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Abstract

The development of cloud-native systems has improved the shift towards monolithic to microservices
architectures. The presented research is a quantitative and qualitative comparative study of the monolithic
and microservices architectures applied to the containerized environment (Docker and Kubernetes) using
Java spring boot. The performance measurements (latency, throughput, CPU, memory) and security
measurements (attack surface, breach containment, trust boundaries) are measured in the study. Result
validation is done using statistical tools like t-test, ANOVA, and regression analysis. The results show that
whereas monolithic systems are economical on light workloads, microservices systems are more efficient in
terms of scale, resiliency, and security isolation when used in a high-load distributed system.
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1. Introduction

The contemporary enterprise systems are highly dynamic and competitive with their applications facing augmented user
demand, unremitting availability and enhanced security in distributed networks. Scalability allows efficient management
of increased workload by the systems and high availability is a guarantee that the systems continue to provide services
even in the face of failure. Also, secure distributed operations are necessary to defend sensitive data and avoid cyber threats.
Although monolithic architectures are simple to create in the first place, their ability to scale and isolate failures frequently
becomes problematic since all the components are closely integrated into a single unit. By contrast, microservices
architecture breaks the application into smaller, autonomous services, which can be more easily modular, scale individual
components more easily, and have a better understanding of distributed system behavior, and is more appropriate to modern
cloud-based applications.

2. Research Objectives
1. Compare architecture performance measures.
2. Compare security posture discrepancies.
3. Use statistical tools to be validated.
4. Present architecture selection decision model.
3. Research Methodology

The research design is premised on an experimental design, which aims to compare monolithic and microservices
architectures under a controlled environment. The Java 8 and the Spring Boot framework are used in the experimental setup
to develop the application, which provides consistency between the two architectures. The deployment is conducted with
the help of Docker containers with the help of Kubernetes, which offers a lifelike cloud-native setting. PostgreSQL is the
backend database and Apache JMeter is the load testing tool that is used to load test the system by simulating the various
user workloads and the system performance. Regarding system design two equivalent versions of the application are
designed. Monolithic system is deployed as a single unit of deployment in which all the functionalities are closely
integrated. The microservices system, on the contrary, is subdivided into autonomous services, including user service,
product service, order service, and payment service, which interact with each other via an API gateway. This enables every
service to run, scale and deploy autonomously, which makes it clear to compare the performance, scalability and security
of the two architectural strategies.

13
Vol: 2024 | Iss: 02 | 2024



Computer Fraud and Security
ISSN (online): 1873-7056

4. Data Collection and Metrics

In this section, the experimental data obtained is presented in order to determine the effectiveness of monolithic and
microservices architecture under varying workload conditions. The load testing is controlled and done with Apache JMeter
in a containerized set up to generate the data.

4.1 Workload Levels
The workload levels will model different conditions of user traffic with low and high intensities of user traffic.

Table 4.1: Workload Distribution Levels

Load Level Requests/sec
Low 100

Medium 500

High 1000

Source: Experimental Setup using Apache JMeter (2023)

The table reflects three different scenarios of workload that were applied to test the performance of the system. The low
load approximates the minimum user interaction, the medium load shows the average use in the real world and the high
load approximates the peak of the traffic. This categorization aids in the examination of the behaviour of every architecture
as pressure rises.

4.2 Performance Data (Experimental Results)

The results of the measured performance metrics of both architectures at various levels of work load are provided in the
following tables.

Figure 4.1: Response Time Comparison (in milliseconds)

Trending Graph: Response Time Comparison
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Source: Experimental Results from Docker-Kubernetes Deployment (2023)

The monolithic structure offers less response time at low load because of its simple structure and low communication
overhead. Nevertheless, with scale, the microservices are much better than the monolithic system. The response time of
the monolithic system grows exponentially at high load, whereas microservices are more stable with better performance
because of the distributed processing and scalability.

Figure 4.2: Throughput Comparison (Requests per Second)

Throughput Comparison Graph
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Source: Experimental Results from Apache JMeter Load Testing (2023)
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The results of throughput show that the two architectures work equally well at low load. Nevertheless, the microservices
reveal high throughput at high and medium loads. The reason is that microservices are able to service several requests at
the same time because they can distribute the work between services and as a result, monolithic systems experience
bottlenecks when there is heavy traffic.

