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Foreword
      

      
      
      
      I wrote my first JavaScript single page web application (SPA) in 2006, although we didn’t call it that at the time. This was
         quite a change for me. Earlier in my career I had focused on low-level Linux kernel hacking and parallel and distributed computing,
         and the user interface was always a simple command line. After receiving tenure at the University of San Francisco in 2006,
         I started an ambitious distributed computing project called River (http://river.cs.usfca.edu) that required an interactive graphical interface to facilitate distributed machine management and debugging.
      

      
      Alex Russell had just coined the term “comet” and we were inspired and determined to use this technology and the web browser
         for the interface. We had quite a challenge trying to wrangle JavaScript to enable real-time interaction. Though we were able
         to get something working, it wasn’t as effective as we had hoped. The challenge was that we had to develop just about everything
         ourselves, as the libraries and techniques available today simply didn’t exist. The first version of jQuery, for example,
         wasn’t released until later that year.
      

      
      In July 2011, I was Director of Research at SnapLogic, Inc. (http://snaplogic.com) when Mike Mikowski joined the company as UI Architect. We worked together on the team that designed the next generation
         data integration product. Mike and I spent countless hours discussing core issues in software engineering and language design.
         We learned a lot from each other. Mike also shared drafts of the book you’re now reading and that is when I learned about
         his and Josh’s method of building SPAs. It was clear that they had developed several generations of commercial SPAs and had
         used this experience to refine techniques and architectures that are comprehensive, clear, and comparatively simple.
      

      
      Since my time with Project River in 2006, the ingredients to develop browser-native SPAs have matured to the point where they
         are generally superior to third-party plug-ins like Java or Flash. There are many fine books that focus on these ingredients,
         like HTML, CSS, JavaScript, jQuery, NodeJS, and HTTP. Unfortunately, few books do a good job of showing how to bring these
         ingredients together.
      

      
      This book is the exception. It shows in detail the well-tested recipes needed to build compelling SPAs using JavaScript end-to-end.
         It shares insights gained over many generations of SPA refinement. One could say Mike and Josh have made many mistakes so
         that you don’t have to. With this book, you can focus on the purpose of the application instead of its implementation.
      

      
      The solutions in this book use modern web standards, and should be long-lived and work across many browsers and devices. I
         really wish today’s technologies and this book existed when we worked on Project River in 2006. We would have certainly used
         them both!
      

      
      
         
         GREGORY D. BENSON

         
         PROFESSOR, DEPARTMENT OF COMPUTER SCIENCE

         
         UNIVERSITY OF SAN FRANCISCO

         
      

      
      

Preface
      

      
      
      
      Josh and I met when I was job hunting and he offered me a web architect position in the summer of 2011. Though I ultimately
         decided to take another offer, we got along really well and had some interesting discussions about single page web applications
         (SPAs) and the future of the internet. One day, Josh naively suggested we write a book together. I foolishly agreed, and we
         sealed our collective fates for hundreds of weekends to come. We expected this would be a rather slim book, under 300 pages.
         The idea was to provide an over-the-shoulder view of an experienced developer creating a production-ready SPA using JavaScript
         end-to-end. We would use only best-in-class tools and techniques to provide a world-class user experience. The concepts would
         apply to anyone developing a JavaScript SPA, whether they developed it as we do in the book, or decided to use one of the
         framework libraries that are available.
      

      
      When first published in the Manning Early Access Program, nearly a thousand people purchased the book in the first month.
         We listenened to their feedback and also spoke to thousands of developers and influencers at meetups, universities, and industry
         conferences to learn why SPAs fascinate people. What we heard was a thirst for knowledge about this topic. We found that developers
         are yearning to learn a better way to build their web applications. So we added coverage of more topics. For example, the
         chapter-length appendix B was added to show in detail how to set up headless SPA testing because many felt the coverage of testing in the manuscript
         wasn’t enough.
      

      
      We still have an over-the-shoulder view of development of a production-ready SPA, and we also cover quite a few additional
         topics that our readers really wanted. And our “little” book grew to around double our original estimate. We hope you enjoy
         it.
      

