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Preface





This book is targeted at software developers who want to understand reactive programming concepts in Spring and learn about the advantages of using the reactive framework. It is also intended for Java developers who want to learn how to code efficiently, keeping resource utilization and performance in mind, and students who want to get started and know the basics of reactive programming in Java and learn how they are put into practice.


In this book of 12 chapters, we will begin with an introduction to reactive programming concepts and will walk the reader through its basics. We will gradually move to wider topics, including WebFlux and its role in asynchronous programming. We will also discuss the various libraries involved in the WebFlux framework. Together, we will explore asynchronous programming, its advantages, and the challenges involved, as well as how it helps to improve system performance by using these techniques and taking advantage of different architectures available to make the calculation more efficient and perform at the core level. This book will try to gradually introduce the reader to the hands-on implementations of the WebFlux framework.


Chapter 1. Introduction to Spring Framework: This chapter will help the reader to get the basic idea of the Spring framework. We will talk about new features added in the Spring version 6 and will give a basic introduction to Reactive Spring, with some real-world examples and practical implementations.


Chapter 2. Fundamentals of Reactor Framework: This chapter will help the reader to understand the Reactor framework, different components and libraries in the reactor project, and the evolution of the reactor framework from Rx Java. We will learn about different interfaces declared and the changes made to the existing ones.


Chapter 3. Reactive Streams and Implementations: This chapter will help the reader to understand reactive streams. The reader will learn how to perform terminal and intermediate operations on reactive streams, including different operations like filter, count, skip, sort, and so on. Key concepts such as map and flatMap will be covered, along with different methods available for executing the streams in a parallel manner.


Chapter 4. Asynchronous Programming Using Spring WebFlux: This chapter will help the reader to understand asynchronous programming. It will enable the reader to identify the use cases of asynchronous programming and how to write efficient and non-blocking code.


Chapter 5. Developing Reactive Web Applications Using WebClient: This chapter will help the reader to understand and implement web applications using reactive WebClient. We will learn about sequential and parallel calls and the techniques we can apply to improve the network latency and the system’s performance.


Chapter 6. Reactive Repositories: This chapter will help the reader to understand reactive repositories and their implementations. We will learn basic operations and how to maintain consistency with high-performance and highly available systems.


Chapter 7. Messaging Using Reactive Streams: This chapter will help the reader to understand messaging techniques using reactive framework. This chapter will provide a basic idea of listener interfaces and messaging channels and a brief idea of the publisher-subscriber model. We will learn about Kafka implementations and how to handle errors and implement retry mechanisms.


Chapter 8. Spring Cloud and Reactive Framework: This chapter will help the reader to understand Spring Cloud implementations that involve the use of reactive libraries. We will talk about Spring Cloud gateway, consumer-driven contracts, and more, which will help the reader to learn more about both Spring Cloud and Reactive Framework.


Chapter 9. Testing and Debugging: This chapter will help the reader to understand how to debug a reactive application, as debugging or testing a WebFlux app can be more challenging than a conventional Spring Boot application. It will also cover profiling and performance testing of the application.


Chapter 10. Release and Monitoring: This chapter will help the reader to understand the concepts involved in the release of an application. We will learn about libraries and tools used to monitor our applications, and discuss metric and actuator endpoints to monitor the reliability of the application.


Chapter 11. Hands-on Exercises: This chapter will contain hands-on exercises for the readers. We will have multiple projects that will help the reader learn unique things using WebFlux libraries.


Chapter 12. Interview Questions: This chapter will contain common questions asked during an assessment or an interview on Spring WebFlux, Reactive Spring, and related topics.
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CHAPTER 1


Introduction to Spring Framework



Introduction

Since the evolution of Java, it has been continuously growing, and the Reactive or functional programming has been now introduced in newer versions of Java. Though it’s not exactly new, it’s quite some time since Java 9 was released. In this book, we will learn about reactive programming from basics to expertise level. At the end of this book, we will be able to implement core concepts of the Reactor framework in our day-to-day work. Here, we will start with the basics of the Spring framework and will end our journey with the Reactive Spring. On the way, we will pick up Reactor Core, Reactor Kafka, Reactor Test, and Netty libraries.

