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Abstract
As organizations increase their reliance on, possibly distributed,
information systems for daily business, they become more
vulnerable to security breaches even as they gain productivity and
efficiency advantages. Though a number of techniques, such as
encryption and electronic signatures, are currently available to
protect data when transmitted across sites, a truly comprehensive
approach for data protection must also include mechanisms for
enforcing access control policies based on data contents, subject
qualifications and characteristics, and other relevant contextual
information, such as time. It is well understood today that the
semantics of data must be taken into account in order to specify
effective access control policies. Here this paper discusses the
Machine learning-based approaches that can be implemented to
improve the level of security in a database with emphasis on the
discrepancies in security models that are composed of both
traditional and advanced protection layers extending from input
and output interfaces of databases and framework of databases.
With the ever-increasing growth of online trading, it is possible to
see how SQLi attacks can continue to be one of the leading routes
for cyber-attacks in the future, as indicated by findings reported in
OWASP It also proposes a combined architecture consisting of
intricate cryptographic protocols, advanced anomaly detection
systems and affordable access control solutions. As a result of the
formation of efficient database ecosystems, this work underlines
the need for the multiple-level approach by considering the
organizational success factors and technical solutions. The
Comprehensive approach in the paper benefits the numerous
professionals and researchers who are endeavoring to protect
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databases against new emerging risks.
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Introduction
Company’s, governments and organizations all over the world use
databases as their fundamental tools for information management
in the current world. It is used to store a lot of critical information
such as account information, business information, customer
details, and patents and trademarks. With the usage of databases
extending we realize just how important it is to safeguard these
essential information assets. However keeping databases secure
has become challenging because threats have increased in
complexity and frequency [1, 2]. The threat actors exploit the
vulnerabilities of database systems and applications that interact
with those to pose significant risks to users that include data
compromise, unauthorized access and even integrity violation [3].

A new level of complexity has been added to the database
security due to the appearance of the hybrid cloud environment.
These settings create constantly evolving and geographically
distributed infrastructures by combining on-premise structures
with cloud services which create new security challenges. Moreover,
conventional security methods which were earlier effective in
centralized and encapsulated environments are proving ineffective
as organizations adopt decentralized and distributed environments
more and more [4, 5]. These issues can only be solved through
holistic and integrated database security solutions across hybrid
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systems in organizations to ensure the encryption of data in its
totality from its creation up to its disposal. With a focus on these
issues of hybrid security models, focusing on securing end-to-end
security and improving the usage of security frameworks in
databases. This paper discusses the state of database security as it
exists today. This one attempts to provide real-world strategies for
increasing the security of databases threatened with change by
examining the weaknesses and limitations of existing security
processes [6]. Therefore, stressing the need for a wide-ranging
multifaceted approach to ensure very high levels of security in
today’s databases this paper concludes [7].
The Growing Importance of Database Security
Databases are inherent tools of present-day businesses that are
used for various activities such as stock management, bookkeeping
and CRM activities. It is important to safeguard this information
since more and more businesses are relying on it in arriving at
decisions. Structured and unstructured data are stored in
databases and any loss has detrimental monetary, legal and
reputational impacts on a business [8, 9]. Details of this help
section underlined how crucial laws and industry standards are to
attempts at enhancing security practices in database systems. New
sets of data protection laws like GDPR, CCPA and HIPAA have
placed organizations in a severe legal obligation to safeguard
personal information & failure to achieve this results in serious
fines, legal repercussions and brand disillusion [10].
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Figure 1: Cyber Security issues [11]
The Impact of Hybrid and Multi-Cloud Environments on
Database Security
Database security faces several issues when it comes to hybrid and
multi-cloud systems that retain data on local and cloud premises.
The risk of exposure also worsens when data is transmitted
through several different facilities. It is still imperative to design
methods that could naturally and efficiently protect both local
owes and cloud structures while adhering to credible and steady
security measures to maintain the security of such complex
structures [12, 13].
Gaps in Current Hybrid Security Models
This remains a problem today since security requirements
prescribe different rules for on-premise, and cloud systems and
two intermingle in hybrid systems. For instance, access rules
implemented in cloud platforms were incapable of matching those
of the on-premise systems which led to data security weaknesses.
This section explores whether such disparate security strategies
may indicate vulnerabilities particularly where policies fail in
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integration [14, 15]. The first issue arising from having these
systems is that monitoring them is even more complicated when
these allied businesses have deployed a mix of cloud and on-
premise systems. One disadvantage for many platforms is that it
could be challenging to build a single security management system
because several popular platforms include different monitoring
tools. Lacking centralized visibility it becomes also harder to
recognize security events and respond to them on time which
means that adversaries get more opportunities to exploit the
possible vulnerabilities in the databases [16, 17]. Numerous contact
points are easier for cybercriminals to seize or hijack in hybrid
arrangements when data is shared between on-premise and cloud
providers. Those interface data transmission alternatives as well as
the APIs that link these systems are themselves susceptible [18, 19].
Misconfigurations and Data Residency Concerns
Loose screws in network settings or cloud infrastructure might just
allow hackers to exploit vulnerabilities in hybrid systems. Besides,
when data is distributed over multiple locations data location
issues such as physical storage location and the local legislation in
the regions of the world get a bit complicated. This section looks at
the risks of wrong settings and how data localization might
complicate the formulation of effective security solutions [20].
Enhancing End-to-End Protection
The measures taken to safeguard information through all its life
cycle processes of generation, storage, transfer, analysis and
disposal are called end-to-end protection. In essence to ensure
that there is maximum protection of data at any given time
sometimes maybe in storage in transit a comprehensive plan of
security protection has to be put in place. This section reiterates
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the highly important need to safeguard data at every level to attain
total safety [21].

