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ABSTRACT

Cloud-based applications require architectures that can maintain efficient application loading and performance
as workload increases. This study developed and experimentally evaluated three functionally equivalent e-
commerce implementations: Monolithic, Baseline Microservices, and Proposed Microservices architectures. An
experimental research methodology was adopted, with the same business logic, database, and workload scenarios
maintained across the implementations. The Proposed architecture integrated Docker, Kubernetes on Amazon
Elastic Kubernetes Service (EKS), horizontal pod autoscaling, load balancing, Redis caching, and CloudFront
delivery. Controlled workloads were generated using k6, and performance was assessed using startup time,
deployment availability, response time, throughput, autoscaling, resource utilisation, inter-service latency, full
user-journey performance, cache effectiveness, and frontend loading metrics. Results showed that the Monolithic
architecture had the shortest startup time (1.33 s), while the Proposed architecture required 25.36 s. Under 2,000
virtual users, however, the Proposed architecture achieved an average response time of 33.47 ms and throughput
of 1,915.78 req/s, compared with 1,951.56 ms and 670.13 req/s for the Monolithic architecture. The Proposed
architecture also recorded 0.00% deployment failure, scaled from 2 to 15 replicas, and reduced cache latency by
30.12% (p = 0.0001). Its frontend FCP (First Contentful Paint), LCP (Largest Contentful Paint) and TTI (Time
to Interactive) were each 617 ms. The findings demonstrate that integrated cloud-native mechanisms can
substantially improve application performance and scalability under increasing workloads.

Keywords: Cloud computing, microservices, monolithic architecture, Kubernetes, application loading,
autoscaling, performance evaluation.

INTRODUCTION

Cloud computing has transformed the development and delivery of modern software applications by providing
scalable computing resources, flexible deployment options, and on-demand access to infrastructure. However,
the benefits of cloud computing do not automatically guarantee efficient application performance, as the
underlying software architecture and deployment approach can significantly influence responsiveness,
scalability, resource utilisation, and application loading efficiency. Traditional monolithic architectures package
application functionalities as a single deployable unit, which can result in coarse-grained scaling, longer
deployment cycles, and reduced flexibility when individual application components require modification or
additional resources (Benavente et al., 2022).

Microservice Architecture (MSA) has emerged as an alternative approach in which an application is decomposed
into smaller, independently deployable services, with each service responsible for a specific business function
(Ileana et al., 2024). This approach supports independent deployment, scalability, fault isolation, and flexibility,
and aligns closely with cloud-native practices such as containerisation, orchestration, and continuous integration
and deployment. However, microservices also introduce distributed-system complexities, particularly inter-
service communication, network latency, service coordination, and distributed resource management asserted
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by Akawuku et al (2026). Consequently, decomposition into microservices alone does not necessarily guarantee
improved application performance.

The deployment infrastructure supporting microservices therefore plays an important role in determining their
operational performance. Containerisation technologies such as Docker provide portable and consistent
execution environments, while Kubernetes supports automated deployment, service management, load
balancing, and scaling of containerised applications (Waseem et al., 2020). Other cloud-native mechanisms,
including continuous deployment, caching, and elastic scaling, can further influence application responsiveness
and resource utilisation (Li et al., 2020). Nevertheless, the distributed nature of microservices means that these
mechanisms must operate together effectively to realise their potential benefits (Aksakalli et al., 2021).

Despite the growing body of research on microservice architecture and cloud-native technologies, limited
empirical attention has been given to application loading efficiency within complete, deployed microservice
applications under controlled cloud-based workloads (Saucedo et al., 2024). Existing research has also provided
comparatively limited investigation of how architectural decomposition and the combined use of orchestration,
automated scaling, load balancing, caching, and related deployment mechanisms influence application
performance (Alharthi et al., 2024). This creates a need for controlled experimental comparison in which
equivalent application functionality is evaluated across different architectural implementations.