Structure

We will talk about the following topics in this chapter:


	Introduction to Spring Framework

	Modules in Spring Framework

	Spring Boot

	Features and Comparison between Spring Framework and Spring Boot

	Features of Spring Framework 6

	Spring Boot 3.0

	Creating a New Application in Spring Boot 3

	How to Upgrade an Application to Spring Boot 3 and Spring 6

	Sample Project in Spring 6

	Reactive in Java

	Benefits of Reactive Programming

	Introduction to Reactive Spring or WebFlux

	
Features of Spring WebFlux

	Sample Hello-World Project in Reactive Spring

	Spring WebFlux versus Spring MVC



Introduction to Spring Framework

The Spring Framework is one of the most popular frameworks for building standalone and production-ready applications that run on the Java Virtual Machine which we call JVM.

The most popular feature of Spring which is called dependency injection handles the dependencies so developers can only focus on the core logic rather than worrying about the required infrastructure. In Spring, we can build applications using “plain old Java objects” (POJOs) and implement enterprise-level services using POJOs. Once the dependencies are defined, Spring container later injects them whenever required. Spring supports modular applications as well, so we can have loosely coupled components that are best suited for microservices and distributed architectures.

It provides built-in libraries, such as Spring Data, Spring AOP, and so on, which can be used to perform different types of tasks in a shorter way. We have a built-in support to perform tasks such as data binding, type conversion, validation, exception handling, resource and event management, internationalization, and more. It integrates with different Java EE technologies such as Remote Method Invocation (RMI), Message Queuing Protocol, Web Services, and others.

 In short, the Spring Framework provides developers with all the tools and features they need to create standalone, modular, and loosely coupled, cross-platform Java EE applications that can run in any environment.

Here are some examples of how application developers might utilize the benefits of the Spring Platform:


	Without interacting with the Transaction API, you can run a Java function inside a database transaction.

	Without requiring to deal with the remote API, turn a local Java method into a remote procedure.

	Rather than requiring interaction with the JMX API, turn invoking a local Java method as a management task.

	The JMS API allows you to create a message handler without requiring you to deal with a local Java method.



Spring Beans

Beans are the objects that make up the core of your application and are managed by Spring IoC. A bean is a Spring IoC object that is created, instantiated, and otherwise controlled by Spring.

If you annotate a class with the annotation @Configuration, Spring will be able to use the class as a source for bean definitions. The annotation @Bean tells Spring that a class annotated with @Bean method returns an object that Spring will register as a bean in its application context. The most basic class that can be annotated with the attribute @Configuration is the following:

@Configuration

public class BeanConfiguration {

@Bean

public MyBean myBean(){

return new MyBean();

}

}

Inversion of Control (IoC) in Spring

A software engineering concept known as “Inversion of Control” transfers control of program elements or objects and their lifecycle from developers/programmers to a container or framework. And hence, it has been named “Inversion of Control”. The most common usage for it is in relation to object-oriented programming.

The advantages of IoC are:


	Decoupling a task’s implementation from its execution to facilitate switching between various implementations

	More program modularity

	Increased simplicity in testing a program through component isolation, dependency mocking, and contract-based communication between components

	Several techniques, including the Strategy design pattern, Service Locator pattern, Factory pattern, and Dependency Injection (DI), can be used to accomplish Inversion of Control.



Dependency Injection

Dependency injection is one of the patterns for implementing IoC in which the control is inverted in the configuration of object dependencies.

An assembler, not the individual objects, performs the function of joining things together, or “injecting” objects into other objects. With the Spring Framework, the Dependency Injection (DI) design pattern is used to accomplish the Inversion of Control (IoC) concept.

Fields, constructors, and setters can all be used in Spring to implement dependency injection.

Modules in Spring Framework

The Spring Framework consists of features organized into about 20 modules. These modules are grouped into Core Container, Data Access/Integration, Web, AOP (Aspect Oriented Programming), Instrumentation, Messaging, and Test, as shown in the following figure:
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Figure 1.1: Spring Framework Modules

Core Container

The expression Language, Beans, Context, and Core modules make up the Core Container.


