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ABSTRACT-

The Spring Framework has brought a new face to Java development by providing a unified programming and configuration model for contemporary Java
applications. From the very beginning, Spring has focused on the fact that enterprise Java is inherently complex and offered the simple, flexible modular framework
across the most diverse applications, from prototype web applications to large-scale enterprise applications and even micro services architectures. This paper looks
at the development history of the Spring Framework, its structure, main components, and advantages. It also demonstrates the continual influence of the framework
on today’s progressive development in the Java environment, specifically through the creation of Spring Boot and Spring Cloud projects that help simplify the
development of highly dependable micro services. We describe what issues are relevant to Spring and what may be expected from it in the context of the constant
evolution of the software development process.

Index Terms- Java, Spring, Spring Boot, application development, micro services, dependency injection, inversion of control, Spring MVC, Spring
Data, Spring Cloud

INTRODUCTION

Enterprise-level has been implemented through Java since the mid-1990s when Java became a popular language among developers. But then Java
developer begin to face some Enterprise Application development issues such as; excessive amount of boiler plate codes, complicated configuration
management and integration with other framework. The Spring Framework initiated in 2003 by Rod Johnson was intended to solve these problems
making the infrastructure more flexible, narrow in weight, and more familiar to the developer.

Spring was first to introduce the idea of Dependency Injection (DI) alongside Inversion of Control (1oC) to make application designs simple as compared
to complex to develop, maintain and enhance. In recent years, Spring has integrated several projects, for example, Spring MVC for web applications,
Spring Data for working with databases, Spring Boot — for creating standalone applications, and Spring Cloud as an application suite for developing
micro service architectures.

This paper focuses on the Spring Framework and Java development discussing its architecture, fundamental properties, advantages, and use in micro
services architecture. It also contains an understanding of developers’ difficulties and solutions proposed by the Spring Framework.

EVOLUTION OF JAVA DEVELOPMENT

Java development has from its inception undergone the same cycle of evolution as most of the modern languages.
In the time prior to the advent of the Spring Framework, Java developers had Enterprise JavaBeans (EJB) at their disposal for constructing business
applications. EJB was a part of the Java EE that tried to ensure and facilitate distribution, transactions, security and persistence in distributed applications.
However, EJB had numerous problems that affected the developers’ productivity and applications maintainability

A. Challenges with Enterprise JavaBeans (EJB):

Complexity: EJB involves a multitude of configuration and deployment steps that made the overall process complicated.

2. Boilerplate Code: One of the problems that were associated with creation of EJB applications was the presence of large amount of code that
was reused in various forms but nevertheless required deeper writing, and thus augmented the overall development time.

3. Tight Coupling: EJB components had very strong dependencies amongst them; each individual component could not be tested in isolation.

4.  Performance Overhead: WebLogic’s optimization of IIOP created performance bottlenecks attributable to EJB’s heavyweight nature
especially in applications that required extremely concurrency
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B. The Need for a New Framework:

Here it is important to mention that the problems with EJB exposed the need for a more lightweight and flexible framework. Reimagine how configuration
is done, as well as making deployment much easier. The design should encourage loose coupling so that the system can be easily tested and modified.
Enhance performance as well as capability of handling large volume of traffic challenges with EJB highlighted the need for a more flexible and lightweight
framework. Developers sought a solution that would:

¢ Simplify configuration and development.

. Reduce boilerplate code.

. Promote loose coupling for easier testing and maintained.
. Improve performance and scalability.

The Emergence of Spring:

In his book, Expert One-on-One J2EE Development without EJB, written in 2002, Rod Johnson expanded on the idea of POJOs as a solution to Java
enterprise application development. Another important development emerged in 2002, following this approach paved way to a new framework named
Spring Framework that was released in 2003. Spring provided an alternative to EJB by offering:

. Lightweight Containers: The Spring framework’s IoC container handled Java object creation and instantiation and their setting up as well.
. Dependency Injection: Made dependencies easier to wire, so that code was less cluttered and easier to work on.
*  Aspect-Oriented Programming (AOP): Allowed for a level of composition of utility concerns such as logging, security, etc.

Major Development in Evolution of Spring:

Spring 1.0 (2004): They also put into use basic ideas such as 1oC and DI.

2. Spring 2.5 (2007): Introduced plugin annotation-based configuration and extend other plugin configuration source to via annotation, which
decreased the use of XML configuration.

3. Spring 3.0 (2009): They added support for Restful web services.

4. Spring 4.0 (2013): Increase in compatibility with Java 8 and improvement of features in building an application for an enterprise.