This study therefore develops and deploys three functionally equivalent implementations of an e-commerce
application: a Monolithic architecture, a Baseline Microservices architecture, and a Proposed Microservices
architecture incorporating cloud-native deployment mechanisms. The implementations are evaluated under
controlled workloads using performance measures including response time, throughput, scalability, resource
utilisation, inter-service communication latency, deployment availability, caching effectiveness, frontend
loading performance, and full user-journey performance. The experimental design maintains the same business
logic, database, and workload scenarios across the architectural implementations to support a controlled
comparison.

The study aims to develop and deploy a microservice-based architecture system for efficient application loading
in cloud environments and to empirically compare the performance of the three architectural implementations
under varying workload conditions. The findings are intended to provide practical and empirical evidence on
how architectural design and cloud-native deployment mechanisms influence the performance and scalability of
cloud-based applications.

Summary of Related Works

Table 1: Summary of Related Works

S/N | Authors & | Method/Approach Identified Strengths Limitations
Year
1 Chippagiri & | Review of cloud-native | Provides an overview of | Conceptual study  without
Kassetty technologies including | technologies for scalable | experimental implementation
(2025) microservices, and resilient distributed | or comparative performance
Kubernetes and | systems evaluation

serverless computing

2 Beeraka Enterprise microservices | Reports improvements in | Does not provide controlled
(2025) architecture in | scalability and availability | comparison of alternative
telecommunications architectures or isolate cloud-

native enhancements
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3 Alelyani et al. | Kubernetes scheduling | Improves latency, network | Relies on simulation rather
(2024) strategy using Particle | traffic and resource | than a real Kubernetes
Swarm Optimization and | balancing deployment
Round Robin, evaluated
with  production-trace
simulations
4 Alharthi et al. | Study of  reactive | Identifies limitations | Limited evaluation of
(2024) threshold-based associated with delayed | Kubernetes autoscaling within
autoscaling scaling responses complete cloud-native
applications
5 Ileana et al. | E-commerce Demonstrates modularity, | Focuses mainly on architecture
(2024) microservice scalability, flexibility and | and implementation without
implementation  using | fault isolation controlled performance
Docker, Django REST, evaluation under varying
PostgreSQL and JWT workloads
6 Barua & | Cloud-enabled Reports improved | Does  not  isolate  the
Kaiser (2024) | microservices using | performance,  scalability | contribution of individual
Docker, Kubernetes, API | and  reliability ~ under | cloud-native mechanisms

Gateway and autoscaling

concurrent workloads

7 Dave et al.|Review of scalable | Highlights Docker, | Literature-based; no empirical
(2024) microservices in cloud- | Kubernetes, DevOps and | evaluation of deployment or
based distributed systems | independent deployment as | application-loading
scalability enablers performance
8 Egwom & | Review of static and | Highlights the importance | Focuses on load-balancing
Oladunjoye dynamic cloud load- | of load distribution for | algorithms rather than a
(2024) balancing techniques response time and resource | complete deployed

utilisation

microservice system

9 Jun (2024)

Survey, interviews and
theoretical analysis of
microservice architecture

Highlights service
decomposition, scalability,
communication and

security considerations

Limited empirical validation
using a deployed system

10 Kaloudis
(2024)

Literature and industry
case-study analysis of
monolithic-to-
microservice transition

Identifies scalability,
flexibility = and  fault-
isolation  benefits and
recognises workload-

