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Preface
      

      
      
      
      Since the beginnings of developing a framework for Enterprise Java microservices at Red Hat, I’ve known it’s a critically
         important topic to disseminate to the wider developer community. Lots of useful information can be lost behind buzzwords,
         and a book was needed to present the information that developers need to get the job done.
      

      
      My sincerest hope is that Enterprise Java Microservices succeeds at taking existing Enterprise Java developers on a path from traditional application development to developing microservices.
         It’s not always an easy road to travel, because moving from traditional development requires a different mindset, but my desire
         is for this book to provide that bridge of knowledge to help you take those initial steps into microservices.
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About this book
      

      
      
      
      Over the last seven or eight years, the term microservices has exploded in its use, not always to the betterment of developers trying to understand what it means. During the latter
         part of that time, developers have sought to bring their existing Enterprise Java knowledge to microservices, not always with
         the best of success. Enterprise Java Microservices is written with the goal of helping existing Enterprise Java developers bridge the gap between traditional application development
         and microservices.
      

      
      As part of my job at Red Hat, I’ve seen the explosion of microservices first hand. That explosion was a contributing factor
         in a colleague and me forming the WildFly Swarm project in 2015. We saw the need for developers with existing Enterprise Java
         knowledge to create microservices, and with nothing focused on the Java EE space at the time, we created WildFly Swarm. Much
         has changed since then, and the current landscape for microservices makes it seem like a lifetime has passed.
      

      
      Since I began writing this book, changes have continued to occur rapidly with Enterprise Java—in particular, the Thorntail
         project that I lead, and with microservices more generally. As best as I can, I’ve endeavored to update the book as those
         changes occurred.
      

      
      It should be noted that this book isn’t intended to delve deeply into all aspects of microservice development; it would be
         many times longer than it is now if that were the case. Where appropriate, links to additional reading are provided if you
         choose to delve into a particular topic in greater detail.
      

      
      
      
      
Who should read this book
      

      
      This book is for any Enterprise Java developer with at least four years of experience. These developers may have basic knowledge
         of microservices and may even have tried microservices with Node.js or other non-Enterprise Java technologies, but haven’t
         learned to develop Enterprise Java microservices.
      

      
      
      
      
How this book is organized: a roadmap
      

      
      The book is split into two parts. Part 1, chapters 1 through 5, discusses the overall architecture of microservice and distributed systems, along with the concept of slimming application
         servers, testing, and cloud native development. Part 2 delves into the nitty gritty of microservice development such as service registries, fault tolerance, and security.
      

      
      Chapter 1 introduces the reader to Enterprise Java—in particular, what a monolith is and how it came about. Then the chapter introduces
         distributed architectures and microservices by covering what they are, what the term means, and other processes that go hand
         in hand with the switch to microservices. Lastly, it introduces patterns that can be applied to migrating from monoliths to
         microservices, and when each might apply.
      

      
      Chapter 2 introduces a microservice by developing RESTful endpoints for managing a list of categories for a shopping site. The chapter
         also introduces the Cayambe monolith, which will be converted to a hybrid and have additional microservices developed for
         it throughout the book.
      

      
      Chapter 3 introduces the concept of a Just enough Application Server (JeAS) runtime and showcases the differences between the frameworks
         available to support such a runtime.
      

      
      Chapter 4 covers how unit and integration testing differ now that we’re developing microservices, and the tools available to make testing
         easier. The chapter also introduces a new concept of consumer-driven contract testing, which is critical to success in architectures
         with many microservices collaborating and communicating.
      

      
      Chapter 5 talks about the cloud and the different service models used in different cloud environments. We also discuss cloud native
         development and how that fits into the microservices world. Next, we use tools at our disposal for local cloud development,
         and you’ll see how these tools can be used for testing.
      

      
      Chapter 6 discusses the libraries available for consuming external microservices, and the levels of abstraction they provide. We cover
         fairly low-level libraries like java.net and Apache HttpClient before investigating libraries with a higher level of abstraction
         such as JAX-RS and RESTEasy clients.
      

      
      Chapter 7 extends chapter 6 by adding the necessary pieces for our microservices to be able to discover what they wish to consume. Without being able
         to register a microservice, or discover it, there’s no way to reliably consume one.
      

