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Preface
      

      
      
      
      In college, after a horrible holiday experience working for a major clothing retailer, I swore I’d find a better summer job.
         Having been a camp counselor as a teenager, I found myself working at a tech camp. There I taught kids of all ages to make
         video games, build websites, and write code. It was rewarding to see how the kids entered a week of camp with little technical
         knowledge and left with a working project to show off.
      

      
      Ever since, I’ve been passionate about teaching, mentoring, and sharing knowledge. I was lucky in my early career to work
         for a company that encouraged these skills. As an engineering leader, I now have the opportunity to mentor many software engineers.
      

      
      Despite this desire to teach and share, I never set out to write a book. It seems, however, that writing blog posts and speaking
         at conferences naturally lead to other opportunities. Several months after speaking at Strange Loop, I was approached by Manning
         to see if I’d write a book on isomorphic app development. Here was a chance to take everything I’d learned as a maker of web
         apps and share it with others. This was the perfect opportunity to teach a much wider audience.
      

      
      At Vevo, when we first started building an isomorphic app, I thought it was overly complex. But as we continued and I could
         see the long-term benefits, I became convinced of the value that isomorphic architecture adds for apps. This book explains
         that value and demystifies the complexity of building an isomorphic app. It distills what I’ve learned over the past few years
         about both real-world React apps and real-world isomorphic development. Wherever possible, I’ve related the concepts to situations
         you’ll run into when building production apps.
      

      
      I hope this book expands your thinking and gives you a new architecture tool. It took me some time to “think isomorphically.”
         Once I did, I improved both my architecture skills and my understanding of the entire web stack. By sharing this knowledge
         with you, I hope you’ll be able to grow in these areas as well.
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About this book
      

      
      
      
      The main purpose of the book is to teach you to think in a way that will make you successful when working with isomorphic
         architecture. Given React’s presence in the web community and the support React provides for server-side rendering, it’s the
         logical choice for teaching how to build an isomorphic app.
      

      
      The book starts by explaining what isomorphic apps are and why you’d want to build one. Then it shows a complete example from
         a 10,000-foot view. Next, it moves into several chapters on the core technologies used in a React app, followed by chapters
         on how to implement isomorphic code and related advanced topics including testing, managing environments, and performance.
      

      
      
      
Who should read this book
      

      
      This book is aimed at web developers with professional experience. It’s not for beginners. If you’re looking to expand your
         architectural tool set and better understand ways to build web apps, this is a good book for you. It can also help you decide
         whether you should build an isomorphic app for a particular project.
      

      
      The book assumes readers already have a solid understanding of JavaScript, CSS, and HTML. You don’t need to know up front
         any of the technologies or libraries introduced in the book, including React, Redux, webpack, or Node.js with Express.
      

      
      
      
      
How this book is organized: a roadmap
      

      
      This book has four parts divided into 13 chapters. Part 1, “First steps,” explains why you’d want to use an isomorphic application and teaches you what an isomorphic app is:
      

      
      

      
         
         	
Chapter 1 goes over what an isomorphic app is and why you’d want to build it (including challenges and trade-offs). It also briefly
            introduces the major technologies used throughout the book.
         

         
         	
Chapter 2 goes through a complete isomorphic example. This provides a 10,000-foot view of a (simple) working application.
         

         
      

      
      Part 2, “Isomorphic app basics,” teaches the foundational pieces of a React app: React, React Router, Redux, and webpack/Babel:
      

      
      

      
         
         	
Chapter 3 is an introduction to React. Topics include the virtual DOM, writing components with JSX, using properties, and implementing
            state.
         

         
         	
Chapter 4 builds on that introduction to React by introducing React Router. It also covers the React component lifecycle and advanced
            concepts on React component architecture.
         

         
         	
Chapter 5 focuses on build tools: webpack and Babel. It explains the basics of using both tools, including how to use Babel in both
            the server and browser environments.
         

         
         	
Chapter 6 teaches you to use Redux, including how to hook it up to a React app.
         

