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Abstract: Online banking portal usage has led to rapid adoption of online banking portals and
as such, responsiveness of the system and page load time have become important determinants
of user satisfaction and trust. Banking applications have very strict data consistency, security
and regulatory compliance needs, making the direct application of traditional performance
optimization methods hard. This paper explores the use of caching and optimization of
database queries as a way of minimizing page load time in banking portals without interfering
with the transactional integrity. Experimental evidence shows that a large amount of
performance improvements such as up to 60%-page load time reduction, higher query
execution efficiency and increased system throughputs have been achieved. The results prove
that a well-thought hybrid solution using caching and query optimization can provide scalable,
safe, and high-performance banking portal that can be deployed in the real financial scenario.
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I. Introduction
A. Research background
The banking industry has been experiencing enormous growth in the application of online
banking portals to provide key financial services due to the fast digitalization of the banking
sector. These portals are becoming popular among customers who are using them in managing
their accounts, transferring funds, paying bills, taking loans, and tracking their transactions.
Consequently, responsiveness of the system and page load time is now an important determinant
of user satisfaction, trust and retention [1]. Applying this to the banking environment, any delays
found in page loading or transacting may have an adverse effect on the user experience, and
could lead to loss of customers or transactions being abandoned.
A banking portal is usually introduced based on the multi-tier web architecture which comprises
client interfaces, application server and backend database system [2]. These platforms should be
capable of supporting large numbers of simultaneous users and children of transactional query
demands as well as high levels of consistency, security and regulatory compliance. Nonetheless,
repetitive access to the database, ineffective execution of queries and repetitive access to the
same or similar data tend to add to a longer response time and system bottlenecks. Banking
portals, in contrast to the static or content-based websites, create a very dynamic and
individualized content, and therefore optimization of performance becomes rather a significant
challenge [5].
Caching and query optimization have become popular methods used to improve the performance
of web-based systems [3]. Caching enhances the response time since it temporarily stores
commonly used information at the client, application or database level which helps in
eliminating the need to repeat calculations and database processes. The area of query
optimization aims at enhancing the efficiency of database operations by using techniques like
indexing, query rewriting, optimization of the execution plan and cost-based evaluation.
Effective utilization of these solutions can significantly decrease the server load, latency and
page load time.
There are many studies done with regard to caching and query optimization in general web
applications, but rather scanty consideration has been given as applied in banking portal
applications. Financial systems have severe limits on the freshness of data, consistency in

transactions and security and these limits inhibit the direct use of traditional caching strategies.
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On the same note, ineffective database queries in a banking environment may result in a slow
performance at the peak hours [4]. As such, optimization strategies that are specifically designed
to meet the operational and security needs of banking systems need to be designed.

The paper will analyze how caching and query optimization techniques can be used to decrease
page load times in banking portals. It tests client-side caching strategies, server-side caching
strategies, and database-level query optimization strategies that can be used in transactional
workloads. An organized architectural framework is offered to combine these techniques to
maintain data integrity and data security. Also, experimental assessment is done to measure the
performance gains in realistic banking conditions.

B. Research Objectives

The main aim of the study is to examine and assess the efficiency of caching and query
optimization methods in the decreasing page load time of banking portals. The specific
objectives that will direct the study to meet this objective are as follows:

e To examine the main performance bottlenecks that are prolonging the page load time in
banking portals, especially the database interaction and the delay in processing the back
end.

e To test different client-side and server-side caching tools and determine their
appropriateness to banking applications containing dynamic and sensitive data.

e To determine the performance of database query optimization methods, such as indexing
methods, query rewrites and query execution plan optimization, in the presence of
transaction banking loads.

e To suggest an integrated architecture that integrates caching and query optimization
methods without losing any data consistency, security, and regulatory compliance.

e To experimentally measure the influence of the suggested techniques on the page load
time, system throughput, and backend resource usage with simulated banking workloads.

These objectives will help the study achieve practical information as well as design principles

applicable in the creation of high-performing, scalable, and user-friendly banking portals.
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I1. Background and Related Work

The multiple architectural, application-level, and database-level factors determine the
performance of the web-based banking portals. The section will give the background information
necessary on the web performance measures and the architecture of the banking portal and the
current literature on caching and query optimization. It also assesses other studies done in the
area and points at research gaps that drive the current work.