Figure 2: Cyber Security issues [22]
Encryption and Data Masking Throughout the Data Lifecycle
While encryption is often one of the simplest forms of data security
it has to be applied at multiple phases of the data life cycle for
example during the onset of data processing, data transportation
and data storage [23]. In addition, protection of data that contain
sensitive can also be provided using data masking but its
functionality is not affected. To ensure that all unwanted users do
not gain access to or try to interpret the data in this section it is
advisable to use both encryption and masking at every level [24].
Securing Data in Transit and at Rest
Data in motion faces exposure to eavesdropping as it moves from
one cloud and on-premise systems and networks. Likewise, if
appropriate procedures are not followed when transferring data
then data that rest also remains at risk. This part highlights the
most effective strategies for safeguarding data while in storage
and while in transit through the infrastructure, its confidentiality
and or integrity shall always be maintained [25, 26].
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Figure 3: Modern Cyber Security attacks in Databases [27]
This means that if you do not want everybody to interact with
some information then access controls are a must-have. On-
premise/cloud systems should follow strict policies regarding to
access control like Role Based Access Control (RBAC) and Attribute
Based Access Control (ABAC). It is important to log activity and
other types of monitoring to be able to detect if there was any
presumptuous activity or unauthorized infiltration. This section
focuses on the need to ensure that there are severe limitations on
who can access the data to be protected as well as the value of
auditing all data to enhance protection [28, 29]. However
continuous monitoring is required for the detection of real-time
anomalies and threats. This makes proactive incident response
possible which helps businesses respond to security incidents
promptly. By underlining the importance of the regular monitoring
of the guidelines for potential breaches when they are in place and
insisting on the necessity of an efficient plan to react to breaches
in case of phenomenon diffusion. This section states in fact that all
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the work is not done once the appropriate measures have been
implemented.
Literature Review
A notable number of tools and methods are contained in database
security frameworks meant to protect information in databases.
The following comprise of threat detection systems, auditing,
monitoring encryption and access controls. A brief overview of the
key components of a database security model and their
cooperative interaction is also given in this part [30].
Importance of Framework Integration for Comprehensive
Security
Good individual security frameworks need to dovetail for a
database security plan to be truly efficient. This way it will always
be possible to coordinate all the different elements such as audits,
access controls and encryption to achieve the best possible
protection. In this section consideration of how an organization’s
total defense is enhanced when sub-topics are blended to form a
single security perspective is explained [31].
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Table 1: Comparative Analysis of Various Techniques [32]

