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Foreword

I was sitting on a balcony on the west side of Manhatran, sipping on a warm glass of
scotch with a few others. Michael Bolin joined us. Michael wrote this book. At the time,
Michael was working on Google Tasks. [ was the tech lead on our JavaScripr oprimizer,
later named Closure Compiler. Michael didn't join us to ralk about JavaScript optimi-
zationl though. He didn’t want to talk scotch either, to his detriment. He wanted to talk
JavaScript-driven text editing, and thus he wanted to talk to Julie,

You will receive a proper introduction to Julie in Chapter 9, but for now, just know
that Julie is our expert on how text editors are implemented in each web browser.

Michael found that, when managing a task list in a web browser, you want a few features
built into your plain rext editor. You wait to make words bold for emphasis. You want
a keyboard shortcut to move your cursor to the next task item. He didn't want to have
to write a whole editor. He just wainted a few tweaks on top of what the browser pro-
vides, to make the experience smoother for the user. How would yvou implement this?

Julie explained that there are many, many choices for such a thing. “Should you use a
rextarea?” “Should you use a contentEditable region?” “Should you rely on the
browser’s built-in rich text functions?” “Should you implement the *bold’ function in
JavaSeript?” “How do you make sure the cursor ends up on the righr line, given thar
browsers each implement cursor selection differently?” “Should you pur all the text
editing i an iframe to isolate it from the rest of the page?™?

“Is there code you can reuse tor this?”

You don’t really want to implement all these things from scratch. A lot of them will
need ro call inro esoteric browser APIs in complex ways. Many of those APlIs are buggy,
poorly documented, or simply do not perforin very well. For some of those APls, it’s
easier to read the browser source code than to find reasonable documentation.

t Fun fact: as the number of JavaScript developers in a room increases, the probability that someone will suggest
“itrames” as the solution to your problem asymptotically approaches 1.




You'll find answers to many of those specilic questions throughout this book. But |
think the quesrion that the book is most miterested i (and rightly so) is abour how 1o
make it easy to reuse code for Ajax apps. It spins ofl into a tew other equally substantial
(uestions.

How do you share JavaScript code? How do you organize large amounts of common
JavaScript, often buile for highly specialized tasks? How do you weigh one team’s need
for boatloads of new features and customizations agamst another team’s need to kegp
the size of the JavaScript they're sending ro the user small?

The Closure Tools were designed 1o solve many ol these problems. Mavbe thar's un-
derstating the point. These problems are at the very core of their design. Many of the
tools were started by our friends on Ginail. Guual began as a relatively modest Java-
Seript app. Then they added more and more features, and watched it grow beyond any
hope of control or maintainability. Frederick F. Brooks, Jr., famously described large-
SYSLEN Programining as “a tar pit, and many great and powertul beasts have thrashed
violently in it.” In a language like JavaScript, a highly dynamic environment where
almost everything can be muatated and there's no standard wav 1o speaty contraces
(tvpe checking or otherwise), the rar is fast and can suck down even a small group ot
developers.

The Closure Tools developers tried to bring “closure” 1o this mess. (1 agree the pun is
terrible. Ir s not mine. ) They followed strict wdioms for namespacing code and deflining
classes. They adopred ECMAScript 4's type language for specifying contracts, The
compiler torced the developer to declare theirvariables, and emitted wamings tor other
frowmed-upon idioms. The Closure Tools, iu short, tried to add some structure to the
language. Many engineering teams at Google tound this structure useful, and built their
products on top of it.

A long tme passed. The Closure Tools remamed proprietary for years. This wasn't
meant to be. Both the compiler and the libraries were alwavs designed 1o be open source
projects. But more importantly, they were designed for building Google apps first, and
to be open source projects second. So releasing them publicly took a back seat 10 other
things.

Have you ever tried 1o publicly open up the code of a proprietary project? Several en-
gineers had tried to release Closure Compiler, They had all given up, Iv is surprisingly
ditficult. There are two major parts. First, you have to release the code: port it to a
public build system like Apache Ant, remove all of its nonopen dependencies, and
rewrite aty dependencies thar vou can’t reirove. Second, you have to write documen-
tation: loads of docimentation,

You can imagine how skeptical [ was when Michael first came by my desk to talk about
making Closure Compiler an open source project. This was early 2009. By this poiut,
“publicly releasing Closure Compiler”™ was the sort of daunting chore that you've pro-
crastinated forever and a half. We'd work on it for a month, eealize that we seemed no

iiv | Foreword
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Prefa cé

JavaScript borrows many great ideas from other progranmuming languages, but its most
unique, and perhaps most powerful, feature is that any code written in JavaScript can
runt as-is m any modern web browser. This is a big deal, and it is unlikely to change
ANVILINE SO0,

As web browsers improve and become available on more devices, more applications
are being ported from desktop applications to web applications. With the introduction
of HTML35, many of these applications will be able to work offline for the first time. In
order to create a superior user experience, much of the logic thar was previously done
on the server will also have to be available on the client. Developers who have written
their server logic in Java, Python, or Ruby will have to figure out how to port that server
logic to JavaScript. Tools like Google Web Toolkit, which translate Java to JavaScript
can help with this, though such tools are often clumsy because the idioms from one
programming language do not always translate smoothly into that of another. How-
ever, if your server code is written in JavaScript, this is not an issue.

I believe that the use of server-side JavaScript (55]S) 1s just beginning. Previously, most
implementations of JavaScript were too slow to be considered a viable option for server
code. Fortunately, the recent competition among browser vendors to have the fastest
JavaScript engine makes that ditterence tar less signiticant (hitp:/ishootout. alioth.debian
org).

Because of the emerging support for oftline web applications, it is compelling to write
both the client and the server in the same programming language to avoid the perils
associated with mamtaining parallel implementations of the same logic. Because 1t 1s
extremely unlikely that all of the major browser vendors will adopt widespread support
for a new programming language, thar will continue to force the client side of a web
application to be written in JavaScript, which in turn will pressure developers to write
their servers in JavaScript as well. This means that the size of the average JavaScript
codebase is likely to increase dramatically in the coming years, so JavaScript developers
will need better tools in order to manage this increased complexity. 1 see Closure as the
solution to this problem.

xvii



Closure is a set of tools tor building rich web applications with JavaScript, and brings
with it a new approach to writing JavaScripr and mainraining large JavaSeripr applica-
tions. Each tool in the suite is designed to be used independently (so jQuery developers
can make use of the Closure Compiler and Closure Templates, even if they are not
interested in the Closure Library), but they are most etfective when used together.

Many JavaScript toolkits today focus on DOM utilities and Ul widgets. Such function-
ality 1s ncredibly usetul when building the mtertace for a web applicanion, but the
emergence of 55]5 will require an equivalent etfort in building server-side JavaScript
libraries. There, the focus is hikely 1o be on dara structures and efticient memory usage,
both of which are already woven into the Closure framework.

I believe that Closure will play an importaut part in making web applications faster and
more reliable. As an active user of the Web, | have a vested interest in making sure this
happens. That's why I had to write this book. Rather than document every APT i
Closure, | have tried 1o provide detailed explanations tor the most commonly used
APls, particularly those that are unique to the Closure approach.

Indeed, learning Closure will change the way you develop JavaScripr applications.

My Experiences with Closure

When | worked at Google from 2005 to 2009, 1 used Closure 1o help build Google
Calendar and Google Tasks. When the initial work on Calendar was done in 2003, only
the Compiler was available, and it was (and is) known mremally as the JavaScript
Compiler. At the time, there were a number of common JavaScript utilities thar teams
would copy trom oue another. This led to many forked versions, so improvements to
one copy did not propagate to the others.

Meaunwhile, the JavaScript codebase for Ginail had grown so large and complex that
developers complained that it was too hard for them to add new leatures. This triggered
a rewnite of the Gmail client, which precipuated the development of the two other major
tools in the Closure suite: the Library and Templates. The Library was simply named
“Closure,” as it was a play on the programming constrict used so frequently in Java-
Script, as well as the idea that it would bring “closure” to the nightmare thar was
Javascript development ar Google.

Like many other JavaScript toolkits, the goal of Closure was to provide a comprehensive
cross-browser library. Instead of adopting an existing solution, such as Dojo, Google
decided to roll its owi. By having complete control of its library, it could ensure that
the APl would be stable and that the code would work with its (then) secret weapon:
the Closure Compiler. This made it possible to buck the trend established by libraries
like Prototype that encouraged the use of absurdly short funciion names. ln Closure,
nondescript tuncrion names such as $were eschewed in favor of more descriptive ones
because the Compiler would be responsible tor replacing longer names with shorter
Ones.

wviii | Preface



The build system at Google was amended 1o express dependencies between JavaScript
hiles (these relationships are retlected by goog. provide() and goog. require() statements
in the Closure Library). For the first time, dependencies were organized into well-
named packages, which introduced a consistent naming scheme and made utilities
easier to find. In turn, this made code reuse more straighttorward, and the Library
quickly achieved greater consistency and stability than the previous dumping ground
of JavaScript utilities. This new collection of common code was far more trustworthy,
so teams started to link to it directly rather than tork their own versions, as they were
no longer atraid thar it would change dramatically ourt from under them.

Finally, Closure Templates (known internally as Soy) were created to address the prob-
lem that most existing templating systeimns were designed to generate server code, but
not JavaScript code. The first version of Soy generated only JavaScript, but it was later
extended to generate Java as well, to provide better support for the *“HTML Decorator™
pattern described in Chapter 8, User Interface Components.

By the time 1 started work on Google Tasks, these tools had matured considerably.
They were invaluable in crearing Tasks. While the Calendar ream was busy replacing
their original utility functions with Closure Library code and swapping ourt their home-
brewed (or Bolin-brewed) template solution with Soy, [ was able to make tons of pro-
gress on Tasks because | was starting with a clean slate. Because Gmail has been stung
by hard-to-track-down performance regressions in the past, the barrier for getting code
checked in to Gmail is high. In integrating Tasks with Gmail, [ was forced to gain a
deeper understanding of the Closure Tools so I could use them to optimize Tasks to
the satistacnion of the Guail engineers. Later, when | integrated Tasks in Calendar, 1
leamed how to organize a sizable JavaScript codebase so it could be incorporared by
even larger JavaScript projects.

One of my major takeaways from using Closure is that trying to address limitations of
the JavaScript programuming language with a JavaScript library is often a mistake. For
example, JavaScript does not have support tor multiline strings (like triple-quote in
Python), which makes it difficult to create templates for HTML. A bad solution (which
is the one [ created for Google Calendar back in 2005 that they were still trying o phase
out so they could replace it with Soy in 2009) is to create a JavaScript library like jQuery
Templates (http:/iplugins. jquery.com/project/jquerytemplate). Such a library takes a
string of JavaScript as the template and parses it at runtime with a regular expression
to extract the template variables. The appeal, of course, is that implementing something
like jQuery Templates is tairly easy, whereas implemennng a template solution that 1s
backed by an actual parser is fairly hard (Closure Templates does the latter). In my
experience, it 1s much better to create a tool to do exactly what you want (hke Closure
Templates) than it is to create a construct within JavaScript that does almost what you
want (like jQuery Templates). The former will almost certainly take longer, but it will
pay tor itself in the long run.
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Audience

As this is a book about Closure, a suite of JavaScript tools, it assumes that you are
already familiar with JavaScript. Nevertheless, because so many JavaScript prograim-
miers leam the language by copying and pasting code from existing websites, Appen-
dix B is included to try to identify incorrect assumptions you may have made about
JavaScript when coming from your favorite progranuning language. Even those who
are quite comfortable with the language are likely to learn something.

Other than the Closure Tools themselves, this book does not assume that you are
already famihiar with other JavaScript tools (such as [SLint and YUI Compressor) or
libraries (such as Dojo and jQuery), though sometimes parallels will be drawn for the
benetit of those who are trying to transter their knowledge of those rechnologies in
leaming Closure. The one exception is Firebug, which is a Firetox extension that helps
with web development. In addition to being considered an indispensable tool for the
majority of web developers, it must be installed in order to use the Closure Inspector.
Unlike the other tools in the suite, the use of the Closure Inspector is tied to a single
browser: Firefox. Because Firebug is updated frequently and has comprehensive doc-
umentation on its website, this book does not contain a tutorial on Firebug because it
would likely be outdated and incomplete. hetp://getfivebug com should have everything
you need to get started with Firebug.

Finally, this book makes a number of reterences to Java when discussing Closure.
Although it is not necessary to know Java in order to learn Closure, it is helpful to be
fannliar with it, as there are elements of Java that morivare the design of the Closure
Library. Furthermore, both Closure Templates and the Closure Compiler are writren
in Java, so developers who want to modify those tools will need to know Java in order
to do so. This book will not teach you Java, though a quick search on Amazon will
reveal that there of hundreds of others that are willing to do so.

ECMAScript Versus JavaScript

This book includes several references to ECMAScript, as opposed to JavaScript, so it
is important to be clear on the differences between the two. ECMAScript is a scripting
language srandardized by Ecina Intemational, and JavaScript is an implementation of
that standard, QOriginally, JavaScript was developed by Netscape, so Microsoft devel-
oped its own implementation of ECMAScript named J5cript. This means that techi-
cally, “ECMAScript” should be used to refer to the scripring language that is universally
available on all modern web browsers, though in practice, the terim * JavaScript™ is used
instead. To quote Brendan Eich, the creator of JavaScript: “ECMAScript was always
an unwanted trade name that sounds like a skin disease.” To be consistent with collo-
quial usage (and honestly, just because it sounds better), JavaScript i1s often used to

reter to ECMAScript in this book.
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However, ECMAScript is mentioned explicitly when referring to the standard. The
third edition of the ECMAScript specification (which is also referred to as ES3) was
published in December 1999. As it has been around for a long time, it is implemented
by all modern web browsers. More recently, the fifth edition of the ECMAScript spec-
ification (which is also referred to as ES5) was published in December 2009. (During
that 10-year period, there was an attempt at an ES4, but it was a political failure, so it
was abandoned.) As ES5 is a relatively new standard, no browser implements it fully
at the time of this writing. Because Closure Tools are designed to create web applica-
rions that will run on any modem browser, they are currently designed around ES3.
However, the Closure developers are well aware of the upcoming changes in ES3, so
wany of the newer features of Closure are designed with ES35 in mind, with the expect-
ation that most users will evenrually be using browsers that implement ES3.

Using This Book

This book explains all of the Closure Tools in the order they are most likely to be used.

e Chapter 1, Introduction to Closure, mtroduces the tools and provides a general
overview of how they fit together with a complete code example that exercises all
of the tools.

When working on a JavaScript project, you will spend the bulk of your time designing
and implementing your application. Because of this, the majority of the book is focused
on how to leverage the Closure Library and Closure Templates to implement the func-
tionality you desire. Of all the topics covered m this part of the book, the rich text editor
is the one that appears most frequently in the Closure Library discussion group. To
that end, I recruited goog.editor expert Julie Parent as a contributing author, so for-
tunately for you and for me, Julie wrote Chapter 9.

* Chapter 2, Annotations for Closure JavaScript, explains how to annotate JavaScript
code for use with the Closure Compiler.

* Chapter 3, Closure Library Primitives, provides documentation and commentary
on every public member of base. js in the Closure Library.

» Chapter 4, Common Utilities, surveys functionality for performing commeon oper-
ations with the Closure Library, such as DOM manipulation and user agent
detection,

» Chapter 3, Classes and Inheritance, demonstrates how classes and inheritance are
emulated in Closure.

* Chapter 6, Event Management, explains the design of the Closure Library event
systenn and the best practices when using it.

* Chapter 7, Client-Server Communication, covers the various ways the goog.net
package in the Closure Library can be used to conumunicate with the server.
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way back in 2005 has become a critical widget for many Google Apps today (most
notably, Gmail). If they gave out docrorates for the field of “lirtle-known browser bugs
that make rich text ediring in the browser nearly impossible,” then Julie would be a
leader inn the field and Chapter 9 could have been used as her dissertation. Jule, thank
you so much for putting the same amount of diligence into writing your chapter as you
did in developing the rich text editor in the first place.

Next, | owe a tremendous amount of thanks (and a nice bottle of scotch) to Nick Santos,
who has been a phenomenal technical reviewer. He responded to the call for reviewers
with alacrity and his enthusiasim 1 the project never waned. In doing a review of this
book, Nick etfectively engaged in a 35,000-line code review, and provided so many
corrections and helptul suggestions that this book probably would not even be worth
reading if Nick had not read it first. In addition to all of his work as a reviewer, Nick
played (and continues to play) an active role in open-sourcing the Closure Compiler as
well as 1ts development. You can see the breadth and depth of Nick’s knowledge in the
Closure Compiler discussion group, as he is an extremely active member there, as well.

In addirion to Nick, | was tortunate enough to have rwo other Google engineers who
helped build pieces of the Closure Tools suite to participate in the review process. Erik
Arvidsson (who co-created the Closure Library with Dan Pupius—thanks, Dan!) pro-
vided lots of valuable feedback on the chapters on the Library. Likewise, the creator of
Closure Templates, Kai Huang, provided detailed criticisis of the chapter on Soy.
Many thanks to both Erik and Kai tor lending their time and expertise to ensure that
the story of their work was told correctly.

As Nick explained in the foreword, raking a closed source project and tuming it into
an open source one is a lot of work, so [ would also like to recognize those who played
an important role in that process. Nathan Naze, Daniel Nadasi, and Shawn Brenneman
all pitched in to open source the Closure Library. Robby Walker and Ojan Vatai also
helped out by moving the rich text editor code into the Library so that it could be open-
sourced, as well. Extra thanks to Nathan for continuing to manage the open-sourcing
effort and for giving talks to help get the word out about the Library. It is certainly an
example of well-spent 20% time ar Google.

In that same vein, | would also like to thank Dan Bentley for helping ensure thar all of
this Closure code made it out into the open. Google is lucky to have him working in
their Open Source Prograins Otfice, as his genuine beliet and interest in open source
benefits the entire open source community.

I would also like to thank my former teanunates on the Closure Compiler team who
all contributed to the open source etfort as well as Compiler development: Robert
Bowdidge, Alan Leung, John Lenz, Nada Amin, and Antonio Vincente. Also, thanks
to our manager, Ram Ramani, who supported this effort the whole way through and
helped coordinate the open source launch. [ also want ro give credit to our interm, Simon
Mathieu, who worked with me to create the Closure Compiler Service.
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This can have dramatic effects on the Compiler’s ability to minity code, as a simple
minification experiment finds that Closure Library code can be 85 percent smallerwhen
using the Closure Compiler in place of the YUI Compressor (http://Dlog. bolinfest.com/
2009/1 l/example-of-using-closure-compiler-to.html),

The Closure Library is also implemented with a strong emphasis on performance and
readability. It is frugal in creating objeats, but generous in naming and documenting
them. It also has an elegant event system, support for classes and inheritance, and a
broad collection of Ul components, including a rich text editor. Closure Library code
is regularly rested across browsers, and ro the extent thar it can, will also work in non-
browser JavaScript environiments, such as Rhino (http://uaww.mozilla.org/rhino/) and
the Microsoft Windows Script Host. Because the Library is a resource for Google en-
gineers first and an open source project second, it is a sate ber that every line of code
i the Library was developed to support at least one Google product. The stvle of the
Library will first be introduced in Chapter 2, and the tuncrionality of the Library will
be covered in the following eight chapters.

Closure Templates

Closure Templares provide an intuitive syntax tor creating efficient JavaScript tuncrions
(or Java objects) that generate HTML, This makes it easier to create a large string of
HTML thar can i turn be used to build up the DOM. Unfortunately, most program-
ming languages do not have native support for templates, so creating a separate
templating solution is a common practice tor web frameworks (J2EE has JSP, Python
developers frequently use Django’s template system, etc.). A unique aspect of Closure
Templates is that the same template can be compiled into both Java and JavaScript, so
those running servers written in Java (or JavaScript!) can use the same remplate on both
the server and the client. The benefits of this, along with Closure Templates, will be
covered in Chaprer 11,

Closure Compiler

The Closure Compiler is a JavaScript optimizing compiler: it takes JavaScript source
code as inpur and produces behaviorally equivalent source code as outpur. That is,
when the outpur code is used in place of the input code, the observable effect will be
the sae (though the output code is hikely to execute taster than the onguial). As a
simple example, if the input code were:
J**
* @param {string} name
i)
var helle = function{name) {
alert('Hello, ' + name);

};

hello( 'New user');

Tools Overview | 3
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fee
¥ An array of keys. This is necessary for two reasons:

*¥ 1. Iterating the keys using for (var key in this.map_) allocates an

¥ object for every key in IE which is really bad for IE6 GC perf.

* 2. Without a side data structure, we would need to escape all the keys
" as that would be the only way we could tell during iteration if the
L key was an internal key or a property of the object.

*

* This array can contain deleted keys so it's necessary to check the map
¥ as well to see if the key is still in the map (this doesn't require a
* memory allocation in IE).

* @type {!Array.<string>}

* @private

*f

this.keys = [];

Now that Microsoft has provided a patch for the problem with IE6, such
micromanagement of string allocanion is less compelling. However, as more mobile
devices are running web browsers with fewer resources than their deskiop equivalents,
Atention to metory management in general is still merired.

Make It Possible to Catch Errors at Compile Time

The Closure Compiler is not the first tool to try to identify problems in Javascript code
by perforining static checks; however, there is a limit to how much can be inferred by
the source code alone. To supplement the informarion in the code itself, the Compiler
makes use of developer-supplied annotations which appear in the form of JavaScript
comments. These annotations are explained in detail in Chapter 2.

By annotating the code to indicate the parameter and retum types of functions, the
Compiler can identify when an arguiment of the incorrect type is being passed to a
function. Similarly, annotating the code to indicate which data are meant to be private
makes it possible for the Compiler to identify when the data are illegally accessed. By
using these annotations in your code, you can use the Compiler to increase your con-
fidence in your code’s correctness.

Code Must Work Without Compilation

Although the Compiler provides many beneficial transformations to its input, the code
for the Closure Library is also expected to be able to be run without being processed
by the Compiler. This not only ensures that the inpur language is pure JavaScript, but
also makes debugging easier, as it is always possible to use the deobfuscated code.

Code Must Be Browser-Agnostic

The Closure Library is designed to abstract away browser differences and should work
in all modern browsers (including IE6 and later). It should also work in non-browser
environments, such as Rhino and the Windows Script Host (though historically the

Closure Design Goals and Principles | 7
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i dosure
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Checkout drectory:

Ci\hozure\dosure-ibrary
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[ ] omit externals

Havishon

(¥) HEAD revision

() Revision

Figure 1-2. Using TortoiseSVN to check out the Closure Library on Windows.

The Closure Library also contains the Closure Testing Framework. Open the URI
file:///C:/closure/closure-library/all tests.html i a web browser and press the
“Start” burton to kick off the test suite. At the time of this writing, nort all of the tests
pass, so do not be worried that you downloaded a “bad™ version of the Library if you
see several test failures. The status of each failure is tracked as an issue on http:/fcade
google.comipiclosure-library/fissuesflist.

Closure Templates

The primary binary for Closure Templates is used to compile templates into JavaScript.
It can be downloaded [rom htip:/iclosure-templates.googlecode .com/files/closure-tem
plates-for-javascript-latest.zip.

It 1s also fairly easy to build the Templates binary trom source. Download the code
using Subversion by following the Closure Library example, but use http://closure-
templates.googlecode.com/svn/trunk/ as the URL of the repository to check out and
closure-templates as the destination. All Closure Templates binaries can be built using
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{template .welcome}
<hl id="greeting">{$greeting}</h1>
The year is {%yearj.

{/template}

Assumig that SoyTolsSrcCompiler.jar s in closure-templates/build/, run the
following command from your hello-world directory in the Command Prompt on
Windows or the Termimal on Mac or Linux:

java -jar ../clesure-templates/build/SoyTelssrcCompiler. jar
-~outputPathFormat hello.soy.js )\
-=shouldGeneratelsdoc
--shouldProvideReguireSoyNamespaces hello.soy

This should generate a file named hello.soy. js with the following content:

[/ This file was automatically generated from hello.soy.
/{ Please don't edit this file by hand.

goog.provide( 'example.templates');

goog.require{ 'soy’);
goog.require{ 'soy.StringBuilder');

[¥E
* @param {Object.<string, *»=} opt data
¥ @param {soy.StringBuilder=} opt sb
* greturn {string|undefined}
* @notypecheck
+
axample.templates.welcome = function{opt data, opt sh} {
var output = opt_sb || new soy.StringBuilder(};
output.append('<h1l id="greeting">', soy.3%escapeHtml({opt_data.greeting},
“</h1>The year is ', soy.%%escapeHtml{opt data.year), '.');
if {lopt sb) return output.toString();

&

Now update hello.js so it uses the function available in hello.soy.js and includes
another goog. require()} call to reflect the dependency o example.templates:

goog.provide{ 'example’);

goog.require( 'example.templates');
goog.require{ 'goog.dom');

example.sayHello = function{message) {
var data = {greeting: message, year: new Date().getFullv¥ear{)};
var html = example.templates.welcome{data);
goog.dom.getElement('hello').innerHTML = himl;

b

In order to use hello.soy.js, both it and s dependencies must be loaded via
¢script> tags in the hello.html file;

<ldoctype himl>
<html»

Example: Hello World | 15
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Figure 1-7. Closure Inspector hitting a breakpoint.
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allowed anywhere that text is allowed in the JSDoc comment. These two inline tags
have the same meaning that they doin Javadoc, so they are not discussed i this chaprer.

Getting back to the example, the doc comment tor goog.bind() contains the two most
commonly encountered [SDoc tags: @param and @return. Like their Javadoc equivalents,
these tags are used to document parameters and return values, respectively. However,
these J5Doc tags are more than just documentation when used with the Closure
Compiler.

In Java, doc comments are purely documentation: the Java compiler ignores them
completely when compiling code. The Java compiler gers its type infonmartion from
method signatures thar are required by rhe Java language. If a Java programmer wants
to anuotate Java code, he can use Java annotations, a language fearure miroduced in
Java 1.5 for adding metadata to source code that is available to the Java compiler and
other tools.

In JavaScript, the story is completely ditterent. There 1s no language-level support tor
type information or annotations. ln fact, JavaScript is an interpreted language, so there
is no compiler to process such information were it to exist. But such infonnarion would
be usetul so that static checks about a program’s correctness could be made.

This is where the Closure Compiler comes in. With it, JSDoc serves a dual purpose: it
documents code for the developer and annorares code for the Compiler. Note that both
the @param and @return tags in the goog.bind() example contain type information in
curly braces. These curly braces delinit a type expression, which will be discussed in
greater detail in the next section. The Closure Compiler uses type expressions to form
the basis of its type system. By annotating variables with type information, the Compiler
can perform compile-time checks to ensure that all funcrions will receive arguiments of
the specitied type. This can help catch a large class of errors, as explained in “Type
Checking” on page 408.

Type informartion can also be specified for variables via the @type annotarion:

[** jtype {number} */
example.highestRecordedTemperatureForTodayInFahrenheit = 33;

The Compiler also supports the idea of an enumerated type or ennum. Anenum is detined
as an object literal whose properties represent the named values for the enum. Like
enums in Java, the name of an enum in Closure should be a singular noun in camel
case, but the names of the enum values should be i all caps. The type of the enum is
specified using the @enum annotation, and each value of the enum must be of the type
that corresponds to the annotation:
/** @enum {number} */
example.CardinalDirection = {
NORTH: Math.PI / 2,
SOUTH: 3 * Math.PI / 2,

EAST: 0,
WEST: Math.PI

¥
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example.convertstringTolnteger = function{str) {
var value = parseInt(str, 10);
return isNal{value) ? 0 : value;

b

By using a union type, example.convertstringToInteger declares that it will accept a
string, null, or undefined, but it is guaranteed to retum a number that is not null,
Because it is conunon to specity whether or not null s accepted, type expressions have
a shorthand tor a union type that includes null, which is the type name prefixed with
a ? character:
J.I'-il--t
* @param {7string} stri is a string or null

¥ @param {7string|undefined} str2z is a string, null, or undefined. The ¢
¥ prefix does not include undefined, so it must be included explicitly.