A. Web performance metrics in banking applications, discusses the topic of web
performance metrics

Response time, page load time, throughput, latency and server utilization are some of the metrics
used to assess web performance. Page load time, which is the time that passes between the user
request and the full development of the page, is of specific importance in banking applications as
it directly affects the usability and trust [6]. Other measures like time to first byte and time to
execute database query are commonly used to troubleshoot the problem of backend performance.
The performance requirements are stiffer in banking systems than in generic web applications.
Slowness is not only a problem to consumers but can also disrupt operations that are time
sensitive like authentication, confirmation of transactions, session validation and others [6]. The
figure 1 depicts a DBMS architecture, which reflects the connection between user queries and
application programs and the main parts such as query processor, optimizer, transaction manager
and data manager. It emphasizes the authorization, checking of integrity, recovery and buffering
mechanisms that guarantee efficient, secure and reliable access and storage of databases.
Therefore, the performance optimization methods need to provide results with low latency

without compromising data accuracy and transactional integrity.
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Fig 1. DBMS architecture
Source: [4]

B. Architecture of banks portal

The majority of the current banking portals are based on a multi-tier design that comprises
presentation layer, application layer and data layer. The presentation layer communicates with
the users using web browsers or mobile applications. Application layer is used to process
business logic, authentication and authorization as well as session management. Information
about the customers, transactions records, and audit logs are the data that is stored in relational or
hybrid database systems [7].

This stratified design is conducive to scalability and modularity but creates performance issues.
Every user query can go through many layers and initiate a number of database queries. During

high user concurrency, query execution performance and repetitive data access may be very
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inefficient as they can add a lot of response time. This makes caching and query optimization a
critical move towards ensuring acceptable levels of performance.

C. Web application caching techniques

Caching is a popular method of decreasing the latency and back-end traffic in web apps. It is a
temporary storage of commonly accessed information such that the requests that may be repeated
will not have to be re-computed or accessed by the database again [8]. There are several levels
through which caching can be carried out and these include client-side caching, server-side
caching, reverse proxy caching and database caching.

Client-side caching is based on the browser storage capabilities and cache-control policies,
which can be used to reuse static or semi-static content [9]. Memory-based systems store the
results of a calculation or a query in memory on the server-side and provide it faster on a
subsequent request. Horizontal scalability is commonly used in large-scale systems with the use
of device caching solutions that are distributed.

A number of studies have shown that caching can be of great importance to minimize the
response time and server load in a high-traffic environment. Financial applications, however,
have even more limitations because of sensitivity and volatility of data. Banking portals should
be made such that the data that is stored in cache is always up to date and uniform, especially the
information related to transactions [10]. Wrong invalidation of the cache can cause staleness or
wrong information to be given to the customers which has severe financial and regulatory
consequences.

D. Database system query optimization

Query optimization is aimed at enhancing the effectiveness of the database operations in terms of
reducing the amount of time and resources used to execute a query [11]. The classic database
management systems use query optimizers to choose the execution plans using the approximated
cost, with respect to the data distribution as well as the availability of indexes and the join
strategies. Such common techniques as indexing, query rewrites, predicate pushdown, and
materialized views are used [12]. The figure 2 identifies the four types of SQL commands,
namely, data definition language, data manipulation language, data control language, and
transaction control language, and their applications in the management of database structure, data

operations, access control, and data transaction consistency.
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In transactional systems like banking databases, there will be queries that will require a join to
more than two tables, aggregations, and condition filtering queries. Inefficiently optimized
queries may lead to a high level of disk 1/0, lock congestion and time to response, especially
during periods of peak usage [13]. The indexing strategies are very important in fastening the
data access, but too much indexing can result in high maintenance cost when frequent updates
are required. It has been demonstrated in previous studies that query optimization together with
workload-conscious tuning can achieve significant performance gains. However, most of the
optimization methods are tested separately and on generic workloads and thus cannot be directly
applicable to a banking set up with its hard constraints of consistency and concurrency.

E. Related Work

The current body of knowledge on web performance optimization has widely investigated
caching and query optimization methods in the e-commerce, content delivery networks, and
cloud-based application fields. Research has seen that latency and backend load can be decreased

dramatically by utilizing distributed caches, smart eviction policies and query execution plans

[5].
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Nevertheless, there are comparatively fewer works that are specifically concerned with banking
portals. Other studies discuss optimization of performance in financial systems, yet tend to focus
on security or fault tolerance or scalability, and not on page load time [14]. Also, a large number
of the suggested caching solutions cannot be used in banking applications because of the issues
on personalization, session management, and data freshness.