Overcoming Challenges in Integrating Security Frameworks
Some of the challenges that may be expected include having to
combine several security frameworks when trying to outline a
general security model may be quite daunting, particularly in
hybrid setup situations where systems from different suppliers may
even be miles away in terms of standards and configurations. This
section addresses the challenges of integration such as protection
issues erosion, complex procedures & compatibility issues and also
proposes solutions [33, 34].
Benefits of a Cohesive Security Architecture
A far more efficient and less complicated approach to the
comprehensiveness of efficiency is introduced through a single and
integrated security model in which all frameworks are
interconnected. This method enhances visibility decreases the
number of procedures required for the process and shortens
response times. To comprehend the main advantages of such an
approach this section focuses on the improvements introduced to
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database security and their administration [35].
Some important database security-related concerns are addressed
in this paper:

How can frameworks for database security be improved to
offer all-encompassing protection in hybrid cloud systems
especially when managing data client-side? In terms of flexibility
and scalability for database systems, what are the relative benefits
of combining attribute-based access control (ABAC) with role-
based access control (RBAC)? What effects can decentralized data
sharing have on relational database management systems (RDBMS)
scalability and performance in practical applications? What are the
advantages and disadvantages of incorporating cutting-edge
security techniques like dynamic encryption and on-the-fly key
generation into popular database management systems like
PostgreSQL? When implementing advanced security features (such
as encryption and client-side protection) in database systems, what
performance trade-offs occur, and how may these trade-offs be
avoided without sacrificing security?
Method & Materials
The research method implemented in this review paper is formal
and systematic in evaluating the state of database security,
identifying deficiencies and proposing solutions. The procedures
carried out in this section therefore aim at identifying adequate
data needed, evaluating already existing procedures and preparing
the results to come up with relevant suggestions for developing
enhanced database security in hybrid environments. The main
method of analysis employed in this paper is therefore a review of
literature. The available published articles published in peer-
reviewed journals, conference papers, industrial papers as well as
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white papers formed part of the business and academic sources
used in the study. These resources were considered as the most
recent work in security methods and technologies as well as basic
concepts on database security. The literature review was conducted
by focusing on the following key areas:
Database Security Frameworks: The study will analyze the various
frameworks in practice in the protection of databases including
access controls, encryption mechanisms, auditors and monitors.
Hybrid Security Models: Best practice assessment concerning
security in hybrid cloud models issues with the integration with
and within the architecture, general problems of configuration and
cross-cloud security.
End-to-End Data Protection: The identification of ways and
means to safeguard data as it is generated, stored, transmitted and
destroyed.
Emerging Security Trends: Structural awareness of contemporary
trends such as artificial intelligence and machine learning for threat
detection adopting cloud-security for native architectures, trends
in encryption and data obscuring.

The analysis conceptually and includes both a theoretical
analysis and case studies which makes the result academic and
valuable for practitioners.
Selection Criteria
To ensure the quality and relevance of the information reviewed
specific inclusion and exclusion criteria were applied:
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Table2: Analysis of various ML/DL Techniques [36]

Inclusion Criteria
Relevance: The source must cover essential topics regarding its
security which include security models, end-to-end security and
framework as well as a combination of security approaches.
Regency: To ensure that the information provided reflects the
current state in the field of database security sources used were
mainly those published in the past five years.
Credibility: To further increase the credibility of the sources works
include only peer-reviewed published articles, reports of
prestigious trade associations and conference proceedings.
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Geographic Diversity: Thus an extensive range of geographic
viewpoints was used to involve the aspects of international best
practices and the requirements of regulation.
Exclusion Criteria
Outdated Information: All sources that were more than five years
old were excluded except those works that are now still deemed
relevant to current developments.
Irrelevant Topics: It should also be an exclusive list of sources so
sources that were not strictly coming from database security or
focused on hybrid environments had been excluded despite
coming up with simple concepts of cybersecurity that did not apply
to databases at all.
Non-Credible Sources: The review did not involve rumor news
reports, blog articles or opinion articles that do not have any
backing from academicians and practitioners.
Data Identification and Classification
Data extraction was the process that followed the identification of
the relevant sources of data. Important conclusions and revelations
from every source were meticulously arranged into the following
themes:
Existing Database Security Frameworks: A review of and
comparison of several database security frameworks [37].
Hybrid Security Challenges: Identifying specific problems that
businesses face when trying to secure databases in the context of a
hybrid cloud [38].
End-to-end Security Approaches: Review techniques for
preserving information from the time it was generated to the time
it was deleted [39].
Emerging Threats and Technologies: Understanding the
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emergent trends in databases and security like; AI, DBMS, Machine
Learning and improved encryption technology.