      
      
         
         MICHAEL S. MIKOWSKI
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About this Book
      

      
      
      
      When we considered writing this book we intended to focus about two-thirds on the development of the SPA client. The other
         third was to focus on the web server and the services needed to provide an SPA. But we couldn’t decide what to use for our
         web server. We had written scores of web servers for traditional and SPA sites using Ruby/ Rails, Java/Tomcat, mod_perl, and
         other platforms, but they all had shortcomings, especially when supporting an SPA, that left us wanting more.
      

      
      We had recently switched to a “pure” JavaScript stack using Node.js as the web server and MongoDB as the database. Though
         there were challenges, we found the experience liberating and compelling. The benefits of the common language and data format
         were usually so profound that they significantly outweighed any language-specific features we lost from the polyglot-stack.
      

      
      We felt that presenting the “pure” JavaScript stack provided by far the most value to our readers, because we know of no other
         book that shows how to put all the pieces together. And we expect this stack will continue to gain popularity and become one
         of the most commonly used stacks for single page applications.
      

      
      
      
Roadmap
      

      
      Chapter 1 is an introduction to Single Page Applications. JavaScript SPAs are defined and compared to other kinds of SPAs. Traditional
         web sites and SPAs are compared, and the opportunities, benefits, and challenges of using an SPA are discussed. The reader
         is guided through the development of an SPA that is usable by the end of the chapter.
      

      
      Chapter 2 covers the capabilities and features of JavaScript essential to building an SPA. Since nearly all of the code in an SPA is
         written in JavaScript, and not just an afterthought added on to provide some user interaction, it’s extremely important to
         understand how the language works. Variables, format, and functions are discussed, as well as more advanced topics such as
         execution context, closures, and object prototypes.
      

      
      Chapter 3 introduces the SPA architecture used throughout the book. It also introduces the Shell as the primary user interface module.
         The Shell coordinates feature modules and browser-wide events and data such as the URL and cookies. An event handler is implemented
         and the anchor interface pattern is used to manage page state.
      

      
      Chapter 4 details feature modules which provide well-defined and scoped capabilities to the SPA. Well-written feature modules are compared
         to third-party JavaScript. Isolation is advocated to help ensure quality and modularity.
      

      
      Chapter 5 illustrates how to build the Model module that consolidates all business logic into a single namespace. The Model isolates
         its clients from data management and interaction with the server. The People API is designed and developed here. The Model
         is tested using the Fake data module and the JavaScript console.
      

      
      Chapter 6 completes the work on the Model. The Chat API is designed and developed here and again tested using the Fake Data modules
         and the JavaScript console. The Data module is introduced, and the application is adjusted to use “live” data from the web
         server.
      

      
      Chapter 7 introduces Node.js as the web server. Since most of the code in an SPA is in the client side, the backend can be written
         in any language that performs well enough to keep up with the demands of the application. Writing the backend in JavaScript
         keeps our programming environments consistent and simplifies full-stack development. If you’ve never used Node.js before,
         this is an excellent introduction, and even if you’re an experienced Node.js developer, this chapter provides insight into
         the server’s role in an SPA.
      

      
      Chapter 8 pushes further down the stack into the database. We use MongoDB because it’s a production proven database that stores data
         in JSON documents, the same format in which the data will be consumed by the client. We provide a basic introduction for people
         who haven’t used MongoDB, before delving into the role of the database in an SPA.
      

      
      Chapter 9 covers some conceptual details of an SPA that are different than a traditional MVC web application: optimizing SPAs for search
         engines, collecting analytics on SPAs, and error logging in SPAs. We also cover some areas of interest to traditional web
         applications that are especially important in SPA development: quickly serving static content through CDNs, and caching at
         every level of the stack.
      

      
      Appendix A goes into our JavaScript coding standards in great detail; they may or may not work for you but we’ve found them to be an
         invaluable guide to structuring the JavaScript in an SPA in a way that’s testable, maintainable, and very readable. We cover
         why a coding standard is important, organizing and documenting code, naming variables and methods, protecting namespaces,
         organizing files, and using JSLint to validate JavaScript. We also include a two-page reference to keep on hand as you code.
      