      
      Chapter 8 dives into a critical topic for distributed architectures and microservices—failure and how to mitigate against it. We briefly
         cover the typical types of failure we can encounter with microservices, before covering how the various parts of the Hystrix
         framework enable us to provide a means for our microservice to account for failures that might arise.
      

      
      Chapter 9 discusses security for our microservices and how to achieve it with Keycloak. From what is required to secure microservices,
         to retrieving tokens within a microservice for calling secured microservices, and, lastly, authenticating a user within a
         UI for consuming secured microservices, this chapter covers it all.
      

      
      Chapter 10 revisits the Cayambe monolith by showing how it can be run in its unmodified form. You’ll then be taken through the steps
         to switch Cayambe to be a hybrid that has monolithic parts, but that also consumes microservices to expand and distribute
         its functionality.
      

      
      Chapter 11 introduces the topic of data streaming with Apache Kafka by reducing the duplication of data between hybrids and microservices.
         You’ll use data streaming to enable real-time updates to disparate data to simplify distributed architectures.
      

      
      
      
      
About the code
      

      
      All the code from the book can be found in the source code files that accompany the book. The source code can be downloaded
         free of charge from the Manning website (www.manning.com/books/enterprise-java-microservices), as well as via the following GitHub repository: https://github.com/kenfinnigan/ejm-samples. All the sample code is structured as a series of Maven modules for each chapter or part of a chapter.
      

      
      All source code in listings or in the text is in a fixed width font like this to separate it from ordinary text. In many listings, the code is annotated to point out key concepts.
      

      
      
      
      
Book forum
      

      
      Purchase of Enterprise Java Microservices includes free access to a private web forum run by Manning Publications, where you can make comments about the book, ask
         technical questions, and receive help from the author and from other users. To access the forum, go to https://forums.manning.com/forums/java-microservices-in-action. You can also learn more about Manning’s forums and the rules of conduct at https://forums.manning.com/forums/about.
      

      
      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the author can take place. It isn’t a commitment to any specific amount of participation on the part of the author,
         whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions
         lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website
         as long as the book is in print.
      

      
      
      

About the author
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      KEN FINNIGAN has been a consultant and software engineer over more than 20 years for enterprises throughout the world. He leads the Thorntail
         project, which seeks to make developing microservices for the cloud with Java and Java EE as easy as possible. He previously
         served as the project lead for LiveOak, along with other JBoss projects.
      

      
      

About the cover illustration
      

      
      
      
      The figure on the cover of Enterprise Java Microservices is captioned “Girl from Lumbarda, island Korčula, Croatia.” The illustration is taken from the reproduction, published in
         2006, of a 19th-century collection of costumes and ethnographic descriptions entitled Dalmatia by Professor Frane Carrara (1812–1854), an archaeologist and historian, and the first director of the Museum of Antiquity
         in Split, Croatia. The illustrations were obtained from a helpful librarian at the Ethnographic Museum (formerly the Museum
         of Antiquity), itself situated in the Roman core of the medieval center of Split: the ruins of Emperor Diocletian’s retirement
         palace from around AD 304. The book includes finely colored illustrations of figures from different regions of Dalmatia, accompanied
         by descriptions of the costumes and of everyday life.
      

      
      Dress codes have changed since the nineteenth century, and the diversity by region, so rich at the time, has faded away. It
         is now hard to tell apart the inhabitants of different continents, let alone different towns or regions. Perhaps we have traded
         cultural diversity for a more varied personal life—certainly for a more varied and fast-paced technological life.
      

      
      At a time when it’s hard to tell one computer book from another, Manning celebrates the inventiveness and initiative of the
         computer business with book covers based on the rich diversity of regional life of two centuries ago, brought back to life
         by illustrations from collections such as this one.
      

      
      
      
      


Part 1. Microservices basics
      

      
      
      What are Microservices? A microservice consists of a single deployment executing within a single process. How do microservices differ from traditional Enterprise
         Java applications? In what situations is it appropriate to use microservices? These are just some of the questions that we’ll
         address in these first five chapters.
      