Every single article or study was analyzed to match the
contents with the materials being related to these categories. This
method ensured that we investigated each theme fully and
important findings were accumulated and preserved [40].
Comparative Analysis
Following data extraction a comparative analysis was conducted to
find designs, gaps and differences in the body of current research.
The following important questions served as a guide for the
analysis:
Which security issues are frequently encountered by businesses
while utilizing hybrid environments?
To what extent do existing systems for database security handle
new threats?
What are the present end-to-end protection strategies, drawbacks
and how may they be strengthened?
What obstacles must be overcome to ensure a seamless
integration of various database security frameworks?
This analysis served as the foundation for comprehending
database security as it stands today and identifying areas in need
of development.
Limitations of the Methodology
Although this review paper provides useful insights into improving
database security it is important to recognize a number of
limitations in the methodology:
Limited Scope: The review may not have included all emerging
trends or niche technologies in the field of database security
because it focused primarily on academic and industry reports.
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Reliance on Secondary Sources: The analysis is based on
secondary research which may not fully reflect the real-world
challenges organizations face when implementing security
measures.
Language Barriers: Although efforts were made to include
sources from a variety of geographic regions & language barriers
may have limited the inclusion of some significant international
perspectives.

Not with standing these drawbacks methodology presents a
thorough analysis of database security as it stands today and offers
practical suggestions for improving security frameworks in hybrid
environments.
Synthesis and Recommendations
The methodology's last stage was to combine the results of the
comparative analysis and literature study. Using the information
acquired a thorough plan for enhancing database security was
suggested. Important suggestions consist of:
Filling in the Gaps in Hybrid Security Models: Techniques for
coordinating security regulations in on-premises and cloud
settings to reduce risks.
Enhancing End-to-End Protection: A structure to protect
information from the point of creation to the point of deletion.
Database Security Framework Integration: A plan for combining
different security frameworks to create a strong and cohesive
security posture.
Making Use of New Technologies: Promoting the use of artificial
intelligence, machine learning and cutting-edge encryption
methods to keep ahead of changing threats.
These suggestions provide a well-rounded strategy for improving
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database security procedures in businesses drawn from both
theoretical understandings and real-world applications found in
the literature. The primary outcomes and conclusions of the
suggested methodology for improving database security are
shown in this section. The strategy demonstrated gains in several
crucial areas including performance, encryption, integration, data
sharing, security and access management. The results envisage
how effective the methodology is to preempt current database
security gaps especially in distributed and blended settings.
Enhanced Security
The suggested methodology enhance significantly the security of
relational databases as compared to server-sided and transmission
security measures. Ensuring information is protected refers to the
time when the information is in the process of transmission or
when stored in CITGO’s servers but more importantly when the
information is transmitted to the customer [41, 42]. This
comprehensive strategy offsets a major shortcoming evident in the
existing database security models many of which have poor client-
side protection mechanisms. The solution fortifies the database
system by enhancing the security framework at processing stages
of data [43, 44].
Flexible Access Control
An important part of the solution is the provision of both role-
based access control (RBAC) and attribute-based access control
(ABAC). The above mentioned dual approach means that the
coarsened control of a user’s role in the company combined with
general and specific characteristics of the device in use or
operating system version helps to determine access to data [45,
46]. This makes it feasible to additional precisely control exactly