dependent performance

Lacks controlled experimental
comparison

11 Nogueira et al. | Mixed-method study | Identifies maintainability, | Focuses on migration
(2024) involving software | scalability, deployment | experiences rather  than
practitioners flexibility and monitoring | application-loading
as adoption motivations performance
12 Raikar et al. | Microservices web | Demonstrates Limited quantitative
(2024) application deployed on | containerisation and | assessment of startup and
Google Cloud using | deployment flexibility application-loading
Docker and Node.js performance
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13 Raja & Santhi | Burst-aware autoscaling | Supports rapid traffic- | Focuses on autoscaling
(2024) framework for | surge detection and | effectiveness  rather  than
containerised dynamic resource | application startup/loading
microservices provisioning metrics
14 Saucedo et al. | Systematic mapping | Identifies limited empirical | Does not itself provide a
(2024) study of 114 | evaluation and lack of | controlled  implementation-
microservice migration | standardised benchmarking | based experiment
studies
15 Thallapally Review of  scalable | Highlights Kubernetes, | Provides no direct quantitative
(2024) microservice orchestration, load | comparison of application-
architectures and real- | balancing and service | loading performance
world practices management
16 Velepucha & | Survey of  design | Identifies independent | Primarily theoretical; lacks
Flores (2023) | principles for monolithic | scaling and fault isolation | empirical loading-performance
and microservice | as microservice benefits evaluation
architectures
17 Weerasinghe | Experimental evaluation | Reduces inter-service | Results are tied to the Redis
& Perera | of asynchronous Redis | communication  latency | implementation and may have
(2023) Stream communication | and improves throughput limited generalisability
18 Wycislik et al. | Synthetic  performance | Provides empirical | Synthetic testing limits direct
(2023) comparison of Spring | evidence on cold-start and | applicability to production
Boot, Micronaut and | deployment trade-offs environments
Quarkus
19 Xu et al. | Resource-provisioning Improves resource | Evaluation 1is specific to
(2023) algorithms evaluated on | utilisation by 10-15% | Alibaba Cloud and requires
Alibaba Cloud | while maintaining latency | cross-platform validation
microservice clusters targets
20 Benavente et | Comparative analysis of | Shows microservice | Limited  examination  of
al. (2022) microservices and | advantages for response | application-loading  metrics
monoliths using AWS, | time and scalability in | beyond response time and
JMeter and multiple case | large/complex cloud | throughput
studies systems
21 Blinowski et | Controlled comparison | Demonstrates context- | Performance varies by
al. (2022) of  monolithic  and | dependent  performance | deployment environment and
microservice trade-offs implementation
applications across local
and Azure environments
22 Dinh-Tuan et | Evaluation of four open- | Highlights framework | Synthetic environment may not
al. (2022) source frameworks for | efficiency and smaller | fully represent production
cloud microservices Docker images for | conditions
deployment
23 Marques et al. | AWS-based predictive | Improves response time | Does not directly measure
(2022) monitoring and proactive | and  reduces service | initial application-loading time
resource management degradation compared with
reactive approaches
Page 1332

www.rsisinternational.org



https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/I1JRIAS [Volume XI Issue VIII August 2026

24 Zaki et al. | Microservice healthcare | Reports lower response | Internal mechanisms
(2022) framework evaluated on | times, fewer dropped | responsible for performance
Microsoft Azure requests and better | improvements are not fully
resource utilisation than | detailed
SOA
25 Aksakalli et | Systematic literature | Identifies automation and | Lacks fine-grained
al. (2021) review of microservice | load balancing as important | application-loading metrics
deployment approaches | for efficient deployment
and communication | and performance
patterns

Knowledge Gap: Lapses And Shortcomings

The reviewed studies provide valuable insights into microservice architectures and cloud-native technologies;
however, they show limited focus on application loading efficiency, limited empirical evaluation of complete
microservice applications under controlled cloud conditions, and limited investigation of the combined effects
of Kubernetes, autoscaling, load balancing and caching. There is also insufficient controlled comparison of
monolithic and microservice architectures using equivalent applications and workloads. These limitations create
a gap in understanding how architectural decomposition and integrated cloud-native mechanisms influence
application loading and overall performance. This study therefore addresses the gap by implementing and
experimentally evaluating Monolithic, Baseline Microservices and Proposed Microservices architectures under
comparable conditions.