      
      Appendix B covers testing in an SPA. Testing an SPA could be a book on its own, but it’s such an important and critical topic that we
         couldn’t ignore it. We cover setting up test modes, selecting a testing framework, creating a test suite, and adjusting SPA
         modules for test settings.
      

      
      
      
      
Audience
      

      
      This book is intended for web developers, architects, and product managers with at least a smattering of JavaScript, HTML,
         and CSS experience. If you’ve never even dabbled in web development, this book is not for you, although you’re welcome to
         buy it anyway (go ahead, daddy needs a new car). Many books are available that do a great job teaching beginner website development
         and design, but this isn’t one of them.
      

      
      This book does aspire to be a great guide to designing and building large-scale Single Page Web Applications (SPAs) using
         JavaScript end-to-end. We use JavaScript as the language of the database, the web server, and the browser application. About
         two-thirds of the book is devoted to client development. The last third shows how to build a server using JavaScript tools
         such as Node.js and MongoDB. If you’re locked in to another server platform, most of the logic should be easy to translate,
         although the messaging service almost requires an event-driven web server.
      

      
      
      
      
Code conventions and downloads
      

      
      Source code in listings or in text appears in a fixed-width font like this to separate it from ordinary text. Code annotations accompany the listings, highlighting important concepts.
      

      
      Source code for the examples in this book can be downloaded from the publisher’s website at www.manning.com/SinglePageWebApplications.
      

      
      
      
      
Software and hardware requirements
      

      
      If you’re using a recent Mac OSX or Linux computer, you should have little or no trouble with any of the exercises in the
         book, assuming you install the specified software as we go along.
      

      
      If you’re using Windows, you should have little or no trouble with any exercises in parts 1 and 2 of the book. Part 3 requires some tools that are not available or limited on Windows. We recommend using a freely available virtual machine (see
         http://www.oracle.com/technetwork/server-storage/virtualbox/downloads/index.html) and Linux distribution (we recommend Ubuntu Server 13.04, see http://www.ubuntu.com/download/server).
      

      
      
      
      
Author Online
      

      
      Purchase of Single Page 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 authors and from other users. To access the forum and subscribe to it, point your web
         browser to www.manning.com/ SinglePageWebApplications. This page provides information on how to get on the forum once you’re registered, what kind of
         help is available, and the rules of conduct on the forum.
      

      
      Manning’s commitment to our readers is to provide a venue where a meaningful dialog between individual readers and between
         readers and the author can take place. It’s not a commitment to any specific amount of participation on the part of the authors
         whose contribution to the Author Online forum remains voluntary (and unpaid). We suggest you try asking the authors some challenging
         questions lest their interest stray!
      

      
      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s website as long as
         the book is in print.
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         developer and architect. He spent nearly four years as development manager for an HP/HA platform that served hundreds of millions
         of requests per day using mod_perl application servers in large clusters.
      

      
      He began working on commercial single page web applications (SPAs) in 2007 when he developed the AMD “Where to Buy” site when
         hosting constraints prevented most other solutions. After that, he was enamoured with the possibilities of SPAs and proceeded
         to design and develop many similar solutions. He firmly believes that design for quality, creative destruction, minimalism,
         and targeted testing techniques can remove complexity and confusion from SPA development.
      

      
      Mike is a contributor to a number of open source projects, and has published a number of jQuery plugins. He has presented
         at HTML5 developer conferences in 2012 and 2013, Developer Week 2013, University of San Francisco, and various companies.
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         different single page web application technologies and loving every minute of it.
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About the Cover Illlustration
      

      
      
      
      The figure on the cover of Single Page Web Applications is captioned “Gobenador de la Abisinia,” or the governor of Abyssinia, today called Ethiopia. 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.

         
      

      
      Which we translate, as literally as possible, thus:

      
      
         
         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 “Gobenador de la Abisinia” is just one of many figures in this colorful
         collection. Their diversity speaks vividly of the uniqueness and individuality of costumes from different countries around
         the world just 200 years ago.
      