         
      

      
      Part 3, “Isomorphic architecture,” covers in detail how to implement an isomorphic app, as well as several advanced topics:
      

      
      

      
         
         	
Chapter 7 implements the server for an isomorphic app using Express. It also introduces the concepts that make it possible to server-render
            your application with Redux and React.
         

         
         	
Chapter 8 picks up where chapter 7 leaves off and handles the isomorphic handoff between server and browser as well as getting the single-page application flow
            up and running with React.
         

         
         	
Chapter 9 covers testing and debugging isomorphic apps. The first part of the chapter focuses on various testing strategies and libraries
            you can use. The second part introduces several useful development debugging tools.
         

         
         	
Chapter 10 goes over real-world challenges and how to handle them, including working with code that runs only in either the server or
            the browser, updating metatags for SEO on the server, and creating a consistent approach to working with user-specific information
            such as the user agent.
         

         
         	
Chapter 11 focuses on performance on both the server and the browser, caching strategies, and handling user sessions.
         

         
      

      
      Part 4, “Applying isomorphic architecture with other tools,” applies the concepts taught in part 3 to other frameworks and includes a chapter focused on what to learn after completing this book:
      

      
      

      
         
         	
Chapter 12 introduces alternative options for building isomorphic apps via Ember, Angular, and a React isomorphic framework called Next.js.
         

         
         	
Chapter 13 provides suggestions for expanding your skill set in ways that will support you in building isomorphic apps and make you
            more employable.
         

         
      

      
      The first part of the book (chapters 1 and 2) provides an overview of isomorphic concepts and explains why it matters. Everyone should read these chapters. The next part
         introduces each of the major technologies used in building a React isomorphic app. If you have experience building React apps
         and working with webpack, you can skip these chapters or read them as needed for refreshers.
      

      
      If you don’t have experience with React apps, make sure to read chapters 3–6. Some reviewers found it helpful to read these chapters before chapter 2 if they had little or no experience with React, Redux, and webpack.
      

      
      The third part teaches the isomorphic implementation and then goes over several advanced topics such as testing, managing
         environments, and performance. The advanced chapters (10 and 11) may be read straight through or ad hoc as needed.
      

      
      Finally, the fourth part is optional. You can explore additional frameworks and consider suggestions for expanding your skill
         set.
      

      
      
      
      
About the code
      

      
      This book contains many examples of source code, both in numbered listings and in line with normal text. In both cases, source
         code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight changes from previous steps in the chapter, such as when a new feature adds to an existing line of code.
      

      
      In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate
         the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers
         ([image: ]). Additionally, comments in the source code have often been removed from the listings when the code is described in the text.
         Code annotations accompany many of the listings, highlighting important concepts.
      

      
      The code for this book is split into several GitHub repositories. The full list can be found at https://github.com/isomorphic-dev-js. I’ve also provided a list mapping chapters to their repos:
      

      
      

      
         
         	
Chapter 2: https://github.com/isomorphic-dev-js/chapter2-a-sample-isomorphic-app


         
         	
Chapter 3: https://github.com/isomorphic-dev-js/chapter3-react-overview


         
         	
Chapters 4 and 7–11: https://github.com/isomorphic-dev-js/complete-isomorphic-example


         
         	
Chapter 5: https://github.com/isomorphic-dev-js/chapter5-webpack-babel


         
         	
Chapter 6: https://github.com/isomorphic-dev-js/chapter6-redux


         
         	
Chapter 12: https://github.com/isomorphic-dev-js/chapter12-frameworks


         
      

      
      Most of the repos use branches to help teach you the concepts. In each chapter that uses branches, I indicate what branch
         goes with each section. Each branch provides the base code for the section you’re working on, but not the complete solution
         for that section. The complete solution is found in the next section’s branch as well as in the branches labeled with a -complete. The idea is to check out the branch, add the code from the section of the book you’re working on, and end up with a working
         example. The “complete” branches are provided in case you get lost or stuck.
      