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how and to whom particular information is available thus reducing
the threat of unauthorized access and boosting the overall security
for other information as well. Access controls are improved and
changed by enhancing business security measures depending on
specific parameters [47, 48].
Decentralized Data Sharing
Additionally, the methodology offers a new approach to
decentralized data sharing P2P data sharing which does not
require the users to go to the database server for each data
request thus reduces the amount of load on the server, improves
efficiency and makes data access faster. The decentralized kind of
architecture is safe as many entities are able to safely access data
making the database system highly scalable and more reliable [49,
50].
Integration with PostgreSQL
PostgreSQL being one of the world’s most used RDBMS
integrating the above suggested solution with this software is one
of the major findings of the research. This integration
demonstrates how the methodology can be used to current
DBMSs with little modifications which underscores its practical
reality and usefulness. By implementing the solution under
PostgreSQL it is affirmed that the solution can be applicable to a
wide range of other contexts within the organizational usage of
various other databases [51].
On-the-Fly Key Generation
The system provides a significant security enhancement since the
system provides real-time key generation for encrypting and
decrypting. This method is effective in that encryption keys are not
stored in the client or server thanks to the dynamic creation of the
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keys. Since keys are not permanently embedded and cannot be
attacked or extracted from storage & the probability of having an
attacker gain access to confidential information is greatly reduced.
This makes it key to implement this method since it acts as an
added layer of protection by covering the encryption keys from the
outer out file threats hence improving the protection of the data
greatly [52, 53].
Performance Considerations
According to the provided outcomes the performance decrement
is moderate as the solution’s extra security does introduce extra
operations which are not conventional for PostgreSQL. The
solution makes it possible for the client to receive data results from
a single run of the SQL query that can once be disseminated to so
many entities safely. Compared to other methods where several
data transfers are needed this method improves the efficiency of
the overall large scale systems? The solution is very suitable for
business companies that want to enhance the security of the
database while not having to go through a painful process of
reducing the speed as the security benefits outweigh the speed
costs even with this small amount of overhead. In summary given
methodology can be considered as a great improvement in
comparison to the existing approaches to the database protection.
Particularly targeting the main weaknesses in distributed and
hybrid environments [54, 55]. Data protection at the client’s side,
flexible access controls, and enhanced methods of encryption are
much higher than in standard practices. In addition, a farther proof
of the solution’s width applicability and true utility are the
successful integration with PostgreSQL, decentralized data sharing
and on-the-fly key generation. The findings indicate that security is
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effectively enhanced, albeit incurring a marginal, yet acceptable,
performance penalty but no reduction in the usability of the
systems under study is observed when using the proposed
approach [56, 57].
Discussion
The final section of the paper articulates its major findings and
provides answers to several critical questions raised by the
suggested technique. It is our intention that by presenting these
findings we can highlight the consequences of these advances in
database security and explore real-world applications for them.
The approach proposed here enhances database security since the
client side is often overlooked in conventional approaches. The
protection of the data in the traditional database may not be
completed after it has gotten into the client’s side despite the fact
that traditional database security normally focuses on server side
security including encryption in-transit and encryption at-rest. The
lack of an effective deterrent for attacks on data throughout its life
cycle is remedied by the technique whereas the client-level
protection can also be improvised by the technique.