7§
All types other than primitive types, such as Object, Array, and HTMLDocument, are
nullable by default. These tvpes are also called object types 1o distingnish them from
prititive types. Therefore, the ? prefix is redundant for object types:
J.I'-+--+=
* @param {Document} docl is a Document or null because cbject types are

* nullable by default.
¥ @param {{Document} docz 1s also a Document or null.

L2
This necessitates a way to specily non-nullable object types. This is accomplished using
the | prefix:

fE

¥ @param {!Array} array must be a non-null Array

* @param {!array|undefined} maybeArray is an Array or undetined, but

¥ cannot be null,

)
Likewise, because primitive types are non-null by default, using the | prefix with a
primitive type is redundant. Theretore, { !number} and {number} both specify a non-null
number.

Function Types

In JavaScript, lhunctions are lirst-class objects that can be passed as parameters 1o other
funcrions. As such, the Closure type systemn supports a rich syntax for describing fune-
fion types. As expected, it is possible to specity a tunction with no qualitications as
tollows:

{*¥* giparam {Function} callback is some function */
This simple type expression specifies a funcrion, but it does not specity how many
parainerers it takes or its return type, The type system does not enable such derails 1o
be specitied when using Function with a capital F. Morve recently, the type system has
been expanded to support richer type expressions tor functions, which are denoted by
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found : {title: strimg}

required: { author : (string|undefined}, title : (null|string),
numkows : {number |undefined) }

example.createtlewSpreadsheetivithRows({title: "z010 Taxes'});

1 error({s}, O warning(s), B6.7% typed

Because it is not currenitly possible to specity an optional object property in the Closure
type systeni, the workaround is to declare the parammeter as a generic Object, and to
document the properties informally:

Fis
* Creates a new spreadsheet,
¥ @param {Ohject} properties supports the following options:
¥ author (string): email address of the spreadsheet creator
¥ title (string): title of the spreadsheet
*  numRows (number): number of rows the spreadsheet should have
¥ Bnotypecheck
e/
example.,createlewSpreadsheetWithRows = function(properties)
var author = properties.author || 'bolinfest@gmail.com’;
var title = properties.title || "New Spreadsheet’;
var numRows = properties.numRows || 1024;
{/ Create a new spreadsheet using author, title, and numRows. ..

b

{// This no longer results in a type checking error from the Compiler.
example.createlewSpreadshestiWithRows({title: "2010 Taxes'});

The @notypecheck ammotation instructs the Compiler to 1gnore type checking on
example.createNewspreadsheetWithRows(). Without it, the Compiler would produce
the following type checking errors:

spreadsheet-without-notypecheck.js:13: ERROR - Property

author never defined on Object
var author = properties.author || 'bolinfestipgmail.com';

spreadsheet-without-notypecheck.js:15: ERROR - Property
numRows never defined on Object

var numRows = properties.numBows || 1024;
L

2 error(s), 0 warning(s), 86.3% typed
Although using a function that takes a single object with many optional properties is
more convenient to use than a function that declares many optional parameters, it does
not work as well with the type checking logic of the Closure Compiler. It is possible
that a new annotation will be introduced i the furure to facilivare the use of this pattern.
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example.Date, it would 1ssue an error becanse the lunction presumably relies on prop-
erties of example.DateTime that may not be true for objecis of type example.Date. L
practice, because example.DateTime is a subtype of example.Date, objects of type exam
ple.DateTime can be substituted for objects of type example.Date.

Notethat this relationshipis inverted when comparing inetion types whose arguments
are subtypes of one another:

S @typedef {functicn{example.Date}} */
example.DateFunction;

/¥ gtypedef {function{example.DateTime)} */
example.DateTimeFunction;

lin this case, example.DateFunction s a subtype of example.DateTimeFunction because
all objects of type example.Datefunction exhibit all of the properties that are true for
all objects of type example.DateTimeFunction. This is deeply counterintuitive and merits
an example:;

*E Gitype {example.DateFunction} */

axample.writeDate = function{date) {
document .write(date.year + "-' + date.month + '-' + date.date);

};

/¥ gtype {example.DateTimeFunction} */

example.writeDateTime = function{dateTime)} {
document .write(dateTime.year + '~ + dateTime.month +

+ dateTime.hour + ":' + dateTime.minute + °

-' + dateTime.date +
+ dateTime.second);

};

i
¥ @param {example. DateFunction}
* @param {example.Date} date

il
example.applyDateFunction = function(f, date) { +{date); };

Jlllt#
¥ @param {example.DateTimeFunction} f
* @param {example.DateTime} dateTime

rf
axample.applyDateTimefunction = function(f, dateTime) { f{dateTime); };

J*¥ @type {example.Date} */
var date = {year: 2010, month: 12, date: 25};

S gitype {example.DateTime} */
var dateTime = {year: 2010, month: 12, date: 25, hour: 12, minute: 13, second: 14};

It is tairly straighttorward that the tollowing two calls will work without issue, as the
objects match the specitied parameter types exactly:

[/ Writes out: 2010-12-25%
example.applyDateFunction{example. writebate, date);
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Deprecated Members

Like in Java, @deprecated can be used ro identity functions and properties that should
no longer be used. It is best practice to tollow @deprecated with information on how to
reinove the dependency on the deprecated irem. This will help developers transition
away from deprecated members:

/** jideprecated Use example.setEnabled(true) instead. */
example.enable = function() { /*...% };

/¥ @deprecated Use example.setEnabled(false) instead. */
example.disable = function() { /*...%/ };

The Compiler can be contigured to produce a waming when a deprecated member 1s
used.

License and Copyright Information

As part of the Compiler's JavaScript minification process, it scrubs all comments from
the input code; however, some comments are meant to be included with the compiled
output. Frequently, source code contains legal licenses or copyright declarations thar
are meant to appear at the top of the compiled JavaScript file. Either @license or
@preserve can be used to tag a doc conunent so that it will appear betore the compiled
code for the marked file (line breaks will be preserved):
J.ll**
* @preserve Copyright 2010 SomeCompany.

* The license information (such as Apache 2.0 or MIT) will also be included
* here so that it is puaranteed to appear in the compiled output.

v/
In practice, many JavaScript source files that belong ro the same project contain iden-
tical copyright and licensing informarion. lustead of using @license or @preserve, it is
better to create a build process that prepends the appropriate comment to the beginning
of the JavaScript generated by the Compiler so that it only appears once in the generated
tile rather than once per mput file.

Is All of This Really Necessary?

Between the influence of the Javadoc tool and the heavy use of Java keywords as
annotations, “They're trying to turn JavaScript into Java!” is a common outcry.

There are certainly concepts from Java (and other languages) that Closure tries to bring
to JavaScript: type checking, information hiding, and inheritance, ro name a few. Pre-
vious attempts to support these features in JavaScript have often led ro increased code
size and wasted memory. (See Appendix A for a detailed example.)

Rest assured that the heavy use of ]SDoc in Closure is optional. It is still possible to use
the Compiler with unannotated code; however, the Cowmpiler can catch more errors
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goog.global

In practice, goog.global is primanly an alias for the window object of the trame in which
the Closure Library is loaded. This is because in a web browser, window is an alias lor
the global object, which is a required, universally accessible object i1 any enviromment
in which JavaScript is executed. As explained in section 15.1 of the ES3 specification,
the global object is the object on which many global properties are defined: NaN,
Infinity, undefined, eval(). parseInt(), etc.

The global object is mutable, so any values thar are meant to be globally accessible
should be defined as properties of goog.global. By comparison, properties that are
specific to window, but not the browser-agnostic global object as defined in ES5, should
be explicitly accessed via window:

/{ Define a global function for a JSONP callback.
goog.global[‘callback’'] = function(json) { /* ... ¥/ };

/f setTimeout() is not defined by the ESS specification, but by the W3C
/! Window Object specification: http://www.w3.org/TR/Window/
window.setTimeout(someFunction, 100);

/{ Similarly, lecation is a property specific to a browser-based environment,
ff and is defined explicitly for window by the W3C.
window.location = "http://www.example.com/';

Finer details of goog.global

As explamed previously, in web programming, the global object is window, though in
base. js, goog.global is assigned to this. In a browser, both this and window refer to
the same object when used i the global scope, so in that case, either could be used as

the value of goog.global,

However, recall that JavaScript 1s a dialect of ECMAScript and that Closure Tools are
designed ro work tor all ECMAScript code, not just JavaScript. Specitically, Closure
Tools are designed to work with code that adheres to the third edition of the ECMA-
Script Language Specification, which most closely matches the implementation of
JavaScript in modern web browsers.

According to Section 10 of the third edition (https:fideveloper mozilla.org/En/lavaScript
_Language_Resources), when this is referenced in the global code, it will return the
global object, which again i the case of a web browser is window. However, there are
environments besides web pages where ECMASceript can run, such as Firefox exten-
sions and the Microsoft Windows Script Host. Such environments iay not use win
dow as a reterence to the global object, or they may not provide any reference at all (this
15 the case in JScript). Assigning goog.global o this rather than window makes it easier
to port Closure to other environments and provides an alias to the global object that
can be renamed by the Compiler.
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example.radius.isWithinRadius = function(radius, point) {
var origin = new poog.math.Coordinate(o, o);
var distance = goog.math.Coordinate.distance(point, origin);
return distance <= radius;
¥
Recall the “Hello World” example trom Chapter 1 in which a web page with two
<script> tags was created, one pointing to base.js and the other defining the say
Hello() function. In that uncompiled usage of the Library, goog.require() did not
throw an error even though goog.provide('goog.dom') had not been called yet—why
did this happen?

Because COMPILED was set to its default value, false, base.js ran the tollowing code
when it was evaluated:

document.write('<script type="text/javascript" src="deps.js"»></script>');

Note that deps. js lives in the same directory as base. js and that it contains many calls
to goog.addDependency() (which is explained in the next section). These calls load Clo-
sure's dependency graph as created by calcdeps.py. When COMPILED is false,
goog.require() looks at this dependency graph to determine all of goog.dom's depend-
encies. For each dependency it finds, it adds another <script> tag pointing to the file
that contains the corresponding call to goog.provide().

Chapter 11 discusses generating the equivalent JavaScript file for a Closure Template.
Each generated JavaScript file contains a goog.provide() call, so files that use such
templates can goog.require() them like any other Closure Library file,

goog.addDependency(relativePath, provides, requires)

goog.addDependency() is used to construct and manage the dependency graph used by
goog.require() in uncompiled JavaScript. When JavaScript is compiled with the Clo-
sure Compiler, goog.provide() and goog.require() are analyzed at compile time to
ensure that no namespace is required before it is provided. If this check completes
successtully, calls to goog.provide() are replaced with logic to construct the object on
which the namespace will be built, and calls to goog.require() are removed entirely.
In the compiled case, there is no need for the dependency graph to be constructed on
the client, so goog. addDependency () and the global constants it depends on are defined
in such a way that they will be stripped trom the output when COMPILED is true.

By comparison, uncompiled Closure code relies on the information from goog.add
Dependency() to determine which additional JavaScript files to load. Consider the
following example, in which the example.View namespace depends on the example
.Model namespace:

// File: model.js
goog.provide( 'example.Model');
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Lising goog.partial() can also help prevent memory leaks. Consider the following
example:

var createDeferredAlertFunction = function() {
{/ Hote the ¥MLHLtpRequest constructor 1s not available in Internet Explorer 6.

var xhr = new XMLHttpRequest();

return function{) {
alert('Hello world!');

¥

var deferredalertFunction = createDeferredAlertfunction();

The deferredAlertFunction() that is created maintains references to all vanables that
were in scope in the enclosing funciion in which it was defined. This includes the
AMLHttpRequest object that it did not (and will never) use. For those unfamiliar wich
declaring a funcrion within a function, this may come as a surprising result. If you are
unconvinced, try running the following code:

var createbeferredEval = function() {
{f Mote the ¥MLHttpRequest constructor is not available in Internet Explorer s.

var xhr = new XMLHttpRequest();

return function{handleResult, str) {
{/ Note there are no references to the XMLHttpRequest within this function.

var result = evalistr);
handleResult(result);

b
};

var deferredFunction = createDeferredEval();

{/ Alerts the tostring() of XMLHttpRequest.
deferredFunction{alert, 'xhr'};

Normally, alter createDeferredbval () is finished executing, xhr would fall out of scope
and get garbage collected because there are no more references to xhr. Yet even though
the deferred tunction does not reference the XMLHttpRequest, calling it proves that it can
still access it. This is because the deferred function maintains a reference to the scope
it which it was defined. Therefore, as long as a reference 1o the deferred function exasts,
the reference to its scope will continue 1o exast, which means none of the abjects i that
scope can be garbage collected,

What may be even more surprising is that the following code does not fix the problem:

var createDeferredbval = function() {
var xhr = undefined;

var thebeferredrunction = function{handleResult, str) {
/{ Hote there are no references to the XMLHttpRequest within this function.
var result = evalistr);
handleResult(result);

i
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property will be available under that name, even afrer compilarion. Consider the fol-
lowing uncompiled source code:

goog.provide( 'Lottery');

Lottery.doDrawing = function() {
Lottery. winninglumber = Math.round(Math.random{} * 1000};

H

[/ In uncompiled mode, this is redundant.
goog.exportPropertyilottery, ‘dobrawing', Lottery.doDrawing};

Now consider the compiled version of the code:

var a = {}; // Lottery namespace
a.a = function() { /* ... ¥/ }; // doDrawing has been renamed to 'a’
a.doDrawing = a.a; // doDrawing exported on Lottery

In the compiled version of the code, the Lottery object has two properties defined on
it (@ and dobrawing), both of which refer to the same funciion. Exporung the do
Drawing property does not replace the renamed version of the property. This is done
deliberately so thar code that was compiled with Lottery can use the abbreviated ref-
erence to the function, a.a, thereby reducing code size.

Note that exporting mutable properties 1s unlikely to have the desired ettect. Consider
exporting a mutable property named winningfumber that is defined on Lottery:

Lottery.winninghNumber = 747;
goog.exportProperty(Lottery, ‘winningHumber®, Lottery.winningNumber);

Lettery.getWinninghumber = function{) { return Lottery.winningNumber; };
poog.exportPropertyiLlottery, "getWinninghumber®, Lottery.getWinninghumber);

When compiled rogether with the original code, this becomes:

var a = {};

a.b = function{) { a.a = Math.round{Math.random{) * 1000): };
a.doDrawing = a.b;

a.a = 747;

a.winninghumber = a.a;

a.c = function() { return a.a; }:

a.getWinninglumber = a.c;

Now consider using the tollowing code with the Lottery library (assume Lottery has
been exported, as well):
var hijackLottery = function{myNumber) {
Lottery.doDrawingi ) ;

Lottery.winninghumber = myMumber;
return Lettery.getWinningNumber();

};

When using the uncompiled version of Lottery, hijacklottery() will retum the value
of myNumber. Bur when using the uncompiled version of hijackLottery() with the
compiled version of the Lottery library, a random number will be returned. This is
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goog.isDef{undefined); // false
poog.isbef(0); A true
goog.isbef(false); !/ true
poog. isDef (null); /i true
goog.isDef("'); /i true

goog.isDef() is most frequently used to test whether an oprional argwnent was
specthied:
J.I':I---i'c

* @param {number} bill The cost of the bill.
¥ @param {number=} tipamount How much to tip. Defaults to 15% of the bill.
o
var payserver = function(bill, tipAmount) {
if {poog.isDef(tipAmount}) {
pay(bill + tipAmcunt};
} else {
pay(bill * 1.15);
}
¥

goog.isNull{value)

goog.isNull (value} returms true if wvalue === null, so it will retum false lor
undefined and all values that are not strictly equals to null.

goog.isDefAndNotNull(value)

goog.isDefandNotNull (value) returms true if value is neither null nor undefined.

gooq.isArray(obj)

It is surprisingly ditficult in JavaScript to decisively determine whether an object is an
arrav. Many woulc expect the tollowing test to be suthicient:

var isfrray = function{arr) {
return arr instanceot Array;

¥

The problem is thar Array refers to a function detined in the window in which the Java-
Seript 15 executed. O web pages that create objects in different frames on the same
domain, each trame has s own Array tunction. It array objects are passed berween
frames, an array created o one frame will not be considered an instanceof Array i
another frame because its constructor function does not match the one used with the
instanceof operator. Because ol this, instanceof is only the Lirst test of many that
goog.isArray() uses to detect whether an object is an array. Because of this complexity,
always use goog.isArray() rather than a home-grown solurion,
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library that has had access to obj may have stored its UID. A conunon case where a
UID may need 1o be removed is when it 1s being serialized as J[SON in order 1o avoid
the private property added by goog.getUid() from appearing in the outrpurt,

Internationalization (i18n)

At the time of this writing, not all of the code tor doing internationalization (118n1)
Closure has been open-sourced, which is why existing solutions for inserting rranslared
messages iito Closure Library code are somewhat awlkward. Analterianve to declanng
messages with goog.getMsg() in Closure Library code is to store cach message as a
Closure Template (where 1180 is fully supported), and to use the appropriate template
from Closure Library code when a localized message is needed.

In the Closure Library, the itended technique for doing i18n is for the Compiler to
produce one JavaScript file per locale with the translations for the respective locale
baked into the file. This differs from other schemes, in which there is one file per locale
that contams only translated messages assigned tovariables and one JavaSenpt iile with
the bulk of the application logic thar uses the message variables. lmplementing the “two
file” approach is also an option for doing 1180 in the Closure Library roday: the file
with the translated messages should redeline goog.getMsg() as follows:

/f File with application logic:
var M5S0 HELLD WORLD = goog.getMsg( " hello world');

/f File with translations:
poog.getMsg = function(str, values) {
switch (str) {
case “hello world': return "hela mundo';
default: throw Error('Mo translation for: ' + str);

}
i
The Compiler s not designed for the “two hile” scheme because the “single file” scheme
resulis i less JavaScript for the user to download. The drawback is that locales cannol
be changed at runtime in the applicaton (note how Google applicanons, such as Ginail,
reload themselves it the user changes her locale serting), but this is tairly infrequenr and
is considered a reasonable trade-off.

goog.LOCALE

goog. LOCALE identifies the locale for a compiled JavaScript file and defaulis to "en”. lis
value should be in the canonical Unicode format using a hyphen as a delinurer (e.g.,
“frt, "pt=BR", "zh-Hans-CN"). By treatning goog.LOCALE as a constant, the Compiler can
eliminate a lot of dead code by stripping cut messages that are used with locales other
than the one wdentitied by goog. LOCALE. goog.i18n.DateTimeSymbols would be too large
to be usable if this were not the case.
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It may be tempting to use COMPILED instead of goog.DEBUG Lo identily blocks of code that
can be removed during compilation; however, this is strongly discouraged. As Chap-
ter 13 will explain, whether code is compiled and whether it contains debug information
are orthogonal concepts and theretore they should be able to be toggled independently
during development.

goog.now()

Returms an integer value representing the munber of milliseconds between midnight,
January 1, 1970, and the current time. It is basically an alias tor Date.now(), but it has
the advantage that it can be mocked out in a unit test.

goog.globalEval(script)

Takes a string of JavaScript and evaluates it in the global context. JavaScript that is
delay-loaded as a string (rather than sourced via a script tag) should be evaluated using
this function so variables that are currently in local scope will be protected from the
JavaScript being evaluated.

goog.getCssName(className, opt_maodifier),
goog.setCssNameMapping(mapping)

These functions can be used with the Compiler to rename CSS classes referenced
in JavaScript code. Untortunately, at the time of this writing, Closure does not provide
a tool to rename the classes in the stylesheets in which they are declared. However,
members of the Closure Compiler discussion group have suggested tools for renaming
(CSS classes in stylesheets that can be used with the Compiler’s CSS renaming logic: see
the website http://groups.google.com/group/closure-compiler-discuss/browse_thread/
thread/1eba1d4f9f4f6475/affode7330df798a.
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goog.string

goog.string contains many functions for dealing with strings. As explained in Chap-
ter 1, Closure does not modify function prototypes, such as String, so functions that
would be methods of String in other programuming languages are defined on
goog.string rather than on String.prototype. For example, goog.string.starts
With() is a function that rakes a string and prefix and retums true if the string starts
with the specified prefix. It could be added as a method of String by modifving its
prototype:
/{ THIS IS5 NOT RECOMMENDED

String.prototype.startsWith = function(prefix) {
return goog.string.startsWith{this, prefix);

b

This would make it possible to rewrite goog.string('foobar', 'foo') as 'foo
bar'.startsWith('foo'), which would be more famuiliar to Java programmers. How-
ever, il Closure were loaded in a top-level frame and operated on strings created in child
frames, those strings would have a String.prototype different from the one modified
by Closure in the top-level frame. That means that the strings created in the top-level
frame would have a startswith() method, and those created in child frames would not.
This would be a nightmare for client code to deal with; using pure functions rather than
modilying the prototype avoids this issue.

goog.string.htmlEscape(str, opt_isLikelyToContainHtmlIChars)

Oftering a function to escape a string of HTML is fairly common in a JavaScript library,
yet Closure’s implementation is worth highlighting. Most importantly, escaping strings
of HTML can prevent security vulnerabilities and save your website considerable bad
press. Note that the solution is not to liberally sprinkle goog.string.htmlEscape()
throughout your code—that may prevent security vulnerabilities, but it may also result
in displaying doubly escaped text, which is also embarrassing. The first argument to
goog.string.htmlEscape() should be a string of text, not a siring of HTML. Unfortu-
nately, thereis not yet a type expression to use to discriminate between text and HTML:
both arguinents are simply annotated as string types. The description of a string
parameter should always specify whether its content 1s text or HTML if it is
ambiguous.
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Like most comparison functions in JavaScript, it versionl is less than version2, then
goog.string.compareVersions returns -1, if they are the same it retums O, and it
versioni is greater than versien2 it returns 1. In Closure, this is most commonly used
when comparing the version tnumbers for user agents. Some examples:

{f goog.string.compareVersions takes numbers in addition to strings.
poog.string.compareVersions(522, 523); // evaluates to -1

[/ Here the extra zero is not significant.
goog.string.compareVersions( ‘3.0, '3.00"); // evaluates to 0

/{ Because letters often indicate beta wersions that are released before the
/f final release, 3.6b1 i1s considersd "less than" 3.6.
goog.string.compareVersions('3.6"', '3.6b1'); // evaluates to 1

goog.string.hashCode(str)

The goog.string.hashCode(str) function behaves like hashCode() in Java. The hash
code is computed as a function of the content of str, so strings that are equavalent by
== will have rthe same hash code.

Becausestringis an innnutable tyvpein JavaScript, astrmg’s hash codewillnever change,
However, its value is not cached, so goog. string.hashCode(str) will always recompuie
the hash code of str. Because goog. string.hashCode is Ofn) i the length of the strng,
using it could become costly it the hash codes of long sirmgs are frequently recompured.

goog.array

Like goog.string, goog.array defines a nmumber of uncriens for dealing with arravs
rather than modifying Array.prototype. This is even more unportant i the case of
goog.array because manv functions i goog.array o not operate on objects of tvpe
Array: they operate on objects of the ad-hoc type goog.array.Arraylike. Because
goog.array.Arraylike is an ad-hoc type, it has no corresponding prototype to which
array methods could be added. This design makes it possible to use common array
methods such as index0f() and filter() on Array-like objects such as Nodelist and
Arguments.

Note that some functions in goog.array take only an Array as an arguntent cather thau
goog.array.ArrayLike. Thisis because notall Arraylike 1ypes are muable, so functions
such as sort(), extend(), and binaryInsert() restrict themselves to operating ou
Arrays. However, such functions can be applied to a copy of an Arraylike object:

[/ images is a Modelist, so it is Arraylike.
var images = document.petElementsByTagName('IMG');

/! goog.array.toArray() takes an ArrayLike and returns a new Array.
var imagesArray = poog.array.todrray(images);
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goog.setifUndefined(obj, key, value)

goog.setIfUndefined() creates a property on obj using key and value if key is not already
akeyiorobj. Like goog.object.get(), goog. setIfUndefined() also has curious behavior
if obj has already has key as a property, but whose value 1s undefined:

var chessboard = { 'a1': 'white knight', 'a2': 'white pawn', 'a3’': undefined };

{/ Try to move the pawn from az to a3.
goog.object.setIfUndefined(chesshoard, 'a3', 'white pawn'};

if {chesshoard[’'a3"'] != ‘white_pawn') {
throw Error( Did not move pawn to a3');

}

In the previous example, an error is thrown because goog.object. setIfUndefined does
not modify chessboard because it already has a property named a3. To use
goog.object.setIfUndefined with this abstraction, properties must be assigned only tor
occupied squares:

{f Do not add a key for 'a3’ because it does not have a piece on it.
var chessboard = { 'a1': ‘white_knight', "a2': 'white pawn' };

/f Wow this will set "a3' to ‘white_pawn'.
goog.object.setIfUndefined{chessboard, 'a3

, white pawn');

f{ This will free up 'a2' so other pieces can move there.
delete chesshoard| 'az’'];

goog.object.transpose(obj)

goog.object.transpose() returis a new object with the mapping trom keys to values
on obj mverted. In the simplest case where the values of obj are unique strings, the
behavior is straightforward:

var englishToSpanish = { 'door': 'puerta’, 'house': 'casa', 'car': 'coche' };

var spanishToknglish = goog.object.transpose{englishToSpanish);
/{ spanishToEnglish is { 'puerta’: 'door’, ‘case': 'house', ‘coche': “car’ }

I obj has duplicare values, then the result of goog.object. transpose can vary depending
on1 the environment. For example, because inost browsers will iterate the properties of
an object literal in the order in which they are defined and because goog.object.trans
pose assigiis mappings using iteration order, most browsers would produce the
following:

var englishToSpanishi = { "door': ‘puerta’, ‘goal’: ‘puerta’ };

var spanishToEnglishl = goog.cbject.transpose(englishToSpanishl);
[/ spanishToEnglish1 is { "puerta': 'goal' }

var englishToSpanish2 = { 'goal': 'puerta’, 'door': 'puerta' };

var spanishToEnglish2 = goog.cbject.transpose({englishToSpanish2);
f/ spanishToEnglish2 is { "puerta’: 'door' }
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{f aliases for document.getklementById{) in popular Javascript libraries:

var el = goog.dom.getElement( "header'); /{ Closure

var el = goog.dom. &{ "header'); {f alias tor goog.dom.getElement()
var el = dojo.byld{ "header'}; !/ Dojo

var el = $('header'); {/ Prototype, MooTools, and jOuery

As usual, Closure does not win first place for having the shortest function name, but
after compilarion, it will ot make a difterence. Like the other libraries listed previously,
Closure's goog. dom. getElement function accepts either a string 1d or an Element object.
I the case of the tormer, it looks up the element by id and retums it; in the case of the
latter, 1w stnply returns the Element.

goog.dom.getElement() and geog.dom.$() are references to the same function. Because
the Closure Library was designed with the Compiler in mind, it does not engage in the
practice of other JavaScript libranes thar iry to save bytes by using abbreviated funcrion
naimnes. (Using immore descriptive names is more to type, but also makes the code more
readable.} Nevertheless, the use of § as an alias for document.getElementByld is so prev-
alent in other libraries that goog.dom. ${) is supported becanse it is tamiliarvo JavaScript
developers. However, if you choose to take this shorteur, be aware that goog. dom. $()
is marked deprecated, so using it will vield a warning tfrom the Compiler if von have
deprecation wamings turiied on.

goog.dom.getElementsByTagNameAndClass(nodeName, className,
elementTolLookin)

It is common to add a CSS class to an element as a label so that ir can be used as an
identfier when calling goog. dom. getE lementsByTagNameAndClass. When such a class has
no style information associared with it, it is often referred o as a marker class. Although
the id attribute 1s the principal identifier for an element, ids are meant to be distinct,
so 11 is not possible to label a group of elements with the same 1d. In this way, CSS
classes can act as identifiers in addition to being directives tor applying CSS styles.