MATERIALS AND METHODS

The study adopted an Experimental Research Methodology to evaluate the effect of deployment architecture on
application performance in a cloud computing environment. Three functionally equivalent implementations of
the same e-commerce application were developed: Monolithic architecture, Baseline Microservices architecture,
and Proposed Microservices architecture. The implementations maintained the same business logic, database
and workload scenarios to ensure that observed performance differences were attributable primarily to
architectural and deployment characteristics. Docker was used for application containerisation, while the
Proposed Microservices architecture was deployed on Amazon Elastic Kubernetes Service (EKS) with
Kubernetes orchestration, horizontal scaling and supporting cloud-native mechanisms. GitHub Actions was used
for continuous integration and continuous deployment. Performance testing was conducted using k6 under
controlled virtual-user workloads, and the architectures were evaluated using response time, throughput,
resource utilisation, scalability, deployment availability, network latency, cache effectiveness and application
loading metrics. The collected data were analysed quantitatively using statistical summaries, tables and graphical
representations to compare the performance characteristics of the three architectural implementations.

4 N\
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“

Figure 1: Architecture of the monolith system (Benavente et al., 2022)
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Figure 2: Architecture of the existing microservice-based system (Ileana et al., 2024)
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Figure 3: Architecture of the proposed microservice-based system

Functional Requirements

As shown in Table 2, the functional requirements define the core operations of the developed e-commerce
system, including user management, product browsing, cart management, coupon application, order processing,

payment, and administrative

operations. These functions provide the common application functionality

maintained across the three architectural implementations.

Table 2: Functional Requirements

S/N | Module Functional Requirement
1 User Management The system shall allow users to register, authenticate, and manage their accounts.
2 Product Management | The system shall allow users to browse and retrieve product information.
3 Cart Management The system shall allow users to add, update, and remove products from their
shopping carts.
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4 Coupon Management | The system shall allow valid coupons and discounts to be created, managed, and
applied to transactions.

5 Order Management The system shall allow users to place orders and provide access to order
information.

6 Payment The system shall support payment processing as part of the checkout process.

7 Administration The system shall allow authorised administrators to manage products, coupons,

orders, and related system information.

Non-functional Requirements

Non-functional requirements specify the quality attributes and operational conditions expected of the system
rather than its specific business functions. In this study, these requirements ensure that the developed e-
commerce application operates efficiently and consistently across the different architectural implementations.
The key requirements considered include performance, scalability, availability, security, reliability,
maintainability, and portability, as presented in Table 3

Table 3: Non-functional Requirements

S/N | Requirement | Description

1 Performance The system shall provide efficient response and application loading performance under
varying workloads.

2 Scalability The system shall accommodate increasing workloads through appropriate scaling
mechanisms.

3 Availability The system shall remain accessible during normal operation and deployment activities.

4 Security The system shall provide authentication, authorisation, and secure communication
between system components.

5 Reliability The system shall process valid requests and transactions consistently without
unnecessary failures.

6 Maintainability | The architecture shall support independent modification and deployment of application
components.

7 Portability The application shall support consistent deployment through containerisation.

Pseudo Code of the System

The pseudo code describes the authentication and authorisation process used by the microservices to verify
incoming requests. Valid tokens allow requests to proceed, while missing, invalid, expired, or unauthorised
credentials are rejected before access to protected operations is granted.

Step 1: Start

Step 2: Receive an incoming request.

Step 3: Retrieve the access token from the request cookie.

Step 4: If no access token is provided, return 401 — Unauthorized.

Page 1335

www.rsisinternational.org



https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/I1JRIAS [Volume XI Issue VIII August 2026

Step 5: Verify the access token using the access-token secret.

Step 6: If the token is invalid or expired, return 401 — Unauthorized.

Step 7: Extract the user's ID and role from the verified token.

Step 8: Attach the user ID and role to the request.

Step 9: If the requested operation requires administrator privileges, verify that the user's role is admin.
Step 10: If the user is not an administrator, return 403 — Access Denied.

Step 11: Allow the request to proceed to the appropriate service operation.

Step 12: End.

System Design

The system design illustrates the major processes, interactions, and structural components of the developed e-
commerce application. Figures 4 and 5 present the Admin Operations and Customer Purchase flowcharts,
respectively. Figures 6 and 7 show the customer purchase and administrative management activities, while
Figures 8 and 9 illustrate the sequence of interactions during checkout and administrator order viewing. Finally,
Figure 10 presents the component diagram, showing the organisation and relationships among the major
components of the proposed microservice system. Together, these diagrams provide the behavioural and
structural views of the developed system.