      
      We at Manning celebrate the inventiveness, the initiative, and the fun of the computer business with book covers based on
         the rich diversity of life of two centuries ago brought back to life by the pictures from this collection.
      

      
      
      
      


Part 1. Introducing SPAs
      

      
      
      In the time it takes to read this page, 35 million person minutes will be spent waiting for traditional website pages to load.
         That’s enough spinning icon time for the Curiosity Lander to fly to Mars and back 96 times. The productivity cost of traditional
         websites is astonishing, and the cost to a business can be devastating. A slow website can drive users away from your site—and
         into the welcoming wallets of smiling competitors.
      

      
      One reason traditional websites are slow is because popular MVC server frameworks are focused on serving page after page of
         static content to an essentially dumb client. When we click a link in a traditional website slideshow, for example, the screen
         flashes white and everything reloads over several seconds: the navigation, ads, headlines, text, and footer are all rendered
         again. Yet the only thing that changes is the slideshow image and perhaps the description text. Worse, there’s no indicator
         when some element of the page becomes functional. For example, sometimes a link can be clicked as soon as it appears on a
         web page; other times we have to wait until the redrawing is 100% complete plus five seconds. This slow, inconsistent, and
         clunky experience is becoming unacceptable for an increasingly sophisticated web consumer.
      

      
      Prepare to learn about another—and dare we say better—approach to developing web applications, the single page web application
         (SPA). An SPA delivers a desktop application in the browser. The result is a highly responsive experience that surprises and
         delights users instead of confusing and annoying them. In part 1 we learn:
      

      
      

      
         
         	What an SPA is and the advantages it provides over traditional websites

         
         	How an SPA approach can make our web application a great deal more responsive and compelling

         
         	How to improve our JavaScript skills for SPA development

         
         	How to build an example SPA

         
      

      
      Product design is increasingly seen as the decisive factor in the success of commercial and enterprise web applications. SPAs
         are often the best choice to provide the optimal user experience. As a result, we expect the demand for user-focused design
         to drive SPA adoption and sophistication.
      

      
      
      
      
      


Chapter 1. Our first single page application
      

      
      
         
            
         
         
            
               	
            

         
      

      
         
         This chapter covers
         
         

         
            
            	
Defining single page web applications
            

            
            	Comparing the most popular single page application platforms—Java, Flash, and Javascript

            
            	Writing our first JavaScript single page application

            
            	Inspecting the application using Chrome Developer Tools

            
            	Exploring the user benefits of single page applications

            
         

         
      

      
         
            
         
         
            
               	
            

         
      

      
      This book is intended for web developers, architects, and product managers with at least a smattering of JavaScript, HTML,
         and CSS experience. If you’ve never even dabbled in web development, this book is not for you, although you’re welcome to buy it anyway (go ahead, daddy needs a new car). Many books are available that do a great
         job teaching beginner website development and design, but this isn’t one of them.
      

      
      This book does aspire to be a great guide to designing and building large-scale single page web applications [SPAs] using JavaScript end
         to end. In fact, as figure 1.1 depicts, we use JavaScript as the language of the database, the web server, and the browser application.
      

      
      
      
      Figure 1.1. JavaScript end-to-end
      

      
      [image: ]

      
      
      We’ve spent the last six years leading the development of numerous large-scale commercial and enterprise SPAs. During that
         time we’ve constantly updated our practices to meet the challenges we’ve found. We share these practices in this book as they
         have helped us develop faster, provide a better user experience, ensure quality, and improve team communication.
      

      
      
      
1.1. Definition, a little history, and some focus
      

      
      An SPA is an application delivered to the browser that doesn’t reload the page during use. Like all applications, it’s intended
         to help the user complete a task, such as “write a document” or “administer a web server.” We can think of an SPA as a fat
         client that’s loaded from a web server.
      