      
      Part 1 also explores the runtime options available for Enterprise Java micro-services, before finishing with how to test microservices
         and deploy them to the cloud.
      

      
      
      
      
      


Chapter 1. Enterprise Java microservices
      

      
      This chapter covers

      
      

      
         
         	Enterprise Java history

         
         	Microservices and distributed architecture

         
         	Patterns for migration to microservices

         
         	Enterprise Java microservices

         
      

      
      Before you dive in, let’s step back and discuss what I hope you achieve during the course of this book. We all know that there’s
         no such thing as a free lunch, so I won’t pretend that microservices are easy. This chapter introduces microservices—their concepts, benefits, and drawbacks—to
         provide a basis on which you can build your technical knowledge. Chapters 2 and 3 provide an example of a RESTful endpoint microservice and cover some of your runtime and deployment options for Enterprise
         Java microservices.
      

      
      So what is an Enterprise Java microservice? In a nutshell, it’s the result of applying Enterprise Java to the development of microservices. The latter part of this
         chapter and the remainder of the book explore in detail what that means.
      

      
      After you’ve learned the basics of microservices, you’ll delve into tools and techniques for use in Enterprise Java to mitigate
         the drawbacks and complexity of micro-services. Being more familiar with microservices, you’ll then look at an existing Enterprise
         Java application and how it could be migrated to take advantage of micro-services. The last few chapters touch on more advanced
         microservice topics related to security and event streaming.
      

      
      
      
1.1. Enterprise Java—a short history
      

      
      If you’re reading this book, you’re most likely already an experienced Enterprise Java developer. If you aren’t, I appreciate
         and applaud your desire to broaden your horizons into Enterprise Java!
      

      
      
      1.1.1. What is Enterprise Java?
      

      
      For those who are new to, or need a refresher in, Enterprise Java, what is it? Enterprise Java is a set of APIs, and their implementations, that can provide the entire stack of an application from the UI down to the
         database, communicate with external applications via web services, and integrate with internal legacy systems, to name a few,
         with the goal of supporting the business requirements of an enterprise. Though it’s possible to achieve such a result with
         Java on its own, rewriting all the low-level architecture required for an application would be tedious and error prone, and
         would significantly impact the ability of a business to deliver value in a timely manner.
      

      
      It wasn’t long after Java was first released more than 20 years ago that various frameworks began to crop up to solve the
         low-level architecture concerns of developers. These frameworks allowed developers to focus on delivering business value with
         application-specific code.
      

      
      
         
            
         
         
            
               	
            

         
      

      
         
         Enterprise Java
         
         Many frameworks have come and gone, but two have remained the most popular through the years: Java Platform, Enterprise Edition
            (Java EE), and Spring. These two frameworks account for most development by an enterprise with Enterprise Java.
         

         
         Java EE incorporates many specifications, each with one or more implementations. Spring is a collection of libraries, some
            of which wrap Java EE specifications.
         

         
      

      
         
            
         
         
            
               	
            

         
      

      
      
      
      1.1.2. Typical Enterprise Java architecture
      

      
      In the early days of Enterprise Java, our applications were all greenfield development, because no preexisting code was being extended.
      

      
      
         
            
         
         
            
               	
            

         
      

      Definition

      
      
      Greenfield refers to the development of an entirely new application without any preexisting code that needs to be taken into consideration,
         excluding any common libraries that might be required.
      

      
      
         
            
         
         
            
               	
            

         
      

      
      Greenfield development presents the greatest opportunity to develop a clean layered architecture for an application. Typically, architects would devise an architecture similar to that shown in figure 1.1.
      

      
      
      
      Figure 1.1. Typical Enterprise Java application architecture
      

      
      [image: ]

      
      
      Here you’ll likely recognize familiar pieces of architectures you’ve worked on in the past: a view layer, a controller, possibly using a reusable business service, and finally, the model that interacts with the database. You can also see the application packaged as a WAR, but many combinations of packaging
         for each layer could be applied, including JAR and EAR. Typically, the view and controller are packaged in a WAR. The business service and model are packaged in JARs, either inside a WAR or EAR.
      