      
      
      
      
      
Code versions
      

      
      The code in the book assumes the following versions of libraries and tools are being used. You’re welcome to try to upgrade
         versions on your own, but I make no guarantees about future versions of libraries working smoothly.
      

      
      

      
         
         	Node.js v6.9.2 is what everything in the book was developed and tested on. Newer versions of Node through at least 8 will
            also work.
         

         
         	Express v4.15.3.

         
         	React v15.6.1. The code in the book was built with React 15, but I’ve verified that all the examples will also work with React
            16 (which came out too late to update the code for this edition).
         

         
         	React Router v3.0.5. I’ve provided a set of appendices that go over how to use React Router 4. The original examples in the
            book are still in React Router 3. Each chapter that has React Router 3 provides a note about which appendix provides the relevant
            information on accomplishing the same task in React Router 4.
         

         
         	Redux v3.7.2.

         
         	Webpack v3.4.1.

         
         	Babel v6.25.0.

         
         	Angular v4.0.0 (casually referred to as Angular 2, as opposed to Angular 1).

         
         	Ember v2.13.2.

         
         	Next.js v2.4.4.

         
      

      
      Many other libraries are introduced throughout the book. Please refer to the package.json in each chapter’s repo for a complete
         list of versions.
      

      
      
      
      
      
Book forum
      

      
      Purchase of Isomorphic Web Applications 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/isomorphic-web-applications. 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 is not 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 challenging questions
         lest her 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
      

      
      
      
      ELYSE KOLKER GORDON is an engineering leader who builds effective client apps in consumer spaces such as sports and music. She is passionate
         about developing engineers, building cohesive teams, and creating great consumer apps. Currently, she runs the growth engineering
         team at Strava. Previously, she was the director of web engineering at Vevo, where she regularly solved challenges with isomorphic
         apps. She speaks and writes regularly about web development topics. She is also an avid musician who plays the drums and dabbles
         with other instruments. When she isn’t at work, you can find her hanging out with her husband and dog, either at home or at
         the beach.
      

      
      

About the cover illustration
      

      
      
      The figure on the cover of Isomorphic Web Applications is a “Gran Visir,” the Prime Minister to the Sultan in a medieval Arabic country. While the exact meaning of his position
         and his national origin are lost in historical fog, there is no doubt that we are facing a man of stature and authority. The
         illustration is taken from a Spanish compendium of regional dress customs first published in Madrid in 1799. The book’s title
         page states:
      

      
      
         
         Coleccion general de los Trages que usan actualmente todas las Nacionas del Mundo desubierto, dibujados y grabados con la
               mayor exactitud por R.M.V.A.R. Obra muy util y en special para los que tienen la del viajero universal

         
      

      
      Translated as literally as possible, this means the following:

      
      
         
         General Collection of Costumes currently used in the Nations of the Known World, designed and printed with great exactitude
               by R.M.V.A.R. This work is very useful especially for those who hold themselves to be universal travelers.

         
      

      
      Although nothing is known of the designers, engravers, and workers who colored this illustration by hand, the “exactitude”
         of their execution is evident in this drawing. The “Gran Visir” is just one of many figures in this colorful collection that
         reminds us vividly of how culturally apart the world’s towns and regions were just 200 years ago. Dress codes have changed
         since then and the diversity by region, so rich at the time, has faded away. It is now often hard to tell the inhabitant of
         one continent from another. Perhaps we have traded a cultural and visual diversity for a more varied personal life—certainly
         a more varied and interesting world of technology.
      

      
      At a time when it can be 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 the picture from this collection.
      

      
      
      
      


Part 1. First steps
      

      
      
      Understanding what an isomorphic app is and why you’d want to build one is an important first step in learning about isomorphic
         architecture. The first part of this book explores the why and how of isomorphic apps with a bird’s-eye view, giving you the
         context you need in order to comprehend the specific implementation details presented in later sections.
      