In the same way, research on query optimization usually focuses on theoretical models or a
benchmark dataset, and does not reflect the reality of operational constraints of real-world
banking systems [15]. Integrated methods of caching and query optimization are still lacking that
would be designed to suit financial portals.

F. Research Gap

Based on the literature examined, it is clear that caching and query optimization have been
thoroughly investigated separately, but not as a combination in the banking portal. Ongoing
strategies generally do not support the special needs of dynamic content, high consistency
demands and regulatory compliance that is inherent in the banking systems. The aim of this
research is to fill this gap by suggesting and assessing a combined solution that can utilize both
caching and query optimization to help decrease the page load duration and preserve system

integrity.

I11. Problem Statement and Motivation

The growing reliance on online banking services has only increased the desire to have fast web
portals that can provide real time financial services with limited latency. Even with the recent
improvement of web and database technologies, most banking portals are still facing inefficient
page load times especially at high usage levels [16]. Such delays are mainly caused by poor data
access patterns, unnecessary running of complicated database queries as well as poor utilization
of caching mechanisms. The situation is also enhanced by the fact that the banking data is highly
dynamic and personalized, and restricts the potential of traditional performance optimization
methods.

In a system view, every user access to a banking portal can initiate various operations in the
database, such as authentication, account validation, transaction history access, and audit. These
operations are usually characterized by complicated joins involving huge relational tables and

regular access to transactional data. Such queries make a major contribution to a longer response
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time and back-end load when not optimized well or when their execution is not cached [17].
When there is high concurrency, that will cause contention of database resources, latency and
poor overall system performance.

Caching is commonly considered an option to decrease the load on the database and exceed the
speed of responsiveness, but in the banking portal, the matter is approached with some distinct
difficulties [18]. Financial information is very sensitive and is regularly updated, and requires
high standards of consistency. Poor caching can cause the serving of stale information to the user
which can cause wrong account balances or transaction details. In addition, other security issues
that complicate the invalidation of a cache and cache design include isolation of the session,
confidentiality of data, and adherence to regulatory policies. Consequently, most banking
systems do not make full use of caching or use too conservative strategies that restrict the
performance benefits of caching.

On the same note, query optimization is also a persistent problem in banking settings. Even
though database management systems of modern type include query optimizers, it is important to
note that their efficiency is reliant on the quality of statistics, proper indexing, and properly-
formatted queries [19]. Practically, existing database schemas, changing application needs and
growing data volumes tend to assert the inefficient execution plans. This is the least efficient in
operations that make heavy reads (reads are common in pages) like account summaries and
account transaction histories that are the most accessed by users, and have a larger percentage of
contribution to page load delay.

The basic issue in this study may hence be stated as the necessity to minimize the page loading
time in banking portals without compromising the data integrity, security and compliance [20].
To meet this goal, a delicate tradeoff is necessary between the aggressive maximization of
performance on the one hand and operational limitations of financial systems on the other.
Single-handed use of caching or query optimization skills can be inadequate and an incorporated
approach is needed where the interplay among application code, caching layers, and database
execution is taken into account [19].

The technical and business factors have prompted me to conduct this research. Technically,
shorter time to page load increases scalability of the system and lessens the use of resources at
the back end as well as increase’s fault tolerance in the heavily loaded system. Business-wise,

quicker and more interactive banking portals enhance customer satisfaction, customer retention
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and trust in online financial services. In a highly competitive industry like the banking sector,
with the increasing dependency on the online platform, optimization of performance has become
more of a strategic need and not a technical issue.

The current research can be thus explained by the necessity to create and test a unified
framework integrating caching and query optimization methods, which perfectly suits the
banking portal. This study will help to offer viable solutions to the performance and reliability of
the current banking applications by resolving the shortcomings of the current strategies and
aligning them with the peculiarities of financial systems.

V. System Design and Proposed Approach
A. Overview System Architecture
The suggested system is based on a layered architecture that is traditionally used in the current
banking portal and includes presentation layer, application layer, caching layer, and database
layer. Web or mobile consumers send user requests, which are handled by a secured API
procedure and then communicate with the database management system (DBMS) [21]. The most
important part of the architecture is a multi-level caching system and an optimized pipeline of
query processing. The caching layer intercepts the read requests that are repetitive, and the query
optimization module manages to optimize the database performance by reducing the cost of
execution. This mixed solution would guarantee more rapid access to data without losing
accuracy or security, which is a vital provision to banking systems.
B. Caching strategy design
Caching can be seen as crucial in minimizing the unnecessary database access and limiting the
latency. In banking portals however, caching has to be well-conceived because of the sensitivity
and dynamism of financial information.
Cache Invalidation and Consistency:
The system provides an event-based cache invalidation policy in order to maintain data accuracy.
Transactional data caches are either short-lived or not even involved in real-time operations such
as balance updates. It is a balanced strategy of selective invalidation since it balances
performance enhancement with high consistency requirements and thus is appropriate in banking
settings. Caching will reduce the frequency of access but query optimization will minimize the

cost of inevitable interactions with the database [22]. The suggested architecture combines
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various optimization strategies that are optimized to the banking loads. Presentation is based on
the analysis of query frequency. Composite indexes are generated on the frequently used filtering
attributes like account ID, transaction date and type of transaction.