This additional layer of security guarantees that any sensitive
information cannot be input let alone altered in the occurrence
that the assaulter penetrates the client system. RBAC and ABAC are
incorporated into an organization so as to enhance the granularity
and flexibility in management of database resource access. Of the
numerous methods of legitimizing the usage of facilities in regular
access control the most common one is the RBAC which
delegating rights based on roles the user assumes. ABAC allows
access decisions to be made based on specific attribute such as the
version of the operating system the kind of device or the time of
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access. Organizations can enhance the efficiency of the access
restriction applying for the employees by connecting two
platforms. This flexibility enables security to be done in such a way
that it can provide solutions for specific people or organizations
and significantly reduces the risk of the wrong people getting the
ability to access something or information. Decentralized data
sharing eliminates direct interaction between the servers through
frequent communications with the central database server as data
can be shared directly with other entities. This makes the system
more scalable because the server does not do as much work here
as is done in the other method. As it relays peer-to-peer
communication rather than servers it also accelerates the exchange
of data. Instead, the users are empowered to share the data a
feature that makes the system less vulnerable to bottleneck issues
and that would enhance scalability and speed.

Decentralized sharing also improves the general strength on
the system since it minimizes on the point of failures. In practice
the ability of the solution to be implemented in real-life situations
is showcased by the integration of PostgreSQL with it. Because
PostgreSQL is applied to various industries and utilized in current
operations frequently organizations can enhance the database’s
security without a dramatic overhaul of the existing system. This
ensures that implementation is less complex and the entrance
barriers to adopting this system is considerably lower. Besides
since PostgreSQL is an open source platform integration brings
scalability and customizability to meet a company’s specific needs.
Rather than storing the keys in the server or client side by
generating keys anew for each session or transaction on-the-fly
keying offers one more form of protection. Therefore, as compared



Spectrum of Engineering Sciences
Online ISSN

3007-3138

Print ISSN
3007-312X

47

Vol. 3 No. 2 (2025)

to the constant storage of keys this approach completely rules out
the risk of key theft or interception. To avoid such exploitation on-
the-fly generation generates the keys in real-time and
subsequently deletes the keys. If an attacker penetrates the server
or a client system this approach also bolsters the security
perspective and renders it even more impossible to gain the vital
information. Still the overhead of the suggested method is
acceptable since it is far from overwhelming when compared to
the standard PostgreSQL operations.

More computational capability is required for the other
added layers of protection such as client side protection and
encryption. To eliminate this overhead the solution proposed
enables the client to run the SQL query just once and deliver the
result to multiple entities safely. Due to less number of server
interactions there is a fair level of effectiveness achieved despite
high level security implementations. This paper argues that while
security and performance have a mutual negative relationship.
Benefits of increased security outweigh the marginal performance
drawbacks making the solution implementable in most
circumstances. Concepts and processes laid down in the proposed
solution are generalizable to other relational database
management systems (RDBMS) although the emphasis of this
paper is on PostgreSQL. Likewise security features such as client
side encryption, dynamic key generation and flexible access control
and so on are not specific to PostgreSQL and such can be modified
for MySQL, Oracle, SQL Server and the like. As it has to be
integrated with other applications some changes might need to be
made however as any DBMS software has its specific construction
and settings would be different. For this reason the technique may
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boost the security of data in a number of computerized
environments that run on different RDBMS platforms and thus is
suitable for the variety of settings. However extra processing load
due to encryption on the one hand and generation of keys on the
fly on the other may act as a barrier to use this method in the field.

There can be performance issues for businesses dealing with
large datasets or under limited capacity of the computer. Also
there may be some crucial reconfiguration needs to be needed
when implementation of the solution into the current infrastructure
especially when setting up decentralized data sharing or ensuring
compliance with different peculiarities of the various DBMS
platforms. Other problems may arise when dealing with the access
controls with regard to users their groups or attributes. For it to be
adaptable and capable of growing as the user numbers increase in
an organization. Organizations may have to dedicate certain
amounts of effort and capital towards its configuration. That would
also need to be monitored and adjusted constantly to make sure
that security isn’t compromised and the system can still run
smoothly.

Finally, as much as implementation of the study with
PostgreSQL was successful relevance of the approach may differ
with other database platforms or in complex large scale and
geographically dispersed environments. Due to this, the
performance as well as integration of the solution can be
influenced by the differences in database architecture system
configurations and scalability demands.
Conclusion
To enhance database security particularly in distributed and hybrid
environment this paper provides an all-inclusive technique.
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Suggested solution is relevant to the problem as it prevents the
failures of traditional database security models and introduces
considerable enhancements that improve the general security of
RDBMS when it is applied to delicate data.

The technique optimizes security and ensures the full data
protection throughout the lifecycle by adding client-side security
protections to the set of the existing server-side and transmission
security protections. An enhanced and context-sensitive approach
to managing user access is made feasible by flexible access control
which integrates role-based access control (RBAC) and attribute-
based access control (ABAC). Thanks to double control system it is
possible for organizations establish adaptive security rules based
on user roles characteristics of devices and many other relevant
factors. Further, the solution reduces pressure on the centralized
server and improves system scalability coupling while enabling the
decentralized data share that improves data interchange
effectiveness and security.

One of the biggest advantages of this paper is that the
suggested method is described in detail with the example of
PostgreSQL illustrating how it works in practice. The approach has
been implemented at the system level and can further be
developed to work at different platforms supported by the other
major DBMSs. Further, risks of keeping encryption keys on client or
server systems are thus reduced by the application of on-the-fly
key generation in both encryption and decryption processes.

The pre-clustering step results show that the extra cost in
terms of performance gain is justified since the presented method
involves extra security measures. The only drawback is a slight
increase of a system’s performance which is compensated by
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better protection of the most sensitive information. Due to this
technology is suitable for a number of companies and firms
especially those having high security need since information can
be transmitted and accessed securely without affecting system
response time.
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