      
      
      1.1.1. A little history
      

      
      SPAs have been around for a long time. Let’s look at some early examples:

      
      

      
         
         	
Tic-Tac-Toe—http://rintintin.colorado.edu/~epperson/Java/TicTacToe.html. Hey, we didn’t say this would be pretty. This application challenges us to beat a formidable and ruthless computer nemesis
            in a game of Tic-Tac-Toe. The Java plugin is required—see http://www.java.com/en/download/index.jsp. You may have to grant permission for your browser to run this applet.
         

         
         	
Flash Spacelander—http://games.whomwah.com/spacelander.html. This is one of the earlier Flash games, written by Duncan Robertson circa 2001. The Flash plugin is required—see http://get.adobe.com/flashplayer/.
         

         
         	
JavaScript mortgage calculator—http://www.mcfedries.com/creatingawebpage/mortgage.htm. This calculator seems almost as old as JavaScript itself, but it works nicely. No plugin is required.


         
      

      
      The astute reader—and even a few slovenly ones[1]—will notice that we’ve provided examples of three of the most popular SPA platforms: Java applets, Flash/Flex, and JavaScript. And those same readers may have noticed that only the JavaScript SPA works without the overhead or security concerns of a third-party plugin.

      
         1 If you’re reading this chapter as you eat potato chips off your chest, you’re slovenly.
         

      

      
      Today, JavaScript SPAs are often the best choice of the three. But JavaScript took a while to become competitive, or even
         possible, for most SPA uses. Let’s take a look at why.
      

      
      
      
      1.1.2. What took JavaScript SPAs so long?
      

      
      Flash and Java applets had evolved nicely by the year 2000. Java was being used to deliver complex applications and even a
         complete office suite via the browser.[2] Flash had become the platform of choice for delivering rich browser games and, later, video. On the other hand, JavaScript
         was still mostly relegated to little more than mortgage calculators, form validation, roll-over effects, and pop-up windows.
         The problem was that we couldn’t rely on JavaScript (or the rendering methods it used) to provide critical capabilities consistently
         on popular browsers. Even so, JavaScript SPAs promised a number of enticing advantages over Flash and Java:
      

      
         2 Applix (VistaSource) Anywhere Office
         

      

      
      

      
         
         	
No plugin required—Users access the application without concern for plugin installation, maintenance, and OS compatibility. Developers also
            don’t need to worry about a separate security model, which reduces development and maintenance headaches.[3]
               3 Can you say “same origin policy”? If you’ve ever developed in Flash or Java, you almost certainly are familiar with this
                  challenge.
               

            

         

         
         	
Less bloat—An SPA using JavaScript and HTML should use significantly fewer resources than a plugin that requires an additional run-time
            environment.
         

         
         	
One client language—Web architects and most developers have to know many languages and data formats—HTML, CSS, JSON, XML, JavaScript, SQL, PHP/
            Java/Ruby/Perl, and so on. Why write applets in Java, or Flash applications in ActionScript, when we’re already using JavaScript
            elsewhere on our pages? Using a single programming language for everything on the client is a great way to reduce complexity.
         

         
         	
A more fluid and interactive page—We’ve all seen a Flash or Java application on a web page. Often the application is displayed in a box somewhere and many
            details are different than the HTML elements that surround it: the graphical widgets are different, the right-click is different,
            the sounds are different, and interaction with the rest of the page is limited. With a JavaScript SPA, the entire browser
            window is the application interface.
         

         
      

      
      As JavaScript has matured, most of its weaknesses have been either fixed or mitigated and its advantages have increased in
         value:
      

      
      

      
         
         	
The web browser is the world’s most widely used application—Many people have a browser window always open and use it throughout the day. Access to a JavaScript application is one more
            bookmark click away.
         

         
         	
JavaScript in the browser is one of the world’s most widely distributed execution environments—By December 2011, nearly one million Android and iOS mobile devices were being activated every day. Each of these devices
            has a robust JavaScript execution environment built into the OS. More than one billion robust JavaScript implementations have
            shipped in the last three years on phone, tablet, laptop, and desktop computers around the world.
         

         
         	
Deployment of JavaScript is trivial—A JavaScript application can be made available to more than a billion web users by hosting it on an HTTP server.
         