Fach argument to goog.dom.getElementsByTagNameAndClass() 1s opuional. When no
arguments are specified, all elements in the DOM will be returned. If ouly the first
argunient 1s specified, goog.dom.getElementsByTaghameAndClass () will behave hike the
built-in document . getElementsByTagName( ), which returns all elements in the document
with the specified node name. The nodeName arguinent 1 case-imsensitive.

i To select all elements, supply no arguments or use '*' as the first argument.

var allElements = goocg.dom.getElementsByTaghameAndllass{'*"};

/¢ allbivilements is an Array-like object that contains every DIV in the document,
var allDivElements = poog.dom.getElementsByTagNameAndClass{ 'div');

{{ The previous statement is eguivalent to:
var allDivElements = poog.dom.getElementsByTaglameAndClass{ 'DIV");
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In this example, row is used as a marker class ro lacilitate the use of goog.dom.get
AncestorByTagNameAndClass ().

goog.dom.createDom(nodeName, attributes, var_args)

goog.dom.createDom creates a new Element with the specified node name, acributes,
and child nodes. Using Closure Templates to build up a string of HTML and assigning
it as the innerHTHL of an existing Element is generally the most etficient way to build up
a DOM subtree, but for projects that are not using Templares, this is the next best
option. (Note that to maintain the Library’s independence from Templates, the Library
uses goog.dom. createDom heavily.) When building up small subtrees, the perfonmance
dilference should be negligible,

The nodeName identilies the tvpe of element 1o create:

[/ Creates a <span» element with no children
var span = goog.dom.createDom{ 'span’);

The second argument, attributes, is opuonal. If attributes is an object, then the
properties of the object will be used as the key-value pairs tor the attributes of the
created element. I attributes 1s astring, goog. dom. createDom uses the string as the CSS
class to add to the element and adds no other attributes:

ff Example of creating a new element with multiple attributes.

[/ This creates an element equivalent to the following HTML:

{f <span id="section-1" class="section-heading first-heading"»</span>
var span = goog.dom.createDom{ 'span’, {

'id’: “section-1°
‘class': 'section-heading first-heading’,
b;

{/ Example of creating a new element with only the €55 class specified.
[/ Creates an element equivalent to the following HTML:
[ <span class="section-heading tirst-heading":</span>
var span = goog.dom.createDom{ 'span’, 'section-heading first-heading'};

Although "class” is used as the key i1 the attributes object i the example, "class
Name” will also work. The keys in the attributes object can be either artribute names or
the scriptable property names tor Elements thar correspond to such atiributes, such as
"cssText”, “classMame”, and "htmlFor”. Sce the unplementanon ol goog. dom. setProper
ties for more derails.

It speatied, the remainmg arguiments to goog. dom. createbom represent the child nodes
of the new element being creared. Each child arsument must be either a Node, a siring
(which will be interpreted as a text node), a NodeList, or an array that contains ouly
Nodes and strings. These child nodes will be added 1o the element in the order in which

they are provided 10 goog.dom.createDom. Because goog.dom.createDom rerurns an
Element, which is a type of Node, calls can be built up to create larger DOM structures:
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goog.dom.classes

goog.dom.classes is a small collection of functions to help with manipulating an ele-
ment’s C5S classes. Because an element’s className property retums the CSS classes
as a space-delimuited sinng, working with individual classes often requires sphivtmg the
string into individual names, manipulating them, and then purting them back together.
The functions in goog.dom.classes abstract away the string manipulation and are un-
plemented so that they rouch the className property as hutle as possible, Accessing
DOM properties is often more expensive than accessing properties of pure JavaScript
objects, so DOM access is minimized m the Closure Library,

More importantly, it turns out that not all elements have a className property that
15 a string. IFRAME clements m Internet Explorer do not have a className property, and
the className property ol an SVG element in Firetox retums a function rather than
a string. Using goog.dom.classes absiracts away these subtle cross-browser
dilferences.

Much of the functionality in geog.dom.classes will also be available via the classList
property proposed for HTMLS. When available, the functions in goog. dom. classes will
likely be reimplemented to take advanrage of classList, but the contracts of the func-
tions should remain unchanged.

goog.dom.dasses.get(element)

goog.dom.classes.get (element) returns an array of class names on the specihied cle-
ment. If the element does not have any class names, a new empty array will be returned.
[t is this tunction that is largely responsible tor hiding the cross-browser ditlerences
discussed i the overview for goog.dom.classes. Other utilities for worlaug with CSS
classes shonld be based on this function to benetit trom the abstraction it provides,

[/ element is <span class="snap crackle pop”></span>

// evaluates to ['snap', 'crackle', 'pop']
poog.dom. classes.get{element ) ;

Note that in HTMLS, classlist does not have an equivalent 1o goog.dom.classes
.get, but it is not necessary because classList itself is an Array-like object. Tt is not
mutable, like a true array, but 1t has a length property and s values are numerically
indexed.

goog.dom.classes.has(element, className)

goog.dom.classes. has returns true if element has the specified classhame; otherwise, it
returns false,
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Rendering Engine Constants

Table 4-1 lists the values of goog.userfgent thar can be tested to determine the user
agent of the mntime environment. For each value, it also lists the value of goog.user
Agent that can be set to true at compile time to predeterinine the values of the other
goog.userAgent rendering engine constants.

Table 4-1. Rendering engine constants in goog.userAgent,

Value of Compile-time constant Description
goog.userAgent
IE ASSUME IE trueifthe lavaScriptisrunninginabrowserthatuses Microsoft's

Trident rendering enqgine. Because Trident is embeddable in any
Windows application, it is also embedded in many desktop ap-
plications on Windows, such as Internet Explorer and Google

Desktop.

GECKOD ASSUME _GECKO true ifthe JavaScriptis running in a browser that uses Mozilla's
Gecko rendering engine. In addition to Firefox, Gecko is also used
to power Fennec and Camino,

WEBKIT ASSUME_WEBKIT true if the JavaScriptis running in a browser that uses the

WebKit rendering engine. This includes Safari and Google
Chrome. This will also be set to true at compile time if
--define goog.userAgent.ASSUME MOBILE WEBKIT

is set.

OPERA ASSUME OPERA true if the JavaScript is running on any Opera-based browser,
This includes the browser that can be downloaded for the Nin-
tendo Wii.

MOBILE ASSUME MOBILE WEBKIT true if the JavaScript is running in WebKit on a mobile device.

Closure uses the existence of "Mobile" Inthe user agent string
tomakethis determination. Itislikely that this excludesanumber
of JavaScript-enabled mobile web browsers (such as the Palm
Pre), but this heuristic will work for iPhones and Android-based
devices. This will be set to t rue at compile time if - -define
goog.userAgent . ASSUME MOBILE WEBKLT isset,
though the flag should be set only if the target rendering engine
isindeed WebKit and not for athermobile browsers such as Opera
Mini, as this has the side effect of also setting goog . user
Agent .WEBKIT to true.

In general, it is preferable to use feature detection rather than browser detection to
determine which browser-specific behavior should be used. In web developiment,
feature detection is the practice of using JavaScript to determine a browser’s capability
at runtime and responding with the appropriate behavior. The alternative is known as
browser detection, whereby different behaviors are hardcoded tor ditferent browsers.
Generally speaking, teature detection is preferable because the teatures that a browser
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That is not to say that goog.userAgent.product is useless—tar from it. It makes it pos-
sible to differentiare iPhone devices from Android devices, which is important because
each may have some custom APIs that the other does not. Although the Closure Library
aimns to provide a unifor APL that works on all modern browsers, your own web
applications may be tailored to work on a select handful of platforms for which testing
for goog.userAgent.product is important. Table 4-3 lists the values in goog.user
Agent.product that can be rested.

Table 4-3. Product constants in gﬂng_usrrﬂgfrﬂ.pmr.fu:'.!.

Value of Compile-time constant Description
goog.userAgent
product
ANDROID goog. userfgent, true ifthe JavaScript is running on the built-in browser on an
product.ASSUME_ANDROID Android phone. IFASSUME_ANDROID is used, then
--define goog.userAgent . ASSUME MOBILE WEB
KIT should be used as well.
IPHONE goog. userfgent, trueifthe JavaScriptis running on aniPhone or an iPod touch.
product . ASSUME _IPHONE IfASSUME_ IPHONE is used, then - -define goog.user
Agent.ASSUME_MOBILE WEBKIT should beused aswell.
IPAD goog.userfgent. true if the JavaScript is running on an iPad. If
product . ASSUME_TPAD ASSUME_TIPAD is used, then --define goog.user
Agent.ASSUME MOBILE WEBKITshould beusedaswell.
FIREFOX goog.userhAgent. true if the JavaScript is running on the Firefox web browser.
product .ASSUME FIREFOX Even though goog . userAgent . GECKO may be true, this

could be Firefox or another Gecko-based browser such as Fen-
necorCamino. IfASSUME _FIREFOXisused, then--define
goog . userAgent . ASSUME_GECKO should be used as

well.
CAMINOD goog. userAgent. true ifthe JavaScript is running on the Camino web browser.
product . ASSUME_CAMINO Caminois a Gecko-based browser, like Firefox, butits Ul is built

using native Mac widgets in an attempt to make it more light-
weight than Firefox. But because it uses a different Ul toolkit
than Firefox, far fewer browser extensions are written for Ca-
minothanFirefox. Because browserson the Machaveimproved
so much in recent years, the advantages of using Camino over
Firefox or Safar are minimal, and Camino's marketshare has
dwindled. It is unlikely that Camino-specific logic will be nec-
essary (though it has been known to happen). If

ASSUME CAMINO is used, then - -define poog.user
Agent.ASSUME GECKO should be used as well.

SAFARI goog.userfgent. true if the JavaScript is running on the Safari web browser.
product.ASSUME_SAFARI ITASSUME_SAFARI is used, then - -define goog.user
Agent.ASSUME WEBKIT should be used as well.
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dependencies.) Assuming goog-inline-block is available, another way 1o implement
this function would be:

poog.dom.classes.add{element, 'goog-inline-block'});

Because there 1s no complementary goog. style.removelInlineBleck function, the pre-
vious inplementation has the advantage thar the inline-block style can be removed
with one line of code:

poog.dom. classes. remove(element, 'goog-inline-block'};

goog.style.setUnselectable(element, unselectable, opt_noRecurse)

goog.style.setUnselectable sets whether the text selection 1s enabled 1 element and
all of 1ts descendants {unless opt _neRecurse is true). Some rendering engines allow tex
selection to be controlled via CS85; others support a separate unselectable attribute
(whose default value is off). Because of the cascading nature of CSS, rendering engines
that support this setting via CSS need only to ser the appropriate style on element and
the ettect will cascade to all of irs descendants (assuming none if s descendams over-
ride the value of the style being set). Because DOM anributes are applied to only an
element and not its descendants, rendering engines that support the unselectable at-
tribure must explicitly set 1t to on tor element and all of its descendants 1o disable texi
selection on an entire subtree.

There is a complementary goog.style.isUnselectable({element) funciion that deter-
mines whether the speaified element 1s unselectable,

goog.style.installStyles(stylesString, opt_node)

goog.style.installStyles takes a string of style information and installs it into the
window that contains opt_node {which defaults to window it opt_node is not specified).
It returns either an Element or StyleSheet that can be used with goog.style.set
Styles or goog.style.uninstallStyles to update or remove the styles, respectively:

'‘body { background-color: gray; color: black }';
'body { background-color: orange; color: red }';

var robotsTheme
var sunsetTheme

/{ Adds the "robot" theme to the page.
var stylesil = goog.style.installStyles(robotsTheme);

/! Replaces the "robot" theme with the "sunset®™ theme.
poog.style.setStyles(stylestl, sunsetTheme);

S Removes the “sunset” theme.
goog.style.uninstallstyles{stylesEl);

This will change the styles in the page without requiring the page 1o be reloaded. Ginail
uses this to let its user switch berween themes.
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CHAPTERS
Classes and Inheritance

None of the modules in the previous section were written in an object-oriented pro-
granuning (OOP) style, but many of the modules in Closure are. Although JavaScript
provides support for prototype-based programuming (as opposed to class-based
progranuning, which Java uses), the Closure Library approximates class-based pro-
graimming using prototypes. In JavaScript: The Good Parts (O'Reilly), Douglas Crock-
ford refers to this as the pseudoclassical pattern. This pseudoclassical patter is chosen
over the rraditional cloning rechnique for creating objects used in prototype-based
progranuning in order to conserve memory. lis style should be familiar to Java pro-
graimers. For these reasons, types are frequently referred to as classes in Closure, even
though classes are not tormally supported in JavaScript.

Many JavaScript developers balk ar the idea of using OOP i JavaScript, arguing that
its true beauty lies inirs use as a weakly-typed language with first-class functions. Others
say outright that OOP is fundamentally flawed, claimimg that even Java guru Joshua
Bloch thinks OOF is a bad idea, citing Item 14 of his preeminent book Effective Java
(Addison-Wesley): “Favor composition over inheritance.” Those detractors fail to
mention Bloch’s subsequent point, Irem 15: “Design and document for inheritance or
else prohibit it.” The two principal uses of inheritance in the Closure Library (goog.
Disposable, explained m this chaprer, and goog.events.EventTarget w1 the following
chapter) are particularly well designed and would be considerably awkward to use if
they were immplemented using composition,

Regardless of which side of debate you fall on, it is important tounderstand how classes
are used in the Closure Library. This chapter will show how classes are represented in
Closure, which should aid in creating new classes in the style of the Library and with
understanding existing Closure source code.

m
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Fach method cotmains ar least one reterence to this, which will reterto the instance of
the class when it is invoked. For this reason, these can also be referred ro as instance
methods. If a method does not contain any references to this, then it could be rewritten
as a static method, which is explained later i this section. (Instance methods have the
advantage that they can be overndden by subclasses or mocked out on a per-instance
basis.) To understand how this works when invoking a method, consider the following
code snippet:

var whiteHouse = new example.House{ 1600 Pennsylvania Avenue', 35);

whiteHouse.setleedsPaintlob(true);

in which the second line is equivalent to the tollowing;

whiteHouse.setNeedsPaintJob.call{whiteHouse, true);

The object whiteHouse does not have its own property named setNeedsPaintlob,
but the first object in its prototype chain, example.House.prototype, does. The set
NeedsPaintJob property on example.House.prototype is assigned 1o the following
luncnon:

function{needsPaintlch) {
this.needsPaintJob = needsPaintJob;

}

This function has noidea that it is assigned tothe prototype of some object. All it knows
is that it takes one argument and sets it as the value of the needsPaintJob_ property on
whatever object this refers to. Recall that funcrions are first-class objects in JavaScript
and that they have their own methods, such as call() and apply(). The use of call()
in the previous example says to execute the function with one argumeint whose value
is true and to bind this to whiteHouse during the execution.

Although there s some trickery with prototypes going on behind the scenes, the net
cliect is code that looks like traditional method invocation in class-based programming
languages such as Java.

Equivalent Example in Java

By comparison, this is how the equivalent class would be defined mn Java. Because Java
does not support optional arguiments, House has three constructor functions, but they
delegate to one another so the constructor logic is not duplicated. Unlike JavaScript,
eviery nstance of House in Java will store its own values tor numberOfBathrooms and
needsPaintJlob, even if the instance uses the default values for those fields:

nackage example;

J.I':Hl:

¥ House contains information about a howse, such as its address.
* Bauthor bolinfest@gmail.com (Michael Bolin)
*/
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Example of a Subclass in Closure

nheritance is also supported in Closure via subclassing. Members that are intended o
be visible only to subclasses should be marked with the @protected annotation, By
convention, private members m the Closure Library are named with a trailing under-
score, bul |".|]‘nlv.|.:[£:':.‘] members are not.

T The @protected annotation does not imply a member should also be
, ¥ visihle to classes in the same package, as it does in Java, because Java-
ar Script does nor have packages. A berter analogue is the notion of
" protected in C++.

Closure JavaScript Example

As an extension to the House example, consider its subclass, Mansion:

J.l'-l'u-l'c

+ gfileoverview A Mansion is a larper House that includes a guest house.
* @author belinfest@gmail.com (Michael Bolin)

e

poog.provide({ 'example .Mansion' };

poog.require{ 'example.House ') ;

FEs
* @param {string} address Address of this mansion.
* @param {example.House} guestHouse This mansion's guest house,
* @param {number=} numberGiBathrooms Number of bathrooms in this mansion.
. Defaults to 10.
¥ @ronstructor
* @extends {example.House}
*
/
example.Mansion = function{address, guestHouse, numberCfBathrooms) {
it {lgoog.isbef{number0dtBathrooms)) {
numberdfBathrooms = 10;

}

example.House.call{this, address, numberCfBathrooms};

fo*
* @type {example.House}
¥ @private
o
this.guestHouse_ = guestHouse;
b

goog.inherits{example.Mansion, example.House);
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goog.require() helps keep code size down, The way giveltemsToGoodwill() was ong-
nally written, the Compiler does not have to brng in goodwill. js when it compiles
mansion.js. When written the second way, the Compiler might be able to identity thar
Goodwill is unused {assuming giveltemsToGoodwill () is never called), even though it is
mchided, but that analysis is not as straightiorward and may not prove conclusive
depending on the other code being compiled.

Also, having superfluous dependencies may inadvertently introduce circular depend-
encies from the perspective of calcdeps.py. Recall that circular dependencies prevent
calcdeps.py from building a dependency graph or ordering your JavaScrpr files lor
compilation.

Equivalent Example in Java
Following 1s the equivalent subclass written in Java:
public class Mansion extends House {

private House guestHouse;

public Mansion(String address, House guestHouse} {
this{address, guestHouse, 10);

}

public Mansion(5tring address, House guestHouse, int numberCfBathrooms) {
super{address, numberOfBathrooms);
this.guestHouse = guestHouse;

}

public woid giveltemsToGoodwill{Goodwill gpoodwill) {
for {Object 1tem : itemsInTheGarage) {
goodwill.acceptDonation(item);

}

itemsInTheGarape = new Object[o];

}

@dverride

public void paint{string color} {
suger. paint{color);
guestHouse.paint{color);

}
}

The ouly notable difference is that in Java, the super call to the superclass constructor
must be the first line of the constructor, whereas in JavaScript it can appear anywhere
i the constructor (or not at all, though thar is not recommended). It is generally the
first line of the constructor i JavaScenpt as well, but strange interactions between the
constructor and overridden methods may require it to run after other fields are initial-
ized. Although it does not appear as the first statement i the JavaScript Mansion
exaimple, it easily could have been:
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the Compiler, properties should not be quoted, so this would seem to viclare that
principle. Fornmately, the Closure Cowmpiler has special logic for processing
goog.base(), so referring 1o a property as a string does not preseint a problem, in this
Case,
| The one thing that goog.base() cannor do is call an mstance method of
thie superclass from a constructor, as the heuristic for goog.base() will
unsmterpret thar as a call to the superclass’s constructor tunction.

At the time of this wrning, goeg.base() is a fairly new addinon to the Closure Library,
somuch of the existing codebase has not had a chancero adopr it yer. There 1s no reason
to hold off on using goog. base() in your own code, as it is easier to read and maintain
thaun its verbose predecessor.

Abstract Methods

To define a merthod thar a subclass is intended to override, give it the wvalue
goog.abstractMethod as lollows:

goog.provide({ 'example.SomeClass');

/** @constructor */
example.SomeClass = function() {};

Jll't-t
¥ The J5Doc comment should explain the expected behavior of this method so
¥ that subclasses know how to implement it appropriately.

*
example. Somel lass, prototype .methodTolOverride = poog.abstractMethod;

When implementing a subclass of a method that has an abstract method, failure to
override the method will result in a runtume error when it is invoked:

goog.provide{ 'example.SubClass');

Jll't-t
¥ @constructor
¥ Bextends {example.Somellass}
“

example.SubClass = function() {
goog.base(this);

ks

goog.inherits(example.SubClass, example.Somellass);

var subClass = new example.SubClass({};

{{ There is no error from the Compiler saying this is an abstract/unimplemented
Jf method, but executing this code will yield a runtime error thrown by

/! goog.abstractMethod.
subClass.methodToGverride();
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poog. inherits (example.dndroidPhone, example.Phone);
goog.mixin{example.AndroidPhone. prototype, example.Mp3Player.prototype);

Now if a new AndroidPhone were created, it would have both makePhoneCall () and
playSong() as methods. But consider what happens if AndroidPhone tries to overnide

playSong():

/¥* @inheritDoc */

example.AndroidPhone. prototype.playSong = function{fileName} {
var mp3 = example.AndroidPhone.superClass .playsong.call{this, tileName);
this.displaySongName{mp3.getTitle{});

};

Because example.AndroidPhone.superClass_  points to  example.Phone.prototype,
example.AndroidPhone.superClass .playSong will be undefined and a null pomrer error
will be thrown if AndreidPhone’s playsong() method is invaked. The {ollowing admir-
tedly works, but requires the developer to keep track of which methods come from the
true superclass and which come from the multple inherited superclasses:
/¥* @inheritDoc */
example,AndroidPhone, prototype.playSong = function(fileName} {
var mp3 = example.MpiPlayer.prototype.playSong.call(this, fileName);
this.displaySongName{mp2.getTitle{});
ki
Doing multiple mheritance using goog.mixin(} also breaks down when it comes to the
instanceot operator;

// This evaluates to false
{(new example.fndroidPhone{ '8675309°, '10CE")) instanceot example.MpiPlayer)

A cleaner altemanive would be to encapsulate the logic in a tunction thar can be reused
by hath Mp3Player and AndroidPhone:
goog.provide( 'example.mp3’ ) ;

[*

¥ @this {example.Mp3iPlayer|example.AndroidPhone}

A

example.mp3, playsongFromFile = function(fileName) {

ff This implies that both MpaPlayer and AndroidPhone have methods named
{/ getPlayer() that return an object with a playFile() method.
thiz.getPlayer().playFile{fileName);

};
example MpiPlayer. prototype.playsong = example.mp3.playSongFromFile;
example.AndroidPhone. prototype.playSong = example.mpi.playSongFromFile;

Using this rechiique, the logic is i one place, but it can be reused by both Mp3Player
and AndroidPhone without having to create a conunon interface for the two classes, as
woltld be the case ma language like Java that does not support union types.

Multiple Inheritance | 131



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



1.

[

The superclass call does not have to be the tirst line of the method, but in practice,
it almost always 1s.

- AutoSave has two fields that extend goog.Disposable: saveButton and failure

Dialog. Ouly failureDialog is disposed in disposelnternal because, as the com-
ment on the field implies, it is created by AutoSave and is theretore “owned byv™ it,
In contrast, saveButton was created by another class and is passed in to Aute
save’s constructor. That means that even though Autosave may be disposed, there
could be other classes that sull have references 1o saveButton and are using i, so
saveButton should not be disposed yet.

However, it is also possible that the class that created the mstance of AutoSave also
created the saveButton that it uses and wants AutoSave to be responsible for dis-
positg of it Assuiming this is always true, the comment on AuteSave’s constructor
should be updated as follows:

* @param {!goog.ui.Button} saveButton Button to disable while saving.
+ AutoSave is responsible for disposing of saveButton.

or this sentiment could be captured explicitly through code:

* @param {!goog.ui.Button} saveButton Button to disable while saving.
* @param {boolean} ownsSaveButton true it this ipstance of AutoSave should
¥ be responsible for disposing of saveButton.

Note that when disposing ot failureDialog, goog.dispose(this.failurelialog)
is called rather than this.failureDialog.dispose(). It is possible that failure
Dialog is never set during the lifetime of AutoSave, in which case this.failureDia
log.dispose() would throw a null pointer error. geog.dispose{arg) checks 1o see
whether arg 1s non-null and has a dispese(} method, and if so, mvokes 1t. This
makes goog.dispose() a better choice tor lields that may be null.

- Similar to the previous case, because AutoSave adds a listener, it is responsible lor

making sure it gets removed. Because AutoSave {ollows the standard ser forth by
the W3C DOM Level 2 Events Specilication, it needs to maintain relerences to
both container and eventlistener so that it can call removeEventListener() i
disposeInternal(). This is somewhat awkward, and as noted i AutoSave's con-
structor, 1ot the recommended way 1o manage events in the Closure Library (this
code will not even work in lnterner Explorer 8 and earlier). A better example will
be provided in the tollowing chaprer.

It 15 not required to wan unnl disposeInternal 1s called to remeowe event histeners.
For example, when failureDialog is created, it may have its own click handler. 1t
failureDialog is tom down but AutoSave still exasts, any handlers associated with
failureDialogshould also be removed 1o release the memory associated with those
listeners.

Like iten 2, AutoSave is only responsible for removing listeners that it owns. Gen-
erally, the class that added the listener should be considered its owner, but also
like item 2, it may be necessary to delegare that ownership to another class. If that
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should be added. (Recall rthat many conventions in Closure are tocused on reducing
code size, so such shorteuts are conuon. ) Because the names tor nanve DOM evens
can vary by browser, the type argument should always be specitied as a value from rhe
goog.events.EventType enuin when adding a listener for such an event (also, to avoid
typos). Thevalues of the entm may vary depending on the browser in which the Closure
library is being executed, so it is unperative to use this abstraction.

listener, the third argument, is either a function to be called when the event fires or
an object with a property named handlebEvent thar references a function 1o call when
the event fires. (In the latter case, this will be bound 1o the histener when handle
Event is called, not opt_handler, so i is eflectively a method invocation.) In either case,
the function will recewve the event as its only arguinenr when i is called.

opt_capture, the fourth argument, is a boolean that mdicates whether the listener will
be called during the capturing or bubbling phase. Like all optional boolean arguinents
in Closure, the detault value is false, so listeners will be triggered during the bubbling
phase by detault. Bubbling versus capturing is discussed in greater detail in the next
section, geog.events. EventTarget.

opt_handler, the fitth argmiment, is the object to bind the this argument to when the
listener function is called. If opt_handler s unspecitied, then this will be bound to the
src argument instead. This is a convention that dates back to the DOM Level () event
systel:

HTML {inline ewvent registration):

<div onclick="alert(this.style.color)" style="color: red" id="red-div®>

JavaScript (traditional event registration):
document . getE lementById{ 'red-div' J.onclick = function() {
alert(this.style.color);

¥
T the previous example, both methods of adding the onclick handler are equivalent.
Both define an anonyimous hunction that contains a reference to this. In either case,
when the listener s called, this will be bound to the red-div elemment that is the source
of the click event, which is exactly what would happen if the equivalent were done in
Closure:

poog.events. listen{goog.dom. getElement{ 'red-div'),

poop.events.EventType.CLICK,
function(e} { alert{this.style.color)}; });

Because the evenrs system will do the right substimation when calling rhe listener,
opt_handler does not need to be specitied.