	The foundational components of the framework, such as the Dependency Injection and IoC functionalities, are provided by the Core and Beans modules.

	Building upon the strong foundation established by the Core and Beans modules, the Context module offers a framework-style object access mechanism akin to a JNDI registry. Additional Java EE capabilities supported by the Context module include EJB, JMX, and simple remoting.

	
A robust expression language for interacting with and querying an object graph at runtime is offered by the Expression Language module.



Data Access/Integration

The Data Access/Integration layer consists mainly of JDBC, ORM, OXM, JMS, and Transaction modules.


	The JDBC module offers a JDBC-abstraction layer that eliminates the need for laborious JDBC coding and error code parsing particular to certain database vendors.

	Integration layers for well-known object-relational mapping APIs, such as JPA, JDO, Hibernate, and iBatis, are provided by the ORM module.

	JAXB, Castor, XMLBeans, JiBX, and XStream Object/XML mapping implementations are supported by an abstraction layer offered by the OXM module.

	Producing and consuming messages is made possible via the Java Messaging Service (JMS) module.

	For all of your POJOs (plain old Java objects) and classes that implement special interfaces, the Transaction module offers programmatic and declarative transaction management.



Web

The Web layer contains the Web, Web-Servlet, Web-Struts, and Web-Portlet modules.


	Basic web-oriented integration features like multipart file uploading and the creation of the IoC container utilizing servlet listeners and a web-oriented application context are provided by Spring’s Web module. It also includes the web-related components of Spring’s remote assistance.

	The model-view-controller (MVC) implementation for web applications using Spring is contained in the Web-Servlet module. The MVC framework from Spring integrates with all other Spring Framework elements and offers a clear division between domain model code and web forms.

	The support classes needed to integrate a traditional Struts web layer into a Spring application are included in the Web-Struts module. Take note that as of Spring 3.0, this support has been deprecated. Think about switching to a Spring MVC solution or Struts 2.0 with its Spring integration for your application.

	The Web-Portlet module replicates the features of the Web-Servlet module and offers an MVC implementation for usage in a portlet context.




AOP and Instrumentation



	Code that implements functionality that should be separated can be neatly decoupled by defining features such as method interceptors and pointcuts using Spring’s AOP module, which offers an aspect-oriented programming implementation conforming with the AOP Alliance.

	Integration with AspectJ is provided by the standalone Aspects module.

	For usage with specific application servers, the Instrumentation module offers classloader implementations and support for class instrumentation.



Test

TestNG or JUnit testing of Spring components is supported via the Test module. It facilitates the caching of Spring ApplicationContexts and their consistent loading. Additionally, it offers mock objects that you may utilize to isolate and test your code.

Spring Boot

A Java framework called Spring Boot makes it easier to write and launch Java applications and microservices. Its primary goal is to make Java application configuration and setup simpler so that developers may concentrate more on building the apps’ code. The Pivotal Team develops Spring Boot. Setting up, configuring, and deploying web-based and basic apps is made faster, simpler, and more straightforward with Spring Boot, which integrates the Spring Framework with Embedded Servers. Spring Boot eliminates the need for XML configuration and aims to speed up development, unit testing, and integration testing.

Features and Comparison Between Spring Framework and Spring Boot

One of the most widely used Java frameworks worldwide, as you are aware, is the Spring framework. For contemporary enterprise Java-based applications, it provides a comprehensive programming and configuration model. Teams may concentrate on application-level business logic because the Spring framework supports infrastructures at the application level. The cornerstone of the Spring platform is the Spring Framework. With Spring Boot, developers may quickly become proficient with the Spring framework. Building stand-alone, production-quality Spring-based applications is made easier with Spring Boot. Not a fork of the Spring framework; it is a Spring platform project. Spring Boot is a time-saving and productivity-enhancing tool for developers. Let’s examine the feature comparison between Spring Boot and Spring Framework.

Spring framework has the following core features:


	Dependency injection, AOP events, resources, i18n, validation, data binding, and type conversion are all included in the Spring core.