Admin Login <

Login

Successful? LoginiFailod

Admin Dashboard

|

v JV v A 4

Products Coupons Orders Analytics

|

|

}

l

Create / View / Edit
/ Delete Producsct

Create Coupon /
Deactivate Coupon

View All Orders /
Update Order Status

View Reports

Logout

Figure 4: Admin Operations Flowchart
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Figure 5: Customer purchase flowchart

Frontend

(Web/Mobile) Microservices

Customer

Payment Service

(Stripe) Databases

?

Browse / Search
Products

Display Product
SeREaee

Products DB

Select Product & Display Product
View Details Details

Get Product Details I"i S

Products DB I

Add Product to

Review Cart &

Add Item to Cart }

—

Cart DB I

Proceed to
Checkout

| Get Cart Items }

H Cart DB I

Apply Coupon?

Coupon

No

Coupon Valid?

Yes

; Coupons DB I
Display Coupon
Error Message

~
Validate Payment

Details (Client-side)

Enter Payment
Information

Process Payment

Display Checkout H
Form i

Display Order

Display Payment
Failure Message

( J

(Charge Customer)

Confirmation

(Thank You)

Create Order

Figure 6: Customer Activity Diagram
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Figure 10: Component diagram of the proposed system

Performance Evaluation

The performance of the three architectural implementations was evaluated under controlled and comparable
cloud-based conditions. The evaluation considered application startup time, deployment availability, response
time, throughput, autoscaling responsiveness, resource utilisation, inter-service communication latency, full
user-journey performance, Redis cache effectiveness, and frontend/CDN loading performance. k6 was used to
generate controlled workloads, while the same application functionality, business logic, database and test
scenarios were maintained across the Monolithic, Baseline Microservices and Proposed Microservices
implementations to support a fair comparison. The evaluation was conducted using repeated performance tests,
with the collected measurements analysed using descriptive statistics and comparative graphical representations.
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Performance Metrics

Table 4 presents the performance metrics used to evaluate the three architectural implementations. These metrics
collectively assess application loading, runtime performance, scalability, resource management, service
communication, caching, availability, and frontend delivery.

Table 4: Performance Metric

S/N | Metric Evaluation Focus

1 Application Startup Time Time required for the application/services to become ready after
restart or deployment

2 Deployment Availability Ability of the system to remain accessible during deployment
updates

3 Response Time and Throughput | Request latency and number of requests processed under increasing
workloads

4 Autoscaling Responsiveness Ability to provision additional service instances in response to
increased workload

5 Resource Utilisation CPU and memory utilisation under different workload levels

6 Inter-Service Latency Communication time between microservices

7 Full User-Journey Performance | Time and success rate for completing the complete application
workflow

8 Cache Effectiveness Performance difference between cache misses and cache hits

9 Frontend/CDN Loading | Frontend loading and content-delivery performance across the

Performance architectures
RESULTS AND DISCUSSION

The performance evaluation compared the Monolithic, Baseline Microservices and Proposed Microservices
architectures under controlled workloads. The results are presented according to the performance metrics defined
in the study.

Application Startup Time

Table 5 shows that the Monolithic architecture recorded the shortest startup time at 1.33 s, followed by Baseline
Microservices at 6.43 s, while the Proposed Microservices architecture required 25.36 s. The higher startup time
of the Proposed architecture reflects the additional provisioning and readiness checks associated with Kubernetes
rolling deployment.

Table 5: Application Startup Time

Architecture Average Startup Time
Monolithic 1.33 s

Baseline Microservices 6.43 s

Proposed Microservices 25.36's

Page 1340
www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/I1JRIAS [Volume XI Issue VIII August 2026

-
o
b4

a

~

Deployment Availability

As shown in Table 6, the Proposed architecture recorded zero failed requests during deployment, compared with
failure rates of 1.67% and 3.33% for the Monolithic and Baseline architectures respectively. This demonstrates
the availability benefit of Kubernetes rolling updates and load balancing during deployment.