         
         	
JavaScript is useful for cross-platform development—Now we can create SPAs using Windows, Mac OS X, or Linux, and we can deploy a single application not only to all desktop
            machines but also to tablets and smart phones. We can thank converging implementations of standards across browsers, and mature
            libraries such as jQuery and PhoneGap that smooth over inconsistencies.
         

         
         	
JavaScript has become surprisingly fast and can, at times, rival compiled languages—Its speedup is thanks to ongoing and heated competition between Mozilla Firefox, Google Chrome, Opera, and Microsoft. Modern
            JavaScript implementations enjoy advanced optimizations such as JIT compilation to native machine code, branch prediction,
            type-inference, and multi-threading.[4]
               4 See http://iq12.com/blog/as3-benchmark/ and http://jacksondunstan.com/articles/1636 for some comparisons to Flash ActionScript 3.
               

            

         

         
         	
JavaScript has evolved to include advanced features—These features include the JSON native object, native jQuery-style selectors, and more consistent AJAX capabilities. Push
            messaging has become far easier with mature libraries like Strophie and Socket.IO.
         

         
         	
HTML5, SVG, and CSS3 standards and support have advanced—These advancements allow for the rendering of pixel-perfect graphics that can rival the speed and quality produced by Java
            or Flash.
         

         
         	
JavaScript can be used throughout a web project—Now we can use the excellent Node.js web server and data stores such as CouchDB or MongoDB, both of which communicate in
            JSON, a JavaScript data format. We can even share libraries between the server and the browser.
         

         
         	
Desktop, laptop, and even mobile devices have become more powerful—The ubiquity of multi-core processors and gigabytes of RAM means processing that used to be accomplished on the server can
            now be distributed to the client browsers.
         

         
      

      
      JavaScript SPAs are becoming increasingly popular due to these advantages, and the demand for experienced JavaScript developers
         and architects has blossomed. Applications that were once developed for many operating systems (or for Java or Flash) are
         now delivered as a single JavaScript SPA. Startups have embraced Node.js as the web server of choice, and mobile application
         developers are using JavaScript and PhoneGap to create “native” applications for multiple mobile platforms using a single
         code base.
      

      
      JavaScript isn’t perfect, and we don’t have to look far to find omissions, inconsistencies, and other aspects to dislike.
         But this is true of all languages. Once you become comfortable with its core concepts, employ best practices, and learn what
         parts to avoid, JavaScript development can be pleasant and productive.
      

      
      
         
            
         
         
            
               	
            

         
      

      
         
         Generated JavaScript: One destination, two paths
         
         We’ve found it easier to develop SPAs using JavaScript directly. We call these native JavaScript SPAs. Another surprisingly popular approach is to use generated JavaScript, where developers write code in another language which is then converted to JavaScript. This conversion occurs
            either at runtime or during a separate generation stage. Notable JavaScript generators include:
         

         
         

         
            
            	
Google Web Toolkit (GWT)—See http://code.google.com/webtoolkit/. GWT generates JavaScript from Java.
            

            
            	
Cappuccino—See http://cappuccino.org/. Cappuccino uses Objective-J, a clone of the Objective-C language from Mac OS X. Cappuccino itself is a port of the Cocoa
               application framework, again from OS X.
            

            
            	
CoffeeScript—See http://coffeescript.org/. CoffeeScript turns a custom language that provides some syntactic sugar into JavaScript.
            

            
         

         
         Given that Google uses GWT for Blogger, Google Groups, and many other sites, we can safely say that generated JavaScript SPAs
            are widely used. This raises the question: why bother writing in one high-level language and then converting it to another? Here are a number of reasons generated JavaScript remains popular, and why these reasons aren’t as compelling as they once
            were:
         

         
         

         
            
            	
Familiarity—The developers can use a more familiar or simpler language. The generator and framework allows them to develop without having
               to learn the vagaries of JavaScript. The problem is that something eventually gets lost in translation. When this happens,
               the developers have to inspect the generated JavaScript and understand it to get things to work right. We feel we’re more
               effective when we work directly in JavaScript instead of working through a language abstraction layer.
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