	Mock objects and the testContext spring MVC test are used in testing.

	We have features such as transactions, DAO support, JDBC, and ORM in Spring Data Access.

	Email, tasks scheduler, cache, remoting, JMS, JMX, and spring MVC and spring webflux integration.



Whereas Spring Boot’s characteristics are as follows:


	Standalone applications with an embedded server that don’t require WAR deployment

	First dependencies that facilitate easier dependency setting

	Spring and third-party libraries are set up automatically

	Metrics, externalized configuration, and health check

	There’s no XML setup required.



The following picture depicts the relation between Spring framework and Spring Boot in an application:
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Figure 1.2: Spring Boot and Components

An embedded server like Apache Tomcat or an external servlet container could be powering a Spring application. The foundation of Spring Boot is the Spring framework. The code for the application is based on Spring Boot and includes capabilities from the Spring framework, including dependency injection, AOP, ORM, DAO, and more.

Features of Spring Framework 6

The primary version modification is Spring Framework 6, which was published in November 2022 and includes numerous new features and updates to the Spring development environment. Conversely, Spring Boot 3, which debuted in November 2022, is built on top of Spring Framework 6 and introduces numerous modifications. To ensure the smooth development of an application in the future, we must be aware of the modifications made in new versions.

Here are the key attributes and modifications included in Spring Framework 6.


	Upgraded baseline Java version to Java 17

	Changed the Namespace from Java EE to Jakarta EE

	AOT (Ahead-Of-Time): Build-time pre-processing of bean definitions

	GraalVM Native Executables

	Changes in Core Container

	Change of HttpMethod from Enum to Class

	Web Applications

	Data Access and Transactions

	Servlet Mocks Require Servlet 6.0 now



Upgraded Baseline Java Version to Java 17

The newest LTS (Long-term Supported) version, JDK 17, is the minimal required JDK version to function with Spring Framework 6 to empower the framework and the applications. Language (text blocks, switch expressions), Core libraries (collection factory method, and more), Type System (records, sealed classes), Module System (module introspection, module path scanning), and so on—all have a lot of new features in Java 17. Therefore, Spring Framework 6 makes the most of Java 17’s APIs.

Moreover, Spring will advise using the most recent JDK/JVM versions going forward. For instance, if you intend to upgrade your Spring versions—6.1, 6.2, 6.3, and so on—you might want to upgrade the most recent JDK version concurrently.

It is planned for Spring Framework 6.1 GA to be released with support for JDK 17 and JDK 21, the two main LTS versions.


Changed the Namespace from Java EE to Jakarta EE


The Spring Framework 6 has been shifted from Java EE to Jakarta EE. Therefore, it substitutes the "javax" namespace with the "jakarta" packages namespace.

Imports from "javax.servlet," for instance, are updated to "jakarta.servlet." While Jakarta 9 serves as the foundation for Spring Framework 6, it is advised by Spring to utilize the most recent version (currently Jakarta 10).

For instance, Jakarta EE 9 is home to Tomcat 10, but Jakarta EE 10 is home to Tomcat 10.1. Using the most recent compatible version of Jakarta EE is advised by the Spring framework.

AOT (Ahead-Of-Time): Build-time pre-processing of bean definitions

This version introduces a novel idea that has potential as a replacement for the quick Spring application bootstrap. Before deploying, we usually compile and package the classes during the development process. AOT lies halfway between packing and compilation. The Java compiler packages the application into the deployment unit after setting the AOT stages. The AOT concept is handy if you are willing to take further steps at build time and reduce the startup time. It is renowned for requiring more build setup and having less runtime flexibility.

It examines Spring applications, extracts all runtime cues, feeds them into the native GraalVM images, and then steps back and allows GraalVM to handle the rest. To facilitate a more efficient startup during runtime, the AOT arrangement in Spring Boot 6.0 comes pre-processed with a Spring-based application context at build time. This serves as the input for the GraalVM native image and is included in initial production support.

GraalVM Native Executables

It is a high-performance Java Development Kit (JDK) that accelerates the runtime of Java and other JVM applications.