Query rewriting:

The query processor reformulates inefficient queries with the help of predefined optimization
rules [23]. Nested queries are also flattened and unnecessary joins are removed and there is also
a predicate pushdown that minimizes the size of the intermediate results. These changes reduce
the performance of queries in terms of time and resource usage.

Materialized Views:

In cases of complex aggregation queries that are regularly used in dashboards (monthly
expenditure summaries), materialized views are used. These perceptions are updated periodically
or in small steps depending on the speed of updating and giving quick access to previously
calculated results.

Cost-Based Query Selection:

With the help of the cost estimation metrics which include I/O cost, CPU usage and memory
consumption the DBMS optimizer will analyze several execution plans. It is the plan that has the
least estimated cost that is chosen to be executed to ensure that the work can be performed the
most optimally when the workload is modified.

C. Transactions and Concurrency Management

There should be stringent transaction guarantees in banking systems. The proposed design is a
caching and optimization integration that does not breach ACID properties. Whenever it is
possible, read-only transactions are directed to the cache layers. Write transactions bypass access
to the query caching and go directly to the database. The transaction manager liaises with the
buffer manager and scheduler to make sure that their isolation and serializability occurs. Such
isolation guarantees that the improvement of performance is not at the risk of data integrity and
control of concurrency.

D. Security and Authorization Issues

The system has role-based access control in place with many levels since banking data is
sensitive. Data that is stored in a cache is encrypted and limited to user sessions. The check of

authorization is carried out prior to accessing the cache to avert exposure to unauthorized data.
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Audit logs are also kept on the hits, misses and invalidation of the cache as well to aid the
compliance and monitoring needs.

E. Workflow Example

When a user is viewing his or her history of transactions, the system first looks at the application
cache to get the recent results. On having a valid cache record, the response is directly sent back.
Then, the optimized query will be executed, results will be saved in a safe place, and they will be
provided. With this workflow, the average page load time is greatly decreased when accessing
patterns of repeating patterns.

V. Results and Discussion
A. Page Load Time Performance
One of the most important performance metrics of banking portals is page load time because the
user wants to have almost instant access to account data, transactional history, and financial
reports. The experimental outcomes prove that the proposed system can obtain a considerable
decrease in the average page load times in comparison to a baseline system that does not have
caching and query optimization [24].
In read-heavy processes (account overview pages, transaction history queries, and production of
statements) the process of page loading became shorter by about 45 to 60 percent. To a large
extent, this has been enhanced by the proper use of server-side caching and query execution
plans [25]. Client-side and application-level caching worked best with the static and semi-static
content, and with dynamic content, the caching resulted in less query overhead.
According to the results, round-trip delays are considerably reduced by the caching layer even in
the setting of moderate network latency as the caching layer removes the needless database calls.
B. Analysis of Query execution time
The time taken to execute queries was examined in order to test the effectiveness of query
optimization methods incorporated in the proposed framework. The workloads in banking
sometimes require complicated SQL queries that have multiple joins, filters, and aggregations,
especially when viewing transaction summaries and account analytics [24].
Full table scans were decreased as well as there were significant performance improvements on
frequently accessed tables due to the use of composite indexing. The techniques of query

rewriting were also used to increase efficiency by removing unnecessary operations and doing
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predicate pushdown to decrease the size of intermediate results. Consequently, complex queries
would be executed at a reduced rate of an average of 35-50% per query.

The materialized views were also very essential in speeding up queries related to the dashboard.
Queries that previously had to scan huge transaction tables to give the desired information were
served on the answer to the precomputed views, which gave predictable and consistent response
times.

C. Hit Ratio and Cache Performance

The efficacy of the caching is a critical factor of success of any caching plan. The suggested
multi-level caching system has reached an average cache hit rate of 65-75% on read only
operations. Increased hit ratios were recorded at the time of peak usage like business hours when
users would have accessed similar data numerous times.

