ESP-JETA

ESP Journal of Engineering & Technology Advancements

ISSN: 2583-2646 / Volume 5 Issue 2 May 2025 / Page No: 171-177
Paper Id: JETA-V5I2P118 / Doi: 10.56472/25832646/JETA-V5I12P118

Original Article
Scalable Microservices Architecture using SpringBoot and

Azure Service Bus

Sachin Sudhir Shinde
Santa Clara University, Santa Clara, CA, USA.

Received Date: 16 February 2025 Revised Date: 22 March 2025 Accepted Date: 15 May 2025

Abstract: The change in monolithic to microservices architectures in recent years has transformed the construction
and administration of scalable systems. This paper investigates how popular Java-based microservices framework
Spring Boot might be integrated with Azure Service Bus, a cloud-native message broker. The research shows the
benefits of asynchronous communication in distributed systems by analysing architectural patterns, design principles,
and experimental performance evaluations: enhanced scalability, fault tolerance, and throughput among other things.
We demonstrate by case studies and benchmarks that combining Spring Boot with Azure Service Bus produces better
performance than conventional REST-based communication. Key research gaps and future directions concerning
serverless processing, artificial intelligence-driven routing, edge integration, and standardised observability are noted
at the review's conclusion.
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I. INTRODUCTION
From monolithic systems to distributed microservices, modern software architecture has evolved fundamentally to
provide agility, scalability, and simplicity of deployment. Among the frameworks guiding this paradigm change, Spring Boot
has become a major platform because of its low configuration overhead and strong interaction with the Spring ecosystem.
When paired with cloud-based messaging systems like Azure Service Bus, Spring Boot helps create scalable, event-driven,
loosely coupled microservices—which are vital for satisfying the needs of real-time, high-availability applications in the
digital terrain of today [1].

The hallmark of microservices architecture is the breakdown of a big application into a collection of independently
deployable services, each in charge of a particular corporate feature. This architectural design promotes polyglot
development, increases modularity, helps to isolate faults, and fits very nicely with DevOps and CI/CD pipelines [2]. But as
services proliferate, so increases the complexity of inter-service communication, service discovery, load balancing,
transaction management, and fault tolerance. Because asynchronous messaging solutions like Azure Service Bus decouples
service interactions and supports dependable, scalable message delivery, this complexity has driven their increasing use [3].

Microsoft's wholly managed enterprise integration message broker, Azure Service Bus offers strong support for
queuing, publish/subscribed messaging, dead-lettering, and message sessions. A key infrastructure component for cloud-
native applications, these characteristics let microservices interact asynchronously with guaranteed delivery, message
ordering, and durable persistence [4]. By using tools like Spring Cloud Stream, Spring Integration, and Reactive Streams
when combined with Spring Boot, developers may keep scalability and maintainability while simplifying the creation of
message-driven services [5].

Within the larger framework of cloud computing and service-oriented architecture, Spring Boot and Azure Service
Bus together show a convergence of open-source freedom with enterprise-grade cloud capability. In fields including e-
commerce, IoT platforms, financial systems, and real-time analytics—where system scalability, elasticity, and message
durability are critical—this architecture is becoming more important [6].

Notwithstanding its promise, some difficulties still exist. These comprise the absence of consistent guidelines for
controlling distributed transactions, tracking and fixing asynchronous flows, and guaranteeing message idempotency and
repeat protection in big-scale systems [7]. Moreover, the integration of Azure Service Bus with Spring Boot applications
usually calls for bespoke adapters or third-party libraries, hence raising the learning curve for developers moving from
conventional REST-based architectures [8].

By means of Spring Boot and Azure Service Bus, this review article attempts to methodically assess the present scene
of scalable microservices, thereby analysing architectural models, design patterns, deployment techniques, tooling support.

(2 OOO)

TETET (https://creativecommons.org/licenses/by-nc-nd/2.0/)



Sachin Sudhir Shinde /ESP JETA 5(2), 171-177, 2025

We start with a thorough review of microservices principles and messaging architecture then go on to examine Azure
Service Bus capabilities and Spring Boot connections in great depth. Real-world case studies, performance benchmarks, and
developing trends such serverless messaging, event sourcing, and observability tools are all included in this work. The aim is
to offer a combined resource supporting builders, developers, and researchers in creating scalable, maintainable, and strong

microservices systems.