Compiling Java applications in advance can produce standalone executables called GraalVM Native Images. Compared to JVM equivalents, Native Images typically start significantly faster and take up less memory. It offers an alternative method for launching and using Java apps. In contrast with the Java Virtual Machine, native pictures provide substantially faster startup times and a reduced memory footprint.

An alternative deployment method with significant advantages and drawbacks is the use of GraalVM native executables in native images. AOT processing is required to convert a Spring-based application into a native executable for GraalVM. The GraalVM native image tool cannot be used until the AOT procedures have been completed. This is due to the fact that GraalVM needs the output of AOT steps to generate the native image of GraalVM. Actually, the native picture contains only the artifacts that you instruct it to contain.

Changes in Core Container

The JSR-330 annotations encompass the @Inject annotation. Since Spring 3.0, Spring has supported JSR 330 annotations. From Spring Framework 6, jakarta.inject will be available.

Similarly, the JSR-250 annotations apply to @PostConstruct and @PreDestroy. @PostConstruct and @PreDestroy may be found in "jakarta.annotation" starting with Spring Framework 6.

Note: Defining a set of annotations that address common grammatical notions so that many Java EE and Java SE technologies can use them was the main goal of the JSR (Java Specification Request) annotations.

Array allocations are now disabled by Simple Evaluation Context, in line with standard constructor resolution.

Change of HttpMethod from Enum to Class

With Spring Framework 6, HttpMethod is now a class rather than an enum. Even if the public API is still available, there may need to be some migration (for example, move to Set<HttpMethod> from EnumSet<HttpMethod> and use if else instead of switch).

Web Applications

Due to the Jakarta EE migration, web servers have been upgraded to Tomcat 10, Jetty 11, or Undertow 2.2.19 with the undertow-servlet-jakarta package since the release of the upgraded version of Spring Framework 6. Additionally, jakarta.servlet imports have replaced javax.servlet imports. But take into consideration Tomcat 10.1 and Undertow 2.3 (Jakarta EE 10) to produce the most recent server.

A number of out-of-date Servlet-based integrations, including support for FreeMarker JSP, Apache Commons FileUpload and Apache Tiles, have been removed from Spring Framework 6. Alternatively, "org.springframework.web.multipart.support.StandardServletMultipartResolver" is what Spring Framework 6 suggests for multipart file uploads and, if necessary, regular FreeMarker template views. REST-oriented web architectures are given additional attention in this updated edition.

A modification in controller detection for Spring MVC and Spring WebFlux is introduced in Spring Framework 6.0. Controllers are no longer identified by Spring MVC and Spring WebFlux only using a type-level @RequestMapping annotation. In earlier iterations, a class without the @Controller or @RestController annotation was still registered as a handler if it was just annotated with @RequestMapping at the top level. Spring Framework 6 requires the @Controller annotation.

Data Access and Transactions

With the release of the hibernate-core-jakarta artifact, Hibernate ORM 5.6.x is being used in conjunction with the new Spring Framework 6’s migration to Jakarta EE. This implies that we must use jakarta.persistence imports instead of javax.persistence imports when writing code that interacts with Hibernate.

Building on the foundation of jakarta.validation (Jakarta EE 9), the equivalent generation of Hibernate Validator is 7.0.x. Alternatively, you can opt to update straight away to Hibernate Validator 8.0 (in line with Jakarta EE 10).

Due to their inconsistent JDBC semantics, the “Cannot Serialize Transaction Exception” and “Dead lock Loser Data Access Exception” are deprecated as of version 6.0.3. Instead, the Pessimistic Locking Failure Exception base class and its common Cannot Acquire Lock Exception subclass, which is aligned with JPA/Hibernate, are preferred in all default exception translation scenarios.

Servlet Mocks Require Servlet 6.0 now

Owing to a breaking change in the Servlet 5.0 and 6.0 API jars, Servlet 6.0 is now required for the Spring-supplied Servlet mocks (MockHttpServletRequest, MockHttpSession). They must be run against the Servlet 6.0 API (or above) on the test classpath to be utilized for testing code that is based on Servlet 5.0. It should be noted that integration testing for Servlet 5.0-based containers and compilation of your production code against Servlet 5.0 is still possible; only mock-based tests require running against the Servlet 6.0 API jar.