5. Spring Boot (2014): Here, it is easy to install application interfaces and launch them with automatically configured and integrated server
systems.

6. Spring Cloud (2015): Gave methods for designing Disperse systems and Micro services techniques.

111. KEY FEATURES OF SPRING FRAMEWORK

This paper aims at identifying the key features of the Spring Framework which include the following:
Java developers will find that Spring has a number of facilities designed to ease application development and enhance the underlying architecture for
enterprise applications.

A. Dependency Injection (DI):

In its basic form, Dependency Injection (DI) is a design pattern that focuses on the ability of the developer defining the dependencies of an object
instead of providing them within the object. This leads to the principles of loose coupling, which also make the tests more effective.

1. Types of Dependency Injection (DI)

. Constructor Injection: Dependencies are injected through the class constructor O Setter
Injection: Dependencies are injected via setter methods.
. Field Injection: Dependencies are injected directly into class fields using annotations like @ Autowired.

2. Benefits of Dependency Injection (DI)

. Reduced Boilerplate Code: It helps to minimize the complexity of creating and dealing with dependence
relationships O Increased Testability: For the unit test, dependencies can be easily mocked or replace.
. Flexibility: Enables making configuration changes without the need to rewrite new code. B. Inversion of

Control (10C):
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Inversion of Control (IoC) is a principle whereby the framework rather controls the application’s flow than the developer. When in Spring, the l1oC
container is concerned with how beans (Java objects) are created and how they live out their lives.

1. 1oC Containers in Spring

. BeanFactory: A starting point 10C container that gives rather minimalistic DI functionality.
¢  Application Context: A sophisticated loC container that embeds BeanFactory and has added functionality for event management and i18n
features as well as integrated support for AOP.

2. Configuration Methods

¢ XML Configuration: This is a way of doing things in the traditional manner with the help of xml files where we define beans and their
dependencies.

¢ Java-Based Configuration: Determining beans and using @Configuration classes and @Bean methods.

¢  Annotation-Based Configuration: Annotations like @Component, @Autowired @Service to declare and instantiate the beans.

C. Aspect-Oriented Programming (AOP):

This paradigm helps to modularize the cross cutting concerns like logging, security, and transaction management and many more. In spring framework,

the aspects are developed by using @Aspect annotation and by including AspectJ library in Spring application.
1. Core Concept of AOP

¢ Aspect: A module that contains code that performs cross cutting concerns.

*  Advice: That which was done by an aspect (before, at, after).

. Pointcut: An expression that corresponds with join points (points in code where advice can be given).
¢ Join Point: An instance of program control, usually at the level of a method call.

*  Weaving: The hours in which the different aspects are applied to target code.

2. Types of Advice

. Before Advice: Called before a method call.

*  After Returning Advice: Performs when a method does returns normally or succeeds in its operations.

¢ After Throwing Advice: Performs if a method has an exception.

¢ Around Advice: Used around a method call and provides functionality of defining behaviour before and after the method execution.

IV. SPRING COMPONENTS AND PROJECTS

Spring Frameworks has a number of projects under its hood, which helps bring about the easy flow for integration of different technologies in a spring

application, like integration cloud, securities, database and others.
A. Spring MVC

Spring MVC is the MVC architecture framework for the development of web applications. It means that application-building elements such as
application logic, user interface, and data management are isolated into different layers. Essentials of Spring MVC are:

. Controllers: Execute HTTP requests and give back answers. @Controller or @RestController annotations are used in controllers.

¢ Views: Refer to the view and can be created with different web-application Templating Engines such as JSP, Thymeleaf, FreeMarker and
many more. 0 Model: Holds the application’s data and can be supplied to views for display.

. Request Mapping: @RequestMapping — Is a stereotype that maps HTTP request to handler methods in controllers.

. Form Handling: There are some enhancements of form handling in Spring MVC use @Model Attribute and Binding Result

. Exception Handling: Supports @ExceptionHandler for convenient of exception handling.

B. Spring Data

Database access is made easier by Spring Data by offering the data repository abstraction that supports both relational and nonrelational database systems.
It eliminates redundancy and makes data access operation more efficient and easy to read compared to when using the database connection. Key Spring
Data Projects:

*  Spring Data JPA: Use of interfaces and annotations to enhance the simplified data access on JPA. It enables developers to open, view and
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manipulate, edit and delete records with little or largely no programming.

¢  Spring Data MongoDB: Offers base objects and context to work with MongoDB out of the box to interact with the NoSQL data store.

¢  Spring Data Redis: Provides ambiguous coverage for Redis based data access and caching which is helpful in applications that need fast, in-
memory data storage.

