advanced compression, and
efficient storage architectures that significantly improve DBMS
performance in big data environments. The adoption of scalable
frameworks, specialized file formats, and adaptive resource
management strategies plays allowing real-time analytics and
informed decision-making depends on a key part.

Future research must tackle unresolved issues related to data
heterogeneity, security, and interoperability. The design of
next-generation DBMSs should emphasize extensibility, high
throughput, low latency, and seamless integration with big data
analytics ecosystems. Additionally, the exploration of hybrid
architectures that bridge relational and non-relational paradigms,
as well as innovations in query optimization and data indexing,
will be essential for sustaining performance at scale. Through
continuous innovation in these areas, organizations can unlock
deeper insights from their data assets and stay ahead of the
competition in the age of data [29-34].
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