      
      As the years passed, we continued developing greenfield applications with Enterprise Java using such a pattern, but there
         reached a point where most enterprises were, for the most part, enhancing existing applications. From that day, many Enterprise Java applications became a legacy
         burden on enterprises by virtue of the maintenance work required—not because of a flaw or deficiency in Java, though there
         have been several, but because developers aren’t the best at architecting changes to existing applications and systems. This
         is complicated further for enterprises that have hundreds of architects and developers pass through their doors, each bringing
         their own preferences and patterns to extending existing applications.
      

      
      
         
            
         
         
            
               	
            

         
      

      Note

      
      
      I’m not sitting in an ivory tower disparaging developers. Many times I’ve made decisions about how a feature should be implemented
         without fully grasping existing functionality—not through any intent or malice, but because those who wrote the code are no
         longer employed at the enterprise and therefore can’t be asked about the code, and because documentation may be lacking or
         nonintuitive. Such a situation means developers are left to make a judgment call as to whether or not they’ve understood the
         existing system sufficiently to make modifications. Throw in some deadline pressure from management, and such a situation
         becomes even more fraught with problems.
      

      
      
         
            
         
         
            
               	
            

         
      

      
      Over time, many Enterprise Java applications diverged from the clean architecture shown in figure 1.1 and became a mess of spaghetti more closely resembling figure 1.2. In figure 1.2 you can see how clear boundaries between functionality within a layer have become blurred, resulting in components in each
         layer no longer having a well-defined purpose.
      

      
      This situation is where many enterprises find themselves today. Only a few applications of an enterprise may fit this mold,
         but this mess of spaghetti is a problem that must be solved in order for an application to foster future development without
         significant costs being incurred each time.
      

      
      
      
      1.1.3. What is a monolith?
      

      
      What defines an Enterprise Java application as a monolith? A monolith is an application that has all its components contained within a single deployable, and that typically has a release cadence
         of 3–18 months. Some applications may even have a release cadence of two years, which doesn’t make for an agile enterprise.
         Monoliths typically evolve over time from attempts to make quick iterative enhancements to an application, without any concern
         for appropriate boundaries between different parts, or components, within it. Indicators of an application being a monolith
         can include the following:
      

      
      

      
         
         	Multiple WARs that are part of a single deployment, due to their intertwined behavior

         
         	EARs that contain potentially dozens of other WARs and JARs to provide all the necessary functionality

         
      

      
      Is figure 1.2 a monolith? It most certainly is, and an extremely bad one, because of the blurring of functional separation between components.
      

      
      
      
      Figure 1.2. Enterprise Java spaghetti
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      Why do the preceding factors make an application a monolith? A single deployable for an application is perfectly fine when
         you have a small footprint, but when you have potentially thousands of classes and dozens of third-party libraries, an application
         becomes infinitely more complex. Testing even a minor change to the application would require large amounts of regression
         testing to ensure that no other part of the application was impacted. Even if the regression testing were automated, it’d
         still be a mammoth task.
      

      
      Whether an application is a monolith is also determined in part by its architecture. Classifying as a monolith isn’t based
         on the size of the application on disk, or the size of the runtime being used to execute the monolith. It’s all about how
         that application has been architected with respect to the components within it.
      

      
      Release cadence is a forcing function for enterprises. If an application is released only every 3–18 months, the business
         (unknowingly or not) will focus on larger feature changes that take significant time to develop. No incentive exists to request
         a minor tweak that could be made and released in a few hours, or days, when even the most simple change won’t reach production
         for months.
      

      
      Release cadence dictated by the time it takes to develop and test changes has a direct impact on the ability of an enterprise
         to be agile and respond to a changing environment. For instance, if a competitor were to begin selling the same widget as
         your enterprise for 15% less than you do, can you react? Taking several months to make a simple change to reduce the selling
         price of a product could have disastrous consequences for the bottom line. If that widget was the biggest seller, and the
         enterprise was unable to compete on price for three months, it may even be on the verge of going out of business by the time
         a price change was released.
      