Table 1 : Key Research in Microservices and Messaging Systems Synopsis

Year Title Focus Findings (Key Results and Conclusions)
2015 Evaluating Monolithic and Comparison between monolithic and Microservices significantly improved
Microservice Architectures microservices for cloud deployment deployment flexibility and scalability [9].
2016 | Integrating Spring Boot with Best practices for integrating Spring Spring Boot simplifies message
Messaging Systems Boot with RabbitMQ and JMS configuration using annotations and auto-
wiring [10].
2017 | Design Patterns for Scalable Review of messaging patterns for Identified decoupling benefits and
Microservices Messaging distributed systems throughput gains of message queues [11].
2018 | Resilient Microservices with Leveraging Azure Service Bus for Showed that message dead-lettering and
Azure Service Bus fault tolerance retry policies enhance service resiliency
[12].
2019 Event-Driven Architectures Spring Cloud Stream for real-time Streamlining message-driven development
with Spring Cloud Stream applications improved testability and modularity [13].
2020 Performance Evaluation of Benchmarking Azure Service Bus vs Azure Service Bus excelled in message
Cloud Messaging Systems Kafka and RabbitMQ durability and guaranteed delivery [14].
2020 Scalable Deployment of Container orchestration and scaling Combined Spring Boot with Docker and
Microservices with Spring Kubernetes for dynamic scaling [15].
Boot
2021 Observability in Monitoring tools for message-driven Tools like Zipkin and Azure Monitor
Asynchronous Microservices apps improved root cause analysis [16].
2022 Secure Messaging in End-to-end security in message Proposed message-level encryption and
Microservice Architectures queues RBAC for secure communication [17].
2023 Serverless Messaging with Using Azure Functions with Service Achieved elastic scaling and reduced
Azure Functions Bus operational overhead [18].

Particularly in event-driven architectures, studies have shown Azure Service Bus beats RabbitMQ in terms of message
durability and fault tolerance [14]. Using Spring Cloud Stream has also let developers create reactive microservices with
enhanced reusability and separation of concerns [13]. Sensitive apps now routinely handle messages securely using RBAC
and encryption [17].

II. PROPOSED THEORETICAL MODEL AND SYSTEM ARCHITECTURE
A. Overview
Combining Azure Service Bus for cloud communications with Spring Boot for microservice development offers a
strong basis for creating durable, loosely linked, scalable applications. Managing synchronous dependencies is more difficult
in a distributed microservices system as the count of services rises. Using asynchronous communication patterns made
possible by Azure Service Bus helps developers to decouple microservices and increase fault tolerance, scalability, and
message durability [19].

Crucially for real-time and high-load corporate applications, the suggested architecture supports event-driven design,
publish-subscribed communication, and message queuing.
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B. Block diagram including Azure Service Bus for microservices
Typical Spring Boot microservices architecture combined with Azure Service Bus for asynchronous communication is seen

here.
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C. Component Breakdown

API Gateway (Spring Cloud Gateway): Entry point for all client requests. Routes calls to internal services and handles
load balancing and authentication.

Spring Boot Microservices (A, B, C): Each service handles distinct functionality (e.g., order processing, inventory,
notifications).

Azure Service Bus: Provides reliable messaging using queues (point-to-point) and topics (publish-subscribe), ensuring
eventual consistency between services.

D. Scalable Event-Driven Microservices Framework:oretorical model

This model suggests a disciplined design for using Spring Boot microservices with Azure Service Bus in a cloud-native

environment to control complexity and scale.

a) Proposed Model Layers
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b) Model Synopsis

Ul/UX interfaces call microservices via the API gateway either REST or GraphQL.

Oversees token validation, SSL termination, rate-limiting, and routing at the gateway layer.

Using Istio, Consul, or Fureka [20], the Service Mesh Layer guarantees service discovery, load balancing, retries, and
observability.

Stateless Spring Boot services post events to Azure Service Bus and follow business use cases.

Using topics, subscriptions, and queues, Azure Service Bus manages decoupled communication between services.
Subscribed microservices run domain-specific operations (e.g., invoice creation, notifications) and receive messages
from the consumer layer.

Logs, traces, and metrics gathered with Azure Monitor, Application Insights, or Zipkin [21] form the Observability
Layer.

E. Principal advantages of the model

Services interact asynchronously under loose coupling, hence lowering reliance chains.

Services can be scaled depending on load either separately.

Resilience: Failed communications can be dead-lettered and retried with a number of times provided in the Azure
configuration hence minimising loss.

Separated in functioning, consumers and message creators are not concerned in each other.

Platform Agnosticism: Azure Service Bus offers integration with other languages and frameworks outside Spring Boot

[22].
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F. Difficulties and Factors of Thought
e The suggested model brings complexity in numerous spheres even if it provides resilience and scalability:

Duplicate delivery demands idempotent message processing logic [23].

Dead-letter handling calls for careful observation and either automated or hand action for failed transmissions.
Azure Service Bus facilitates sessions for ordered delivery, but developers must use session-aware consumers.
Tracking distributed traces is more challenging than following synchronous REST calls.
Design patterns—which are developing in both study and practice—such as saga orchestration, event sourcing, and

compensating transactions help to solve these difficulties.

A. Experiment Setup

II. EXPERIMENTAL RESULTS AND PERFORMANCE EVALUATION

Several benchmark tests were carried out to evaluate the performance gains and scalability of including Spring Boot
microservices with Azure Service Bus. These tests contrasted:
e Rest-based synchronous transmission
e Asynchronous messaging based on Azure Service Bus (topic and queue based)
e Integration of Spring Boot + Azure Service Bus with Spring Cloud Stream
e Containerised microservices implemented on Azure Kubernetes Service (AKS) were tested under both typical and

high-load scenarios.

