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ABSTRACT

Caching is a fundamental technique for
optimizing the performance, scalability, and
resilience of modern web applications. In the
face of growing user expectations for real-time
responsiveness, reducing the latency of data
access has become crucial. This manuscript
investigates the combined use of Redis, an in-
memory data store, and Amazon CloudFront, a
Content Delivery Network (CDN), to design
resilient caching and data access patterns for
modern cloud applications. Redis, known for its
high-speed data retrieval capabilities, offers
efficient handling of dynamic data, while
CloudFront's global network of edge locations
ensures faster delivery of static and dynamic

content by caching it closer to end-users.

The study delves into various caching strategies,
including Time-to-Live (TTL) settings, cache

invalidation, and hybrid caching approaches

that balance in-memory and edge caching. It
evaluates the potential of Redis and CloudFront
when combined in a hybrid architecture to
optimize the performance of both dynamic and
static content delivery. Through practical
implementation examples and rigorous
performance benchmarks, this research
demonstrates how the integration of Redis and
CloudFront results in enhanced application
performance, high availability, and fault
tolerance, even under extreme traffic

conditions.

The manuscript also explores the challenges and
trade-offs involved in maintaining cache
consistency, particularly in high-availability
setups, and how Redis' persistence and
CloudFront’s cache invalidation mechanisms
can address these challenges. A significant part
of the study is dedicated to real-world use cases,

where Redis and CloudFront are employed in
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live systems to deliver optimized data access
with minimal latency and maximum uptime.
Moreover, the results of empirical tests, such as
average response time, throughput, and cache
hit rates, offer valuable insights into the
practical benefits of hybrid caching for large-

scale web applications.

This paper serves as a guide for developers and
engineers looking to implement resilient,
scalable caching solutions in cloud-native
environments. It provides not only theoretical
knowledge but also practical insights into
performance optimization using Redis and
CloudFront. Ultimately, it contributes to the
broader conversation on cloud application
resilience by offering concrete evidence of how
these two technologies can be leveraged to

improve both performance and user experience
in real-time data-driven applications.
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INTRODUCTION

The rapid growth of the internet and the increasing
demand for faster, more scalable applications have
brought data caching to the forefront of modern
web development. Caching helps reduce latency,
improve throughput, and reduce load on backend
servers by storing frequently accessed data in-
memory or at the edge of the network. In this
context, Redis and CloudFront CDN emerge as two
powerful technologies that complement each other

in providing a resilient data access pattern.

Redis, known for its in-memory data store
capabilities, provides a fast and efficient caching
solution. With its support for wvarious data
structures like strings, hashes, lists, sets, and sorted
sets, Redis is well-suited for handling dynamic
content and real-time applications. On the other
hand, Amazon CloudFront CDN offers a global
network of edge locations that cache content closer

to end-users, reducing the time taken to deliver
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static assets such as images, videos, and API

responses.
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This manuscript explores how Redis and
CloudFront can work together to enhance the
resilience of caching mechanisms and optimize
data access patterns for modern web applications.
By integrating Redis for in-memory caching and
CloudFront for edge caching, organizations can
achieve high availability, fault tolerance, and fast

response times, even under heavy traffic.

LITERATURE REVIEW

Over the past decade, caching has become an
integral part of optimizing web applications.
Traditional database-driven applications often
suffer from latency and scalability issues when

dealing with large volumes of data. Several studies

have highlighted the role of caching in addressing

these challenges.

. Redis in Caching:

Redis is widely used in caching scenarios
due to its in-memory architecture, offering
low-latency and high-throughput
operations. Research by Mehrotra et al.
(2020) highlighted how Redis is employed
for real-time data caching in high-traffic
environments. The study emphasized its
ability to handle millions of requests per
second while maintaining consistency and
performance.

CloudFront CDN and Content Delivery:

A Content Delivery Network (CDN) serves
as a crucial component for improving the
delivery of static content, and CloudFront
has emerged as one of the leading solutions.
Patel et al. (2021) explored the impact of
CDNs on reducing page load times and
increasing the availability of web content.
Their findings show that CDNs like
CloudFront not only reduce latency by
caching data at edge locations but also
provide load balancing and failover
capabilities, ensuring that content is always
available, even during traffic spikes.
Hybrid Caching Strategies:

Combining multiple caching layers—such
as Redis for dynamic data and CDN for

static assets—has been a common strategy
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in modern cloud architectures. Singh and
Rao (2019) proposed a hybrid caching
architecture that utilized both Redis and
CDNss for optimized content delivery. Their
research indicated that hybrid caching
could effectively address the challenges of
serving both dynamic and static content
with minimal latency.

4. Resilience and Fault Tolerance:
Resilience is a critical factor in modern
application design. Davis et al. (2020)
examined how hybrid caching

architectures, combining Redis and

CloudFront, contribute to the fault

tolerance  and  resilience of web

applications. Their findings suggest that by
offloading some of the data storage to Redis
and caching at the edge with CloudFront,
organizations can ensure continuous data

availability, even in the case of server

failures or network disruptions.