Table 6: Deployment Availability

Architecture Total Requests Failed Requests Failure Rate
Monolithic 180 3 1.67%
Baseline Microservices 180 6 3.33%
Proposed Microservices 450 0 0.00%

Response Time and Throughput Under Load

Table 7 shows that at 200 VUs, the Monolithic architecture recorded the lowest response time, while the
Proposed architecture recorded the highest due to additional routing and service-communication overhead.
However, as workload increased, the Proposed architecture performed substantially better. At 2,000 VUs, its
average response time was 33.47 ms, compared with 1,951.56 ms for the Monolithic architecture and 2,305.35
ms for Baseline Microservices.

The throughput results show a similar pattern in table 8. While all three architectures performed similarly at 200
VUs, the Proposed architecture increased to 1,915.78 req/s at 2,000 VUs, whereas Monolithic and Baseline
reached only 670.13 req/s and 598.91 req/s, respectively. The results indicate that the Proposed architecture was
better able to accommodate increasing demand through distributed processing and dynamic scaling.

Table 7: Response Time Under Load

Architecture 200 VU Avg. (ms) 1,000 VU Avg. (ms) 2,000 VU Avg. (ms)
Monolithic 6.12 418.72 1,951.56
Baseline Microservices 7.90 589.30 2,305.35
Proposed Microservices 14.52 137.18 33.47
Table 8: Throughput Under Load
Architecture 200 VU (req/s) | 1,000 VU (req/s) | 2,000 VU (req/s)
Monolithic 198.37 700.21 670.13
Baseline Microservices | 197.80 624.67 598.91
Proposed Microservices | 196.04 872.42 1,915.78

Autoscaling Responsiveness

The Proposed architecture's Horizontal Pod Autoscaler increased the Product Service from 2 to 5 replicas when
CPU utilisation exceeded the configured 70% target. A subsequent 2,000-VU test recorded scaling from 2 to 15
replicas. This demonstrates the ability of the Proposed architecture to dynamically provision service capacity in
response to increased workload, a capability not present in the Monolithic and Baseline implementations.
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Resource Utilisation

At 2,000 VUs, the Monolithic and Baseline architectures reached peak CPU utilisation of 93.9%, while the
Proposed architecture maintained low per-pod utilisation as additional replicas were provisioned. This indicates
that the Proposed architecture manages increasing demand by distributing workload across additional instances
rather than allowing utilisation on a single instance to approach saturation.

Inter-Service Communication Latency

The Baseline architecture recorded lower median inter-service latency (6 ms) than the Proposed architecture (12
ms) as seen in table 9. The difference demonstrates the communication overhead introduced by Kubernetes
service networking. Although this represents a performance cost, the Proposed architecture provides additional
orchestration and scalability capabilities that are absent from the direct EC2-to-EC2 deployment.

Table 9: Inter-Service Communication Latency

Architecture Communication Path Median Latency

Baseline Microservices | Direct EC2-to-EC2 6 ms

Proposed Microservices | Internal Kubernetes Service | 12 ms

Full User-Journey Performance

The Proposed architecture achieved the lowest p95 latency (358.87 ms) and highest throughput (52.5 req/s)
during the complete user-journey test. However, its success rate was 97.81%, showing that the architecture did
not eliminate all failures under authentication-heavy concurrent workloads, as shown in table 10.

Table 10: Full User-Journey Performance

Architecture Total Requests | Success Rate | p95 Latency | Throughput
Monolithic 7,656 100.00% 4.87 s 41.3 req/s
Baseline Microservices | 7,842 92.33% 2.27s 42.3 req/s
Proposed Microservices | 9,732 97.81% 358.87 ms 52.5 req/s

Redis Cache Effectiveness

The controlled cache experiment recorded a mean latency of 21.152 ms for cache misses and 14.782 ms for
cache hits, representing a 30.12% mean reduction in latency. The paired Wilcoxon signed-rank test produced p
= 0.0001, with an effect size of dz = 0.752, indicating a statistically significant difference between the two
conditions.