Note that this fixes an important bug on Internet Explorer. Consider the other two
methods for event registration supported natively by web browsers:

[/ Microsoft event registration; available on Internet Explorer.
doecument ., getElementById( 'red-div’ j.attachEvent( 'onclick”,
function(e) { alert{this.style.color); });
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example. Inbox.prototype.poll = function() {
var messages = this.getNewMessages();
if {(messages.length) {
this.dispatchEventiexample. Inbox.EventType. NEW MATL};

}
};

f* genum {string} */
example. Inbox, EventType = {
MEW MAIL: goog.events.getUnigueld( new mail')

b
A listenier to update the unread count in the U1 could be added as follows:

[ inbox is of type example.Inbox.
inbox.addEventListener {example. Inbox. EventType . NEW MATL,
function{e) {
var inbox = /*¥ @type {lexample.Inbox} */ {e.target);
var count = inbox.getUnreadCount{);
goog . dom. setTextContent (goog. dom. getE lement { "unread-count '), count};

1)

Because example. Inbox is 4 goog.events.EventTarget, it has a dispatchEvent() method
that it invokes i poll(). Although all it passes to dispatchivent() is a siring, the Clo-
sure events system repackages this mformation as a goog.events.Event whose type is
goog.events.getUniqueld( ' new mail’) and whose target is the example. Inbox thar dis-
patched the event. This is a powertul system that requires little setup on the part of the
developer.

As demonstrated by the example, i is conmmon in Closure to declare a semantic “inner
class™ on a goog.events.EventTarget named EventType. The EventType class is actually
an enum of type string whose values correspond to the types of events dispatched by
the EventTarget to which it "belongs.” Examples of classes that tollow this patteni are
goog.events.KeyHandler.EventType and goog.dom.FontSizeMonitor.EventType, though
there are iany others in the Closure codebase.

.' goog.events.getUniqueld() adds a wiique suffix to the evenr name so

@' that it will be disunecr from another evenr type with the identifier
‘new_mail'. (It is not wncommon for a generic idencfier such as
'update’ to be used for more than one evenr type in an application.) An
event whose name 15 amended using goog.events.getUniqueId() must
Le referenced via a variable name (example. Inbox.EventType.NEN_MAIL)
rather thanthe onginal stogz literal (*new_mail '} roensure that the event
rype is referenced consistently. Note that goog.events.getUniqueld() is
not applied ro the values of the goog.events. EventType enui because
the browser relies on the exact name of its built-in events when regis-
terinig a listener,

Note that goog.events.EventTarget extends goog.Disposable, so classes thar extend
goog.events.EventTarget will already have the disposelnternal() method available.
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var eventWithNullTarget = new goog.events.Event( 'test', null);
alert{eventWithNullTarget.target == null); // alerts true
goog.events.dispatchEvent{eventTarget, eventWithMullTarget);

alert{eventWithNullTarget.target == null); // alerts false

The correct way to pass data to an eveit listener is to create a custom event by sub-

classing goog.events.Event,

Consider the Inbox example, in which an Inbox dispatches an event when it discovers
new mail. Suppose the hstener needs the emal address of the Inbox’s owner as well as
the timestamp when the event was fired. First, a niew class must be created for the

CusLom event:

poog. provide{ 'example. Inbox . NewMailEvent');
goog.require( 'goog.events.Event'};

f*
* @param {example.Inbox} inbox
¥ @param {string} email
* @param {Date} timestamp
¥ @constructor
¥ @extends {goog.events.Event}
LS
example. Inbox. HewMailEvent = function{inbex, email, timestamp) {
goog.events.Event.call{this, example.Inbox,EventType .NEW MAIL, inbox};

fau
* @type {string}
* Bprivate
¥/

this.email = email;

,.'r”'
* @type {Date}
* @private
i
this.timestamp = timestamp;
¥

goog.inherits(example.Inbox.NewMallEvent, goop.events.Event};

/** greturn {string} */
example. Inbox.NewMailEvent . prototype.getimail = function() {
return this.email ;

1

/** @return {Date} */
example. Inbox.NewMa1lEvent. prototype.getTimestamp = function() {
return this.timestamp ;

};
Next, the call to dispatchEvent () will have 1o be changed accordingly:

example. Inbox.prototype.poll = function{) {
var messages = this.getNewMessages();
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Along those lines, be caretul when introducing new optional arguments 1o a tunction
that is used as a listenier funcrion. Consider the following example:

/.. inside the constructer ...
this.handler. listen{button, goog.events.EventType, CLICK, this.save);

[/ Developers often omit the click event from the list of
// parameters to save a byte or because they're too lazy to add an
/{ Bparam tag to the JSDoc.
goog.Somellass.prototype.save = function(} {
! The details of the click event are unimportant; the developer
ff just wants save() to be called when a button is clicked.
this.writeContentsTol "default. txt');
this.updateStatusMessage();

h

Generally speaking, appending a new optional arguiment to a list of parameters should
not break any existing code, but consider the tollowing change to the save() method:
Jll"-'*
¥ @param {string=} TileName Defaults to ‘default.txt’.
ik
gﬁigiﬁﬂmeclasmprntntype1aaue « function(fileName) {
fileName = fileName || 'default.txt’;

this.writelontentsTol{fileName) ;
this.updatestatusMessage();

};

The developer assumes thar previously, no callers were passing any arguinents to
save(), so it shoulc be safe to add an optional parameter. Untortunacely, this is not the
case because when this.save is called as a listener of a click evenr, it will be mvoked
with a goog.events.Event as its only parameter, which save() will now trear as the
optional fileName parameter, resulting in a contusing error. The solution is to separate
the save logic (so0 1t is reusable) from the event handler as follows:

/{ ... inside the constructor ...

this.handler.listen{button, goog.events.EventType.CLICK,
this.on5aveClicked );

Jll't'-k
* @param {goog.events.BrowserEvent} e
* @private
*
goog. Somel lass., prototype.onSaveClicked = function{e} {
this.save(};

-
1

goog. Some lass. prototype.save = function() {
this.writeContentsTo( 'default.txt’);
this.updateStatusMessage();

1;

This way, save() can be modified and reused withour changing the behavior of the
event listener. Do not be concermed about the additional bytes introduced by breaking
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CHAPTER 7
Client-Server Communication

The goog.net package contains various utilities for communicating with a server from
a web browser. With the growing populanty of Ajax, the most common rechnique is
to use an XMLHttpRequest object to request updates trom the server, As this chapter will
explain, that is not the only option, but ir is certainly a good place to start.

Server Requests

Like all modem JavaScript libraries, Closure provides a cross-browser abstraction lor
sending an XMLHttpRequest to the server. This section unroduces the classes i
goog.net that support this abstracrion.

goog.net.XmlHttp

Ii1 the smplest case, the bult-in XMLHEtpRequest object 1s used 1o load the contents of
a UURL asynchronously and then pass the data to another tunction;

var getDatadndAlertIt = function{url) {
/f This line will not work on Internet Explorer 6.
var xhr = new XMLHttpRequest();
xhr.open( 'GET', url, true /¥ load the URL asynchronously */);
whr.onreadystatechange = function() {
/{ When an XHR enters veady state 4, that indicates that the request
{/ is complete and that all of the data is available.
if {xhr.readyState == 4} {
A/ In this case, alert{) is used to handle the data.
alert{ 'This alert will display second: ' + xhr.responseText);

1
I
whr.send(null};
b
{f Because the XHR will load the data asynchronously, this call will return

{/ immediately even though the data is not loaded yet.
getDatadndAlertIt( "http://www.example.com/testdata.txt");
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Customizing the request

In the examples shown so far, goog.net.XhrIo is only used to make GET requests, but
its send() methods have several optional arguments that can be used to contigure the
parameters of the request. The signatures of the two methods are as follows:

e

* Static send that creates a short lived instance of XhrIo to send the

* request.

* @param {string|poog.Uri} url Uri to make request to.

* @param {Function=} opt callback Callback function for when request is

* complete.

* @param {string=} opt_method Send method, default: GET.

* @param {string|GearsBlob=} opt content POST (or PUT) data. This can be a

¥ Gears blob if the underlying HTTP request object is a Gears HTTP request.
* @param {Object|goog.structs.Map=} opt headers Map of headers to add to the

x request.

* @param {number=} opt timeoutInterval Mumber of milliseconds after which an

" incomplete request will be aborted; 0 means no timeout is set.

*/

goog.net.Xhrlo.send = function(url, opt callback, opt methed, opt content,
opt_headers, opt_timeoutInterval) { /* ... */ };

J.I'il':‘ii
* Instance send that actually uses XMLHttpRequest to make a server call.
* @param {string|goog.Uri} url Uri to make request too.
* @param {string=} opt method Send method, default: GET.
¥ @param {string|GearsBlob=} opt_content POST (or PUT) data. This can be a

" Gears blob if the underlying HTTP request object is a Gears HTTP request.
* @param {Object|goog.structs.Map=} opt_headers Map of headers to add to the

L request.

*/

goog.net.Xhrlo.prototype.send = function(url, opt_method, opt_content,
opt_headers) { /* ... */ };

The two signatures are nearly identical, but the static method has two extra parameters.
The tirst 1s opt_callback, which will be called as a listener of the COMPLETE event. This
is not present in the instance method because clients are expected 1o add their own
listeners to the instance rather than specifying a callback.

The second extra parameter is opt_timeoutInterval, which is used ro set an upper
bound on how long a request will try to fetch data from the server. If the request exceeds
the timeout, the request is aborted. Clients of the instance method should invoke the
setTimeoutInterval() method to set the length of the tuneour (the default is 0, which
means no mmeout linne is set). If the goog.net.XhrIo is reused, it will use rhe same
timeout interval for subsequent requests.

The url argument specities the destinarion of the request, so it is not oprional.

The opt_method argument specifies the method of the request. Valid method values are
detined by the HTTP speafication: http:/ivww.wi.org/Protocolsirfc2616/rfc 2616-sec9
Jiiml. The detault value tor both send() methods is "GET".
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as privaie because they are designed to be used exclusively by goog.net.XhrManager. For
exatnple, instead of calling request. setAborted(true) to abort a request, the manager’s

abort() method should be used.

For every XHR managed by a goog.net. XhrManager, it dispatches all of the events listed
in Table 7-1 except for TIMEQUT and READY STATE CHANGE. When dispatching an event,
instead of using goog.events.Event, it uses its own subclass, goog.net.XhrManager.
Event, which includes the id of the request as well as the underlying goog.net.XhrIo.

Because requests are reused by the goog.net.XhrManager, it is important 1o extract all
properties of interest from the XHR in the callback rather than in a nimeour scheduled
by the callback as demonstrated in the previous section,

goog.Uri and goog.uri.utils

A goog.Uri is a class in the Closure Library that represents a URL, which is a string that
identifies a resource on the Internet, URI stands for *Uniform Resource Identitier.” The
ternt is colnmonly (and erroneously) used interchangeably with URL, which stands for
“Uniform Resource Locator,” which is the string of characters you type into a browser
to go to a website, such as http://www.google.com/. There are many resources online
that will explain the ditferences between a URI and a URL in detail, but the most
important thing to know is that every URL is a URI, so http://www.google.com/ is both
a URL and a URIL Therefore, any method in the Closure Library thar accepts a URI
must also accept a URL.

Although it 1s conunon to sunply pass a URI as a string in Closure, it 1s helpful to have
a class that represents a URI in order to access or modity its various components. For
exanple, consider the following URI represented as a string in JavaScript:

var uri = 'https://username:passwddtest.example.com:8080/" +
'foo/bar/index.html?parami=abparam2=b#chi’;

In order to extract the query string of the URI (which is the part represented by
paraml=a8iparam2=b}, a fair bit of parsing would have to be done on uri. Fortunately,
goog.Uri can take care of this for you:

var googlri = new goog.Uri(uri);

googUri.getScheme(); [/ 'https'

googUri.getUserInfo(); // 'username:passwd’

googUri.getDomain(); // 'test.example.com’

googUri.getPort(); // 8080

googUri.getPath(); /! ' /foofbar/index.html'

googUri.getQuery(); !/ 'parami=adparam2=b'

googUri.getFragment(); // 'ch3’

Note that the values retumed by goog.Uri’s getters differ slightly from the properties
of the window.location object in JavaScript. For example, it the user were at the URL
specitied by uri in a browser, window. location.protocol would include a trailing colon
("https:'),window.location.hashwouldinclude the hash characrer (' #ch3 "), and window
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goog.net.Imageloader

Another unility for loadimg resources m parallel 1s goog. net . ImageLoader, though as vou
might guess, it works only with images. lmages are registered with the loader via its
addImage(id, image) method. The image arguiment s either a URL to the unage wself
or an <img> element whose sre mav not have loaded ver. In either case, the id must be
unigue within the goog. net . ImageLoader (if the id is reused, it will replace the previous
image), so the URL of the image 1s a good default value 1o use as an identitier:

<img id="logo" src="http://www.google.com{intl/en ALL/images/logo.gif™>

<script>
var loader = new goog.net.lImageloader();

var addToLoader = function{image} {
{/ Use the URL as the id for addImage().
var id = goog.isString(image) 7 image : image.src;
loader., addImage(id, image};

¥

J/ Either a URL or an <img> element may be used as an argument to addImage().
addToLoader( "http:///www.google. com/favicon.ico');
addToloader (goog. dom.getElement{ ' logo'}});

<fscripts

Like goog.net.BulkLoader, it is possible to register histeners betore kicking off the load-
ing ol resources. There are three event rypes of inrerest, the targer of which will be a
JavaSeript Image object. The event types are as tollows:

goog.events.bvent Type LOAD
Dispatched onece for each image that successtully loads.
goog.net.Event Type ERROR
Dispatched once for each image that fails 1o load.
goog.net . EventType COMPLETE
Fired atter a load or error event has been fired for each image in the loader. Note
that this 15 not the same as the goog.net.EventType.SUCCESS event dispatched by
goog.net.BulkLoader, as a COMPLETE ¢vent will be tired even when some images {ail
to load.

Once the listeners are in place, the loader can be kicked off via us start() method:

/*¥* @type {lArray.<Image>} */
var failedImages = [];

S Gitype {!Array.<Images} */
var loadedImages = [];

var eventTypes = |
goog .events. EventType. LOAD,
goog.net.EventType.ERROR,
goog.net . EventType.COMPLETE
I
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Table 7-2. URLs that are considered to have a different origin than http:.ffexample comfmypage hitml,

URL Why access is denied
ntp://goegle.com/ Different domain
hittps://example.com/mypage himl Different protocol
hitp:/fexample.com:8080/index.jsp Different port
http:/www.example com/mypage. html Different subdomain

This may seem overly restrictive, but there are compelling securiry issues behind the
sanie origin policy.

goog.net.jsonp

Although an XHR must obey the same-origin policy, the URL supplied to the src at-
tribure of an <dmge or <scriptr tag does not, creatitig an mterestig loophole lor fetching
data across domains. A popular “exploit” of this loophole is a techmique called JSONFP
(which s short lor "JSON with padding™), which is used 1o fetch data from another
domain.

The mechanics behind JSONP are fairly simple: instead of responding to a GET request
with data in a raw forinat such as JSON, respond to the request with JavaScript code
that calls a funcrion with the data as an argument. For example, if a request to http://
example.com/birthdays?callback=showBirthdays retumed the tollowmg:

showBirthdays (]
"name": "Abraham Lincoln", date: "February 12, 1809"},
{"name"”: "George Washington®, date: “February 22, 1732"}

1);

[t would then be possible for a page on a third-party site to use this data with the
ollowing scnpt tags:

<ul id="birthdays"»></ul>
<scripts
var showBirthdays = function{birthdayData) {
var ul = goog.dom.getElement( birthdays'};
for {var i = 0; i < birthdayData.length; i++) {
var datum = birthdayData[i];
var 1li = goog.dom.createElement{'li");
goog.dom.setTextContent(li, datum|'name"] + ' ' + datum| 'date’]);
ul.appendChild(1i);
¥
b
&fscripts
dscript sro="http://example.com/birthdays?callback=showBirthdays"></script>
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/f Once the child channel is created, try to establish the connection.
var connectCallback = function() {
{/ Give the parent a chance to connect by using setTimeout{).
setTimeout (function() {
childChannel.send{"echo', "Hello world!');

/{ This will be serialized to 150N automatically.
childChannel.send('car', {"from": "EWR"™, "to": "JFK", "when":"15:00"}):

1, 1000);
bi
childChannel.connect{connectlallback);
b oelse {
alert{'No xpc parameter provided!');
}
1

As suggested by the use of setTimeout (), establishing channel connections is asyi-
chronous, so the parent-to-child connection may be established before the child-io-
parent connection, and vice versa, Unfortunately, goog.net . xpc.CrossPageChannel does
not provide its owil API to verify that the chamel is working in both directions: s
isConnected() method verifies only the connection for the channel on which it is in-
voked. I you are averse to using setTimeout(), one option is to establish your owt
handshake using registerService() and send(). For example, the outer peer could
register a service named ping that would send a response to an inner peer service named
ack. The code for the outer peer would be as follows:

var isInnerPeerConnected = false:

[/ Code in the outer peer.
parentChannel.registerService( 'ping’, function(} {
if {lisInnerPeerConnected) {
izInnerPeerConnected = true;
parentChannel. channel .send{ ack', null);
{{ Do any work related to establishing the initial bi-directional
{f communication channel.

}
H;

The itmer peer would set up its ack service as tollows:

var isDuterPeerConnected = false:

childChannel.registerService( "ack', function{) {
var isInitialConnection = !isOuterPeerConnected;
isfuterPeerConnected = true;
it {isInitialConnection) {
/f Do any work related to establishing the initial bi-directional
{f communication channel.

}
Hi

var tryPing = function() {
if (isOuterPeerConnected) {
return;
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In stream¥hr, there is always one XHR that is connected to the server, and updates {rom
the server are streamed down to the client using that connection. This means that
sending updares to the server must be made using other individual XHRs. Dylan Schie-
i, the author of “Scaling with Comet,” is also a cotounder of Comet Daily, LLC,
so you can also find even more information about Comet rechniques on the company’s
website: http:ffcometdaily.com.

Incomplete pieces of Comert library code can be seen in the goog.net
codebase. For example, the htmlfile trick to prevent the clicking sound
' i lurernet Explorer when using the *forever frame” techuique described
i “Scaling with Comet™ can be seen in the tridentGet_ method of
goog.net.ChannelRequest. Unfortunately, the server code that these li-
braries were designed to be used with has not been open-sourced, so it
15 ot easy to use this code directly. (There is a simpler helper funcrion
for the forever frame recluuque in goog.net.Iframelo called handle
IncrementalData that has bertter documentanon, bur v lacks che
htmlfile workaround for Interner Explorer.) Basically, if you have al-
ready been exposed to Comer and are curious o see how Google's
client-side mnplementation works {even though you cannot use it
straiglt out of the box), then take a look at goog.net.BrowserChannel,
goog.net.ChannelRequest, and goog.net. Iframelo.
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To display a component, it is clear from the diagram that rendering and decorating are
mutually exclusive, and are achieved by calling render() or decorate(), respecrively.
To add custom behavior to either display method, override createDom() to change
the behavior of render(), or override decoratelnternal() to change the behavior of
decorate(). Neither render() nor decorate() should be overndden directly,

By convennon in the Closure Library, a method whose name ends
i Internal {such as disposeInternal() or decoratelnternal(}, for
' example) is almost always a protected method rhat 1s designed to be
" overridden,

Another important result from this diagram is that it is acceptable for createDom() to
call decorateInternal(}, but it is not acceprable for it to call decorate() because thar
would result in enterDocument() being called more than once, which is prohibited. As
the examples i1 this chaprer demonsirate, calling decorateInternal() from create
Dom( } is not uncommor.

Instantiation

When a goog.ui.Component is constructed, the only argument the constructor takes is
a goog.dom.DomHelper. The argument is optional, butitis good practice to always supply
it 1 case your application evolves to use multiple trames. When 1 is not specitied,
goog.dom.getDomHelper () will be used 1o produce the goog. dom. DomHelper, but that re-
turns a goog.dom.DomHelper {or the document in which the JavaScript is loaded, which
may be difterent than the document into which the component will be added. (The
latter is the correct one.} Most likely you will have a reference to the DOM element to
which the component will be added after constructing it, so thar element can be used
to produce the appropriate goog. dom. DomHelper:

{/ parentElement is the element to which the component will be added. By

[/ using it as the arpument to goog.dom.getDomHelper(}, it ensures that

f¢ parentElement and dom will refer to the same document.
var dom = goog.dom,getDombe lper (parentElement ) ;

[/ Create the Component using the DomHelper.
var component = new goog.ui.Component{dom);

/! Render the component into parentElement. By construction, it is guaranteed
/f that parentElement and component will operate on the same document.
component . render{parentElement ) ;

Similarly, when adding a componenr as a child of another component, it is possible to
get the appropriate goog.dom.DomHelper from the parent and use it when creating the
child:

var dom = existingComponent.petDomHelper({};
var child = new goog.ud.Component(dom);
existingComponent.addChild(child, true /* opt render */};
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Note that it may be tempting to include display logic that is common to both rendering
and decoraring in enterDocument () so that it is sure to be called, regardless of which
display merhod is used. In many cases, this is a mistake because enterDocument () may
be called multiple times for a child component, as explained in the next section. It is
better to refactor such one-time display logic into a common method that is exercised
by both createDom() and displayInternal() so that it is only executed once.

Disposal

When dispose() is called on a component that has been displayed, its exitDocu
ment () method will be called in addition to dispeseInternal(). The implementation of
exitDocument() should complement the enterDocument () method, so any listeners that
were added m enterDocument () should be removed i1 exitDocument(). Fortunartely, the
default implementation of exitDocument() calls this.getHandler().removeAll(), so it
is not often necessary to override exitDocument ().

Like enterDocument(), exitDocument () may be called multiple times for a child compo-
nent, so aiy cleanup logic that should be run exactly once should be defined in
disposeInternal() rather than exitDocument().

Components with Children

Components in Closure can be built up 1 a treelike fashion to create sophisticated user
interfaces. Just like the DOM, a tree of Closure components is mutable, and nodes in
thetree may be removed and added back later. This means that when a child component
is added to a parent component, it is possible to remove the child trom the parent
without invoking its dispose() method. This introduces some important extensions to
the life cycle mtroduced in the previous section, as shown in Figure 8-3.

When a hierarchy of components is built up, the setParentEventTarget () method that
a component inherits from goog.events.EventTarget is used to ensure that the com-
ponent hierarchy matches the event rarget hierarchy. Therefore, an important invariant
for components is that the element of a child component (as determined by its get
Element() method) must be a descendant of the parent component’s element. This
ensures that both DOM events and Closure Library events tlow through the component
hierarchy in a consistent manner.

Adding a child

The children of a component are organized as a list. A component can be appended as
the last child of another component using addChild(child, opt_render), or it can be
added to a specific position among the children using addChildAt(child, index,
opt_render). Calling parentComponent.addChild(child, opt_render) is equivalent to
calling parentComponent.addChildAt(child, parentComponent.getChildCount(), opt_
render). If index is out of bounds, then a goog.ui.Component.Error.CHILD INDEX OUT
OF_BOUNDS error will be thrown.,
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Name

getChildCount()

getChildlds()
getParent()
hasChildren()

indexOfChild{child)

Events

Description

Returns the number of children of this component.

Returns an array containing the 10s of the children of this component.

Returns the component’s parent, if any.

Retumns a boolean indicating whether this component has children.

Returns the 0-based index of the given child component, or —1if no such child is found.

As shown in Figure 8-1, goog.ui.Component 1s a subclass of goog.events.EventTarget.
This is because goog.ui.Component is designed to dispatch many of its own events,
which are defined in the enum goog.ui.Component.EventType. These event types are
listed in Table 8-2.

Table 8-2. Values of the goog.ui. Component. EventType enum.

BEFORE_SHOW

SHOW

HIDE
DISABLE
ENABLE
HIGHLIGHT

UNHIGHLIGHT

ACTIVATE
DEACTIVATE
SELECT
UNSELECT
CHECK
UNCHECK
FOCUS
BLUR
OPEN
CLOSE
ENTER
LEAVE
ACTION
CHANGE

Description

Dispatched befare a component becomes visible,
Dispatched before a component becomes visible.
Dispatched before a component becomes hidden.
Dispatched before a component becomes disabled.
Dispatched before a component becomes enabled.
Dispatched before a component becomes highlighted.
Dispatched before a component becomes unhighlighted.
Dispatched before a component becomes activated.
Dispatched before a component becomes deactivated.
Dispatched before a component becomes selected.
Dispatched before a component becomes unselected.
Dispatched before a compenent becomes checked.
Dispatched before a component becomes unchecked,
Dispatched before a component becomes focused.
Dispatched before a component becomes blurred.
Dispatched before a component is opened (expanded).
Dispatched before a component is closed (collapsed).
Dispatched after a component is moused over,
Dispatched after a component is moused out of.
Dispatched after the user activates a component,

Dispatched after the external-facing state of a component is changed.
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Handling User Input

Because a goog.ui.Control is responsible for interpreting user input, it registers a num-
ber of event listeners in its enterDocument() method. Table 8-5 lists all of the possible
events a goog.ui.Control may listen for by defaulr and the corresponding method that
is used as an event handler. To change the behavior of how a control responds to an
input event, override the appropriate method in Table 8-5.

Talde 8-5. Event listeners registered by goog.ui. Control.

Event Method Motes

goog.events.EventType. handleMouseOver()  Added only when isHandleMouseEvents()
MOUSEOVER returns true, which is its default behavior.
goog.events.EventType. handleMouseDown () Added only when isHandleMouseEvents()
MOLISEDOWN returns true, which is its default behavior.
goog.events.EventType. handleMouselp() Added only when isHandleMouseEvents()
MOUSEUP returns true, which is its default behavior.
goog.events.EventType. handleMouseOut() Added only when isHand leMouseEvents()
MOUSEOQUT returns true, which is its default behavior.
goog.events.EventType. handleDblClick() Added only when isHandleMouseEvents()
DBLCLICK returns true, which is its default behavior. Unlike

the other mouse event listeners, this one is added
anly for Internet Explorer.

goog.events.KeyHandler. handleKeyEvent() Added only when the control supports the

EventType.KEY goog.ul.Component.State. FOCUSED
state and its getKeyEventTarget () method
returns an Element.

There is also a protected handleKeyEvent
Internal() method that may be more
appropriate to override.

goog.events.EventType.FOCUS  handleFocus ()} Added only when the control supports the
goog.ul.Component .State. FOCUSED
state and its getKeyEventTarget () method
returns an Element. The focus listener will be
added to this element.

goog.events.EventType.BLUR handleBlur() Added only when the control supports the
goog.ui.Component .State. FOCUSED
state and its getKeyEventTarget () method
returnsan Element. The blur listenerwill be added
to this element.
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| When creatmg your own subclass of goog.ui. Control, yvou should over-

“@ rnde decorate() and createDom({) in the associated subclass of

goog.ui.ControlRenderer rather than in the goog.ui.Control subclass
iself, There salsoan initializebom() method called from the control’s
enterDocument () method that 15 4 candidare for overriding.

Generally, a renderer is designed to be siateless so that it can be shared by multiple
instances of a control. For this reason, many of the methods of goog.ui.Control
Renderer take a goog.ui.Control as an argument rather than storing it as a tield.

[

| Be aware that the default implemerntanon of goog.ui.ControlRenderer’s

ﬁ decorate() methaod uses the id ot the conrol’s element (it availabile) to

use as the conirol’s id. This means that ids for contrels and DOM nodes
can end up sharimg the same namespace.

I terms of updatmg us display, rather than the renderer establishmg uselt as a hstener
for the many events dispatched by a conirol, the control calls the renderer’s set
State() method when a state transition occurs. Because the renderer does not register
itsell as a listener of the control, the control does not need to support transition events
for the state in order for the renderer to be notitied of the change.

When the renderer’s setstate() method is called by the control, it takes the element
of the control (as retumed by its getElement() method) and updares the CS5 classes
defined on the elemem to reflect the new state of the control. Each stare has a
corresponding CS5 class that is a combination of the result of the renderer's get
StructuralCssClass() wmethod and the name of the state. For example, because
getStructuralCssClass() recturns 'goog-contrel’ for goog.ui.ControlRenderer, a
goog.ui.ControlRenderer will add the CSS class goog-control-hover to a control’s
12OM when the contrel transitions mito the HOVER state. I the control leaves the HOVER
state, then the CSS class will be removed. Therefore, it is possible to determine the state
of a goog.ui.Control by mspecting the CSS classes detmed on ws element.