Spring Boot 3.0

Based on the Spring Framework 6.0, Spring Boot 3.0 is also the first Spring Boot GA release. To use Spring Framework with ease, developers must be aware of these improvements. Undoubtedly, the removal of support for earlier Java versions was one of the largest changes in the Spring Framework 6 release. Let’s now talk about Spring Boot 3’s New Features and Changes.

Since Spring Boot 3 will leverage Spring 6, all of the aforementioned modifications—along with a few more—apply automatically to Spring Boot 3 applications.

Additionally, native Java compilation support for GraalVM will be built into SB 3.

One major update is that all deprecated features will be removed from Spring Boot 3.

For instance, the processing of configuration properties had altered incompatibly in Spring Boot 2.4; to address this, it was recommended to use spring.config.use-legacy-processing=true. So, ensure that your code does not contain this property.

How to Upgrade an Application to Spring Boot 3 and Spring 6?

Applications developed with Spring Boot 2.6 can be migrated to version 2.7 and those developed with Spring Boot 2.7 to version 3.0 with the aid of the Spring Boot Migrator (SBM). It offers migration recipes for automated processes and does static analysis of application source code. The project, which aims to update current Spring Boot apps to the newest versions and convert non-Spring Boot applications to Spring Boot applications, should be understood as experimental.

If you would rather make the modifications more gradually and with greater caution, keep reading.


	
Upgrade Java Version
Start by moving your apps with your current Spring versions and codebase to Java 17 as it is the new baseline for new Spring versions. Run through all of the unit tests to ensure everything functions flawlessly. Here is where detecting the breaking changes in time is greatly aided by the unit tests.



	
Upgrade to Latest Version of Spring 5 and Spring Boot 2
Update your application to the latest versions of Spring Boot 2 and Spring 5. Additionally, this is the official advice. It will assist you in identifying the game-changing adjustments that Spring Boot 3 and Spring 6 major version releases will bring. Run through each application test once more, being sure to address any problems you may have found at this stage.

As deprecated classes, methods, and attributes have been eliminated in Spring Boot 3, ensure that you delete them at this stage.

If deprecation warnings are reported, it may be worthwhile to use the -Werror Java compiler option to fail your build.



	
Upgrade to Spring 6 and Spring Boot 3
After that, update to Spring Framework 6 and address each of the issues listed below one at a time. Keep in mind that these modifications can necessitate changing import statements and bean initializations in the application code.

Spring Boot 3 is reliant on the Jakarta EE 9 standard. For instance, Servlet 5.0 and JPA 3.0 specifications are used by Spring Boot 3. Spring boot will resolve the appropriate library versions for you when you use the starters. However, you must search for the new artifacts that typically finish in -jakartaee9 or -jakarta if you have imported any libraries.



	
Fix Import Statements
You must rename all javax.* imports to jakarta.* imports to implement this modification. Start by replacing all instances of "javax" with "jakarta" for the classes and interfaces. To make your program secure for the future, all javax classes should be converted to jakarta classes.

Change your javax.persistence imports to jakarta.persistence classes and update Hibernate to the latest version, Hibernate ORM 5.6.x, which supports Jakarta persistence, for future data access. Hibernate 6 and Flyway 9 will be used by default by Spring Boot 3.

If you are deploying your application to Tomcat, Jetty, or Undertow, then ensure that the minimum versions of any application servers that support Jakarta EE 9 are updated. Additionally, you must replace the javax.servlet imports with jakarta.servlet.



	
API-Specific Changes
Controllers are no longer identified by Spring MVC and Spring WebFlux only using a type-level @RequestMapping annotation. The @Controller or @RestController annotations need to be specified. Examine your web controllers again.

If you use RestTemplate to make REST calls to remote endpoints, you will have to update to Apache HttpClient 5.

If you use these enums directly instead of using the public APIs, you might need to update your code because HttpMethod is now a class and not an enum. There is no modification to the public APIs.