Figure 4.3: CPU Utilization (%)
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Source: Kubernetes Resource Monitoring Metrics (2023)

Microservices require more CPU at low load because of the presence of multiple service instances as well as inter-service
communication. But at high loads, monolithic architecture has far greater CPU usage, which signifies inefficiency and
resource saturation. Microservices ensure a balanced CPU load because of load distribution and scaling.

Figure 4.4: Memory Usage (MB)

Memory Usage Comparison Graph

22009

2000 1

1800 q

1600 q

1400 4

Memory Usage (MB)

1200 A

1000

800

T T
Low Medium High
Load Level

Source: Container Resource Allocation Logs (2023)

Microservices architecture takes up more memory at first since each service is an independent service with a runtime
environment. Nonetheless, monolithic systems are less efficient in terms of memory use at large load with no effective
scaling and sharing of resources. Microservices are efficient in using memory by distributing deployment and scaling
services selectively.

5. Statistical Analysis

In this section, the statistical tools are used to confirm that the differences in the performance between the monolithic and
microservices architectures are not insignificant. T-test, ANOVA, and regression analysis are some of the methods to
guarantee the reliability and scientific validity of the findings.
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5.1 Hypothesis Testing (t-test)

A t-test is performed in order to analyze the significant difference in performance (response time).
e HO (Null Hypothesis): The difference in performances between the architectures is not significant.
e HI (Alternative Hypothesis): The performance varies significantly.

Table 5.1: t-test Results for Response Time

Metric Monolithic Microservices
Mean Response Time (ms) 456 293

t-value - 3.42

p-value - 0.012

Source: Computed using experimental dataset (2023)

The p-value (0.012) obtained is lower than the typical significance level (0.05) and it means that the difference in response
time between the two architectures is statistically significant. Thus, the null hypothesis is discarded, and microservices
architecture is proved to be much better than the monolithic architecture regarding the latency at different workloads.

5.2 ANOVA Analysis

The test of whether the architectural type has a significant influence on the performance of the system in various conditions
is conducted by ANOVA (Analysis of Variance).

Table 5.2: ANOVA Results

Source F-value p-value

Architecture Type 8.75 0.008

Source: Statistical analysis of experimental results (2023)

The outcome of the ANOVA indicates that the p-value is 0.008 and this is far less than the value of 0.05 and hence, it can
be concluded that the type of architecture statistically significantly affects the performance of a system. The F-value of
8.75 continues to prove that the difference between the groups (monolithic vs microservices) is higher compared to the
differences within the groups. This confirms the fact that design architecture is an essential factor in defining system
efficiency.

5.3 Regression Model

Regression model is constructed to examine the correlation of throughput with the factors affecting throughput including
workload and type of architecture.

Model Equation:
Throughput=p0+B1(Load)+p2(Architecture)
Table 5.3: Regression Coefficients

Variable Coefficient
Load +0.85
Architecture (Microservices) +0.42

Source: Regression analysis based on performance dataset (2023)

The regression findings show that the workload (Load) affects throughput positively and the coefficient is +0.85, which
means that the greater the workload, the greater is the throughput. Moreover, a positive coefficient ( +0.42) on
microservices architecture indicates that it is positively related to throughput, in contrast to the monolithic systems. This
proves the fact that microservices architecture is more effective in the high load situation and better performance of the
system in general.

6. Security Analysis

The security analysis is an important aspect of this research because the present applications should not only be efficient
but also provide a high level of security against cyber attacks. This part will compare the security features of monolithic
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and microservices based on some important parameters of attack surface, fault isolation, breach impact, authentication
mechanisms, and network security.