      
      Along with release cadence, it’s critical to note that discussions around micro versus monolith don’t have any relation to constraints on size. You could have a microservice that’s 100 MB in size, or a monolith that’s
         only 20 MB. The definition is more about the coupling of dependencies between components, leading to the benefit of updating
         a single component without needing to cascade updates across many components. This decoupling is what allows for a faster
         release cadence.
      

      
      Though it appears that monolithic Enterprise Java applications are all gloom and doom, is that really the case? In many situations,
         it makes sense for an enterprise to continue with, or develop, a monolith. How do you know if you should stick with a monolith?
      

      
      

      
         
         	
Your enterprise may have only a few applications that it actively develops and maintains. It may not make sense to significantly increase the development, testing, and release burden when you have so few applications.
         

         
         	
If the current development team has a dozen people, splitting them into one- or two-person teams for microservices may not
               provide any benefit. In some cases, that split will be detrimental. Basecamp (https://basecamp.com/) is a perfect example of a monolith that’s fine the way it is, developed by a team of 12.
         

         
         	
Does your enterprise need multiple releases a week, or even a day? If not, and the existing monolith has a clear separation of components, reducing the release cadence may be all that’s required
            to derive increased business agility and value.
         

         
      

      
      Whether staying with a monolith is the right thing for an enterprise varies, depending on the current circumstances and the
         long-term goals.

      
      
      
      1.1.4. What are the problems associated with monoliths?
      

      
      In general, an architectural design akin to the one in figure 1.1 is a good idea, but drawbacks exist as well:
      

      
      

      
         
         	
Inability to scale individual components— This may not seem to be a major problem, but certain factors can alter the impact of poor scaling. If a single instance of
            the application requires a large amount of memory or space, scaling that out to a not-insignificant number of nodes requires
            a large investment in hardware.
         

         
         	
Performance of individual components— With a single deployment containing many components, it’s easy for one component to perform worse than the rest. You then
            have a single component slowing down the entire system, which isn’t a good situation, and the operations team won’t be pleased.
         

         
         	
Deployability of individual components— When the entire application is a single deployment, any changes require a deployment of the entire application, even if you
            have a single-line change in one component. That’s not good for business agility and often results in release cadences of
            many months to include many changes in one updated deployment.
         

         
         	
Greater code complexity— When an application has many components, it’s easy for the functional boundaries between them to become blurred. Blurring
            the separation of components further increases the complexity of code, both in terms of code execution and for a developer
            understanding the intent of the code.
         

         
         	
Difficulty in accurately testing an application— When the complexity of an application grows, the amount of testing and time required to ensure that any change didn’t cause
            a regression grows. What seems like the smallest and most insignificant change can easily lead to unforeseen errors and problems
            in completely unrelated components.
         

         
      

      
      All these issues cause great cost to enterprises, as well as slowing the speed with which they can take advantage of new opportunities.
         But these potential drawbacks are still small in comparison to starting from a clean slate.
      

      
      If an enterprise has an application that has evolved with new features over a decade or more, attempting to replace it with
         a greenfield project would cost hundreds of man years in effort. This is a huge factor in why enterprises continue maintaining
         existing monoliths.
      

      
      When it’s too costly to replace a monolith with a more modern alternative, that application becomes entrenched in an enterprise.
         It becomes a critical application, and any downtime causes business impacts. This situation becomes ever more compounded with
         continual enhancements and fixes.
      

      
      On the flipside, some monoliths have been running well for years and can be easily managed by a handful of developers without
         much effort. Maybe they’re in a maintenance mode and not under heavy feature development. These monoliths are perfectly OK
         as they are. If it ain’t broke, don’t fix it.
      

      
      What do you do with monoliths that are too cumbersome to replace with a greenfield project, even though the enterprise knows
         it’s costing them a great deal in business agility and expense? How do you update them to use newer frameworks and technologies
         so they don’t become legacy? We’ll answer these questions next.
      

      
      
      
      
      
1.2. Microservices and distributed architecture
      

      
      Before delving into the definitions for microservices and distributed architecture, let’s revisit how figure 1.2 might look when using them; see figure 1.3. This depiction has certainly cleared up the separation between components by splitting them into separate microservices
         with clear boundaries between them.
      