      
      In chapter 1, you’ll learn all the reasons to build an isomorphic app. This chapter also gives you an overview of the All Things Westies
         app you’ll build later in the book. In chapter 2, you’ll work through building an example app with the technologies used in the book: React, Node.js, webpack, and Babel.
         Instead of covering all the small details, this chapter allows you to see how the pieces fit together.
      

      
      
      
      
      


Chapter 1. Introduction to isomorphic web application architecture
      

      
      This chapter covers

      
      

      
         
         	Differentiating between isomorphic, server-side rendered, and single-page apps

         
         	Server rendering and the steps involved in transitioning from a server-rendered to a single-page app experience

         
         	Understanding the advantages and challenges of isomorphic web apps

         
         	Building isomorphic web apps with React’s virtual DOM

         
         	Using Redux to handle the business logic and data flow

         
         	Bundling modules with dependencies via webpack

         
      

      
      This book is intended for web developers looking to expand their architectural toolset and better understand the options available
         for building web apps. If you’ve ever built a single-page or server-rendered web app (say, with Ruby on Rails), you’ll have
         an easier time following the content in this book. Ideally, you’re comfortable with JavaScript, HTML, and CSS. If you’re new
         to web development, this book isn’t for you.
      

      
      Historically, web apps and websites have come in two forms: server-rendered and single-page apps (SPAs). Server-rendered apps handle each action the user takes by making a new request to the server. In contrast SPAs handle loading the content and responding to user interactions entirely in the browser. Isomorphic web apps are a combination of these two approaches.
      

      
      This book aspires to take a complex application architecture and break it into repeatable and understandable bits. By the
         end of this book, you’ll be able to create a content site or an e-commerce web app with the following techniques:
      

      
      

      
         
         	Render any page on the server by using React to achieve fast perceived performance and fully render pages for search engine
            optimization (SEO) crawlers (such as Googlebot).
         

         
         	Choose not to render certain features on the server. Understand how to use the React lifecycle to achieve this.

         
         	Handle user sessions on both the server and the browser.

         
         	Implement single-direction data flow with Redux, making prefetching data on the server and rendering in the browser feasible.

         
         	Use webpack and Babel to enable a modern JavaScript workflow.

         
      

      
      
      
1.1. Isomorphic web app overview
      

      
      My team and I had a big problem: our SEO rendering system was brittle and eating up valuable time. Instead of building new
         features, we were troubleshooting why Googlebot was seeing a different version of our app from what our users were seeing.
         The system was complex, involved a third-party provider, and wasn’t scaling well for our needs, so we moved forward with a
         new type of app—an isomorphic one.
      

      
      An isomorphic app is a web app that blends a server-rendered web app with a single-page application. On the one hand, we want to take advantage
         of fast perceived performance and SEO-friendly rendering from the server. On the other hand, we want to handle complex user
         actions in the browser (for example, opening a modal). We also want to take advantage of the browser push history and XMLHttpRequest
         (XHR). These technologies prevent us from making a server request on every interaction.
      

      
      To get started understanding all of this, you’re going to use an example web app called All Things Westies (you’ll build this
         app later in the book, starting in chapter 4). On this site, you can find all kinds of products to buy for your Westie (West Highland white terrier—a small, white dog).
         You can purchase dog supplies and buy products featuring Westies (socks, mugs, shirts, and so forth). If you’re not a pet
         owner, you might find this example ridiculous. As a dog owner, even I thought it was over the top. But it turns out that dog
         products such as mugs are a huge thing. If you don’t believe me, search Google for “pug mugs.”
      

      
      Because this is an e-commerce app, we care about having good SEO. We also want our customers to have a great experience with
         performance in the app. This makes it an ideal use case for isomorphic architecture.
      

      
      
      
      1.1.1. Understanding how it works
      

      
      Look at figure 1.1, which is a wireframe for the All Things Westies app. There’s a standard header with some main site navigation on the right.
         Below the header, the main content areas promote products and the social media presence.
      