. Spring Data JDBC: Simpler and more direct than JPA that delivers only JDBC mainly for data access.

C. Spring Boot

The Spring Boot framework aims at making the development and configuration of Spring applications fast and easy as well as adding features of server
availability. It reduces the amount of default material that needs to be written as well as avoidin g having to set up environment variables to build for a
production environment and so is very useful when it comes to developing apps suited for a production environment in a short span of time. Key features
of Spring Boot:

¢  Auto-Configuration: Allows automatic wiring of Spring components based on the classpath and properties of the application hence
minimizing wiring.

. Embedded Servers: Contains embedded Tomcat, Jetty and Undertow servers to avoid using external applications servers during build and
runtime processes.

. Starter Dependencies: It delivers predefined dependency sets to ease the problem of managing dependencies. These starters group related
dependencies in order to ensure compatibility.

. Spring Boot Actuator: Offers application health monitoring, application health checks, and application metrics in production.

D. Spring Cloud
Spring Cloud is a framework for developing applications in a micro service architecture based on distributed computing. Key features of Spring Cloud:

¢ Spring Cloud Config: Allows for centralized administration of configuration for large multi node infrastructures. It provides the possibility
to make configuration stored within a single source and dynamically modify it for the services.

. Spring Cloud Netflix: Compatible with most-used Netflix OSS libraries: Eureka for service discovery, Ribbon for client-side load balance,
Hystrix for handling failure with circuit breaker and, finally, Zuul for API gateway and routing.

. Spring Cloud Gateway: An API gateway for routing requests and for transforming request and response messages. It offers real time routing,
traffic dispersion and security facilities.

. Spring Cloud Sleuth: It offers distributed tracing for the tracking of interactions of the micro services. It works with tools such as Zipkin and
Jaeger for visualization

¢ Spring Cloud OpenFeign: A simple declarative REST client for micro services and their interactions. It provides a more simple way to write
HTTP client code as it uses an annotation based interface.

E. Spring Security

Spring Security is a framework that offers wide coverage of security for Java applications. This includes authentication, authorization and prevention of
generic security risks. Key features of Spring Security are:

. Authentication: It supports different kinds of authentication kinds of authentication, namely, user name/password, OAuth, LDAP and SSO.
. Authorization: Demonstrates both role-oriented and method-based access control.
. CSRF Protection: Preserves the Cross-Site Request Forgery attacks by creating tokens and checking out for the valid token.

V. FUTURE PATTERN AND CHALLENGES

The Spring Framework and its subprojects are in the process of transitioning to new patterns formed by the cloud and PaaS, serverless computing, and
containerization. As these innovations serve development, issues such as scalability, secu rity, and maintainability remain an issue of concern.

A. New Trends in Spring Surroundings:

. Micro services: Spring Cloud supports Micro services; however, micro services require a sophisticated pattern like APl Gateway and Event
Driven Architecture for managing the logical layered architecture regarding service discovery and load balancing.

¢ Serverless Computing: Mircoservice architecture with support of Spring Cloud Function allows developers working with code only and
integrating with such platforms like AWS Lambda regarding such services as cost-optimization.

. Reactive Programming: Spring WebFlux enables the development of efficient, asynchronous applications which are crucial in utilizing high
numbers of concurrent connectivity and real-time web.

B. Future Of Spring Framework
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Spring Framework provides definite projections about how the framework will evolve in the future.

¢ Al and ML Integration: The capability will mature to incorporate Al and ML services into applications in spring.

¢ Cloud-Native Enhancements: The planned work for Spring in improve the integration mechanism for Kubernetes and serverless to enhance
the development mode in native cloud.

. Developer Experience: Improved tooling and eased configuration will place an emphasis on the productivity of the developers.

. Ecosystem Expansion: The main elements of the Spring ecosystem will remain relevant and develop, further extending development to new
technologies and architectures suitable for modern, highly scalable applications

V. CONCLUSION

Now with features such as Dependency Injection (DI) and Aspect-Oriented Programming (AOP), The Spring Framework has taken a leading role of
reducing complexity of enterprise applications in Java development. With Spring Boot and Spring Cloud it has made application setup, deployment and
micro services easier to develop. New problems, such as dealing with complexity and achieving performance, still exist, but the sophisticated environment
of Spring’s ecosystem and beloved by developer’s community meet them halfway. Other features such as the capabilities of the continued trend like
serverless computing along with reactive programming and Al make Spring the essential tool of constructing scalable, efficient, and high quality
applications which will make it relevant in modern software environments.
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