CDN Performance

CloudFront cache hits recorded a median latency of 6.10 ms, compared with 92.00 ms for cache misses as shown
in table 11. The result demonstrates the contribution of edge caching to reducing frontend content-delivery
latency.
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Table 11: CDN Performance

Metric Cache HIT | Cache MISS

Sample Size | 495,921 25

Success Rate | 100% 100%
Mean (ms) 7.02 94.84
Median (ms) | 6.10 92.00
p95 (ms) 13.78 126.00

Frontend Page Load Performance

The Proposed architecture achieved the fastest FCP, LCP, Speed Index and TTI, while the Baseline architecture
recorded substantially slower frontend loading as shown in table 12. Although the Monolithic and Proposed
architectures had the same fully loaded time of 6.67 s, the Proposed architecture rendered meaningful content
and became interactive considerably earlier.Overall, the results show that the Proposed Microservices
architecture involved higher startup and communication overhead but provided stronger performance
characteristics as workload increased. Its advantages were particularly evident in response time, throughput,
deployment availability, autoscaling and frontend loading. At the same time, the results confirm that
microservice decomposition alone does not guarantee better performance, as the Baseline architecture generally
performed worse than the Monolithic architecture under several conditions. The findings therefore indicate that
the performance benefits observed in the Proposed architecture is associated not simply with microservice
decomposition, but with the integration of cloud-native mechanisms such as Kubernetes orchestration,
autoscaling, load balancing, Redis caching and CloudFront delivery.

Table 12: Frontend Page Load Performance

Architecture FCP LCP Speed Index | TTI (ms) | TTFB (ms) | Fully Loaded
(ms) (ms) (ms) (s)

Monolithic 804 804 905 844 26 6.67

Baseline Microservices 3,770 3,770 3,770 3,830 3,000 10.40

Proposed Microservices | 617 617 652 617 34 6.67

Performance and Resource-Overhead Trade-off

This study developed and evaluated three functionally equivalent e-commerce architectures: Monolithic,
Baseline Microservices, and Proposed Microservices. Although the Monolithic architecture recorded the shortest
startup time of 1.33 s, the Proposed architecture demonstrated stronger performance under increasing workloads.
At 2,000 VUs, it achieved an average response time of 33.47 ms and throughput of 1,915.78 req/s, while also
providing dynamic autoscaling and zero deployment failure. However, these benefits were accompanied by
higher startup time, inter-service communication latency, infrastructure requirements, and operational
complexity. The findings therefore show that microservices alone do not guarantee improved performance;
rather, their benefits depend on appropriate cloud-native mechanisms and workload requirements. The Proposed
architecture is particularly suitable for applications requiring high concurrency, scalability, and deployment
availability, where its performance benefits can justify the additional resource and operational overhead.
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CONCLUSION

The study developed and evaluated three functionally equivalent architectures for an e-commerce application:
Monolithic, Baseline Microservices, and Proposed Microservices. The results showed that although the
Monolithic architecture recorded the lowest startup time of 1.33s, the Proposed Microservices architecture
achieved better performance under increasing workloads. At 2,000 VUs, the Proposed architecture recorded an
average response time of 33.47 ms and throughput of 1,915.78 req/s, compared with 1,951.56 ms and 670.13
req/s for the Monolithic architecture. It also achieved 0% deployment failure, a 30.12% reduction in latency
through Redis caching, and a frontend FCP of 617 ms. Overall, the study demonstrates that integrating
Kubernetes orchestration, autoscaling, load balancing, caching, and CDN delivery with microservices can
improve application loading efficiency, scalability, and performance in cloud environments. However, the higher
startup time of the Proposed architecture indicates an area for further optimisation. Future implementations
should consider optimising container images, pod readiness configurations, resource allocation, and Kubernetes
deployment settings to reduce startup overhead while retaining the scalability and availability benefits of the
architecture.
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