To determine the CSS class thar corresponds to a state for a goog.ui.

ControlRenderer, use thie all-lowercase name of the state as the suthx

3+ and append that ro the value of getStructural€ssClass() plus a iyphen.
This class name can also be constructed programmartically by calling
goog . getCsslame | renderer . petStructuralCssClass(}, "hover').

In addinon to usmg OS5 classes to represent the state of a control, a control also uses
a special CSS class to identity itself in the DOM. This identifier class is returned by the
renderer’s getCssClass{) method. For example, the getCsstlass() method of goog.ui
.ContrelRenderer returns ‘goog-control’, jusi likeits getStructuralCssClass() method
(a renderer’s getStructuralCssClass() method delegates o s getCssClass() method
by default). Although classes that reflect state, such as goog-control-hover, may be
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Example: Responding to a Mouseover Event

This intricate system gives you several options for updating the display of a goog.ui.
Control in response 10 & MOUSCOVEr €Venr:

You can leverage the C55 psendo-class thover 1o update the presentation of a con-
trol when the user mouses over it. Unfortunately, usig this class may cause per-
formance problems and works only on anchor elements in IE6, so this is not a good
solution.

You can register a listener on the coutrol {for 4 goog.ui.Component.EventType.
ENTER event, which is disparched only when the mouse ninally enters the root
element for the control (but not when it enters one of its child elements). This event
will be dispatched regardless of whether the control 1s enabled, thongh the hstener
can always test whether the control is enabled by invoking its isEnabled( ) method,
You can call setDispatchTransitionEvents(goog.ui.Component.State . HOVER) and
then register a listener for a goog. ui.Component . EventType .HIGHLIGHT event. This is
wdentical to listemng lor goog.ui.Component.EventType ENTER, except it is dis-
patched only when the control 1s enabled.

You can overnide the control’s handleMouseOver() method. but thar will receve
every mouseover event tor the control’s element and mouse over events from its
descendant elements which bubble up. You are likely only interested in inouseover
events lor the root element, which would be tiltered out for you by the control it
vou listencd tor either 1ts goog.ui.Component.EventType .ENTER or goog.ui.Compo
nent.EventType . HIGHLIGHT cvents, so this is likely not a good solution.

You cannse a custon goog . ui.ControlRenderer and override s setState( ) method
t handle the case where the state of goog.ui.Component.State . HOVER changes.

You can define rules for the €SS class that will be added ro the control by s
renderer, such as goog-control-hover, This makes it possible 1o change the pre-
sentation without writiig any JavaScript code {or adding another listener}, and
avoids the limitations ot the shover pseudo-selector.

Each of these options has its own pros and cons. For example, it the response to the

nouseover event is universal to all instances of a control, then it should be encoded in
the setState() method of their common renderer. However, it is better to encode be-
havior unique to a single mstance of a control i an event histener so it can be applied
mdividually. Using goog.ui.Control makes it possible to choose the appropnate gran-
ularity tor responding to user input,

goog.ui.Container

A goog.ui.Container is a component that serves as a container tor other goog.ui.
Controel objects. Even though it subclasses goeg.ui.Component, its methods for adding
and removing components take only geog.ui.Control objects as arguments. In the
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Card to determine what changes you want to make in the version of hovercard.css that
exists in your project. This will also make it easier to mspect the DOM of the widger
in a tool like Firebug, which will reveal all C55 classes used in the widger. You may
wish to add rules {or these €SS classes i your own stylesheet.

Be aware that some widgers, ncluding goog.ui.Bubble, goog.ui.Checkbox, and
goog.ui.Menultem, specily a background-image i their default stylesheet, so it the CS5
from the stvlesheet is used as-is, then the images they use must also be copied o vour
project and served as part of vour application. It 1s likely that vou will need to modiiy
the pach o the nage m the value ol the background-image rule to match us location on
your application’s server,

Another conunon issue with CS5 and the Closure Library is supporting the use of

multiple instances of a widget that should be siyled differently. For example, consider

the case where some hovercards are supposed to be green to represent contacts that

are your triends, and other hovercards are supposed to be red to represent contacts to

avoid. One solution is to include an additional €55 class on the root element of the

widger and then add some CSS rules that apply only when muluple classes are present:
/* original €SS rule defined in hovercard.css */

-goog-hovercard div {
hackground-color: white;

}

/* The following €55 rules will take precedence over the original rule if
either .good-contact or .bad-contact is also defined as a class on the
element with the .goog-hovercard class. */

-goog-hovercard. good-contact div {

background-color: green;

}

.goog-hovercard.bad-contact div {
background-color: red;

}

As explamed earher, the one problem with this approach s thar [E6 does not support
multiple class selectors, so it supporting LIE6 is a requirement, then using multiple class
selectors is not an option (unless the widget is a goog.ui.Control, i1 which case
getIe6ClassCombinations() can be used to work around this issue). A similar inck is to
use descendant selecrors, which works on all modern browsers, including [E6:

-good-contact . goog-hovercard div {
background-color: green;

}

.bad-contact .goog-hovercard div {
background-color: red;

}

Though this requures addmg the goog. ui.HoverCard to an element that has enher good-
contact or bad-contact defined on ir:
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But because goog-inline-block is so usetul, it is common to include the detinition of
goog-inline-block in any user interface built with the Closure Library, regardless of
whether goog.ui.INLINE_BLOCK_CLASSNAME is required.

Note that the function goog.style.setInlineBlock(element) that was introduced in
Chapter 4 programmatically updates the style of element to behave as if the goog-
inline-block class were applied o it. This is useful in an environment where goog-
inline-block is not defined in the CSS, tor whatever reason. Because it is implemented
in code, goog.style.setInlineBlock() uses goog.userAgent rather than CSS selectors
to determine the appropriate styles to add.

Example of Rendering a Component: goog.ui.ComboBox

There are several components in the goog.ui package that explicitly prohibit display
via decoration, so render() must be used ro display them:

* goog.ui.ColorPicker

* goog.ui.ComboBox

* goog.ui.HsvPalette

* goog.ui.PopupColorPicker
* goog.ui.PopupDatePicker

For each widget in this list, its canDecorate(element) method returns false regardless
of the value ot element. Most of these widgets build up a complex DOM structure in
their respective createDom() methods, so verilying such a structure for decoration
would be tedious. Therefore, even if decorate() is your preferred way of displaying
widgets, it may not be an option for every component you use in your application.

The most conmmouly used component trom the list is goog.ui.ComboBox. A combobox
is a combination of a rext input and a <select> element: it allows a user to type in text
freely, but also offers suggested values via a drop-down menu. An example of
goog.ui.ComboBox in action can be seen in Figure 12-1 where a combobox is used to
enter a URL to JavaScript source code in the Closure Compiler Service Ul. Although
the user may type i any URL he wishes, the combobox suggests URLs to conmnon
JavaScript libraries, such as http:/lajax.googleapis.comfajaxilibs/iquery/1.3. 2liquery.js.

To use a goog.ui.Combobox 111 your own application, first open up its corresponding
demo page to determine which CSS files vou will need. The stylesheer links can be
found under the head element:

¢<link rel="stylesheet" href="css/demo.css">
¢link rel="stylesheet" href="../css/menus.css">
<link rel="stylesheet" href="../css/combobox.css">

As explained in the previous section, it is not reconmmended to include demo.css in your
application, though the definition of goog-inline-block should be included from
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goog.ui.CustomButton

Building a Ul becomes more interesting when using goog.ui.CustomButton, which
makes 1t possible 1o decorate an arbitrary ¢dive so thar u looks and behaves hke a
button:

cdiv id="empty-div"></div>

£eCTipts

var buttonl = new goog.ui.CustomButton{null /* content */};
buttonl.decorate{goog.dom. petelement (empty-div'));
buttonl.setCaption{ 'The button label'};

fscripts

Afrer decoranon, the HTML for the <divs is:

¢div id="empty-div"
class="goog-inline-block goog-custom-button”
role="button”
style="-moz-user-select: none;”
tabindex="0">»
<div class="goog-inline-block poop-custom-button-outer-box">
<div class="goog-inline-block goog-custom-button-inner-box">
The button lahel
<fdive
</div>
</div>

This 1s considerably more sophisticated than the decoration performed by goog.ui.
Button. [t adds extra attributes to make the <div> behave more like a native button. For

bility (WAI-ARIA) so that a screen reader will recognize the element as a button. There
15 also a tabindex attnbute so thar it 15 possible 1o navigate 1o the geog.ui.Custom
Button and give it keyboard focus, just like a native button,

i A
Bat The WAIL-ARIA (Web Accessibility Inmuanve-Accessible Racl Interner
| f& Appheations) specification provides an ontology of roles and states that

pias can be used to anmotate the DOM in order to communicate the semanne
meaning of an element to a screen reader. Traditionally, screen readers
have used the DOM elements themselves ro interpret their funcron: a
¢select> would indicare a list of choices thar could be read to a visually
impaited person by a screen reader. Bur with the rise of DHTML 1o
create more soplusticated web mterfaces, a <select> ay now be
constructed out of <dives, which do not communcate their semantic
meaning by default. Using the roles and stare atrribures defined in the
WAL-ARIA specification fills this communicanion gap. Al enuneraron
of ARIA roles and stares and loge for applying them to DOM elements
can be found m the goog.dom.a11y package i the Closure Library. (As
“internationalization” is frequently abbreviated ta *11807, it is becom-
g commaonplace to abbreviate “accessibility” to "ally™.)
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Next, let’s take a look at the control itsell:
Jwn
* A control that displays a ChecklistItem.
* @param {example.ChecklistItem=} item
* @param {example.ui.ChecklistItemRenderer=} renderer
¥ @constructor
* @extends {goeg.ui.Control}
¥
example.ui.ChecklistItem = function{item, renderer) {
goog.base(this, null /* content */, renderer);
this.setsupportedstate(goog. vi.Component .5tate, CHECKED, true);
this.setAutoStates(goog.ui.Component,State CHECKED, false};
this.setSupportedstate(goog. vi.Component.State., FOCUSED, false);

if (litem) {
item = {id: 'temp-' + goog.ui.IdGenerator.getInstance().getNextUniqueld(),
text: "',
checked: false};
}
this.setMadel {item);

}i

goog.inherits({example.ui.ChecklistIitem, goog.ul.Control};

J
* @return {lexample.ChecklistItem}
¥ goverride
*
example.ui. ChecklistItem, prototype. getModel ;

/¥ greturn {boolean} */

example.ul ChecklistItem. prototype. isTtemChecked = function() {
return this.getModel() . checked;

ki

f** greturn {string} */
example,ui.ChecklistItem.prototype.getItemText = function{)} {
return this.getModel(). text;

Y

/** @inheritDoc */
example.ui.ChecklistItem. prototype. enterDocument = function{) {
goog.base(this, "enterDocument’);
var checkbox = this.getChildat{o);
this.getHandler(}).listen(checkbox,
[goog.ui.Component . Event Type. CHECK, goog.ui.Component. EventType UNCHECK ],
this.onCheckChange J;

1;

Jll't-t
* Update the internal ChecklistItem when the checked state of the checkbox
¥ changes.
* @param {goog.events.Event} e
¥ @Eprivate

i 4
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However, its decorate() imethod is considerably different because it does not instantiate
or add any child componens explicitly, though somehow they appear to have been
added because checklistContainer.fortachChild() is used to iterate over them to ex-
tract the data to build up the model for example,ui.Checklist. It turns our that Con
tainerRenderer’s decorate() method delegates 1o a decorateChildren() method that
iterates over its child elements and attempts to decorare them and add them as child
components using decorator funcnions available m geog.ui.registry. Theretore, the
child components are created and added using the call to the decorate() method in the
superclass. If goog.ui.ControlRenderer provided similar functionality, it would have
been used in example.ui.ChecklistItemRenderer’s implementation ol decorate() as
well, but unfortunately, it does not.

As a container, example.ui.Checklist has to do very hitle work ar all:

J ¥
¥ @param {example.Checklist=} checklist
* Bconstructor
* gextends {goog.ui.Container}
i

example.ui.Checklist = function{checklist) {
goog.base(this, goog.ui.Container.Orientation VERTICAL,

example.ui.ChecklistRenderer.getInstance());

this.setModel{checklist || null);
this.setFocusable(false);

b

goog. inherits (example.ui.Checklist, goog.ui.Container);

i

* @return {example.Checklist}

* @override

*
example.ui.Checklist.prototype.getModel;

/** BinheritDoc */
example.ui.Checklist.prototype. enterDocument = function() {
goog.base(this, "enterDocument’);
this.getHandler{).listen(this,
[goog.ui.Component . Event Type. CHECK, goog.ui.Component. Event Type UNCHECK],
this.onCheckChange );

jre
* @param {goog.events.Event} e
¥ @private
*f

example.ul.Checklist. prototype.onCheckChange = function(e) {
{/ The example.ui.Checklist class chooses to keep CHECK and UNCHECK events to
f/ itseld by preventing such events from bubbling upward. Instead, it expects
{f clients to listen to its custom CHECKED COUNT CHANGED events for updates.
e.stopPropagation();
this.dispatchEvent{new goog.events.Event(

example.ui.Checklist.EventType.CHECKED COUNT CHANGED, this));
b
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Conclusions

As there is no allowance for adding or removing items, this to-do list leaves much to
be desired, but it does exercise many of the features of the goog.ui package discussed
inn this chapter. For starters, it provides an example of a subclass for each of the base
classes introduced in Figure 8-1. Further, it demonstrates how to support both ren-
dering and decorating in components as well as renderers. It also shows that even when
building a custom component (example.ui.ChecklistItem), a lot of effort can be saved
by incorporating existing ones in the process (goog.ui.Checkbox). Finally, it alludes to
the benefits of generating tuncrions for producing HTML from a templare, which will
be tully realized in Chapter 11.

The one aspect of this component that you may find disconcerting is the number of
listeners it adds. It tums out that a conrrol added to a conrainer will have its listeners
supplanted by the container's, but the control’s children will not have their listeners
moditied. That means that for every itemn i this list, the goog.ui.Checkbox that is a child
of example.ui.ChecklistItemadds 11 listeners to the system. Using techniques such as
moving listeners from children to a common parent can help reduce this number.
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The Closure Editor leans more towards the hands-olt approach, but as you can tell
from the size of the library, it 1s clearly doing imore than just wrapping the nanve browser
control. It uses contentEditable and execCommand, so the browser handles text input,
lavout, drawing the selection, and most of the formarting conunands. However, it steps
in when the browser’s implementation is just too buggy or when an application needs
to provide more cross-browser consistency.

One major reason for taking this approach was that the editor was started in 2004 when
browser performance was nowhere near as good as it is today. The largest client of the
editor was a web application that required a lot of memory to hold all of its state and
code: Gmail. The most popular browser at the time, 1E 6, had a garbage collector that
ran every 256 object allocations, and garbage collection time was dependent on the
amount of memory in use. See http:/fpupivs.co.uk/blog/2007/03/garbage-collection-in
-te6 for more details on 1E 6 garbage collection. It was impossible to do any complicated
work on every keypress, because if enough object allocations were done to cause a
garbage collection, it would lead to considerable lag when typing. Throughout the
editor code, one key goal is to never let the user expenience lag. To achieve this,
the typing code paths are protected. You'll leamn more about how this is done using the
plugin AP1 in “Extending the Editor: The Plugin System”™ on page 253,

goog.editor.BrowserFeature

The Closure Editor uses a technique not tound elsewhere in the Closure Library for
handling browser differences: goog.editor.BrowserFeature. This object is a set of con-
stants for different browser features (or bugs) and the browsers that they apply to.
Elsewhere in the Closure Library, when browser-specific code 1s needed, thereis usually
just an if statement with some feature detection, or a user agent check. However, most
ol the features, quirks, and bugs that plague rich text are not discoverable using feature
detection, so they must be specitied ahead of time. This also gives the benefir of making
it possible to compile a version that is just tor a particular browser, greatly reducing
code size. All of these constants are in a single file, which also makes it easier to add
support tor a new browser, as a new browser's quirks can be added in just one place,
rather than needing to weed through the entire library looking for browser checks to
modity. In tact, initial Opera support was added by adding goog.userAgent.0OPERA to a
few features in this file, and changing one if (goog.userAgent.GECKO) check in the rest
of the code base!

Creating an Editable Region

The first step in creating an editor is to create the area on a page where it will go. The
Closure editing package provides two basic types of editable regions: goog.editor
.Field and goog.editor.SeamlessField. goog.editor.Field is the most simple type of
editable area and is like a text area. It is isolated trom the rest of your application and
lives inside its own <iframe>. You can think of it as a “white box™ on the page; it is a
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barched event instead of the change event so that vour application does not react 1oo
trequently (and expensively) to a rapidly changig DOM.

To track changes, the field listens for certain events known to cause DOM changes and
to explicie calls to handleChange. These changes are relatvely conunon, so to maintain
good perlormance, the field does as linle work as possible on every change, and essen-
tially just queues up the delayed change eveut if one is not already pending. Wheu
change events are “on,"” the field tracks modifications and when change events are “olf,”
the field does not irack changes. Unless you are implemenring your own editing com-
mands, you will never need to turn change evenrs on or ofl. If you are implementing
your owil editing comnrands, the editor provides APIs for starting, stopping, and forc-
ing change events. As yvou'llscemn the next section, the goog. editor. PLugin AP1 provides
abstractions so that you normally will not need to use any of the field’s change event
APIs directly, but for cases it doesn’t handle, there are several methods available for
working with change events:

stopChangetvents(opt_stopChange, opt_stopDelayedChange
Stops handling of change and/or delayved change and the dispatching ol the cor-
responding events. Dispatches any pending events before eveus of that type are
stopped. Should be called before you make changes that you do not want tracked.

startChangeEvents(opt fireChange, opt fireDelayedChange)
Restarts both change and delayed change events. Additionally (and optionally),
unmediately handles changes and fires the appropriate events. Should be called
after you are done making changes.

clearDelayedChange()
Iunediarely causes delayved change to be processed, firing the evenr if pending.
Does nothing if there is 1no pending delaved change.

dispatchChange{opt_noDelay)
Equivalent to startChangebvents(true, opt noDelay).

dispatchBeforeChange()
Should be called immediately before changes are made, to signal to the editor that
something is about to change. dispatchChange should be called immediately afeer
the changes are made o complete the transaction.

handleChange()
Notifies the editor that a change has occurred. If change events are stopped, this
does nothing.

manipulateDom({func, opt preventDelayedChange, opt handler)
Calls a function to manipulate the editable region. This is the preferred method,
rather than manually starting and stopping change events, as it takes care of the
starting and stopping automatically, and ensures yvou never forget to tumm change
evelts back on when vou are done.
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setModelMode/inModalMode
Sets/gets if the feld is currently in modal interaction mode. This is normally used
by dialogs. When in modal mode, no changes should be madeto the editable DOM
by any code other than that which enabled modal mode.

setBaseZIndex/getBaseZIndex
Sets/gets the z-index of the field. Used to make sure additional Ul renders on top
of the editable field.

A few other useful getters for working with your field:

getEditableDomHelper
Returnis the goog.dom.DomHelper for the root editable node. Note that this will not
be the same as the goog.dom.DomHelper tor the original node you made editable, as
the editable node 1s mside an <iframe>.

getElement
Returns the root editable node, it one exists. If the field is not yet editable, this will
returnt null. Otherwise, it points to the body element in the <iframe>.

getOriginalElement
Returns the original node that was transtormed into the editable node. Note that
this node may no longer be in the document.

getRange
Returns the goog.dom.AbstractRange (covered later in the section “goog.dom. Ab-
stractRange” on page 281) for the user’s current selection in the tield. Will always
return null if the field is not yet editable.

goog.editor.SeamlessField

Sometimes yvou will want vour editable area ro blend in more with your application
than a goog.editor.Field. For these cases, you can use goog.editor.SeamlessField.
goog.editor.SeamlessField is a subclass of goog.editor.Field, and switching to it from
goog.editor.Field requires very lew changes. You initialize it the same way, and it
dispatches the same evenrs and supports the same public APL. The biggest ditferences
are implementarion details in the tield itselt and how the tield matches the look and
feel of vour page. The editable region i goog. editor. Field is always implemented using
a fixed size <iframe>, with an editable <body> element. Thus, myField.usesIframe() and
myField.isFixedHeight() are always true for instances of goog.editor.Field Because
it is inside an <iframe>, events do not propagate tfrom the editor to the host page, nor
does it inherit styles from the page. goog.editor.SeamlessField on the other hand is
usually implemented using an editable <div> and can be a fixed height or grow with its
contents. In cases where it is not implemented with a <div> (due to contentEditable
not existing or being too buggy for thar platform), an <iframe> is used, but <div> be-
havior is simulated.
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This is normally done in response to a click on a toolbar button or a keyboard shortcut.
We'll cover hooking up a toolbar in “Toolbar™ on page 274. When execCommand is
called, rhe field looks at the installed plugins, and if there is a plugin that knows how
to respond to the goog.editor.Command.BOLD command, the field allows the plugin to
handle it. If there is no plugin registered that can handle the command, nothing will
happen.

A complementary method exists to find out the current state of a comumand. This APl
was also named for a native browser API, queryCommandValue{commands). queryCommand
Value takes either a smgle conmunand or an array of conunands as a parameter, to avoid
needing to call the merthod separately for every command, as mulriple commands can
be enabled at a given time:

/{ Assume the user's cursor is inside some bold, underlined text:
[ <b>cusMy text<fus</bs.

/! Returns true
myField.queryCommandvalue{goog.editor.Command. BOLD) ;

/! Returns true for bold and underline, but false for italic.

var result = myField.queryCommandValue([goog.editor.Command.BOLD,
goog.editor.Command. ITALIC, goog.editor.Command.UNDERLINE]);

!/ Alerts Bold: true, Italic: false, Underline: true.

alert(’'Bold: ' + result[goog.editor.Command.BOLD] + *," +
'‘Italic: ' + result|[goog.editor.Command.ITALIC] + ", +
‘Underline: ' + result[goog.editor.Command.UNDERLINE]);

With execCommand and queryCommandValue, your application code calls the method on
the field, the field checks if any plugins can handle the command, and if so, calls the
corresponding method on the plugin.

Other calls into plugin code are less direct. For example, the field listens tor key events,
and when key events are received, the field also allows plugins to process the events,
even though the plugins do not listen for the events, and your application code doesn’t
ask the field or plugin to handle the events. We'll cover these interactions in full detail
next,

| Although plugins have a tairly large public API, calls to plugins other
"@ than initialization should be done wia the goog.editor.fField. For
| example, your application code should never call execCommand directly
on a plugin instance, and should call it on the field instead. This allows
the field to do any additional preparation or cleanup, and ensures

CONSIStENCy.
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styling, so it a user creates some bold texr in Internet Explorer, just using the browser’s
execCommand would nor unbold 1 m Firetox. For a single user, this siuanon does not
come up all thar often, as users do not usually use many ditterent browsers, but for
collaborative products, this becomes a big issue. goog.editor.plugins.BasicText
Formatter gets around this problem by rewriting the HTML to be a form that the par-
ticular browser understands, if necessary. Note that the plugin could instead implement
the bold command itself, bur—following the principle of leveraging the browser when-
ever possible because u will be faster and less code 1o let the browser handle the
execCommand—ir just does this one-time imtial cleanup when the HTML 1s set. The
relevant snippet of JavaScripn is:
goog.editor.plugins.BasicTextFormatter. prototype. prepareContentstiml =
function{originalHiml, styles) {
it {goog.editor.Browserfeature. CONVERT TO B AND I TAGS) {

originalHtml = originalHtml.replace(/<(\/7)strong([*\w]}/gi, '<S1b%2");
}

return originalltml;
I
cleanContentsHtml 1s like the wverse ol prepareContentsHtml. [t takes in the siring of
originalHtml from the editable field, and retums a string of HTTML that is suitable tor
storing server-side. cleanContentsDomis used for the same purposes, but provides a copy
of the editable DOM rather than the HTML string. Changes should be made directly
to the fieldCopy if using cleanContentsDom, as there is no returm value. Plugins should
use whichever is more efficient for their needs. Both are called by goog.editor.Field
when the contens are letched from the field via myField.getCleanContents().

Unblike the other conunands we have seen so far, the prepareContentsHtml and clean
Contents* methods are reducing commands, so the resulis are passed [rom one plugin
to the next. They are also called even for disabled plugins.

Advanced customization

* poog.editor.Plugin.prototype.setAutoDispose(autoDispose) and goog.editor.
Plugin.prototype.isAutoDispose()

* poog.editor.Plugin.prototype.activeOnUneditableFields()

For most plugins, the detanlt values of these should be sutticient, but if vou are writing
more advanced plugins, you may wish to set them. setAutoDispose sets whether the
plugin is disposed when the field it is registered on is disposed, and defaults to true.
activeOnUneditableFields returns whether the plugin shoule operate on uneditable
fields as well as editable lields. The default is goog.functions. FALSE, aud the plugin is
automatically disabled when makeUneditable s called on the tield.
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nmostly using their native implementations, resulting in a <br> in Firefox and a <div» in
all other browsers.

goog.editor.plugins.TagOnEnterHandler is a subclass of goog.editor.plugins.Enter
Handler that ensures a block element 1s created when Enter 1s pressed. 1t is most com-
monly used with <dive or ¢p>, but technically any block element can be used. I also
implenients an additional piece of the plugin APl: queryCommandvalue. This is used by
other plugins to determine which type of block they should create, if necessary, withowt
having a direct dependence on the plugin. This plugin provides complete consistency
tor Enter behavior to all browsers, but s the slowest pertorming Enter handler
Firefox.

goog.editor.plugins.Blockguote 1s a plugin that does nothmg on s own, and should
be installed only alongside one of the Enter handlers. It handles the specific case of
pressing Enter inside of a <blockquote> element, but implements only execCommand
Internal, rather than any key handlers, Instead, when the user is inside of a <block
guote?r, the Enrer-handling pluginissues an execCommand lor goog.editor.plugins.Block
guote.SPLIT COMMAND, which mvokes this plugin. This plugin s usetul for applicanons
that anticipate usage of <blockguote>, like mail applications, and can be left our lor
others. The plugin takes a boolean requiresClassNameToSplit and au optional string
opt_classMame as parameters, which configure whether the plugin should operate on
all blockguotes, or ouly a subset with a given class name. This is used to distinguish
one type of blockquote from another, because <blockgquete> elements can be used lor
other purposes, like regular indentation, and i those cases, should be split tollowing
normal block rules; not the special quoted handlng,

gooq.editor.plugins.LoremIpsum

Lorem ipsum text is dununy text used by the publishing industry as a placeholder
for real text. This plugin serves the same purpose; it allows your application to provide
some default rext in the tield belore the user enters their real text, given as the
message string in the constructor. The lorem ipsuim text 1s shown only when the tield
15 not tocused, and as soon as the user locuses w the beld, uis removed.

This plugin supports three conmands: goog.editor.Command.CLEAR LOREM, which re-
moves the lorem text from the held, goog.editor. Command .UPDATE _LOREM, which deter-
munes whether lorem text is needed and it so, mserts i1, and goog.editor.Com
mand . USING LOREM, which 15 nsed 1o determine whether lorem text is currently in the
held. The first two are used with execCommand and the last 1s used with queryCommand
Value, becanse it is querying state, rather than perforiming an action. This plugin is also
active for uneditable tields, so lorem text can be used even when uneditable. One -
teresting thing to note about the lorem ipsum plugin is that it 1s not invoked by user
actions. All calls to its execCommand and queryCommand are made directly by goog.
editor.Field, resulting in this plugin having a tighter coupling with the field than most
plugins. For example, this is necessary when getting the field’s contents. 1If the field has
not been edwed by the user, you want your application to save the empry string, not
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var dom = this.fieldObject.getEditableDomHelper();
var marqueePlaceholder = dom.createDom{goog.dom. Taghlame.DIV,
example.MarqueePlugin MAROQUEE CLASS NAME);

{{ Wrap the text with the placeholder.