      
      
      
      Figure 1.1. A wireframe showing the homepage for All Things Westies, an isomorphic web app
      

      
      [image: ]

      
      
      The first time you come to the site, the app content is rendered on the server using server-rendered techniques with Node.js.
         After being server-rendered, the content is sent to the browser and displayed to the user. As the user navigates around the
         pages, looking for a dog mug or supplies, each page is rendered by the JavaScript running in the browser and using SPA techniques.
      

      
      The All Things Westies app relies on reusing as much code as possible between the server and the browser. The app relies on
         JavaScript’s ability to run in multiple environments: JavaScript runs in browsers and on the server via Node.js. Although
         JavaScript can run in other environments as well (for example, on Internet of Things devices and on mobile devices via React
         Native), the focus here is on web apps that run in the browser.
      

      
      Many of the concepts in this book could be applied without writing all the code in JavaScript. Historically, the complexity
         of running an isomorphic app without being able to reuse code has been prohibitive. Although it’s possible to server-render
         your site with Java or Ruby and then transition to a single-page app, it isn’t commonly done because it requires duplicating
         large portions of code in two languages. That requires more maintenance.
      

      
      To see this flow in action, look at figure 1.2. It shows how the code for All Things Westies gets deployed to the server and the browser. The server code is packaged and
         run on a Node.js web server, and the browser code is bundled into a file that’s later downloaded in the browser. Because we
         take advantage of JavaScript running in both environments, the same code that runs in the browser and talks to our API or data source also runs on the server to talk to
         our back end.
      

      
      
      
      Figure 1.2. Isomorphic apps build and deploy the same JavaScript code to both environments.
      

      
      [image: ]

      
      
      
      
      1.1.2. Building our stack
      

      
      Building an app such as All Things Westies requires putting together several well-known technologies. Many of the concepts
         in this book are executed with open source libraries. Although you could build an isomorphic app using few or no libraries,
         I highly recommend taking advantage of the JavaScript communities’ efforts in this area.
      

      
      
         
            
         
         
            
               	
            

         
      

      Tip

      
      
      Make sure any libraries you include in an isomorphic app support running in both the server and browser environments. Check
         out chapter 10 for what to watch for and how to handle differences in environments. If you intend to use a library only on the server, you
         don’t need to check for browser compatibility.
      

      
      
         
            
         
         
            
               	
            

         
      

      
      The HTML components that display the products (the view) will be built with React (in chapter 12, you’ll explore how to use other popular frameworks, including Angular 2 and Ember, to implement isomorphic architecture).
         You’ll use a single-direction data flow via Redux, the current community standard data management in React apps. You’ll use
         webpack to compile the code that runs in the browser and to enable running Node.js packages in the browser.
      

      
      On the server side, you’ll build a Node.js server using Express to handle routing. You’ll take advantage of React’s ability
         to render on the server and use it to build up a complete HTML response that can be served to the browser. Table 1.1 shows how all these pieces fit together.
      

      
      Table 1.1. The technologies used in an isomorphic app and the environments they run in
      

      
         
            
            
            
            
         
         
            
               	
                  Library (version)

               
               	
                  Server

               
               	
                  Browser

               
               	
                  Build tool

               
            

         
         
            
               	Node.js (6.9.2)
               	✓
               	 
               	 
            

            
               	Express (4.15.3)
               	✓
               	 
               	 
            

            
               	React (15.6.1)
               	✓
               	✓
               	 
            

            
               	React Router (3.0.5)
               	✓
               	✓
               	 
            

            
               	Redux (3.7.2)
               	✓
               	✓
               	 
            

            
               	Babel (6.25.0)
               	✓
               	✓
               	✓
            

            
               	webpack (3.4.1)
               	 
               	✓
               	✓
            

         
      

      
      To make our application work everywhere, you’ll build in data prefetching for your routes using React Router. You’ll also
         handle differences in environments by building separate code entry points for the server and browser. If code can be run only
         in the browser, you’ll gate the code or take advantage of the React lifecycle to ensure that the code won’t run on the server.
         I introduce React in chapter 3 and the specifics of the server logic in chapter 7.
      