      
      
      
      Figure 1.3. Enterprise Java microservices
      

      
      [image: ]

      
      
      So what do I mean by a microservice? A microservice consists of a single deployment executing within a single process, isolated from other deployments and processes, that supports
         the fulfillment of a specific piece of business functionality. Each micro-service focuses on the required tasks within a Bounded Context, which is a logical way to separate the various domain models of an enterprise. We’ll cover this in greater detail later
         in this chapter.
      

      
      From the definition, you can see that a microservice, in and of itself, isn’t useful. It becomes useful when you have many
         loosely coupled microservices working together to fulfill the needs of an application. A microservices architecture containing
         many microservices communicating with each other can also be referred to as a distributed architecture.
      

      
      To make a microservice useful, it needs to be easily used from other microservices and components of the entire system. It’s
         impossible to achieve that when a microservice attempts to accomplish too much. You want a microservice to focus on a single
         task.
      

      
      
      1.2.1. Do one thing well
      

      
      In 1978, Douglas McIlroy, best known for developing UNIX pipelines and various UNIX tools, documented the UNIX philosophy,
         one part of which is, Make each program do one thing well. This same philosophy has been adopted by microservice developers. Microservices aren’t the kitchen sink of application development;
         you can’t throw everything in them and expect them to function at an optimal level. In that case, you’d have a monolithic microservice, also referred to as a distributed monolith!
      

      
      A well-designed microservice should have a single task to perform that’s sufficiently fine-grained, delivering a business
         capability or adding business value. Going beyond a single task brings us back to the problems of Enterprise Java monoliths,
         which we don’t want to repeat.
      

      
      It’s not always easy to figure out a sufficiently granular task for a microservice. Later in the chapter we’ll discuss Domain-Driven
         Design as a method to assist in defining that granularity.
      

      
      
      
      1.2.2. What is a distributed architecture?
      

      
      A distributed architecture consists of multiple pieces that work with each other to make up the full functionality of an application distributed across
         processes, and often across network boundaries as well. What’s distributed can be any part of an application, such as RESTful
         endpoints, message queues, and web services, but it’s most definitely not limited to only these components.
      

      
      Figure 1.4 shows what a distributed architecture for microservices might look like. In this depiction, the microservice instances are described as being in a runtime, but that doesn’t dictate how the instance is packaged. It could be packaged as uber jars or Linux containers, but many other options are available. The runtime is purely for delineating the operating environment
         of a microservice, showing that the microservices are running independently.

      
      
      
      Figure 1.4. Typical microservices architecture
      

      
      [image: ]

      
      
      
         
            
         
         
            
               	
            

         
      

      Note

      
      
      An uber jar, also known as a fat jar, indicates that the JAR file contains more than a single application or library, and that it can be run from the command
         line with java -jar.
      

      
      
         
            
         
         
            
               	
            

         
      

      
      
      
      1.2.3. Why should you care about being distributed?
      

      
      Now that you’ve seen a distributed architecture, let’s look at some of the benefits:

      
      

      
         
         	
Services are location-independent. Services can locate and communicate with other services no matter where they’re physically located. Such location independence
            allows services to be located on the same virtual hardware, same physical hardware, same data center, different data centers,
            or even a public cloud, and all act is if they’re in the same JVM. The main downside to location independence is the extra
            time required to make the network calls between them, and by the nature of adding new network calls, you’ve reduced the likelihood
            of successful completion.


         
         	
Services are language-independent. Though this book focuses on Enterprise Java, we’re not so naive as to believe that there won’t be times that services need,
            or are desired, to be developed in different languages. When services aren’t required to run in the same environment, you
            can use different languages for different services.
         

         
         	
Service deployments are small and single-purpose. When a deployment is smaller, less effort is required for testing, and this makes it possible to shrink the release cadence
            of that deployment down to a week or less. Having small, single-purpose deployments enables an enterprise to more easily react
            to business needs in a near-real-time fashion.
         

         
         	
New services are defined by the recomposition of existing service functionality. Having discrete distributed services throughout your architecture greatly enhances your ability to recombine those services
            in new ways to create additional value. This recombination can be as straightforward as deploying a single new service, combined
            with a handful of services already deployed. This enables you to create something new for the business in a shorter time frame.
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