// Even though we are modifying the DOM here, we do not need to dispatch
{/ any events, because the plugin base class handles that in execCommand.
var range = this.fieldObject.getRange();

marqueePlaceholder « range.surroundContents{marqueePlaceholder);

goog . dom. Range. createFromlodeContents (marquesPlaceholder) . select();

1;

We also take advantage of the plugin APL and implement only handleKeyboardShort
cut rather than handlekeyDown, handleKeyUp, handleKeyPress, or directly listening to any
kevboard events:

/¥ G@inheritDoc */
example . MarqueePlugin.prototype. handlekeyboardshortcut =
function{e, key, isModifierPressed) {
{/ Also insert a marquee if the user hits ctrl + m.
if (isModifierPressed && key == 'm') {
this.tieldObject.execCommand{example MarqueePlugin. COMMAND ) ;
return true;

}

return false;

b

To show the toolbar button in the depressed state if the user’s selection 1s mside our
special margquee rext, we mnst implement queryCommandvalue 1o return true for these
Cases:

/** @inheritDoc */

example . MarqueePlugin. prototype. queryCommandvalue « function{command) {
f{ Determine if the wser is currently inside & marquee placeholder.
[f If so, return true.
var range = this.fieldObject.getRange(};
var container « range &3 range.getContainer();
var ancestor = goog.dom.geténcestorByTagHamedndClass{container,

goog.dom. Taghame DIV, example.MargueePlugin.MAROUEE CLASS NAME);

return !lancestor;

-

Fmally, because we use the special placeholders mside the editor, to make sure the
application saves using <marguee? tags, we will need to implement cleanContentsDom 1o
transtorin our special <divss o <marquee»s, and to make sure the editor loads with our
special <dives instead of <marqueess we'll need to implement prepareContentsHtml:
/¥* @inheritDoc */
example.MarqueePlugin. prototype. prepareContentsiiml = function(origimalHiml,
styles) {
{{ Replace the marquee with a div for use inside the editable region, because
[/ editable regions in some browsers cannol support marquee tags.

{/ Transforms <marquee class='scrolling-margquee’»scrolling text</marguee» ->
{f <div class="scrolling-marquee »scrolling text</dive;
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respeciively, but you can customize the buttons using addokButton, addCancelButton,
aid addButton to add any arbitrary burton. If any buttons are added explicitly, the

detaults will nor be used.

(Creating a custom dialog

In “Creating a custom dialog plugin™ on page 268, we introduced a dialog plugin,
example.DialogPlugin, that allowed the user to insert an unage. The plugin handled the
image insertion and interactions with the editable field, bur created an instance of
example.Dialog to show the dialog and collect input {rom the user. This section will
demonstrate how to create custom dialogs, by implementing example.bDialog. The ex-
ample dialog will look like Figure 9-5 and allow the user to enter the URL for the source
of the image to nsert. It will dispatch an event that contains the URL when the user
clicks OK. As you saw in "goog.editor.plugins. AbstractDialogPlugin™ on page 263, the
dialog plugin inserts the image when it receives this event.

Example Plugin Dialog

Enter the url to the image | http:/

| OK || Cancel |

Figure 9-5. example. Dialog.

Like all editing dialogs, we’ll start by subclassing goog.ui.editor.AbstractDialog:

J*F

* Creates a dialog for the user to enter the URL of an image to insert.
* @param {goog.dom.DomHelper} dom DomHelper to be used to create the

L dialog's DOM structure.

¥ @constructor

* @extends {goog.ui.editor.AbstractDialog}

L7

example.Dialog = function{dom) {
goog.ui.editor.AbstractDialog.call(this, dom);

;,;:ng*in herits(example.Dialog, goog.ui.editor.AbstractDialog);
To create the dialog itsell, subclasses implement createDialogControl. You can create
any type of dialog you want , burt it you want an instance of a goog.ui.Dialeg, you can
use goog.ui.editor.AbstractDialog.Builder for convenience. We'll use this builder
with the default OK and Cancel buttons. The only customization we need to do is to
set the ritle and contents. Once customizations are complete, we call build() on the
builder to create the dialog:
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var marqueebutton =
goog.ul.editor. ToolbarFactory.makeToggleButton(
example MarqueePlugin, COMMAND, 'Insert marguee', '"Marguee');
/f Mark it as queryable so the button state is autematically updated.
marquesButton.queryable = true;

Styling the toolbar

[l vou have followed along and creared a toolbar using the previous steps, von may
notice that it doesn’t actually look like the ones presented in the tigures in this chaprer.
This is most likely because you are missing the necessary CSSfiles. The toolbar requires
all of the following CS5 to properly render the detault buttons and menus:

<link rel="stylesheet" href="css/button.css" />

<link rel="stylesheet" href="css/menus.css" />

¢link rel="stylesheet" href="css/toolbar.css" /»

¢link rel="stylesheet" href="css/colormenubutton.css” /»

¢link rel="stylesheet" href="c¢ss/palette.css" /»

<link rel="stylesheet" href="css/colorpalette.css” />
<link rel="stylesheet” href="css/editortoclbar.css" />

The images used in the wolbar are all stored on Google's static content servers
(ssl.gstatic.com/editor/). If you'd rather host the images yourself, you'll need to
overrice the €SS that references the images. In each of the CSS tiles, find the references
to gstatic.com, and add new rules that use your own paths insread:

/¥ Override the toclbar icon sprite */

gr-icon {

backpround-image: url{../path/to/your/version/editortoolbar.png);
1

Selections

In previous sections, we mentioned updating the toolbar state from the user’s selection
and we modified selections i1 the plugin examples. In this section, we'll dig deeperinto
what a selection s, how o extract indormanion from i, how to modity it, and how to
make changes to the DOM using 1.

Users fonmn selections when interacting with the application in many ways: with a
mouse, with arrow keys, with kevboard shoreuts (such as Conrol-A for selecring all
the contents in a region), or with actions under the Edit menu. There are two main
types of selections. When a user selects something on a page such that the start and
end points are different, this is known as an expanded selection. Browsers normally
display expanded selections using a dark background and white font. The other type
of selection 1s a caret (or a collapsed selection), which occurs when the star and end
are identical (nothing is actually selecred), and the browser displays this as a blinking
CULSOT.

A range is any subsection of the DOM between rwo endpoints. Ranges are otten used
to change the user's selection by selecting a given range. You can also retrieve a range
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Besides the endpoinns themselves, you may want to tind the deepest node in the DOM
that contains the enuire range. For this, use getContainer (or getContainertlement to
find the deepest element).

Setting endpoints of a range

To modity which nodes a range starts and ends in, use moveToNodes(startNode,
startOffset, endNode, end0ffset, isReversed).Forthe simple case of collapsmig, vou
can also use collapse{toanchor) to change the range mto a caret ar either the focus
or anchor position of the range. Remember that these affect only the range, not the
selection,

To change the user’s selection o equal any range, just create a range at
the position you want, and call select() on thar range object.

Extracting data from a range

Besides the endpomts, you will also often want to know what DOM coutents are en-
closed by the range. There are several ditterent methods vou canuse to get the contents,
depending the type of information you want. Each of these methods returns a string of
HTML. getText is the simplest and retumis the plain-text version of the range. getHtml
Fragment retums a string of the exact HTML enclosed, but rhis can be invalid HTML.
getValidHtml is like getHtml Fragment, but makes sure that all comextnodes are meluded
s the HTML is valid. Finally, getPastabledtml is like getValidHtml, but conrains a fully
complete DOM that can be pasted anywhere. To illustrate these differences, consider
the HTML for a simple table:
<table>
<thody:
<tr>
<td ide'td1’><brcell</br1</td>
<td id="td2'>cellze/td>
<ftry
<tr>
<trcellsc/tds
ctd>cellde/td>
<ftr>
</ thody:
<ftable>

And a selection that selects all of the first and second cells:

/f select "cellicell2”.

range = goog.dom.Range.createFromNodes{goog. dom. 5( td1'}, o,
goog.dom. 5 "td2"'), 1);

range.select{};

The conrent getters each return different resules:
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f/ For text nodes, we just need to be sure all the text is selected.
if (startNode.nodeType == goog.dom.HodeType.TEXT) {

return start(ffset == 0 &k enddffset == startiode.length;
} else {

!/ For elements, we just need to make sure only one child is selected.
return enddffset == startOffset + 1;

}
1

I
¥ Determines whether the range fully selects a single node,
* @param {goog.dom.AbstractRange} range The range.
* @return {boolean} Whether the range fully selects a single node.
*
var isSingleModeFullySelected = function{range) {
var starthode = range.getStartNode();
var endNode = range.getindiode();
var startoffset = range.petStartoffset();
var end0ffset = range.getEnd0ffset();

return isSingleNodeFullySelectedHelper (startNode,
startiffset, endNode, endOffset);

}

This function works tine if the range was created using the same node as both endpoinrs
(either the text node, the bold node, or the bold’s parent node), but whar if the range
was created with a mix, like:

var range = goog.dom.Range.createFromModes(%('b'), 0, $('b").firstChild, 4);

example.isSingleNodeFfullysSelected would incorrectly determine that more than one
node is selected, because the range stars and ends in different nodes. To work around
the inconsistencies caused by multiple DOM positions representing the same visual
position, use goeg.editor.range. expand 1o expand the range to contain all tags that are
tully selected. The range rerurmed s visually equivalent to the original, but the start and
end will expand as far as possible. This allows us to write an improved version of
isSingleNodeFullySelected:

var isSingleNodeFullySelectedz = function{range) {
var expandedRange = goog.editor.range.expand(range);
return isSingleNodeFullySelected{expandedRange);

}

This time, the start and end node will both be the <dive, and the start offset will be 1,
and end offset will be 2, so isSingleNodeFullySelected2 will properly return true.

goog.editor.range.narrow provides similar funcoonality to goog.editor.range.
expand, except that 1t narrows the range to contam tewer rags rather than expanding 1o
include more. However, the methods are not as equivalent as the names imply. Though
expand works with the current range to expand it as far as possible {taking an optional
stop node as 4 parameter), narrow requires an acditional parameter, which is the ele-
ment to narrow the range to. Specifically, narrow will move the endpoints in only as far
as that element, even if a narrower range exists,
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Onee constructed, a goog. debug. LogRecord has getter and setter methods for each of its
properties, such as timestamp and logging level. Although irs setrer methods will rarely
be of interest, its getter merhods will be used by user interfaces to display logging
information.

goog.debug.Logger.Level

Not all logging messages are of equal importance, so a goog.debug. Logger.Level is as-
sociated with a log message to indicate its priority. For example, when debugging an
email application, it is probably not important to get an informational message that 4
click has been registered on the “check for new mail™ butron, but it is inportant ro get
a warning message that the mail server is slow to respond. By logping these messages
with the appropriate level, it makes it easier to conligure a logger so that only the
significant messages are displayed n a logging UL

Note thart the level does not dictate priority in terias of the order in which messages
will be displayed—imnessages will always be displaved in the order in which they are
received by the logger. Instead, the level determines whether a immessage is published by
a logger, and it may also affect how the message is presented in a logging UL

Each logging level corresponds to a nummber, and higher nummbers correspond to more
important messages. The logging package defines a number of levels to encourage the
consistent use of levels across modules. As shown in Table 10-1, the predefined levels
for goog.debug.Logger.Level match those defined by the Java class java.util.log
ging.Level, though Closure contains one additional level, SHOUT, which is higher than
the highest Java level, SEVERE.

Talle 10-1. Predefined levels for goog debug. Logger. Level.

Name Value Meaning

OFF Infimity Special value that indicates logging
should be disabled

SHOUT 1200 Extra debugging loudness

SEVERE 1000 Serious failure

WARNING 900 Potential problem

INFO 800 Informational message

CONFIG 700 Static configuration message

FINE 500 Tracing information

FINER 400 Fairly detailed tracing message

FINEST 300 Highly detailed tracing message

ALL 0 Special value thatindicates that all mes-

sages should be logged
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This behavior malkes it possible 1o finely control which records appear i a logging 11,
Consider the tollowmg logging conliguration:

[/ Even though there is nothing like the following in base.js:

// war logger = goog.debug.Llogger.getlogger('goog'};

[/ The 'goog’ logger gets created as a side effect of creating a logger
[/ deeper in the hierarchy, such as 'goog.ui.ComboBox'.

// Even if there were no loggers created in under the 'goog' namespace,
{/ the following call would dynamically create such a logger.

goog.debug. Logger.getloggeri( "goog' ) .setlevel{poog. debug. Logger. Level . OFF };

poog.debug . Logger . petlogger (' goog.ui.ComboBox " ).
setlevel{goog.debug. Logger. Level  INFO) ;

goog.debug. Logger . getlogger( "example' ). setlevel (goog.debug. Logger. Level LALL ) ;

In this example, setting the level of the "goog' logger to OFF effectively disables all
logging in the goog namespace because all of the loggers in goog are descendants ot the
'goog’ logger. However, setting the level of the 'goog.ui.ComboBox' logger to INFO will
override the OFF setting for the 'goog.ui.ComboBox' logger and all of its descendants.
Meanwhile, all records dispatched by loggers that descend from the "example' logger
will be published. Thas leads to the tollowing behavior:

{{ These records will not be published because they inherit OFF from goog.
poog.debug . Logger . getLogger ( 'goog.ui').

severe( ‘goog.ul severe');
goog . debug . Logger .getlogger (' goog.ul.ComboBoxItem’ ).

shout( 'goog.ul.ComboBoxItem shout');

[/ These records will be published because they inherit INFO from
[/ goog.ui. ComboBox.
goog.debug . Logger . getlogger (' goog.ui.ComboBox ' ).

warning{ 'goog.ui.ComboBox warning'});
goog.debug.logger.getloggeri( 'goog.ul.ComboBox. EventType " ).

info{ 'goog.ui.ComboBox . EventType info');

{f These records will not be published because they are below INFO.
goog.debug. Logger.getlogger( 'goog.ui.ComboBox '} .

fine( 'goog.ui.ComboBox fine'):
goog.debug. Logger . getlogger ('goog.ul.ComboBox ).

config( ‘goop.ui.ComboBox config');

/! These records will be published because they inherit ALL from example.
goog.debug. Logger .getlogger ( 'example . Parent').

finer('example.Parent finer'};
poog.debug . Logger . getLogger ( "example.Child').

finest( 'example.Child finest');

Recall that the debugging level is checked only once by the mirial logger when a record
passes through the logger hierarchy. This is what makes it possible tor a record logged
by the 'goog.ui.ComboBox' logger to reach the root logger even though the level of the
intermediate "goog' logger is OFF. This is done deliberately to enable a specific logger
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CHAPTER 11
Closure Templates

I a web application, it is extremely conumon to dynamically build up a string of HTML
and then nsert it into the page. Most web frameworks provide a server-side template
latignage, such as PHP or [SP, to address this issue, By comparison, Closure Templates
(also known as “Soy”) provides a remplating solution that can be used on both the
server and the client from either JavaScript or Java. Soy generates JavaScnipt code trom
a template at build time, so it avoids the mntime parsing cost encountered by most
JavaScript temiplate systems. Further, because the code it generates for each template
is a JavaScript function, it can be called or passed around as a functor in a way that is
natural for JavaScript progranuners. This chapter will explore the many features and
benefits of using Soy.

Limitations of Existing Template Systems

Before diving into why Soy works the way it does, it 1s important to consider the prob-
lems that Soy is trying to address in other template systems that are available roday.

Server-Side Templates

When using a template system that only works on the server, such as JSP or PHP, a
remplate often resembles an entire HTML file with placeholders for variable text. In
this way, the user of the template can insert values tor the teinplate variables ar runtiune
to dynamically create a string of HTML that can be sent down to the client. The fol-
lowing is an example of a PHP file with a placeholder to insert the current vear:

<html>

<body>

<h3>The year is <span style="color:red"»><?= date('y') #»</span></h3>

< body>
< html
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¥ @Bparam rows A [ist of objects with various properties.
* The first row should have a property named units, subseguent rows
o sheuld have properties named symbol and value, and the final row
* should have a property named total.
¥ @param? includeSampleCss true to include sample C55 with the template
* @param oddRowBgColor css color for odd rows, such as ‘gray’ or "#CCC’
¥ @param? evenRowBgColor css color for even rows, defaults to "#FFF'
'
{template .portfolio}
S only include the 55 it it is requested.
¢styles
{if $includeSamplelss}
{call .portfolinCss /}
fcall .portfolioColors}
{param odd: %oddRowBglolor [}
{param even}
{if SevenRowBglolor}
{$evenRowBgColor }
{else}
$FFF
{/if}
{/param}
{/call}
1/if}
</style>

<div class="{css portfolio}"»
{foreach %row in Srows}
{if isFirst(Srow)}
¢div class="{css row}">
«div class="{css cell}">Symbolc/dive
div class="{c¢ss cell} {css units-cell}">{4row.units}</dive
<fdive
{elseif not isLast{$row)}
<div 1d="{%row.symbol|id}"
class="{css row}{sp}
{if index{%row) % 2 == 0}{css even-row{elsel{css odd-row}{/if}">
!/ This assumes that the caller has made sure that the ticker symbel does
// not contain any malicious HTML.
{call .symbelRow data="%row" [}
cfdive
{else}
<div class="{css row)™>
<div class="{css cell}"»Total {{length{frows) - 2}):</diwv>
<div class="{css cell} {css value-cell}">{print %row.total}</div>
<fdive
{/if}
{ifempty}
cepan style="color: red">Error: data was empty!</span>
{/foreach}
</divs
[/template}

Creating a Template | 307



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



length($roms) - 2 == 0

[/ Evaluates to a random item in the list $rows
$rows[randomInt(length($rows))]

If there is a value that you want to display in your remplate, but it canmot be created
using the Soy expression language, then you must either compute the value before
passing it to the remplate, or extend the remplate language as explained in “Defunng
a Custom Funcrion™ on page 328. For example, it is not possible to define an array
literal in Soy, but it is possible to pass one in as Soy data.

Referencing map and list data

In addition to literal values, template data may also be composed of lists and maps. In
JavaScript, an array can be used as a Soy list and an object can be used as a Soy map.
In Java, java.util.List and java.util.Map can be used for the respective template data
types. (Soy also provides its own Java classes, SoylListData and SoyMapData, which can
be used for template data as well.)

Referencing the dara contained in these data structures from a Soy remplate uses the
same syntax as JavaScript for referencing properties:

fusers|2].password // Susers is a list. Its third item must be
// a map with a property named “password".

$users.2.password // Although this would not be valid JavaScript,
// it is allowed in Soy and is equivalent to the
// above example.

$users[2][ 'password’'] // This will work as well, though the generated
// JavaScript will quote the password property,
/{ which may be a problem when using the Advanced
// mode of the Closure Compiler, as explained later
{/ in this chapter.

(Of the three examples, the $users[2].password style is used most often.

Referencing global variables
A name without a preceding dollar sign is treated as a reference to a global variable in
a Soy templarte:

[Math.PI}
{example.CardinalDirection .WEST}

That means that forgetting a dollar sign when referencing a parameter will not emit a
compile-time error when compiling a Soy template for JavaScripr:
{evenRowBgColor} // Mo error even though this should be {$%evenRowBgColor}.

However, it will produce a runtime error when the template is used if the global variable
caimot be resolved.
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{template .formletter}
{call .formletterHelper}
{param name}
{stitle} {Ssurname}{if $suffix}, {$suffix}{/if}

{/param}
{/calll
{/template}

Jll't-t
¥ @param name
o
{template .formletterHelper}
<dive
Dear {$name}:<br>
<p>
With a name like {$name}, shouldn't
you have your own theme song? We can helpl
o po
<fdive
{/template}

Identifying (55 Classes with {css}

One command that may come across as odd is the {ess} command, as it appears o
sitply print a value like the {print} conunand. Indeed, thar is its default behavior,
though this behavior can be overridden to rewrite the representation of a CS5 class. For
exatnple, when using a Sov template to generate JavaScript that 1s compatible with the
Closure Library, it will wrap the argument in a call 1o goog.getCssiame() when the
following flag 1o SoyTedsSrcCompiler. jar is used:

--cssHandlingScheme GOOG

The default behavior of the {ess} command is to print the value withour HTML es-
caping, so it behaves like the id print directive. The behavior of the {ess} comumand
can be configured ar compile time.

Internationalization (i18n)

Internationalization (also known by its much shorter numeronyin, 1180} s the process
of designing a soltware application so that it can be made available in another language
(written language, not programuung language!). For many web applications, 1181
means creating a process thar allows rranslated strings (in the user interlace) 1o be
substituted with their English equivalents. Because the means by which translations
are acquired may differ from project to project, the mechamcs of how 118n 1s done may
vary, but the principle of substituting translated strings is always the same.
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Another option is to use Sov to create a document fragiment that can be appended 1o
the DOM at a larer point in timne:

goog.require('example. formletter.templates');
goog.require( 'soy');

var fragment = soy.renderAsFragment(example.formletter.templates.formletter,
data);

Theretore, to build up the content of your own goog.ui.Component using Soy, override
createDom() as follows (note that this requires the result of soy.renderasFragment() to
be an Element, not just a Node or DocumentFragment):
/** @inheritDoc */
example . MyComponent.prototype.createDom = function() {
var element = soy.renderAsFragment(example.formletter.templates.formletter,

data);
this.setElementInternal(/** @type {Element} */ (element));

b
Because the DOM of the component is determined by a Soy template, it makes it easier
to take advantage of decoranon because server code written in Java can use the Soy
template to produce HTML that example .MyComponent can decorate.

Compiling a Template for Java

This section explains how to use a Soy template from Java.

Compilation

Unlike SoyTolsSrcCompiler.jar, which generates a JavaScnpr file from the template
that can be compiled later by the Closure Compiler, no Java source code is generated
when compiling a Soy template for Java. Instead, a Soy template is used to create an
in-memory Java object called a SoyTofu. The SoyTofu represents the template and can
be populated with values in order to generate the corresponding HTML.

o There is experunental code for generating Java source code from a Soy
template 111 com.google.template.soy.SoyTolavaSrcCompilerExperimen

4 tal. Unfortunately, it is not being actively developed, and there are no
plans to develop it further, so creatng a SoyTofu object is the only oprion
for using Soy from Java code ar tlus time.

Because Soy compilation is done programmatically in Java rather than using a
conuuand-line tool, you need to add sey.jar to your Java classpath in order to write
Java code that uses the Soy APL. The “lite” version of the Javadoc for the Soy API is
available at http:/fclosure-templates.googlecode com/symftrunk/fiavadoc-litefindex html,
which documents all of the classes that you will need in order to work with Soy tem-
plates in Java.
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# Use this script en Mac or Linux.

java -classpath SoyTolsSrcCompiler.jar:build/classes
com.google. template. soy. SoyTolsSrcCompiler Y
--outputPathFormat build/{INPUT FILE NAME NO EXTl.soy.ds
-=pluginModules example.ExampleModule
phone.soy

This will make it possible to compile the tollowing Soy template, phone. soy:

{namespace example.phone.templates}

J¥E
¥ @param phonslumber
g

{template .phone}

({substring($phoneNumber, o, 33} {sp}
{substring(4phoneNumber, 3, 6)}-
{substring({$phoneNumber, 6)}

{/template}

Now example.phone.templates.phone can be used in place of example.formatPhone
Number. [f ExampleModule is to be used 1o compile a Soy template for Java, it can be done
by using Guice directly:

ff Use Guice to create a SoyFileSet.Builder

Injector injector = Guice.createInjector(new SoyModule()}, new ExampleModule());
SoyFileSet.Builder builder = injector.getInstance{SoyFileSet.Builder.class);

[/ Once the builder is created, the Java code is the same as it was before.
builder.add(new File{"phone.soy"});

soyTofu soyTofu = builder.build{).compileTolavaObi();

SoyMapData data = new SoyMapData{"phoneNumber", "2018875309");

final SoyMsgBundle mspBundle = null;

system,out,println{soyTotu. render( “example, phone. templates . phone”,
data, msgBundle));

The plugin system also supports creating vour own print directives i a sinlar imanoer.,
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Lsing the Compiler 1o irack down these errors antomatically can save lots of time tha
would normally be spenr debugging JavaScript code. Further, developers will have
more confidence in the correctness of their code when it compiles without any errors
or warnings. This does not provide the same assurances that manual or unit testing do,
but the guarantees that are provided by the Compiler can be achieved with far less
etfort. The Cowmpiler is not a substitute for testing, but it provides some level of verifi-
cation even when 1o tests are present.

Protecting Code Through Obfuscation

Untortunately, unscrupulous developers have been known to try 1o clone existing
websites in order to steal their business. Although the open nature of the Web may
make it easy to leamn how to write HTML and how to use CSS, it also makes it easy to
copy the design of an existing site (which may have cost a lot of money to produce) and
use it tor your own purposes. Belore there were any JavaScript minification tools, the
sane was true of the JavaScript code on the Web—most sites would include their
JavaScript code exactly as it was ornginally written tor any visitor of the site to see. In
the earlier days of the Web, when JavaScript was used sparingly to provide minor cos-
metic enhancements to web pages, reusing such JavaScript code from other sites was
Lairly innocuons, Bur now that web applications have become more sophisticated and
the number of lines of JavaScripr code exceeds the number of lines of server code,
“borrowing” kilobytes of JavaScript trom a popular website cannot be taken lightly.

Using the Closure Compiler to obfuscate JavaScript source code does not prevent nia-
licious users trom downloading your code and reverse-engineering it to figure out what
it does and then use i, but it certamly makes it a lot harder. By usmg the Closure
Compiler to rename funciions and variables, the outpur from the Compiler 1s wimnrel-
ligible to the casunal developer. Some of the compiler optimizations discussed in the
next chapter, such as inlining, will change the structure of your program m such a way
that makes it much harder to map back to its original form. This means that even lor
those who figure out how to make the calls into your obluscated code to get it to do
what they want, it will still be ditficult for them to deobfuscare it into the form of the
original source code. By denving access to the code's original structure, it makes it
harder tor an owsider to modity and mamtain the code tor lus own purposes,

It is also important to remember that source code often contains information that is
not meant for public consumprion, such as developer email addresses or references to
unreleased products or teatures, Removing conmunents from the source code before
deploving it publicly can help reduce ennbarrassing inforiation leaks.
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Though if you are still determined to use conditional comments, it is possible to use
eval() to ensure thar the conunent is preserved and evaluared:
var is0ldscriptEngine = eval('false /*@cc_on || (@_jscript_version < 5) @%/');
if (is0ldScriptEngine) {
document .write( 'You need a more recent script engine.<br>');

}

Simple

The detault compilation mode is Simple. The goal of Simple mode is ro tolerate any
valid JavaScript code as input and to produce minitied output by using rechniques such
as simplifying expressions and renaming local variables within functions. It also per-
forms special oprimizations tor some of the functions in the Closure Library, as ex-
plained in “Processing Closure Primitives”™ on page 417,

When using Simple mode on the foo function from the previous example, the ourpur
is even smaller:

var foo=function(a){return a==37"\""":1E4};

Like Whitespace Only mode, the behavior of the code is unchanged, but some addi-
rional changes have been made to the inpur that make the ourput even smaller than
before:

* The local variable bar has been renamed to a to save bytes.

* The if and else statements have been replaced with the 7: ternary operator to save
bytes.

* The ('baz').length expression has been evaluared ar compile time and replaced
with the result: 3.