6.1 Comparative Security Evaluation

Table 6.1: Security Comparison between Monolithic and Microservices Architectures

Parameter Monolithic Microservices
Attack Surface Low High

Fault Isolation Poor Strong

Breach Impact High Low
Authentication Centralized Distributed
Network Security Simple Complex

Source: Conceptual Security Evaluation based on Experimental Architecture (2023)

The table illuminates the basic dissimilarities between the security position of the two architectures. Monolithic systems
are easier to secure in the first place because the attack surface is smaller since less endpoints are exposed. They however
are fault isolated in that a single vulnerability can be used to take down the whole system resulting in high breach impact.
Microservices architectures, on the contrary, expose more of their attack surface due to numerous service endpoints,
exposing them to threats. They nevertheless provide great fault isolation, meaning that a failure in one service does not
spread all over the system. In monolithic systems, the process of authentication is centralized, whereas in microservices,
there is a distributed authentication mechanism, which is often complex, but more flexible. Likewise, microservice network
security is more intricate as a result of inter-service communication yet offers prospects of finely controlling using
contemporary technology such as Kubernetes.

6.2 Findings

A review of the subject matter shows that there are a number of valuable lessons about security. The unified structure of
monolithic systems means that they have a smaller attack surface and can be easy to manage security. But with this
simplicity, there is the increased risk, whereby any successful attack will affect the whole application. Conversely, the
isolation of services in microservices architecture increases security, and it minimizes the blast radius of attacks, as well
as, improves breach containment. Also, Kubernetes when used in deploying microservices makes the deployment more
secure by providing such features as network segmentation, role-based access control, and namespace isolation. Although
microservices add more complexity into the security configuration processes, they end up offering a more resilient and
adaptable security architecture to contemporary distributed applications.

7. Results and Discussion

These findings of the research evidently underscore the difference in performance and security aspects of monolithic and
microservices architecture. On a performance basis, the monolithic structure is more efficient with low load conditions as
it has a simple structure and low inter-service communication overhead. Nevertheless, with the rise of the workload to
medium and high levels, the microservices architecture is far superior over the monolithic system. The ability to load
workloads on various independent services and the possibility of a horizontal scale should be regarded as the main reason
behind this improvement. Actually, horizontal scaling in micro services lowers the response time by approximately 50
percent which is very appropriate in dealing with large-scale applications and high concurrency. Security wise, the
microservices architecture is more secure with a smaller blast radius in case of an attack. Services are isolated and this
means that failure of one component does not imply failure of the whole system. Nevertheless, this architecture is also
associated with complexity and demands powerful DevSecOps methods, such as a secure configuration, monitoring, and
policy implementation. The API Gateway is an important focal point of security where authentication, authorization and
request routing are implemented, which helps to enhance the overall security posture.

8. Key Contributions

This study has a number of significant implications to the academic and corporate fields. To start with, it offers an empirical
dataset which compares directly monolithic and microservices architectures and also under controlled experimental
settings. Second, it uses statistical methods including t-test and ANOVA to confirm the importance of performance
differences, which increases the validity of the results. Third, the paper provides a comprehensive framework that unites
security and performance point of view and provides a complete picture of architectural evaluation. Lastly, it provides
practice deployment information specifically to Java Spring Boot applications in a containerized world that can assist
developers and system architects in actual applications.
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9. Conclusion

The researcher concludes that the two architectures are relevant in their own right depending on the scenario of application.
Monolithic architecture is also still viable in the small scale applications where simplicity, fast deployment and less
overhead are important. Microservices architecture, conversely, is more efficient in the case of modern enterprise systems
that demand scalability, distributed processing and greater security. Companies ought to consider implementing
microservices where they require to provide high scalability, continuous integration and deployment, and high levels of
security isolation among the components of the system.

10. Recommendations

Some useful recommendations are made on the basis of the findings to improve the performance and security of the
systems. To regulate secure access control, organizations should put into place API Gateway with JWT based
authentication. Network Policies should also be implemented in Kubernetes so that unauthorized communication between
services can be limited. To enhance the monitoring and response to incidents, it is possible to adopt the use of centralized
logging solutions, including the ELK Stack. Also, a Zero Trust Security Model should be applied, which will guarantee
that each request is checked, and enhances the overall security system within distributed settings.

11. Future Scope

This study can be furthered by adding new technologies and the new trends in architecture in future research. The use of
Al-based anomaly detection can be viewed as one of the possible directions that could facilitate the security monitoring in
microservices settings. The comparison of microservices and serverless architecture is another field to be explored to assess
cost and performance trade-offs. Moreover, authentication of services using blockchain can also be explored in order to
give decentralized and unaltered security measures to distributed systems.
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