      
      
      
      
      
      
1.2. Architecture overview
      

      
      Earlier in this chapter, I told you that an isomorphic application is the result of combining a server-rendered application
         and a single-page application. To get a better understanding of how to connect the concepts of a server-rendered application
         and a single-page application, see figure 1.3. This figure shows all the steps involved in getting an isomorphic app rendered and responding to user input, like a single-page
         application, starting when the user enters the web address.
      

      
      
      
      Figure 1.3. The isomorphic app flow from initial browser request to SPA cycle
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      1.2.1. Understanding the application flow
      

      
      Every web app session is initiated when a user navigates to the web app or types the URL into the browser window. For allthingswesties.com,
         when a user clicks a link to the app from an email or from searching on Google, the flow on the server goes through the following
         steps (the numbers match those in figure 1.3):
      

      
      

      
      
         1.  The browser initiates the request.
         

      

      
      
         2.  The server receives the request.
         

      

      
      
         3.  The server determines what needs to be rendered.
         

      

      
      
         4.  The server gathers the data required for the part of our application being requested. If the request is for allthingswesties.com/product/mugs,
            the app requests the list of gift items for sale through the site. This list of mugs, along with all the information to be
            displayed (names, descriptions, price, images), is collected before moving on to the render step.
         

      

      
      
         5.  The server generates the HTML for our web page using the data collected for the mugs page.
         

      

      
      
         6.  The server responds to the request for allthingswesties.com/product/mugs with the fully built HTML.
         

      

      
      
      The next part of the application cycle is the initial load in the browser. We differentiate the first time the user loads
         the app from subsequent requests because several things that will happen only once per session happen during this first load.
      

      
      
         
            
         
         
            
               	
            

         
      

      Definition

      
      
      Initial load is the first time the user interacts with your website. This means the first time the user clicks a link to your site in
         a Google search or from social media, or types it directly into the web address bar.
      

      
      
         
            
         
         
            
               	
            

         
      

      
      The first load on the browser begins as soon as the HTML response from the server is received and the DOM is able to be processed.
         At this point, single-page application flow takes over, and the app responds to user input, browser events, and timers. The
         user can add products to their cart, navigate around the site, and interact with forms.
      

      
      

      
      
         7.  The browser renders the markup received from the server.
         

      

      
      
         8.  The application is now able to respond to user input.
         

      

      
      
         9.  When the user adds an item to their cart, the code responds and runs any business logic necessary.
         

      

      
      
         10.  If required, the browser talks to the back end to fetch data.
         

      

      
      
         11.  React renders the components.
         

      

      
      
         12.  Updates are made, and any repaints are executed. For instance, the user’s cart icon updates to show that an item has been
            added.
         

      

      
      
         13.  Each time the user interacts with the app, steps 9–12 repeat.
         

      

      
      
      
      
      
      1.2.2. Handling the server-side request
      

      
      Now let’s take a closer look at what happens when the server receives the initial request to render the page. Look at what
         part of the site renders on the server. Figure 1.4 is similar to figure 1.1, except that it doesn’t render the Twitter widget. The Twitter widget is designed to be loaded in the browser, so it doesn’t
         render on the server.
      

      
      
      
      Figure 1.4. The server-rendered version of the All Things Westies homepage
      

      
      [image: ]

      
      
      The server does three important things. First, it fetches the data required for the view. Then it takes that data and uses
         it to render the DOM. Finally, it attaches that data to the DOM so the browser can read in the app state. Figure 1.5 shows the flow on the server.
      

      
      
      
      Figure 1.5. App flow for the initial server render
      

      
      [image: ]

      
      
      Let’s step through the flow:

      
      

      
      
         1.  The server receives a request.
         

      

      
      
         2.  The server fetches the required data for that request. This can be from either a persistent data store such as a MySQL
            or NoSQL database or from an external API.
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