* The string literals in the 1f clause have been concatenared rogether ar compile time.

Because local variables are renamed in Simple mode, a common technique tor getting
additional compression is to declare functions inside an anonymous function that is
called immediately:

var loggingClickHandler;

(function() {
// Functions declared inside an anonymous function.
var recordClick = function(id) { console.log(id + " was clicked'); };
var clickHandler = function(e) { recordClick(e.target.id); };

// This makes clickHandler available externally by assigning to a variable
f/ in the global environment.
loggingClickHandler = clickHandler;

D IVH

In rhis way, recordClick and clickHandler are simply local variables thar can be re-
named using Simple mode. Because variables that are declared inside the anonymous
funcrion are not available exterally by default, they need to be “exported” by assigning
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Print input delimiter

When compiling muliiple files into a single JavaScript file, it can be helpiul o delimit
file boundaries so that it is possible ro determine which sections of the compiled code
correspond to a particular input file. When the *print input delimiter” option is ena-
bled, the Compiler will insert a conunent of the form Input X at the start of each file
boundary where X is a number starting with zero:

/{ Input 0
alert("I am a statement from the first input file");
/{ Input 1
alert("I am a statement from the second input file");

One common use of “print input delimirer” is to split the output into chunks to
deterinine which input files are contributing the most code to the compiled output.
Because the Compiler has the ability to remove unused funcrions in Advanced mode,
the largest input file may not contribute much code to the output if it contains many
unused library functions.

Because the inpur delimiter is simply a number, it must be mapped back to the list of
input files ro the Compiler to determine the file that corresponds to the delimiter.

Warning Levels

When compiling code, the Compiler will issue warnings for code that it behieves to
contain mistakes. Wamings are different from errors, which identify code the Compiler
knows to be problematic, such as code that will not parse. (Google maintams a com-
prehensive list of Compiler wamings and errors at http://code. google com/closure/com
viler/docs/error-ref.html.) The degree to which the Compiler will criticize your code 1s
dererimined by the warning level.

Quiet

When Quiet is used, the Compiler will not issue any warnings, but it may still yield
errors that would prevent the input code from running at all, such as syntax errors.

Default

The default waring level is simply named "Default.” It has warmings for common
coding errors, such as an early return statement that results in unreachable code:

var strengthenYourBones = function{) {

takeMilkOutOfRefrigerator();

pourAGlassOofMilk();

return true;

putMilkAway(); // Oh no, the milk will spoil because this is unreachable!

b

Warnings in Default mode apply to JavaScript code that is written in any style, not just
the annotated style of the Closure Library.
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java -jar compiler.jar --js a.js --js b.js --js c.js \
--compilation level=ADVANCED OPTIMIZATIONS '\
--warning level=VERBOSE
--formatting=PRETTY PRINT \
--formatting=PRINT INPUT DELIMITER \
--output file d.js

The Closure Compiler Application has some important options beyond what is avail-
able to the Closure Compiler Service.

Fine-grained control over warnings and errors

Many of the wamings issued by the Compiler can be suppressed or promored using
command-line flags. Such wamings are listed on the wiki for the Closure Compiler
project at http:/fcode.google com/piclosure-compiler wikifWarnings. The messaging of a
warning can have one of three states:

OFF
This suppresses the waming: nothing will printed to the console when the Com-
piler encounters code thar would normally trigger the waming.

WARNING
The warning message will be printed to the console, but it will not disrupt
cownpilation.

ERROR

The warning message will be printed to the console, and no compiled JavaScript
code will be generated.

Each level has a corresponding flag (--jscomp_off, --jscomp_warning, --jscomp_error)
that takes the name of the waming as an argument. Because each wamimg can be con-
figured independently, each flag can be used multiple times:
java -jar compiler.jar --js a.js --js b.js --js c.js --output_file d.js \
--jscomp_off=checkTypes \
-=jscomp_offsmissingProperties
--jscomp warning=deprecated ',
--jscomp_warning=visibility
--jscomp_error=unknownDefines
--jscomp error=fileoverviewTags

Using these tlags 1s particularly helptul when working on an existing JavaScript code-
base to make it Compiler-compliant. For example, it may be easier to start out by
enabling only a few wamings until all of the problems identtied by the waming are
fixed. After that point, it makes sense to treat wamings as errors by using the
--jscomp_error flag mstead to ensure that the problematic code does not reenter the
codebase. Developers on your team may tind warnings easy to ignore, so using errors
to prevent comnpilation will ensure that problems get fixed. For new projects, it is rec-
ommended to use --jscomp error tor all available warnings trom the ourset so that
problems are caught as early as possible.
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frequent operation when developing using Closure Tools, it is important to be able to
pertorin the same compilarion operation over and over with much less typing. A script
that automates this type of work is known as a build script. By providing a common
script that all team members are expected to use create and deploy software, this
establishes a build process. Having an automated build process introduces consistency
aid eliminates errors.

The thought of having to create a build process for JavaScript may be foreign to most
web developers. Historically, JavaScript files were treated as static resources that could
simply be dumped o a folder and served, much like srylesheets and images. Now
that the JavaScript files that you will serve to your users will be generated using the
Compiler, it is necessary to have a script that can produce those files automatically.
Furthermore, because the Compiler can tind errors in your code, it is important to run
the Cowmpiler regularly in order to find bugs as early as possible in the development
process. The best way to do this is to make the Compiler part of your build process to
ensure that it gets run.

It 1s important that a build process be tast so thar developers do not spend a lor of time
waiting for their code to build. In the case of the Compiler, that means using the Closure
Compiler Application rather than the Closure Compiler Service AP because the net-
work latency incurred by the Service APl will make the build process too slow. Even
worse, if the build process depends on the Service APL and Google App Engine is tem-
porarily unavailable (which has been known to happen: http:/iwunw . techcrunch.com/
2008/06/17/google-app-engine-goes-down-and-stays-doun/), it will not be possible to
bwuld at all during that time.

For projects that use a batch or shell script for an existing build process, integrating the
Compiler is simply a matter of copying the appropriate conunands from the examples
of nmning the Closure Compiler Application from the previous section. Those using
Make as their build tool of choice can do the same.

If you find it hard to keep track of the various shell seripts that are re-

quired to use Closure, you may want to consider using plovr, a build
4 tool designed specifically for projects thar use Closure, You can find
" information on plovr in Appendix C.

A slightly more complicated, but not unconunon, setup is to use Apache Ant (http://
ant.apache.org) tor the build process. As a marure cross-plattorin build tool, Ant 1s
integrated with a number of IDEs (such as Eclipse) and has comprehensive documen-
tation online that is rife with examples. Indeed, both the Closure Compiler and Closure
Templates use Ant scripts to manage their respective build processes. As an example,
create the following file named build.xml i1 the hello-world directory from Chaprer 1:
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The templates target builds hello.soy.js by leveraging the generate-template macro,
and the hello-compiled rarger builds hello-compiled. js by leveraging the closure-com
pile macro. The build rarget is simply an alias tor the hello-compiled target. Because
multiple targets can be passed to ant, it is conmumon to do a clean build by running ant
clean build, which is the same as running ant clean followed by ant build.

At 80 lines, this may seem like a lot of code just to compile one JavaScript file; however,
this contains a lot of reusable material, so creating more compilation targets in the
future will be much easier. For example, this is a build target lor hello-compiled-for-
firefox-on-windows.js from Chaprer 1:

<target names"hello-compiled-for-ff-on-win"

depends="templates”
description="generates hello-compiled-for-firefox-on-windows.js">
<mkdir dir="${build.dir}" />
<closure-compile inputfile="hello.js"
outputfile="${build.dir}/hello-compiled-for-firefox-on-windows.js"
compilationlevel="ADVANCED OPTIMIZATIONS"»
<extrapaths>
<arg lines'-p "${build.dir}/templates”' />
</extrapaths>»
<extraflags>
<arg line='-f "--define=goog.userAgent.ASSUME GECKO=true"' />
<arg line='-f "--define=goog.userAgent.ASSUME WINDOWS=true"' />
<arg line='-f "--defines=poog.userAgent.jscript.ASSUME NO JSCRIPT=true"' />
<fextraflags>
</closure-compile>
</target>

Most of the common flags passed 1o calcdeps.py are encapsulated in the closure-com
pile macro, so they do not need to be redeclared in the hello-compiled-for-firefox-
on-windows target. Now that there are two major deliverables in this build script, it may
be worth redefining the build rarger to include both of them:

<target name="build" depends="hello-compiled, hellc-compiled-for-ff-on-win" />

Although implementing build.xml may ininally seem like a substantial cost, the time
saved and errors prevented by being able to type ant instead of messing with a multiline
shell command will quickly mmake the mwvestment in Aut pay for itself.

Partitioning Compiled Code into Modules

One feature of the Compiler that has not been menrtioned thus far is its ability to par-
tition its compiled output into separate tiles rather than one large file. Each partition
is known as a module, and the Closure Library has code to help with loading modules
dynamically ar runtime. Dividing code into modules is attractive because it enables a
web application to download only the JavaScript it needs tor the initial page load so
that it renders quickly. As the user navigates to the other parts of the application, the
modules that contain the code to support such fearures can be loaded on demand.
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poog. exportsymbol( "example.api. load ', function{callback) {
moduleManager.execOnload( 'api', callback);

1

poog. exportSymbol( "example.api.isloaded’, function() {
var moduleInfo = moduleManager.getModuleInfo('api'});
return moduleInfo ? modulelnfo.isleoaded{) : false;

s

The first thing it does 1s define the burton click handler for example. App so that it dy-
namically leads the settings module, Once it sets the burton click handler, it initializes
the singleton instance of example.App via example.App.install(). This is done betore
the subsequent configuration so that the user sees the Ul for the main application as
sooll as possible.

Unee example. App is displayed, app_init.js configures goog.module.ModuleManager. li
loads the information lor the dependency graph via some global variables that will be
detined larer. (By keeping the graph mformation in a separate file, 1w 1s easier to dy-
namically generate it as part of a build process.) Once the graph has been loaded, the
mam module notifies the manager that it has been loaded via its setLoaded() method.

Finally, it exports a public tunction named example.api.load() that will dynamically
load the user script APL It takes a callback function so that a client of the APT will be
notified once the user script AP1is available. Simlarly, it also exports a public funciion
named example.api.isLoaded() thar can be used to rest whether the API has already
been loaded.

settings_init.js

When the settings module 1s loaded, 1t includes a tile named settings_init.js in
addition to settings. js;

goog.require{ 'example.fpp' };

goog.require( 'example.Settings');

poog. require( 'goog.module.ModuleManager ') ;

var app = example.App.getInstance();
var settings = new example.Settings{app.getbontelper(});
app.addChild{settings, true /* opt render */);

// This tells the module manager that the 'settings' module has been loaded;
[/ otherwise, the module manager will assume that loading has timed out and it
/f will try again,

poog.module. ModuleManager . get Instance( ). setloaded( 'settings');

The mmahzanon logic i settings init.js asswines that the example. App singleton has
already been created and that the settings module has been loaded in order to add
example.Settings as a chuld of example.App. Once the sertings Ul is displayed, set
tings init.js notilies the module manager that it has been loaded, so any pending
callbacks that were waiting for the module ro load will now be called. In this case, the
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Now that this system is in place, it is lairly easy to iterate on the various modules to
make them tully fearured. Untortunately, as the list of dependencies for the application
changes, it will require updates to the compilation script because the partitioning is
done manually. See Appendix C to learn about plovr, a Closure build tool that can help
with automaring this process.

Refining the Partitioning

One unfortunate aspect of this example is that the initial module that is loaded contains
60 files, but 30 of those files are used to support goog.module.ModuleManager, so they
have nothing to do with displaying example.App. The extra code means that the app
module takes longer to parse, which means it takes longer to display the Ul. One sol-
ution is to divide the initial module into two parts: app_core and app. The former would
be responsible tor loading example.App, and the latter would be responsible for loading
goog.module.ModuleManager. By loading app_core immediately and delay-loading app,
the Ul will be displayed sooner.

Fortunately, this can be achieved with a slight change to the --module arguiments ro the
Compiler:

--module app_core:3o \
--module app:30:app_core \
-=module api:z:app \
--module settings:2:app '\

By adding the following line to app. js:
goog.exportSymbol ('example.App.install’, example.App.install);

The application could now be loaded as tollows:

<ldoctype html>
<html>
<head>
<title>Test papge for refined module loading</title»
</head>
<body>

¢div id="content"></div>

<script sre="build/module app core.js"»</script»
<script>

/! Draw the UI.

example.App.install( content'};

</script>

<script src="moduleinfo.js"><¢/script>

<script>
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What Happens During Compilation

The principal oprimizations that are performed in Advanced mode that are not per-
formed in Simple mode are full variable renaming and dead code elimination. In Simple
mode, only local variables to a function are renamed, but in Advanced mode, all vari-
ables are renamed. Similarly, in Simple mode, all tunctions in the input will also appear
inn the ourput, but in Advanced mode, only the functions that could be executed dunng
the litetime of the application are preserved in the output. In order for Advanced mode
to perforin these types of optimizations, it must build a complete dependency graph of
the application. That is, for each variable in the program, the Compiler must determine
what other variables in the program it depends on. This is what makes it possible for
the Compiler to determine which functions are called in the program, and ensures that
all calls to a function are renamed consistently and uniquely in the application. This
process 15 best illustrated with an example. First, consider the tollowmg JavaScript
code:
var COST_PER_VALUE_MENU_ITEM = 0.99;

var SALES TAX = .05;
var DECATHLON COST = 10 * (1 + SALES TAX) * COST_PER_VALUE MENU ITEM;

var a = function() { return 1; };

var b = function(f) { f{); return 42; };

var ¢ = function() { return b(a) * SALES TAX; };

var d = function(n) { return (n > 0) ? a() : n * d(n - 1); };
var e = function() { return [b, c].length; };

e();

The dependency graph is computed as follows: for each vanable declaration, create a
new node in the graph. For each variable used in the definition of the declared variable,
draw an arrow from the new node to node that represents the variable used in the
definition. Note that for recursive functions, such as d, a node is able to point to irselt.
If the definition is an ordinary statement, such as 10 * (1 + SALES TAX) * COST_
PER_VALUE_MENU ITEM, then the dependencies are simply the variables used i1 the stare-
ment: SALES_TAX, COST_PER_VALUE_MENU_ITEM. But if the definition is a function, such as
function() { return a(b) * DECATHLON_COST; }, then the dependencies are the umon
of the dependencies for all of the statements within the tunction: a, b, DECATHLON
CoST. For top-level statements that are not variable declarations, such as e(), draw an
arrow from a special node named *global* to all the dependencies in the statement:
e(). The dependencies of the previous code are illustrated in the graph in Figure 13-1.

Note how there are no arrows emitted from b even though b includes a funcrion call:
f(). This is because f is not the name of a function but the name of a variable in b that
refers to a funcrion. Because f is passed in to b (£ 1s also known as a free variable of b),
b does not depend on f. Instead, the funcrion that passes f to b depends on f. In this
case, ¢ calls b with a as the value of ¥, so ¢ depends on both a and b, but neither a nor
b depend on one another.
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The declaration for parseInt() is particularly interesting because the second argument,
base, is optional in practice bur is declared as {number} rather than {number=}. As the
comiment states, this is done intentionally to avoid the following programming error:
J#*
* @param {string} timeString in HH:MM format.
* @return {{hour:number, minutes:number}}
+
var parseTime = function(timeString) {
var parts = timeString.split(':');
return { hour: parselnt(parts[o]), minutes:parselnt(parts[1]) };

b

/! returns { hour : 10, minutes : 0 } instead of { hour: 10, minutes: 9 }

parseTime('10:09');
The value of minutes is 0 instead of 9 because parseInt('09') mterprets 09 as an octal
value rather than a decimal value because of the leading 0. The way to fix this is to
specity the appropriate value for base when using parseInt(). Using 10 instructs
parseInt() to treat num as a decimal number, so parseInt('09’, 10) retums 9 as
expected. By making base a required argument in the extern definition of parseInt(),
the Compiler will produce a warning if parseInt() is called with only one argument,
assuming that type checking is enabled in the Compiler. Editing the definition of
parseTime() so that parseInt() specities a base will eliminate the warning and avoid a
subtle programming error,

Those who find this behavior amnoying may wish to detiie their own funcrion for
parsing integers and use that instead:
J e
¥ @param {*} num
* @return {number}
*
var myParseInt = function{num) { return parseInt(num, 10) };
This has the advantage that myParseInt() can be renamed by the Compiler, whereas
parselnt() cannot because it is an extern (unless aliasExternals is used, as explained
in “aliasExternals” on page 441). An altemative solution would be to edit es3. js and
create your own version of compiler.jar with the modified externs file, but that is
considerably more work.

The file that contains the extern definition for parseInt() is named es3.js because the
externs it declares correspond to the functions that must be provided in any JavaScript
environment according to the third edition of the ECMAScript specification. Many of
the externs files correspond to types defined by a public specification, such as
wic_event.js and w3c_domi.js, whereas others correspond to propretary, device-
specific APls, such as iphone. js.

The types of externs are able to refer to one another. The following smippets from several

externs files demonstrate how the familiar window, top, and document variables are de-
fined as externs:
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property disambiguation, which makes it possible to distinguish Math.max from
example. NumSet . prototype.max. This logic makes i possible tor the Compiler to rename
example.NumSet.max without renaming Math.max. But because it is an experimental
[eature of the Comptler, it s not exposed via a conunand-hue tlag, so it must be enabled
by using the Compiler's Java APL, which is explained in the next chapter.

One final important aspect of exten functions is that they are assuimed to have a side
eltect unless they are annotated with @nesideeffects i their [SDoc. This is significant
with respect to dead code elimination because the Compiler cannot remove code thai
has a side etfect withour changing the behavior of the program. ln es3. js, Array.
prototype.indexCf(}) has the @nosideeffects annotation, but  Array.prote
type.unshift() does not. Because of this, the compiled version of the following code
slmppet:

[].index0f(7);
[J.unshift(11);

15:
[ ].unshitt{11};

Because Array . prototype. index0f() does not have a side etfect, the Compiler can sately
remove it without changing the behavior of the code, but the same is not true tor
Array.prototype.unshift(),so it remains part of the compiled ourput even though the
Array is never used.

Externs versus exports

Because externs do not get renamed, it 1s a conunon nustake to use externs as 4 mech-
anisin to prevent variable or property renaming. ( The Compilerwill sull remove unused
code, even if it is declared as an extern.) Making a value available via a particular variable
name after compilation is known as exporting a variable or property, and should be
done by using eirther the goog. exportsSymbol () or goog.exportProperty () luncrion it the
Closure Library.
For example, suppose yvou have the [ollowing JavaScript code:
goog.provide( 'example’ ) ;
example.generatestandardsModettmlDoc = function() {
return “<!doctype himl>' +
‘<html>' +
‘<headr<titlesThis page is in standards model</titler</heads>’' +
"<hodyr</body> ' 4
‘¢ html>";
b
that is meant to be used with the following HTML:

<iframe sro="javascript:parent.example.generateStandardsmodedtmlDoc()"»</iframe>
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example.Chocolate prototype. hasGoldenTicket ;

/¥ greturn {boclean} */
example.Chocolate. prototype. hastoldenTicket = function(} {
return this. hasGoldenTicket ;

};

J.I'=I':-1'=

* @return {string}
¥ @protected
b
example.Chocolate. prototype.getSecretIngredient = function(} {
return "anchovies';

}:

/¥ @constructor */
example.ChocolateFactory = function{) {};

f** greturn {example.Chocolate} #/
example.ChocolateFactory. prototype.createchocolate = function(} {
var hasGoldenTicket = Math.random{) < .ooo1;
var chocolate = new example.Chocolate(hasGeldenTicket);
this.recordChecelateichocolate. getSecretIngredient(});
return chocolate;
¥
_I."H"'l'!
* @param {string} ingredient
¥ Bprotected
¥/
example.ChocolateFactory.prototype.recordChocolate = function(ingredient) {
window.console,.log( 'Created chocolate made with: ' + ingredient);
¥
Even though the constructor for example.Chocolate is marked @private, an example,
Chocolate can snll be mstantiated by example.ChocolateFactory. Although exam
ple.ChocolateFactory is a ditlerent class, it is defined in the same file as example. Choc
olate, so access is allowed. This is also what makes it possible for example.Chocolate
Factory to access getSecretIngredient even though it 1s not a subclass of exam
ple.Chocolate.

The second file is named slugworthchocolatefactory.js, and it tries to access infor-
mation that the visibility modifiers in chocolate. js are trying to protect:

goog.provide{ 'example.SlugworthChocelateFactory');

goog.require( 'example.Chocolate');
goog.require( 'example.ChocolateFactory’);

{// Try to create a Chocolate with a golden ticket.
var chocl = new example.Chocolate(true /* hasGoldenTicket */);
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CHAPTER 14
Inside the Compiler

As demonstrated in the previous chapter, the Closure Compiler is a tremendous tool,
but it turns our thart it has even more to ofter if you are willing to take a peek ar the
source code, For starters, there are additional oprimizations and checks that you can
enable if you use the Compiler via its progranumnaric APL, as explained in the section
“Hidden Options” on page 436. Then in “Example: Extending CommandLineRun-
ner” on page 450, you will learn how to create your own Compiler execurable that will
run exactly the compiler passes that you want. Finally, you will explore the Compiler's
internal representation of a JavaScript program in *Example: Visualizing the AST Using
DOT™ on page 452, betore creating your own compiler passes in “Example: Creating
a Compiler Check”™ on page 456 and “Example: Creating a Compiler Optimiza-
ron” on page 460. But before diving mito any of those things, we will take a tour of
the codebase of the Closure Compiler.

Tour of the Codebase

Chapter 12 provided a simple example of using the Closure Cowmpiler via its program-
matic APl. This section will examine the classes from the com.google.java
script.jscomp package used in that example, as well as some others that will be
necessary to follow the code samples that appear later in this chapter.

Getting and Building the Compiler

Although it is possible to explore the code by visiting hitp:/lcode.google com/p/closure
-compiler/source/browse/, it will be much easier to poke around and experimenr with
the code if you have a local copy of the repository on your machine. As explained in
“Closure Compiler” on page 12, it is possible to check out the code using Subversion
and then build the code by running ant jar. Though if you use the Eclipse 1DE (htip:
Hwww.eclipse org), it is even easier to work with the code using Eclipse with the
Subclipse plugin for accessing Subversion repositories (http://subclipse.tigris.org).
The Closure Compiler codebase contains .project and .classpath files that contain

427



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



pass. Although this example focuses on eliminating naming collisions with externs,
disambiguation can also create new opportunities for other compiler passes as well,
such as removing unused methods,

Note that there may be cases mwhich disambiguateProperties cannot deternine which
object a property refers to, such as the case where a subclass overrides a superclass
method. We saw a similar issue in Chapter 13 with devirtualizing prototype methods
because of how dynamic disparch works:

/** @param {example.House} house */
example.sales.putHouseOnTheMarket = function(house) {
/{ It is unclear whether this should become either of the following:
// house.example House prototypefpaint(’'blue');
{/ house.example Mansion prototype$paint('blue'};
house.paint( blue'};

b
Acsimilar issue arises if there is a union type that includes types with the same property:

‘.I'!I'--I!
* Makes it rain Cat or Dog, but not both!
* @param {example.Dog|example.Cat} pet
*/
example.makeltRain = function(pet) {
{/ pet.example Dog prototypedgetName or pet.example Cat prototypefgetName?
if (pet.getName() == "Sven') {
alert('It\'s raining Sven! Hallelujah!');

b
b
If either of these cases occurs for a particular property, disambiguateProperties will
ensure that the getName() methods of both example.Cat and example.Dog are renamed

to the same thing,

ambiguateProperties

The ambiguateProperties option renames unrelated properties to the same name using
type information. This helps reduce code size because more properties can be given
short names, and helps improve gzip compression because the same names are more
conunonly used. When ambiguateProperties is used rogether with disambiguateProper
ties on the previous example, the result is:

var example = {};

example.a = function{a) {
[/ dogName has been renamed to b
this.b = a;

¥

/! getName has been renamed to c
example.a.prototype.c = function() {
return this.b;

| &
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var a = []:
// We want this to result in a Compiler error.
if (a == la) {
alert('a should not be equal to its negation!');

}

var checkIfNullOrUndefined = function(b) {

// We want this 1SDoc to suppress the Compiler error.
if (/** @suppress {double-equals} */ (b == null}) {
alert('b is neither null nor undefined!');

}
|

Before trying to write the Java code for this compiler pass, use MyCommandLineRunner

from the previous section to generate the AST for equals.js with the following
connand:

# This has the side effect of producing ast.svg.
java -jar mycompiler.jar --js=equals.js

Figure 14-5 shows the resulring representarion of the AST.

e oo e

Figure 14-5. The AST for equals js.
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As was the case lor CheckDoubleEgquals, most of the interesting work happens in an
AbstractPostOrderCallback. llsing the Node methods getQualifieddame() and get
Type(), the visit() method examines the Node to see whether it matches the structure
of an example.styles.addStylesheet() call. Note how the argument ro addstyle
sheet{) 15 added omly if 1t is a string hiteral—it it 1s a variable or the result of an expres-
sion, then the call should be left alone,

Each argument to addstylesheet() i1s added 1o a LinkedHashset so that there are no
duplicates, and the order in which addStylesheet() calls appear in the source code
matches the order in which rthe CSS files will be concatenated. When a value i1s added
to ¢ssFiles, its corresponding call is removed from the AST, removing the call from
the output, as desived. This pass can be mitegrated mito MyCommandLineRunner just like
the others, though it should be run atrer the checks are complere:

customPasses, put{CustomPassExecutionTime . BEFORE OPTIMIZATIONS,
new CollectCssPass(getCompiler(), “"styles/", new File("styles.css")));

Onece mycompiler. jar is recreated to include the new pass, then the source code can be
compiled as tollows:

java -jar mycompiler.jar --js=example/styles.js
-~ is=example/componentl.js
--Js=example/component2.is
--js=example/main.js \
--formatting=PRETTY PRINT > main-compiled.js

which produces a file named main-compiled. js:

var example = {};

example.styles = {};

example.styles.addstylesheet = function(b) {
var a = document.createElement("link");

a.rel = "stylesheet”;
a.type = "text/css”;
a.href = b;

document . getElementsByTaglame{ "head")[o].appendChild{a}
tiexample. componentl = {};example.component2 = {};

The compiled JavaScripr file no longer has any calls to example.styles.addstyle
sheet(), as desired. If this code were compiled in Advanced mode, the declaration of
example.styles.addstylesheet would also be removed because 1t 1s not used (115 not
removed by CollectCssPass in case there are calls to i that do not pass a string literal).

Finally, the generated file styles.css is the concatenation of stylesi.css and
styles2.css, so the generated CSS and JavaScript can be used together in a web page
as follows:
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using it 1o initialize G testRunner. Instead of installing global tuncrions, as goog. test
ing.ContinuationTestlase does, goog.testing. AsyncTestCase requires test funcnons Lo
invoke methods on the instance of the test case, to indicate changes in conrrol flow due
to asynchronous logic,

The two methods of nterest are waitForfsync () and continueTesting(). lnvoking wait
ForAsync() indicares that the test should not end when the current thread of execution
is reached. Instead, the test case waits for continueTesting() to be invoked in a new
thread of execution, and resuimes the test there. Like goog.testing.ContinuationTest
Case, these calls can be chained, so if waitForAsync(} 1s invoked after continueTest
ing() in the new thread of execution, the test will not end until continueTesting() is
called again, as demonstrated i this example:

/! This test passes,

var testDoubleContinuation = function() {
{{ We use this technique again to determine that the innermost callback
/f scheduled with this test is called before the test ends.
reachedFinalContinuation = false;

{f It is reasonable to invoke waitForAsync{) either before or after the
{/ asynchronous logic is scheduled with setTimeout(}.
asyncTestlase . waltForfsyne( };

setTimeout (function() {
{/ Because this is a callback to setTimeout(), this code will rum in a
{/ different thread of execution than the initial call te
// testDoubleContinuation().