In the event that you have added Log4j2 explicitly, you might also need to upgrade its version. At the time this piece was written, Log4j 2.18 was the automatically imported version.



	
Changes in Default Behavior
There may not be many modifications to the way certain functionalities behave by default. We must hold off till the release modifications are complete.

For instance, the date and time component of log messages for Logback and Log4j2 now uses the ISO-8601 standard’s yyyy-MM-dd’T’HH:mm:ss.SSSXXX format by default. The former default value of yyyy-MM-dd HH:mm:ss.SSS can be restored using the logging.pattern.dateformat property or the LOG_DATEFORMAT_PATTERN environment variable.



	
Check out for Deprecated Libraries
Check out the support for external libraries that need to be supported by Spring Boot. Finally, either update to the Jakarta EE 9 comparable artifact for their versions or give it some time to happen.

For instance, at the time of writing this essay, Spring Boot 3 still does not support Apache ActiveMQ, Infinispan, Pooled JMS, Jolokia, or SMTP appending of logs. However, it now supports REST Assured Jersey, H2, and EhCache 3.





Sample Project in Spring 6

Let’s create a sample project in Spring using initialiser using the following steps:
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Figure 1.3: Spring initalizr website homepage

First go to Spring initializr website and select the fields as above and input the project metadata. From the dependencies tab, we can select any dependency we want to add in the project.
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Figure 1.4: Creating a sample project

Reactive Spring

Before we jump on to reactive spring, let us first understand about Reactive Programming:

Introducing Reactive Programming

Reactive programming is defined in several ways, as given here:

Declarative programming with an emphasis on asynchronous data streams and change propagation is known as reactive programming.

Programming with asynchronous data streams is known as reactive programming.

Reactive programming’s fundamental tenet is that some data types express values “overtime.” The values of computations involving these time-varying variables will also vary over time.

Reactive programming is a micro-architecture technique that uses event consumption and intelligent routing to modify behavior.

A programming paradigm called reactive programming addresses asynchronous data streams and the particular spread of change.
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Figure 1.5: Reactive Manifesto (Referenced from dzone.com)

The four ideas listed above are part of reactive programming.

Reactive systems must respond to requests on time.


	
Resilient: A reactive system needs to be built for failures and know how to handle them to remain responsive in the face of errors (crash, timeout, 500 errors, and so on).

	
Elastic: A system that responds to stimuli must continue to do so when loads change. It needs to be able to handle the load with the least amount of resources and scale up and down.

	
Message-driven: Asynchronous message passing is used by reactive system components to communicate with one another.



Observable interfaces and functional programming are always brought up while discussing reactive programming.

Throughout the book, we will continue to discuss Observable and its numerous implementations for various functionalities.

One sort of data where “observers” can be registered is an observable. A class of objects known as Subscribers is able to subscribe to a topic and receive updates anytime there is any change made to the subject. The subject keeps track of its observers and automatically updates the list if something changes.
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Figure 1.6: Observer pattern

Let’s understand Reactive programming with the following three principles:

Asynchronous, Streams, and Propagation of change.


	
Asynchronous: When you run an application asynchronously, you can start working on another activity before it’s finished, saving you time. When using the reactive method, a database call returns right away rather than blocking the calling thread. The sequence of events in the software is asynchronous. To put it another way, you start working on the previous assignment in the background and then immediately go on to the next. As a result, the system can handle more jobs with reduced resource consumption.

	
Streams: These are also known as data streams and the foundation of reactive programming; it’s critical to comprehend what a data stream actually entails. The data stream can be thought of as a pipeline of procedures that are applied to the data as it flows through them to alter or change it. Every value stream or sequence of values is referred to as an observable in reactive programming.

	
Propagation of change: A consumer must receive the data stream. The term “change” in this context refers to the modification or alteration of the data that traveled through the stream. Observers who subscribed to this change consume this modified or converted data.



Reactive programming allows for a broad range of “changes,” from the initial production of a data stream to the point at which observers receive their reaction.

Reactive Programming = Observable + change + Propagation to observers

Reactive in Java

Java has several different ways to do reactive programming.
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