Personalized dashboard elements and popular reference data were found to be best in server-side
caching [26]. But since it was strictly tested on consistency, write-intensive tasks like fund
transfers and updates of balance did not use query result caching. Although this decreased the
usage of cache when using some workloads, data correctness and transactional integrity were
guaranteed.

The use of selective cache invalidation also enhanced the performance through reduced invalid
cache flushes. This method enabled the system to balance between freshness and efficiency. It
diagrammatically represents a tiered architecture of a streamlined banking portal, where there is
presentation, application, caching layers as well as database layer. It identifies the elements of
APl gateway, session management, multi-level caching, query optimizer, and transaction
manager, which show that the data flow is secure, and it improves performance by using caching

and query optimization.
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D. Throughput and scalability analysis

Banking portal scalability is an important need that should be able to serve thousands of
simultaneous users. The proposed system showed better throughput to the increasing workloads
than the baseline system did.

With more concurrent users, the caching layer also consumed a large share of the read requests
thereby putting less strain on the database server [21]. The database throughput also increased by
almost 30-40 which allowed the system to support greater demands of the requests without
decreasing the performance.

These findings underscore the scalability benefits of the functionality of caching in conjunction
with query optimization especially in settings where the access pattern is repetitive in nature.

E. Discussion of Results

The outcome of the experiments confirms the efficiency of the suggested hybrid solution to the
problems of performance of portals in banks. Caching and query optimization are

complementary to each other as they aim at different components of system performance.
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Whereas caching is used to minimize redundant access of data, query optimization is used to
facilitate efficient processing of inevitable database interactions [12].

Cache consistency in a highly dynamic environment is one of the critical issues established.
Banking data is sensitive and it is often updated and this restricts aggressive caching strategies.
The proposed selective invalidation mechanism mitigates this difficulty but increases more
complexity in the management of the cache. On the whole, these limitations do not override the
performance gains that have been obtained, and it can be concluded that the proposed framework
is realistic, scalable, and applicable to real-life banking systems.

V1. Conclusion and Future Work
A. Conclusion
The paper provided a detailed system design which incorporates multi-level caching and query
optimization in order to minimize page load times in banking portals. The proposed solution will
deal with the major performance bottlenecks linked to high workload in the database,
complicated queries, and simultaneous user connections.
With experimental analysis, the system achieved tremendous results of page load time, query
execution performance, and system scalability. The proposed framework ensures high-quality
and effective access to data in banking settings by balancing the need to improve performance
and ensure the high consistency and security requirements.
The results of the research prove that caching and query optimization (when implemented in a
strategic manner) can help to make the banking portals much more responsive and usable
without disputing data integrity.
B. Recommendations
According to the results of the experiment and the analysis of the findings in this work, it is
possible to offer some practical recommendations on how to combat the performance of the
banking portals based on the concepts of caching and query optimization. To begin with, the
banking systems are supposed to implement a multi-level caching policy that distinguishes
between non-volatile, semi-volatile and volatile data. Server-side caching should be considered
giving priority to read-intensive and low-volatility data whereas real-time transactional data

should not pass through any cache levels to maintain its consistency.
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Second, it is suggested that query performance audits should be carried out on a regular basis to
detect inefficient SQL query and indexing gaps. Periodic review of query execution strategies
may assist in ensuring that database indexes and materialized views are in line with the current
access patterns. Also query rewrites must be done at the application level to reduce unnecessary
database processes.

Third, the banks are advised to apply the selective cache invalidation instead of the global cache
flushing. Lastly, performance monitoring tools are to be implemented in order to monitor the
page load times, cache hit ratios, and resource use on a continuous basis. The monitoring will
make optimization proactive and performance improvements will be maintained with the
increase in the user demand and the complexity of the system.

C. Future Work

The future research can further develop this study in a number of effective ways. Another
possible improvement is the incorporation of adaptive caching solutions which utilize machine
learning and dynamically change the cache policies depending on the real-time patterns of
workload and user behavior. These methods may also be used to enhance cache hits and reduce
the invalidation overhead.

Also, one may look into predictive query optimization techniques to predict the query execution
plans at different workloads. Another area that should be further investigated in the future is the
extension of the framework to cloud-native and distributed architectures when the banking
systems are more and more frequently moved to microservices-based deployments. Lastly, the
implementation of the suggested solution to mobile banking systems and edge computing
platforms can also help decrease the latency and enhance user experience and make the system

less susceptible to failures in various operational conditions.
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