B. Configuration for Testing
e Platform: 4 nodes D4s v3, Azure Kubernetes Cluster (AKS)
e Azure Service Bus Premium (1K msg/sec throughput) queue/topic type
e Azure SDK for Java, Spring Boot 2.7, Spring Cloud Stream
e Throughput, delay, CPU use, and message loss tracked here.

C. Table 2: Performance Summary

Communication Mode Avg. Latency (ms) | Throughput (msg/sec) | CPU Usage (%) | Message Loss Rate (%)
REST (Synchronous) 128 310 74 1.2
Azure Service Bus - Queue 61 580 53 0.3
Azure Service Bus - Topic 67 620 55 0.2
Spring Cloud Stream + ASB 42 675 47 0.1

Table 2 : High Load Microservice Communication Patterns Under AKS Performance Comparison [24].

D. Graphical Result Visualisation

Figure 1 : Ms Average Latency
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Throughput vs. Communication Method
800

600

400

Throughput

200

REST Azure Service Bus - Azure Service Bus - Spring Cloud Stream
(Synchronous) Queue Topic + ASB

Communication Method

Communication Method | Throughput
REST (Synchronous) 310
Azure Service Bus - Queue 580
Azure Service Bus - Topic 620
Spring Cloud Stream + ASB 675

Figure 2 : Spring Cloud Stream and Azure Service Bus Integration Attained the Highest Throughput [25].

E. Examination and Discussion

e Especially in highly concurrent contexts, the experimental data strongly confirms the advantages of using Azure
Service Bus with Spring Boot microservices:

e Relative to synchronous REST APIs, the Spring Cloud Stream integration produced a 67% latency decrease. This is
ascribed to non-blocking message processing and decoupling [24].

e With publish-subscribed messaging and ideal consumer parallelism, Azure Service Bus produced over 2x throughput
compared to REST under same hardware settings [25].

e Because of non-blocking I/O and batch message handling, messaging-based systems required less CPU.

e Resilience: By means of retry, dead-letter queues, and message ordering, the queue/topic-based models naturally
supported retry, dead-letter queues, and message ordering, so improving fault tolerance [26].

F. Constraints and Edge Cases

e Although the findings show notable gains, some constraints were noted:

e Azure Functions and containerised consumers demonstrated early delays in response under low or no load, due to
autoscaling behaviour [27].

e Message-driven systems needed more sophisticated observability and retry logic—including dead-letter queue
monitoring—which Azure Monitor and Application Insights helped to offset.

e Idempotent consumers and appropriate message deduplication design [28] were reinforced by duplicate messages
seen during failovers.

III. FUTURE DIRECTIONS
Together with the general acceptance of microservices design, the continuous development of cloud-native
technology offers new possibilities and difficulties for raising scalability, robustness, and automation in distributed systems.
For creating asynchronous, scalable apps, Spring Boot and Azure Service Bus taken together provide a strong mix. Future
developments, however, should improve this architecture in numerous important spheres even more:

A. Event Processing for Serverless Systems

Spring Boot's combination with serverless computing systems—like Azure Functions, AWS Lambda—is gathering
steam. Future architectures will probably transfer event-driven microservices to serverless containers, therefore enabling
cost-effective implementation without providing long-running instances [29]
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B. Message Routing Driven by Al and Load Prediction

Al and ML models can be included into infrastructure as systems get more complicated to dynamically change
message priority, control traffic, and forecast system bottlenecks before they affect performance. Early load prediction
experiments in message brokers indicate encouraging outcomes augmented by artificial intelligence [30].

C. Thirdly Hybrid Cloud and Edge Integration

Microservices will progressively span cloud and edge settings as edge computing spreads. Future studies will
investigate how Azure Service Bus may ensure low-latency delivery and data consistency by bridging messaging between
geographically scattered microservices [31].

D. The fourth is Standardising Observability and Monitoring

Observability in asynchronous, message-driven systems still challenging. A major need is a consistent, vendor-
agnostic observability architecture combining distributed tracing (Open Telemetry), logging, and metrics fit for messaging
environments [32].

E. Message Governance and Security Improvements

Future architectures must include zero-trust concepts including end-to--end encryption, fine-grained RBAC, and
policy-driven message validation inside Azure Service Bus and Spring Boot connections as microservices manage sensitive
transactions [33].

IV. CONCLUSION
This paper investigated the architecture, implementation, and performance traits of highly scalable and resilient
messaging platform Azure Service Bus' Spring Boot-based microservices coupled with We investigated, via block diagrams,
theoretical modelling, experimental benchmarks, and comparative studies, how asynchronous communication patterns
enhance decoupling, robustness, and performance in distributed systems.

Key results show that Spring Boot, in concert with Azure Service Bus, greatly increases system scalability, lowers
latency by up to 67%, and boosts throughput in cloud-native systems. While Azure Service Bus assures message durability,
delivery guarantees, and fault isolation, Spring Boot's modular form permits perfect interaction with messaging systems via
Spring Cloud Stream.

Still, the deployment and monitoring of such architectures bring complexity into observability, message tracking, and
operational adjustment. These issues will be top priority architectural innovation as we enter a time of serverless, edge-
integrated, Al-enhanced microservices.
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