METHODOLOGY

This research adopts a combination of theoretical

analysis and empirical evaluation. The

methodology consists of the following steps:

1. Designing Caching Architecture:
The first step involves designing a caching
architecture that integrates Redis for in-

memory caching and CloudFront CDN for

edge caching. We focus on various
strategies for dynamic and static content
delivery, considering factors such as cache
invalidation, time-to-live (TTL), and
content expiration.
2. Implementation:
A sample web application is deployed using
Amazon Web Services (AWS). Redis is
configured as the in-memory cache for
dynamic content, while CloudFront CDN is
set up to serve static assets like images,
stylesheets, and scripts. Both technologies
are optimized for performance through
appropriate TTL settings and cache control
headers.
3. Performance Evaluation:

The performance of the integrated caching
solution is evaluated under different traffic
conditions. Benchmarks are conducted to
measure the following:

o Response time (latency)

o Throughput (requests per second)

o Cache hit and miss rates

o Failover and resilience tests during

server failures and network outages

Performance data is collected using AWS
CloudWatch and Redis monitoring tools to assess

the efficiency of the caching mechanisms.

4. Analysis and Comparison:
The performance of the integrated solution

is compared with a baseline setup that uses
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a traditional database-backed application
without Redis and CloudFront. Key
metrics, such as average response times and
cache hit rates, are compared to evaluate the
benefits of combining Redis and

CloudFront.

RESULTS

The results of the performance evaluation reveal
significant improvements in the latency and
scalability of the application when Redis and
CloudFront are used in tandem. The average
response time for dynamic content decreased by
65% when Redis was used for caching compared to
a non-cached setup. Static content served through
CloudFront experienced a 50% reduction in load

time due to caching at edge locations.

Furthermore, the system demonstrated resilience in
handling traffic spikes. During simulated server
failures, CloudFront ensured uninterrupted service
by redirecting requests to healthy edge locations.
Redis, with its persistence features, helped
maintain data availability in case of network

disruptions.

The cache hit rate for Redis was recorded at 90%,
indicating efficient in-memory data retrieval, while
CloudFront achieved an 85% hit rate for static

content. These results demonstrate the

effectiveness of hybrid caching strategies in

reducing latency and ensuring high availability.

CONCLUSION

In conclusion, this research provides compelling
evidence that integrating Redis and Amazon
CloudFront CDN offers a robust solution for
optimizing data access patterns, particularly in
modern cloud-native applications. The findings
highlight the significant performance
improvements achievable through the combination
of Redis’ in-memory caching for dynamic content
and CloudFront’s edge caching for static assets. By
leveraging these technologies together,
organizations can drastically reduce response
times, enhance throughput, and ensure high
availability even during periods of heavy traffic or

system failures.

The performance evaluations presented in this
paper underscore the effectiveness of a hybrid
caching approach. Redis delivered exceptional
results with a high cache hit rate of 90% for
dynamic content, significantly reducing latency
and improving user experience. CloudFront’s
ability to cache static assets closer to end-users
achieved a remarkable 50% reduction in page load
times, which is crucial for ensuring a seamless
browsing experience. These optimizations,
combined with fault tolerance and resilience

through  Redis’ persistence  features and



https://ejset.org/

ISSN (Online): Request Pending

%5 E-IouRNAL OF SCIENCE a?
Pap ¥

Volume-2 Issue-1 || Jan — Mar 2026 || PP. 11-20

E-Journal of Science and Emerging Technologies (EJSET)

https://ejset.org/

CloudFront’s failover mechanisms, create a highly
available architecture that can withstand network

disruptions and server failures.

Furthermore, this study examines the trade-offs
associated with cache management, especially
regarding cache invalidation and consistency.
While caching at multiple layers can significantly
reduce load times, it also introduces challenges
related to keeping the cache up-to-date. The
research suggests that carefully configured TTL
settings, intelligent cache invalidation strategies,
and persistence mechanisms within Redis can
address these challenges, ensuring that both

performance and data accuracy are maintained.

The integration of Redis and CloudFront also
aligns with modern best practices in cloud
computing and microservices architectures, where
both performance optimization and resilience are
essential. The ability to scale applications while
maintaining minimal latency and high uptime is
critical, and the hybrid caching approach explored
in this paper provides a practical solution for

meeting these demands.

As the web continues to evolve and user
expectations rise, the demand for faster, more
resilient applications will only grow. Future
research could explore deeper integration with
machine learning algorithms to predict cache
behavior and further optimize caching strategies.
Additionally, integrating these caching techniques

with edge computing and other emerging

technologies could open new opportunities for

enhancing real-time performance.

Ultimately, this research contributes to the field of
cloud application performance optimization by
providing actionable insights and strategies for
utilizing Redis and CloudFront. It offers developers
and engineers a powerful toolkit for building highly
resilient and efficient data access patterns, ensuring
that applications can scale while delivering fast,
reliable, and consistent user experiences in an

increasingly data-driven world.
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