{/ This line is optional because the final call to continueTesting{) will
// be within one second of the original call te waitForAsync(); however,
// the test may be easier to follow when calls to waitForaAsync() and

{f continueTesting(} complement one another.
asyncTestCase.continueTesting();

setTimeout {function() {
// This should be the final thread of execution that this test runs, so
// continueTesting() must be called here.
asyncTestCase.continueTesting();

{/ Once again, assertTrue{reachedfinalContinuation} is
{f called in tearDown() to affirm that this line of code was reached.
reachedFinalContinuation = true;

}, 300);

{/ Here waitForAsync() is called after setTimeout(). The important thing is
{/f that it is called before the current thread of execution ends.
asyncTestCase.waitFordsync();
}, 200);
bi
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Drawbacks to the Functional Pattern

This section enumerates problems with using the functional pattern, particularly when
writing JavaScript that will be compiled with the Closure Compiler.

Instances of Types Take Up More Memory

Every time phone() is called, two new functions are created (oue per method of the
rype). Each time, the funcrions are basically the same, but they are bound to different
values.

These functions are not cheap because each is a closure thar maintains a reference for
every named vanable n the enclosing funcrion m which the closure was delined. This
may inadvertently prevent objects irom bemng garbage collected, causing a memory
leak. The Closure Library defines goog.bind() and goog.partial() i base. js to make
it easier to create closures that maintain only the references they need, making it pos-
sible for other references to be removed when the enclosing function exirs,

This is not a concern when Phone() is called because of how ut takes advantage of
prototype-based mheritance. BEach method is defmed once on Phone.prototype and is
theretore available to every mistance of Phone, This limits the number of function objects
that are created and does not run the risk of leaking memory.

Methods Cannot Be Inlined

When possible, the Compiler will inline wethods, such as sunple getters, This can
reduce code size as well as improve runtime performance. Because the methods in the
funcuonal pattern are often bound to variables that cannot be reterenced extemally,
there i1s no way {or the Compiler (as it exists today) to rewrite method calls i such a
way that eliminates the method dispatch. By comparison, the following code snippet:
/¢ phonetl and phone? are of type Phone
var caller = phenel.getFhoneNumber{};

var receiver = phone2.getPhonelumber();
operator.createlonnectionicaller, receiver);

could be rewritten 1o the following by the Compiler:

operator.createfonnection{caller.phoneNumber , receiver.phonelumber };

Superclass Methods Cannot Be Renamed (Or Will Be Renamed Incorrectly)

When the Closure Cowmpiler is cranked up to 11, one of the heuristics it uses for re-
naming is that any property that is not accessed via a quoted string is allowed to be
renaned, and the Compiler will do its best to renae it. All quoted strings will be left
alone. You are not required to nse the Compiler with this aggressive setting, bur the
potential reduction in code size is too big to ignore.
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In the previous example, map does not map foo to "feo" and bar to "bar". When foo
and bar are used as keys tor map, they are converted into strings using their respective
tostring() methods. This results in mapping the toString() of foo to "foo" and the
tostring() of bar to "bar". Because both foo.toString() and bar.toString() are
“[object Object]”, the previous code is equivalent to:
var map = new Object();
map| " [object Object]”]
map["[cbject Object]”]

“Fﬂn-}
“bar";

alert{map["[object Object]"]);

Theretore, map[bar] = "bar" replaces the mapping of map[foo] = "foo” on the previous
line.

There Are Several Ways to Look Up a Value in an Object

There are several ways to look up a value in an object, so it you learned JavaScript by
copying and pasting code from other websites, it may not be clear that the tollowing
code snippers are equivalent:

/f (1) Look up value by name:
map.meaning_of_life;

/1 (2) Look up value by passing the key as a string:
map[ "meaning of life"];

/1 (3) Look up value by passing an object whose toString() method returns a
/! string equivalent to the key:

var machine = new Object();

machine.toString = function() { return "meaning of life"; };

map[machine];

Note that the first approach, “Look up value by name,” can be used only when the
name is a valid JavaScrpt idennfier. Consider the example from the previous section
where the key was "[object Object]™:

alert(map.[object Object]); // throws a syntax error
This may lead you to believe that it is saler to always look up a value by passing a key
as a string rather than by name. In Closure, this tums out 1ot to be the case because of

how variable renaming works in the Compiler. This is explained in more detail in
Chapter 13.

Single-Quoted Strings and Double-Quoted Strings Are
Equivalent

In some progranuning languages, such as Perl and PHP, double-quoted strings and
single-quoted strings are interpreted ditterently. In JavaScript, both types of strings are
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var Rectangle2z = function{) {
{/ This adds bindings to each new instance of Rectanglez rather than adding
{/ them once to Rectanglez.prototype.
this.width =
this.height = 4;
¥

var rectl = new Rectangle();
var rect2 = new Rectangle2();

rectl. hasOwnProperty( 'width'); // evaluates to false
rect2.hasOwnProperty('width'); // evaluates to true

delete recti.width;
delete rect?.width;

rectl.width; // evaluates to 3
rectz.width; // evaluates to undefined

Finally, note that the  proto  properties in the diagram are not ser explicitly in the
saniple code. These relationships are managed behind the scenes by the JavaScript
runtune.

The Syntax for Defining a Function Is Significant

There are two conunon ways to dehine a function in JavaScript:

/! Function Statement
function FUNCTION NAME() {
/* FUNCTION BODY */

1

/¢ Function Expression
var FUNCTION NAME = function()} {
/* FUNCTION BODY */

LE
Although the functon starement is less to type and is conunonly used by those new 1o
JavaScript, the behavior ot the funciion expression s more siraghtiorward. (Despue
this, the Google stvle gmda advocates using the tunction expression, so Closure uses
it in almost all cases.) The behavior of the two types of function defimitions is not the
same, as illustratec n the tollowmg examples:

function heredrThere() {
return "here';

}

alert{herelrThere{}); // alerts "thers'

function hereDrThere() {
return "there’;

}
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{/ Declaration of i which puts it in function scope.
[/ The value 42 is never used.
var 1 = 42;

b

Like the case in which redeclaring a varable goes unnoticed by the interpreter but is
Hlaggea by the Compiler, the Compiler will also issue a warning (again, with the Verbose
wartiings enabled) if a variable declaration appears afrer s tirst use within the function.

[t should be noted thar even though blacks do not introduce new scopes, lunctions can
be used in place of blocks {or that purpose. The if block in getAllKeys() could be
rewritien as follows:

if {(typeof value == "object') {
var functionWithNewScope = function() {
!/ This is a new function, and therefore a new scope, so within this
{f tunction, map is a new variable because it is prefixed with ‘war'.
var map = value;

!/ Because keys is not prefixed with 'var', the existing value of keys

{{ from the enclosing function is used.

keys = keys.concat{getAllkeys(map));
b
f/ calling this function will have the desired effect of updating keys.
functionwithiewscopel();

1

Although this approach will work, it 15 less ethicienr than replacing var map with
var newMap as described earlier,
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be toggled during development, it is possible to redefine them using query data, as
explained in “Serve Command”™ on page 535.

The formar for a config file is asuperset of JSON thar has limited support tor comments.
The following is the contents of hello-config.js, a plovr conhig tile for the “Hello
World" example trom Chapter 1:
{
"id": "hello-world”,
"inputs": "hello.js",

"paths": ",
}

A contig must have a unique id, which is specitied by the id property, so in this case
the id is hello-world. It must also have at least one iput file to compile, which is
specified by the inputs property, so the input for hello-config.js is hello.js. The
paths property in the config identifies paths where potential dependencies can be
found. In this way, both inputs and paths act the same as the respective --input and

--path flags 1o calcdeps.py.

Both inputs and paths can have multiple values, so each may be an array of strings
rather than a single string. Each value can idennty either a file or a directory, and spec-
ifying a directory includes JavaScript and Soy files in its subdirectories. Recall from
Chapter 1 that both hello.js and hello.soy are i1 the same directory, so this hello-
config.js could also be defined as:
{
*id": "hello-world”,
"inputs": "hello.js",

"paths": ["hello.js", “"hello.soy")
}
Unlike the case where calcdeps.py is used, there is no need o include ../closure/
library or ../closure-templates/javascript/soyutils usegoog.js as walues for
paths. This is because plovr.jar includes the JavaScript source code for both the

Closure Library and soyutils usegoog.js and always includes them as porential
dependencies.

.-l'i,‘

To use your owi version of the Closure Library instead of the one thar

15 bundled wath plovr, add a property named closure-library i the

et config that identifies your path to the Library as a string. This can be

" helpful if you are making changes to the Library, or if you want to be
able o inserr debugger statements into the Library's source code.

Finally, //-style comments may appear in a config tile it they are on their own line. (This
simplification makes them easier to strip before passing them to the JSON parser.) This
means that hello-config. js could be documented as follows:
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The beginning of the waming includes a hyperlink to http://localhost:9810/view?
id=hello-world&name=hello. js#6, which will display hello.js scrolled up to line 6
where the warning was found. This is shown in Figure C-2,

F hello,js - Mosalla Firefo

Fle Edit Yew Hgtory @ockmarks Tools Help

SFES- C© X @& ([ hwiocabostssy vy ~ | [~ cooe O
£ 40 + &; #
= example.sayHells = functisn{zessage) |

. var data = { gresting: EEFFATE, YEEE: OEW

| ° Dated).gecFullvesr() }:

10 war hinl = example.cenplates.welcome {data):

11 googd.dom.gecElement {"hells') . innErATHML. = homis

12 }:

13

., Foog.exportSymbol {‘exanple.sayfeliln®,

"~ example, zavBsllo):

Cane -

»

Figure C-2. plovr displaying the line where the Compiler warning was found,

Using plovr in this way can help identity problems in your code quickly, which helps
speed up development. For this reason, it is a good idea to use Verbose warnings re-
gardless of which compilation mode you are using. However, recall that in RAW mode,
the Compileris not used at all. This means that plove will not report any warnings when
RAW mode is used, regardless of the specified wanung level.

Auditing Compiled Code Size

plovr makes it easy to see how good the Compiler is at reducing the size of your Java-
Script. Visiting http://localhost:9810/size?id=hello-world will display a table that
compares original size with compiled size tor each file used 1o compile hello.js. As
shown in Figure C-3, the compiled version of the Hello World example is only 22% of
its original size.

The fsize URL also honors the mode query parameter, so checking the effect that Ad-
vanced mode has on compiled code size is easily achieved by visiting http://localhost:
9810/size?id=hello-world&mode=advanced. As shown in Figure C-4, the compiled ver-
sion of the Hello World example is only 0.7% of its original size, as more than half of
its inputs are completely removed from the compiled output!

Although all screenshots of plovr features are subject to change as plovr

1s improved, the Ul for the /size URL will almost cerrainly change: the
4+ way percentages are currently displayed is misleading, and it would be
" more helpful if the contents of each compiled file could be examined.
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for HTML tag attribure values, 77
strings i JavaScripe, 517

/ (slash)
Y doe comument delunicer, 26
Jand /Y commenis, 310

A

ally (accessibiliry), 222
ABORT evelns, 158
abstract methods, 70, 127
abstract methods, -'.1&‘.’["1111'113, 109
abstract syntax tree (see AST)
AbstractCompiler class, 432
AbstractDialog class, 271
subclassing, 272
AbstractDialogPlugin class, 265
use i crearing custom dialog plugin, 268
AbstractRange class, 279, 281-284
Abstract TabHandler plugin, 262
access controls, 414417
deprecared members, 417
visibility, 414
accessibility (ally), 222
accessibality specification, W3C (WAIL-ARIA),
229
accessor methods, Ul components with
children, 193
ActiveXODbijecr objects, 136, 156
ad-hoc tvpes, 28
addEventListener( ) method, EventTarger, 138
Advanced mode (Compiler), 19, 342, 379426
checks provided by Compiler, 408417
devirtualizing prototype methods, 415-421
exporring methods for public AP1, 395
externs and exporrs
externs and compilation model, 389—
390
using custom externs, 3806
externs and mports, 38—
EXTETIS VETSUS eXports, 392
list of hazards for, 343
OPrimizarions
mlining, 421426
optimizatiens by Compiler, 417426
preparing code for Compiler, 406
programnaric evaluarion of JavaScript
code strings, 407
properry tlattening, 400404
propertry renaming, 404—406

aliasAllStrings oprion, 441
aliasExternals option, 441
aliasKeywords option, 440
ALL logging level, 292
ALL type, 41
ambiguateProperties oprion, 447
enabling, 451
ancestor of an elemenr, gerring in DOM, 89
ANNOIATIONS
benefits of using m Closure Compiler, 43
m Java, 27
15Daoc, for Compiler, 27
optional and required arguments,
placement of, 411
type checking in Verbose mode (Compiler),
345
anonymous funcuons, 140
funcrions declared mside, 340
Apache Anr, 12
Eclipse support for, 430
running ant build for
MyCommandLineRunner
(example), 451
using i1 build process, 358-362
appendClald ) funcron, 92
ATEINNENTS nhjf'rr.'-;, a7
ArrayLike objects
goog.array functions operating on, 79
goog.isArrayLike, o4
ATrays
Array class, specitying types of elements 11,
29
checking whether object 1s array with
poog.isArray( ), 63
tuncrions for, in goog.array, 79-82
iteration, using goog.array.forEach ), 80
objects behaving like, ArrayLike type, 64
asserons, 472474
assert Throws( ) function, 482
tail( ) tunction, 482
tunctions in Closure Testing Framework,
472
assert True( ) and assertFalse{ ) functions, 472
AST (absrract synrax tree), 431
generating for component2.js (example),
4i1
generatimg for equals.js (example), 457
visualizing using DOT, 452456
converbng AST to DOT, 453
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compilation levels, 338
Advanced, 342
Simple, 340
Whitespace Only, 338
CompilatnonLevel enum, 433
compile-time defines, 333
compiled code size
audiring with plovr, 338
reduction of, 5
COMPILED constant, 48
default value, false, 51
compiled mode, 497
compiled curput mode {calcdeps.py), 46
Compiler (see Closure Compiler)
Compiler class, 431
compiler passes, 379
CompilerPass mrerface, 432
DetaultPassConhi g objects, 434
CompilerOprions class, 433
CompilerOptions objects
checkEs55trict field, 436
checkMissingRerurn field, 437
codmgConvention field, 438
colorized ErrorOutput option, 449
custoni Passes field, 455
disambiguareProperties, enabling, 446
export TestFuncnions option, 4467
mapping to checks and optimizations, 434
reportUnknown Types field, 438
sertng JavaScript variables, 451
CompilerPass mterface, 432
mnplementing to hook i DotFormarter,
454
COMPLETE events, 158
Component class, 182
basic life cycle of a component, 184
display, 187-190
mstantanon, 186
components with cluldren, 140
accessor methods, 193
adding a child, 190
removing a child, 192
disposal of components, 1940
errors, 196
evenrs, 194
states, 195
components, Ul, 181
{see also Ul components)
using common components, 210-227

displaying burton in Closure, 220-227
goog-inline-block €8S class, 215
list of connnon widgers in Closure
Library, 210
pulling in C88§, 212
rendering goog.ui.ComboBox, 218-220
composition over inhentance, 111
conditional comments in Interner Explorer,
339
condimmonal handling (advanced), m Soy
remplates, 317
:‘{'.nﬂfig files, 5333
console for debugging, 298
CONSTANTS
{@const tag, 42
goog. funcuens.constant( ) funcuon, 108
mling, 421
value redefined by Compiler at compile
e, 42
constructor tuncoons, 114
adding stanic method, getInstance( ), 70
defining, 112
subclass in Java, 123
for subclasses, 120
Conramer class, 207-210
ContamerRenderer class, 210
Content-Type headers, Xhrlo POST requests,
L G0
conrentEditable atrribute, 241
Conumnuanon TestCase class, 483487
waitForCondinon( ) function, 486
waitForEvent{ ) function, 486
waitForTineout( ) tuncoon, 484
Control class, 197-2006
handling user inpur, 198
managng state, 199-201
responding to mouseover event {example),
206
control How, mai 1aging i Soy templares, 316
ControlRenderer class, 197
delegaring to, 201-205
associating presentation logic with stare,
203
registering default renderer for conrrol
class, 204
gerCustomBRenderer( ) method, 215
cookies, goog net.cookies utilities, 104
copynght informarion for source code, 43
createFrom* methods, goog.dom. Range, 279
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aliasExrernals Compiler oprion, 441
compilation model and, 389-392
customn, using, 386
definin g window, top, and document
variables as, 184

EXPOTLS versus, 392
externExports Compiler oprion, 449
generaring from exporrs, 539

externs files, 30

—externs flag, 388

F

Facebook AP, accessing private data using
JSONP, 172
farl( ) funcnon, 482
false, funcuons always returiing, 108
FancyWmdow class, 299
fearure detection, 100
Field class, 244
tields
declaring in class detfinition, 114
declaring in subclasses in JavaScripr, 124
static members versus, 117
rranstorming contents with
goog.editor. Plugin, 258
tile uploads, 176
Firebug debugger, 4
Firefox
Chickenfoor, 495
downloading and installing with Firebug,
12
fearures not suppmwd hy (_'.-:'.-mpﬂf‘r, a7
product constant in
goog.userAgent.product, 143
support for array methods, 80
focus events, handling by goog ui.Container,
210
tolding (constant), 422
tonts
adding, using
goog.uleditor. ToolbarFactory,
276
filling font menus with default values, 2735
{{or} command, 318
for loops, replacement wath
googarray.forEachi } in method
body, 81
QuirksMode website, 152, 313, 316
tunctions supported in Soy rtemplares, 313

looping over lists in Soy templates, 318
formatting options (Compiler), 343
function currying, 54-58
goog.bind( ) function, 57
goog.partial( ) tuncron, 54=50
Funcrion objecrs, 32
tunction types, 31
comparing when arguments are subtypes of
one another, 39
number and type of parameters, specifying,
32
specitying optional and vanable paramerters
m, 37
tunctional inheritance pattern
drawbacks to, 308
example of, 505
functions
ANOYIILOUS, 140
assertion functions in Closure Testing
Framework, 472
assigning to prototype, 113
calling, whar this refers to, 524
declared mside anonymous funcuon, 340
declaring witlun another function, 55
detined using this keyword, 28
t]f"r"ming custom function for Closure
Template, 328-332
defining, synrax for, 323
empty funcron, goognullFuncron, 69
goog. funcuens unlities, 108
inliing, 424
TAIESPACES for, in lavaScript and Closure
Library, 49
passed as paramerers to other himcrions, 31
in templates, 305
testing whether obj is a function, 65
used to build Soy expressions, 313

G

Gecko rendering engine, 99

GET requests, sending with goog.net. Xhrlo,
156-158

getElementByld( ) funcrion, 86

getlnstance( ) method, 70

global context, evaluaring JavaScript stnng m,
1l

global object, 47

detining global namespace in Closure
Library, 49
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H

handleEvent property, 139
hash codes, computing for strii g contents, 79
headers
gerting server response headers, 161
HeaderFormatter (editor plugin), 260
Hello World example, 12-22
using Closure Compiler, 17
using Closure Inspecror, 21
using Closure Library, 13
using Closure Templates, 14
using Closure Testing Framework, 19
HowverCard class, 212
HTML
creating file to rumn test code, 468
doctypes for pages, 93
eSCAPILE SIngEs, 73

positioning of element relative to top lett of

document, 103
represented as document fragment, 92
HTMLS
classList property, 93
add and remove methods, 96
contams method, 96
doctype in, 93
HTMLDocument class, 30

118n (see internanonalization)
id fragments, 187
1ds for nodes of Ul componems, 187
{if} command, 316
Itramelo class, 161
tile uploads with, 176
ltrameLoad Monitor class, 168
Imageloader class, 167
event listeners, registering, 167
<mmg> tags, src attribute, 171
indexOf ) funcrion, 76
inhertance, 112
{see also classes)
debates abour, 111
establishing with goog.inherits( ) funcnon,
68
muluple, 130
prototype-based, static members and, 117
support i Closure via subelassimg, 119
mheritance patterns i1 _[wa&é{'ripr, 55=-5114

funcrional pattern
drawbacks to, 508
example of, 503
pseudoclassical pattern
example of, 506
potential obgecnons ro, 511
inline tags, 27
iline-block display style for elements, 106,
214
inlining, 421-426
constants and fﬂldi]lg, 421
debugger starement inside code being
mlined, 500
tunctions, 424
methods, funcrional partern and, 308
varialles, 423
niput events
handling for Ul controls, 198
Tt‘.f-'.}'.-uudjng T, usIing gn-:‘.-g-ut.l’..'_',-:mrm], 1497
testng, 483
~input tlag, 46
mput language, Closure Compiler, 407
Input Method Editor (IME), 242
mput Delimiter option, 448
installing CSS style mformation, 107
mstance methods, 115, 117
rewriting by Closure Compiler, 117
instanceof operator
Array objects created with, 63
multiple inheritance using poog.nixini ),
break down of, 131
Tl"‘."i-l"i]'lg 1MISTALICE 'i.}'f H'l'l].H']H.HH 5 Ill':Evl'H'I'I{'I':'{:'j'I
superclass, 121
type resting and funcoenal pattern, 509
instantiation of Ul components, 186
mrerfaces, 128
defininons of, indicated by @hinterface
annotation, 30
exainple i Closure, 128
mtermanonalization {118n), 67, 321
goog.getMsg( ) function, 68
poog. LOCALE, af
Internet connectivicy, tesong, 169
Internet Explorer (1E)
Lubbling event model, 138
COM objects, DOM nodes nnplemented as,
136
conditional comments, Whitespace Only
compilation mode and, 339
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identification in
goog.userApgent PLATFORM
string, 101
OPErators
['hf‘.L'king foruseof == or 1= operator, 436—
460
used in building Soy expressions, 313
optimizations (Compiler), 417426, 442448
ambiguateProperties, 447
creaung (example), 460—-4064
devirtualizing prototype methods, 419421
disambiguareProperties, 445
inlining, 421-426
processing Closure primitives, 418
setldGenerators, 444
stripNameSuffixes, 443
stripTypePrefixes, 442
I'_'l'|:ZITjI'.]'lI.':‘II ]..‘-'-I-lT'.ri'I]iFlFTﬁ
names of, 38
ordering, 36
specifying, 33-35
output oprions (Compiler), 448—450
colorizedErrorQurpur, 449
externExports, 449
mputDelunirer, 448
lineBreak, 448
output wrapper, Closure Compiler, 353
—output_made flag, 46

P

{param  command, 319
}}.'-'IT“-i]]'lt‘lt‘]'iI[-‘d types, 29
PATATIETETS
(@param JSDoc tag, 27
tuncrions passed as paramerers ro other
funetons, i1
ordering of optional paramerers, 36
spt't‘lf}'mg number and rype of, for
funcrions, 32
specifyinig optional parameters in @param
J5Doc tag, 33
variable number of, specifying for a
funeton, 37
parsing JSON, 85
partial apphcation of a funcnon, 54
goog parnal( ), 534-56
PassFactory objects, 434
—~path flag, 46
PHP

server-side templares, 303
soy templates versus, 305
pill butrons, 223
placehiolders for vanable rext
client-side templares, 305
server-side templates, 303
in Soy templates, 306
string containing, passed to goog. getMsgl ),
5t
platform constams (goog userAgent), 101
plovr build rool, 9, 531-540
audinng compiled code size, 538
bunld command, 534
config files, 533
displaying compiler errors, 537
generating externs from exports, 539
generatng source map, 540
gerting started with, 532
serve connmand, 535
~pluginModules compiler tlag, 331
plugins, Closure Editor, 241, 253
builr-in, 260-265
custom, 265
creating, 266
creating custom dialog plugin, 268-270
poog.editor. Plugin class, 256
advanced customization, 239
executing comimands, 257
handling selection changes, 258
mreracring wiatly, 254
registering, 254
plugins, Closure Templates, 331
PMNCs {rr;—m:;pare*nr}, support tor, 102
Poinr class, 287
positions, visually equivalent in DOM, 283
POST requests
cross-site request lorgery (XSRF), 160
query paraineters for request sent by
goog.debug. ErrorReporter, 302
sending with goog.net. Xhrlosend( ), 160
postMessage AP1, web browser support, 173
pre-wrap CSS style for whitespace on elements,
106
prefixes, type, 442
presentation logic, associanng with state i Ul
controls, 203
pretty print option {(Compiler), 343
primitive types, 29
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life cycle of, 474
test-driven developiment, 466
resung (see Closure Testing Framework)
tesrs, 407
automarig, 44,2
creating HTML tile to run a test, 468
creating winal ser for email validaror, 467
creating more for email validator, 470
gerrng email validaror test to pass, 469
rext selection m elemenr and descendans, 107
this (keyword)
assigning goog global to, 47
bimding to an object, using goog.bind( j, 57
tuncrion definitions using, 28
in merhod invocancns, 115
type expression for function definitions
using, 32
wliat 1t reters to when function s called,
524
TIMEOUT events, 158
toolbars, rich text editor, 274-278
creating custom burton, 277
goog.uleditor. Default Toolbar class, 274
goog ueditor. ToolbarController class,
277
goog..editor. ToolbarFactory class, 276
styling, 278
tools, 2
Closure Compiler, 3
Closure Inspector, 4
Closure Library, 3
Closure Templates, 3
Closure Testing Framework, 4
design goals and principles, 5-9
downloading and installing, 9-12
independent use of tools in Closure suite, 8
TortoseSVIN (Windows Subversion client), 10
roString( ) methods
goog.obpct.ranspose( ) function and, 84
removing using goog, DEBLIG, 70
rp (transport method) property, 174
Trace class, 300
rranslation of message strings in Soy, 321
rransposing mapping from keys to values on
abj, 83
true, functions ;-alwuj.rrs- returnng, 108
type assertions, 01-=65
googasArray( ) function, 63
goog.isDateLike( } funcrion, 64

goog.isDef( ) funcrion, 62
goog.isDefAndNotNull{ } function, 63
googisFuncuon( ) function, 63
goog.asNull( } function, 63
googasObiject( ) funcrion, 65
goog.isStringl J, goog.isBoolean( ), and
goog.isNumber( ), 64
goog.rypeOf( ) function, 62
type checking, 1, 408—413
@notypecheck annotation, 33
enabling, 29
properties with value m wdefined, 34
type conversion, 41
type expressions, 27, 29
ALL type, 41
function types, 31
record types, 32
sunple types and union types, 29
r-;ill'JT}'pr::'-; and type conversion, J8—41
type prefixes, stripping, 442
typeot operator
testing whether obj is a function, 63
usilig in rype assertion funcuons, 64

U

Ul (user imtertace) componewts, 181-239
building goog.ul. Compenent, using Sov,
326
creating custom componeis, 227-239
Checklist and CheckhistIrem (example),
228
Checklist and CheckhistRenderer
(example), 233-236
Checklhistltem and
ChecklistltemRenderer, 229—
232
decoranng example, 237
Label (example), 232
rendenng example, 236
design behind goog.ui package, 182
ensuring loading of appropriare CSS
(example), 460464
goog.ul. Component class, 184-197
basic life cycle of components, 184
components with children, 190
errors, 196
events, 194
stares, 195
goog.ul.Container class, 207-210
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If you're ready o use Closure to build rich web applications with
JavaScript, this hands-on guide has precisely what you need

to learn this suite of tools in depth. Closure makes it easy for
experienced JavaScript developers to write and maintain large
and complex codebases—as Google has demonstrated by using
Closure with Gmail, Google Docs, and Google Maps.
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